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Preface

Lasers continue to be an amazingly robust field of activity, one of continually expanding
scientific and technological frontiers. Thus today we have lasing without inversion, quantum
cascade lasers, lasing in strongly scattering media, lasing in biomaterials, lasing in photonic
crystals, a single atom laser, speculation about black hole lasers, femtosecond-duration laser
pulses only a few cycles long, lasers with subhertz linewidths, semiconductor lasers with
predicted operating lifetimes of more than 100 years, peak powers in the petawatt regime and
planned megajoule pulse lasers, sizes ranging from semiconductor lasers with dimensions of
a few microns diameter and a few hundred atoms thick to huge glass lasers with hundreds of
beams for inertial confinement fusion research, lasers costing from less than one dollar to
more than one billion dollars, and a multibillion dollar per year market.

In addition, the nearly ubiquitous presence of lasers in our daily lives attests to the
prolific growth of their utilization. The laser is at the heart of the revolution that is marrying
photonic and electronic devices. In the past four decades, the laser has become an invaluable
tool for mankind encompassing such diverse applications as science, engineering,
communications, manufacturing and materials processing, medical therapeutics,
entertainment and displays, data storage and processing, environmental sensing, military,
energy, and metrology. It is difficult to imagine state-of-the-art research in physics,
chemistry, biology, and medicine without the use of radiation from various laser systems.

Laser action occurs in all states of matter—solids, liquids, gases, and plasmas. Within
each category of lasing medium there may be differences in the nature of the active lasing ion
or center, the composition of the medium, and the excitation and operating techniques. For
some lasers, the periodic table has been extensively explored and exploited; for others—
solid-state lasers in particular—the compositional regime of hosts continues to expand. In
the case of semiconductor lasers the ability to grow special structures one atomic layer at a
time by liquid phase epitaxy, molecular beam epitaxy, and metal-organic chemical vapor
deposition has led to numerous new structures and operating configurations, such as
quantum wells and superlattices, and to a proliferation of new lasing wavelengths. Quantum
cascade lasers are examples of laser materials by design.

The number and type of lasers and their wavelength coverage continue to expand.
Anyone seeking a photon source is now confronted with an enormous number of possible
lasers and laser wavelengths. The spectral output ranges of solid, liquid, and gas lasers are
shown in Figure 1 and extend from the soft x-ray and extreme ultraviolet regions to
millimeter wavelengths, thus overlapping masers. By using various frequency conversion
techniques—harmonic generation, parametric oscillation, sum- and difference-frequency
mixing, and Raman shifting—the wavelength of a given laser can be extended to longer and
shorter wavelengths, thus enlarging its spectral coverage.

This volume seeks to provide a comprehensive, up-to-date compilation of lasers, their
properties, and original references in a readily accessible form for laser scientists and
engineers and for those contemplating the use of lasers. The compilation also indicates the
state of knowledge and development in the field, provides a rapid means of obtaining
reference data, is a pathway to the literature, contains data useful for comparison with
predictions and/or to develop models of processes, and may reveal fundamental
inconsistencies or conflicts in the data. It serves an archival function and as an indicator of
newly emerging trends.



©2001 CRC Press LLC

Solid-state lasers:

Liquid lasers:

Gas lasers:

Far infraredInfrared
Millimeter-
microwave

Vacuum
ultraviolet

Soft
x-ray

X-ray

3.9  nm

µm

1.00.10.010.001 10 100 1000

Wavelength ( µm)

0.17

Ultraviolet Visible

360 µm

1.8 µm0.33 µm

Masers

Figure 1     Reported ranges of output wavelengths for various laser media.

In this volume lasers are categorized based on their media—solids, liquids, and gases—
with each category further subdivided as appropriate into distinctive laser types. Thus there
are sections on crystalline paramagnetic ion lasers, glass lasers, polymer lasers, color center
lasers, semiconductor lasers, liquid and solid-state dye lasers, inorganic liquid lasers, and
neutral atom, ionized, and molecular gas lasers. A separate section on "other" lasers which
have special operating configurations or properties includes x-ray lasers, free electron lasers,
nuclear-pumped lasers, lasers in nature, and lasers without inversion. Brief descriptions of
each type of laser are given followed by tables listing the lasing element or medium, host,
lasing transition and wavelength, operating properties, and primary literature citations.
Tuning ranges, when reported, are given for broadband lasers. The references are generally
those of the initial report of laser action; no attempt is made to follow the often voluminous
subsequent developments. For most types of lasers, lasing—light amplification by
stimulated emission of radiation—includes, for completeness, not only operation in a
resonant cavity but also single-pass gain or amplified spontaneous emission (ASE). Thus,
for example, there is a section on amplification of core-valence luminescence.

Because laser performance is dependent on the operating configurations and experimental
conditions used, output data are generally not included. The interested reader is advised to
retrieve details of the structures and operating conditions from the original reference (in many
cases information about the output and operating configuration is included in the title of the
paper that is included in the references). Performance and background information about
lasers in general and about specific types of lasers in particular can be obtained from the
books and articles listed under Further Reading in each section.

An extended table of contents is provided from which the reader should be able to locate
the section containing a laser of interest. Within each subsection, lasers are arranged
according to the elements in the periodic table or alphabetically by materials, and may be
further separated by operating technique (for example, in the case of semiconductor lasers,
injection, optically pumped, or electron beam pumped).
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This Handbook of Lasers is derived from data evaluated and compiled by the
contributors to Volumes I and II and Supplement 1 of the CRC Handbook Series of Laser
Science and Technology and to the Handbook of Laser Wavelengths. These contributors are
identified in following pages. In most cases it was possible to update these tabulations to
include more recent additions and new categories of lasers. For semiconductor lasers, where
the lasing wavelength may not be a fundamental property but the result of material
engineering and the operating configuration used, an effort was made to be representative
with respect to operating configurations and modes rather than exhaustive in the coverage of
the literature. The number of reported gas laser transitions is huge; they constitute nearly
80% of the over 16,000 laser wavelengths in this volume. Laser transitions in gases are well
covered through the late 1980s in the above volumes. An electronic database of gas lasers
prepared from the tables in Volume II and Supplement 1 by John Broad and Stephen Krog
of the Joint Institute of Laboratory Astrophysics was used for this volume, but does not
cover all recent developments.

Although there is a tremendous diversity of laser transitions and types, only a few laser
systems have gained widespread use and commercial acceptance. In addition, some laser
systems that were of substantial commercial interest in past years are becoming obsolete and
are likely to be supplanted by other types in the future. Nevertheless, separate subsections on
commercially available lasers are included thoroughout the volume to provide a perspective
on the current state-of-the-art and performance boundaries.

To cope with the continued proliferation of acronyms, abbreviations, and initialisms
which range from the clever and informative to the amusing or annoying, there is an
appendix of acronyms, abbreviations, initialisms, and common names for lasers, laser
materials, laser structures and operating configurations, and systems involving lasers. Other
appendices contain information about laser safety, the ground state electron configurations of
neutral atoms, and fundamental physical constants of interest to laser scientists and
engineers.

Because lasers now cover such a large wavelength range and because researchers in
various fields are accustomed to using different units, there is also a conversion table for
spectroscopists (a Rosetta stone) on the inside back cover.

Finally, I wish to acknowledge the valuable assistance of the Advisory Board who
reviewed the material, made suggestions regarding the contents and formats, and in several
cases contributed material (the Board, however, is not responsible for the accuracy or
thoroughness of the tabulations). Others who have been helpful include Guiuseppe
Baldacchini, Eric Bründermann, Federico Capasso, Tao-Yuan Chang, Henry Freund, Claire
Gmachl, Victor Granatstein, Eugene Haller, John Harreld, Stephen Harris, Thomas
Hasenberg, Alan Heeger, Heonsu Jeon, Roger Macfarlane, George Miley, Linn Mollenauer,
Michael Mumma, James Murray, Dale Partin, Maria Petra, Richard Powell, David Sliney,
Jin-Joo Song, Andrew Stentz, Roger Stolen, and Riccardo Zucca. I am especially grateful to
Project Editor Mimi Williams for her skill and help during the preparation of this volume.

Marvin J. Weber
Danville, California
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Section 1
SOLID STATE LASERS

1.0  Introduction

Solid state lasers include lasers based on paramagnetic ions, organic dye molecules, and
color centers in crystalline or amorphous hosts. Semiconductor lasers are included in this
section because they are a solid state device, although the nature of the active center—
recombination of electrons and holes—is different from the dopants or defect centers used in
other lasers in this category. Conjugated polymer lasers, solid-state excimer lasers, and fiber
Raman, Brillouin, and soliton lasers are also covered in this section.

Reported ranges of output wavelengths for the various types of solid state lasers are
shown in Figure 1.1. The differences in the ranges of spectral coverage arise in part from the
dependence on host properties, in particular the range of transparency and the rate of non-
radiative decay due to multiphonon processes.

0.1 1.0 10 100

Wavelength ( µ m)

Paramagnetic ions (crystal)

Paramagnetic ions (glass)

Organic dyes

Color centers

Semiconductors

0.17 µm 7.2 µm

4.0 µm0.38 µm

0.87 µm

0.36 µm 5.0 µm

0.33 µm 360 µm

0.38 µm

Figure  1 .1     Reported ranges of output wavelengths for various types of solid state lasers.

Further Reading

Cheo, P. K., Ed., Handbook of Solid-State Lasers, Marcel Dekker Inc., New York (1989).

Koechner, W., Solid-State Laser Engineering (fourth edition), Springer Verlag, Berlin
(1996).

Powell, R. C., Physics of Solid State Laser Materials, Springer-Verlag, Berlin (1997).

Powell, R. C., Ed., Selected Papers on Solid State Lasers, SPIE Milestone Series,
Vol. MS31, SPIE Optical Engineering Press, Bellingham, WA (1991).
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See, also, Tunable Solid-State Lasers, Selected Topics in Quantum Electronics 1 (1995),
Diode-Pumped Solid-State Lasers, Selected Topics in Quantum Electronics 3(1) (February
1997), and the following proceedings of the Advanced Solid State Laser Conferences, all
published by the Optical Society of America, Washington, DC:

OSA Trends in Optics and Photonics: Advanced Solid State Lasers, Vol. 26, Fejer,
M. M., Injeyan, H. and Keller, Ursula, Eds. (1999).

OSA Trends in Optics and Photonics: Advanced Solid State Lasers, Vol. 19,
Bosenberg, W. R. and Fejer, M. M., Eds. (1998).

OSA Trends in Optics and Photonics: DPSS Lasers: Applications and Issues, Vol.
17, Dowley, M. W., Ed. (1998).

OSA Trends in Optics and Photonics: Advanced Solid State Lasers, Vol. 10, Pollack,
C. R. and Bosenberg, W. R., Eds. (1997).

OSA Trends in Optics and Photonics:  Advanced Solid State Lasers, Vol. 1, Payne,
S. A. and Pollack, C. R., Eds. (1996).

Chai, B. H. T. and Payne, S. A., Eds., Proceedings Vol. 24 (1995).

Fan, T. Y. and Chai, B., Eds., Proceedings Vol. 20 (1994).

Pinto, A. A. and Fan, T. Y., Eds., Proceedings Vol. 15 (1993).

Chase, L. L. and Pinto, A. A., Eds., Proceedings Vol. 13 (1992).

Dubé, G. and Chase, L. L, Eds., Proceedings Vol. 10 (1991).

Jenssen, H. P. and Dubé, G., Eds., Proceedings Vol. 6 (1990).
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Section 1.1
CRYSTALLINE PARAMAGNETIC ION LASERS

1.1.1  Introduction

The elements that have been reported to exhibit laser action as paramagnetic ions
(incompletely filled electron shells) in crystalline hosts are indicated in the periodic table of
the elements in Figure 1.1.1. These are mainly transition metal and lanthanide group ions
and generally involve intraconfigurational transitions. Typical concentrations of the lasing
ion are ≤1%; however, for some hosts and ions concentrations up to 100%, so-called
stoichiometric lasers, are possible. Also included in italics in Figure 1.1.1 are several ions
for which only gain has been reported (see Section 1.1.8).

Energy level diagrams and lasing transitions for iron group ions are shown in Figures
1.1.2 and 1.1.3, for divalent lanthanide and trivalent actinide ions in Figure 1.1.4, and for
trivalent lanthanides in Figures 1.1.5–1.1.9. The properties of lasers comprising these ions
are listed in Sections 1.1.4–1.1.6.  

The general operating wavelengths of crystalline lanthanide-ion lasers are given in Figure
1.1.10 and range from 0.17 mm for the 5d→4f  transition of Nd3+ to 7.2 µm for the 4f→4f
transition between J states of Pr3+. Whereas f→f transitions of the lanthanide ions have
narrow linewidths and discrete wavelengths, d→f transitions of these ions and transitions of
many iron group ions have broad emission and gain bandwidths and hence provide a degree
of tunability. The tuning ranges of several paramagnetic laser ions in different hosts are
shown in Figure 1.1.11; the ranges for explicit host crystals are included in the laser tables.
Tunable lasers are based almost exclusively on vibronic transitions of iron transition group
elements.

Figure 1.1.1    Periodic table of the elements showing the elements (shaded) that have been
reported to exhibit laser action as paramagnetic ions in crystalline hosts. Gain has been reported
for elements shown in italics.
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Figure 1.1.2   Energy levels and laser transitions of crystalline titanium, vanadium, and chromium
ion lasers. The two energy level schemes for trivalent chromium correspond to chromium ions in
different crystal field environments. Dashed levels are associated with laser transitions
terminating on vibronic levels.

Figure 1.1.3   Energy levels and laser transitions of crystalline manganese, iron, cobalt, and nickel
ion lasers. The two energy level schemes for divalent nickel correspond to nickel ions in different
crystal field environments. Dashed levels are associated with laser transitions terminating on
vibronic levels.
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Figure 1.1.4   Energy levels and laser transitions of crystalline divalent lanthanide and actinide
ion lasers. The two energy level schemes for divalent samarium correspond to samarium ions in
different crystal field environments.

Figure 1.1.5   Energy levels, laser transitions, and wavelengths (microns) of crystalline cerium
and praseodymium ion lasers.
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Figure 1.1.6    Energy levels, laser transitions, and approximate wavelengths (microns) of
crystalline neodymium, samarium, and europium ion lasers.

Figure 1.1.7    Energy levels, laser transitions, and approximate wavelengths (microns) of
crystalline terbium, dysprosium, and holmium ion lasers.
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Figure 1.1.8   Energy levels, laser transitions, and approximate wavelengths (microns) of
crystalline erbium lasers.

Figure 1.1.9    Energy levels, laser transitions, and approximate wavelengths (microns) of
crystalline thulium and ytterbium ion lasers.



©2001 CRC Press LLC

0.1         0.2         0.3         0.4        0.5        0.6        0.7       0.8       0.9       1.0

        Nd3+

          Ce3+

      Ce3+

  Tm3+

         Nd3+

         Nd 3+

              Tm3+

     Pr3+,Tm3+

                     Er3+

              Tm3+

           Pr3+

                Tm3+

        Pr3+

   Pr3+ ,Tb3+

                 Ho3+,Er3+

       Er3+   

           Sm3+

               Pr3+

      Eu3+

      Er3+

        Pr3+

          Pr3+

            Sm3+,Tm3+

         Er3+

                Pr3+ ,Sm2+,Er3+

     Pr3+

       Nd3+

     Ho3+

   Tm3+

            Er3+

         Pr3+

     Pr3+

             Nd3+,Pm3+

       Ho3+

         Er3+

            Ho3+

0.1         0.2         0.3         0.4        0.5        0.6        0.7       0.8       0.9       1.0

Wavelength ( µm)

Figure 1.1.10a   Approximate wavelengths of crystalline lanthanide-ion lasers; exact
wavelengths are dependent on the host and temperature and the specific Stark levels involved
(from the Handbook of Laser Wavelengths, CRC Press, Boca Raton, FL, 1998).

Codopant ions have been added to improve the optical pumping efficiency of laser ions
via fluorescence sensitization. Lanthanide laser ions and codopant sensitizing ions that have
been reported are summarized in Table 1.1.1. Sensitizing ions, if present, are listed with the
host crystal in the laser tables in Section 1.1.6.  

Codopant ions have also been added to relax the terminal laser level and prevent self-
terminated laser action. Laser transitions and codopant deactivating ions are listed in Table
1.1.2.
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Figure 1.1.10b   Approximate wavelengths of crystalline lanthanide-ion lasers; exact
wavelengths are dependent on the host and temperature and the specific Stark levels involved

(from the Handbook of Laser Wavelengths, CRC Press, Boca Raton, FL, 1998).
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Table 1.1.1
Codopant Ions Used to Sensitize Lanthanide Laser Ions

Laser ion S e n s i t i z i n g  i o n s Laser ion S e n s i t i z i n g  i o n s

Pr3+ Yb3+ Ho3+ Cr3+

Cr3+,Tm3+

Nd3+ Cr3+ Cr3+,Yb3+

Ce3+,Cr3+ Fe3+

Sm3+ Tb3+ Er3+ Ce3+

Ho3+

Tb3+ Gd3+ Yb3+

Cr3+

Dy3+ Er3+ Cr3+,Yb3+

Yb3+

Tm3+ Er3+

Ho3+ Er3+ Er3+,Yb3+

Tm3+ Cr3+

Yb3+ Cr3+,Er3+,Yb3+

Er3+,Tm3+

Er3+,Yb3+ Yb3+ Nd3+

Tm3+,Yb3+ Cr3+,Nd3+

Er3+,Tm3+,Yb3+

Table 1.1.2
Codopant Ions Used to Deactivate the Terminal Laser Level

Laser
i o n

Lasing
trans i t ion

Crysta l l ine
h o s t

Codopant
i o n Ref .

Ho3+ 5I6 → 5I7 Y3Al5O12 Nd3+ 673

Er3+ 4S3/2 → 4I13/2 LiYF4 Pr3+ 224
4I11/2 → 4I13/2 LiYF4 Pr3+ 1070

Y3Al5O12 Nd3+ 672

CaF2-ErF3 Ho3+ 791

CaF2-ErF3 Tm3+ 791

Er3Al5O12 Tm3+ 882

LuAlO3 Tm3+ 1120

K(Y,Er)(WO4)2 Ho3+, Tm3+ 1119

Er3Al5O12 Ho3+, Tm3+ 1130

Lu3Al5O12 Ho3+, Tm3+ 1131

Y3Al5O12 Ho3+, Tm3+ 1132

Lu3Al5O12 Nd3+, Ho3+, Tm3+ 1131

Tm3+ 3F4 → 3H4 LiYF4 Tb3+ 700
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Ce3+

Ti 3+
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V +2

Wavelength  ( µm)
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(Mg  SiO )2

Co +2 (MgF )2

(Al   O  )
32

Ni +2 (MgF , MgO)2

2.5

Figure 1.1.11   Reported wavelength ranges of representative tunable crystalline lasers operating
at room temperature (from the Handbook of Laser Wavelengths, CRC Press, Boca Raton, FL,
1998). 

Upconversion processes make possible many additional lasing transitions and excitation
schemes. Upconversion excitation techniques include multi-step absorption, ion-ion energy
transfer, excited state absorption, and photon avalanche processes. Lasers based on
upconversion schemes are noted in the mode column of the laser tables. Transitions
involved in upconversion processes are given in Table 1.1.3 and can be identified by
reference to the relevant energy level diagrams for the ions in Figures 1.1.4–1.1.8. The
success of many of the schemes depends upon the degree of resonance of energy transfer
transitions and the rate of nonradiative transitions by multiphonon emission and thus varies
with the host crystal.

Cascade and cross-cascade lasing schemes have also been employed; transitions involved
in cascade and cross-cascade lasing schemes are summarized in Tables 1.1.4 and 1.1.5. For
examples of avalanche-pumped upconversion lasers, see References 18 and 1037.
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Table 1.1.3
Multi-step Upconversion Excitation Schemes

 optical transition       ⇒ ion-ion energy transfer transitions       ➟ nonradiative transition

Laser
i o n

Upper
laser
l e v e l

Codopant
i o n Upconvers ion  exc i ta t ion  scheme

Pr3+ 3P0 —

Yb3+

1)  3H4 → 1G4

2)  1G4 → 3P1 ➟3P0

1)  2F7/2 → 2F5/2 (Yb3+)

2)  2F5/2 – 2F7/2 (Yb3+) ⇒ 3H4 – 1G4 (Pr3+)

3)  1G4 → 3P1,0

Nd3+ 4D3/2 — 1)  4I9/2 → 4F5/2 ➟ 4F3/2

2) 
4F3/2 → 4D3/2

1)  4I9/2 → 4G5/2 ➟ 4F3/2

2) 
4F3/2 → 4D3/2

2P3/2 — 1)  4I9/2 → 4G5/2 ➟ 4F3/2

2) 
4F3/2 → 4D3/2 ➟ 2P3/2

Ho3+ 5S2 Yb3+ 1)  2F7/2 → 2F5/2 (Yb3+)

2)  2F5/2 – 2F7/2 (Yb3+) ⇒ 5I8 – 5I6 (Ho3+)

3)  2F7/2 → 2F5/2 (Yb3+)

4)  2F5/2 – 2F7/2 (Yb3+) ⇒ 5I6 – 5S2 (Ho3+)

5I7 Yb3+ 1)  2F7/2 → 2F5/2 (Yb3+)

2)  2F5/2 – 2F7/2 (Yb3+) ⇒ 5I8 – 5I6 (Ho3+) ➟5I7

Er3+ 2P3/2 — 1)  4I15/2 → 4I11/2(Er1
3+)

2)  4I15/2 → 4I11/2(Er2
3+)

3)  4I11/2 – 4I15/2(Er1
3+)  ⇒ 4I11/2 – 4F7/2 ➟ 4S3/2 (Er2

3+)

4)  4S3/2 – 4I15/2(Er2
3+)  ⇒ 4F9/2 – 2K13/2 (Er3

3+) ➟ 2P3/2

4G11/2 — 1)  4I15/2 → 4I13/2 (fourfold) ⇒ 4G11/2

2H9/2 — 1)  4I15/2 → 4I11/2(Er1
3+)

2)  4I15/2 → 4I11/2(Er2
3+)

3)  4I11/2 – 4I15/2(Er1
3+)  ⇒ 4I11/2 – 4F7/2 (Er2

3+) ➟  4S3/2

4)  4I15/2 → 4I11/2➟  4I13/2 (Er3
3+)

5)  4S3/2 – 4I15/2(Er2
3+) ⇒ 4I13/2 – 2H9/2(Er3

3+)
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Table 1.1.3—continued
Multi-step Upconversion Excitation Schemes

Laser
i o n

Upper
laser
l e v e l

Codopant
i o n Upconvers ion  exc i ta t ion  scheme

4S3/2 —

—

1)  4I15/2 → 4I9/2 ➟  4I11/2

2)  4I11/2 → 4F5/2,7/2 →  ➟  4S3/2

1)  4I15/2 → 4I11/2(Er1
3+)

2)  4I15/2 → 4I11/2(Er2
3+)

3)  4I11/2 – 4I15/2(Er1
3+)  ⇒ 4I11/2 – 4F7/2 ➟  4S3/2 (Er2

3+)

4F9/2 Yb3+

Yb3+

1)  2F7/2 → 2F5/2 (Yb3+)

2)  4I15/2 → 4I13/2(Er3+)

3)  2F5/2 – 2F7/2 (Yb3+) ⇒ 4I13/2 – 4F9/2 (Er3+)

1)  2F7/2 → 2F5/2 (Yb3+)

2)  2F5/2 – 2F7/2 (Yb3+) ⇒ 4I15/2 – 4I11/2 (Er3+)

3)  2F7/2 → 2F5/2 (Yb3+)

4)  2F5/2 – 2F7/2 (Yb3+) ⇒ 4I11/2 – 4F7/2 (Er3+) ➟ 4F9/2

4I11/2 — 1)  4I15/2 → 4I13/2(Er1
3+)

2)  4I15/2 → 4I13/2(Er2
3+)

3)  4I13/2 – 4I15/2 (Er1
3+) ⇒ 4I13/2 – 4I9/2 ➟  4I11/2 (Er2

3+)

Tm3+ 1I6 Yb3+ 1)  2F7/2 → 2F5/2 (Yb3+)

2) 2F7/2 – 2F5/2 (Yb3+) ⇒ 3H6 – 3H5 (Tm1
3+) ➟  3F4

3)  2F7/2 → 2F5/2 (Yb3+)

4) 2F5/2  2F7/2 (Yb3+) ⇒ 3F4  3F3 (Tm1
3+) ➟  3H4

5)  3F3 – 3H6 (Tm1
3+) ⇒ 3F3 – 1D2 (Tm2

3+)

6)  2F7/2 → 2F5/2 (Yb3+)

7)  2F5/2  2F7/2 (Yb3+) ⇒ 1D2  3P J (Tm2
3+) ➟  1I6

Tm3+ 1D2 — 1)  3H6→ 3H4

2)  3H4 → 1D2

1)  3H6 → 3H4 (Tm1
3+)

2)  3H6 → 3H4 (Tm2
3+)

3)  3H4 – 3H6 (Tm1
3+) ⇒ 3H4 – 1D2 (Tm2

3+)

Tm3+ 3H4 Yb3+ 1)   2F7/2 → 2F5/2 (Yb3+)

2)  3H6→ 3H5 ➟  3F4 (Tm3+)

3)  2F5/2 – 2F7/2 (Yb3+) ⇒ 3F4 – 3F2 (Tm3+) ➟  3H4
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Table 1.1.3—continued
Multi-step Upconversion Excitation Schemes

Laser
i o n

Upper
laser
l e v e l

Codopant
i o n Upconvers ion  exc i ta t ion  scheme

Tm3+ 1G4 Yb3+ 1)  2F7/2 → 2F5/2 (Yb3+)

2) 2F7/2 – 2F5/2 (Yb3+) ⇒ 3H6 – 3H5 (Tm3+) ➟  3F4

3)  2F7/2 → 2F5/2 (Yb3+)

4) 2F5/2  2F7/2 (Yb3+) ⇒ 3F4  3F2➟  3H4 (Tm3+)

5)  2F7/2 → 2F5/2 (Yb3+)

6)   2F5/2 – 2F7/2 (Yb3+) ⇒ 3H4 – 1G4 (Tm3+)

Table 1.1.4
Cascade Laser Schemes

→ lasing transition            ➟  nonradiative transition

     Laser ion Cascade transitions

Pr3+ 3P0 → 1G4 → 3F4
3P0 → 1G4 → 3H5

Nd3+ 4F3/2 → 4I13/2 → 4I11/2

Ho3+ 5S2 → 5I5 → 5I6
5S2 → 5I5 → 5I7
5S2 → 5I6 → 5I8
5S2 → 5I7 → 5I8
5S2 → 5I5 ➟  5I6 → 5I7
5S2 → 5I5 ➟  5I6 → 5I8
5S2 → 5I5 ➟  5I6 → 5I7 → 5I8
5S2 → 5F5 ➟  5I4 ➟  5I5 → 5I6 → 5I7
5I6 → 5I7 → 5I8

Er3+ 4S3/2 → 4I9/2 → 4I11/2
4S3/2 → 4I9/2 → 4I13/2
4S3/2 → 4I11/2 → 4I13/2
4S3/2 → 4I13/2 → 4I15/2
4S3/2 → 4I9/2 ➟  4I11/2 → 4I13/2
4S3/2 → 4I9/2 ➟  4I11/2 → 4I13/2 → 4I15/2
4F9/2 → 4I11/2 → 4I13/2
4I11/2 → 4I13/2 → 4I15/2

Tm3+ 3F4 → 3H5 ➟  3H4 → 3H6
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Table 1.1.5
Cross-Cascade Laser Schemes

→ lasing transition            ⇒ nonradiative energy transfer transitions

     Laser ions Cross-cascade transitions

Er3+ + Ho3+ 4S3/2 → 4I13/2 (Er3+)
4I13/2 – 4I15/2(Er3+) ⇒ 5I8 –  5I7 (Ho3+)
5I7 → 5I8 (Ho3+)

4I11/2 → 4I13/2 (Er3+)
4I13/2 – 4I15/2(Er3+) ⇒ 5I8 –  5I7 (Ho3+)
5I7 → 5I8 (Ho3+)

Er3+ + Tm3+ 4S3/2 → 4I13/2 (Er3+) ⇒
4I13/2 – 4I15/2(Er3+) ⇒ 3H6–  3F4(Tm3+)
3F4 → 3H6(Tm3+)

4I11/2 → 4I13/2 (Er3+)
4I13/2 – 4I15/2(Er3+) ⇒ 3H6 –  3F4(Tm3+)
3F4 → 3H6(Tm3+)

Tm3+ + Ho3+ 3H4 → 3H5 ➟  3F4(Tm3+)
3F4 –  3H6(Tm3+) ⇒ 5I8 –  5I7 (Ho3+)
55I7 → 5I8 (Ho3+)
3H4 → 3F4 (Tm3+)
3F4 –  3H6(Tm3+) ⇒ 5I8 –  5I7 (Ho3+)
55I7 → 5I8 (Ho3+)

Er3++ Tm3+ + Ho3+ 4I11/2 → 4I13/2 (Er3+)
4I13/2 – 4I15/2(Er3+) ⇒ 3H6– 3F4(Tm3+)
3F4 –  3H6(Tm3+) ⇒ 5I8 –  5I7 (Ho3+)
55I7 → 5I8 (Ho3+)
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1.1.2  Host Crystals Used for Transition Metal Laser Ions

Table 1.1.6
Host Crystals Used for Transition Metal Laser Ions

Crystal Ti3+ V2+ Cr2+ Cr3+ Cr4+ Mn5+ Fe2+ Co 2+ Ni2+

    Oxides   

Al2O3 • •
Ba3(VO4)2 •
BeAl2O4 • •
BeAl6O10 •
Be3Al2Si6O18 •
CaGd4(SiO4)3O •
CaY2Mg2Ge3O12 •
Ca2GeO4 •
Ca3Ga2Ge3O12 •
Ca3Ga2Ge4O14 •
Gd3Ga5O12 •
Gd3Sc2Al3O12 •
Gd3Sc2Ga3O12 •
La3Ga5GeO14 •
La3Ga5.5Nb0.5O14 •
La3Ga5.5Ta0.5O14 •
La3Ga5SiO14 •
LiNbGeO5 •
Mg2SiO4 •
MgO •
ScBO3 •
ScBeAlO4 •
Sr3Ga2Ge4O14 •
SrGd 4(SiO4)3O •
YA1O3 •
Y2SiO5 •
Y3Al5O12 • •
Y3Ga5O12 •
Y3Sc2Al3O12 •
Y3Sc2Ga3O12 •
ZnWO4 •

    Halides

CsCaF3 •
KMgF3 • •
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Table 1.1.6—continued
Host Crystals Used for Transition Metal Laser Ions

Crystal Ti3+ V2+ Cr2+ Cr3+ Cr4+ Mn5+ Fe2+ Co 2+ Ni2+

KZnF3 • •
LiCaAlF6 •
LiSrAlF6 • •
LiSrCrF6 •
LiSrGaF6 •
MgF2 • •
MnF2 •
Na3Ga3Li3F12 •
SrAlF5 •
ZnF2 •

    Chalcogenides

CdMnTe •
ZnS •
ZnSe • •

    Phosphide   

n-InP •

1.1.3  Host Crystals Used for Lanthanide Laser Ions

Table 1.1.7
Host Crystals Used for Divalent Lanthanide Laser Ions

Crystal Sm2+ Dy 2+ Tm2+

    Halides   

CaF2 • • •
SrF2 • •

Table 1.1.8
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

    Oxides   

Al2(WO4)3 •
Ba0.25Mg2.75-

   Y2Ge3O12

•

Ba2MgGe2O7 •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

    Oxides   

BaGd2(MoO4)4 •
BaLaGa3O7 •
Ba2NaNb5O15 •
Ba2ZnGe2O7 •
Ba3LaNb3O12 •
Bi4Ge3O12 • • •
Bi4Si3O12 •
Bi4(Si,Ge)3O12 •
Bi12SiO20 •
Ca0.25Ba0.75-

   (NbO3)2

•

CaAl4O7 • •
CaGd4(SiO4)3O •
CaLa4(SiO4)3O •
CaMg2Y2Ge3O12 •
CaMoO4 • • •
Ca(NbO3)2 • • • •
Ca(NbGa)2-

Ga3O12

•

CaSc2O4 •
CaWO4 • • • • •
CaYAlO4 •
CaY2Mg2Ge3O12 • •
CaY4(SiO4)3O • • •
Ca2Al2SiO7 • •
Ca2Ga2Ge4O14 •
Ca2Ga2SiO7 •
Ca3Ga2Ge3O12 • •
Ca3Ga2Ge4O14 •
Ca3Ga2SiO7 •
Ca3Ga4O9 •
Ca3(Nb,Ga)2-

   (Ga3O12

•

Ca3(NbLiGa)5O12 •
Ca3(VO4)2 •
Ca4GdO(BO3)3 •
Ca4La(PO4)3O •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

CeP5O14 •
CsLa(WO4)2 •
CsNd(MoO4)2 •
ErAlO3 • • •
ErVO4

Er(Y,Gd)AlO3 • •
Er2O3 •
Er2SiO5 • • •
Er3Al5O12 •
Er3Sc2Al3O12 •
Ga3Al5O12 •
GdAlO3 • • • •
GdGaGe2O7 •
GdP5O14 •
GdScO3 •
GdVO4 • •
Gd2(MoO4)3 •
Gd2(WO4)3 •
Gd2O3 •
Gd3Al5O12 • •
Gd3Ga5O12 • • • •
Gd3Sc2Al3O12 • • •
Gd3Sc2Ga3O12 • • •
HfO2-Y2O3 •
Ho3Al5O12 •
Ho3Ga5O12 •
Ho3Sc2Al3O12 •
KEr(WO4)2 •
KGd(WO4)2 •
KGd(WO4)2 • • • •
KLa(MoO4)2 • • •
KLu(WO4)2 • •
KNdP4O12 •
KY(MoO4)2 •
KY(WO4)2 • • • •
K(Y,Er)(WO4)2 • •
K3(La,Nd)(PO4)2 •
K5Bi(MoO4)4 •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

K5Nd(MoO4)4 •
LaAlO3 •
LaAl11MgO 19
LaBGeO

5 •
LaGaGe2O7 •
LaMgAl11O19 •
LaNbO4 •
LaP5O14 •
(La,Nd)P5O14 •
(La,Pr)P5O14 •
LaSc3(BO3)4 •
(La,Sr)(Al,Ta)O3 •
LaSr2Ga11O20 •
La2Be2O5 •
La2O3 •
7La2O3-9SiO2 •
La2Si2O7 •
La3Ga5GeO14 •
La3Ga5SiO14 •
La3Ga5.5Nb0.5O14 •
La3Ga5.5Ta0.5O14 • •
Li(Bi,Nd)P4O12 •
Li(La,Nd)P4O12 •
Li(Nd,Gd)P4O12 •
LiGd(MoO4)2 •
LiLa(MoO4)2 •
LiNbO3 • • • • •
LiPrP4O14 •
LuA1O3 • • • •
LuScO3 •
Lu2SiO5 •
Lu3Al5O12 • • • • •
(Lu,Er)3Al5O12 •
Lu3Ga5O12 • •
Lu3Sc2Al3O12 • •
β''-Na1+xMgx-

   Al11-xO17

•

NaBi(WO4)2 •
NaGaGe2O7 •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

NaGd(MoO4)2 •
NaGd(WO4)2 •
NaGdGeO4 •
NaLa(MoO4)2 •
NaLa(WO4)2 •
NaLuGeO4 • •
NaNdP4O12 •
NaYGeO4 •
NaY(MoO4)2 •
NaY(WO4)2 •
Na(Nd,Gd)-
   (WO4)2

•

Na3Nd(PO4)2 •
Na3(La,Nd)-

   (PO4)2

•

Na5(Nd,La)-

(MoO4)4

•

Na5(Nd,La)-

   (WO4)4

•

NdAl3(BO3)4 •
Nd(Ga,Cr)3(BO3)4 •
NdGaGe2O7 •
Nd3Ga5O12 •
Nd3Ga5GeO14 •
Nd3Ga5SiO14 •
NdP5O14 •
PbMoO4 •
PbWO4 •
Pb5Ge3O11 •
PrP5O14 •
RbNd(WO4)2 •
ScBeAlO4 • •
Sc2O3 •
Sc2SiO5 •
SrAl2O4 • •
SrAl4O7 • • • • •
SrAl12O19 • • •
SrxBa1-x(NbO3)2 •
SrGdGa3O7 • •
SrGd 4(SiO4)3O • •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

SrLaGa3O7 • •
SrMoO4 • • •
SrWO4 • •
SrY4(SiO4)3O • • •
Sr2Ca3(PO4)3 •
Sr3Ca2(PO4)3 •
Sr3Ga2Ge4O14 •
Sr3Ga2GeO14 •
Sr4Ca(PO4)3 •
Sr5(PO4)3 • •
Tm3Al5O12 •
YA1O3 • • • • •
(Y,Er)AlO3 • • •
(Y,Gd)AlO3 •
YAl3(BO3)4 •
YP5O14 •
(Y,Nd)P5O14 •
YScO3 • • •
YVO4 • • • • •
Y2O3 • • • •
Y2O3-ThO2 • • •
Y2SiO5 •
Y3Al3O12 •
Y3Al3O12 •
(Y,Ce)3Al5O12 •
(Y,Lu)3Al5O12 •
Y3Ga5O12 •
Y3Sc2Al3O12 •
Y3Sc2Ga3O12 • • •
Yb3Al5O12 • •
ZrO2-Er2O3 • • •
ZrO2-Y2O3 •
    Halides

BaF2 •
BaF2-CeF3 •
BaF2-GdF 3 •
BaF2-LaF3 •
BaF2-YF3 •
BaEr2F8 • • •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

Ba(Y,Er)2F8 •
Ba(Y,Yb)2F8 •
BaYb2F8 • • • • • •
CaF2 • • • • •
CaLu2F8 •
Ca2Y5F19 •
CaF2-CeF3 •
CaF2-ErF3 • •
CaF2-ErF3-TmF3 • •
CaF2-ErF3-TmF3-

   YbF3

•

CaF2-GdF 3 •
CaF2-HoF 3 • • •
CaF2-HoF 3-ErF3 •
CaF2-LaF3 •
CaF2-NdF 3 •
CaF2-ScF3 •
CaF2-SrF2 •
CaF2-SrF2-BaF2-

   YF3-LaF3

•

CaF2-YF3 • • •
CaF2-YF3-NdF 3 •
CdF2 •
CdF2-CeF3 •
CdF2-GaF3 •
CdF2-GdF 3 •
CdF2-LaF3 •
CdF2-LuF 3 •
CdF2-ScF3 •
CdF2-YF3 •
CdF2-YF3-NdF3 •
CeCl3 •
CeF3 •
CsGd2F7 •
CsY2F7 •
ErF3-HoF 3 •
ErLiF4 •
GdF3-CaF2 •
GdLiF4 •
HoLiF4 •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

KYF4 •
KY3F10 •
K7YF5 •
K5(Nd,Ce)Li2F10 •
K5NdLi2F10 •
LaBr3 •
LaCl3 •
(La,Pr)Cl3 • •
LaF3 • • • • •
LaF3-SrF2 •
LiCaAlF6 •
LiErF4 •
LiGdF4 •
LiHoF4 •
LiKYF5 •
LiLuF4 • • • • •
LiSrAlF6 •
LiYF4 • • • • • • •
Li(Y,Er)F4 • •
LiYbF4 • • •
MgF2 •
MnF2 •
α-NaCaCeF6 •
α-NaCaErF6 • • • •
α-NaCaYF6 •
5NaF-9YF3 •
Na0.4Y0.6F2.2 •
PbCl2 •
PrBr3 •
PrCl3 •
PrF3 •
SrF2 • •
SrF2-(Y,Er)F3 •
SrF2-CeF3 •
SrF2-CeF3-GdF 3 •
SrF2-ErF3 •
SrF2-GdF 3 •
SrF2-LaF3 •
SrF2-LuF 3 •
SrF2-ScF3 •
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Table 1.1.8—continued
Host Crystals Used for Trivalent Lanthanide Laser Ions

Crystal Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Dy 3+ Ho3+ Er3+ Tm3+ Yb3+

SrF2-YF3 •
Sr2Y5F19 • • • •
TbF3 •
YF3 •

    Oxyhal ides

BaCaBO3F • •
Ba5(PO4)3F •
CaF2-CeO2 •
Ca3Sr2(PO4)3F •
Ca4Sr(PO4)3F •
Ca5(PO4)3F • • •
Na2Nd2Pb6-

   (PO4)6Cl2

•

Pb5(PO4)3F •
Sr5(PO4)3F •
Sr5(VO4)3Cl •
Sr5(VO4)3F •
    Chalcogenides

La2O2S •
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1.1.4  Tables of Transition Metal Ion Lasers

Table 1.1.9
Transition Metal Ion Lasers

     Optical pump                       Mode of operation    
AL — alexandrite (BeAl2O4:Cr) laser AML — actively mode-locked
ArL — argon-ion laser cw — continuous wave
D — frequency doubled p — pulsed
DL — dye laser qcw — quasi-continuous wave
ErLYF — Er:LiYF4 (YLF) laser qs — Q-switched
ErYAG — Er:Y3Al5O12  (YAG) laser PML — passively mode-locked
Hg — mercury arc lamp SML — synchronously mode-locked
KrL — krypton-ion laser
NdGL — Nd:glass laser
NdL — neodymium laser
NdYAG — Nd:Y3Al5O12  (YAG) laser
NdYLF — Nd:LiYF4 (YLF) laser
NdYAP — Nd:YAlO3 (YAP) laser
RL — ruby (Al2O3:Cr) laser
RS — Raman-shifted
TiS — Ti:sapphire (Al2O3) laser
TmYAP — Tm:YAlO3 (YAP) laser
TmHoYAG — Tm,Ho:Y3Al5O12  (YAG) laser
W — tungsten arc lamp
Xe — xenon arc lamp

Titanium (Ti3+ ,  3d1)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

Al2O3
2E → 2T2 0.66–1.178 300 Ar laser cw 82–89

80 Ar laser cw 83

300 dye laser p 83, 90–96

300 Xe lamp p 91, 109–112

300 DNdYAP p 83, 84, 86, 92,

97–108

300 Cu laser p 1039

510 DNdYAG p 84

300 DNdYAG qs 99

300 Ar laser AML 110

300 DNdYAP SML 113

0.700–0.818 300 sun cw 1155

BeAl2O4
2E → 2T2 0.73–0.95 300 DNdYAG cw 170

300 DNdYAG p 171,172
0.753–0.946 300 Xe lamp p 189

YA1O3
2E → 2T2 0.6116 300 DNdYAP p 59
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Vanadium (V2+ ,  3d3)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CsCaF3
4T2 → 4A2 1.24–1.33 80 Kr laser cw 582

MgF2
4T2 → 4A2 1.07–1.16 80 Ar laser cw 261, 303–305

1.1213 77 Xe lamp p 488

Chromium (Cr2+ ,  3d4)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CdMnTe 5E → 5T2 2.515 300 RS NdYAG p 1031
5E → 5T2 2.17–3.01 300 TmHoYAG p 1157

ZnS 5E → 5T2 2.286–2.530 300 Co:MgF2 L p 914

~2.35 300 Co:MgF2 L p 915

2.134–2.799 300 Co:MgF2 L p 914

~2.35 300 Co:MgF2 L p 915

ZnSe 5E → 5T2 2.134–2.799 300 Co:MgF2 L p 914

2.138–2.760 300 TmYAP cw 1124

~2.35 300 Co:MgF2 L p 915

Chromium (Cr3+ ,  3d3)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

Al2(WO4)3
4T2 → 4A2 0.80 300 Kr laser cw 210

Al2O3
2E → 4A2 0.6929(R2) 300 Xe lamp p 125

0.6934 77 Hg lamp cw 126, 127

0.6934 77 Ar laser cw 128

0.6943(R1) 300 Xe lamp p 131–2, 138

0.6943(R1) 300 Hg lamp cw 133–4, 297

0.6943(R1) 300 Kr laser cw 135

0.7009(N2) 77 Xe lamp p 153

0.7041(N1) 77 Xe lamp p 153

0.6943–0.6952 300–500 Xe lamp p 137

0.7670 300 Xe lamp p 197

Be3Al2Si6O18
2E → 4A2 0.685 300 RS-DNdL p 123
4T2 → 4A2 0.720–0.842 300 Kr laser cw 164, 165

0.720–0.842 300 Xe lamp p 166

BeAl2O4
2E → 4A2 ~0.680 77 Xe lamp p 118

0.6803 300 Xe lamp p 120
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Chromium (Cr3+ ,  3d3)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BeAl2O4
2E → 4A2 0.6804 300 Xe lamp p 121,122
4T2 → 4A2 0.70–0.82 — Hg lamp cw 140–142

300 Kr laser cw 143

BeAl2O4
4T2 → 4A2 0.70–0.82 — Xe lamp cw 141, 142

300–330 Xe lamp p 120, 144–6

330–370 Xe lamp p 120, 145,

148, 149

548–583 Xe lamp p 142, 146

300–370 Xe lamp p 141, 142,

144, 147,

148, 150

Xe lamp PML 142, 151

Xe lamp AML 142

0.701–0.818 300 Xe lamp p 121, 154

0.744–0.788 300 Hg lamp cw 179

BeAl6O10
4T2 → 4A2 0.79–0.87 300 DNdYAG p 204

Ca3Ga2Ge4O14
4T2 → 4A2 0.87–1.21 300 RL, DL p 241, 1017

(Gd,Ca)3-
 (Ga,Mn,Zr)5O12

4T2 → 4A2 0.774–0.814 300 Xe lamp p 198

Gd3Ga5O12
4T2 → 4A2 0.769 300 Kr laser cw 174

Gd3Sc2Al3O12
4T2 → 4A2 0.75–0.81 300 Xe lamp p 183–185

Kr laser cw 174–5, 182

Ar laser cw 174–5, 182

Gd3Sc2Ga3O12
4T2 → 4A2 0.742–0.842 300 Xe lamp p 177, 178

Kr laser cw 174–176

Ar laser cw 174–176

KZnF3
4T2 → 4A2 0.766–0.865 300 Kr laser cw 193

dye laser p 191, 192

ruby laser qcw 194

Xe lamp p 195

0.775–0.816 80 Kr laser cw 191, 192

0.790–0.825 200 Kr laser cw 191, 192

(La,Lu)3(La,Ga)2-
   Ga3O12

4T2 → 4A2 0.83 300 Kr laser cw 174

La3Ga5GeO14
4T2 → 4A2 0.88–1.22 300 ruby laser p 241, 242,

1017

La3Ga5.5Nb0.5O14
4T2 → 4A2 0.9–1.25 300 ruby laser p 240, 1017
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Chromium (Cr3+ ,  3d3)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

La3Ga5GeO14
4T2 → 4A2 0.88–1.22 300 ruby laser p 241, 242,

1017

La3Ga5.5Nb0.5O14
4T2 → 4A2 0.9–1.25 300 ruby laser p 240, 1017

La3Ga5SiO14
4T2 → 4A2 0.815–1.22 300 Kr laser cw 209, 1017

ruby laser p 208

La3Ga5.5Ta0.5O14
4T2 → 4A2 0.925–1.24 300 ruby laser p 240, 241

LiCaAlF6
4T2 → 4A2 0.72–0.84 300 Kr laser cw 162

Xe lamp p 163

LiSr0.8Ca0.2AlF6
4T2 → 4A2 0.750–0.950 300 Xe lamp p 186

LiSrAlF6
4T2 → 4A2 0.780–1.010 300 Xe lamp p 201

0.78–0.92 300 Kr laser cw 196, 199

0.809–0.910 300 LD PML 894

0.815–0.915 300 NdYLF p 200

~0.825–0.875 300 LD PML 1066

LiSrCrF6
4T2 → 4A2 0.890 300 TiS laser p 243

LiSrGaF6
4T2 → 4A2 0.820 300 Kr laser p 212, 1025

Na3Ga3Li3F12
4T2 → 4A2 0.748–0.832 300 Kr laser cw 180

ScBeAlO4
4T2 → 4A2 0.792 300 Kr laser cw 206

ScBO3
4T2 → 4A2 0.787–0.892 300 Kr laser cw 162, 202,

203

Sr3Ga2Ge4O14
4T2 → 4A2 0.895 300 ruby laser p 1017

0.90–1.15 300 ruby laser p 241, 242

SrAlF5
4T2 → 4A2 0.852–1.005 300 Kr laser cw 227, 228

Y3Al5O12
4T2 → 4A2 0.6874 ~77 Xe lamp p 124

Y3Ga5O12
4T2 → 4A2 0.74 300 Kr laser cw 173

Y3Sc2Al3O12
4T2 → 4A2 0.767 300 Kr laser cw 196

Y3Sc2Ga3O12
4T2 → 4A2 0.76 300 Kr laser cw 173

ZnWO4
4T2 → 4A2 0.98–1.09 77 Kr laser cw 271

0.98–1.09 300 dye laser p 271
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Chromium (Cr4+ ,  3d2)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CaGd4(SiO4)3O 3T2 → 3A2 1.37 300 NdYAG p 701

Ca2GeO4
3T2 → 3A2 1.348–1.482 300 NdYAG p 629

1.390–1.475 300 laser diode cw 1032

Ca3Ga2Ge3O12
3T2 → 3A2 1.32–1.43 300 433

LiNbGeO5 1.31–1.52 ~110 Nd laser p 1045

1.38–1.44 ~200 Nd laser p 1045

Mg2SiO4
3T2 → 3A2 1.221 300 NdYAG p 708

1.235 300 NdYAG p 706, 709

1.244 300 NdYAG cw 707

1.195–1.295 300 NdYAG SML 507

1.2–1.32 77 NdYAG cw 514

1.204–1.277 300 NdYAG AML 507

1.236–1.300 300 laser diode cw 1032

1.244 300 NdYAG cw 552

300 alex. laser p 558

SrGd 4(SiO4)3O 3T2 → 3A2 1.44 300 NdYAG p 701

Y3Al5O12
3T2 → 3A2 1.32–1.53 300 NdYAG p, cw 585, 589

1.350–1.560 300 NdYAG p,c w 647

1.35–1.5 300 981, 982

1.37–1.51 300 NdYAG AML 664

Y2SiO5
3T2 → 3A2 1.18–1.29 77 NdYAG p 508

77 Cr:LiSAF qs 508

1.3 300 AL, RL p 567

Y3(Scx,Al)5-x-

   O12 : 0<x<1.7

3T2 → 3A2 1.309–1.628 300 NdYAG p 572

Manganese (Mn5+ ,  3d5)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

Ba3(VO4)2
1E → 3A2 1.1810 300 dye laser p 509

Iron (Fe2+ ,  3d6)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

n-InP
5T2 → 5E 3.53 2 dye laser p 748

ZnSe
5T2 → 5E 3.98–4.54 15–180 ErYAG p 1158
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Cobalt (Co2+ ,  3d7)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

KMgF3
4T2 → 4T1 1.62–1.90 80 Ar laser cw 192

1.821 77 Xe lamp p 535,1003

KZnF3
4T2 → 4T1 1.65–2.15 27 Ar laser cw 785

1.65–2.15 80 Ar laser cw 192,786,
1003

MgF2
4T2 → 4T1 1.5–2.3 80 NYAG cw 114,543,

768

80 NYAP p 704,762

225 NYAP p 766,768

299 NYAG p 769

80 NYAP p, qs 766,768

80 NYAG qs 770

80 NYAG AML 771

80 NYAG AML/qs 772

1.63–2.11 80 NYAG cw 754

1.750 77 Xe lamp p 535,801

1.800–2.450 300 NYAG p 799,1003

1.8035 77 Xe lamp p 535,801

1.99 77 Xe lamp p 535,801

2.05 77 Xe lamp p 535,801

ZnF2
4T2 → 4T1 2.165 77 Xe lamp p 535,801

Nickel (Ni2+ ,  3d8)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CaY2Mg2Ge3O12
3T2 → 3A2 1.46 80 NdYAP p 261,704

KMgF3
3T2 → 3A2 1.59 80 Xe lamp p 261,774

MgF2
3T2 → 3A2 1.61–1.74 80 Kr laser cw 261,775

80 NdYAG cw 261,754

80 NdYAP p 704

80 NdYAG qs 754

80 NdYAG AML 771

1.623 77 Xe lamp p 535,739

1.636 77–82 Xe lamp p 740

1.674–1.676 82–100 Xe lamp p 535,739

1.731–1.756 100–192 Xe lamp p 535,739

1.75 200 NdYAG cw 806

1.785–1.797 198–240 NdYAG cw 535,739
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Nickel (Ni2+ ,  3d8)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

MgO 3T2 → 3A2 1.3144 77 Xe lamp p 535

1.316 82 NdYAG cw 662

1.318 80 NdYAG cw 261

1.328 131 NdYAG cw 662

1.369 153 NdYAG cw 662

1.409 235 NdYAG cw 662

MnF2
3T2 → 3A2 1.865 20 Xe lamp p 535

1.915 77 Xe lamp p 535

1.922 77 Xe lamp p 535

1.929 85 Xe lamp p 535

1.939 85 Xe lamp p 535
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1.1.5  Tables of Divalent Lanthanide Lasers

Table 1.1.10
Divalent Lanthanide Ion Lasers

     Optical pump                       Mode of operation    
Hg — mercury arc lamp cw — continuous wave
W — tungsten arc lamp p — pulsed
Xe — Xe arc lamp

Samarium (Sm2+ ,  4f6)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CaF2 5d →  7F1 0.7083 65–90 ruby laser p 157

0.7085* 20 Xe lamp p 158–160

0.7207 85–90 ruby laser p 157

0.7287 110–130 ruby laser p 157

0.7310 155 ruby laser p 157

0.745 210 ruby laser p 157

SrF2
5D0 → 7F1 0.6969 4.2 Xe lamp p 156

* Reference 159 includes whispering-galley-mode lasing.

Dysprosium (Dy2+ ,  4f10)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CaF2
5I7 → 5I8 2.35867 77 Hg lamp p 906

2.35867 4.2 Xe lamp cw 907

~2.358 4.2 W lamp cw 908

~2.358 77 sun cw 909

~2.358 4.2–77 W lamp cw 910

~2.358 4, 77 Xe lamp p 911

SrF2
5I7 → 5I8 2.3659 20 Xe lamp p 903

Thulium (Tm2+ ,  4f13)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

CaF2
2F5/2 → 2F7/2 1.116 4.2 Xe lamp p 524

1.116 2.7–4.2 Hg lamp cw 525
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1.1.6  Tables of Trivalent Lanthanide Ion Lasers

Table 1.1.11
Trivalent Lanthanide Ion Lasers

     Optical pump    
alex. – alexandrite (BeAl2O4:Cr) laser NdL – neodymium laser
ArL – argon-ion laser NdYAG – Nd:Y3Al5O12  laser
CCL – color center laser NdYLF – Nd:LiYF4 laser
CeLiSAF – Ce:LiSrAlF6 laser NdYAP – Nd:YAlO3 laser
CrLiSAF – Cr:LiSrAlF6 laser PT – pyrotechnical pumping
D – frequency doubled Q – frequency quadrupled
DL – dye laser RL – ruby laser
DyL – dysprosium laser RS – Raman-shifted
ErGL – Er:glass laser T – frequency tripled
Hg – mercury arc lamp TiS – Ti:sapphire laser
Kr – krypton arc lamp TmYAG – Tm:Y3Al5O12  laser
KrFL – krypton fluoride excimer laser W – tungsten arc lamp
LED – light emitting diode qWI – quartz-tungsten-iodine lamp
LD – laser diode Xe – Xe arc lamp
NdGL – Nd:glass laser XeClL – XeCl laser

      Mode of operation
AML – actively mode locked qs – Q-switched
cas – cascade pumping/deactivation pa – photon avalanche pumping
cw – continuous wave SML – synchronously mode locked
p – pulsed sml – soliton mode locked
PML – passively mode locked sp – self pulsed
qcw – quasi-continuous wave upc – upconversion pumping scheme

Cerium (Ce3+ ,  4f1)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaY2F8 5d → 4f 0.345 300 XeCl laser p 14

LaF3 5d → 4f 0.286 300 Kr laser p 7

LiCaAlF6 5d → 4f 0.278–0.335 300 QNdYAG p 6

0.2805–0.316 300 Cu laser p 1128

0.281–0.315 300 QNdYAG p 238

0.288 300 QNdYAG p 8

LiLuF4 5d → 4f ~0.308 300 Ce:LiSAF p 1068

0.323–0.335 300 Kr laser p 12

LiSrAlF6 5d → 4f 0.275–0.339 300 QNdYAG p 6

0.283–0.313 300 QNdYAG p 238

0.285–0.297 300 QNdYAG p 5

LiYF4 5d → 2F5/2 0.306–0.315 300 Kr laser p 9

5d → 2F7/2 0.323–0.328 300 Kr laser p 9

0.3252 300 KrFL/ArFL p 11
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Praseodymium (Pr3+ ,  4f2)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaY2F8
3P0 → 3H6 0.6071 110, 300 Xe lamp p 55, 56
3P0 → 3F2 0.6388 300 Xe lamp p 73

0.6395 300 Xe lamp p 1136
3P0 → 3F3 0.6935–8 110, 190 Xe lamp p 55, 56
3P0 → 3F4 0.7191 300 Xe lamp p 73

0.7206 300 Xe lamp p 1136
3P1 → 1G4 0.9010 110 Xe lamp p 245
3P0 → 1G4 0.9148 110 Xe lamp p, cas 241, 245

0.9150 300 Xe lamp p 245
1G4 → 3H5 1.3345 110 Xe lamp p, cas 241

BaYb2F8:Yb 1G4 → 3H5 1.3347 110 Xe lamp p 241, 623
1G4 → 3F4 3.6045 110 Xe lamp p, cas 241

3.6050 110 Xe lamp p, cas 241, 623

Ca(NbO3)2
3P0 → 3H6 0.6105 110 Xe lamp p 57
1G4 → 3H4 1.04 77 Xe lamp p 753
1D2 → 3F4 1.0662 ~110 Xe lamp p 73, 1136

1.0664 300 Xe lamp p 73, 1136

CaWO4
3P0 → 3F2 0.6497 110 Xe lamp p 57
1D2 → 3F4 1.0468 77 Xe lamp p 310

1.0495 300 Xe lamp p 73, 1136

GdLiF4
3P1 → 3H5 0.522 300 dye laser p 29
3P0 → 3H5 0.545 300 dye laser p 29
3P0 → 3H6 0.6045 300 dye laser p 29

0.607 300 dye laser p 29
3P0 → 3F2 0.639 300 dye laser p 29
3P0 → 3F3 0.697 300 dye laser p 29
3P0 → 3F4 0.720 300 dye laser p 29

Gd2SiO5
3P0 → 3H6 0.660 300 dye laser p 1033

KGd(WO4)2
1D2 → 3F4 1.0657 300 Xe lamp qcw 1143

1.0657 300 Xe lamp p 1048

KY(WO4)2
1D2 → 3F3 1.0223 300 Xe lamp p 1048, 1147
1D2 → 3F4 1.0697 300 Xe lamp p 1048, 1143

LaBGeO5 3P0 → 3H6 0.6080 ∼110 Xe lamp p 330

LaBr3
3P1 → 3H5 0.532 <300 dye laser p 30
3P1 → 3H6 0.621 <300 dye laser p 30
3P2 → 3F3 0.632 < 70 dye laser p 30
3P0 → 3F2 0.647 <300 dye laser p 30



Praseodymium (Pr3+ ,  4f2)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .
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LaCl3
3P0 → 3H4 0.4892 5.5–14 dye laser p 28
3P1 → 3H5 0.5298 <300 dye laser p 28
3P0 → 3H6 0.6164 8, 65 dye laser p 28
3P0 → 3F2 0.644 80–210 dye laser cw, pa 1038

0.6452 300 dye laser p 28
3F3 → 3H4 1.611 130 TmYAG p 761

1.624 130 TmYAG p 761

1.644 130 TmYAG p 761
3F3 → 3H6 5.242 130–250 TmYAG p 760
3F3 → 3F2 7.141 ~300 TmYAG p 955

7.152 ~300 TmYAG p 955

7.24 148 TmYAG p 950

7.244 130 TmYAG p 955

(La,Pr)Cl3
3P0 → 3H4 0.4892 14 dye laser p 26–28
3P1 → 3H5 0.5298 12 dye laser p 26–28
3P0 → 3H6 0.6164 65, 300 dye laser p 26–28
3P0 → 3F2 0.6451 65, 300 dye laser p 26–28

LaF3
3P0 → 3H6 0.5985 77 Xe lamp p 52

0.5985 110 Xe lamp p 50, 51

0.6001 110 Xe lamp p 50, 51
3P0 → 3F4 0.7194 110 Xe lamp p 50, 51

0.7198 300 Xe lamp p 50, 51, 161
3P0 → 1G4 0.9185 110 Xe lamp p 245

0.9190 300 Xe lamp p 245

(La,Pr)P5O14
3P0 → 3F2 0.637 300 dye laser p 68
3P0 → 3F4 0.717 300 dye laser p 68

LiLuF4
3P0 → 3H5 0.5380 110 Xe lamp p 32, 33
3P0 → 3H6 0.6042 110 Xe lamp p 32, 33

0.6071 110 Xe lamp p 32, 33
3P0 → 3F2 0.6399 110 Xe lamp p 32, 33

0.6401 300 Xe lamp p 32, 33
3P0 → 3F3 0.6958 110 Xe lamp p 32, 33

0.6977 110 Xe lamp p 32
3P0 → 3F4 0.7192 110 Xe lamp p 32, 33

0.7215 300 Xe lamp p 32, 33
3P0 → 1G4 0.9068 110–250 Xe lamp p 246

LiPrP4O12
3P0 → 3H6 0.6048 300 dye laser p 54
3P0 → 3F2 0.6396 300 dye laser p 74
3P0 → 3F4 0.7204 300 dye laser p 54

LiYF4
3P0 → 3H4 0.479 300 Dy laser p 23



Praseodymium (Pr3+,  4f2)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .
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LiYF4
3P0 → 3H5 0.5378 110 Xe lamp p 31, 1136
3P0 → 3H6 0.6044 300 Ar laser cw 53
3P0 → 3H6 0.6071 110–200 Xe lamp p 31

0.6072 300 Xe lamp p 1052

0.6073 300 Ar laser cw 53

0.6092 300 Ar laser cw 53

0.6130 300 Xe lamp p, PML 53
3P1 → 3F2 0.6158 300 Ar laser cw 53

0.6180 300 Ar laser cw 53

0.6201 300 Ar laser cw 53
3P0 → 3F2 0.6388 300 Ar laser cw 53

0.6395 110, 300 Xe lamp p 31, 75, 1052

300 Xe lamp qcw 1047

300 Xe lamp q, AML 1049

0.64 300 Xe lamp p 73

0.6444 300 Ar laser cw 53
3P1 → 3F3 0.6703 300 Ar laser cw 53
3P0 → 3F3 0.6954 110–180 Xe lamp p 31

0.6977 300 Ar laser cw 53
3P1 → 3F4 0.6994 300 Ar laser cw 53
3P1 → 3F3 0.7055 300 Ar laser cw 53
1I6 → 3F4 0.7082 300 Ar laser cw 53

0.7190 180–250 Xe lamp p 31
3P0 → 3F4 0.7206 300 Xe lamp p 31, 168

0.7209 300 Ar laser cw 53

300 Xe lamp p 1052

0.7222 300 Ar laser cw 53

0.7195 300 Ar laser cw 53
3P0 → 1G4 0.9066 110 Xe lamp p, cas 241, 246

0.9069 300 Xe lamp p 246

0.9145 110 Xe lamp p 246
1G4 → 3H5 1.3465 110 Xe lamp p, cas 241

LiYbF4
1G4 → 3H5 1.3465 110 Xe lamp p 241

1.3468 110 Xe lamp p 241, 246

LuA1O3
3P0 → 3H6 0.6155 110 Xe lamp p 61, 62
3P0 → 3F3 0.722 300 Xe lamp p 169
3P0 → 3F4 0.7496 300 Xe lamp p 169

PrBr3
3P0 → 3F2 0.6451 300 dye laser p 30

PrCl3
3P0 → 3H6 0.617 300 dye laser p 27, 28

0.620 300 dye laser p 27, 28
0.622 300 dye laser p 27, 28



Praseodymium (Pr3+ ,  4f2)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

©2001 CRC Press LLC

PrCl3
3P0 → 3H6 0.647 300 dye laser p 27,28

PrF3
3P0 → 3H6 0.5984 15 dye laser p 49

PrP5O14
3P0 → 3F2 0.6374 300 Xe lamp p 69–71

SrLaGa3O7
3P0 → 3F2 0.645 300 dye laser p 24
3P0 → 3H4 0.488     <    230 dye laser p 24

SrMoO4
1D2 → 3F4 1.04 — — p 290

YA1O3
3P0 → 3H6 0.6139 110 Xe lamp p 60–62

300 Xe lamp p 63

0.6213 110 Xe lamp p 61, 62

0.6216 300 Xe lamp p 63

0.6624 300 Xe lamp p 63
3P0 → 3F3 0.7195 110 Xe lamp p 60, 62

0.7195 300 Xe lamp p 63

0.7197 300 Xe lamp p 61, 62

0.722 300 Xe lamp p 169
0.7437 300 Xe lamp p 63

3P0 → 3F4 0.7469 300 Xe lamp p 60, 61, 63

0.7537 300 Xe lamp p 63
3P0 → 1G4 0.9395 300 Xe lamp p 63

0.9660 300 Xe lamp p 63

0.9308 110 Xe lamp p 62

0.9312 300 Xe lamp p 62
1D2 → 3F3 0.9960 300 Xe lamp p 62

Y3Al5O12
3P0 → 3H4 0.4879 4–32 dye laser p 657
3P0 → 3H6 0.616 4–140 dye laser p 657

Neodymium (Nd3+ ,  4f3)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaF2
4F3/2→4I11/2 1.0540 300 Xe lamp p 445

1.060 77 Xe lamp p 463
4F3/2→4I13/2 1.3175 300 Xe lamp p 541

1.3270 300 Xe lamp p 541

BaF2-CeF3
4F3/2→4I11/2 1.0537 300 Xe lamp p 440

1.0543 300 Xe lamp p 413

BaF2-GdF 3
4F3/2→4I11/2 1.0526 300 Xe lamp p 413

BaF2-LaF3
4F3/2→4I11/2 1.0534–1.0563 300–920 Xe lamp p 435



Neodymium (Nd3+ ,  4f3)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .
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BaF2-LaF3
4I13/2→4I11/2 1.0538 77 Xe lamp p 435

1.0580 77 Xe lamp p 435
4F3/2→4I13/2 1.3185 300 Xe lamp p 602

1.3280 300 Xe lamp p 602

1.3290 77 Xe lamp p 602
4I13/2→4I11/2 5.15 300 Xe lamp p, cas 959, 991

BaF2-YF3
4F3/2→4I11/2 1.0521 300 Xe lamp p 413
4F3/2→4I13/2 1.3200 300 Xe lamp p 413

BaGd2(MoO4)4
4F3/2→4I11/2 1.061 300 Xe lamp p 584

BaLaGa3O7
4F3/2→4I11/2 1.059 300 — p 513

1.0595 300 Xe lamp p 249

BaLu2F8
4F3/2→4I11/2 1.0483 300 Xe lamp p 1142

1.0483 300 laser diode cw 1046

BaY2F8
4F3/2→4I11/2 1.0493 77 Xe lamp p 366

1.0495 300 Xe lamp p 366

300 laser diode cw, qcw 1079

1.0529 77 Xe lamp p 422

1.0530 300 Xe lamp p 366
4F3/2→4I13/2 1.3170 77 Xe lamp p 366

1.318 300 Xe lamp p 366

Ba2MgGe2O7
4F3/2→4I11/2 1.05436 300 Xe lamp p 447

Ba0.25Mg2.75-

   Y2Ge3O12

4F3/2→4I11/2 1.0615 300 Xe lamp p 603

Ba2NaNb5O15
4F3/2→4I11/2 1.0613 300 Xe lamp p 595

1.0630, 1.0710 300 laser diode cw 1152
4F3/2→4I13/2 ~1.3336 300 laser diode cw 1152

Ba2ZnGe2O7
4F3/2→4I11/2 1.05437 300 Xe lamp p 448

Ba3LaNb3O12
4F3/2→4I9/2 0.9106 300 Xe lamp p 249
4F3/2→4I11/2 1.0591 77 Xe lamp p 249

1.0595 300 Xe lamp p 249

Ba5(PO4)3F 4F3/2→4I11/2 1.0555 300 Xe lamp p 1027

1.3209 300 Xe lamp p 1027

Bi4Ge3O12
4F3/2→4I11/2 1.0638 77 Xe lamp p 291

1.06425 77 Xe lamp p 291, 661

1.0644 300 Xe lamp p 291, 661
4F3/2→4I13/2 1.3418 300 Xe lamp p 291, 661
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Bi4Si3O12
4F3/2→4I11/2 1.0629 77, 300 Xe lamp p 625
4F3/2→4I13/2 1.3407 300 Xe lamp p 625

Bi4(Si,Ge)3O12
4F3/2→4I11/2 1.0635 300 Xe lamp p 356

Bi12SiO20
4F3/2→4I11/2 ≈1.0716 300 TiS laser p 1144

Ca0.25Ba0.75-

   (NbO3)2

4F3/2→4I11/2 1.062 295 Xe lamp p 291

Ca(NbO3)2
4F3/2→4I11/2 1.0615 77 Xe lamp p, cw 588

300 Xe lamp p 598, 600

1.0615–1.0625 300–650 Xe lamp p 994

1.0626 77 Xe lamp p 588
4F3/2→4I13/2 1.3370 77 Xe lamp p 607

1.3380 300 Xe lamp p 607

1.3415 77 Xe lamp p 607

1.3425 300 Xe lamp p 607

CaAl4O7
4F3/2→4I11/2 1.05895 77 Xe lamp p 510

1.0596 300 Xe lamp p 510

1.0638 300 Xe lamp p 510

1.06585 77 Xe lamp p 510

1.07655 77 Xe lamp p 510

1.0772 77 Xe lamp p 510

1.0786 300 Xe lamp p 510
4F3/2→4I13/2 1.3400 77 Xe lamp p 478

1.3420 300 Xe lamp p 478

1.3675 77 Xe lamp p 478

1.3710 300 Xe lamp p 478

CaAl12O19
4F3/2→4I11/2 1.0497 300 Xe lamp p ?

CaF2
4F3/2→4I11/2 1.0370 300 Xe lamp p 137

1.0448 50 Xe lamp p 300–302

1.0456 50 Xe lamp p 301, 302

1.0457 77 Xe lamp p 301, 302

1.0461–1.0468 300–530 Xe lamp p 137

1.0466 50 Xe lamp p 301, 302

1.0467 77 Xe lamp p 301, 302

1.0480 50 Xe lamp p 301, 302
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1.0507 50 Xe lamp p 301, 302

CaF2
4F3/2→4I11/2 1.0623–1.0628 560–300 Xe lamp p 137

1.0648 50 Xe lamp p 301, 302

1.0657 300 Xe lamp p 541

1.0661 300 Xe lamp p 300

1.0885–1.0889 300–420 Xe lamp p 137, 344
4F3/2→4I13/2 1.3225 300 Xe lamp p 541

CaF2-CeF3
4F3/2→4I11/2 1.0657–1.0640 300–700 Xe lamp p 137
4F3/2→4I13/2 1.3190 300 Xe lamp p 537

CaF2-CeO2
4F3/2→4I11/2 ~1.0885 300 Xe lamp p 523

CaF2-GdF 3
4F3/2→4I11/2 1.0654 300 Xe lamp p 427
4F3/2→4I13/2 1.3185 300 Xe lamp p 434

CaF2-LaF3
4F3/2→4I11/2 1.0645 300 Xe lamp p 427
4F3/2→4I13/2 1.3190 300 Xe lamp p 434

CaF2-LuF 3
4F3/2→4I11/2 1.0530 300 Xe lamp p 425

1.0623 300 Xe lamp p 425

1.0635 300 Xe lamp p 425
4F3/2→4I13/2 1.330 300 Xe lamp p 425

CaF2-NdF 3
4F3/2→4I11/2 1.0654 300 Xe lamp p 434

CaF2-ScF3
4F3/2→4I11/2 1.0500 300 Xe lamp p 374

1.0607 300 Xe lamp p 374

1.0618 300 Xe lamp p 374
4F3/2→4I13/2 1.3505 300 Xe lamp p 374

CaF2-SrF2
4F3/2→4I11/2 1.0369 300 Xe lamp p 286

CaF2-SrF2-BaF2-

   YF3-LaF3

4F3/2→4I11/2 1.0535–1.0547 300–550 Xe lamp p 137, 438

1.0585 300–700 Xe lamp p 137

1.0623–1.10585 300 Xe lamp p 438

CaF2-YF3
4F3/2→4I11/2 1.0461 300 y p 308, 309

1.0536 110 y p 439

1.0540 300 Xe lamp p 308, 309

1.0540 300 Xe lamp p 439

1.0603–1.0632 95–300 Xe lamp p 137
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CaF2-YF3
4F3/2→4I11/2 1.0632 300 Xe lamp p 308, 309,

439

1.0671 110 Xe lamp p 439
4F3/2→4I13/2 1.3255 77 Xe lamp p 538

1.3270 300 Xe lamp p 538

1.3370 300 Xe lamp p 538

1.3380 77 Xe lamp p 538

1.3585 300 Xe lamp p 538

1.3600 77 Xe lamp p 538

CaF2-YF3-NdF 3
4F3/2→4I11/2 1.0632 300 Xe lamp p 238

CaGd4(SiO4)3O 4F3/2→4I11/2 ~1.06 300 Xe lamp p 551
4F3/2→4I13/2 1.37 300 NdYAG p 701

CaLa4(SiO4)3O 4F3/2→4I11/2 ~1.061 300 Xe lamp p 1007
1.0610 300 Xe lamp p 497, 586,

 644

300 W cw 497, 586

1.0612 300 Xe lamp q 590, 644
4F3/2→4I13/2 1.3354 300 Xe lamp p 644

CaLu2F8
4F3/2→4I11/2 1.0615 300 TiS laser cw 1145

CaMoO4
4F3/2→4I11/2 1.0573 295 Xe lamp p 291, 474,

479

1.061 300 Xe lamp p, cw 291, 474,

479

300 Xe lamp p 458

1.067 300 Xe lamp p 458

1.0673 77 Xe lamp p, cw 291, 474,

479

CaSc2O4
4F3/2→4I11/2 1.0720 300 Xe lamp p 323

1.0730 77 Xe lamp p 323

1.0755 77 Xe lamp p 323

1.0867 77 Xe lamp p 323

1.0868 300 Xe lamp p 323
4F3/2→4I13/2 1.3565 300 Xe lamp p 323, 504

1.3870 77 Xe lamp p 323, 504

CaWO4
4F3/2→4I9/2 0.9145 77 Xe lamp p 253
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CaWO4
4F3/2→4I11/2 1.0582–1.0597 300–700 Xe lamp p 137

1.0582 300 Xe lamp p 484–487

300 Hg lamp cw 483

1.0587 300 Xe lamp p 137

1.0601 77 Xe lamp p 137

1.0634 77 Xe lamp p 137

1.0649 77 Xe lamp p 137

1.0649 77 Hg lamp cw 137

1.0650 77 Xe lamp p 735

1.0652 300 Xe lamp p 484–486
4F3/2→4I13/2 1.3310 77 Hg lamp cw 617

1.3340 300 Xe lamp p 253, 980

1.3345 77 Xe lamp p 253, 549

1.3370 300 Xe lamp p, cw 253, 980

1.3372 77 Xe lamp p 253, 980

1.3390 300 Xe lamp p 253,9 80

1.3459 77 Xe lamp p 253, 980

1.3475 300 Xe lamp p 253, 980

1.3880 77 Xe lamp p 253, 980

1.3885 300 Xe lamp p 549

CaY2Mg2Ge3O12
4F3/2→4I9/2 0.941 300 alex. laser cw 265
4F3/2→4I11/2 1.0584 300 Xe lamp p 494

1.05896 300 alex. laser cw 265

300 Xe lamp p 511

1.059 300 alex. laser cw 265

1.0649 300 Xe lamp p 494

CaY4(SiO4)3O 4F3/2→4I11/2 1.0672 300 Xe lamp p 497

CaYAlO4
4F3/2→4I11/2 1.0775–1.0845 300 laser diode cw 287

1.0806 300 laser diode cw 422

Ca2Al2SiO7
4F3/2→4I11/2 1.061 300 — p 314

Ca2Ga2Ge4O14
4F3/2→4I11/2 1.0688 300 Xe lamp p 188, 667

300 laser diode cw, qcw 1000

Ca2Ga2SiO7
4F3/2→4I11/2 1.0609 77 Xe lamp p 536, 1002

1.0610 300 laser diode cw, qcw 544–545

Xe lamp p 1002
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Ca2Ga2SiO7
4F3/2→4I11/2 1.0780 77 laser diode cw, qcw 544, 545

77 Xe lamp p 1002

1.0788 300 Xe lamp p 544–546

1.0788 300 Xe lamp p 1002
4F3/2→4I13/2 1.3365 300 Xe lamp p 544–546

1.3375 110 Xe lamp p 544–546

Ca2Y5F19
4F3/2→4I11/2 1.0498 300 Xe lamp p 137
4F3/2→4I13/2 1.3190 300 Xe lamp p 606

1.3200 77 Xe lamp p 606

1.3525 300 Xe lamp p 606

Ca3(Nb,Ga)2-

   (Ga3O12

4F3/2→4I11/2 1.0583 110 Xe lamp p 439, 506

1.0588 300 Xe lamp p 439, 506

1.0605 110 Xe lamp p 439, 506

1.0612 300 Xe lamp p 439, 506

1.0648 110 Xe lamp p 439
4F3/2→4I13/2 1.3270 300 Xe lamp p 506

Ca3(Nb,Ga)2-

   (Ga3O12 :Cr

4F3/2→4I11/2 1.053–1.062 300 Xe lamp p 428

Ca3(VO4)2
4F3/2→4I11/2 1.067 300 Xe lamp p 767

Ca3Ga2Ge3O12
4F3/2→4I11/2 1.0590 77 Xe lamp p 519

1.0596 300 Xe lamp p 519

1.0597 300 Xe lamp p 675

1.0633 77 Xe lamp p 519

1.0638 300 Xe lamp p 510

1.0639 300 Xe lamp p 675

1.0642 300 Xe lamp p 519

1.2805 110 Xe lamp p 519, 571
4F3/2→4I13/2 1.3150 300 Xe lamp p 519

1.3315 300 Xe lamp p 519

1.3317 300 Xe lamp p 675

1.3335 110 Xe lamp p 519, 571

1.3545 110 Xe lamp p 519

Ca3Ga2Ge4O14
4F3/2→4I11/2 1.0688 300 Xe lamp p 667

1.0690 77 Xe lamp p 667
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Ca3Ga2Ge4O14
4F3/2→4I13/2 1.3493 300 Xe lamp p 667

Ca3Ga2SiO7
4F3/2→4I11/2 1.0688 300 Xe lamp p 1016

Ca3Ga4O9
4F3/2→4I11/2 1.0582 300 Xe lamp p 482
4F3/2→4I13/2 1.3320 300 Xe lamp p 482

Ca4GdO(BO3)3
4F3/2→4I11/2 1.060 300 TiS laser cw 1033

Ca4La(PO4)3O 4F3/2→4I11/2 1.0613 300 Xe lamp p 497

Ca4YO(BO3)3
4F3/2→4I11/2 1.060 300 TiS/LD cw 1129

Ca5(PO4)3F 4F3/2→4I11/2 1.0629 300 Xe lamp p 487

300 laser diode cw 499

1.0630 300 Xe lamp p 632, 633

W lamp cw 632, 633
4F3/2→4I13/2 1.3345 77 Xe lamp p 606

1.3347 300 Xe lamp p 606

CdF2
4F3/2→4I11/2 1.0666 300 Xe lamp p 763

CdF2-CeF3
4F3/2→4I11/2 1.0667 300 Xe lamp p 763
4F3/2→4I13/2 1.3360 300 Xe lamp p 763

CdF2-GaF3
4F3/2→4I13/2 1.3365 300 Xe lamp p 742

CdF2-GdF 3
4F3/2→4I11/2 1.0672 300 Xe lamp p 439, 742

1.0676 110 Xe lamp p 439

1.0694 110 Xe lamp p 439
4F3/2→4I13/2 1.3365 300 Xe lamp p 742

1.3520 300 Xe lamp p 742

CdF2-LaF3
4F3/2→4I11/2 ~1.0665 300 Xe lamp p 627

1.0668 300 Xe lamp p 381

1.0670 ≤200 Xe lamp p 380
4F3/2→4I13/2 1.3365 300 Xe lamp p 380

CdF2-LuF 3
4F3/2→4I11/2 1.0652 300 Xe lamp p 742
4F3/2→4I13/2 1.3500 300 Xe lamp p 742

CdF2-ScF3
4F3/2→4I11/2 1.0507 300 Xe lamp p 380

1.0510 ≤200 Xe lamp p 380
4F3/2→4I13/2 1.3300 300 Xe lamp p 360

CdF2-YF3
4F3/2→4I11/2 1.0629–1.0656 600–300 Xe lamp p 626, 627
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CdF2-YF3
4F3/2→4I13/2 1.3165 77 Xe lamp p 538

1.3245 300 Xe lamp p 538

CdF2-YF3-LaF3
4F3/2→4I11/2 1.065 300 Xe lamp p 627

CeCl3
4F3/2→4I11/2 1.0647 300 Xe lamp p 720

Ar laser cw 721

CeF3
4F3/2→4I11/2 1.0404 77 Xe lamp p 294, 295

1.0410 300 Xe lamp p 294, 295

1.0638 300 Xe lamp p 662, 663

1.0639 77 Xe lamp p 662, 663
4F3/2→4I13/2 1.3240 77 Xe lamp p 538

1.3310 77 Xe lamp p 538

1.3320 300 Xe lamp p 538

1.3675 77 Xe lamp p 538

1.3690 300 Xe lamp p 602

CeP5O14
4F3/2→4I11/2 1.051 300 Ar laser p 384

CsGd2F7
4F3/2→4I11/2 1.0555 300 laser diode cw 462

CsLa(WO4)2
4F3/2→4I11/2 1.0575 300 Xe lamp p 241, 475

1.0581 110 Xe lamp p 241, 475
4F3/2→4I13/2 1.3298 300 Xe lamp p 241, 475

CsNd(MoO4)2
4F3/2→4I11/2 1.0658 300 ruby laser p 737

CsY2F7
4F3/2→4I11/2 1.0533 300 LD, Xe lamp p, cw 1138

CsY2F7
4F3/2→4I11/2 1.05499 300 Ar laser cw 452

Gd2(MoO4)3
4F3/2→4I11/2 1.0606 300 Xe lamp p 568, 569

300 laser diode qcw, cw 1141

1.0701 300 Xe lamp p 568, 569

300 laser diode qcw, cw 1141

Gd2O3
4F3/2→4I11/2 1.0741 300 Xe lamp p 372

1.0776 77 Xe lamp p 372

1.0789 77, 300 Xe lamp p 372

Gd2(WO4)3
4F3/2→4I11/2 1.0603 300 RS-RL p 562

Gd3Ga5O12
4F3/2→4I11/2 1.054 300 Xe lamp p 443

1.0584 77 Xe lamp p 490, 492
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1.0591 300 Xe lamp p 522

Gd3Ga5O12
4F3/2→4I11/2 1.0599 77 Xe lamp p 490, 492

1.06 ~120 Xe lamp p 490, 492

4 1.06 300 Kr lamp cw 554–555

1.0600 ~120 Xe lamp p 490, 492

1.0606 300 Xe lamp p 505

1.0615 ~120 Xe lamp p 490, 492

1.0621 300 Xe lamp p 490, 492

300 PT p 610
4F3/2→4I13/2 1.3077 77 Xe lamp p 490, 492

1.319 300 Xe lamp p 613

1.330 300 Xe lamp p 618

1.3315 300 Xe lamp p 1067

1.338 300 Xe lamp p 613

Gd3Ga5O12 :Cr 4F3/2→4I11/2 1.060 300 Xe lamp p 555, 557

Gd3Sc2Al3O12
4F3/2→4I9/2 0.936 300 Xe lamp p 258, 259
4F3/2→4I11/2 1.05915 77 Xe lamp p 279, 527

1.05995 300 Xe lamp p 279, 527

1.06 300 W lamp cw 279, 527

300 sun qcw 1075

213–303 sun qcw 1076

1.0620 300 Xe lamp p 279, 527
4F3/2→4I13/2 1.3360 300 Xe lamp p 279, 527

Gd3Sc2Al3O12 :Cr 4F3/2→4I9/2 1.058 300 Xe lamp p 358

Gd3Sc2Ga3O12 :Cr 4F3/2→4I9/2 0.936 300 Xe lamp p 258, 259
4F3/2→4I11/2 1.05755 77 Xe lamp p 477

1.0580 77 Xe lamp p 477

1.06045 77 Xe lamp p 477

1.061 300 W lamp cw 314

300 Kr laser cw 542

300 Xe lamp p 314, 581

300 laser diode p 531

300 Xe lamp  qs 583, 645,
653

300 Xe lamp self qs 358, 659

300 Xe lamp PML 730, 732
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1.0612 300 Xe lamp p 477

1.0613 300 Xe lamp PML 596

Gd3Sc2Ga3O12 :C 4F3/2→4I13/2 1.32 300 Xe lamp p 565

(Gd, Ca)3(Ga,Mg,
   Zr)5O12 :Cr

4F3/2→4I11/2 ~1.06 300 Xe lamp p 502, 503

GdAlO3
4F3/2→4I11/2 1.0689 77 Xe lamp p 439, 546

1.0690 300 Xe lamp p 439, 546

1.0759 77 Xe lamp p 213, 214

1.0760 300 Xe lamp p 213, 214

GdF3-CaF2
4F3/2→4I11/2 1.0495 300 Xe lamp p 369

GdGaGe2O7
4F3/2→4I11/2 1.0567 77 Xe lamp p 467

1.0570 300 Xe lamp p 467, 472

1.0601 300 Xe lamp p 467, 472

1.0659 300 Xe lamp p 467, 472
4F3/2→4I13/2 1.3298 300 Xe lamp p 467, 472

GdP5O14
4F3/2→4I11/2 1.051 300 Ar laser p 384

GdScO3
4F3/2→4I11/2 1.0840 200 Xe lamp p 459

1.08515 300 Xe lamp p 363

GdVO4
4F3/2→4I11/2 ~1.06 300 LD, ArL cw 550

1.065 300 — cw, PML 725
4F3/2→4I13/2 ~1.34 300 LD, ArL cw 550

HfO2-Y2O3
4F3/2→4I11/2 1.0604 300 Xe lamp p 563, 564

1.0615 110 Xe lamp p 439, 546
4F3/2→4I13/2 1.3305 300 Xe lamp p 563, 564

KGd(WO4)2 4F3/2→4I11/2 1.0672 300 Xe lamp p,cw 76

300 LED p 136

300 Xe lamp PML 117, 139

300 Xe lamp p, qs 536

300 PT p 610
4F3/2→4I13/2 1.3510 300 Xe lamp p 76

KLa(MoO4)2
4F3/2→4I11/2 1.0580 110 Xe lamp p 439

1.0585 300 Xe lamp p 498

1.0587 300 Xe lamp p 498, 501

1.0645 110 Xe lamp p 439
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1.0646 300 Xe lamp PML 361
4F3/2→4I13/2 1.3342 300 Xe lamp p 501

KLa(MoO4)2
4F3/2→4I13/2 1.3350 77, 300 Xe lamp p 498

1.3533 300 Xe lamp p 501

1.3630 300 Xe lamp p 501

1.3657 300 Xe lamp p 501

KLu(WO4)2
4F3/2→4I11/2 1.0701 300 PT p 610

1.0701–1.0706 77–600 Xe lamp p 257

1.0714 300 Xe lamp p 257

1.0716–1.0721 550–77 Xe lamp p 257

1.0721 300 Xe lamp p 211
4F3/2→4I13/2 1.3482 300 Xe lamp p 211, 272

1.3533 300 Xe lamp p 257

1.3550 300 Xe lamp p 257

KNdP4O12
4F3/2→4I11/2 1.052 300 dye laser cw 404–405

Ar laser cw 406

(waveguide) 1.05 300 Ar laser cw 317

(waveguide)
4F3/2→4I13/2 1.3 300 Ar laser cw 317

1.32 300 Ar laser cw 382

KY(MoO4)2
4F3/2→4I11/2 1.0669 300 Xe lamp p 765, 766
4F3/2→4I13/2 1.3485 300 Xe lamp p 549, 765

KY(WO4)2
4F3/2→4I9/2 0.9137 77 Xe lamp p 250, 251
4F3/2→4I11/2 300 laser diode p 984

1.0687–1.0690 77–600 Xe lamp p 250, 251

1.0688 300 Xe lamp p 250, 251

1.0706 300 Xe lamp p 205
4F3/2→4I13/2 1.3515 77 Xe lamp p 250, 251

1.3525 300 Xe lamp p 250, 251

1.3545 77, 300 Xe lamp p 250, 251

KY3F10
4F3/2→4I11/2 1.0554 300 Xe lamp p 461
4F3/2→4I13/2 1.3185 300 Xe lamp p 461

KYF4
4F3/2→4I11/2 1.04 300 TiS laser qs, cw 559

1.0412 300 Cr:LiSAF p 573

300 TiS laser cw 573

1.0417 300 laser diode qcw, cw 1138
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4F3/2→4I13/2 1.302 300 Cr:LiSAF p 573

TiS laser cw 573

KYF4
4F3/2→4I13/2 1.307 300 Cr:LiSAF p 573

TiS laser cw 573

K2YF5
4F3/2→4I11/2 1.0479 300 laser diode qcw, cw 1138

K3Nd(PO4)2
4F3/2→4I11/2 1.055 300 dye qcw 373, 454

K5((Bi,Nd)-

   (MoO4)

4F3/2→4I11/2 1.066 300 Xe lamp p 758

K5Nd(MoO4)4
4F3/2→4I11/2 1.066 300 Xe lamp p 758

300 Ar laser qcw 751

K5(Nd,Ce)Li2F10
4F3/2→4I11/2 1.048 300 dye laser cw 357

1.052 300 dye laser cw 357

K5NdLi2F10
4F3/2→4I11/2 1.052 300 dye laser cw 357

LaAlO3
4F3/2→4I11/2 1.0804 300 Xe lamp p 213

(La,Sr)(Al,Ta)O3
4F3/2→4I11/2 1.059 300 TiS laser cw 512

LaAl11MgO 19
4F3/2→4I11/2 1.054 300 Kr lamp cw 431

300 TiS laser cw 326

300 laser diode p 1123

1.054–1.086 300 laser diode cw 444

1.0530–1.0565 300 Ar laser cw 431, 432

1.0780–1.0860 300 Ar laser cw 431

1.0547 300 Ar laser cw 318

300 Xe lamp p 450

~110 300 — PML 451

1.0550 77 Xe lamp p 439, 455

1.0552 300 Xe lamp p 439, 455

1.0812 77 Xe lamp p 439, 455

1.0817 300 Xe lamp p 439, 455
4F3/2→4I13/2 1.3760 300 Xe lamp p 455

LaBGeO
5

4F3/2→4I11/2 1.0475 ~110 Xe lamp p 330

1.048 300 TiS laser cw 1056

300 laser diode cw 1057

1.0482 300 TiS laser cw 1056
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1.0700 ~110 Xe lamp p 330

1.0711 ~110 Xe lamp p 330
LaBGeO

5
4F3/2→4I13/2 1.3141 300 Xe lamp p 330

1.3868 300 Xe lamp p 330

LaF3 5d→4I11/2 0.172 300 Kr2* p 1, 2

300 F2 laser p 3, 4
4D3/2→4I11/2 0.38006 20–77 dye laser cw, upc 15, 1087

0.38052 20–77 dye laser cw 15
4F3/2→4I11/2 1.0400 77 Xe lamp p 292–293

1.04065 300 Xe lamp p, cw 292–293

300 laser diode cw 985

1.04065–1.0410 300–430 Xe lamp p 137

1.0451 77 Xe lamp p 303–305

1.0523 77 Xe lamp p 292–293

1.0583 77 Xe lamp p 292–293

1.0595–1.0613 380–820 Xe lamp p 137

1.06305 77 Xe lamp p 292–293

1.0632–1.0642 400–700 Xe lamp p 137

1.06335 300 Xe lamp p 292–293

1.0633–1.0638 300–650 Xe lamp p 137

300 laser diode cw 985

1.064 300 TiS laser cw 326

1.0670 77 Xe lamp p 291–293
4F3/2→4I13/2 1.3125 77 Xe lamp p 537

1.3235 77 Xe lamp p 537

1.3305 77 Xe lamp p 537

1.3310 300 Xe lamp p 537

1.3670 77 Xe lamp p 537

1.3675 300 Xe lamp p 537

LaF3-SrF2
4F3/2→4I11/2 1.0486 300 Xe lamp p 362

1.0635 300 Xe lamp p 362
4F3/2→4I13/2 1.3170 77 Xe lamp p 549

1.3275 77 Xe lamp p 549

1.3315 300 Xe lamp p 549

1.3325 77 Xe lamp p 549

LaGaGe2O7
4F3/2→4I11/2 1.0591 300 Xe lamp p 525, 526
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LaMgAl11O19
4F3/2→4I11/2 1.0530–1.0565 300 Ar laser cw 431, 432

1.054 300 Kr lamp cw 431

LaMgAl11O19
4F3/2→4I11/2 300 Xe lamp p 313

1.054–1.086 300 laser diode cw 444

1.0547 300 Ar laser cw 318

300 Xe lamp p 450

300 — PML 451

1.0550 77 Xe lamp p 439, 455

1.0552 300 Xe lamp p 439, 455

1.0780–1.086 300 Ar laser cw 431

1.0812 77 Xe lamp p 439, 482

1.0817 300 Xe lamp p 439, 482

1.082 300 Xe lamp p 313

1.082–1.084 300 Kr laser cw 444
4F3/2→4I13/2 1.3760 300 Xe lamp p 455

LaNbO4
4F3/2→4I11/2 1.0618 300 Xe lamp p 611

1.0624 300 Xe lamp p 619

LaP5O14
4F3/2→4I11/2 1.05 300 Xe lamp p 376

(La,Nd)P5O14
4F3/2→4I11/2 1.0505 300 ion laser qcw 378

1.051 300 Ar laser cw 347, 385

1.0511 300 ion laser qcw 378

1.0512 300 ion laser qcw 378

1.052 300 dye laser p 391

300 Ar laser cw 391, 392

300 dye laser cw, qcw 393, 395

(fiber) 300 Kr laser cw, qcw 394

300 dye laser cw 396

1.063 300 DRL p 635
4F3/2→4I13/2 1.32 300 Ar laser cw 386

1.323 300 LED cw, qcw 574, 575

LaSc3(BO3)4
4F3/2→4I11/2 1.062 300 Xe lamp p 612

LaSr2Ga11O20
4F3/2→4I11/2 1.0572 300 Xe lamp p 234, 439

300 laser diode qcw, cw 1137

1.0690 110 Xe lamp p 234, 439

1.0706 300 Xe lamp p 234, 439

300 laser diode qcw, cw 1137

1.0725 110 Xe lamp p 234, 439
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1.0746 110 Xe lamp p 234, 439

1.0778 110 Xe lamp p 234, 439

LaSr2Ga11O20
4F3/2→4I13/2 1.3628 300 Xe lamp p 234, 439

La2Be2O5 4F3/2→4I11/2 1.0698 300 Xe lamp p, qs 270, 274,

314

300 W lamp cw 254, 255

1.07 300 laser diode cw 260

1.0785 77 Xe lamp p 270

1.079 300 Xe lamp qs 416

1.0790 300 Xe lamp p 270
4F3/2→4I13/2 1.351 300 Xe lamp p 649

1.3510 300 Xe lamp p 270, 314

300 Xe lamp qs 314, 649

1.354 300 Xe lamp PML 151

1.365 300 Xe lamp p 663

La2O3
4F3/2→4I11/2 1.079 77 Xe lamp p 296

7La2O3-9SiO2
4F3/2→4I11/2 1.0610 300 Xe lamp p 466

La2O2S 4F3/2→4I11/2 1.075 300 Xe lamp p 371

La2Si2O7
4F3/2→4I11/2 1.0566 300 Xe lamp p 466

1.0576 300 Xe lamp p 466

La3Ga5.5Nb0.5O14
4F3/2→4I11/2 1.0638 77 Xe lamp p 667, 668

1.0645 300 Xe lamp p 667, 668

1.067 300 laser diode cw 1050
4F3/2→4I13/2 1.3707 300 Xe lamp p 667, 668

La3Ga5.5Ta0.5O14
4F3/2→4I11/2 1.0641 300 Xe lamp p 705
4F3/2→4I13/2 1.3730 300 Xe lamp p 667, 705

La3Ga5GeO14
4F3/2→4I11/2 1.0650 300 Xe lamp p 736

1.0675 300 laser diode cw 1000

1.0680 77 Xe lamp p 736
4F3/2→4I13/2 1.3730 300 Xe lamp p 667, 736

(La,Lu)3(Lu,Ga)2-
   Ga3O12

4F3/2→4I11/2 — 300 laser diode P 1041

La3Ga5SiO14
4F3/2→4I11/2 1.0640 300 Xe lamp p 695–698

300 PT p 610
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1.0645 300 Xe lamp p 695, 697–8

300 PT p 610

La3Ga5SiO14
4F3/2→4I11/2 1.0670 300 Xe lamp p 695–698

300 Xe lamp p, AML 1059

1.0672 300 Xe lamp p 695, 697–8

1.0673 300 Xe lamp p 695, 697–8

1.0675 77 Xe lamp p 695, 697
4F3/2→4I13/2 1.3730 300 Xe lamp p 695, 697–8

Li(Bi,Nd)P4O12
4F3/2→4I11/2 1.048 300 Ar laser qcw 332

   (waveguide)

Li(Nd,Gd)P4O12
4F3/2→4I11/2 1.048 300 Ar laser cw 273

Li(Nd,La)P4O12
4F3/2→4I11/2 1.048 300 Ar laser qcw 336–338,

353, 354

300 dye laser p 1060, 1062

300 Ar laser cw 349, 353,

354, 1065

300 laser diode cw 350, 1061

   (waveguide)
4F3/2→4I13/2 1.317 300 Ar laser qcw 353, 576

300 Ar laser cw 353, 354,

382

300 laser diode cw 350

LiGd(MoO4)2
4F3/2→4I11/2 1.0595 110 Xe lamp p 439, 458

1.0599 300 Xe lamp p, cw 252, 257
4F3/2→4I13/2 1.3400 77, 300 Xe lamp p 655

1.3455 77 Xe lamp p 655

LiGdF4
4F3/2→4I11/2 1.047 300 Xe lamp p 313

300 CrLiSAF p 1040

300 TiS laser cw 1040

LiKYF5
4F3/2→4I11/2 1.0481 300 Xe lamp P 359

300 laser diode cw, qcw 1053, 1138

1.0532 300 Xe lamp P 359
4F3/2→4I13/2 1.3163 300 Xe lamp p 1053

300 laser diode cw 1053

LiLa(MoO4)2
4F3/2→4I11/2 1.0585 300 Xe lamp P 496
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1.0658 77 Xe lamp P 496
4F3/2→4I13/2 1.3370 300 Xe lamp P 655

LiLa(MoO4)2
4F3/2→4I13/2 1.3375 77 Xe lamp P 655

1.3440 77 Xe lamp P 655

LiLuF4
4F3/2→4I11/2 1.0472 300 Xe lamp P 32, 33

300 laser diode cw, qcw 983

1.0474 300 laser diode cw, qcw 1139

1.05 300 Xe lamp P 32, 33

1.0529 110 Xe lamp P 32, 33

1.0531 300 Xe lamp P 32, 33
4F3/2→4I13/2 1.3133 300 Xe lamp P 32, 33

1.3172 110 Xe lamp P 32

1.3208 300 Xe lamp P 32, 33

1.3257 110 Xe lamp P 32

LiNbO3
4F3/2→4I11/2 1.0782–1.0787 590–450 Xe lamp P 626

1.0829–1.0859 300 Kr laser cw 988

(waveguide) 1.0829–1.0859 300 TiS laser qcw 996

1.0840 77 Xe lamp P 457

1.0846 300 Xe lamp P 383, 449

1.0922–1.0933 620–300 Xe lamp P 626

1.0933 300 Xe lamp P 383, 449

300 Kr laser p 348
4F3/2→4I13/2 1.3745 300 Xe lamp P 383, 538

1.3870 300 Xe lamp P 383, 538

LiNbO3:Mg 4F3/2→4I11/2 1.084 300 dye laser cw 400

1.085 300 Kr laser cw 36

300 laser diode cw 471

300 TiS laser p 996

363 TiS laser qcw 996

1.0829–1.0859 300 Kr laser cw 988

1.093 300 dye laser cw 36, 480

300 laser diode cw 471

300 dye laser qs 36, 480

~1.094 300 TiS laser cw, qcw 1030

LiNdP4O12
4F3/2→4I11/2 1.046–1.064 300 Ar laser cw 306, 307

1.047 300 Ar laser cw 317, 319
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300 laser diode cw 223, 306,

350

LiNdP4O12
4F3/2→4I11/2 1.048 300 dye laser cw, qcw 1064

(waveguide) 300 Ar laser qcw 1060–1063

300 Ar laser cw 349
4F3/2→4I13/2 1.316–1.340 300 Ar laser cw 307

1.317 300 laser diode cw 306, 560,

561

1.319 300 Ar laser cw 317, 319,

780

1.32 300 Ar laser cw 382

LiYF4
2P3/2→4I11/2 0.413 12–40 dye laser cw, pa 77, 1087
2P3/2→2H9/2 0.72952 12–40 dye laser cw, pa 77, 1087
4F3/2→4I11/2 1.047 300 W lamp cw 314, 315

300 Kr lamp cw 315

300 laser diode cw 316

1.0471 300 Xe lamp p 314, 321,

322

300 laser diode p 1041

300 Xe lamp (A,P)ML 327

1.0528 77 Xe lamp p 32, 33

1.053 300 W lamp cw 314

300 Kr lamp cw 315

300 laser diode cw 316

300 Xe lamp p 32, 33

300 Xe lamp qs 314

300 Kr lamp AML 429

300 Xe lamp (A,P)ML 430

1.0530 300 Xe lamp p 321, 322
4F3/2→4I13/2 1.313 300 W lamp cw 314

300 Xe lamp p 32, 33, 314

1.3212 300 Xe lamp p 32, 33

1.3256 110 Xe lamp p 32, 33

LuAlO3
4F3/2→4I11/2 1.0671 77 Xe lamp p 74

1.0675 300 Xe lamp p 74

1.0759 300 Xe lamp p 74
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1.0831 120 Xe lamp p 74

1.0832 300 Xe lamp p 74
4F3/2→4I13/2 1.3437 300 Xe lamp p 74

LuPO4
4F3/2→4I11/2 1.0648 287–303 laser diode cw 1135

LuScO3
4F3/2→4I11/2 1.0785 300 Xe lamp p 363

Lu2SiO5
4F3/2→4I11/2 1.0790 300 Xe lamp p 466

1.07925 300 Xe lamp p 420
4F3/2→4I13/2 1.3585 300 Xe lamp p 466

Lu3Al5O12
4F3/2→4I9/2 0.9473 77 Xe lamp p 267
4F3/2→4I11/2 1.0535 300 Xe lamp p 436

1.0605 77 Xe lamp p 267

1.0615 300 Xe lamp p 505

1.0637–1.0672 120–900 Xe lamp p 267

1.06425 300 Xe lamp p 267

300 PT p 610
4F3/2→4I13/2 1.3209 300 Xe lamp p 538

1.3319 77 Xe lamp p 538

1.3326 300 Xe lamp p 538

1.3333 77 Xe lamp p 538

1.3342 300 Xe lamp p 538

1.3376 77 Xe lamp p 602

1.3387 300 Xe lamp p, cw 267

1.3410 300 Xe lamp p 267

1.3499 77 Xe lamp p 602

1.3525 300 Xe lamp p 267

1.3532 300 Xe lamp p 496

Lu3Ga5O12
4F3/2→4I11/2 1.0587 77 Xe lamp p 505

1.0594 300 Xe lamp p 529

1.06025 77 Xe lamp p 505

1.0609 300 Xe lamp p 505

1.0615 300 Xe lamp p 505

1.0623 300 Xe lamp p 505
4F3/2→4I13/2 1.3315 300 Xe lamp p 505

Lu3Sc2Al3O12
4F3/2→4I11/2 1.0591 300 Xe lamp p 279

1.0599 300 Xe lamp p 279
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1.0620 300 Xe lamp p 460
4F3/2→4I13/2 1.3360 300 Xe lamp p 460

Lu3Sc2Ga3O12
4F3/2→4I11/2 1.0622 300 Xe lamp,LD p, qcw 1140

Na(Nd,Gd)-

   (WO4)2

4F3/2→4I11/2 1.06 77 Xe lamp p 476

Na0.4Y0.6F2.2
4F3/2→4I11/2 1.042–1.075 300 Ar laser cw 298

β''-Na1+xMgx-

   Al11-xO17

4F3/2→4I11/2 1.059 300 dye laser p, cw 517

Na2(Nd,La)2Pb2-

   (PO4)6Cl2

4F3/2→4I11/2 1.059 300 Ar laser cw 520, 521

1.068 300 Ar laser cw 520, 521

Na3(La,Nd)-

   (PO4)2

1.055 300 dye laser qcw 373

Na3Nd(PO4)2
4F3/2→4I11/2 1.055 300 dye laser qcw 373

Na5(Nd,La)-

   (WO4)4

4F3/2→4I11/2 1.0670 300 Xe lamp p 1159, 1160

   (powder) 1.067–1.068 77 dye laser p 1159, 1160

Na5Nd(WO4)4
4F3/2→4I11/2 1.063 300 dye laser qcw 373, 628

NaBi(WO4)2
4F3/2→4I11/2 1.0638 300 Xe lamp P 665

1.0642 300 Xe lamp P 665
4F3/2→4I13/2 1.3342 300 Xe lamp P 665

α-NaCaCeF6
4F3/2→4I11/2 1.0633–1.0653 920–300 Xe lamp P 137

1.0653 ~100 Xe lamp P 745

300 LD cw, qcw 983
4F3/2→4I13/2 1.3165 77 Xe lamp P 538

1.3190 300 Xe lamp P 538

α-NaCaYF6
4F3/2→4I11/2 1.0539 300 Xe lamp P 504

1.0539–1.0549 300–550 Xe lamp P 137

1.0629 300 Xe lamp P 504

1.0629–1.0597 333–1000 Xe lamp P 137
4F3/2→4I13/2 1.3260 77 Xe lamp P 538

1.3285 300 Xe lamp P 538

1.3375 300 Xe lamp P 538

1.3390 77 Xe lamp P 538
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1.36000 300 Xe lamp P 538

5NaF-9YF3
4F3/2→4I11/2 1.0505 300 Xe lamp P 379

1.0506 300 Xe lamp P 379

1.0595 300 Xe lamp p 530

5NaF-9YF3
4F3/2→4I13/2 1.3070 300 Xe lamp P 537

NaGaGe2O7
4F3/2→4I11/2 1.0592 110 Xe lamp P 470

1.0608 300 Xe lamp P 470

NaGd(MoO4)2
4F3/2→4I11/2 1.0663 110 Xe lamp P 439

1.0667 300 Xe lamp P 439, 699
4F3/2→4I13/2 1.3385 300 Xe lamp P 655

NaGd(WO4)2
4F3/2→4I11/2 1.06 300 Xe lamp P 476

NaGdGeO4
4F3/2→4I11/2 1.0615 300 Xe lamp P 539, 604,

605

300 LD cw 985
4F3/2→4I13/2 1.3334 300 Xe lamp P 539, 604,

605

NaLa(MoO4)2
4F3/2→4I11/2 1.0482 300 Xe lamp PML 361

1.0595 300 Xe lamp P 533, 534

1.06 300 Xe lamp qs 536

1.0650 110 Xe lamp P 439

1.0653 300 Xe lamp p 533, 534

300 Xe lamp cw 532

1.0653–1.0665 300–750 Xe lamp P 137
4F3/2→4I13/2 1.3380 77 Xe lamp P 655

1.3430 77 Xe lamp P 655

1.3440 300 Xe lamp P 655

1.3755 77 Xe lamp P 655

1.3840 77 Xe lamp P 655

NaLa(WO4)2
4F3/2→4I11/2 1.0635 300 Xe lamp P 654
4F3/2→4I13/2 1.3355 300 Xe lamp P 655

NaLuGeO4
4F3/2→4I11/2 1.0596 77 Xe lamp P 539, 540

1.0604 300 Xe lamp P 539, 540

300 LD cw 985
4F3/2→4I13/2 1.3300 77 Xe lamp P 539, 540

1.3310 300 Xe lamp P 539, 540
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NaNdP4O12
4F3/2→4I11/2 1.049–1.077 300 Ar laser cw 307

1.051 300 Ar laser cw 335, 381
4F3/2→4I13/2 1.311–1.334 300 Ar laser cw 307

NaNdP4O12
4F3/2→4I13/2 1.320 300 Ar laser cw 382

NaY(MoO4)2
4F3/2→4I11/2 1.0663 110 Xe lamp P 439

1.0674 300 Xe lamp P 439, 699

NaY(WO4)2
4F3/2→4I11/2 1.059 300 TiS laser cw 516

NaYGeO4
4F3/2→4I11/2 1.0609 300 Xe lamp P 576, 577
4F3/2→4I13/2 1.3325 300 Xe lamp P 539, 577

NdAl3(BO3)4
4F3/2→4I11/2 1.06 300 Ar laser cw 317

1.063 300 Xe lamp P 641

300 Xe lamp p, qs 642

1.0635 300 laser diode cw 630, 652

1.065 300 dye laser cw, qcw 405

300 ion laser cw, qcw 656

300 Ar laser qcw 658

300 laser diode qcw 640
4F3/2→4I13/2 1.3 300 Ar laser cw 317

1.341 300 ion laser cw, qcw 656

1.345 300 dye laser P 648

1.345 300 ion laser cw, qcw 656

NdAl3(BO3)4:Cr 4F3/2→4I11/2 1.063 300 DNdYLF p 643
4F3/2→4I13/2 1.3 300 Ar laser cw 317

Nd(Ga,Cr)3(BO3)4
4F3/2→4I11/2 1.066 300 dye laser P 631

Nd3Ga5O12
4F3/2→4I11/2 1.0592 110 Xe lamp P 470

1.0608 300 Xe lamp P 563

NdGaGe2O7
4F3/2→4I11/2 1.0566 110 Xe lamp P 467

1.0569 300 Xe lamp P 467, 470

1.0654 300 Xe lamp P 467, 470

1.0689 300 Xe lamp P 467, 470
4F3/2→4I13/2 1.3303 300 Xe lamp P 467, 470

Nd3Ga5GeO14
4F3/2→4I11/2 1.0675 300 Xe lamp P 667, 736

1.0680 300 Xe lamp P 667, 736
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Nd3Ga5SiO14
4F3/2→4I11/2 1.0675 300 Xe lamp P 695, 697,

698

NdxLa1-xP5O14
4F3/2→4I11/2 1.047–1.078 300 Ar laser cw 307

NdxLa1-xP5O14
4F3/2→4I11/2 1.05 300 Xe lamp P 376

1.051 300 dye laser p 388

300 Xe lamp p 347, 389

1.0511 300 ion laser qcw 378

1.0512 300 ion laser qcw 378

1.0513 300 Xe lamp P 387

1.0515 300 Xe lamp p 355, 388,

389

1.052 300 dye laser p 390

300 dye laser cw,qcw 639

   (fiber) 300 Kr laser cw 394

1.053 300 Ar laser cw 387

1.063 300 Xe lamp p, AML 396

300 laser diode qcw 639, 640

300 flashlamp p 634

300 XeF laser p 636

300 Kr lamp cw 638

300 Xe lamp p 621, 634
4F3/2→4I13/2 1.3 300 ion laser cw 656

1.32 300 Xe lamp p 575

1.323 300 ion laser cw 656

1.324 300 laser diode cw 566

[1.304–1.372] 300 Ar laser cw 306, 566

PbCl2
4F3/2→4I11/2 1.0615 300 TiS laser p 1044

PbMoO4
4F3/2→4I11/2 1.0586 300 Xe lamp p 291, 500
4F3/2→4I13/2 1.3320 77 Xe lamp p 655

1.3340 300 Xe lamp p 655

1.3375 77 Xe lamp p 655

1.3425 300 Xe lamp p 655

1.3450 77 Xe lamp p 655

1.3780 77 Xe lamp p 655

PbWO4
4F3/2→4I11/2 1.0580 300 Xe lamp p 1146

1.0630 300 Xe lamp p 1146
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Pb5Ge3O11
4F3/2→4I11/2 1.0789 77 Xe lamp p 417, 418

1.0799 77 Xe lamp p 417, 418

Pb5(PO4)3F 4F3/2→4I11/2 1.0551 300 Xe lamp p 456

RbNd(WO4)2
4F3/2→4I11/2 1.0650 300 ruby laser p 737

Sc2O3
4F3/2→4I9/2 0.966 300 TiS laser cw 1161
4F3/2→4I11/2 1.082, 1.087 300 TiS laser cw 1161
4F3/2→4I13/2 1.486 300 TiS laser cw 1161

SrAl2O4
4F3/2→4I11/2 1.0497 300 Xe lamp p 370

SrAl4O7
4F3/2→4I11/2 1.0566 77 Xe lamp p 473

1.0568 77 Xe lamp p 473

SrAl4O7
4F3/2→4I11/2 1.0576 300 Xe lamp p 473

1.0627 77 Xe lamp p 473

1.0828 300 Xe lamp p 473
4F3/2→4I13/2 1.3320 77 Xe lamp p 478

1.3345 300 Xe lamp p 478

1.3530 77 Xe lamp p 478

1.3665 300 Xe lamp p 478

1.3680 300 Xe lamp p 602

SrAl12O19
4F3/2→4I11/2 1.0491 300 Xe lamp p 364, 365

1.0498 300 Xe lamp p 313

1.0618 300 Xe lamp p 313

1.0621 300 Xe lamp P 615

1.074 300 Xe lamp p 313
4F3/2→4I13/2 1.3065 300 Xe lamp p 478, 324

SrxBa1-x(NbO3)2
4F3/2→4I13/2 1.0626 300 TiS laser cw 1053

SrF2
4F3/2→4I11/2 1.0370–1.0395 300–530 Xe lamp p 155

1.0437 77 Xe lamp p 155

1.0445 300 Xe lamp p 155

1.0446 500–550 Xe lamp p 155

1.0596 300 Xe lamp p 541
4F3/2→4I13/2 1.3250 300 Xe lamp p 541

SrF2-CeF3
4F3/2→4I11/2 1.0590 300 Xe lamp p 439

1.0590 300 Xe lamp p 518



Neodymium (Nd3+ ,  4f3)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

©2001 CRC Press LLC

1.0594 110 Xe lamp p 439

1.0636 110 Xe lamp p 439
4F3/2→4I13/2 1.3255 300 Xe lamp p 518

SrF2-CeF3-GdF 3
4F3/2→4I11/2 1.0589 300 Xe lamp p 421

SrF2-GdF 3
4F3/2→4I11/2 1.0528 300 Xe lamp p 421

1.3250 77 Xe lamp p 421
4F3/2→4I13/2 1.3260 300 Xe lamp p 421

SrF2-LaF3
4F3/2→4I11/2 1.0597–1.0583 300–800 Xe lamp p 137
4F3/2→4I13/2 1.3160 77 Xe lamp p 537

1.3235 77 Xe lamp p 537

1.3250 300 Xe lamp p 537

1.3355 77 Xe lamp p 537

SrF2-LuF 3
4F3/2→4I11/2 1.0556 300 Xe lamp p 463

1.0560 300 Xe lamp p 464, 465
4F3/2→4I13/2 1.3200 300 Xe lamp p 427

SrF2-ScF3
4F3/2→4I11/2 1.0543 300 Xe lamp p 446

1.0605 300 Xe lamp p 446
4F3/2→4I13/2 1.3285 300 Xe lamp p 446

SrF2-YF3
4F3/2→4I11/2 1.0567 300 Xe lamp p 468
4F3/2→4I13/2 1.3225 77 Xe lamp p 537

1.3300 77 Xe lamp p 537
4F3/2→4I13/2 1.3320 77 Xe lamp p 537

SrGdGa3O7
4F3/2→4I9/2 0.911 31 laser diode p 247
4F3/2→4I11/2 1.064–1.065 31 laser diode p 247

SrGd 4(SiO4)3O 4F3/2→4I13/2 1.44 300 NdYAG p 701

SrMoO4
4F3/2→4I11/2 1.0576 295 Xe lamp p 291, 479

1.059 77 Xe lamp p 291, 479

1.0611 77 Xe lamp p 291, 479

1.0627 77 Xe lamp p 291, 479

1.0640 77 Xe lamp p 291, 479

1.0643 295 Xe lamp p 291, 479

1.0652 77 Xe lamp p 291, 479
4F3/2→4I13/2 1.3300 77 Xe lamp p 655

1.3325 300 Xe lamp p 655



Neodymium (Nd3+ ,  4f3)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

©2001 CRC Press LLC

1.3440 77 Xe lamp p 655

1.3790 77 Xe lamp p 655

SrWO4
4F3/2→4I11/2 1.0574 77 Xe lamp p 291

SrWO4
4F3/2→4I11/2 1.0607 77 Xe lamp p 291

1.0627 77 Xe lamp p 291

1.063 295 Xe lamp p 291

SrWO4:Na 4F3/2→4I11/2 1.06265 77 Xe lamp p 57

1.0628 300 Xe lamp p 57
4F3/2→4I13/2 1.3347 300 Xe lamp p 57

Sr2Y5F19
4F3/2→4I11/2 1.0493 300 Xe lamp p 367
4F3/2→4I13/2 1.3190 300 Xe lamp p 367

Sr3Ca2(PO4)3F 4F3/2→4I11/2 1.0607 300 laser diode cw 499

Sr3Ga2Ge4O14
4F3/2→4I11/2 1.0688 77 Xe lamp p 188, 667

1.0694 300 Xe lamp p 188, 667

1.0757 300 Xe lamp p 188, 667
4F3/2→4I13/2 1.3510 300 Xe lamp p 188, 667

Sr4Ca(PO4)3F 4F3/2→4I11/2 1.0593 300 laser diode cw 499

Sr5(PO4)3F 4F3/2→4I11/2 1.0585 300 Xe lamp p 497

1.0586 300 laser diode cw 499

1.059 300 Cr:LiSAF p 515

300 TiS laser cw 515
4F3/2→4I13/2 1.328 300 Cr:LiSAF p 515

300 TiS laser cw 515

Sr5(VO4)3Cl 4F3/2→4I11/2 1.065 300 TiS laser qcw 728

Sr5(VO4)3F 4F3/2→4I11/2 1.065 300 Xe lamp q 727

300 dye laser cw 727

Y2O3
4F3/2→4I11/2 1.073 77 Xe lamp p 325, 593

~1.0746 300 Kr laser cw 325, 593

1.078 77 Xe lamp p 325, 593

1.08 300 Xe lamp p 427
4F3/2→4I13/2 ~1.358 300 Kr laser cw 325, 593

Y2O3-ThO2
4F3/2→4I11/2 ~1.074 300 Xe lamp p 781
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Y3Al3O12
4F3/2→4I9/2 0.8910 300 Ar laser p 244

0.8999 300 Ar laser p 244

0.9385 300 Ar laser p 244

300 TiS laser cw 1151

Y3Al3O12
4F3/2→4I9/2 0.946 260–300 dye laser cw 261–263

300 laser diode cw 261, 262

300 TiS laser cw 1151

0.9460 300 Xe lamp p 266
4F3/2→4I11/2 1.052 300 Xe lamp PML 407, 412

300 Xe lamp qcw 594

1.0521 300 W lamp cw 414

1.0610–1.0627 77–600 Xe lamp p 137

1.0612 77 Xe lamp p 591

Y3Al3O12
4F3/2→4I11/2 1.0615 300 Xe lamp PML 407

300 W lamp cw 414

1.0637–1.0670 170–900 Xe lamp p 137
1.064 300 Xe lamp PML 407, 676,

693, 694

300 Kr lamp qs, AML 691, 692

300 Xe lamp p 570

300 W lamp cw 314

300 sun cw 1077, 1078

300 sun cw 1043, 1155

300 laser diode p 686, 984

300 laser diode cw 685, 687,
1041

300 Xe lamp p 314, 492

300 Xe lamp qcw 594

300 laser diode qs 686, 688

300 Xe lamp qs 314, 689

300 lamp AML 690
1.06415 300 W lamp cw 414

300 Xe lamp p 591

1.0646 300 Kr lamp cw 375

1.0682 300 Xe lamp p 116

1.073 300 Xe lamp qcw 594

1.0737 300 Xe lamp cw 414

300 Xe lamp PML 407
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1.0780 300 Kr lamp cw 375

1.1054 300 Kr lamp cw 375

1.1119 300 W lamp cw 414

1.1158 300 W lamp cw 414

1.1225 300 W lamp cw 414

Y3Al3O12
4F3/2→4I13/2 1.318 300 Xe lamp p 570

300 Xe lamp p 779

300 Xe lamp PML 151

300 Xe lamp qcw 594

300 laser diode AML 346

1.3187 300 Xe lamp qcw 599

300 Xe lamp p, qs 723

1.3188 300 Kr lamp cw 375

1.319 300 DL, LD cw 618

1.3200 300 Kr lamp cw 375

1.3338 300 Kr lamp cw 375

1.3350 300 K lamp cw 375

1.338 300 DL, LD cw 618

300 W lamp cw 314

300 Xe lamp p, qs 314

1.338 300 Xe lamp qcw 594

300 Xe lamp p, qs 723

1.3382 300 Kr lamp cw 375

1.339 300 Xe lamp p 673

1.3410 300 Kr lamp cw 375

1.3533 300 Xe lamp p 660

1.3564 77 Kr lamp cw 375

1.3572 300 Xe lamp p 660, 723

1.358 300 Xe lamp qcw 594

1.4140 300 Kr lamp cw 375

1.4150 300 Xe lamp p, qs 723

1.4444 300 Kr lamp cw 375

300 Xe lamp p 724
4F3/2→4I15/2 1.833 293 Kr lamp p 807

Y3Al5O12 :Cr 4F3/2→4I11/2 1.0612 77 Hg lamp cw 592

77 W lamp cw 592

1.0641 300 Xe lamp p 592
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300 Hg lamp cw 592

300 W lamp cw 592

Y3Al5O12 :Cr,Ce 4F3/2→4I11/2 1.064 300 Kr lamp cw 671

Y3Al5O12 :Er 4F3/2→4I11/2 1.064 300 Xe lamp p 672

Y3Al5O12 :Fe 4F3/2→4I11/2 1.064 300 Xe lamp p 345

Y3Al5O12 :Ho 4F3/2→4I11/2 1.064 300 Xe lamp p 673

Y3Al5O12 :Ti 4F3/2→4I11/2 1.064 300 — cw 670

(Y,Ce)3Al5O12
4F3/2→4I11/2 1.0638–1.0644 300 laser diode cw 669

(Y,Lu)3Al5O12
4F3/2→4I11/2 1.0608 77 Xe lamp p 597

1.0636 77 Xe lamp p 597

(Y,Lu)3Al5O12
4F3/2→4I11/2 1.0642 295 Xe lamp p 597

1.0726 77 Xe lamp p 597

Y3Ga5O12
4F3/2→4I11/2 1.0583 77 Xe lamp p 490

1.0589 300 Xe lamp p 490

1.05975 77 Xe lamp p 490

1.0603 300 Xe lamp p 491

1.0614 77 Xe lamp p 435

1.0625 300 Xe lamp p 490, 491
4F3/2→4I13/2 1.3305 300 Xe lamp p 314, 490

Y2SiO5
4F3/2→4I9/2 0.911–0.912 300 alex. laser qs 248

0.912 300 TiS laser qs 248
4F3/2→4I11/2 1.0644 77 Xe lamp p 713

1.0710 77 Xe lamp p 320

1.0711 300 Xe lamp p 466

1.0715 300 Xe lamp p 320

1.074 300 Xe lamp qs 360

1.0740 77 Xe lamp p 713

1.0741 300 Xe lamp p 466

1.0742 300 Xe lamp p 320

1.0781 77 Xe lamp p 320

1.0782 300 Xe lamp p 320, 466
4F3/2→4I13/2 1.3585 300 Xe lamp p 466

Y
3
Sc

2
Al

3
O

12
4F3/2→4I11/2 1.0587 77 Xe lamp p 476
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1.0622 300 Xe lamp p 609
4F3/2→4I13/2 1.3360 300 Xe lamp p 465, 504

Y3Sc2Ga3O12
4F3/2→4I11/2 1.0575 77 Xe lamp p 427

1.0583 300 Xe lamp p 427

Y3Sc2Ga3O12
4F3/2→4I11/2 1.0584 300 lamp cw 493

1.0615 300 Xe lamp p 427
4F3/2→4I13/2 1.3310 300 Xe lamp p 427

Y3Sc2Ga3O12 :Cr 4F3/2→4I11/2 1.0584 300 Xe lamp p, qs 493

YAl3(BO3)4
4F3/2→4I11/2 1.06 300 dye laser p 553

YAlO3
4F3/2→4I9/2 0.930 300 Xe lamp p 256

300 TiS laser p, sml 1134
4F3/2→4I11/2 1.0585 300 Xe lamp p 495

1.064–1.110 300 laser diode cw 666

1.0641–1.0654 77–500 Xe lamp p 626, 702

1.0644 300 Xe lamp p, qs 712

1.0645 300 Kr lamp cw 718

300 Xe lamp p 716

300 Xe lamp cw 717

1.0652–1.0659 310–500 Xe lamp p 626, 702

1.0726–1.0730 77–490 Xe lamp p 626, 702

1.0726 300 Xe lamp p 495

1.0729 300 Kr lamp p 712, 717

300 Kr lamp cw 718

1.0782–1.0815 300 Kr lamp cw 718
1.0795 300 Xe lamp p 377, 716

300 Xe lamp cw 995

300 Kr lamp cw 424, 717,

718

300 laser diode p 424

300 Kr lamp qs, AML 441

300 — PML 442

300 Xe lamp PML 481

300 Xe lamp p, qs 536

300 Kr lamp cw 423

1.0795–1.0802 77–600 Xe lamp p 626, 702

1.0796 300 Xe lamp qs 712
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1.0796–1.0803 600–700 Kr lamp cw 718

1.083 300 laser diode cw 666

1.0832–1.0855 300 Kr lamp cw 718

1.0845 300 Kr lamp cw 718

YAlO3
4F3/2→4I11/2 1.0847 530 Xe lamp p 626, 702

1.0909 300 Kr lamp p, cw 718

1.0913 530 Xe lamp p 626, 702

1.0921 300 Kr lamp cw 718

1.0989 300 Kr lamp cw 718

1.0991 500 Xe lamp p 627, 702
4F3/2→4I13/2 1.3391 77 Xe lamp p 549, 717

YAlO3
4F3/2→4I13/2 1.3393 77 Xe lamp p 599, 717

1.3400 300 Kr lamp p, cw 717, 980

1.341 300 laser diode P 424

1.3410 300 Kr lamp p, cw 599, 717

1.3413 300 Xe lamp p, qs 712

1.3414 300 Xe lamp p, cw 995

1.3416 300 Xe lamp p, cw 549, 717

1.3512 300 Xe lamp p 549

1.3514 300 Xe lamp p 717, 980

1.3644 77 Xe lamp p 549, 717

1.3849 77 Xe lamp p 549

1.4026 ~110 Xe lamp p 549

YAlO3:Cr 4F3/2→4I11/2 1.0645 295 Xe lamp p 715

300 Kr lamp cw 729

1.0795 300 Kr lamp cw 423

YAlO3:Ce,Cr,Fe 4F3/2→4I11/2 1.0795 300 Xe lamp p 437

YF3
4F3/2→4I11/2 1.0521 300 Xe lamp p 415
4F3/2→4I13/2 1.339 300 Xe lamp p 415

(Y,Nd)P5O14
4F3/2→4I11/2 1.052 300 dye laser p 399, 401

300 Ar laser p 384

300 Ar laser qcw 601

300 Ar laser cw 403
4F3/2→4I13/2 1.319–1.322 300 Ar laser qcw 601

YScO3
4F3/2→4I11/2 1.0770 77 Xe lamp p 363

1.0774 130 Xe lamp p 439
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1.0837 130 Xe lamp p 439

1.0843 300 Xe lamp p 363, 439

YVO4
4F3/2→4I11/2 1.0625 300 Xe lamp p 620

YVO4
4F3/2→4I11/2 1.0634 300 Ar laser cw 778

1.064 300 laser diode cw 684

1.0641 300 Xe lamp p 620

1.0648 300 Xe lamp p 620

1.0664–1.0672 300–690 Xe lamp p 626, 628

1.069 ~90 Xe lamp p 987
4F3/2→4I13/2 1.34 300 Ar laser cw 778

YVO4
4F3/2→4I13/2 1.3415 77 Xe lamp p 537

1.3425 300 Xe lamp p 537

ZrO2-Y2O3
4F3/2→4I11/2 1.0608 300 Xe lamp p 563
4F3/2→4I13/2 1.3320 300 Xe lamp p 564

Samarium (Sm3+ ,  4f5)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

TbF3
4G5/2 → 6H7/2 0.5932 116 Xe lamp p 48

Europium (Eu3+ ,  4f6)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

Y2O3
5D0 → 7F2 0.6113 220 Xe lamp p 58

YVO4
5D0 → 7F2 0.6193 90 Xe lamp p 66

Terbium (Tb3+ ,  4f8)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

LiYF4:Gd 5D4 → 7F5 0.5445 300 Xe lamp p 35
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Dysprosium (Dy3+ ,  4f9)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

Ba(Y,Er)2F8
6H11/2 → 6H15/2 3.02 300 NdGL p 965

3.022 77 Xe lamp p 960

BaYb2F8
6H13/2 → 6H15/2 3.40 300 NdYAG p 1029

LaF3
6H11/2 → 6H15/2 2.97 300 NdGL p 759

LiYF4
6H11/2 → 6H13/2 4.34 300 ErYLF p 990

Holmium (Ho3+ ,  4f10)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaEr2F8:Tm 5I7 → 5I8 2.086 300 Xe lamp p 870, 871

300 Xe lamp qs 872

BaTm2F8
5I7 → 5I8 2.0560 110–230 Xe lamp p 813

BaY2F8
5I7 → 5I8 2.065 77 Xe lamp p 152

2.074 20 Xe lamp p 838
5S2 → 5I5 2.362 77 Xe lamp p 838

BaEr2F8:Tm 5I7 → 5I8 2.086 300 Xe lamp p 870, 871

300 Xe lamp qs 872

BaTm2F8
5I7 → 5I8 2.0560 110–230 Xe lamp p 813

BaY2F8
5I7 → 5I8 2.065 77 Xe lamp p 152

2.074 20 Xe lamp p 838
5S2 → 5I5 2.362 77 Xe lamp p 838

BaY2F8 2.363 77 Xe lamp p 838

2.375 77 Xe lamp p 838

2.377 20 Xe lamp p 838

BaY2F8:Er,Tm 5I7 → 5I8 2.0555 20 Xe lamp p 838

2.0644 85 W lamp cw 838

2.0746–2.076 85 Xe lamp p 838

2.074 20 Xe lamp p 838

2.065 77 Xe lamp cw 838

2.0866 77 Xe lamp p 838

2.171 295 Xe lamp p 838

BaYb2F8
5I6 →5I8 1.190 300 Xe lamp p 469
5S2 → 5I5 1.3865 110 Xe lamp p 703
5I7 → 5I8 2.0563 295 NGL p, upc 846

2.0665 110 Xe lamp p 703, 848

2.0715 110 Xe lamp p 703, 848
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BaYb2F8
5I7 → 5I8 2.0895 110 Xe lamp p 703, 848
5I6 → 5I7 2.9073 293 Nd laser p 989

BaYb2F8:Yb 5I6 → 5I7 2.8575 300 Xe lamp p 703

2.9 300 Xe lamp p 51, 161,

703, 964

2.9054 300 NdYLF p 966

Ba(Y,Yb)2F8
5S2 → 5I8 0.5515 77 Xe lamp p, upc 45

300 NdYAG p, upc 966

Bi4Ge3O12
5I7 → 5I8 2.087 77 Xe lamp p 229

Ca5(PO4)3F:Cr 5I7 → 5I8 2.075 77 Xe lamp p 497

CaF2
5S2 → 5I8 0.5512 77 Xe lamp p 44
5I7 → 5I8 2.092 77 Xe lamp p 463

CaF2-ErF2
5I7 → 5I8 2.030 77 Xe lamp p 835

CaF2-ErF3- 5I7 → 5I8 2.05 100 Xe lamp p 837

TmF3-YbF 3 2.060 100 Xe lamp p 837

2.06 298 Xe lamp p 836

2.1 65 Xe lamp cw 836

2.1 77 Xe lamp p 836

CaF2-HoF 3
5I7 → 5I8 2.1110 110 Xe lamp p 791

CaF2-YF3
5I7 → 5I8 2.0318 77 Xe lamp p 834

CaMoO4
5I7 → 5I8 2.0556 77 Xe lamp p 821

2.0707 77 Xe lamp p 821

2.074 77 Xe lamp p 821

CaWO4
5I7 → 5I8 2.046 77 Xe lamp p 291, 820

2.059 77 Xe lamp p 291, 820

CaY4(SiO4)3O:

   Er,Tm

5I7 → 5I8 2.060 77 Xe lamp p 497

(Er,Ho)F3
5I7 → 5I8 2.090 77 ErGL upc 863

Er2O3
5I7 → 5I8 2.121 145 Xe lamp p 893

Er2SiO5
5I7 → 5I8 2.085 77 Xe lamp p 856

ErAlO3
5I7 → 5I8 2.089–2.102 77 Xe lamp p 878

2.0985–2.0997 110 Xe lamp p, cas 848, 882

2.1205 77 Xe lamp p 840
5I6 → 5I7 2.9230 110 Xe lamp p 792

(Er,Lu)AlO3
5I7 → 5I8 2.0010 77 Xe lamp p 840
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(Er,Lu)AlO3
5I7 → 5I8 2.1205 77 Xe lamp p 840

Er3Al5O12
5I7 → 5I8 2.0985 110 Xe lamp p, cas 848

Er3Sc2Al3O12
5I7 → 5I8 2.0985 77 Xe lamp p 279

ErVO4:Tm 5I7 → 5I8 2.0416 77 Xe lamp p 833

GdAlO3 5I7 → 5I8 1.9925 90 Xe lamp p 825

Gd3Ga5O12
5I6 →5I8 1.2085 ∼110 Xe lamp p 722
5S2 → 5I5 1.4040 ~110 Xe lamp p, cas 722
5I7 → 5I8 2.0885 110 Xe lamp p, cas 722, 851
5I6 → 5I7 2.9 300 Xe lamp p 918

2.9619 110 Xe lamp p, cas 887

Gd3Sc2Al3O12
5I7 → 5I8 2.09 300 Xe lamp p 861

Gd3(Sc,Ga)5O12 : 5I7 → 5I8 2.088 300 Xe lamp p, cas 818, 873

   Cr,Tm 300 Xe lamp p 341

GdVO4:Tm 5I7 → 5I8 2.049 300 TiS laser qcw 578
5I6 → 5I7 2.8484 300 TiS laser qcw 578

Ho3Al5O12
5I7 → 5I8 2.1224 ~90 Xe lamp p 892

2.1227 77 Xe lamp p 713

2.1294 ~90 Xe lamp p 892

2.1297 77 Xe lamp p 713

HoF3
5I7 → 5I8 2.090 77 Xe lamp p 1069

Ho3Ga5O12
5I7 → 5I8 2.086 77 Xe lamp p 713

2.1135 77 Xe lamp p 713

Ho3Sc2Al3O12
5I7 → 5I8 2.1170 77 Xe lamp p 713

2.1285 77 Xe lamp p 713

K(Y,Er)(WO4)2: 5S2 → 5I5 1.3908 110 Xe lamp p 993

   Tm 5I7 → 5I8 2.0565 110 Xe lamp p 848

2.0720 110–220 Xe lamp p 76

2.0765 110 Xe lamp p 848, 887

KGd(WO4)2
5S2 → 5I5 1.3982 110 Xe lamp p 993
5I7 → 5I8 2.0740 110 Xe lamp p 76
5I6 → 5I7 2.9342 300 Xe lamp p 796

KGd(WO4)2:

   Er,Tm

5I7 → 5I8 2.074 110 Xe lamp p 848

KLa(MoO4)12
5I6 → 5I7 2.8415 110 Xe lamp p 501
5S2 → 5I5 1.4 110 Xe lamp p 501
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KLa(MoO4)12
5I6 → 5I7 2.9700 300 Xe lamp p 501

KLu(WO4)2
5I7 → 5I8 2.0790 110 Xe lamp p 887
5I6 → 5I7 2.9445 300 — — 965

KY(WO4)2
5S2 → 5I5 1.3908 ~110 Xe lamp p 993
5I7 → 5I8 2.0565 110 Xe lamp p 848

2.0765 110 Xe lamp p 848
5I6 → 5I7 2.9395 300 Xe lamp p 959

KY(WO4)2:

   Er,Tm

5I7 → 5I8 2.0720 110, 220 Xe lamp p 959

LaNbO4
5I7 → 5I8 2.0725 110 Xe lamp p 851

LaNbO4:Er 5I7 → 5I8 2.07 90 Xe lamp p 839

LaNbO4:Er 5I6 → 5I7 2.8510 90 Xe lamp p 958

Li(Y,Er)F4
5I7 → 5I8 2.0654 300 Xe lamp p, qs 853

2.0656 300 Xe lamp p 847

Li(Y,Er)F4:Tm 5I7 → 5I8 2.0 77 W lamp cw 841

2.06 300 — p 849

2.065 220–300 Xe lamp p 787

2.1 77–124 laser diode cw 884

LiErF4
5I7 → 5I8 2.0610–2.0650 300 Xe lamp p 843

LiErF4:Tm 5I7 → 5I8 2.0490–2.0559 300 Xe lamp p 843

LiHoF4
5F5 →5I7 0.979 ~90 Xe lamp p 268, 269
5F5 → 5I5 2.352 90 Xe lamp p 51

LiLuF4
5S2 → 5I7 0.7501 110 Xe lamp p 32

0.7505 110 Xe lamp p 32
5S2 →5I6 1.0183 110 Xe lamp p 32
5S2,5F4 → 5I5 1.3918 110 Xe lamp p 32

1.3920 300 Xe lamp p 32

LiLuF4:Tm 5I7 → 5I8 2.06 300 — p 849

2.055 300 laser diode qs 831

LiNbO3
5I7 → 5I8 2.0786 77 Xe lamp p 370

LiYF4
5S2 → 5I7 0.7498 90, 300 Xe lamp p 167, 181

0.7505 300 Xe lamp p 187

0.7516 116 Xe lamp p 181

0.7555 116 Xe lamp p 181
5F5 →5I7 0.9794 90, 300 Xe lamp p 167
5S2 →5I6 1.0143 90, 300 Xe lamp p 167, 181
5S2,5F4 → 5I5 1.392 300 DNdGL p 719
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LiYF4
5S2,5F4 → 5I5 1.3960 116, 300 DNdGL p 167, 181
5F5 → 5I6 1.486 90 Xe lamp p 268, 269

1.4862 90, 116 Xe lamp p 749, 750

1.4912 190 Xe lamp p 181
5I5 → 5I7 1.673 115 Xe lamp p 750

1.673 300 DNdGL p 719
5I7 → 5I8 2.0505 300 Xe lamp p 847

2.0534 300 Xe lamp p 847

2.0672 90 Xe lamp p 852
5F5 → 5I5 2.3520 116 Xe lamp p 181

2.3524 116 Xe lamp p 750
5I6 → 5I7 2.850 300 — — 181

2.952 116–300 Xe lamp p 189

LiYF4
5I6 → 5I7 2.952 300 Xe lamp p 750

2.955 300 dye laser p, cas 967
5S2 → 5F5 3.369 300 dye laser p, cas 967
5I5 → 5I6 3.893 300 dye laser p, cas 967

3.914 300 DNdGL p 915

LiYF4:Er 5I7 → 5I8 2.066 77 Xe lamp p 854

LiYF4:Tm 5I7 → 5I8 2.05 243 laser diode cw 1001

2.052 300 laser diode QS 831

2.065 220 Xe lamp p 787

2.067 300 laser diode cw 340

2.1 77 laser diode cw 340

LiYF4:Er,Tm 5I7 → 5I8 2.048–2.071 77 Xe lamp p 842

2.1 77 W lamp cw 841

LiYbF4
5I7 → 5I8 2.065 300 Xe lamp p 850
5I6 → 5I7 2.83 300 Nd laser p, cas 850

Lu3Al5O12
5I7 → 5I8 2.1005 110 Xe lamp p 881

2.1250 110 Xe lamp p 887

2.1300 110 Xe lamp p 887

Lu3Al5O12 :Tm 5I6 → 5I7 2.1004 300 TiS laser p 862

Lu3Al5O12 :Yb 5I6 →5I8 1.2160 110 Xe lamp p 993
5S2,5F4 → 5I5 1.4085 ~110 Xe lamp p 993
5I7 → 5I8 2.1005 110 Xe lamp p 881

2.1252 110 Xe lamp p 881

2.1300 110 Xe lamp p 881

Lu3Al5O12 : 5I7 → 5I8 2.1020 110 Xe lamp p 889

   Cr,Tm 2.1303 300 Xe lamp p 881

2.1008 110 Xe lamp p 881
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Lu3Al5O12 : 5I7 → 5I8 2.1241 289 Xe lamp p 824

   Cr,Tm 2.1241 300 Xe lamp p 881

Lu3Al5O12 :

   Cr,Yb

5I6 → 5I7 2.9460 300 Xe lamp p 129, 941

Lu3Al5O12 :

   Er,Tm

5I7 → 5I8 2.1020 77 Xe lamp p, cw 794

Lu3Al5O12 : 5I6 → 5I7 2.1005 110 Xe lamp p 887

   Er,Tm,Yb 2.1020 77 Xe lamp p, cw 794

Lu3Al5O12 :Tm 5I6 → 5I7 2.1004 300 TiS laser p 862

LuAlO3
5I7 → 5I8 2.1348 90 Xe lamp p 795

α-NaCaErF6
5I7 → 5I8 2.0312 77 Xe lamp p 805

2.0345 150 Xe lamp p 805

2.0377 77 Xe lamp p 805

NaLa(MoO4)2:

   Er

5I7 → 5I8 2.050 90 Xe lamp p 839

SrF2-(Y,Er)F3
5I7 → 5I8 2.053 120 Xe lamp p 844

2.053 300 Xe lamp p 845

SrF2-(Y,Er)F3:

   Tm

5I6 → 5I7 2.0496 120, 300 Xe lamp p 844

Tm3Al5O12
5I7 → 5I8 2.0995 110 Xe lamp p 848

(Y,Er)3Al5O12
5I7 → 5I8 2.0907 300 Xe lamp p 278

2.0978 77 W lamp cw 865

2.0979 300 Xe lamp p 278

300 Hg, W cw 278

2.123 300 Xe lamp p 278

Y,Er)3Al5O12 : 5I7 → 5I8 2.0982 300 Xe lamp p 817

   Tm 2.0990 300 Xe lamp p 895

W lamp cw 895

2.1227 300 W lamp p, cw 817

2.1285 300 Xe lamp p 895

~2.13 300 Xe lamp p 896, 897

77 W lamp cw 897

YA1O3
5S2 → 5I7 0.7577 110–300 Xe lamp p 190

0.7610 110–300 Xe lamp p 190
5S2 →5I6 1.0311 110–300 Xe lamp p, cas 190, 241
5I6 →5I8 1.2198 110 Xe lamp p, cas 241
5S2,5F4 → 5I5 1.3806 300 Xe lamp p, cas 190, 241
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YA1O3
5S2,5F4 → 5I5 1.3900 110 Xe lamp p 190, 241

1.3950 110 Xe lamp p 190

1.4003 110 Xe lamp p 190

1.4028 110 Xe lamp p 993

1.4058 110–300 Xe lamp p 190
5I7 → 5I8 2.1185 110 Xe lamp p 887

2.1189 110 Xe lamp p, cas 190, 241

2.1193 110 Xe lamp p 190

2.12 233 Xe lamp p 787

2.1300 110 Xe lamp p 190, 887
5I6 → 5I7 2.8578 300 Xe lamp p, cas 952

2.9155 77, 300 Xe lamp p, cas 783

2.9180 300 Xe lamp p 129, 930

2.9185 110–300 Xe lamp p, cas 190

YA1O3
5I6 → 5I7 2.9200 ~110 Xe lamp p 1122

3.0177 ~110 Xe lamp p 1122

YA1O3:Er 5I6 → 5I7 2.9200 110 Xe lamp p, cas 792, 930

3.0132 300 Xe lamp p 129, 930

3.0157 110 Xe lamp p 792, 910

3.0165 110–300 Xe lamp p 190

3.0177 110 Xe lamp p 792

(Y,Er)AlO3:Tm 5I7 → 5I8 2.119 300 Xe lamp p 130

2.12 233 Xe lamp p 787

2.123 300 Xe lamp p 130

Y2SiO5
5I7 → 5I8 2.092 ~110 Xe lamp p 856

2.105 ~110, 220 Xe lamp p 856

Y3Al5O12
5I6 → 5I8 1.2155 110 Xe lamp p 993
5S2,→ 5I5 1.4072 ~110 Xe lamp p 993
5I7 → 5I8 2.065 300 alex. laser p 858

2.097 300 alex. laser p 858

2.0977 ~77 W lamp cw 579

2.098 77 Xe lamp p 497

2.101 300 alex. laser p 858

2.0914 77 Xe lamp p 868

2.0975 77 Xe lamp p 278, 868

2.1295 300 Xe lamp p 881
5I6 → 5I7 2.9403 300 Xe lamp p 129

Y3Al5O12 :Cr 5I7 → 5I8 2.095 77 Xe lamp p 278

85 W lamp cw 278

2.1223 77 Xe lamp p 278
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Y3Al5O12 :Nd 5I6 → 5I7 2.940 300 Xe lamp p 673

3.011 300 Xe lamp p 673

Y3Al5O12 :Tm 5I7 → 5I8 2 300 Xe lamp p 814, 815
2.060 300 alex. laser p 858

2.06 300 TiS laser cw, cas 743

Y3Al5O12 : 5I7 → 5I8 2.0982 110 Xe lamp p 881

   Cr,Tm 2.09 300 Xe lamp p 1034

2.091 300 laser diode cw 776

2.0974 300 dye, LD cw 879, 880

2.1 290 Xe lamp p 883

2.12 215–330 Xe lamp p 814, 891

2.1223 77 Xe lamp p 881

Y3Al5O12 : 5I7 → 5I8 2.0982 110 Xe lamp p 817

   Er,Tm 77 sun qs, cw 1042

2.0983 110 Xe lamp p 881

2.1 77 W lamp cw 841

Y3Al5O12 :Tm 5I7 → 5I8 2.1 110 laser diode cw 888

Y3Al5O12 :Yb 5I6 →5I8 1.2155 110 Xe lamp p 993
5I7 → 5I8 2.1 300 TiS, LD cw 1126

(Y,Er)3Al5O12
5I7 → 5I8 2.123 77 Xe lamp p 278

2.0917 77 Xe lamp p 278

2.0979 77 Xe lamp p 278

(Y,Er)3Al3O12 : 5I7 → 5I8 2.089–2.102 77 Xe lamp p,qs, AML 878

   Tm 2.0982 77 Xe lamp p 817

2.0990 77 Xe lamp p, cw 817

2.1 77 laser diode cw 885, 886

2.1227 77 Xe lamp p, cw 817

2.1285 77 W lamp cw 895

~2.13 300 Xe lamp p 896

~2.13 77 W lamp cw 897

(Y,Ho)3Al5O12
5I7 → 5I8 2.097 77 Xe lamp p 893

2.123 77 Xe lamp p 893

(Er,Tm,Yb)3-

   Al5O12

5I7 → 5I8 2.1010 77 Xe lamp p 726

Y3Fe5O12
5I7 → 5I8 2.089 77 Xe lamp p 857

2.107 77 Xe lamp p 857

Y3Fe5O12 :Er,Tm 5I7 → 5I8 2.086 77 Xe lamp p 857

Y3Ga5O12
5I7 → 5I8 2.086 77 Xe lamp p 857
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Y3Ga5O12
5I7 → 5I8 2.114 77 Xe lamp p 857

Y3Ga5O12 :Fe 5I6 → 5I7 2.086 77 TiS laser cw 860

2.114 77–185 TiS laser cw 860

Y3Sc2Al3O12
5I7 → 5I8 2.080–2.089 300 Xe lamp p 859

Y3Sc2Al3O12 : 5I7 → 5I8 1.944 300 Kr laser cw 776

   Cr,Tm 2.086 300 Kr laser cw 869

2.095 300 Kr laser cw 869

Y3Sc2Ga3O12
5I7 → 5I8 2.086 300 Kr laser cw 869

2.088 300 Xe lamp p, qs 874–876

Y3Sc2Ga3O12 : 5I7 → 5I8 1.924 300 Kr laser cw 776

   Cr,Tm 2.010 300 Kr laser cw 776

Y3Sc2Ga3O12 : 5I7 → 5I8 2.086 300 Kr laser cw 776

   Cr,Tm

(Y,Er)3Sc2- 5I7 → 5I8 2.1 77 Xe lamp p 848

   Ga3O12 :Tm 77 cw 841

Yb3Al5O12
5I7 → 5I8 2.0960 77 Xe lamp p 866

2.1000 110 Xe lamp p 848

2.101 300 alex. laser cw 858

Yb3Al5O12 : 5I7 → 5I8 2.0998 110 Xe lamp p 881

   Er,Tm 2.1010 77 Xe lamp p 726

Yb3Al5O12 :Tm, 5I7 → 5I8 2.1000 110 Xe lamp p 848

YScO3:Gd 5I6 → 5I7 2.8637 77 Xe lamp p 783

YVO4:Er,Tm 5I7 → 5I8 2.0412 77 Xe lamp p 833

ZrO2-Er2O3
5I7 → 5I8 2.115 77 Xe lamp p 764

Erbium (Er3+ ,  4f11)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaEr2F8
4S3/2 → 4I13/2 0.8425 110 Xe lamp p 115

0.8538 104–123 Xe lamp p 232

0.8543 110 Xe lamp p 115
4S3/2 → 4I11/2 1.2312 100–112 Xe lamp p 232

1.2320 110 Xe lamp p 215
2H11/2 → 4I9/2 1.6455 110 Xe lamp p 115
4S3/2 → 4I9/2 1.7350 102–112 Xe lamp p 232
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BaEr2F8
4S3/2 → 4I9/2 1.7355 110 Xe lamp p 115
4F9/2 → 4I11/2 1.9975 110 Xe lamp p 115
4I11/2 → 4I13/2 2.7417 110 Xe lamp p 115, 927

2.7595 110 Xe lamp p 115, 927

2.7980 110 Xe lamp p 115, 927

BaLu2F8
4I11/2 → 4I13/2 ~2.79 300 laser diode cw 1055

BaY2F8
2P3/2 → 4I11/2 0.4703 10 TiS laser cw, upc 1086,

1090
4S3/2 → 4I15/2 0.5449 10 TiS laser cw, upc 1090
4S3/2 → 4I15/2 0.5512 10 TiS laser cw, upc 1090

0.5541 10 TiS laser cw, upc 1090

0.5517 10 TiS laser cw, upc 1086

BaY2F8
2P3/2 → 4I9/2 0.6172 20 TiS laser cw, upc 1090
2P3/2 → 4I9/2 0.6185 10 TiS laser cw, upc 1086
4F9/2 → 4I15/2 0.6688 20 TiS laser cw, upc 1090
2H9/2 → 4I11/2 0.7015 10 TiS laser cw, upc 1090

0.7032 10 TiS laser cw, upc 1090
4I11/2 → 4I13/2 2.7 300 LD, DL cw 1072

Ba(Y,Er)2F8
4S3/2 → 4I15/2 0.5540 77 Xe lamp p 46
2H9/2 → 4I13/2 0.5617 77 Xe lamp p 45, 46
4F9/2 → 4I15/2 0.6709 77 Xe lamp p 46
2H9/2 → 4I11/2 0.7037 77 Xe lamp p 46

Ba(Y,Er)2F8
4S3/2 → 4I13/2 0.8640 300 Xe lamp p 1074
4S3/2 → 4I11/2 1.2316 300 Xe lamp p 1074
4S3/2 → 4I9/2 1.7332 300 Xe lamp p 1074
4I11/2 → 4I13/2 2.704 300 Ar laser qcw 1070

2.711 300 Ar laser qcw 1070

2.7415 ~110 Xe lamp p, qcw 1074

2.7585 ~110 Xe lamp p, qcw 1074

2.798 300 Ar laser qcw 1070

300 LD, ArL cw 1071

2.7980 300–450 Xe lamp p, qcw 1074

Ba(Y,Yb)2F8
4F9/2 → 4I15/2 0.6700 77 Xe lamp p 45

BaYb2F8
4F9/2 → 4I15/2 0.67 300 NdGL,ErGL p, upc 78

0.6700 110 Xe lamp p 45, 115
4S3/2 →  4I11/2 1.26 300 NdGL p, upc 587
4S3/2 →  4I9/2 1.7360 110 Xe lamp p 115
4F9/2 →  4I11/2 1.96 300 Xe lamp p, upc 953, 1004

1.965 300 Xe lamp p, upc 817,1004

1.9654-5 300 NdGL p, upc 548, 549
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BaYb2F8
4F9/2 →  4I11/2 1.9965 110,300 Xe lamp p 115,1051

1.9925 110 Xe lamp p 813
4I11/2 →  4I13/2 2.7980 300 laser diode cw 1148, 1149

BaYb2F8:Tm 4F9/2 →  4I11/2 1.9650 ~110 Xe lamp p 1051

1.9655 — Xe lamp p 1051

1.9925 110 Xe lamp p 813
4I11/2 →  4I13/2 2.7060 300 Xe lamp p, cas 1051

2.7980 — Xe lamp p, cas 1051

Bi4Ge3O12
4S3/2 →  4I13/2 0.853 77 Xe lamp p 229
4I13/2 →  4I15/2 1.5578 77 Xe lamp p 229

1.6645 77 Xe lamp p 229

Ca(NbO3)2
4I13/2 →  4I15/2 1.61 77 Xe lamp p 753

Ca(NbO3)2:Ti 4S3/2 →  4I9/2 1.7410 110 Xe lamp p 57
4I11/2 →  4I13/2 2.7175 110 Xe lamp p 57

Ca2Al2SiO7:Yb 4I13/2 →  4I15/2 1.530 300 TiS laser cw 744

1.550 300 TiS laser cw 733, 744

Ca2Al2SiO7:

   Yb,Ce

4I13/2 →  4I15/2 1.555 300 TiS laser cw 744

Ca3(NbLiGa)5-

   O12

4I11/2 →  4I13/2 2.71 300 Xe lamp p 929

Ca3Ga2Ge3O12
4S3/2 →  4I13/2 0.8471 110 Xe lamp p 221

0.8615 110 Xe lamp p 221

CaAl4O7
4I13/2 →  4I15/2 1.5500 77 Xe lamp p 510

1.5815 77 Xe lamp p 510

CaF2
4S3/2 →  4I13/2 0.8546 77 Xe lamp p 235

0.8548 77 Xe lamp p 235

0.855 77 CCL cw, upc 1082
4S3/2 →  4I11/2 1.26 77 Xe lamp p 614
4I13/2 →  4I15/2 1.5298 77 Xe lamp p 674

1.5308 77 Xe lamp p 674

1.617 77 Xe lamp p 760
4S3/2 →  4I9/2 1.696 77 Xe lamp p 592

1.715 77 Xe lamp p 592

1.726 77 Xe lamp p 592
4I11/2 →  4I13/2 2.7307 300 Xe lamp p 998

CaF2-ErF3
4S3/2 →  4I9/2 1.6615 110 Xe lamp p 791
4I11/2 →  4I13/2 2.75 300 Xe lamp p, upc 923–926

2.7955 300 Xe lamp p 791
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CaF2-ErF3
4I11/2 →  4I13/2 2.7985 300 Xe lamp p 791, 944

2.80 300 Xe lamp p, upc 923–926

2.7295 300 Xe lamp p 791

2.7307 300 Xe lamp p 997

CaF2-ErF3:Ho 4I11/2 →  4I13/2 2.7290 300 Xe lamp p 791

CaF2-ErF3:Tm 4I11/2 →  4I13/2 2.69 298 Xe lamp p 936

2.7490 300 Xe lamp p 791

CaF2-ErF3:

   Ho,Tm

4I11/2 →  4I13/2 2.7460 300 Xe lamp p 791

CaF2-HoF 3-ErF3
4S3/2 →  4I13/2 0.8456 77 Xe lamp p 215

CaF2-ErF3-TmF3
4I11/2 →  4I13/2 2.69 100 Xe lamp p 837

CaF2-HoF 3-

   ErF3-TmF3

4S3/2 →  4I13/2 0.8456 77 Xe lamp p 215

CaF2-YF3
4S3/2 →  4I13/2 0.8430 77 Xe lamp p 215, 216

0.8456 77 Xe lamp p 215, 216
4I13/2 →  4I15/2 1.547 77 Xe lamp p 215, 216

CaWO4
4I13/2 →  4I15/2 1.612 77 Xe lamp p 757

ErAlO3
4S3/2 →  4I9/2 1.6632 110 Xe lamp p 925

ErYF4 4S3/2 →  4I9/2 1.732 90 Xe lamp p 268, 545

Er(Y,Gd)AlO3
4I13/2 →  4I15/2 1.5542 77 Xe lamp p 783

(Er,Gd)Al5O12
4I11/2 →  4I13/2 2.80 110 Xe lamp p 368

2.86 110 Xe lamp p 368

2.94 300 Xe lamp p 368

Er3Al5O12
4S3/2 →  4I13/2 0.8628 110 Xe lamp p 218
4S3/2 →  4I9/2 1.7762 110 Xe lamp p 790
4I11/2 →  4I13/2 2.86 300 Xe lamp p 882

2.8750 110 Xe lamp p 882

2.8868 110 Xe lamp p 918

2.9366 300 Xe lamp p 918

2.94 300 Xe lamp p 882

Er3Al5O12 :Ho 4I11/2→4I13/2 2.6970 110 Xe lamp p, cas 51, 882

Er3Al5O12 :Tm 4I11/2→4I13/2 2.9367 300 Xe lamp p 882

2.9367 300 Xe lamp p 882

Er3Al5O12 :Yb 4I11/2→4I13/2 2.8595 110 Xe lamp p 882

2.86 110 Xe lamp p 465

2.9367 300 Xe lamp p 882
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Er3Al5O12 :Yb 4I11/2→4I13/2 2.9395 110 Xe lamp p 882

2.94 110 Xe lamp p 882

Er3Al5O12 : 4I11/2 →  4I13/2 2.6970 110 Xe lamp p, cas 51, 882

   Tm,Yb 2.9367 300 Xe lamp p 882

(Er,Lu)3Al5O12
4I11/2 →  4I13/2 2.8298 300 Xe lamp p 1073

2.9395 300 Xe lamp p 268, 1073

GdAlO3
4I13/2 →  4I15/2 1.5646 77 Xe lamp p 784
4S3/2 →  4I9/2 1.6714 77 Xe lamp p 784

Gd3Al5O12
4I11/2 →  4I13/2 2.8128 300 Xe lamp p 217

Gd3Ga5O12
4I11/2 →  4I13/2 2.7034 110 Xe lamp p 877

2.7188 110 Xe lamp p 877

2.8128 300 Xe lamp p 938

2.8218 300 TiSL, LD cw 942

2.8549 110 Xe lamp p 877

KEr(WO4)2
4S3/2 →  4I13/2 0.8624 110 Xe lamp p 218
4S3/2 →  4I9/2 1.7372 300 Xe lamp p 809
4I11/2 →  4I13/2 2.8070 300 Xe lamp p 339

KGd(WO4)2
4S3/2 →  4I13/2 0.8467 110 Xe lamp p 218

KGd(WO4)2 0.8468 300 Xe lamp p 218–220

0.8610 110 Xe lamp p 218
4S3/2 →  4I9/2 1.7155 300 Xe lamp p 219, 796

1.7325 300 Xe lamp p 219, 796

1.7330 300 Xe lamp p 809
4I11/2 →  4I13/2 2.7222 300 Xe lamp p 796

2.7990 300 Xe lamp p 796

KLa(MoO4)2
4S3/2 →  4I9/2 1.7280 110 Xe lamp p 501

1.73 300 Xe lamp p 501
4I11/2 →  4I13/2 2.7220 110 Xe lamp p 501

2.7575 300 Xe lamp p 501

KYF4
4S3/2 → 4I15/2 0.562 300 TiS laser p, upc 1081

K(WO4)2
4S3/2 →  4I13/2 0.8474 110 Xe lamp p 218

0.8479 110 Xe lamp p 218

0.85 300 Xe lamp p 207

0.8621 300 Xe lamp p 218, 236

0.8631 110 Xe lamp p 218

0.86325 110 Xe lamp p 218

0.8633 300 Xe lamp p 218
4S3/2 →  4I9/2 1.7178 300 Xe lamp p 236
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1.7370 300 Xe lamp p 300

K(WO4)2
4S3/2 →  4I9/2 1.7383 300 Xe lamp p 809

1.7390 300 Xe lamp p 809
4I11/2 →  4I13/2 2.8070 300 Xe lamp p 328

2.8092 300 Xe lamp p 938

K(Y,Er)(WO4)2
4S3/2 →  4I9/2 1.7372 300 Xe lamp p 809
4I11/2 →  4I13/2 2.6887 300–150 Xe lamp p 76

2.8070 300 Xe lamp p 236

LaF3
4I13/2 →  4I15/2 1.6113 77 Xe lamp p 810

LiErF4
4S3/2 →  4I13/2 0.8540 110 Xe lamp p 233
4S3/2 →  4I11/2 1.228 110 Xe lamp p 233

1.2292 90–102 Xe lamp p 223
4S3/2 →  4I9/2 1.7042 110 Xe lamp p 233

1.732 90 Xe lamp p 268, 269

1.7322 90 Xe lamp p 223
4F9/2 →  4I11/2 2.0005 110 Xe lamp p 233
4I11/2 →  4I13/2 2.8500 110 Xe lamp p 233

LiGdF4
4S3/2 →  4I15/2 0.550 300 Ti:sapphire cw, upc 1091

LiLuF4
4S3/2 →  4I13/2 0.8506 110 Xe lamp p 32

0.8507 300 Xe lamp p 32, 33

0.8542 300 Xe lamp p 32, 33

0.8543 110 Xe lamp p 32
4S3/2 →  4I11/2 1.2196 110 Xe lamp p 32

1.2292 110 Xe lamp p 32

1.2295 300 Xe lamp p 32, 33
4S3/2 →  4I9/2 1.7343 110 Xe lamp p 32

1.7345 300 Xe lamp p 32, 33

LiNbO3
4I13/2 →  4I15/2 1.532 300 CCL cw 747

   (waveguide) 1.563 300 CCL p, cw 752

1.576 300 CCL p, cw 752

LiYF4
2P3/2 →  4I11/2 0.4697 10–35 dye laser cw, upc 22

0.486     <    80 CCL sp, upc 1083
4S3/2 →  4I11/2 0.544     <    95 CCL cw, upc 1084

0.544     <    95 CCL ML, upc 1085

0.544075 20 TiS laser cw 34

0.550965 49 TiS laser cw 34
0.551 40 dye laser cw, upc 42, 43
0.551 60 TiS laser cw, upc 863
0.551 300 TiS laser p, upc 1081

0.551     <    95 CCL cw, upc 1084
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0.551     <    95 CCL ML, upc 1085
LiYF4

4S3/2 →  4I11/2 0.551     <    77 laser diode sp, upc 1088

0.551 ≤85 dye laser p, upc 40

0.551 300 TiS laser cw, upc 218
0.551 300 dye laser p 38
0.551 300 dye laser cw, upc 41

2H9/2 →  4I13/2 0.5606 20 TiS laser cw 34

5–40 laser diode cw, upc 1088
4F9/2 →  4I15/2 0.671 ≤60 dye laser p, upc 40

0.7015 300 CCL cw 39
4S3/2 →  4I13/2 0.85 300 Xe lamp p 220

0.851 300 ErGL p, upc 1035

0.8503 300 Xe lamp p 222, 224

0.8535 110 Xe lamp p 226

0.8537 116, 300 Xe lamp p 181, 231
4S3/2 →  4I11/2 1.2195 116, 300 Xe lamp p 222, 231

1.2290 110 Xe lamp p, as 502

1.2294 120, 300 Xe lamp p 224

1.23 300 ErGL p, upc 1035

1.2308 110,300 Xe lamp p 226
4S3/2 →  4I9/2 1.620 300 Kr laser cw, cas 755

1.6470 110 Kr laser cw, cas 226

1.6640 138–300 Xe lamp p 223, 231
4S3/2 →  4I9/2 1.7036 116, 250 Xe lamp p 223, 231

≈1.73 300 ErGL p, upc 1035

1.730 300 Xe lamp p, qs 808

1.7312 116, 300 Xe lamp p 224

1.7320 110, 300 Xe lamp p 226
4I11/2 →  4I13/2 2.66 300 laser diode cw 943

2.7170 110 Xe lamp p, cas 788

2.72 300 laser diode cw 943

2.747 300 Ar, Kr, LD cw 776

2.77 300 Ar laser cw 943

2.8 300 AL, LD p, cw 961

2.8085 110 Xe lamp p, cas 788

2.81 300 ErGL p, upc 926

2.810 300 Kr laser cw, cas 755

2.81 300 AL, LD cw 943

2.84 300 Ar laser, cw 943

2.85 300 Ar laser, cw 943

2.870 110, 300 Xe lamp p 939
4F9/2 →  4I9/2 3.41 ≤120 laser diode cw 951
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LiYF4:Pr 4S3/2 →  4I13/2 0.8503 110, 300 Xe lamp p 224, 329

LiYF4:Pr 4I11/2 →  4I13/2 ≈2.8 300 laser diode cw 1070

LiYF4:Tb 4S3/2 →  4I13/2 0.8503 110, 300 Xe lamp p 224

LiYF4:Yb 4S3/2 →  4I15/2 0.551 300 TiS laser upc 1030
4S3/2 →  4I11/2 1.234 300 TiS laser cw 734
4F9/2 →  4I11/2 2.0025 300 NdYLF p, upc 813

LiY0.5Er0.5F4
4S3/2 →  4I13/2 0.8501 113, 161 Xe lamp p 181

0.8535 113, 163 Xe lamp p 181

LuAlO3
4S3/2 →  4I9/2 1.6675 90 Xe lamp p 795

LuAlO3:Tm 4I11/2 →  4I13/2 2.7126 ~110 Xe lamp p 792

Lu3Al5O12
4S3/2 →  4I13/2 0.8631 110 Xe lamp p 218

0.86325 77, 300 Xe lamp p 239
4I13/2 →  4I15/2 1.6525 77 Xe lamp p 794

1.6630 77 Xe lamp p 794
4S3/2 →  4I9/2 1.7762 300 Xe lamp p 790

Lu3Al5O12
4I11/2 →  4I13/2 2.7973 300 Xe lamp p 918

2.7998 110 Xe lamp p 918

2.829 300 ErGL p, upc 1094

2.8297–2.8302300 Xe lamp p 918

2.8552–2.8590110 Xe lamp p 918

2.8700 110 Xe lamp p 918

2.8748–2.8752110 Xe lamp p 918

2.8760 110 Xe lamp p 918

2.8967–2.8979110 Xe lamp p 918

2.9395 300 Xe lamp p 239

2.9395–2.9397110 Xe lamp p 918

2.940 300 ErGL p, upc 1094

2.9401 110 Xe lamp p 918

2.9408 300 Xe lamp p 239

Lu3Al5O12 :

   Ho,Tm

4I11/2 →  4I13/2 2.6990 300 Xe lamp p 239

Lu3Al5O12 : 4I11/2 →  4I13/2 2.8298 300 Xe lamp p 941

   Cr,Yb 2.9395 300 Xe lamp p 239

2.9405 300 Xe lamp p 941

(Lu,Er)3Al5O12
4S3/2 →  4I13/2 0.8625 300 Xe lamp p 218
4S3/2 →  4I13/2 0.8631 110 Xe lamp p 218
4S3/2 →  4I9/2 1.7767 110 Xe lamp p 790
4I11/2 →  4I13/2 2.6990 300 — — 239
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(Lu,Er)3Al5O12
4I11/2 →  4I13/2 2.7140 →

   2.7143

110 Xe lamp p 918

2.7953 300 Xe lamp p 964

2.7973 →
   2.7968

300 Xe lamp p 918

2.799 300 Xe lamp p 51

2.7998 →
   2.7980

110 Xe lamp p 918

2.8298 300 Xe lamp p 918

(Lu,Er)3Al5O12
4I11/2 →  4I13/2 2.8298 →

   2.8301

300 Xe lamp p 918

2.830 300 Xe lamp p 947, 986

2.8302 300 Xe lamp p 964

2.8700 →
   2.8592

110 Xe lamp p 918

2.8760 →
   2.8751

110 Xe lamp p 918

(Lu,Er)3Al5O12 2.8868 →
   2.8846

110 Xe lamp p 918

2.9365 300 Xe lamp p 964

2.9401 →
   2.9397

110 Xe lamp p 918

2.9403 →
   2.9366

300 Xe lamp p 918

(Lu,Er)3Al5O12 :

   Tm

4I11/2 →  4I13/2 2.94 300 Xe lamp p 918

(Lu,Er)3Al5O12 :

   Yb

4I11/2 →  4I13/2 2.6987 →
   2.9403

300 Xe lamp p 51, 941

(Lu,Er)3Al5O12 :

   Ho,Er,Tm

4I11/2 →  4I13/2 2.699 300 Xe lamp p 51, 919,

920

Sc2SiO5
4I13/2 →  4I15/2 1.545 300 TiS laser cw 994

1.556 300 TiS laser cw 994

1.558 300 TiS laser cw 994

Sc2SiO5:Yb 4I13/2 →  4I15/2 1.551 300 TiS, LD cw 994

SrF2
4I11/2 →  4I13/2 ≈2.8 300 ErGL p, upc 926

SrF2-ErF3
4I11/2 →  4I13/2 2.7285 300 Xe lamp p 921

2.7450 300 Xe lamp p 921

2.7930 300 Xe lamp p 921

2.80 300 Xe, ErGL p, upc 926



Erbium (Er3+ ,  4f11)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

©2001 CRC Press LLC

SrLaGa3O7:Pr 4I11/2 →  4I13/2 2.7 300 TiS laser cw 733

SrY4((SiO4)3O:

   Yb

4I13/2 →  4I15/2 1.554 300 laser diode cw 426

YAlO3
4S3/2 →  4I15/2 0.5496 30–77 dye laser cw, upc 37

0.5498 34 TiS laser cw, upc 1089

0.550 20 dye laser cw, upc 1087
4S3/2 →  4I13/2 0.84965 77 Xe lamp p 129, 130

YAlO3
4S3/2 →  4I13/2 0.84975 300 Xe lamp p 129, 130

0.85165 77 Xe lamp p 129, 130

0.8594 300 Xe lamp p 129, 130
4F9/2 →  4I13/2 1.2342 110 Xe lamp p 1037

1.2390 110 Xe lamp p 1037

1.2392 300 Xe lamp p 1037
4I13/2 →  4I15/2 1.5554 77 Xe lamp p 783

YAlO3
4S3/2 →  4I9/2 1.66 300 Xe lamp p 788, 789

1.662–3 300 Xe lamp p 777, 782

1.6628 110 Xe lamp p 788, 789

1.6628 110 Xe lamp p, cas 789, 792
4I11/2 →  4I13/2 2.7310 300 ErGL p, upc 1093

YAlO3:Ho 4I11/2 →  4I13/2 2.7310 ~110 Xe lamp p 792

2.7398 ~110 Xe lamp p 792

2.7608 ~110 Xe lamp p 792

(Y,Er)AlO3
4S3/2 →  4I9/2 1.6631 110 Xe lamp p 788, 789,

925

1.6632 300 Xe lamp p, cas 788, 789

1.6632 300 Ar laser cw 797

1.677 300 Xe lamp p 777

1.6776 300 Ar laser cw 797

1.706 300 Xe lamp p 777

1.7061 300 Ar laser cw 797

1.726 300 Xe lamp p 777

1.7296 300 Ar laser cw 797
4I11/2 →  4I13/2 [2.71–2.86] 300 Xe lamp p 916

2.7118 300 Xe lamp p 922

2.73 290–330 Xe lamp p 968

[2.73–2.92] 300 Xe lamp p 917

2.7305 300 Xe lamp p, cas 788, 789

2.7305–2.7307300 Xe lamp p 788, 789,

922
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(Y,Er)AlO3
4I11/2 →  4I13/2 2.7309 300 Xe lamp p 129

2.7310 110 Xe lamp p, cas 788, 789,

792, 930

2.7398 110 Xe lamp p 788, 789,

792, 930

2.7608 110 Xe lamp p 788, 789,

792, 930

2.7645 300 Xe lamp p 922

2.7698 300 Xe lamp p 788, 789

2.79 290–330 Xe lamp p 968

(Y,Er)AlO3
4I11/2 →  4I13/2 2.7969 300 Xe lamp p 788, 789

2.7955–2.7957300 Xe lamp p 788, 789,

792, 930

2.8230 300 Xe lamp p 922

2.8400 300 Xe lamp p 922

2.8665 300 Xe lamp p 922

(Y,Er)AlO3 2.8756 300 Xe lamp p 922

2.9195–2.920077 Xe lamp p 788,

789, 922
4I9/2 →  4I11/2 4.75 110 Xe lamp p, cas 959,

965, 991

(Y,Gd)AlO3
4I13/2 →  4I15/2 1.6600 300 Xe lamp p 783

Y3Al5O12
4S3/2 →  4I15/2 0.561 300 dye laser p 38
4S3/2 →  4I13/2 0.8624 77 Xe lamp p 237

0.8627 77, 300 Xe lamp p 129, 238
4F9/2 →  4I13/2 1.245 77 Xe lamp p 237
4I13/2 →  4I15/2 1.632 300 Xe lamp p 738

1.64 300 Xe lamp p, q 756

1.640 300 Kr kaser cw 776

1.644 300 Xe lamp p 954

1.6449 295 Xe lamp p 738

1.6452 77 Xe lamp p 651

1.6596 77 Xe lamp p 237

1.6602 77 Xe lamp p 651
4S3/2 →  4I9/2 1.7757 300 Xe lamp p 790, 802
4I11/2 →  4I13/2 2.766 300 Xe lamp p 928

2.795 300 Xe lamp p 928

2.8302 300 Xe lamp p 940

2.936 300 Xe lamp p 731, 928

2.9365 300 Xe lamp p 940

2.937 300 TiS, LD cw 942
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2.939 300 Xe lamp p 928

Y3Al5O12
4I11/2 →  4I13/2 2.9403 300 Xe lamp p 129

Y3Al5O12 :Cr 4I11/2 →  4I13/2 2.7 300 Kr laser cw 776

Y3Al5O12 :Tm 4I11/2 →  4I13/2 2.6975 300 Xe lamp p 938

2.8302 300 Xe lamp p 938

Y3Al5O12 :Yb 4I13/2 →  4I15/2 1.6459 295 Xe lamp p 793

1.646 300 laser diode cw 1121
4I11/2 →  4I13/2 2.6975 300 Xe lamp p 938

2.8302 300 Xe lamp p 938

Y3Al5O12 :

   Cr,Tm

4I11/2 →  4I13/2 2.62–2.94 300 Xe lamp p 934

Y3Al5O12 :

   Tm,Yb

4I11/2 →  4I13/2 2.9365 300 Xe lamp p 938, 942

Y3Al5O12 :

   Ho,Tm,Yb

4I11/2 →  4I13/2 2.6975 300 Xe lamp p 938

(Y,Er)3Al5O12
4I13/2 →  4I15/2 1.6596 77 Xe lamp p 237
4S3/2 →  4I9/2 1.776 77–110 Xe lamp p 237, 925
4I11/2 →  4I13/2 2.6930 77 Xe lamp p 237

2.830 300 ErGL p, upc 1094

2.8552 →
   2.8590

110 Xe lamp p 918

2.6975 →
   2.6979

110 Xe lamp p 918

2.7156 →
   2.7150

110 Xe lamp p 918

2.733 →
   2.7328

110 Xe lamp p 918

2.7953 →
   2.7958

300 Xe lamp p 918

2.7953 →
   2.7958

110 Xe lamp p 918

2.80 300 Xe lamp AML 969

2.830 300 ErGL p, upc 926

2.8302 300 Xe lamp p 964

2.8302 →
   2.8297

300 Xe lamp p 918

2.8748 →
   2.8752

110 Xe lamp p 918
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2.8967 →
   2.8979

110 Xe lamp p 918

(Y,Er)3Al5O12
4I11/2 →  4I13/2 2.8970 77 Xe lamp p 237

2.936 300 ErGL p, upc 1094

2.9362 →
   2.9366

300 Xe lamp p 918, 964

2.9364 300 Xe lamp p 225, 926,

973–975

2.9365 300 Xe lamp p 964

2.937 300 Xe lamp p 926

300 ErGL p, upc 926

(Y,Er)3Al5O12
4I11/2 →  4I13/2 2.9395 →

   2.9397

110 Xe lamp p 918

2.943 110 Xe lamp p 926

100 ErGL p, upc 926

(Y,Er)3Al5O12 :

   Cr

4I11/2 →  4I13/2 2.94 300 Xe lamp AML 957, 992

(Y,Er)3Al5O12 :

   Nd

4I11/2 →  4I13/2 2.94 300 Xe lamp p 672

Y3Ga5O12
4I13/2 →  4I15/2 1.64 300 Kr laser cw 976

Y3Sc2Al3O12 4I11/2 →  4I13/2 2.7 300 Kr laser cw 776

Y3Sc2Ga3O12
4I13/2 →  4I15/2 1.640 300 Kr kaser cw 776

1.643 300 ErGL p 1026
4I11/2 →  4I13/2 2.791 300 Xe lamp AML 992
4I11/2 →  4I13/2 2.794 300 ErGL p. upc 1092–1093

2.797 300 TiS, LD cw 942

2.802 300 ErGL p. upc 1092–1093

Y3Sc2Ga3O12 : 4I11/2 →  4I13/2 2.707 300 Kr laser cw 776

   Cr 2.79–2.80 300 Xe lamp p 970–972

300 Xe lamp Q 956

Y3Sc2Ga3O12 : 4I11/2 →  4I13/2 2.640 300 Kr kaser cw 776

   Cr,Tm 2.707 300 Kr kaser cw 776

YScO3:Gd 4I13/2 → 4I15/2 1.6437 77 Xe lamp p 783

1.6682 77 Xe lamp p 783
4I11/2 → 4I13/2 2.86372 77 Xe lamp p 783

Y2SiO5:Yb 4I13/2 → 4I15/2 1.57 300 TiS laser cw 1125

1.545–1.617 300 laser diode cw 1121
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Yb3Al5O12
4I13/2 →  4I15/2 1.6615 77 Xe lamp p 726

ZrO2-Er2O3
4I13/2 → 4I15/2 1.620 77 Xe lamp p 764

Thulium (Tm3+ ,  4f12)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaEr2F8
3F4 → 3H6 1.9975 110 Xe lamp p 115

Ba(Y,Yb)2F8: 1I6  → 3F4 0.3479 300 TiS laser cw, upc 1095
1I6  → 3H4 0.4574 ≈77 TiS laser cw, upc 21

0.4581 ≈77 TiS laser cw, upc 21

1D2 → 3F4 0.455 300 TiS laser cw, upc 1096

0.456 300 LD/TiS qcw, upc 21
1G4 → 3H6 0.482 300 LD/TiS qcw, upc 21
1D2 → 3H5 0.512 300 LD/TiS qcw, upc 21
1G4 → 3H4 0.649 300 TiS laser cw, upc 78
1G4 → 3H5 0.799 300 TiS laser cw, upc 207
3H4 → 3F4 1.480 300 TiS laser cw, upc 21

BaY2F8:Er 3F4 → 3H6 1.9190 300 Xe lamp p, upc 813

1.965 300 Xe lamp p 1004

1.9654-5 300 Xe lamp p 548, 549

1.9965 110 Xe lamp p 115
3H4 → 3H5 2.2845 300 NdGL p, upc 711

BaYb2F8
1G4 → 3F4 0.649 300 NdGL p, upc 1097

0.6490 300 NdYAG p 79
3H4 → 3F4 ~1.48 300 Xe lamp p 1098

1.482 300 NdGL p, upc 711

300 Xe lamp p, upc 714
1G4 → 3F3 ~1.58 300 NdGL p, upc 1097

1.5808 300 NdYAG p 79
3F4 → 3H6 1.96 300 Xe lamp p 953, 1004

1.9925 110 Xe lamp p, upc 813

BaYb2F8:Tm 1G4 → 3H4 0.6490 300 Nd laser p, upc 1097
1G4 → 3F3 1.5808 300 Nd laser p, upc 1097

Ca(NbGa)2-

   Ga3O12 :Cr

3F4 → 3H6 2.02 300 Xe lamp p 830

Ca(NbO3)2
3F4 → 3H6 1.91 77 Xe lamp p 753
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CaF2
3F4 → 3H6 ~1.9 77 Xe lamp p 755

CaF2:Er 3F4 → 3H6 1.894 ~100 Xe lamp p 790, 936

Xe lamp cw 836

CaF2-ErF3
3F4 → 3H6 1.860 77 Xe lamp p 798

CaF2-HoF 3-ErF3
3F4 → 3H6 1.860 77 Xe lamp p 834

CaMoO4:Er 3F4 → 3H6 1.9060 77 Xe lamp p 821

1.9115 77 Xe lamp p 821

CaWO4
3F4 → 3H6 1.911 77 Xe lamp p 291

1.916 77 Xe lamp p 291, 822

CaY4(SiO4)3O 3F4 → 3H6 1.94 300 TiS laser cw 826

Er2O3
3F4 → 3H6 1.934 77 Xe lamp p, cw 816

ErAlO3
3F4 → 3H6 1.872 77, 150 Xe lamp p 819

(Er,Lu)AlO3
3F4 → 3H6 1.8845 77 Xe lamp p 840

Er3Al5O12
3F4 → 3H6 1.9–2.0 77 — p 823

(Er,Yb)3Al5O12
3F4 → 3H6 1.8850 77 Xe lamp p 726

2.0195 77 Xe lamp p 726

GdAlO3
3F4 → 3H6 1.8529 77 Xe lamp p 804

1.9925 90 Xe lamp p 825

Gd3Sc2Ga3O12 :Cr 3H4 → 3F4 1.48 300 Xe lamp p 710

Gd3Sc2Ga3O12 : 3H4 → 3H5 2.335 300 Xe lamp p 710

   Cr,Ho 300 Xe lamp p, cas 873

GdVO4
3F4 → 3H6 ~1.95 300 TiS laser cw 608

KGd(WO4)2:Er 3F4 → 3H6 1.93 ~110 Xe lamp p 1048,1147

KY(WO4)2:Er,Yb 3F4 → 3H6 1.92 110–200 Xe lamp p 1048,1147

LiNbO3 1.8532 77 Xe lamp p 370

LiYF4
1D2 → 3F4 0.4502     <    70 TiS laser cw, upc 18

0.4502 75 dye laser p, upc 19
0.4502 77 NdYAG p, upc 1100

0.4526 ~100 Xe lamp p 20

0.453 300 flashlamp p, upc 1100
1G4 → 3H6 0.4835     <    160 dye laser cw, upc, pa 18
3H4 → 3F4 1.50 300 TiS laser cw, cas 743
3F4 → 3H6 1.88 300 ruby laser p, cas 811

1.8890 110 Xe lamp p, cas 812



Thulium (Tm3+ ,  4f12)—continued
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Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .
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LiYF4
3F4 → 3H6 1.9090 110 Xe lamp p 812
3H4 → 3H5 2.20–2.46 300 TiS laser cw 912

2.295–2.424 300 TiS laser cw 913

2.30 300 ruby laser p, cas 811

2.303 110 Xe lamp p, cas 812

LiYF4:Tb 3H4 → 3F4 1.449–1.455 300 laser diode cw 700

LiYF4:Yb 1G4 → 3F4 0.650 300 TiS laser upc 80
1G4 → 3H5 0.792 300 TiS laser upc 80
3H4 → 3H6 0.810 300 TiS laser upc 80

LiYF4:Yb 3H4 → 3F4 1.464 300 laser diode upc 80

1.500 300 laser diode cw, upc 80
1G4 → 3F3 1.568 300 laser diode cw, upc 80

Lu3Al5O12
3F4 → 3H6 1.8855 77 Xe lamp p 794

2.0240 77 Xe lamp p 794

Lu3Al5O12 :Cr,Ho 3H4 → 3H5 2.3425 110 Xe lamp p, cas 889

α-NaCaErF6
3F4 → 3H6 1.8580 150 Xe /W lamp p/cw 805

1.8885 77, 150 Xe /W lamp p/cw 805

ScBeAlO4
1G4 → 3H5 0.792 300 206

SrF2
3F4 → 3H6 1.972 77 Xe lamp p, cas 463

SrLaGa3O7
1G4 → 3H6 0.488     <    230 dye laser p 24
1G4 → 3F4 0.645 300 dye laser p 24

Y2O3
3F4 → 3H6 ~2.0 300 cw 867

YAlO3
3F4 → 3H6 1.883 90 Xe lamp p 803
3H4→ 3H5 2.348 300 Xe lamp p 905

2.349 300 Xe lamp p 905

YAlO3:Cr 3F4 → 3H6 1.856 90 Xe lamp p 803

1.9335 90 Xe lamp p 803
3H4 → 3H5 2.274 300 Kr laser p 904

2.318 300 Xe lamp p 904

~2.34 90, 300 Xe lamp p 803

2.353 300 Xe lamp p 904

2.354 300 Xe lamp p 904

2.355 300 Xe lamp p 904

YAlO3:Er 3F4 → 3H6 1.861 77 Xe lamp p 130

(Y,Er)AlO3
3F4 → 3H6 1.861 77 Xe lamp p 130
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Y3Al5O12
1G4 → 3H6 0.486     <    30 dye lasers sp, upc 1080

Y3Al5O12
3F4 → 3H6 1.87–2.16 300 TiS laser cw 800

1.8834 77 Xe lamp p 278
3H4 → 3H5 2.324 300 W lamp cw 904

Y3Al5O12 :Cr 3F4 → 3H6 1.945–2.014 300 Xe lamp p 828

2.0132 77 Xe /W lamp p/cw 278

2.014 300 TiS /KrL cw 977

2.015 300 TiS /KrL cw 978

2.019 300 W lamp cw 278

Y3Al5O12 :Er 3F4 → 3H6 1.880 77 Xe lamp p 228

Y3Al5O12 :Er 3F4 → 3H6 1.884 77 Xe lamp p 228

2.014–2.019 77 Xe lamp p 228

(Y,Er)3Al5O12
3F4 → 3H6 1.880 77 cw, upc 80

1.884 77 Xe lamp p 794

2.014 85 Xe lamp p 278

Y3Sc2Ga3O12
3F4 → 3H6 1.85–2.14 300 TiS laser cw 800

2.018 300 Xe lamp p 829

Y3Sc2Ga3O12 :Cr 3F4 → 3H6 1.862 300 Kr laser cw 776

YVO4
3F4 → 3H6 1.94 300 TiS laser cw 827

~2.0 77 — p 832

ZrO2-Er2O3
3F4 → 3H6 ~1.896 77 Xe lamp p 764

Ytterbium (Yb3+ ,  4f13)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaCaBO3F 2F5/2 → 2F7/2 1.034 300 TiS laser p 275

Ca3Sr2(PO4)3F 2F5/2 → 2F7/2 1.046 300 TiS laser cw 17

Ca4Sr(PO4)3F 2F5/2 → 2F7/2 0.985 300 TiS laser cw 17

1.046 300 TiS laser cw 17

1.110 300 TiS laser cw 17

Ca5(PO4)3F 2F5/2 → 2F7/2 1.043 300 TiS laser cw 284, 311

CaF2:Nd 2F5/2 → 2F7/2 1.0336 120 Xe lamp p 285

Gd3Ga5O12 :Nd 2F5/2 → 2F7/2 1.0232 77 Xe lamp p 276

Gd3Sc2Al3O12 :Nd 2F5/2 → 2F7/2 1.0299 77 Xe lamp p 279
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Ytterbium (Yb3+ ,  4f13)—continued
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

KGd(WO4)2
2F5/2 → 2F7/2 1.026–1.044 300 laser diode cw 277

KY(WO4)2
2F5/2 → 2F7/2 1.026–1.042 300 laser diode cw 277

LiNbO3
2F5/2 → 2F7/2 1.008 300 TiS laser cw 999

   (waveguide) 1.030 300 TiS laser cw 999

1.060 300 TiS laser cw 999

Lu3Al5O12
2F5/2 → 2F7/2 1.0297 77 Xe lamp p 276

1.03 175 laser diode cw 283

Lu3Al5O12 :Nd,Cr 2F5/2 → 2F7/2 1.0294 77 Xe lamp p 276

Lu3Ga5O12 :Nd 2F5/2 → 2F7/2 1.0230 77 Xe lamp p 276

Lu3Sc2Al3O12 :Nd 2F5/2 → 2F7/2 1.0299 77 Xe lamp p 279

Sr5(PO4)3F 2F5/2 → 2F7/2 0.985 300 Cr:LiSAF qcw 67

1.047 300 TiS laser p 311

300 laser diode p 312

Sr5(VO4)3F 2F5/2 → 2F7/2 1.044 300 TiS laser p 17

Y3Al5O12
2F5/2 → 2F7/2 1.0293 77 Xe lamp p 276

1.0296 77 Xe lamp p 278

   (waveguide) 1.03 300 TiS laser cw 280

1.03 300 laser diode cw 281

1.031 300 TiS laser p 311

Y3Al5O12 :Nd 2F5/2 → 2F7/2 1.0297 200 Xe lamp p 276

   (waveguide) 1.03 300 laser diode cw 282

Y3Al5O12 :Nd,Cr 2F5/2 → 2F7/2 1.0298 210 Xe lamp p 276

(Y,Yb)3Al5O12
2F5/2 → 2F7/2 1.0293 77 Xe lamp p 276

YCa4O(BO3)3
2F5/2 → 2F7/2 1.018–1.087 300 TiS laser cw 1149

Y3Ga5O12 :Nd 2F5/2 → 2F7/2 1.0233 77 Xe lamp p 276
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1.1.7  Actinide Ion Lasers

Table 1.1.12
Actinide Lasers

     Optical pump                       Mode of operation    
Hg — mercury arc lamp cw — continuous wave
TiS — Ti:sapphire laser p — pulsed
Xe — Xe arc lamp

Uranium (U3+ ,  5f3)
Host

crysta l
Laser

trans i t ion
Wavelength

( m)
Temp.

(K)
Optical

pump Mode Ref .

BaF2
4I11/2 → 4I9/2 2.556 20 Xe lamp p 901

CaF2
4I11/2 → 4I9/2 2.234 77 Xe lamp p 898

2.439 77 Xe lamp p 899

2.511 77 Xe lamp p 899, 900

2.571 77 Xe lamp p 900

2.6 4.2 Xe lamp p 932

2.613 20, 77, 90 Xe lamp p 933

2.613 77 Hg lamp cw 933

LiYF4
4I11/2 → 4I9/2 2.827 300 TiS laser cw 945

SrF2
4I11/2 → 4I9/2 2.407 20–90 Xe lamp p 902
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1.1.8  Other Ions and Crystals Exhibiting Gain

Table 1.1.13
Other Ions Exhibiting Gain

Ion
Host

crysta l Transi t ion
Wavelength

( m)
Temp.

(K) Ref .

Ag+ KI, RbBr 1T1u  → 1A1g ~0.337 5 1101–2

Cr3+ LiNbO3
4T2 → 4A2 0.910 300 1103

Cr3+ LiNbO3
4T2 → 4A2 0.927 300 1104

Cr4+ CaGd4(SiO4)3O 3T2 → 3A2 1.15–1.5 300 1105

Cu+ Ag–β"–alumina 4s → 3d 0.6328 300 1106

Cu+ Na-β"-alumina(a) 4s → 3d 0.5145 300 1106

Dy3+ LaCl3
6H9/2 → 6H15/2 1.319, 1.338 300 1107

In+ KCl 6p → 6s 0.442 — 1108

Mn5+ Ca2PO4Cl 1E → 3A2 1.15 300 1109

Mn5+ Sr5(PO4)3Cl 1E → 3A2 ~1.2 300 1109

Nd3+ Gd3(Sc,Ga)5O12 :Cr 4F3/2 → 4I11/2 1.061(b) 300 1110

Nd3+ LiYF4 5d → 4I11/2 0.186(c) 300 1111

Nd3+ ZnS film 4F3/2 → 4I11/2 ~1.080(d) 77 1112

Rh2+ RbCaF3
2T1 → 2E 0.700–0.720 300 1113

Ti4+ Li2GeO3 charge transfer 0.388–0.524 300 1114

Tl+ CsI 6p → 6s 0.407 — 1115

Tl+ KI 6p → 6s 0.420 — 1116

UO2
2+ Ca(UO2)(PO4)•H2O charge transfer 0.500–0.550 — 1117

V2+ KMgF3
4T2 → 4A2 1.064 — 1118

(a) Typical composition: Na1.67Mg0.67Al10.33O19 .

(b) X-ray induced optical gain.
(c) Because of the presence of excited state absorption, a negative net-induced gain coefficient 

was measured.
(d) Direct current electroluminescence (DCEL) and cathodoluminescence.

1.1.9  Self-Frequency-Doubled Lasers

Table 1.1.14
Self-Frequency-Doubled Transition Metal Ion Lasers

Host
crysta l

Las ing
i o n

Primary
trans i t ion

Frequency-doubled
wavelength  ( m) (a)

Temp.
(K) Ref .

Ca2Ga2SiO7 Cr3+ 4T2 → 4A2 0.5 300 1017

La3Ga5.5Nb0.5O14 Cr3+ 4T2 → 4A2 0.53 300 1017

La3Ga5.5Ta0.5O14 Cr3+ 4T2 → 4A2 0.54 300 1017

La3Ga5GeO14 Cr3+ 4T2 → 4A2 0.52 300 1017

La3Ga5SiO14 Cr3+ 4T2 → 4A2 0.48 300 1017

Sr3Ga2GeO14 Cr3+ 4T2 → 4A2 0.5 300 1017

(a)  Center wavelength of tuning range.
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Table 1.1.15
Self-Frequency-Doubled Lanthanide Ion Lasers

Host
crysta l

Las ing
i o n

Primary
trans i t ion

Frequency-doubled
wavelength  ( m)

Temp.
(K) Ref .

YAl3(BO3)4 Nd3+ 4F3/2 → 4I9/2 ~0.455 300 1018

Ba2NaNb5O15 Nd3+ 4F3/2 → 4I11 /2 0.5355, 0.53065 300 1152

Ca4YO(BO3)3 Nd3+ 4F3/2 → 4I11 /2 0.53 300 1129, 1137

β'-Gd2(MoO4)3 Nd3+ 4F3/2 → 4I11 /2 0.5303 300 1058

Ca2Ga2SiO7 Nd3+ 4F3/2 → 4I11 /2 0.5344 300 1016

Ca4GdO(BO3)3 Nd3+ 4F3/2 → 4I11 /2 0.530 300 489

Gd2(MoO4)3 Nd3+ 4F3/2 → 4I11 /2 0.5150 300 1154

LaBGeO5 Nd3+ 4F3/2 → 4I11 /2 0.524 300 1056–1057

LaBGeO5 Nd3+ 4F3/2 → 4I11 /2 0.5241 300 1013–1015

La3Ga5.5Nb0.5O14 Nd3+ 4F3/2 → 4I11 /2 0.5323 300 1016

La3Ga5SiO14 Nd3+ 4F3/2 → 4I11 /2 0.5335 300 1016, 1023

La3Ga5GeO14 Nd3+ 4F3/2 → 4I11 /2 0.5337 300 1016

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5425 408–17 1006

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5441 300 1009–1011

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5457 300 1009–1011

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5464 300 1009–1011

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5465 ~425 36, 1008

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.5467 ~360 1005

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 ~0.547 300 855

LiNbO3:MgO Nd3+ 4F3/2 → 4I11 /2 0.547 300 81, 1156

LiNbO3:Sc2O3 Nd3+ 4F3/2 → 4I11 /2 ~0.546 300 1012

LiNbO3:ZnO Nd3+ 4F3/2 → 4I11 /2 0.547 300 1133

LiYF4 Nd3+ 4F3/2 → 4I11 /2 0.5236 300 316

SrxBa1-x(NbO3)2 Nd3+ 4F3/2 → 4I11 /2 0.5313 300 1153

Sr3Ga2GeO14 Nd3+ 4F3/2 → 4I11 /2 0.5347 300 1017

YAl3(BO3)4 Nd3+ 4F3/2 → 4I11 /2 ~0.53 300 1019, 1020

YAl3(BO3)4 Nd3+ 4F3/2 → 4I11 /2 0.530 300 47

YAl3(BO3)4 Nd3+ 4F3/2 → 4I11 /2 0.531 300 1156

LaBGeO5 Nd3+ 4F3/2 → 4I11 /2 0.524 300 1156

LaBGeO5 Nd3+ 4F3/2 → 4I13 /2 0.6571 300 1013–1015

YAl3(BO3)4 Nd3+ 4F3/2 → 4I13 /2 ~0.66 300 1021

YAl3(BO3)4 Nd3+ 4F3/2 → 4I13 /2 0.669 300 1127

LiNbO3 Tm3+ 3F4 → 3H6 0.9266 77 65



©2001 CRC Press LLC

1.1.10  Commercial Crystalline Transition Metal Ion Lasers

Table 1.1.16
Commercial Crystalline Transition Metal Ion Lasers

Laser Type Operation
Principal

wavelengths ( m) Output

Ruby (Cr:Al2O3) pulsed (SH) 0.347 0.1–0.3 J

cw 0.6943 7 W

pulsed 0.6943 0.3–100 J

Alexandrite (Cr:BeAl2O4) pulsed 0.36–0.4 (SH) 10–500 mJ

cw 0.7–0.8 0.1–2 W

pulsed 0.72–0.82 10 mJ–3 J

Ti: sapphire (Ti:Al2O3) pulsed 0.25–0.30 (TH) 50 mJ–1 mJ

cw 0.36–0.46 (SH) 0.01–0.2 mW

pulsed 0.36–0.45 (SH) 0.3–25 mJ

cw 0.67–1.13 0.25–5 W

pulsed 0.7–1.1 10 mJ–3 J

Cobalt perovskite (Co:MgF2) pulsed, cw 1.75–2.5 20–25 mJ

Chromium:LiSAF (Cr:LiSrAlF6) pulsed 0.78–1.01 2 mJ

Chromium fluoride (Cr:KZnF3) cw 0.78–0.85 1 W

pulsed 0.78–0.85 10 mJ

Forsterite (Cr:Mg2SiO4) pulsed 0.58–0.66 (SH) 2 mJ

pulsed 1.13–1.36 0.1–20 J

Abbreviations: SH - second harmonic, TH - third harmonic,
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1.1.11  Commercial Crystalline Lanthanide Ion Lasers

Table 1.1.17
Commercial Crystalline Lanthanide Ion Lasers

Laser Type Operation Wavelengths ( m) Output

    Neodymium

Nd:YAB [YAl3(BO3)4] cw 0.53 (SH) 10 mW

cw 1.06 10–200 W

cw (DP) 1.06 0.1–1 W

Nd:YAG (Y3Al5O12 ) pulsed 0.213 (FFH) 4–15 mJ

cw 0.266 (FH) 0.02–0.6 W

pulsed 0.266 (FH) 1–300 mJ

cw 0.355 (TH) 0.01–1.5 W

pulsed 0.355 (TH) 1–800 mJ

cw 0.532 (SH) 0.1–60 W

cw (DP) 0.532 (SH) 0.1–0.5 W

pulsed 0.532 (SH) 0.1–100 J

pulsed (DP) 0.532 (SH) 0.001–0.1 J

cw 0.946 10 mW

cw (multimode) 1.064 1–3000 W

cw (TEM00 ) 1.064 0.1–60 W

cw (DP) 1.064 1 mW–20 W

pulsed (multi.mode) 1.064 0.1–2000 J

pulsed (TEM00 ) 1.064 1–2.5 J

pulsed (DP) 1.064 0.1–250 mJ

cw 1.319 0.2–100 W

cw (DP) 1.319 0.2–2 W

pulsed 1.319 1–5 J

Nd:YLF (LiYF4) pulsed 0.209 (FFH) 0.2 mJ

pulsed 0.263 (FH) 0.2–2 mJ

pulsed 0.351 (TH) 0.3–2 mJ

pulsed 0.523 (SH) 0.02–15 mJ

pulsed 0.527 (SH) 1–15 mJ

cw 1.047 0.5–6 W

cw (DP) 1.047 0.5–2 W

pulsed 1.047 0.5 J

pulsed (DP) 1.047 0.01–0.15 J

cw 1.053 2–45 W

cw (DP) 1.053 0.5–5 W

pulsed 1.053 0.1–10 J

pulsed (DP) 1.053 ≤ 1 mJ

cw 1.313 1.5–3 W

cw (DP) 1.313 0.04–0.8 W

pulsed (DP) 1.313 ≤ 10 -5 J

cw 1.321 40-200 mW
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Table 1.1.17—continued
Commercial Crystalline Lanthanide Ion Lasers

Laser Type Operation Wavelengths ( m) Output

Nd:YVO4 pulsed (DP) 0.355 (TH) 30 mW

cw 0.473 (SH) 1–100 mW

cw (DP) 0.473 (SH) 20 mW

cw 0.532 (SH) 0.01–5 W

cw (DP) 0.532 (SH) 10–50 mW

pulsed 1.064 ≤ 150 mJ

cw 1.064 2.5–10 W

Nd:GGG (Gd3Ga5O12 ) pulsed 1.062 14 J

Nd:YAP or YALO (YAlO3) cw, pulsed 1.079 ≤ 60 W

Nd,Cr:GSGG (Gd3Sc2Ga3O12 ) pulsed 1.061 0.5–40 J

    Holmium    

Ho:YLF cw 2.048–2.069 0.05–1 W

Ho:YAG (Y3Al5O12 )  cw 2.088–2.091 0.05–1 W

pulsed 2.1 1–5 J

Ho:YSGG (Y3Sc2Ga3O12 ) pulsed 2.088 3 J

Ho,Tm,Cr:YAG (Y3Al5O12 ) cw 2.09 0.05–1 W

pulsed 2.09 0.5–2 J

    Erbium

Er:YAG (Y3Al5O12 ) cw 2.90, 2.94 2–10 W

pulsed 2.90, 2.94 1–4 J

Er:YSGG (Y3Sc2Ga3O12 ) pulsed 2.79 2 J

    Thulium

Tm:LuAG (Lu3Al5O12 ) pulsed (DP) 2.019, 2.033 0.01 J

cw 2.019, 2.033 0.05–1 W

Tm:YAG (Y3Al5O12 ) pulsed 2.01 2 J

cw 2.006–2.025 0.05–1 W

Abbreviations: SH - second harmonic, TH - third harmonic, FH - fourth harmonic, FFH - fifth
harmonic, DP – diode pumped.
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Section 1.2
GLASS LASERS

1.2.1  Introduction

The past two decades have witnessed increased activity in glass lasers, in the form of both
bulk materials and fiber and planar waveguides. Fibers, with their long interaction region,
and heavy metal fluoride glasses, with their low vibrational frequencies and hence reduced
probabilities for decay by nonradiative processes, have made possible many new lasing
transitions and operation at longer wavelengths. Upconversion pumping schemes, laser diode
pumping, and double-clad fibers have further extended the ulitization of glass lasers.

Glass lasers and amplifiers have been based almost exclusively on the trivalent lanthanide
ions. Ions and host glasses that have been used for lasers are summarized in Table 1.2.1.
The energy levels, lasing transitions, and approximate wavelengths of lanthanide-ion glass
lasers are shown in Figures 1.2.1(a) and 1.2.1(b).

Table 1.2.1
Host Glass Types and Laser Ions

Glass  Type Pr3+ Nd3+ Pm3+ Sm3+ Tb3+ Ho3+ Er3+ Tm3+ Yb3+

     Oxide Glasses    

borate • • •
germanate • • •
phosphate • • •
silica • • • • • • •
silicate • • • • •
aluminosilicate •
borosilicate • •
germanosilicate •
tellurite •

     Halide Glasses

fluoroberyllate •
fluorozirconate • • • • • •

     Oxyhalide Glasses

fluoroaluminate • •
fluorophosphate • •

     Chalcogenide Glasses

sulfide •
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Figure 1.2.1    Energy levels, laser transitions, and approximate wavelengths (microns) of
lanthanide-ion glass lasers.



©2001 CRC Press LLC

As shown in Figure 1.2.2, the reported wavelengths of lanthanide-ion glass lasers range
from 0.38 to 4 microns. The wavelength range is less than that of crystals at both the long
and short wavelength extrema. The lasing wavelength could be extended to shorter wave-
lengths using glassy hosts with larger energy gaps such as beryllium fluoride and silica.
Extension further into the infrared is limited by the vibrational frequencies associated with
the glass network formers and nonradiative decay processes.
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Figure 1.2.2   Approximate wavelengths of lanthanide-ion glass lasers; exact wavelengths are
dependent on the glass composition and temperature and the specific Stark levels involved (from
the Handbook of Laser Wavelengths, CRC Press, Boca Raton, FL, 1998, with permission).
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Unlike crystals, which have a unique composition and structure, many glasses may be
formed in broad compositional ranges with varying parentages of glass network formers
(e.g., silicate, phosphate, borate) and network modifiers (e.g., alkali ions, alkaline earths
ions). Compositional changes affect the stimulated emission cross sections, rates of radiative
and nonradiative transitions, crystalline field splittings, and inhomogeneous broadening.
Although trivially small compositional changes might technically constitute a new host
material, the lasers listed in the tables in Section 1.2.2 are generally characterized by either
significantly different host glass compositions or different operating properties, thus the
tables are representative rather than exhaustive with respect to all glass lasers reported.

Because of site-to-site variations in the local fields in glass, there is a distribution of
energy levels and transition frequencies that appear as inhomogeneous broadening and
provide a small degree of tunability. Examples of reported tuning ranges of lanthanide-ion
glass lasers are shown in Figure 1.2.3.

Upconversion excitation techniques involving multi-step absorption, energy transfer,
excited state absorption, and photon avalanche have also been exploited for glass lasers.
Examples of upconversion pumping schemes that have been used for fluorozirconate fiber
lasers are given in Table 1.2.2.

In addition to glass laser operation involving a single transition, several cascade lasing
schemes have been demonstrated, although not as many as for crystalline lasers (see Table
1.1.1). These schemes for glass lasers are summarized in Table 1.2.3. In all cases the lasers
have utilized fluorozirconate fibers and have operated at room temperature.

    0.5          1.0           1.5          2.0          2.5          3.0

Pr3+: fluorozirconate:

                  

Nd3+:silica:

                 

Ho3+: fluorozirconate:
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Tm3+: fluorozirconate:

            

Yb3+:silica:

    

   0.5          1.0           1.5          2.0          2.5          3.0
         Wavelength ( µm)

Figure  1.2.3   Reported tuning ranges of lanthanide-ion glass lasers (see Tables for specific
wavelengths and host glasses).
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Table 1.2.2
Upconversion Fluorozirconate Fiber Lasers

Laser
wave length( s )

( m)
Pumping
scheme

Pump
wave length( s )

( m)
Temp.

(K) Mode Ref .

Pr3+ lasers:

0.491, 0.520,

0.605, 0.635

2-step absorption 0.835, 1.010 RT cw 6

0.491, 0.520,

0.635

2-step absorption 1.020 RT cw 228

Pr3+ (+ Yb3+)  lasers:

0.491–0.493,

0.517–0.540,

0.605–0.622,

0.635–0.637

ET + ESA 0.860 RT cw 8

0.635 ET + ESA 0.850 RT cw 226

0.602, 0.635 ET + ESA 0.860 RT cw 19

0.521, 0.635 ET + ESA 0.830, 1.016 RT cw 10

0.635 ET + ESA 0.849 RT cw 23

Nd3+ lasers:

0.381, 0.412 2-step absorption 0.590 RT p, cw 1, 2

Ho3+ lasers:

0.540–0.553 2-step absorption 0.647 RT cw 13

0.540–0.553 2-step absorption 0.643 RT cw 227

Er3+ lasers:

0.544 2-step absorption 0.801 RT cw 229

0.544 2-step absorption 0.971 RT cw 230

0.546, 0.850 2-step absorption 0.800 RT cw 14

0.548 2-step absorption 0.800 RT cw 16

Tm3+ lasers:

0.455 2-step absorption 0.676, 0.647 77 3

0.455 2-step absorption 0.645, 1.064 RT cw 4

0.480 2-step absorption 0.676, 0.647 77 sp 3

0.480 3-step absorption 1.12 RT cw 5

0.810 2-step absorption 1.064 RT cw 27

Tm3+ (+ Yb3+)  lasers:

0.650 ET + ESA 1.120 RT 228

cw –  continuous wave, ESA – excited state absorption, ET – energy transfer, sp –  self-pulsed,
RT – room temperature.
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Table 1.2.3
Cascade Laser Schemes

Laser
i o n Cascade transit ions

Las ing
wave lengths  ( m) Ref .

Ho3+ 5S2 → 5I5 ➟ 5I6 → 5I7 1.4, 2.9 194
5I6 →  5I7 →  5I8 1.2, 3.9 231

Er3+ 4S3/2 →  4I9/2 ➟ 4I11/2 →  4I13/2 1.7, 2.7 163
4S3/2 →  4I9/2 ➟ 4I11/2 →  4I13/2 →  4I15/2 1.7, 2.7, 1.55 232

Tm3+ 3H4 →  3H5 ➟ 3F4 →  3H6 1.48, 1.88 115

→ lasing transition            ➟ nonradiative transition

Further Reading

Becker, P. C., Olsson, N. A., and Simpson, J. R., Erbium-Doped Fiber Amplifiers,
Academic Press, San Diego (1999).

Davey, S. T., Ainslie, B. J., and Wyatt, R., Waveguide Glasses, in Handbook of Laser
Science and Technology , Suppl. 2: Optical Materials, CRC Press, Boca Raton, FL
(1995), p. 635.

Desurvire, E., Erbium-Doped Fiber Amplifiers, John Wiley & Sons, New York, (1994).

Digonnet, M. J. F., Ed., Selected Papers on Rare-Earth-Doped Fiber Laser Sources and
Amplifiers,  SPIE Milestone Series, Vol. MS37, SPIE Optical Engineering Press,
Bellingham, WA (1992).

Digonnet, M. J. F., Ed., Rare Earth Doped Fiber Lasers and Amplifiers, Marcel Dekker,
New York (1993).

France, P. W., Ed., Optical Fibre Lasers and Amplifiers, Blackie and Sons, Ltd., Glasgow
and London (1991).

Hall, D. W. and Weber, M. J., Glass Lasers, in Handbook of Laser Science and
Technology, Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 137.

Miniscalco, W. J., Erbium-doped glasses for fiber amplifiers at 1500 nm, J. Lightwave
Techn. 9, 234 (1991).

Rapp, C. F., Laser Glasses: Bulk Glasses, in Handbook of Laser Science and Technology,
Suppl. 2: Optical Materials, CRC Press, Boca Raton, FL (1995), p. 619.

Stokowski, S. E., Glass Lasers, in Handbook of Laser Science and Technology, Vol. I:
Lasers and Masers , CRC Press, Boca Raton, FL (1982), p. 215.

Weber, M. J., Science and technology of laser glass, J. Non-Cryst. Solids, 123, 208 (1991).
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1.2.2  Tables of Glass Lasers

Data on specific lanthanide ion lasers are given in Table 1.2.4. The results are grouped
by the form of the glass—bulk (rod, disk), fiber, planar waveguide, microcavity. Within
each group, lasers are listed by the type of host glass that is specified by the glass network
former (silicate, phosphate, fluorozirconate, etc.) and, if known, the principal glass network
modifier cation(s). If codopants or sensitizing ions are added, they are listed in parentheses.
Commercial glasses are identified by their commercial designation (in parentheses). For
these lasers, the glass type is generally known but the detailed compositions are usually
proprietary.

Other columns in Table 1.2.4 give the lasing transition and wavelength, pump wave-
length or source (flashlamp, laser, sun), operating temperature, mode (pulsed, cw, quasi-cw;
single- or multi-mode), together with primary references. Lasers involving upconversion
schemes are noted in the mode column. Lasers that have been tuned over a range of
wavelengths are listed by the lowest wavelength reported; the tuning range given is that for
the configuration and experimental conditions used and may not represent the extremes
possible.

Abbreviations used in Table 1.2.4:

     Pump source                            Mode of operation    
alex — alexandrite (BeAl2O4:Cr) laser cw — continuous wave

Ar — argon ion laser DFB — distributed feedback
CC — color center laser m — multimode
D — frequency doubled p — pulsed
LD — laser diode qcw — quasi-continuous wave
NdYAG — Nd:Y3Al5O12  laser s — single mode
NdYLF — Nd:LiYF4 laser upc — upconversion pumping scheme
TiS — titanium doped sapphire (Al2O3) laser wgm — whispering galley mode
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Table 1.2.4
Glass lasers

Praseodymum (Pr3+,  4f2) Lasers

Hos t  g la s s
Las ing

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Ref .

    Fiber

fluorozirconate
3P0 → 3H4 0.491 RT Ar ion laser (0.476) m 7

fluorozirconate
3P0 → 3H4 0.491 RT TiS (0.835+1.01) cw, upc 6

fluorozirconate
3P0 → 3H4 0.491 RT Yb laser (1.020) cw, upc 228

fluorozirconate
3P0 → 3H4 0.492 RT TiS (0.835+1.017) cw, upc 9

fluorozirconate
3P0 → 3H4 0.492 RT LD (0.831+1.017) cw, upc 225

fluorozirconate
3P1 → 3H5 0.520 RT Ar ion laser (0.476) cw, m 7

fluorozirconate
3P1 → 3H5 0.520 RT LD (0.835+1.01) cw 6

fluorozirconate
3P1 → 3H5 0.520 RT Yb laser (1.020) cw, upc 228

fluorozirconate
3P0 → 3H6 0.599–0.611 RT Ar ion laser (0.476) m 7

fluorozirconate
3P0 → 3H6 0.601–0.618 RT Ar ion laser (0.476) cw 18

fluorozirconate
3P0 → 3H6 0.605 RT LD (0.835+1.01) cw, upc 6

fluorozirconate
3P0 → 3F2 0.631–0.641 RT Ar ion laser (0.476) cw, m 7, 18

fluorozirconate
3P0 → 3F2 0.635 RT Ar ion laser (0.476) m 7

fluorozirconate
3P0 → 3F2 0.635 RT LD (0.883+1.016) cw, upc 10

fluorozirconate
3P0 → 3F2 0.635 RT LD (0.835+1.01) cw 6

fluorozirconate
3P0 → 3F2 0.635 RT Yb laser (1.020) cw, upc 228

fluorozirconate
3P1 → 3F4 0.690–0.703 RT Ar ion laser (0.476) cw 18

fluorozirconate
3P1 → 3F4 0.707–0.725 RT Ar ion laser (0.476) cw 18

fluororzirconate
3P1 → 3F4 0.715 RT Ar ion laser (0.476) m 7

fluororzirconate
3P1 → 3F4 0.715 RT LD (0.835+1.01) cw 6

fluorozirconate
3P1 → 1G4 0.880–0.886 RT Ar ion laser (0.476) cw 18

fluorozirconate
3P0 → 1G4 0.902–0.916 RT Ar ion laser (0.476) cw 18

fluorozirconate
1G4 → 3H5 1.24–1.34 RT TiS laser (1.007) s 94

fluorozirconate
1G4 → 3H5 1.294 RT Nd:YAG laser (1.064) cw 97
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fluorozirconate (Yb)
3P0 → 3H4 0.491–0.493 RT TiS (0.780–0.880) cw 8, 235

fluorozirconate (Yb)
3P0 → 3H4 0.491 RT LD (0.840) cw 235

fluorozirconate (Yb)
3P1 → 3H5 0.517–0.540 RT TiS (0.780–0.880) cw 8

fluorozirconate (Yb)
3P1 → 3H5 0.521 RT LD (0.883+1.016) cw, upc 10

fluorozirconate (Yb)
3P0 → 3H6 0.602 RT laser diode (0.860) cw 19

fluorozirconate (Yb)
3P0 → 3H6 0.605–0.622 RT TiS (0.780–0.880) cw 8

fluorozirconate (Yb)
3P0 → 3F2 0.635 RT TiS (0.844, 0.849) cw, upc 23

fluorozirconate (Yb)
3P0 → 3F2 0.635 RT laser diode (0.860) cw 19

fluorozirconate (Yb)
3P0 → 3F2 0.635 RT (0.850) cw, upc 226

fluorozirconate (Yb)
3P0 → 3F2 0.635–0.637 RT TiS (0.780–0.880) cw 8

silica
1D2 → 3F4 1.080 RT dye laser (0.590) s 201

silica
1D2 → 3F3 1.080 RT Ar ion laser (0.488) m 31

silica
1D2 → 3F3,4 1.000–1.085 RT dye laser (0.592) m 44

silica (Ge)
3P0 → 1G4 0.888 RT dye laser (0.590) s 31

Neodymium (Nd3+,  4f3) Lasers

Hos t  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Bulk

borate
4F3/2 → 4I11/2 1.06 RT Hg arc lamp cw 68

La–Ba–Th borate
4F3/2 → 4I13/2 1.37 RT Xe flashlamp p 110

Ba-In-Ga-Zn-fluoride
4F3/2 → 4I11/2 1.0479 RT flashlamp p 217

fluoroberyllate
4F3/2 → 4I11/2 1.047 RT flashlamp p 49

fluorophosphate
4F3/2 → 4I11/2 1.051 RT Xe flashlamp p 54

glass ceramic
4F3/2 → 4I11/2 1.06 RT Xe flashlamp p 70, 71
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Neodymium (Nd3+,  4f3) Lasers—continued

Host  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

Li germanate
4F3/2 → 4I11/2 1.06 RT Ar ion laser (0.514) p 73

phosphate (APG-1)
4F3/2 → 4I11/2 1.0546 RT Ar ion laser (0.514) p 22

phosphate (LHG–5)
4F3/2 → 4I11/2 1.054 RT laser diode (0.800) p, cw 95

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT laser diode (0.800) cw 95

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT laser diode (0.800) p 104

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT Ar ion laser (0.514) cw 60

phosphate (LG-750)
4F3/2 → 4I11/2 1.046–1.078 RT Xe flashlamp p 45

phosphate (LG-760)
4F3/2 → 4I11/2 1.054 RT laser diode (0.802) cw 198

Li–La phosphate (Cr)
4F3/2 → 4I11/2 1.06 RT Kr laser (0.531, 0.647) qcw 74

Li–Nd–La phosphate
4F3/2 → 4I11/2 1.055 RT Xe flashlamp p 63

Li–Nd–La phosphate
4F3/2 → 4I13/2 1.32 RT Xe flashlamp p 63

Na–K–Cd phosphate
4F3/2 → 4I11/2 1.0535 RT Ar ion laser (0.514) p 58

Zn–Li phosphate
4F3/2 → 4I11/2 1.054 RT Xe flashlamp p 61, 62

silica (Al)
4F3/2 → 4I11/2 1.0635 RT dye laser (0.588) p 85

silica (+buffer)
4F3/2 → 4I11/2 1.062 RT Xe flashlamp p 84

silicate (GLS-1)
4F3/2 → 4I9/2 0.92 RT dye laser (0.580) p 35

silicate
4F3/2 → 4I11/2 1.06 RT Kr arc lamp cw 75

silicate (AO-702)
4F3/2 → 4I11/2 — RT sun p 220

silicate (LG-680)
4F3/2 → 4I11/2 1.052–1.076 RT Xe flashlamp p 45

K–Ba silicate
4F3/2 → 4I11/2 1.061 RT Xe flashlamp p 82

Na–Ca silicate
4F3/2 → 4I9/2 0.918 80 flashlamp p 34

Ga–La sulfide
4F3/2 → 4I11/2 1.08 RT TiS laser (0.815 cw 89

tellurite
4F3/2 → 4I11/2 1.066 RT TiS laser (0.804 p 87

Li tellurite
4F3/2 → 4I11/2 1.0605 RT Ar ion laser (0.514) 58

Li tellurite
4F3/2 → 4I11/2 1.0605 RT Xe flashlamp p 81
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    Fiber

chalcogenide
4F3/2 → 4I11/2 1.080 RT TiS laser (0.815 p, m 98

fluorophosphate
4F3/2 → 4I13/2 1.323, 1.328, 1.355 RT TiS laser (0.803) s 102

fluorozirconate
4D3/2 → 4I11/2 0.381 RT dye laser (0.590) m, upc 1

fluorozirconate 2P3/2 → 4I11/2 0.412 RT dye laser (0.581–0.593) cw, upc 2

fluorozirconate
4F3/2 → 4I11/2 1.049 RT Ar ion laser (0.514) p, m 105

fluorozirconate
4F3/2 → 4I11/2 1.050 RT Ar ion laser (0.514) m 52

fluorozirconate
4F3/2 → 4I13/2 1.31–1.36 RT Ar ion laser (0.496) cw, s 101

fluorozirconate
4F3/2 → 4I13/2 1.340 RT Ar ion laser (0.514) p, m 105

fluorozirconate
4F3/2 → 4I13/2 1.345 RT laser diode (0.795) cw, s 106

fluorozirconate
4F3/2 → 4I13/2 1.350 RT Ar ion laser (0.514) cw, m 107

phosphate
4F3/2 → 4I11/2 1.05 RT laser diode (0.807) s 50

phosphate
4F3/2 → 4I13/2 1.363 RT TiS, laser diode (0.815) cw, s 108

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT Xe flashlamp p 99

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT Ar arc lamp cw 99

phosphate (LHG–8)
4F3/2 → 4I11/2 1.054 RT laser diode (0.807) cw 109

phosphate (LHG–8)
4F3/2 → 4I13/2 1.366 RT laser diode (0.807) cw 109

silica
4F3/2 → 4I9/2 0.899–0.951 RT Ar ion laser (0.514) s 32

silica
4F3/2 → 4I9/2 0.938 RT dye laser (0.590) s ?

silica
4F3/2 → 4I9/2 0.938 laser diode (0.823) s 38

silica
4F3/2 → 4I9/2 0.900–0.945 RT dye laser (0.590) cw, s 33, 37

silica
4F3/2 → 4I11/2 1.06 RT Xe flashlamp m 76

silica
4F3/2 → 4I11/2 1.069–1.144 RT Ar ion laser (0.514) s 32

silica
4F3/2 → 4I11/2 1.070–1.135 RT dye laser (0.590) cw, s 33, 37

silica
4F3/2 → 4I11/2 1.0770–1.1386 RT Ar ion laser (0.514) m 88

silica (Er)
4F3/2 → 4I9/2 0.908(a) RT Ar ion laser (0.514) cw 140, 199

silica (Er)
4F3/2 → 4I9/2 0.932(a) RT Ar ion laser (0.514) cw 140
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Neodymium (Nd3+,  4f3) Lasers—continued

Host  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

silica (Er)
4F3/2 → 4I11/2 1.08(a) RT Ar ion laser (0.514) cw 140, 199

silica (Al)
4F3/2 → 4I11/2 1.060 RT Ar (0.514), LD (0.590) p 79

silica (Al)
4F3/2 → 4I11/2 1.088 RT laser diode (0.890) cw 90

silica (Ge)
4F3/2 → 4I11/2 1.088 RT laser diode (0.820) cw, s 91, 92

silica (P)
4F3/2 → 4I11/2 1.050–1.075 RT LD (0.790–0.850) cw 53

silica (P)
4F3/2 → 4I11/2 1.055 RT Kr ion laser (0.752) cw 64

silica (P)
4F3/2 → 4I13/2 1.36 RT Kr ion laser (0.752) cw 64

silicate (GLS3)
4F3/2 → 4I11/2 1.06 RT Xe flashlamp p 200

K–Ba silicate
4F3/2 → 4I11/2 1.061 RT Xe flashlamp p 82

Pb silicate (F7)
4F3/2 → 4I11/2 1.06 RT LD (0.807) s 72

tellurite
4F3/2 → 4I11/2 1.061 RT TiS laser (0.818) s 83

     Microsphere

fluorozirconate
4F3/2 → 4I11/2 1.051 RT laser diode (0.800) cw 197

fluorozirconate
4F3/2 → 4I13/2 1.334 RT laser diode (0.800) cw 197

silica
4F3/2 → 4I9/2 ~0.930 RT laser diode (0.807) cw, wgm 217

silica
4F3/2 → 4I11/2 ~1.080 RT laser diode (0.807) cw, wgm 217

silicate
4F3/2 → 4I9/2 0.860, 0.890 RT Ar ion laser (0.514) cw 219

    Planar Waveguide

borosilicate
4F3/2 → 4I11/2 1.06 RT dye laser (0.590) p 69

borosilicate (BK–7)
4F3/2 → 4I11/2 1.058 RT TiS laser (0.807) cw, s 66

phosphate
4F3/2 → 4I9/2 0.905 RT 0.974 cw 21

phosphate
4F3/2 → 4I11/2 1.057 RT 0.974 cw 21

phosphate
4F3/2 → 4I13/2 1.356 RT 0.974 cw 21

phosphate (LG–760)
4F3/2 → 4I11/2 1.05 RT dye laser (0.590) m 51

phosphate (LHG–5)
4F3/2 → 4I11/2 1.054 RT laser diode (0.802) cw 59
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phosphate (LHG–5)
4F3/2 → 4I13/2 1.325, 1.355 RT laser diode (0.802) cw, m 103

silica
4F3/2 → 4I11/2 1.053 RT laser diode (0.805) cw, m 57

silica (Al)
4F3/2 → 4I11/2 1.062 RT TiS laser (0.807) cw 80

silica (P)
4F3/2 → 4I11/2 1.0515 RT TiS laser (0.80) cw 55

silica (P)
4F3/2 → 4I11/2 1.0525 RT laser diode (0.805) cw, m 56

silicate (GLS2, GLS3)
4F3/2 → 4I11/2 ~1.06 RT flashlamp p, m 77

silicate (LG–660)
4F3/2 → 4I11/2 1.057 RT Ar ion laser (0.528) cw 65

(a)  Simultaneous lasing of Er3+ at 1.53 µm.

Promethium (Pm3+,  4f4) Lasers

Hos t  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Bulk

Pb–In phosphate
5F1 → 5I5 0.933 RT dye laser (0.572) p 36

Pb–In phosphate
5F1 → 5I6 1.098 RT dye laser (0.572) p 36

Samarium (Sm3+,  4f5) Lasers

Hos t  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Fiber

silica
4G5/2 → 6H9/2 0.651 RT Ar ion laser (0.488) s 24

Terbium (Tb3+,  4f9) Lasers

Hos t  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Bulk

borate 5D4 → 7F5 0.54(a) RT Xe flashlamp p 11

(a)  Evidence of lasing was based on the appearance of emission spikes.
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Holmium (Ho3+,  4f10) Lasers

Hos t  g la s s

Laser
trans i t ion

Laser
wave length  ( m)

Temp.
(K)

Pump source
[wave length  –  m] Mode Reference

    Bulk

germanate
5I7 → 5I8 2.09 RT Xe flashlamp p 196

Li–Mg–Al silicate
5I7 → 5I8 2.08 77 Xe flashlamp p 179

Li–Mg–Al silicate (Er,Yb)
5I7 → 5I8 2.06–2.10 77 Xe flashlamp p 178

    Fiber

fluorozirconate
5S2 → 5I8 ~0.539–0.550 77, RT dye laser (0.643) m 17

fluorozirconate
5S2 → 5I8 0.540–0.553 RT Kr ion laser (0.647) cw, s, upc 13

fluorozirconate
5S2 → 5I8 0.540–0.553 RT Kr ion laser (0.643) cw, upc 227

fluorozirconate
5S2 → 5I7 0.7495–0.7545 RT Kr ion laser (0.647) cw, s, upc 13

fluorozirconate
5I6 → 5I8 1.19 77, RT dye laser (0.639) cw, m 127

fluorozirconate
5S2,5F4 → 5I5 1.38 RT Ar ion laser (0.488) m 111

fluorozirconate
5I7 → 5I8 2.05–2.06(a) RT TiS laser (0.890) cw, m 231

fluorozirconate
5I7 → 5I8 2.08 RT Ar ion laser (0.488) m 111

fluorozirconate
5I6 → 5I7 2.83–2.95 RT LD (0.640), TiS (0.750) cw 191

fluorozirconate
5I6 → 5I7 2.83–2.95(a) RT TiS laser (0.890) cw, m 231

fluorozirconate
5S2 → 5F5 ~3.22 RT DNd:YAG (0.532) cw 221

fluorozirconate
5I5 → 5I6 3.95(b) RT dye laser (0.640) qcw, m 194

fluorozirconate (Tm)
5I7 → 5I8 2.04 RT laser diode (0.82) cw, s 175

fluorozirconate (Tm)
5I7 → 5I8 2.024 RT TiS laser (0.890) cw 177

fluorozirconate (Tm)
5I7 → 5I8 2.076 RT TiS laser (0.890) cw 177

silica (Tm)
5I7 → 5I8 1.960–2.032 293-393 TiS laser (~0.812) cw 173

silica (Ge)
5I7 → 5I8 2.04 RT Ar ion laser (0.458) s, cw 176

(a) Operates in cascade mode with simultaneous laser emission at 2.93 and 2.06 µm.
(b) Operates in cascade mode with simultaneous laser emission at ~1.2 µm.
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Erbium (Er3+,  4f11) Lasers

Hos t  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Bulk

fluoroaluminate (Cr, Yb) 4I13/2 → 4I15/2 1.6 RT Kr ion laser (0.647) cw 159

fluorophosphate (Yb) 4I13/2 → 4I15/2 1.54 RT Xe flashlamp p 132

fluorophosphate (Cr, Yb) 4I13/2 → 4I15/2 1.536–1.596 Kr laser (0.647, 0.676) cw 130

fluorozirconate 4I11/2 → 4I13/2 2.70 RT alex. laser (0.797) p 167

fluorozirconate 4I11/2 → 4I13/2 2.69–2.78 RT Ar ion laser (0.514) p, cw 184

fluorozirconate 4I11/2 → 4I13/2 2.78 RT Xe flashlamp p 190

fluorozirconate 4I11/2 → 4I13/2 2.79 RT laser diode (~0.970) cw, upc 233

phosphate 4I13/2 → 4I15/2 1.54 RT Nd:YAG laser (1.064) p 134

phosphate (Yb) 4I13/2 → 4I15/2 1.531–1.540 RT laser diode (0.975) cw 122

phosphate (Yb) 4I13/2 → 4I15/2 1.5321–1.5348 RT laser diode (0.980) cw 123

phosphate (Yb) 4I13/2 → 4I15/2 1.533 laser diode (0.970) p 124

phosphate (Yb) 4I13/2 → 4I15/2 1.54 RT LD (0.960–0.980) cw 137

phosphate (Yb) 4I13/2 → 4I15/2 1.54 RT Nd:YAG laser (1.064) p 138,139

phosphate (Yb) 4I13/2 → 4I15/2 1.540 RT laser diode (0.976) s, cw 142

phosphate (Yb) 4I13/2 → 4I15/2 1.545 RT laser diode (0.970) p 124

phosphate (Yb) 4I13/2 → 4I15/2 1.549–1.563 RT laser diode (0.975) cw 122

Al–Zn phosphate (Yb) 4I13/2 → 4I15/2 1.54 RT Xe flashlamp p 131

phosphate (Cr,Yb) 4I13/2 → 4I15/2 1.54 RT Xe flashlamp p 136

Pb-Ba phosphate (Cr, Yb) 4I13/2 → 4I15/2 1.54 RT Xe flashlamp p 133

Na–K Ba silicate (Yb) 4I13/2 → 4I15/2 1.543 RT Xe flashlamp p 144

Na–K–Ba silicate 4I13/2 → 4I15/2 1.55 RT Xe flashlamp p 146
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Erbium (Er3+,  4f11) Lasers—continued

Host  g la s s
Laser

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Reference

    Fiber

fluorozirconate 4S3/2 → 4I15/2 0.540–0.545 RT TiS laser (0.97) cw, upc 12

fluorozirconate 4S3/2 → 4I15/2 0.544 RT laser diode (0.971) cw, upc 230

fluorozirconate 4S3/2 → 4I15/2 0.544 RT laser diode (0.801) cw, upc 229

fluorozirconate 4S3/2 → 4I15/2 0.546 RT laser diode (0.801) cw, upc 12,14

fluorozirconate 4S3/2 → 4I15/2 0.548 RT TiS laser (0.800) cw, upc 16

fluorozirconate 4S3/2 → 4I13/2 0.850 RT laser diode (0.801) cw, upc 29

fluorozirconate 4I11/2 → 4I15/2 0.981–1.004 RT Ar ion laser (0.514) cw 41,42

fluorozirconate 4I11/2 → 4I15/2 0.99 RT Kr ion laser (0.647) p 41

fluorozirconate 2H11/2 → 4I9/2 1.660 RT Ar ion laser (0.514) p, m 162

fluorozirconate 2H11/2 → 4I9/2 1.720 RT Ar ion laser (0.514) p, m 162

fluorozirconate 2H11/2 → 4I9/2 1.724(a) RT TiS laser (0.791) cw, s, upc 163

fluorozirconate 4I11/2 → 4I13/2 2.702 RT Ar laser (0.488, 0.514) cw 186

fluorozirconate 4I11/2 → 4I13/2 2.71 RT laser diode (0.792) s 187

fluorozirconate 4I11/2 → 4I13/2 2.714 RT Ar ion laser (0.476) s 188

fluorozirconate 4I11/2 → 4I13/2 2.715(a) RT TiS laser (0.791) cw, s, upc 163

fluorozirconate 4I11/2 → 4I13/2 2.75 RT laser diode (0.792) s 187

fluorozirconate 4I11/2 → 4I13/2 2.701 RT Ar ion laser (0.476) m 185

fluorozirconate 4I11/2 → 4I13/2 2.78 RT flashlamp s 187

fluorozirconate 4F9/2 → 4I9/2 3.45 77 laser diode (0.655) cw 192

fluorozirconate 4F9/2 → 4I9/2 3.483 RT laser diode (0.655) cw 193

fluorozirconate 4F9/2 → 4I9/2 3.535 RT laser diode (0.655) cw 193

fluorozirconate (Pr) 4I11/2 → 4I13/2 2.65–2.77 RT Kr ion laser (0.647) cw 183

phosphate (LHG-8) 4I13/2 → 4I15/2 1.535 RT Ar ion laser (0.514) cw 125

phosphate 4I13/2 → 4I15/2 1.54 RT Xe flashlamp s, p 135

phosphosilicate (Al, Yb) 4I13/2 → 4I15/2 1.535 RT laser diode (0.980) cw, DFB 218
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phosphosilicate (Al, Yb) 4I13/2 → 4I15/2 1.545 RT laser diode (0.980) s, cw 222

phosphosilicate (Al, Yb) 4I13/2 → 4I15/2 1.534 RT laser diode (0.980) cw 223

silica 4I13/2 → 4I15/2 1.529–1.554 RT Ar ion laser (0.514) s 32

silica 4I13/2 → 4I15/2 1.55 RT Ar ion laser (0.514) cw, p 147

silica 4I13/2 → 4I15/2 1.55 RT laser diode (0.811) s 148

silica 4I13/2 → 4I15/2 1.553–1.603 RT Ar ion laser (0.514) cw 151

silica (Al, Ge) 4I13/2 → 4I15/2 1.57–1.61 RT CC laser (1.55) cw 157

silica (Al, P) 4I13/2 → 4I15/2 1.560 RT LD array (0.806) cw 155

silica (Al, P, Yb) 4I13/2 → 4I15/2 1.56 RT dye laser (0.800-0.845) cw 152,

silica (Al, P, Yb) 4I13/2 → 4I15/2 1.56 RT Nd:YAG laser (1.064)

+ dye laser (0.820)

s, cw 153

silica (Ge) 4I13/2 → 4I15/2 1.55 RT laser diode (0.807) s, cw 149

silica (Ge) 4I13/2 → 4I15/2 1.566 RT Ar ion laser (0.514) cw 156

silica (Ge, Al, P) 4I13/2 → 4I15/2 1.52–1.57 RT TiS laser (0.98) cw 118

silica (Nd) 4I13/2 → 4I15/2 1.53(b) RT Ar ion laser (0.514) cw, s 199

silica (Nd) 4I13/2 → 4I15/2 1.552(c) RT Ar ion laser (0.514) cw, s 140

silica (Yb) 4I13/2 → 4I15/2 1.54 RT Nd:YAG (1.064) cw, m ?

silica (Yb) 4I13/2 → 4I15/2 1.56 RT Nd:YAG (1.064),
Nd:YLF (1.047)

cw 154

     Microchip

phosphate (Yb) 4I13/2 → 4I15/2 1.535 RT laser diode (0.980) s 126

    Planar Waveguide

borosilicate (BK 7) 4I13/2 → 4I15/2 1.540 RT TiS laser (0.980) cw 141

silica (P) 4I13/2 → 4I15/2 1.546 RT TiS laser (0.976) cw 145

silica (P) 4I13/2 → 4I15/2 1.598, 1.604 RT TiS laser (0.98) cw 158

(a) Co-lasing at 1.724 and 2.702 µm in a cascade mode.
(b) Simultaneous lasing of Nd3+ at 0.91 and 1.08 µm

(c) Simultaneous lasing of Nd3+ at 0.908, 0.932, and 1.08 µm.
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Thulium (Tm3+,  4f12) Lasers

Hos t  g la s s
Las ing

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Ref .

    Bulk

fluorozirconate (Tb)
3H4 → 3F4 1.47 RT alex. laser (0.79) p 113

fluorozirconate
3F4 → 3H6 1.88 RT alex. laser (0.785) P 167

fluorozirconate
3H4 → 3H5 2.25 RT alex. laser (0.785) P 167

Li–Mg–Al silicate
3F4 → 3H6 1.85, 2.015 RT Xe flashlamp p 166

    Fiber

fluorozirconate
1G4 → 3H6 0.482 RT LD (1.135, 1.220) m 15

fluorozirconate
1D2 → 3F4 0.455 RT dye laser (0.645) +

Nd:YAG laser (1.064)

cw, upc 4

fluorozirconate
1D2 → 3F4 0.455 77 Kr laser (0.676+0.647) cw, upc 3

fluorozirconate
1G4 → 3H6 0.480 77 Kr laser (0.676+0.647) cw, upc 3

fluorozirconate
1G4 → 3H6 0.480 RT Nd:YAG laser (1.120) cw, upc 5

fluorozirconate
3H4 → 3H6 0.803–0.816 RT Nd:YAG laser (1.064) m, upc 27

fluorozirconate
3H4 → 3H6 0.807–0.813 RT TiS laser (0.778) cw 224

fluorozirconate
3H4 → 3H6 ~0.810 RT TiS laser (0.780) p, cw 25

fluorozirconate
3H4 → 3H6 0.815–0.825 RT Kr ion laser (0.676) cw 28

fluorozirconate
3H4 → 3F4 1.46–1.51 RT Kr ion laser (0.676) cw 28

fluorozirconate
3H4 → 3F4 ~1.47 RT TiS laser (0.790) cw 112

fluorozirconate
3H4 → 3F4 1.475 RT Nd:YAG laser (1.064) cw, upc 114

fluorozirconate
3H4 → 3F4 1.475(b) RT laser diode (0.780) cw, cascade 115

fluorozirconate
3H4 → 3H6 1.48 RT Kr ion laser (0.676) cw 28

fluorozirconate
1D2 → 1G4 1.51 77 Kr ion laser (0.647) p, cw 3

fluorozirconate
3F4 → 3H6 1.82 RT laser diode (0.790) cw, m 165

fluorozirconate
3F4 → 3H6 1.84–1.94 RT Kr ion laser (0.676) cw 28

fluorozirconate
3H4 → 3F4 1.88(a) RT laser diode (0.780) cw, cascade 115
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fluorozirconate
3F4 → 3H6 ~1.9 RT TiS laser (0.790) cw 112

fluorozirconate
3F4 → 3H6 1.925 RT laser diode (0.790) cw, m 165

fluorozirconate
3F4 → 3H6 1.972 RT laser diode (0.795) cw 174

fluorozirconate
3H4 → 3H5 2.25–2.50 RT TiS laser (0.790) s 180

fluorozirconate
3H4 → 3H5 2.27–2.40 RT Kr ion laser (0.676) cw 28

fluorozirconate
3H4 → 3H5 ~2.3 RT TiS laser (0.790) cw 112

fluorozirconate
3H4 → 3H5 2.3 RT laser diode (0.786) cw, m 181

fluorozirconate
3H4 → 3H5 2.3 RT alex. laser (0.790) s, p 182

fluorozirconate
3H4 → 3H5 2.31(b) RT laser diode (0.790) s, cw 165

fluorozirconate
3H4 → 3H5 2.35 RT Kr ion laser (0.676) cw 28

fluorozirconate (Pb)
3F4 → 3H6 1.818–1.858 RT laser diode (0.790) cw 165

fluorozirconate (Pb)
3F4 → 3H6 1.870–1.930 RT laser diode (0.790) cw 165

fluorozirconate (Tb)
3H4 → 3F4 1.481 RT laser diode (0.786) cw, m 116

fluorozirconate (Tb)
3H4 → 3F4 1.47 RT laser diode (0.786) cw, m 181

lead germanate
3F4 → 3H6 1.88 RT TiS laser (0.794) m 168

lead germanate
3F4 → 3H6 1.905 RT laser diode (0.970) m 168

silica
3F4 → 3H6 1.780–2.056 dye laser (0.800–0.840) cw 164

silica
3F4 → 3H6 1.81–2.01 RT dye laser (0.800) s, cw 169

silica
3F4 → 3H6 1.84–1.90 RT Er fiber laser (1.57) cw 170

silica
3F4 → 3H6 1.937 RT laser diode (825) cw 171

silica
3F4 → 3H6 2.007 RT laser diode (825) cw 171

silica
3F4 → 3H6 2.049 RT laser diode (825) cw 171

silica
3F4 → 3H6 2.102 RT laser diode (825) cw 171

silica (Al)
3F4 → 3H6 1.70–2.00 RT LD (0.786): Ti:S (830) cw 160

silica (Ge)
3F4 → 3H6 1.65–1.86 RT laser diode (0.786) cw 160

silica (Ge)
3F4 → 3H6 1.94–1.96 RT dye laser (0.797) s, cw 172

silica (Ge)
3F4 → 3H6 1.88 RT dye laser  (~0.800) s, cw 172

(a) Co–lasing at 1.475 and 1.88 µm in a cascade mode.
(b) Simultaneous operation at 1.82 and 2.31 µm.
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Ytterbium (Yb3+,  4f13) Lasers

Hos t  g la s s
Las ing

trans i t ion
Laser

wave length  ( m)
Temp.

(K)
Pump source

[wave length  –  m] Mode Ref .

    Bulk

Ca–Li borate (Nd)
2F5/2 → 2F7/2 1.018 RT Xe flashlamp p 48

K–Ba silicate
2F5/2 → 2F7/2 1.06 RT Xe flashlamp p 78

Li–Mg–Al silicate
2F5/2 → 2F7/2 1.015 77 Xe flashlamp p 45, 46

Li–Mg–Al silicate (Nd)
2F5/2 → 2F7/2 1.015 RT Xe flashlamp p IEE

    Fiber

fluorozirconate
2F5/2 → 2F7/2 1.000–1.050 RT TiS laser (0.911) s, cw 43

germanosilicate
2F5/2 → 2F7/2 1.115, 1.128 RT Nd:YAG laser (1.064) cw 195

silica
2F5/2 → 2F7/2 0.974 RT LD (0.800–0.850, 0.900) s 39

silica
2F5/2 → 2F7/2 1.010–1.162 RT LD (0.800–0.850, 0.900) s 39

silica
2F5/2 → 2F7/2 1.015–1.140 RT dye laser (0.840) s, cw 47

silica
2F5/2 → 2F7/2 1.028–1.064 RT dye laser (0.822) s, cw 47

silica (Al, P)
2F5/2 → 2F7/2 0.980 RT dye laser  (0.890) cw 40

silica (Ge)
2F5/2 → 2F7/2 1.115 RT Nd:YLF laser (1.047) cw 93

silica (Ge)
2F5/2 → 2F7/2 1.13 RT Nd:YAG laser (1.064) cw 93
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1.2.3  Glass Amplifiers

Ion-glass systems used as amplifiers or in which only gain has been reported are listed in
Table 1.2.5. The amplifying ion, host glass (if codopants or sensitizing ions are added, they
are listed in parentheses), glass form, lasing wavelength, lasing transition, and pump
wavelength are tabulated together with references.

Table 1.2.5
Ions in Glasses Exhibiting Optical Amplification

Ion Hos t  g la s s Form
Wavelength

( m) Transi t ion
Pump
( m) Ref .

CdSSe silicate bulk 0.625 — 0.532 (p) 30

Cu+ aluminoborosilicate bulk 0.560–0.585 4s  →  3d 0.266 (p) 128

Cu+ fluorohafnate bulk 0.633 4s  →  3d 0.265 202

Er3+ aluminosilicate fiber 1.527–1.560
4S3/2 → 4I15/2 0.98 119

Er3+ fluorozirconate fiber 1.530–1.570
4S3/2 →  4I15/2 1.481 121

Er3+ fluorozirconate fiber 1.543
4S3/2 →  4I15/2 1.48 143

Er3+ fluorozirconate fiber 2.716
4I11/2 →  4I132 0.642 189

Er3+ fluorozirconate fiber 0.546
4S3/2 →  4I15/2 — 203

Er3+ fluorozirconate fiber 0.850
4S3/2 →  4I15/2 0.476 (upc) 204

Er3+ silica fiber 1.50–1.70
4S3/2 →  4I15/2 0.781 117

Er3+ silica fiber 1.531–1.556
4S3/2 →  4I15/2 — 234

Er3+ silica fiber 1.5354
4I13/2 →  4I15/2 0.820 205

Er3+ silica fiber 1.536,1.553
4I13/2 →  4I15/2 1.48 (cw) 206

Er3+ silica (Ge) fiber 1.536, 1553
4S3/2 →  4I15/2 0.827 (cw) 129

Er3+ silica (Ge) fiber 1.552
4S3/2 →  4I15/2 0.810 150

Er3+ silica (Ge, Ca, Al) fiber 1.53–1.565
4S3/2 →  4I15/2 0.813 120

Er3+ silica (Ge) fiber 1.536
4I13/2 →  4I15/2 0.827 207

Er3+ silica (Ge, Al) fiber ~1.5–1.6
4I13/2 →  4I15/2 1.48 (cw) 208

Er3+ silica (Ge, Al) fiber ~1.51–1.58
4I13/2 →  4I15/2 0.98 (cw) 208

Er3+ silica (Ge, Al) fiber 1.57–1.62
4I13/2 →  4I15/2 1.55 (cw) 157

Er3+ silica (P) fiber 1.54
4I13/2 →  4I15/2 1.064 (cw) 209

Ho3+ Al fluorozirconate (Tm) bulk 2.05
5I7 →  5I8 0.79 (cw) 210

Ho3+ fluorozircoaluminate (Yb) fiber 0.543
5S2 →  5I8 0.974 (upc) 211

Nd3+ Ba silicate wg 1.06
4F3/2 →  4I11/2 flashlamp 67

Nd3+ Ba silicate wg 1.064
4F3/2 →  4I11/2 0.585 (cw) 86

Nd3+ chalcogenide fiber 1.083
4F3/2 →  4I11/2 0.89 (cw) 212

Nd3+ fluorozirconate fiber 1.310–1.370
4F3/2 →  4I13/2 0.795 (cw) 100

Nd3+ fluorozirconate fiber 1.338
4F3/2 →  4I13/2 0.820 213

Pr3+ fluorozirconate fiber 0.6328
3P0 →  3F2 0.476 20

Pr3+ fluorozirconate fiber 1.290–1.320
1G4 → 3H5 1.047 97
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Table 1.2.5—continued
Ions in Glasses Exhibiting Optical Amplification

Ion Hos t  g la s s Form
Wavelength

( m) Transi t ion
Pump
( m) Ref .

Pr3+ fluorozirconate (Yb) fiber 1.3
1G4→3H5 0.98 214

Pr3+ fluorozirconate (Yb) fiber 1.31
1G4→3H5 1.017 215

Tm3+ fluorozirconate fiber 0.800–0.830
3H4→3H6 0.785 26

Tm3+ silica fiber 1.653–1.691
3F4→3H6 0.781 161

Tm3+ silica (Ta,Al,P) fiber 1.91
3H4→3H6 0.81–0.82 216

cw – continuous wave, p – pulsed, upc – upconversion excitation scheme, wg – waveguide.

1.2.4  Commercial Glass Lasers

Examples of commercial glass lasers and their mode of operation (cw or pulsed),
principal wavelengths, and representative outputs are given in Table 1.2.6. These latter data
are from recent (1997–1999) laser buyers' guides and manufacturers' literature and can be
expected to change due to advances in technology.

Table 1.2.6
Commercial Glass Lasers

Laser Type Operation
Principal

wave lengths  ( m) Output

Nd:glass (phosphate) pulsed 0.263 (FH) 0.04–4 J
pulsed 0.351 (TH) 0.1–8 J
pulsed 0.527 (SH) 0.2–22 J
pulsed 1.054 1.0–80 J

Nd:glass (silicate) pulsed 0.26 (FH) 0.1–0.8 J

pulsed 0.35 (TH) 0.3–2 J

pulsed 0.53 (SH) 0.1–5 J

pulsed 1.06 0.2–20 J

pulsed (DP) 1.060

cw (DP) 1.058

Er:glass pulsed (DP) 1.54 1.2 J

cw 1.55 0.1 W

Er:glass (fiber) cw 1.52–1.57 30 mW

cw (DP) 1.54 50 mW

pulsed (DP) 1.54 2 J

pulsed (DP) 2.94 1 J

Er:doped fiber amplifier (EDFA) cw 1.530–1.560 20 dB gain

Yb:glass (DP)

SH – second harmonic, TH – third harmonic, FH – fourth harmonic, DP – diode pumped
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Section 1.3
SOLID STATE DYE LASERS

1.3.1  Introduction

Solid state lasers based on organic molecules as the active element have utilized a variety
of different host materials—plastics and polymers, organic and inorganic single crystals and
glasses, gelatins, and biological materials—and have been operated in a wavelength range
from 376 to 865 nm. One solid state dye laser has been offered commercially.

Data on the various types of solid state dye lasers are given in Tables 1.3.1 to 1.3.7
where the host material, dye, lasing wavelength, pump source and wavelength, and primary
references to laser action are tabulated. The lasing wavelength and output of dye lasers
depend on the characteristics of the optical cavity, the dye concentration, the optical
pumping source and rate, and other operating conditions.1 The original references should
therefore be consulted for this information and its effect on the lasing wavelength.The
references should also be consulted for details of the chemical composition and molecular
structure of the dyes and host compounds.2

1. Schäfer, F. P., Ed., Dye Lasers, 3rd. edition, Springer-Verlag, Berlin (1990).
2. Maeda, M., Laser Dyes, Academic Press, New York (1984).

Further Reading

Bezrodnyi, V. I., Bondar, M. V., Kozak, G. Yu., Przhonskaya, O. V., and Tikhonov, E.
A., Dye-activated polymer media for frequency-tunable lasers (review), Zh. Prikl.
Spektrosk. (USSR) 50, 711 (1989).  

Bezrodnyi, V. I., Przhonskaya, O. V., Tikhonov, E. A., Bondar, M. V., and Shpak, M.
T., Polymer active and passive laser elements made of organic dyes, Sov. J. Quantum
Electron. 12, 1602 (1982).

Dodabalapur, A., Chanddross, E. A., Berggren, M., and Slusher, R. L. Organic solid-state
lasers: past and future, Science 277, 1787 (1997).

Dyumaev, K. M., Manenkov, A. A., Maslyukov, A. P., Matyushin, G. A., Nechitailo, V.
S., and Prokhorov, A. M., Dyes in modified polymers: problems of photostability and
conversion efficiency at high intensities, J. Opt. Soc. Am. B 9, 143 (1992).

Rahn, M. D. and King, T. A., Comparison of laser performance of dye molecules in sol-gel,
polycom, ormosil, and poly(methyl methacryalte) host media, Appl. Optics 34, 8260
(1995).

Tagaya, A., Teramoto, S., Nihei, E., Sasake, K., and Koike, Y., High-power and high-gain
organic dye-doped polymer optical fiber amplifiers: novel techniques for preparation
and spectral investigation, Appl. Optics 36, 572 (1997).

Zink, J. I. and Dunn, B. S., Photonic materials by the sol-gel process, J. Cer. Soc. Jpn. 99,
878 (1991).



©2001 CRC Press LLC

1.3.2  Dye Doped Organic Lasers

Table 1.3.1 summarizes the different polymer and molecular crystal hosts and organic dopants that have been used to demonstrate laser
action. If the laser has been tuned over a range of wavelengths, the tuning range given is that for the experimental configuration and
conditions used and may not represent the extremes possible. The lasing wavelength and output of dye lasers depend on the characteristics
of the optical cavity, the dye concentration, the optical pumping source and rate, and other operating conditions. The original references
should therefore be consulted for this information and its effect on the lasing wavelength.

Table 1.3.1
Dye Doped Organic Lasers

Host Dye

Laser
wave length

(nm)
Pump source

(wavelength  –  nm) Ref .

acrylic copolymer pyrromethene 567 564 Nd:YAG laser (532) 94

acrylic copolymer pyrromethene 580 570 Nd:YAG laser (532) 44

acrylic copolymer pyrromethene 580 571 Nd:YAG laser (532) 95

acrylic copolymer pyrromethene 597 587 Nd:YAG laser (532) 46, 94

acrylic monomers sulforhodamine B ~600 Nd:YAG laser (532) 55

tris-(8-hydroxyquinoline) aluminum (Alq3) DCM 589–635(a) N2 laser (337) - ET 96
Alq3 (film) DCM II 613 N2 laser (337) - ET 88
Alq3 (film) DCM 645 N2 laser (337) - ET 89
Alq3 DCM ~655 N2 laser (337) - ET 97

4,4'-di(N-carbazole) biphenyl (CBP) coumarin 47 460 N2 laser (337) - ET 99

4,4'-di(N-carbazole) biphenyl (CBP) perylene 485 N2 laser (337) - ET 99

4,4'-di(N-carbazole) biphenyl (CBP) coumarin 30 510 N2 laser (337) - ET 99

dibenzofurane (crystal) anthracene 408–410 N2 laser (337) 9

dibenzyl (crystal) β-naphthyl-p-biphenylethylene (β-BNE) 437, 461 XeCl laser (308) 7

dibenzyl (crystal 4.2 K) tetracene 494, 521 Nd:YAG laser (355) 1

2,3-dimethylnaphthalene (crystal) anthracene 408–410 N2 laser (337) 9
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diphenyl (crystal 4.2 K) 1,2-di-4-biphenylylethylene 418 Nd:YAG laser (355) 1,110

durol (crystal) POPOP 469 XeCl laser (308) 7

fluorene (crystal) anthracene 408–410 N2 laser (337) 1,9,10,110

GPTMS/Ti(OBu)4/MMA rhodamine 6G 564–587 Nd:YAG laser (532) 102

HEMA/MMA (1:1) coumarin 540A 515, 535 N2 laser (337) 76

HEMA ASPT ~600 Nd:YAG laser (1064) - TP 87

HEMA DHASI ~606 Nd:YAG laser (1064)  - TP 98

HEMA/MMA copolymer rhodamine 640 654 N2 laser (337) 70

HEMA/MMA copolymer rhodamine 590 560 Nd:YAG laser (532) 107

HEMA/MMA (1:1) rhodamine 6G — flashlamp 103

high temperature plastic pyrromethene 567 522 Nd:YAG laser (532) 22

high temperature plastic pyrromethene 597 528 Nd:YAG laser (532) 22

high temperature plastic pyrromethene 580 550–570 Nd:YAG laser (532) 33

high temperature plastic pyrromethene 597 565–590 Nd:YAG laser (532) 32

high temperature plastic pyrromethene 570 566.3 Nd:YAG laser (532) 42

high temperature plastic pyrromethene 597 587 Nd:YAG laser (532) 93

high temperature plastic PM-HMC 593 Nd:YAG laser (532) 22

high temperature plastic PM-TEDC 598 Nd:YAG laser (532) 22

high temperature plastic PM-HMC 615–635 Nd:YAG laser (532) 32

high temperature plastic PM-TEDC 615–635 Nd:YAG laser (532) 32

high temperature plastic PM 650 624 Nd:YAG laser (532) 46

methyl-cyclohexane/isopentane coronene 443.9 flashlamp 14

methylmethacrylate COP-2(b) 497 N2 laser (337) 20

methylmethacrylate COP-3(b) 511 N2 laser (337) 20

methylmethacrylate(c) 1,3,5,7,8-pentamethyl-2,6-di-n-
   butylpyrromethene-BF2

569.7, 571.0 Nd:YAG laser (532) 44

methylmethacrylate(c) pyrromethene 567 571.4 Nd:YAG laser (532) 44
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Table 1.3.1—continued
Dye Doped Organic Lasers

Host Dye

Laser
wave length

(nm)
Pump source

(wavelength  –  nm) Ref .

methylmethacrylate(c) 1,3,5,7-tetramethyl-8-cyanopyrro-
   methene-2,6-dicarboxylate-BF2

617.9 Nd:YAG laser (532) 44

methylmethacrylate(c) sulforhodamine B 618.2 Nd:YAG laser (532) 44

MMA/HPA rhodamine 6G 595 coaxial flashlamp

naphthalene (crystal 4.2 K) 4-phenylstilbene 376 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) 1-(2-naphthyl)-2-phenylethylene 385 Nd:YAG laser (355) 1

naphthalene (crystal) β-naphthyl-p-biphenylethylene (β-BNE) 395 XeCl laser (308) 7

naphthalene (crystal) ββ-dinaphthylethylene (ββ-DNE) 395 XeCl laser (308), EB 6, 7

naphthalene (crystal 4.2 K) 1-(1-naphthyl)-2-(2-naphthyl)ethylene 397 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) 1-(4-biphenyl)-2-(2-naphthyl)ethylene 397 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) 1,2-di(2-naphthyl)ethylene 397 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) azulene 398 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) 1-styryl-4-[l-(2-naphthyl)vinylbenzene 415, 442 Nd:YAG laser (355) 1

naphthalene (crystal 4.2 K) 1,4-bis(2-naphthyl)styrylbenzene 422, 449 Nd:YAG laser (355) 1

NAPOXA (film) DCM II ~615 N2 laser (337) - ET 90

para-terphenyl (crystal) diphenylbutadiene (DPB) 383 electron beam 4

para-terphenyl (crystal) diphenylbutadiene (DPB) 396 XeCl laser (308) 7

para-terphenyl (crystal) naphthacene 528 XeCl laser (308) 7

para-terphenyl (crystal) tetracene 530 N2 laser (337) 9

para-terphenyl (crystal) Cl-POPOP 589 XeCl laser (308) 7

para-terphenyl (crystal) diphenylbutadiene (DPB) 589 XeCl laser (308) 7

para-terphenyl (crystal) POPOP 589 XeCl laser (308) 7

PBD (film) coumarin 460 ~460 N2 laser (337) - ET 90
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PBD (film) PPV7 575–590 N2 laser (337) - ET 91

PBD (photonic crystal) coumarin 490, DCM 580, 596 N2 laser (337) 109

PBD (film) DCM II ~600 N2 laser (337) - ET 90

PBD (film) LDS 821 ~805 N2 laser (337) - ET 90

PHEMA (fiber) ASPI ~610 Nd:YAG laser (1064)- TP 81

PHEMA+DEGMA rhodamine 6G 580–620 N2 laser (337) 51

P(HEMA:EDGMA 9:1) rhodamine 6G 599 N2 laser (337) 78

P(HEMA:MMA 1:1) rhodamine 6G 568 Nd:YAG laser (532) 78

P(HEMA:MMA 3:7) rhodamine 6G 584 N2 laser (337) 78

P(HEMA:MMA 1:1) rhodamine-Bz-MA 587 N2 laser (337) 77

P(HEMA:MMA 7:3) rhodamine 6G 587 N2 laser (337) 78

P(HEMA:MMA 1:1) rhodamine-Al 589 N2 laser (337) 77

P(HEMA:MMA 1:1) rhodamine 6G 593 N2 laser (337) 78

P(HEMA:MMA 7:3) rhodamine-Bz-MA 593 N2 laser (337) 77

polyavylamide rhodamine 6G 525–650 coaxial flashlamp 24

polyisobutylmethacrylate α-NPO ~395 N2 laser (337) 5

polymethylmethacrylate α-NPO 396 Nd:YAG laser (355) 8

polymethylmethacrylate 2-(4-biphenylyl)-5-(p-styryl-phenyl)-

   1,3,4-oxadiazole

400 Nd:YAG laser (355) 8

polyisobutylmethacrylate POPOP ~410 N2 laser (337) 5

polymethylmethacrylate 2-(4-biphenylyl)-5-(1-naphthyl)-oxazole 410 Nd:YAG laser (355) 8

polymethylmethacrylate 5-phenyl-2-(p-styryl-phenyl)oxazole 414 Nd:YAG laser (355) 8

polymethylmethacrylate POPOP 415 Nd:YAG laser (355) 8

polymethylmethacrylate 2-(1-naphthyl)-5-styryl-1,3,4-

   oxadiazole

416 Nd:YAG laser (355) 8

polymethylmethacrylate 2-phenyl-5-[p-(4-phenyl-1,3-bul-

   adrenyl)phenyl]-1,3,4-oxadiazole

418 Nd:YAG laser (355) 8

polyisobutylmethacrylate dimethyl-POPOP ~420 N2 laser (337) 5

polymethylmethacrylate dimethyl-POPOP 423 Nd:YAG laser (355) 8
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Table 1.3.1—continued
Dye Doped Organic Lasers

Host Dye

Laser
wave length

(nm)
Pump source

(wavelength  –  nm) Ref .

polymethylmethacrylate 2-[p-[2-(2-naphthyl)vinyl]phenyl]-5-

   phenyloxazole

425 Nd:YAG laser (355) 8

polymethylmethacrylate 5-phenyl-2-[p-(-phenylstyryl)-

   phenyl]oxazole

428 Nd:YAG laser (355) 8

polyisobutylmethacrylate BBOT ~430 N2 laser (337) 5

polymethylmethacrylate 5-(4-biphenylyl)-2-[p-(4-phenyl-1,3-

   baladienyl)phenyl]oxazole

443 Nd:YAG laser (355) 8

polymethylmethacrylate 1,2-bis(5-phenyloxazolyl)ethylene 444 N2 laser (337) 5

polymethylmethacrylate 1,5-diphenyl-3-styryl-2-pyrazoline 450 Nd:YAG laser (355) 8

polymethylmethacrylate 1,4-bis[4-[5-(4-biphenylyl)-2-

   oxazolyl]styryl benzene

455 Nd:YAG laser (355) 8

polymethylmethacrylate 3-p-chlorostyryl-1,5-diphenyl-

   2-pyrazoline

457 Nd:YAG laser (355) 8

polymethylmethacrylate (see reference) 478 Nd:YAG laser (355) 8

polymethylmethacrylate 2-[p-[2-(9-anthryl)vinyl]phenyl]-

   5-phenyloxazole

480 Nd:YAG laser (355) 8

polymethylmethacrylate (film) CF3-coumarin 484–529 N2 laser (337) 18

polymethylmethacrylate 2-(2'-hydroxy-5'-fluorophenyl)

    benzimidazole

493 N2 laser (337) 19

polymethylmethacrylate 5(6)-methoxycarbonyl-2(2'-

   hydroxphenyl)benzimidazole

494 N2 laser (337) 20

polymethylmethacrylate 5(6)-methoxycarbonyl-12-(5'-fluoro-2'-

   hydroxyphenyl)benzimidazole

508 N2 laser (337) 20

polymethylmethacrylate fluoran 509–514 Nd:YAG laser (355) 8

polymethylmethacrylate coumarin 540A 515 N2 laser (337) 74

polymethylmethacrylate rhodamine 6G 550 Nd:YAG laser (355) 8
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polymethylmethacrylate rhodamine 6G 552–575 Nd glass (530) 34

polymethylmethacrylate rhodamine 6G 552–595 Nd:YAG laser (532) 33

polymethylmethacrylate rhodamine 6G 555–565 CdS laser (495) 36

polymethylmethacrylate rhodamine 6G 562 Nd:YAG laser (532) 100

polymethylmethacrylate rhodamine 6G 565.5, 570.9 Nd:YAG laser (532) 42

polymethylmethacrylate rhodamine 6G 567–605 Ne laser (540) 43

polymethylmethacrylate pyrromethene 570 569.6 Nd:YAG laser (532) 42

polymethylmethacrylate (WG) DCM 570 dye laser (730)- TP 45

polymethylmethacrylate rhodamine 590 573 Nd:YAG laser (532) 83

polymethylmethacrylate rhodamine 590 573 Nd:YAG laser (355) 31

polymethylmethacrylate (film) rhodamine 6G 577–590 N2 laser (337) 49

polymethylmethacrylate peryline orange (KF 241) 578 Nd:YAG laser (355) 31

polymethylmethacrylate peryline orange (KF 241) 578 Nd:YAG laser (532) 83

polymethylmethacrylate rhodamine 590 585 C-523 dye laser (525) 52

polymethylmethacrylate rhodamine B 587.4, 594.0 N2 laser (337) - ET 53

polymethylmethacrylate rhodamine C 595 Nd:YAG laser (355) 8

polymethylmethacrylate rhodamine 6G 601.0 Xe flashlamp 58

polymethylmethacrylate peryline red (KF 856) 613 Nd:YAG laser (355) 31

polymethylmethacrylate peryline red (KF 856) 613 Nd:YAG laser (532) 83

polymethylmethacrylate rhodamine B 632.4 Xe flashlamp 58

PMMA(BBOT)(d) perylene 455–475 N2 laser (337) 16

PMMA(coumarin 1)(d) acridine yellow 490–500 N2 laser (337) 16

PMMA(coumarin 1)(d) acriflavine 500–520 N2 laser (337) 16

PMMA(coumarin 1)(d) uranine 530–560 N2 laser (337) 16

PMMA (rhodamine 6G)(d) rhodamine B 600–620 N2 laser (337) 16

PMMA (rhodamine 6G)(d) cresyl violet 620–640 N2 laser (337) 16

PMMA (rhodamine 6G)(d) sulforhodamine 101 620–670 N2 laser (337) 16

PMMA (rhodamine 6G)(d) nile blue 695–720 N2 laser (337) 16

PMMA (rh. 6G/nile blue)(d) HITC 845–865 N2 laser (337) 16
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Table 1.3.1—continued
Dye Doped Organic Lasers

Host Dye

Laser
wave length

(nm)
Pump source

(wavelength  –  nm) Ref .

mPMMA dye "11 B" 560–570 (not reported) 40

mPMMA Rh-based 11 B 580 Nd:YAG laser (532) 111

mPMMA rhodamine 6G 560–570 Nd glass (530) 39

mPMMA rhodamine 6G chloride 560–570 (not reported) 40

mPMMA Rh 6G-Cl- 569 Nd:YAG laser (532) 111

mPMMA rhodamine 6G percholate 560–570 (not reported) 40

mPMMA Rh 6G-ClO4 569 Nd:YAG laser (532) 111

mPMMA rhodamine 111 560–570 (not reported) 40

mPMMA oxazine-17 620–640 (not reported) 40

mPMMA oxazine-17 620–640 Nd glass (530) 39

polystyrene:TiO2 (film) MEH-PPV ~605 Nd:YAG laser (355) 92

proprietary polymer-gel rhodamine 6G 565.1 Nd:YAG laser (532) 42

polystyrene BBQ 381–394 N2 laser (337) 3

polystyrene α-NPO 411 Nd:YAG laser (355) 8

polystyrene dimethyl-POPOP 414, 427 Nd:YAG laser (355) 8

polystyrene POPOP 416–426 N2 laser (337) 3

polystyrene POPOP 420 Nd:YAG laser (355) 8

polystyrene dimethyl-POPOP 424 Nd:YAG laser (355) 8

polystyrene dimethyl-POPOP 426–445 N2 laser (337) 3

polystyrene dimethyl-POPOP 428–438 N2 laser (337) 11

polystyrene BBOT 440–472 N2 laser (337) 3

polystyrene BBOT + perylene 464–480 N2 laser (337) 3

polystyrene 1,3-dimethylisobenzofuran 490–500 N2 laser (337) 3

polystyrene fluorescein (sodium salt) 553–564 N2 laser (337) 11

polystyrene (microdisk laser) pyrromethane dye ~565 dye laser (520) 108
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polystyrene (microring laser) pyrromethane dye 573, 577(e) dye laser (520) 108

polystyrene (microring laser) pyrromethane dye ~600–610(f) dye laser (520) 108

polystyrene rhodamine 640 ~600 Nd:YAG laser (1064) - TP 56

polystyrene (WGM) Nile Red ~610–620 dye laser (520) 102

polystyrene (WGM) Nile Red ~605–620 Nd:YLF laser (523) 103

polystyrene (WG) rhodamine 6G 614–624 N2 laser (337) 11

polyurethane rhodamine 6G 610–635 Ne laser (540) 62

polyurethane rhodamine 6G 610–635 N2 laser (337) 63, 64

polyurethane (film) rhodamine B 632.8 (A) N2 laser (337) 68

polyurethane rhodamine 110 643 Ar ion laser (514) 69

polyurethane indodicarbocyanine (PK 643) 680 (A) (532, 635, 670) 71

polyvinylxylene dimethyl-POPOP 425 Nd:YAG laser (355) 8

Probimide 414(g) (WG) cresyl violet 670 670 dye laser (590) 84

sym-octahydroanthracene (crystal) anthracene 408–410 N2 laser (337) 9

A –  amplified wavelength, EB –  electron beam, ET –  energy transfer from host to dye, TP –  two-photon pumped, WG –  waveguide, WGM –
whispering galley mode

(a) Laser emission varied by changing the thickness of the active organic layer.
(b) See Ref. 20 for molecular structure of copolymer.
(c) 16% hydroxypropyl acrylate/methyl methacrylate.
(d) Host materials were polymethylmethacrylate and polyvinylalcohol. Dye in parentheses serves as a donor dye in an energy transfer laser.
(e) Polymer droplets formed around a 125-µm silica fiber.

(f) Polymer droplets formed around a 17-µm silica fiber.
(g) A photosensitive benzophenone tetracarboxylic diahydride-alkylated diamine polyimide.
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Abbreviations of host materials and dyes used in Tables 1.3.1:

Alq3 – tris-(8-hydroxyquinoline) aluminum, ASPI – trans-4-[p-(N-hydroxyethyl-N-methyl-
amino)styryl]-N-methylpyridinium iodide, BBOT – 2,5-bis(5-tert-butyl-2-benzoxazoly)-
thiophene BBQ – 4,4'''bis(2-butyloctyloxy)-p-quaterphenyl, CBP – 4,4'-di(N-carbazole) bi-
phenyl, COP – cyclooctetraene, DCM – 4-dicyanomethylene-2-methyl-6-p-dimethylamino-
styryl-4H-pyran, DEGMA – ethylene glycol dimethacrylate, DHASI – 4-[bis(2-hydroxy-
ethyl)amino]-N-methylstilbazolium iodide, EGDMA—ethylene glycol dimethacrylate,
GPTMS – glycidoxypropyltrimeth-oxysilane, HEMA – hydroxy ethyl meth-acrylate, HITC
– 1,3,3,1',3',3'-hexamethyl-2,2'-indotricarbocyanine, HPA – hydroxypropyl acrylate, HTP –
high temperature plastic (Korry Electronics), MEH – poly 2-methoxy-5-2'-ethylhexloxy,
MMA –  methylmethacrylate, mPMMA – modified polymethylmethacrylate, NAPOXA –
2-napthyl-4,5-bis(4-methoxyphenyl)-1,3-oxazole, NPO – 2-(1-naphthy)-5-phenyloxazole,
PBD – 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole, PHEMA – poly (2-hydroxy-
ethyl methacrylate), PMMA – polymethylmethacrylate, POPOP – 1,4-di[2-(5-phenyl-
oxazolyl)] benzene, PPV – poly(1,4-phenylene vinylene), PS – polystyrene, PSI –
proprietary polymer.
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1.3.3  Silica and Silica-Gel Dye Lasers

The properties of dye doped silica and sol-gel silica lasers are summarized in Table 1.3.2. If the laser has been tuned over a range of
wavelengths, the tuning range given is that for the experimental configuration and conditions used and may not represent the extremes
possible. The lasing wavelength and output of dye lasers depend on the characteristics of the optical cavity, the dye concentration, the
optical pumping source and rate, and other operating conditions. The original references should therefore be consulted for this information
and its effect on the lasing wavelength.

Table 1.3.2
Silica and Silica-Gel Dye Lasers

Host Dye
Laser

wavelength (nm)
Pump source

(wavelength  –  nm) Reference

ORMOSIL coumarin 153 498–574 C460 dye laser (460) 21

ORMOSIL coumarin 540A 525 dye laser (460) 23

ORMOSIL rhodamine 6G 557–598 C153 dye laser (539) 21

ORMOSIL rhodamine 6G 559–587 C153 dye laser (539) 21

ORMOSIL rhodamine 6G 562–590 Nd:YAG laser (532) 41

ORMOSIL rhodamine 6G 568 dye laser (539) 23

ORMOSIL (film) Lumogen LFO240 568–583 Nd:YAG laser (532) 54

ORMOSIL pyrromethene 567 584 Nd:YAG laser (532) 46

ORMOSIL (film) DCM 595–650 Nd:YAG laser (532) 54

ORMOSIL rhodamine B 600–625 Nd:YAG laser (532) 41

ORMOSIL (film) Lumogen LFR300 605–630 Nd:YAG laser (532) 54

ORMOSIL (film) Lumogen LFR300 615–629 Nd:YAG laser (532) 65

ORMOSIL nile blue 680–746 Nd:YAG laser (532) 72

ORMOSIL LD 800 727–747 R640 dye laser (623) 73

ORMOSIL HITC 819–844 R640 dye laser (630) 73

ORMOSIL (film) rhodamine 610 585–635 Nd:YAG laser (532) 54

ORMOSIL (GPTA) rhodamine 6G 605 N2 laser (337) - ET 53

ORMOSIL (PMMA) pyrromethene 567 572 Nd:YAG laser (532) 31

ORMOSIL (PMMA) rhodamine 590 572 Nd:YAG laser (532) 31
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Table 1.3.2—continued
Silica and Silica-Gel Dye Lasers

Host Dye
Laser

wavelength (nm)
Pump source

(wavelength  –  nm) Reference

ORMOSIL (PMMA) BASF-241 575–590 Nd:YAG laser (532) 48

ORMOSIL (PMMA) peryline orange 578 Nd:YAG laser (532) 31, 50

ORMOSIL (PMMA) peryline orange (KF 241) 578 Nd:YAG laser (532) 31

ORMOSIL (PMMA) peryline orange (KF 241) 578 Nd laser (532) 83

ORMOSIL (PMMA) peryline red 604 Nd:YAG laser (532) 31

ORMOSIL (PMMA) red perylimide dye 605–630 Nd:YAG laser (532) 48

ORMOSIL (PMMA) peryline red 614 Nd:YAG laser (532) 50

ORMOSIL (PMMA) peryline red (KF 856) 614 Nd laser (532) 83
ORMOSIL (TiO2) DCM 590.7–654.3 Nd laser (532) 82

ORMOSIL (VTEOS, MTEOS) pyrromethene 567 542–606 Nd:YAG laser (532) 26

ORMOSIL (VTEOS, MTEOS) pyrromethene 567 543–603 Nd laser (532) 27

ORMOSIL (VTEOS, MTEOS) pyrromethene 580 554--584 Nd laser (532) 26

ORMOSIL (VTEOS, MTEOS) peryline orange 567–594 Nd:YAG laser (532) 27

ORMOSIL (VTEOS, MTEOS) pyrromethene 597 574–606 Nd:YAG laser (532) 26

ORMOSIL (VTEOS, MTEOS) peryline orange 582–592 Nd:YAG laser (532) 26

ORMOSIL (VTEOS, MTEOS) peryline red 595–640 Nd laser (532) 26

ORMOSIL (VTEOS, MTEOS) peryline red 595–644 Nd:YAG laser (532) 27

ORMOSIL-γ−GLYMO (wg) rhodamine B ~628 Nd:YAG laser (532) 66

silica Exalite 377E 376 XeCl laser (308) 2

silica LD 390 403 XeCl laser (308) 2

silica coumarin 460 468–494 XeCl laser (308) 17

silica rhodamine 6G 545–630 Nd:YAG laser (532) 28–30

silica pyrromethene 567 549 Nd:YAG laser (532) 83

silica pyrromethene 567 549 Nd:YAG laser (532) 31

silica rhodamine 590 564 Nd:YAG laser (532) 83

silica rhodamine 590 564 Nd:YAG laser (532) 31
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silica peryline orange 585 Nd:YAG laser (532) 83

silica peryline orange 585 Nd:YAG laser (532) 31

silica-MMA ASPI 585–606 Nd:YAG (532) 85

sol gel silica Exalite 376 364 XeCl laser (308) 106

sol gel silica coumarin 1 433–457 XeCl laser (308) 12

sol gel silica stilbene 440 XeF laser (351) 80

sol gel silica coumarin 460 475 XeF laser (351) 80

sol gel silica coumarin 460 468–494 XeCl laser (308) 17

sol gel silica coumarin 102 487–495 XeCl laser (308) 12

sol gel silica coumarin 481 535 XeF laser (351) 79

sol gel silica coumarin 153 545–572 XeCl laser (308) 12

sol gel silica coumarin 521 558 XeF laser (351) 80

sol gel silica rhodamine 6G 560 KrF laser (249) 37

sol gel silica rhodamine 6G 570–610 Nd:YAG laser (532) 47, 86

sol gel silica rhodamine 6G 577 dye laser (507) 37

sol gel silica sulforhodamine 640 600–650 Nd:YAG laser (532) 57

sol gel silica sulforhodamine 640 605–648 Nd:YAG laser (532) 59

sol gel silica rhodamine B 610–620 XeCl laser (308) 12

sol gel silica coumarin 560 625 XeF laser (351) 80

sol gel silica coumarin 640 655 XeF laser (351) 80

sol-gel glass pyrromethene 567 549 dye laser (506) 83

sol-gel glass pyrromethene 567 556 Nd:YAG (532) 83

sol-gel glass rhodamine 590 568 Nd:YAG (532) 83

sol-gel glass rhodamine 590 580 dye laser (506) 83

wg – waveguide
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Abbreviations of host materials and dyes used in Table 1.3.2:

ASPI – trans-4-[p-(N-hydroxyethyl-N-methylamino)styryl]-N-methylpyridinium iodide,
DCM – 4-dicyanomethylene-2-methyl-6-p-dimethyl-aminostyryl-4H-pyran, GLYMO –
glycidyloxyropyl trimethoxy silane, GPTA – glycerol propoxy triacrylate, HITC –
1,3,3,1',3',3'-hexamethyl-2,2'-indotricarbocyanine, MMA –  methylmethacrylate, MTEOS –
methyl-triethoxysilane, ORMOSIL – organically modified silicate, PMMA – poly-
methylmethacrylate, VTEOS –  vinyltriethoxysilane.
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1.3.4  Dye Doped Inorganic Crystal Lasers

Table 1.3.3
Dye Doped Inorganic Crystal Lasers

Host Dye
Wavelength

(nm)
Pump Source

(nm) Ref .

Al2O3 rhodamine 6G ~560(a) N2 laser (337) 38
Al2O3 rhodamine B ~590(a) N2 laser (337) 38
Al2O3 (b) rhodamine B 610–620 N2 laser (337) 61
Al2O3 oxazine 4 ~640(a) N2 laser (337) 38

AlPO4-5
(zeolite)

Pyridine 2(c) 687(d) Nd:YAG laser (532) 104,
105

K2SO4 pyrene 441, 541 Nd:YAG laser (355) 13
K2SO4 rhodamine 595–620 Nd:YAG laser (532) 13

(a) This is the wavelength of the fluorescence peak; lasing wavelengths were not cited.
(b) Alumina film doped with rhodamine 6G for an energy-transfer-type laser dye pair.
(c) 1-ethyl-4-[4-(p-dimethylaminophenyl)-1,3-butadienyl]-pyridinium perchlorate.
(d) Single mode, whispering gallery mode.

1.3.5  Dye Doped Glass Lasers

Table 1.3.4
Dye Doped Glass Lasers

Host Dye
Wavelength

(nm)
Pump Source

(nm) Ref .

aluminosilicate coumarin 540A 557 dye laser (460) 23, 35

aluminosilicate rhodamine 6G 570 dye laser (540) 23, 35

composite glass perylimide (BASF 241) 530–630 Nd:YAG laser (532) 25

PFMPG(a) pyrromethene 558 ≈554 Nd:YAG laser (532) 75

PFMPG(a) rhodamine 11B ≈563–570 Nd:YAG laser (532) 75

PFMPG(a) pyrromethene 597 ≈568, ≈571 Nd:YAG laser (532) 75

PFMPG(a) pyrromethene 650 ≈625 Nd:YAG laser (532) 75

polycom glass(b) pyrromethene 567 572 Nd:YAG laser (532) 83

polycom glass(b) rhodamine 590 572 (563) Nd:YAG laser (532) 83

polycom glass(b) rhodamine 590 chloride 573 dye laser (506) 83

polycom glass(b) peryline orange (KF 241) 578 Nd:YAG laser (532) 83, 112

polycom glass(b) perylene red (KF 856) 604 Nd:YAG laser (532) 83

(a) Polymer-filled microporous glass.
(b) Sol-gel glass–poly (methyl methacrylate) composite.
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1.3.6  Dye Doped Gelatin Lasers

Table 1.3.5
Dye Doped Gelatin Lasers

Host Dye
Wavelength

(nm)
Pump Source

(nm) Ref .

Wratten(a) 22 filter — 600–650(b) N2 laser (337) 15

Wratten(a) 29 filter — 657 N2 laser (337) 15

Knox(a) gelatin methylumbelliferone 450–540(c) N2 laser (337) 15

Knox(a) gelatin 7-diethylamino-4-

   methylcoumarin

~453(c) N2 laser (337) 15

Knox(a) gelatin Na fluorescein 550–570(c) N2 laser (337) 15

Knox(a) gelatin rhodamine 6G 570–620(c) XeCl laser (308) 16

Knox(a) gelatin rhodamine B ~600–620(c) N2 laser (337) 15

gelatin rhodamine 6G ~630 N2 laser (337) 67

(a) Knox and Wratten are commercial product names.
(b) Output was stated to be in the orange-red region.
(c) Lasing wavelengths were not given but were stated to be close to those produced by the 

same dyes in liquid solutions.

1.3.7  Dye Doped Biological Material Lasers

Table 1.3.7
Dye Doped Biological Material Lasers

Host Dye
Wavelength

(nm)
Pump Source

(nm) Ref .

pig fat rhodamine 640 609 Nd:YAG laser (532) 60

chicken tissue rhodamine 640 613 Nd:YAG laser (532) 60

1.3.8  Commercial Solid State Dye Laser

Table 1.3.7
Commercial Solid State Dye Laser

Laser Type Operation
Principal

wave lengths  ( m) Output

polymeric host pulsed 0.55–0.70(a) ≤ 150 mJ

(a)  Tunable; several different polymer rods are needed to cover the wavelength range indicated.
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Section 1.4
COLOR CENTER LASERS

1.4.1  Introduction

The optically active centers in color center lasers are various types of point defects (i.e.,
color centers) in alkali halide and oxide crystals. The color centers are generally produced by
ionizing radiation or are thermally induced. Additional ions may be present to stabilize the
defect center and are included in the description of the active center. Other lasers in this
category are based on vibrational transitions of molecular defects, such as CN-.

Color center lasers are usually excited by optical pumping with broadband or laser
radiation. Lasing involves allowed transitions between electronic energy levels, hence the
gain can be high. Color center lasers have been reported that operate in the wavelength range
from approximately 0.4 to 5 µm. Due to their large homogeneous emission bandwidths,
color center lasers have varying degrees of tunability. The tuning ranges of some of the
longer-lived alkali halide color center lasers are shown in Figure 1.4.1.

The output of color center lasers may be cw or pulsed. Representative average powers and
average energies of cw and pulsed color center lasers in alkali halides are summarized in Ref.
73. As in the case of paramagnetic ion lasers, picosecond pulses can be obtained using
various mode-locking techniques and femtoseconds pulses using saturable absorbers. The
operative lifetimes of the color centers in these lasers depend on the temperature and can vary
from hours to years. Many color center lasers require operation at low temperatures.

Further Reading

Baldacchini, G., Optical excitation and relaxation of solids with defects, in Spectroscopy and
Dynamics of Collective Excitations in Solids, Di Bartolo, B. Ed., Plenum Press, New
York (1997), p. 495. (This paper contains an interesting history of color center and color
center laser research.)

Basiev, T. T. and Mirov, S. B., Room Temperature Tunable Color Center Lasers, Vol. 16
of Laser Science and Technology Series, Gordon & Breach, New York (1994), p. 1.

Basiev, T. T., Mirov, S. B., and Osiko, V. V., Room-temperature color center lasers, IEEE
J. Quantum Electron.  24   ,    1052 (1988).

Gellermann, W., Color center lasers, J. Phys. Chem. Solids 52, 249 (1991).

German, K. R., Color Center Laser Technology, in Handbook of Solid-State Lasers, Cheo,
P. K., Ed., Marcel Dekker, New York (1989), p. 457.

Mirov, S. B. and Basiev, T., Progress in color center lasers, in Semiconductor Lasers,
Selected Topics in Quantum Electronics 1 (June 1995).
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Mollenauer, L. F., Color Center Lasers, in Handbook of Laser Science and Technology,
Vol. I: Lasers and Masers, CRC Press, Boca Raton, FL (1982), p. 171 and Supplement
1: Lasers, CRC Press, Boca Raton, FL (1991), p. 101.

Mollenauer, L. F., Color Center Lasers, in Tunable Lasers, 2nd. edition, Mollenauer, L.
F., White, J. C., and Pollock, C. R., Eds., Springer-Verlag, Berlin (1992).

Pollock, C. R., Optical properties of laser-active color centers, J. Lumin. 35, 65 (1986).

Pollock, C. R., Color Center Lasers, in Encyclopedia of Lasers and Optical Technology,
Meyers, R. A., Ed., Academic Press, San Diego (1991), p. 9.

Ter-Mikirtychev, V. V. and Tsuboi, T., Stable room-temperature tunable color center lasers
and passive Q-switches, Progr. Quantum Electron. 20, 219 (1996).
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Figure  1 .4 .1    The reported tuning ranges for color center lasers in alkali halide hosts.
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1.4.2  Centers and Crystals for Color Center Lasers

Color centers are formed by one or more vacancies in a crystal; the vacancy may also be
accompanied by nearby foreign ions. The simple F center (an electron trapped at an anion
vacancy) and several more complex aggregated centers are depicted by the structural models
in Figure 1.4.2. Other centers, such as a F3

+ center for example, consist of two electrons
bound to three neighboring anion vacancies. Principal centers and crystalline hosts used for
color center lasers are summarized in Table 1.4.1.

Table 1.4.1
Principal Centers and Crystals Used for Color Center Lasers

Center Crystal (a) Center Crysta l*

F2 LiF (F2
+)AH KCl:Na+

F2
+ KBr (F2)A CaF2:Na+

KCl MgF2:Na+

KF SrF2:Na+

LiF

LiF:OH- F2
+:O2- KCl:Na+

LiF:OH-,Mg2+ NaCl:OH-

NaCl

NaCl:OH- F2
+:S2- NaCl

NaF

F3
+ LiF

F2
- LiF

F3
- LiF

(F2
+)* NaF:Mg2+

FA(II) KCl:Li+

(F2
+)** LiF RbCl:Li+

(F2
+)A KCl:Li+ FA:Tlo(1) KCl:Tl+

KCl:Na+

KI:Li+ FB(II) KCl:Na+

NaF:Li+

RbI:Li+ Tlo(1) KBr:Tl+

KCl:Tl+

(F2
+)H NaCl:OH- KF:Tl+

NaCl:Tl+

(a)  Dopants are given after the colon.
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F i g u r e  1 . 4 . 2    Structural models of the F center and other more complex aggregated color
centers (from G. Baldacchini, Reference 73, with permission).
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1.4.3  Table of Color Center Lasers

Color center lasers and their properties are listed by host crystal in Table 1.4.2. If the host contained dopants, they are
included following the colon. The other columns in the table list the active center, laser wavelength, pump source and
wavelength, operating temperature, and primary references. For lasers that have been tuned over a range of wavelengths, the
tuning range given is that for the configuration and conditions used and may not represent the extremes possible.

The lasing wavelength and output power of color center lasers depend on the characteristics of the optical cavity, the
temperature, the optical pump source, and other operating conditions. The original references should therefore be consulted for
this information and its effect on the lasing wavelength. The original references should also be consulted for the method used
to create the color centers and the operating lifetime of the laser.

Abbreviat ions  used  in  Table  1 .4 .2 :

     Pump source                       Mode of operation    
alex — alexandrite (BeAl2O4:Cr) laser AML — actively mode-locked
Ar — argon ion laser cw — continuous wave
CCL — color center laser p — pulsed
D — frequency doubled qcw — quasi-continuous wave
DL — dye laser PML — passively mode-locked
Er:YLF — Er:LiYF4 laser SML — synchronously mode-locked
Kr — krypton ion laser
NdYAG — Nd:Y3Al5O12  laser
RL — ruby (Al2O3:Cr) laser
RS — Raman shifted
TiS — Ti sapphire (Al2O3) laser

Table 1.4.2
Color Center Lasers Arranged by Host Crystal

Host
crysta l

Act ive
center

Laser
wavelength  ( m)

Pump source
(wave length- m) Mode

Temp.
(K) Ref .

Al2O3 unknown* 0.54–0.62 CCL (0.46) p RT 4
Al 2O3 unknown* 0.75–0.95 ruby laser (0.694) p RT 5
Al 2O3 unknown* 0.96–1.15 dye laser (0.83) p RT 5
Al 2O3 unknown* 0.95–1.1 DL (0.825), RL(0.694) p RT 6
Al 2O3:Mg unknown* 0.51–0.59 dye laser (0.440) p RT 7
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Table 1.4.2—continued
Color Center Lasers Arranged by Host Crystal

Host
crysta l

Act ive
center

Laser
wavelength  ( m)

Pump source
(wave length- m) Mode

Temp.
(K) Ref .

C(diamond) H3 0.53(a) Ar ion laser (0.488) cw RT 3

CaF2:Na+ (F2)A 0.76 dye laser (0.610) p RT 8–10

CaO F+ 0.357–0.420(a) Ar (0.351)/ N2 (337) p, cw 77 1

CsCl FH(CN-) 4.88–5.00 Kr ion laser (0.647) cw 77 49

KBr CN- 4.86 DCO 2 laser (4.81) p 1.7 47

KBr CN- 4.86 CCL (2.42) cw 1.7 48

KBr:O2- F2
+ 1.86–2.16 NdYAG laser (1.34) cw 77 38, 41

KBr:O2- (F2
+)H 1.86–2.10 CCL (1.6) cw, ML 77 42

KBr:Na+:O 2- (F2
+)AH 1.96—2.35 CCL (1.6) cw, ML 77 42

KBr:Tl+ Tlo(1) 1.55–1.70 NdYAG laser (1.064) cw 77 28, 76

KCl N2 1.23–1.35 NdYAG laser (1.064) p 77 24

KCl F2
+ 1.61–1.77 NdYAG (1.318/1.340) cw 77 65

KCl F2
+:O2- 1.66–1.97 NdYAG laser (1.34) cw 77 38

KCl:Li+ FA 2.72 xenon flashlamp p 77 74

KCl:Li+ (F2
+)A 2.00–2.50 NdYAG laser (1.34) cw 77 43

KCl:Li+ FA(II) 2.6–2.8 Kr laser (0.6471) cw 77–200 75

KCl:Li+ FA(II) 2.30–3.10 dye laser (0.610) cw 77 45

KCl:Li+ FA(II) 2.5–2.9 Ar (0.514), Kr (0.647) cw 77 72

KCl:Na+ FB(II) 2.25–2.65 Ar (0.514), Kr (0.647) cw 77 72

KCl:Li+:Na+ FA(II)–FB(II) 2.27–2.88 Ar (0.514), Kr (0.647) cw 77 72

KCl:Na+ (F2
+)A 1.62–1.91 NdYAG laser (1.34) cw 77 37

KCl:Na+ F2
+:O2- ~1.71–2.15 NdYAG (1.32/1.34) cw 77 39

KCl:Na+ F2
+:O2- 1.77–1.94 NdYAG laser (1.32) p 77 66

KCl:Na+ (F2
+)AH 1.73–2.10 NdYAG (1.32) AML 77 40

KCl:Na+ FB(II) 2.22–2.75 dye laser (0.595) cw 77 44, 45

KCl:Tl+ FA:Tlo(1) 1.40–1.60 NdYAG laser (1.064) qcw, SML 77 27, 29
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KCl:Tl+ FA:Tlo(1) 1.40–1.60 NdYAG laser (1.064) cw 77 28

KCl:Tl+ Tlo(1) 1.488–1.538 laser diode (0.96) cw 84 36

KF F2
+ 1.24–1.45 NdYAG laser (1.064) SML 77 25

KF F2
+ 1.26–1.48 NdYAG laser (1.064) cw, SML 77 26

KF:Tl+ Tlo(1) 1.2–1.4 TiS laser (0.844) cw 77 76

KI:Li+ (F2
+)A 2.38–3.99 ErYLF laser (1.73) p 77 46

KMgF3:Cu+ unknown 0.945–1.065 Kr ion laser (0.647) cw 77 17

KMgF3:Pb2+ unknown 0.855–0.965 Kr ion laser (0.647) cw 77 16, 17

LiF F3
+ 0.51–0.58 dye laser (0.460) p RT 2, 60

LiF F3
+, F2, unknown 0.519–0.722 dye laser (0.460) p RT 58

LiF F3
+ 0.52–0.56 dye laser (0.432/0.44) p RT 50

LiF F3
+ 0.543 dye laser (~0.460) p RT 56

LiF F2 0.64–0.71 dye laser (0.460) p RT 60

LiF F2 0.67 dye laser (0.436) p RT 11

LiF F2 0.67–0.74 — p RT 55

LiF F2
+ 0.82–1.07 Kr ion laser (0.647) cw 77 26

LiF F2
+ 0.82–1.340 — p RT 70

LiF F2
+** 0.7961.210 alex laser (0.740), RS D-

NdYAG (0.683/0.633)

p RT 68

LiF F2
+** 0.830–1.060 DNdYAG laser (0.532) p RT 57

LiF F2–F2
+ 0.84–1.10 DNdYAG laser (0.532) p RT 15

LiF F3
- 0.86–1.02 Ti sapphire laser p RT 18

LiF F2
+ 0.88–0.995 laser diode (0.680) P RT 69

LiF F2
+ 0.88–1.12 ruby laser (0.694) P RT 14

LiF(b) F2
+ 0.936 DNdYAG laser (0.532) p RT 62

LiF F2
- 1.09–1.24 NdYAG laser (1.064) p RT 12, 53

LiF F2
- 1.1–1.2 NdYAG laser (1.064) cw 313 67

LiF F2
- 1.122–1.201 laser diode (0.976) p RT 71

LiF F2
- 1.13–1.250 ruby laser (0.694) P RT 14
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Table 1.4.2—continued
Color Center Lasers Arranged by Host Crystal

Host
crysta l

Act ive
center

Laser
wavelength  ( m)

Pump source
(wave length- m) Mode

Temp.
(K) Ref .

LiF F2
- 1.15 Nd glass laser SML RT 13

LiF F2
- 1.150–1.172 NdYAG laser (1.064) p RT 59

LiF:OH- F2
+ 0.84–1.13 ruby laser (0.694) p RT 52

LiF:OH-,Mg2+ F2
+ 0.85–1.040 DNdYAG laser (0.532) p RT 51

MgF2:Na+ (F2)A 0.66 DNdYAG laser (0.532) p RT 9, 10

NaCl F2
+ 1.40–1.56 NdYAG laser (1.064) cw 77 65

NaCl F2
+:S2- 1.43–2.00 NdYAG laser (1.064) cw, ML 77 33

NaCl:K+(C) F2
+:O2- 1.42–1.76 NdYAG laser (1.064) cw 77 64

NaCl:OH- F2
+ 1.37–1.77 NdYAG laser (1.064) p RT 63

NaCl:OH- F2
+ 1.4–1.72 NdYAG laser (1.064) p, qcw RT 61

NaCl:OH- F2
+:O2- (d) 1.41–1.81 NdYAG laser (1.064) cw 77 30, 31

NaCl:OH- F2
+:O2- (d) 1.41–1.81 NdYAG laser (1.064) PML 77 32

NaCl:OH- (F2
+)H 1.450–1.600(e) NdYAG laser (1.064) cw 30 34

NaCl:OH- (F2
+)H 1.482–1.680 laser diode (0.99) cw     <    140 35

NaCl:OH- (F2
+)H 1.479–1.705 NdYAG laser (1.064) cw     <    185 35

NaCl:OH- (F2
+)H ~1.575 NdYAG laser (1.064) PML 77 54

NaCl:Tl+ Tlo(1) 1.464–1.590 NdYAG laser (1.064) cw 77 35

NaCl:Tl+ Tlo(1) 1.493–1.540 laser diode (0.993) cw 77 35

NaF F2
+ 0.99–1.22 CCL (0.870) cw 77 20

NaF:Li+ (F2
+)A 0.95–1.3 ruby laser (0.694) p RT 19

NaF:Mg2+ (F2
+)* 1.03–1.12 laser diode (0.82) cw 77 21

NaF:Mg2+ (F2
+)* 1.07 laser diode (0.82) AML 77 22

NaF:OH- F2
+ 1.10–1.30 CCL (0.90) cw 77 23
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RbCl:Li+ FA(II) 2.48–3.64 Kr ion (0.647, 0.676) cw 77 45

RbCl:Li+ FA(II) 2.6–3.33 Kr ion (0.647, 0.752) cw 77 72

RbCl:Na+ FB(II) 2.5–2.9 Kr ion (0.647, 0.752) cw 77 72

RbCl:Li+:Na+ FA(II)–FB(II) 2.5–3.15 Kr ion (0.647, 0.752) cw 77 72

RbI:Li+ (F2
+)A 2.84–3.68 Er:YLF (1.73) p 77 77

SrF2:Na+ (F2)A 0.890 ruby laser (0.694) p RT 8

* Color centers produced by neutron irradiation.
(a) Laser action requires further verification.
(b) LiF powder sample.
(c) Misidentified; the host crystal was actually NaCl:OH-.
(d) The NaCl:OH- F2

+:O2- laser and the NaCl:OH- (F2
+)H  laser are the same; there is no standard nomenclature for these centers.

(e) Emission of the (a) variety of (F2
+)H center.
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1.4.4  Commercial Color Center Lasers

Examples of commercial color center lasers are given in Table 1.4.3. General output
properties are included. These data are taken from recent (1997–1999) buyers guides and
manufacturers' literature and are representative rather than exhaustive. Performance figures
may be expected to change due to changes and advances in technology.

Table 1.4.3
Commercial Color Center Lasers

Laser Type Operation
Principal

wave lengths  ( m) Output

LiF (F2
+) pulsed 1.09–1.27 £ 50 mJ

NaCl:OH (F2
-) cw 1.45–1.85 0.35 W

pulsed 1.48–1.72 0.1 J

KCl:Na (FB) cw 2.30–2.55 1–100 mW

KCl:Li (FA) cw 2.45–2.80 100 mW
pulsed 2.52–2.90 15 mJ

RbCl:Li(FA) cw 2.70–3.30 10 mW
pulsed 2.73–3.18 15 mJ
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Section 1.5
SEMICONDUCTOR LASERS

1.5.1 Introduction

Laser action in semiconductor diode lasers, in contrast to other solid state lasers, is
associated with radiative recombination of electrons and holes at the junction of a n-type
material (excess electrons) and a p-type material (excess holes). Excess charge is injected into
the active region via an external electric field applied across a simple p-n junction
(homojunction) or in a heterostructure consisting of several layers of semiconductor materials
that have different band gap energies but are lattice matched. The ability to grow special
structures one atomic layer at a time by liquid phase epitaxy (LPE), molecular bean epitaxy
(MBE), and metal-organic chemical vapor deposition (MOCVD) has led to an explosive
growth of activity and numerous new laser structures and configurations.

When the dimensions of the semiconductor material become <100 nm, quantum effects
enter that modify the band gap. Quantum wells result from confinement in one dimension,
quantum wires from confinement in two dimensions, and quantum dots or boxes from
confinement in three dimensions. The wavelength of quantum well lasers can be changed by
varying the quantum well thickness or the composition of the active material. By using
materials of different lattice constants, thereby effectively straining the materials, one can
further engineer the band gap.

The lasing material may be elemental, but more generally is a binary, ternary, or
quaternary compound semiconductor. The latter includes II-VI, III-V, IV-VI, and other
compounds. Figure 1.5.1 shows the elements that have been used as constituents to achieve
laser action in elemental and compound semiconductor materials.

F i g u r e  1 . 5 . 1    Periodic table of the elements showing the elements (shaded) that have been
components of semiconductor laser materials.
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Semiconductor lasers are divided by material type and listed in Tables 1.5.1–1.5.8. The
lasers are furthered grouped by the method of excitation (injection, optically pumped,
electron beam pumped). Quantum cascade and intersubband lasers are listed in a separate
table (Table 1.5.9). Vertical cavity lasers are also listed in a separate table (Table 1.5.10).
The tables include the lasing material, wavelength, structure, operating mode, temperature,
and primary references. For lasers that have been tuned over a range of wavelengths, the
tuning range given is that for the configuration and conditions used and may not represent
the extremes possible. The lasing wavelength and output of semiconductor lasers depend on
the chemical composition of the material, structural configuration, optical cavity,
temperature, excitation rate, and other operating conditions. The original references should
therefore be consulted for this information and its effect on the laser performance.

Because it is possible to vary the constituent elements and tailor the laser emission, the
wavelength of semiconductor lasers is a less fundamental property than for other lasers
involving transitions between specific atomic levels. Thus the tabulations generally include
early pioneering papers and representative examples of different structures, preparation
methods, and operating conditions rather than an exhaustive listing of all reported lasers.

The wavelength ranges of various types of semiconductor lasers are shown in Figure
1.5.2. The wavelength of quantum cascade lasers, unlike that of diode lasers, is determined
by the active layer thickness rather than the band gap of the material. Multiple quantum well
cascade lasers have been tailored to operate in the range ~3-17 µm, thereby extending the
range of III-V compound lasers.

Only inorganic semiconducting materials are listed in this section. Dye-doped organic
semiconductor lasers are included in Section 1.3; semiconducting polymer lasers are covered
in Section 1.6. Commercial lasers are covered in Section 1.5.12.

0.1 1.0 10 100

Wavelength ( µm)

IV-VI Lead Compounds

Ge Intervalence Band

30 3003.00.3

II-VI Compounds

Nitrides

III-V Compounds

III-V Antimonides

Mercury II-VI Compounds

Figure  1 .5 .2   Reported ranges of output wavelengths of various types of semiconductor lasers.
Quantum cascade lasers are included among the III-V compound lasers.
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Tables in this section are presented in the following order:

Type Table

II-VI Compound Lasers 1.5.1

Mercury II-VI Compound Lasers 1.5.2

III-V Compound Lasers 1.5.3

III-V Compound Antimonide Lasers 1.5.4

Nitride Lasers 1.5.5

Lead IV-VI Compound Lasers 1.5.6

Germanium-Silicon Intervalence Band Lasers 1.5.7

Other Semiconductor Lasers 1.5.8

Quantum Cascade and Intersubband Lasers 1.5.9

Vertical Cavity Lasers 1.5.10

Abbreviations used to describe the laser structures and laser operation:

ADQW—asymmetric dual quantum well QB—quantum box

BGSL—broken-gap superlattice QC—quantum cascade

BH—buried heterostructure qcw—quasi-continuous wave

BW—broad-waveguide QD—quantum dot

CMC—coupled microcavity QW—quantum well

cw—continuous wave RW—ridge waveguide

DBR—distributed Bragg reflector SB-BGSL — strain-balanced BGSL

DFB—distributed feedback SCBH—separate confinement buried H

DH—double heterostructure SCH—separate confinement heterostructure

DQW—double quantum well SL-MQW—strained-layer MQW

GRIN—graded index SLS—strained-layer superlattice

H—heterostructure SL—superlattice

J—p-n junction SQW—single quantum well

MC—microcavity or microcylinder SSQW—strained SQW

MD—microdisk T2QWL — type II quantum well laser

ML—monolayer or microlaser VCSEL—vertical cavity surface emitting laser

MQW—multiple quantum well VC—vertical cavity

p—pulsed "W"—W (conduction band profile) active region
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Section 1.5.2  II-VI Compound Lasers

Mercury-based II-VI compound lasers are tabulated in Table 1.5.2.

Table 1.5.1
II-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

BeZnCdSe/BeZnSe/BeMgZnSe 0.507 SCH p 77 268

BeMgZnSe/ZnCdSe 0.521 SCH QW cw 300 353

CdZnS/ZnS 0.3755 SLS MQW p 30 273

CdZnSe 0.490 SQW p 77 38

CdZnSe/ZnSe 0.490–0.512 QW cw 80 39

CdZnSe/ZnSe 0.508–0.535 QW cw 300 39

(Zn,Cd)Se/Zn(S,Se) ~0.494 MQW p     <     300 43

(Zn,Cd)Se/ZnSe 0.480–0.500 MQW p     <     250 34

ZnCdSe/ZnSSe/ZnMgSSe 0.496 SCH cw 85 269

ZnCdSe/ZnSSe/ZnMgSSe 0.5147 SQW SCH cw 300 380

ZnCdSe/ZnSSe/ZnMgSSe 0.516 SCH p 300–394 269

ZnCdSe/ZnSSe/ZnMgSSe 0.520 SCH p 300 54

ZnCdSe/ZnSSe/ZnMgSSe 0.5235 SCH p 300 270

ZnSe/ZnMgSSe 0.463 SCH p 300 267

    Optically Pumped Lasers

CdS 0.4943 crystal p 88 43

CdS 0.495–0.520 crystal p 90–300 11

CdS 0.496, 0.502 crystal p 77 46

CdSe 0.6917 crystal p 77 90

CdSe 0.697 crystal p 77 93

CdSe 0.698–0.752 crystal p 90–300 11

CdSe/ZnSe 0.4647–0.4663 SL p 80 29

CdSSe 0.4496–0.624 crystal p 77 25

CdSSe 0.580–0.705 crystal p 90–300 11

CdZnS/ZnS 0.333 QW p 8 274

CdZnS/ZnS 0.357–0.390 SLS MQW p 300 273

CdZnS/ZnS 0.3749 SLS p 300 271

(Zn,Cd)Se 0.496 SCH VCSEL p, qcw 300 45

ZnCdSe/ZnCdMgSe 0.512 GRINSCH p 300 53

ZnCdSe/ZnSSe 0.504 MQW p 300 51
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Table 1.5.1—continued
II-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

ZnCdSe/ZnSe 0.498–0.517 MQW p, cw 300–10 49

(Zn,Cd)Se/ZnSe 0.468 MQW p 300 30

(Zn,Cd)Se/ZnSe 0.492 SQW p 10 41

(Zn,Cd)Se/ZnSe 0.4963 SQW p 150 41

(Zn,Cd)Se/ZnSe 0.50 SQW p 250 41

ZnCdTe/ZnSe 0.49–0.56 SQW p 300 36

ZnCdTe/ZnTe 0.575–0.602 SLS QW cw 8–310 59

ZnMgSSe/ZnSSe/ZnCdSe 0.470–523 SCH QW p 300 353

ZnO 0.375–0.400 crystal p 80–300 11

ZnO 0.3775–0.3780 crystal layer p 80–180 351

ZnO 0.3747 powder p 80–180 351

ZnO ≈0.385 powder p 300 352

ZnO ~0.38 film p 300 16

ZnS 0.3497 crystal p 300 3

ZnSe 0.430 crystal p     <     200 23

ZnSe 0.469 crystal p 300 31

ZnSe 0.469–0.475 crystal p 300 32

ZnSe/ZnMgBeSe 0.444 SQW p 300–473 388

ZnSe/ZnMnSe ~0.453 MQW p 5.5–80 26

ZnSe/ZnSSe 0.445 H p < 400 272

ZnSe/ZnSSe ~0.445–0.455 SL p 14–180 24

ZnSe/ZnSSe 0.462 H p     <     260 28

ZnSSe ~0.438 crystal p     <     200 23

    Electron Beam Pumped Lasers

CdS ~0.49 crystal p 90, 300 35

CdS 0.491 crystal p 4.2, 77 40

CdS 0.4966 crystal p 4 48

CdSe ~0.685 crystal p 4.2 40

CdSSe 0.49–0.69 crystal p 4.2, 77 37

CdTe 0.785 crystal p 10–15 106,107

ZnCdSe 0.485 SQW p ~20 290

ZnCdSe 0.585–0.620 crystal p 10–310 64

ZnCdSe/ZnSe 0.4784 GRINSCH p 83–225 33

ZnO 0.3757 crystal p 77 12

ZnS 0.3245–0.3300 crystal p 4.2, 77 1
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Table 1.5.1—continued
II-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

ZnS 0.33 crystal p 80 2

ZnSSe ~0.438 crystal p     <     200 23

ZnSe 0.460 crystal p 100 27

ZnSe/ZnSSE 0.474 SL p 100 9

ZnSe/ZnSSe 0.454–0.474 SL p 100 9

ZnTe 0.528 crystal p 4 55

ZnTe 0.533 crystal p 110 56

1.5.3  Mercury II-VI Compound Lasers

Table 1.5.2
Mercury II-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

HgCdTe 2.86 DH p 77 174

HgCdTe 2.9, 3.4, 3.9 DH p 40–90 176,177

HgCdTe 3.4 DH p 78 264

HgCdTe 3.6 layer p 12–90 192

HgMnTe 5.3 H p 77 220

    Optically Pumped Lasers

HgCdTe 1.89–1.97, 2.18–2.5 MQW SCH p 300–10 277

HgCdTe 1.9–2.5 MQW GRINSCH p 300 262

HgCdTe 2.0–2.2 SCH p 150–300 276

HgCdTe 2.06–2.3, 3–3.3 MQW GRINSCH p 300–10 277

HgCdTe 2.5 DH p 110 263

HgCdTe 2.79 layer p ~12 171

HgCdTe ~2.8 QW DH p, cw >60 173

HgCdTe 3.1 DH p 120 266

HgCdTe 3.39–3.58 DH p 78 278

HgCdTe 3.4 SCH p 90 265

HgCdTe/CdTe 2.36 MQW SCH p 12, 77 167

HgCdTe/CdZnTe 3.2 QW p 80–154 275

HgZnTe ~5.4 layer p 50–70 222
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1.5.4  III-V Compound Lasers

Additional III-V compound lasers are included in the Section 1.5.10 on interband, inter-
subband, and cascade lasers (see Table 1.5.9). Antimonide III-V compound lasers are
tabulated separately in Table 1.5.4.

Table 1.5.3
III-V Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

AlGaAs 0.680-0.700 DH cw 300 84

AlGaAs 0.688–0.729 H p, cw 100 88

AlGaAs 0.750 H p 77, 273 99

AlGaAs 0.844–0.852 H p 77, 300 123

AlGaAs 0.845 H cw 100 88

AlGaAs/GaAs 0.674–0.681 SL QW RW cw 300 83

AlGaAs/GaAs 0.750–0.855 GRINSCH SQW cw 300 100

AlGaAs/InGaP 0.615 H cw 300 71

AlGaAsP ~0.800–0.845 DH p 77–300 109

AlGaInAs/AlInAs 1.008 DH p 300 143

AlGaInP 0.5836 DH cw 77 62

AlGaInP 0.621 mesa stripe cw 273 72

AlGaInP/AlGaInP 0.6262 DH p 300 74

AlGaInP 0.640 H cw 293 79

AlGaInP/GaInP/AlGaInP 0.6897 DH cw 300 89

GaAlAs/GaAs 0.843–0.8562 SH cw 77 122

GaAs 0.69–0.79 SL QW cw 300 83

GaAs 0.825 SQW cw 300 83

GaAs 0.837–0.843 H p 4.2, 77 114

GaAs 0.842 J p 77 120

GaAs 0.843 H p 77 121

GaAs 0.87 DH cw 300 83

GaAs/AlGaAs ~0.765–0.855 ADQW p, cw 300 385

GaAs/AlGaAs 0.7812 DH p 77 105

GaAs/AlGaAs 0.8404 SCH cw 300 94

GaAs/GaAlAs 0.680–0.785 SL SQW GRIN. p, cw 300 85,86

GaAs/GaAlAs 0.848 SH DFB p 77 298

GaAsP 0.710 J p 77 98

GaAsP/InGaP 0.7010 H cw 283 95
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Table 1.5.3—continued
III-V Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref
.

GaInP/AlInP 0.576–0.584 MQW p 109–165 60

GaInP/AlInP 0.607 SSQW DFB p 140 70

GaInP/GaAlInP 0.627–0.640 SQW GRINSCH p 300 75

GalnP/AlGaInP 0.671 DH cw 293 82

GaSb 1.55–1.60 J p 78 141

GaSb 1.57 J p 77 156

In(Al,GaP ~0.640 MQW H cw 300 80

InAlAs 0.707 QD H cw 77 97

InAs 0.982–0.992 GRINSCH QB cw 79 139

InAs 1.05–1.24 QW QD(a) p 295 375

InAs 3.112 J p 4, 77 185

InAs/GaAs 1.00–1.05 SCH QD cw 100–300 142

InAs/GaSb/GaInSb/GaSb 2.9 type-II "W" SL p, cw ≤260 299

InAs/GaInSb 3.1 MQW p 190 172

InAs/GaInSb/InAs/
   AlGaInAsSb

2.7 SB-BGSL p 180 279

InGa/GaAs 1.074 SL QW BH p 300 144

InGaAlP 0.625 MQW cw 300 73

InGaAlP 0.63–0.65 H cw 295–323 76

InGaAlP 0.6378 SBR cw 298 78

InGaAs 0.911 QD p  80 130

InGaAs 0.979 SQW cw 300 137

InGaAs 1.77, 2.07 J cw 1.9 160

InGaAsPN 1.2–1.3 SQW p 300 373

InGaAs/AlGaAs 0.956, 0.985 SCH(b) p 300 382

InGaAs/AlGaAs ~0.955 SQW SCH cw 300 374

InGaAs/GaAs 0.99 SL QW cw 300 140

InGaAs/GaAs 1.028 SL SCH QD cw 300 146

InGaAs/GaAs 1.14, 1.19 QD cw 80–250 341

InGaAs/GaAs/InGaP ~0.978–0.984 RW QW cw 300 136

InGaAs/GaAs/InGaP 0.99 SCH QW qcw 278–288 343

InGaAs/GaInAsP 1.5 SL-MQW cw 283–373 47

InGaAs/GaInAsP/GaInP 0.981–0.985 SCH QW cw 300 348

InGaAs/InGaAs 2.051–2.056 MQW DFB cw 298 358

InGaAs/InP 1.440–1.640 MQW GRINSCH cw 300 15l

InGaAs/InP 1.62 SQW GRINSCH cw 300 159
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Table 1.5.3—continued
III-V Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

InGaAsP/GaAs 0.808 SQW cw 300 110

InGaAsP/InaP(c) 1.281 SCH MQW p 300 357

InGaAsP/InGaP 0.83 QW H cw 300 112

InGaAsP/In(Ga,Al)P 0.735 SQW cw 288 300

InGaAsP/In(Ga,Al)P 0.81 QW cw 293 301

InGaAsP/InP 1.27 DH p 300 148

InGaAsP/InP 1.31 BH p 30 150

InGaP 0.761, 0.763 J p 4.2, 77 101

InGaP/InP 1.43 BW SCH MQW cw, qcw ~300 344

InGaP:N 0.5520 crystal cw 77 58

InGaPAs/GaAs ~0.785 H cw 300 108

InP 0.906–0.908 crystal p 4, 77 128,129

InSb 5.085–5.28 J p 10 215

    Optically Pumped Lasers

AlGaAs/AlGaAs ~0.636 H p 300 77

GaAs 0.83 crystal p 300 111

GaAs 0.8365 crystal p 77 113

GaAs/AlGaAs ~12.5 QW p 77 244

GaAs/InAs ~0.84–0.86 SCH SSQW p, cw 77 118

GaSb 1.541 crystal p 4 154

In(Al,Ga)P ~0.640 MQW H cw 300 80

InAs 2.94 crystal p 20 154

InAs ~3.0 crystal p 4 180

InAs/GaSb/InAs/AlSb 3.08–4.03 type "W" p 100–360 349

InAs/GaSb/InAs/AlSb 2.72–3.55 type "W" cw 78, 290 350

InAs/GaInSb/InAs/AlSb 5.4–7.4 type-II "W" p 77–290 386

InAs/GaSb/InAs/AlSb 3.1–3.4 type-II "W" p 300 377

InAs/GaInSb/InAs/AlAsSb 3.14–3.02 type "W" cw 78, 275 350

InAs/GaInSb/InAs/AlSb 3.59–6.07 type-II "W" cw 78–265 376

InAs/GaInSb/InAs/AlSb 5.4–7.1 type "W" cw 78–265 350

InAs/GaInSb/InAs/
   AlGaInAsSb

3.7, 5.2 SB-BGSL p 300 279

InAs/GaInSb/InAs/AlSb 3.2, 3.4 T2QWL p 350, 310 285

InAs/GaInSb/InAs/AlSb 3.4 T2QWL p 310 285

InAs/GaInSb/InAs/AlSb 3.9–4.1 T2QWL p 80–285 198

InAs/GaInSb/InAs/AlSb 4.2–4.5 T2QWL p 100–310 203
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Table 1.5.3—continued
III-V Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

InAs/InAsSb 3.3–3.4 type-II SL cw 95 188

InAs/InAsSbP 3.1 DH p 77–100 184

InAs/InAsSbP 3.1 DH p 77–100 304

InGaAs 0.935 crystal p 300 131

InGaAs/InAlAs 1.5–1.6 MQW p 300 152

InGaAsP(c) 1.504 QW MC p 143 356

InGaP 0.695 crystal p 77 91

InP 0.850 crystal p 77 126

InP 0.915 crystal p 300 131

InPAs 1.602 crystal p 77 158

InSb 5.16–5.32 crystal cw(d) 20 201

InSb 5.258 crystal p 4 312

InGaAs/GaAs 0.918–0.966,
0.940–0.978

QW CMC qcw 300 302

InAs/GaAs 0.838–0.886 ML cw 10 303

InAs/GaSb/InAs/AlSb 2.9 Type II p ≤280 304

    Electron Beam Pumped Lasers

AlGaAs 0.696–0.760 layer p 81 92

GaAs ~0.84 crystal p 4 115–

117

GaAsP 0.704 crystal p 77 96

GaSb 1.51–1.53 crystal p 4, 20 153

InAs 2.7–3.2 film p 80–220 168

InGaP 0.549–0.562 crystal p 10–150 57

(a)  DWELL (dots in a well) design.
(b)  Bipolar cascade laser.
(c)  Photonic crystal.
(d)  Two-photon (9.3 µm) pumped.
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1.5.5  III-V Compound Antimonide Lasers

Table 1.5.4
III-V Compound Antimonide Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

GaInAsSb/GaSb ~2.0 DH cw 80 161

InAsSb/InAsSbP 3.6 DH cw 77–100 296

InAsSb(P)/InAsSbP 2.7–3.9 DH cw 80 196

InGaAsSb/AlGaAsSb 2.7 MQW cw 170–234 283

InGaAsSb/AlGaAsSb 2.0–2.65 SCH QW cw 300

GaAsSb/AlGaAsSb 0.980 DH p 300 138

GaInSb/InAs 2.8 MQW BGSL p 225 172

GaInSb/InAs 3.1, 3.2 MQW p 220, 255 172

GaInSb/InAs 3.28–3.90 MQW p 170–84 187

GaInSb/InAs 3.4,–4.3 MQW p 195–110 172

InAlSb/InSb 5.1 H p     <     90 214

InAsSb ~3.17 crystal p 77 186

InAsSb 3.5–3.6 MQW DH p 77–135 287

InAsSb ~3.6 layer p 77 184

InAsSb/InAs 3.8–3.9 MQW H p 210 195

InGaAsSb/AlGaSb 2.023, 2.2 DH p 140, 300 162

InGaAsSb/InPSb 3.06 DH p 35 181

GaInAsSb/AlGaAsSb 2.1 DH p, cw 300, 190 163

GaInAsSb/AlGaAsSb 2.02, 2.04 QW p, cw 300 342

GaInAsSb/AlGaSb ~2.2 DH p, cw 303 165

InAsSb/AlAsSb 3.97–3.985 DH p, cw 155, 80 202

InAsSb/InAlAsSb 3.9 SQW p, cw 165, 123 197

InAsSb/InAlAsSb 3.2–3.55 MQW p, cw 225, 175 305

InAsSbP/InAsSb/InAs ~3.2 DH p, cw 220, 77 288

InAsSbP/InGaAsSb 3.05–3.55 DH p, cw 77 182

InGaAsSb 3.23 DH p, cw 77 182

AlGaAsSb/InGaAsSb 2 SQW qcw 283–288 289

    Optically Pumped Lasers

GaInAsSb/GaSb 3.08–3.30 DH p 82–210 284

InAsSb/GaSb 3.86–3.97 DH p 80–150 284

InAsSb/InAs ~3.6 J p 77 186

AlGaSb/InAsSb/AlGaSb 3.9 DH p 80–135 12
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Table 1.5.4—continued
III-V Compound Antimonide Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

InAs/GaSb/InAs/AlSb 2.9 Type II "W" p ≤280 306

InAsSbP/InAs 3.9 DH p 77–125 184

InAsSb/InAsP 3.57–3.86 SLS p 80–240 191

InAsSb 3.7 DH qcw 77 307

    Electron Beam Pumped Lasers

AlGaSb 1.10–1.60 crystal p 83 147

1 .5 .6   Nitride Lasers

Table 1.5.5
Nitride Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

InGaN 0.376 SQW SCH p 300 199

InGaN 0.399–0.402 MQW p, cw 300 291

InGaN 0.40583 MQW cw 300 20

InGaN 0.407–0.411 MQW p 300 297

InGaN 0.417 MQW p 300 22

InGaN 0.419 MQW p 300 44

    Optically Pumped Lasers

AlGaN/GaInN 0.389–0.399 DFB DH p 300 295

AlGaN/GaInN 0.4025 DH p 300 19

GaN ~0.356 SCH QD p 20 4

GaN 0.359 crystal p 2 5

GaN 0.362–0.381 crystal p 10–375 7

GaN 0.3696 layer p 300 10

GaN 0.376–0.378 layer VC p 300 13,14

GaN 0.378 film p 300 15

GaN 0.378 MD WGM p 300 387

GaN ~0.385 ML p 300 293

GaN 0.364–0.386 layer p 77–450 334

GaN — powder p 300 352

GaN/AlGaN ~0.3615 SCH p 300 6
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Table 1.5.5—continued
Nitride Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

GaN/AlGaN 0.3635 VCSEL p 300 8

GaN/AlGaN 0.387 H p 34 294

GaN/AlGaN ~0.359, ~0.365 DH p 77, 295 243

GaN(a) 0.378–0.380(b) film p 1.8 335

GaN(a) —(b) film p 300 336

InGaN 0.406 ML VC p 300 296

InGaN/GaN ~0.341 MQW p 10 337

InGaN/GaN 0.385 MQW p     <     220 17

InGaN/GaN 0.415 VC p 300 21

InGaN/GaN 0.427–0.437 MQW p 175–575 50

InGaN/GaN/AlGaN` 0.401 VCSEL p 300 384

InGaN/InGaN 0.410 MQW p 300 292

InGaNAs/GaInP 1.17–1.26 DH p 300 178,282

(a) Cubic gallium nitride.
(b) Gain was measured.

Section 1.5.7  Lead IV-VI Compound Lasers

Table 1.5.6
Lead IV-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

PbCdS 3.5 J cw 10–20 190

PbEuSe/PbSe/PbEuSe 5.55–7.81 BH p, cw 30–160 223

PbEuSeTe 2.7–6.6 DH cw     <     147 170

PbEuSeTe 2.6–6.6 DH p     <     190 193

PbEuSeTe 3.8–6.6 DH cw     <     147 193

PbEuSeTe/PbTe 4.19–6.49 SCBH cw 215–20 280,281

PbEuSeTe/PbTe 4.2–6.4 BH cw 90–203 204

PbEuSeTe/PbTe 3.97 SQW p 260 170,200

PbEuSeTe/PbTe 4.41–6.45 SQW cw 174–13 170,200

PbEuSeTe/PbTe 4.5362–5.7026 DH BH cw 120–180 211

PbEuTe 3.4–6.5 DH p > 200 189

PbGeTe 4.40–6.50 J cw 4 209

PbS 4.32 J cw 4.2 207,208
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Table 1.5.6—continued
Lead IV-VI Compound Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

PbSSe 6.1 SH, DH cw 12 230

PbSe 8.5 J p 4 240

PbSe/PbEuSe 2.88 DH cw 100 175

PbSe/PbEuSe 5.7–7.8 DH p, cw 220, 174 175

PbSe/PbSrSe 4.4–8.0 H p, cw 290, 169 210

PbSnSe 10.2 J p, cw 77 241

PbSnTe 6 MQW p, cw 204, 130 229

PbSnTe 9.4, 12.7, 13.7 J p, cw 12 241

PbSnTe/PbTeSe 5.90–8.55 MQW p, cw ~10–204 228

PbSnTe 12.8 DH p 77–188 189

PbSnTe/PbEuSeTe 4.77–7.18 BHG cw 20–175 213

PbSnTe/PbTe 8.2–18.5 H cw 12–80 225,236

PbSnTe/PbTeSe ~9 BH cw 80 239

PbSrS/PbS 2.79–3.44 MQW p 255–90 179

PbSrS/PbS 2.95–3.84 DH p 250–90 179

PbSrS/PbS 2.97 DH p, cw 245, 174 179

PbSrS/PbSrS 2.77–3.14 DH p 180–90 179

PbSrSe/PbSePbSrSe 4.78 DH p 300–333 345

PbTe 6.5 crystal p 12 232

    Optically Pumped Lasers

PbSSe 3.9–8.6 crystal p(a) 2 18

    Electron Beam Pumped Lasers

PbS ~4.3 crystal p 4.2 206

PbSe 8.5 crystal p 4.2 206

PbTe 6.41 crystal p 4.2 206

(a)  Optically pumped using a Nd:YAG laser (1.064 µm).

Section 1.5.8  Germanium-Silicon Intervalence Band Lasers

Table 1.5.7
Germanium-Silicon Intervalence Band Lasers

Material
Wavelength

( m) Structure Exc i ta t ion
Temp.
(K)(a) Ref .

Ge(Be),Ge(Zn) 75–250 crystal elect./mag. fields (p) 4.2 224, 226

Ge(Cu) 80–150 crystal elect./mag. fields (p) 4.2 224, 226–7

Ge(Ga) 110–360 crystal elect./mag. fields (p) 4.2 259–261

Ge(Ga) ≈86 crystal electric field (p,cw) 4–8 389
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Table 1.5.7—continued
Germanium-Silicon Intervalence Band Lasers

Material
Wavelength

( m) Structure Exc i ta t ion
Temp.
(K)(a) Ref .

Ge(Ga) 90–125 crystal(b) elect./mag. fields (p) 4.2 372

Ge(Ga),Ge(Al) 75–130 crystal elect./mag. fields (p) 4.2–18 245–256

Ge(Ga),Ge(Al) 170–250 crystal elect./mag. fields (p) 4.2–18 245–257

Ge(Tl) 85–110 crystal elect./mag. fields (p) 4.2 309

Ge(Tl) 120–165 crystal elect./mag. fields (p) 4.2 309

Si(B) >50 (c)
crystal elect./mag. fields (p) 4.2 310

(a)  For Ge lasers, during each laser pulse the crystal heats up and, while still lasing, reaches a
temperature close to 20–25 K (E. Bründermann—private communication).
(b)  Faraday configuration.
(c)  Calculated optical gain spectrum; long wavelength limit is ~ 600 µm.

Section 1.5.9  Other Semiconductor Lasers

Table 1.5.8
Other Semiconductor Lasers

Material
Wavelength

( m) Structure
Exc i ta t ion

(mode)
Temp.

(K) Ref .

BixSb1-x ~100 crystal injection (cw) 4.2 258

Cd3P2 ~2.12 crystal optical-1064 nm (p) 4.2 164

CdIn 2S4 0.765(a) crystal optical-495 nm(b) (p)
optical-600 nm(c) (p)

100–300 102

CdSiAs2 0.77 crystal electron beam (p) 77 103

CdSnP2 1.011 crystal electron beam (p) 80 145

CuBr ~0.43 thin film optical-337 nm (p) 10 308

CuCl 0.3914 quantum dot optical-337,351 nm (p) 77–108 311

In2Se 1.60 crystal electron beam (p) 90 157

GaSe 0.59–0.60 crystal electron beam (p) 77 65

GaSe 0.59–0.60 crystal optical-1064 nm(d) (p) 77 66

GaSe 0.6010 crystal optical-337 nm (p) 2 67,68

GaSe 0.602–0.604 crystal optical-337 nm (p) 5 69

InSe 0.942, 0.945 crystal optical-337 nm (p) 5 69

InSe ~0.945–0.985 crystal optical-583 nm (p) 20, 90 133

InSe 0.97 crystal electron beam (p) 90 134

(a)  Optical gain was measured.
(b) Intrinsic.
(c)  Extrinsic.
(d)  Two-photon pumped.
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1.5.10  Quantum Cascade and Intersubband Lasers

Interband-based cascade lasers (ICL), intersubband-based quantum cascade lasers (QCL),
and non-cascaded intersubband lasers are included in this section. In the first, every injected
electron generates multiple photons by making interband transitions at each step of the
staircase-like quantum well structure; in the second an electron makes transitions between
conduction subbands created by quantum confinement. A further distinction is that quantum
cascade lasers are electrically pumped whereas quantum fountain lasers are optically pumped.
In all cases the wavelength is determined by the layer thickness of the active region rather
than the band gap, hence the lasers can be tailored to operate over a broad range of
wavelengths in the mid-infrared.

Table 1.5.9
Quantum Cascade and Intersubband Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

AlInAs/GaInAs 4.26 MQW RW p 10–90 205

AlInAs/GaInAs 5.37–5.44 MQW DFB p 170–300 183

AlInAs/GaInAs 6.2–6.6 MQW RW p
cw

10–280,
10–80

231

AlInAs/GaInAs 7.3 SL RW p 10–300 364

AlInAs/GaInAs ~8 MQW RW p,

cw

10–300,

10–140

365

AlInAs/GaInAs 9.75–10.15 MQW RW p ≤ 300 369

AlInAs/GaInAs 10.04–10.18 MQW DFB p 80–300 367

AlInAs/GaInAs 8.3 SQW RW p ≤220 361

AlInAs/GaInAs 8.47–8.54 MQW DFB p, cw 300, 120 360

AlInAs/GaInAs ~10 DQW RW p ≤220 361

AlInAs/GaInAs ~11.1 MQW RW p,
cw

10–200,
10–30

87,233

GaAs/AlGaAs 9.4 MQW RW p 10–140 363

GaAs/AlGaAs 10 MQW MD p 10–165 373

GaAs/AlGaAs 13 SL RW p 10–50 366

GaAs/AlGaAs 14.1 QW p(a) 77 339

GaAs/AlGaAs 14.5 MQW p(b) 10–135 368

GaAs/AlGaAs ≈15.5 QW p(b) ≤110 338

GaInAs/AlInAs 3.4–3.6 MQW RW p
cw

10–280,
10–50

63

GaInAs/AlInAs 4.6 MQW RW p
cw

10–200,
50–85

212

GaInAs/AlInAs ~5 MQW RW p
cw

10–320,
10–140

87, 216-9

GaInAs/AlInAs ~5 MQW MD p 10–150 52
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Table 1.5.9—continued
Quantum Cascade and Intersubband Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

GaInAs/AlInAs 5.31–5.38 MQW DFB p 110–315 61

GaInAs/AlInAs 6.33–6.28(c) MQW RW p 10–90 359

GaInAs/AlInAs 6.49–6.41(c) MQW RW p 10–77 359

GaInAs/AlInAs ≈6.76–6.60(d) MQW RW p 25–120 359

GaInAs/AlInAs 7.4–8.6 MQW RW p
cw

210
110

234

GaInAs/AlInAs 7.7 SL RW p 10–240 235

GaInAs/AlInAs 7.78–7.93 MQW DFB p 80–310 61

GaInAs/AlInAs 8.5 MQW RW p 80–270 132

GaInAs/AlInAs ~8.5 MQW RW p,
cw

10–320,
10–110

87, 238

GaInAs/AlInAs ~9.3 MQW RW p 10–220,
10–35

237

GaInAs/AlInAs ~9.5 MD p <140 242

GaInAs/AlInAs 9.75–10.15(e) MQW RW p 260–300 369

GaInAs/AlInAs 11.5 MQW MD p 10 242

GaInAs/AlInAs ≈13 MQW RW p 10–175 313

InAl/GaInSb ≈3.5 Type-II "W" p ≤286 314

InAl/GaInSb 3.8 Type-II MQW p 60–200 370

InAs/GaInSb 3.8 Type-II MQW p 10–210 315

InAs/InGaSb/InAlSb 4 Type-II MQW p 10–140 371

InAs/InGaSb/InAlSb ~3.9 Type-II MQW p 40–170 124

InAs/InGaSb/InAlSb 3.79–3.8 Type-II MQW p 170 194

InGaAs/AlInAs ≈7 SL RW p 5–280 316

InGaAs/AlInAs 7.6 SL RW p 300 354

InGaAs/AlInAs 7.22 SL RW cw <160 354

InGaAs/AlInAs ≈7.7 MQW RW p ≤110 355

InGaAs/AlInAs 6.6, 7.3, 7.9 SL RW p ≤300 340

InGaAs/InAlAs ~11.5 MQW RW p 10–320 317

InGaAs/InAlAs ≈17 SL RW p 10–150 362

InAsSb/InAsP 3.8–3.9 Type I MQW p 80–170 318

InAs/GaInSb/InAs 2.80–2.99 Type II "W" p 40–220 319

(a) No oscillation; gain measured using a pump-probe setup with a two-color free electron laser.
(b) Quantum fountain laser optically pumped using a CO2 laser.
(c) Bidirectional laser.
(d) Symmetric bidirectional laser.
(e) Electrically tunable.
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1.5.11  Vertical Cavity Lasers

The light output of vertical-cavity surface-emitting lasers (VCSELs), in contrast to edge-
emitting diode lasers, is normal to the axis of the gain medium. The lasing wavelength is
determined by the equivalent laser cavity thickness which can be varied by changing the
thickness of either the wavelength spacer or the distributed Bragg reflector layers.

Table 1.5.10
Vertical Cavity Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

   Inject ion Lasers

AlGaAs 0.770 SL cw 300 104

AlGaInAs/AlGaAs ~0.850 SL-MQW cw 230–410 320

AlGaInAs 1.3 MQW cw 300 149

AlGaInP/AlGaAs 0.670–0.690 QW cw 300 81

GaAs 0.845 crystal cw 300 125

GaAs ~0.900–0.962 layer cw 300 127

InAlGaAs 0.9604 QD cw 300 134

InGaAs 0.951–0.957 QW cw 95–175 378

InGaAs 0.969, 0.986 MQW cw 300 326

InGaAs 0.979 SQW cw 300 327

InAsAs 0.958 MQW p 300 322

InGaAs 0.9191–0.9507 MQW p, cw 300 325

InGaAs/GaAs ~0.943–0.971 MQW cw 300 328

InGaAs/GaAs 0.940–0.983(a) SQW p, cw 300 329

InGaAsP 1.542 QW p, cw 300 381

InGaAsP 1.55 QW p 300 155

InGaAsP 1.3 DH p 300 331

InGaAsP 1.3 — cw 273–343 379

InGaAsP/InP 1.18 DH p 77 332

InGaN 0.381 3l cavity p 77 346

InGaN 0.399 MQW p 300 347

InSb ~5.2 J p ~10 333

    Optically Pumped Lasers

InGaAs/GaAs 0.918–0.966
0.940–0.978

QW CMC qcw 300 330

InAs/GaSb/InAs/AlSb 2.9 type II "W" cw 78–160 324

CdHgTe/HgTe 3.06 DH p 10–30 321

InAs/GaSb/InAs/AlSb 2.9 type II "W" p ≤280 323
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Table 1.5.10—continued
Vertical Cavity Lasers

Material
Wavelength

( m) Structure Mode
Temp.

(K) Ref .

CdHgTe/HgTe 3.06 DH p 10–30 321

InAs/GaSb/InAs/AlSb 2.9 type II "W" p ≤280 323

GaN 0.376–0.378 epilayer p 300 13,14

GaN/AlGaN 0.363 layer p 300 8

InGaN 0.406 ML p 300 296

InGaN/GaN 0.415 H p 300 21

InGaN/GaN/AlGaN` 0.401 ML DBR p 300 384

InGaN/InGaN 0.410 MQW p 300 292

(Zn,Cd)Se 0.496 QW SCH p, qcw 300 45

(a)  Rastered multiple wavelength (RMW) laser array.
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1.5.12  Commercial Semiconductor Lasers

Diode lasers are available in a wide range of power levels and operating configurations
according to the type of device and application; packing may include thermal control and
fiber coupling. For the highest powers, diode laser arrays (bars) are stacked.

Table 1.5.11
Commercial Semiconductor Lasers

Laser Material Operation
Principal

wave lengths  ( m) Output

InGaN cw 0.400 5 mW

GaN pulsed 0.415 20 nJ

GaAlAs cw 0.42, 0.43 (SH) 0.4–4.0 W

InGaAlP cw [0.63–0.68] 1–500 mW
pulsed 0.68 ≤ 10 J

GaAsP cw 0.67 1–10 mW
pulsed 0.67 3–10 J

GaAlAs cw [0.75–0.85] 1–200 mW
pulsed [0.75–0.85] 1–500 mJ

GaAlAs (arrays) cw [0.75–0.85] 10 W–60 W
pulsed [0.78–0.91] 0.1–30 J

GaAlAs (stacked arrays) qcw, cw [0.79–0.98] ≤  3 kW

GaAs pulsed 0.904 ≤ 0.8 J
GaAs (arrays) pulsed 0.904 ≤ 5 J

InGaAs cw 0.905–0.98 0.02–1.0 W
pulsed 0.905–0.98 10-6–1.0 J

InGaAs (arrays) cw 0.91–0.98 30 W

InGaAsP cw 1.27–1.33 0.1–3.0 W
cw 1.52–1.58 0.5–100 mW
cw 1.57–1.63 >2  mW
pulsed 1.06–1.55 0.2 mJ
pulsed 1.55 10-3–0.6 J

InGaAsP (arrays) pulsed 1.55 2.5 J

Pb salts cw 3.3–27 0.1–25 mW
pulsed 3.3–25 ≤ 2 J

Pb salts (77 K) cw 2.9–3.6 1–5 mW

SH – second harmonic
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Section 1.6
POLYMER LASERS

1.6.1  Introduction

Polymer lasers encompass many different material compositions, active species (organic
dyes), and forms (bulk, rods, fibers, films). In this section these are separated into pure
polymer lasers, dye-doped polymer lasers (including host-to-dye energy tranfer), and rare-
earth-doped polymer lasers. Liquid polymer lasers are covered in Section 2.3.

Further Reading—Pure Polymer Lasers

Dodabalapur, A., Chanddross, E. A., Berggren, M., and Slusher, R. L. Organic solid-state
lasers: past and future, Science 277, 1787 (1997).

Friend, R. H., Denton, G. J., Halls, J. J. M. et al., Electronic excitations in luminescent
conjugated polymers, Solid State Commun. 102, 249 (1997).

Frolov, S. V., Shkunov, M., Fujii, A., Yoshino, K., and Vardeny, Z. V., Lasing and
stimulated emission in π-conjugated polymers, IEEE J. Quantum Electron. 36, 2
(2000).

Heeger, A. J., Light emission from semiconducting polymers: Light-emitting diodes, light-
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Further Reading—Dye Doped Polymer Lasers
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Dyumaev, K. M., Manenkov, A. A., Maslyukov, A. P., Matyushin, G. A., Nechitailo, V.
S., and Prokhorov, A. M., Dyes in modified polymers: problems of photostability and
conversion efficiency at high intensities, J. Opt. Soc. Am. B 9, 143 (1992).

Rahn, M. D. and King, T. A., Comparison of laser performance of dye molecules in sol-gel,
polycom, ormosil, and poly(methyl methacryalte) host media, Appl. Optics 34, 8260
(1995).

Tagaya, A., Teramoto, S., Nihei, E., Sasake, K., and Koike, Y., High-power and high-gain
organic dye-doped polymer optical fiber amplifiers: novel techniques for preparation
and spectral investigation, Appl. Optics 36, 572 (1997).

1.6.2  Pure Polymer Lasers

Lasers based on neat and dilute blends of conjugated polymers are listed in Table 1.6.1.
All experiments involved pulsed excitation and were performed at room temperature. The
reported observations may be indicative of lasing or amplified spontaneous emission. The
lasing material, solvent used, mode of photon confinement, and lasing and optical pumping
wavelengths are listed together with the primary reference. For lasers that have been tuned
over a range of wavelengths, the tuning range given is that for the experimental configuration
and conditions used and may not represent the extremes possible. The references should be
consulted for this information. The references should also be consulted for details of the
chemical composition and molecular structure of the lasing compounds.

Abbreviations for the materials in Table 1.6.1:

BCHA poly 2,5-bis(cholestanoxy)

BDOO-PF poly[9,9-bis(3,6-dioxaoctyl)-fluorene-2,7-diyl]

BEH poly 2,5-bis(2'-ethylhexyloxy)

BuEH poly 2-butyl-5-2'-ethylhexyl

CB chlorobenzene

CN-PPP poly(2-(6'-mehylheptyloxy)-1,4-phenylene)

DCM/PS 4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyry)-4H-pyran

DOO-PPV 2,5-dioctyloxy p-phenylene vinylene

m-EHOP meta-(meta-2’-ethylhexoxyphenyl)

HEH-PF poly(9-hexyl-9-2'-ethylhexyl)-fluorene-2,7-diyl)

LPPP ladder-type poly(paraphenylene)

m-LPPP methyl-substituted conjugated ladder-type poly(paraphenylene)

M3O poly 2-methoxy-5-3'-octyloxy

MEH poly 2-methoxy-5-2'-ethylhexloxy

NAPOXA 2-napthyl-4,5-bis(4-methoxyphenyl)-1,3-oxazole

Ooct-OPV5 5-ring n-octyloxy-substituted oligo[p-phenylene vinylene]

PBD 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole

PDAF8 di-octyl substituted polyfluorene

PMMA polymethylmethacrylate

PPnVE copolymers with phenylene, vinylene, and nonconjugated ethylidene units



©2001 CRC Press LLC

PPPV phenyl-substituted poly(p-phenylene vinylene)

PPV p-phenylene vinylene

PS polystyrene

Si-PPV poly[dimethylsilylene-p-phene-vinylene -(2,5-di-n-octyl-p-phenylene)-PPV]

THF tetrahydrofuran

Table 1.6.1
Pure Polymer Lasers

Material S o l v e n t
Photon

conf inement

Laser
wave length

(nm)

Pump
wave length

(nm) Ref .

BCHA–PPV p–xylene wg 540, 630* 532 2

BCHA–PPV xylene wg 610 435 23

BDOO–PF THF wg 430, 450, 540 355 2

BEH–PPV THF wg 580, 625* 532 2

BEH–PPV xylene mr** 618–635 532 12

BEH–PPV — pc 626 555 15

BuEH-PPV p–xylene wg/mc ~550 435 8

BuEH–MEH(10:90) p–xylene wg 580, 625* 532 2

BuEH–MEH(70:30) THF wg 565, 600* 532 2

BuEH–MEH(90:10) THF wg 550, 580(sh)* 435 2

BuEH–MEH(95:5) THF wg 545, 580(sh)* 435 2

BuEH–MEH(97.5:2.5) THF wg 540, 570 (sh)* 435 2

BuEH–PPV xylene wg (DFB) 540–583 435 5, 13

BuEH–PPV neat wg 520–620 310 4

BuEH–PPV THF wg ~550 435 2

CN–PPP THF wg 420* 355 2

DCM/PS THF wg 640* 532 2

DOO-PPV neat wg/pc 625 532 9

m-EHOP–PPV xylene wg 550 435 23

4%BEH in m-EHOP xylene wg 675 435 23

4%BCHA in m-EHOP xylene wg 560 435 23

HEH–PF THF wg 425, 445* 355 2

LPPP — wg, s 487 400 18

m-LPPP toluene pc, s 490 390 17

m-LPPP — wg ~483–492 444 3

M3O–PPV CB wg 530, 620* 532 2

MEH–PPV THF wg 585, 625* 532 2

Ooct-OPV5 wg ~550 355 14

PBD — wg 392 337 1

PPnVE b, t, cf wg 473, 502, 637 337 20

PPPV–PMMA res 480–545 450 11
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Table 1.6.1—continued
Pure Polymer Lasers

Material S o l v e n t
Photon

conf inement

Laser
wave length

(nm)

Pump
wave length

(nm) Ref .

PPV neat mc ~545 355 6

PPV neat mc ~545 355 7

PPV neat mc (DBR) 530, 550 325, 355 16

sexithiophene (6T) — sc 592.6 355 19

Si–PPV wg 452 355 10

b—benzene, cf—chloroform, DBR—distributed Bragg reflectors, mc—microcavity, mr—microring,
pc—planar cavity, res—resonator, s—single mode, sc—single crystal, sh—shoulder, t—toluene,
wg—waveguide

*  Peak(s) of photoluminescence; no lasing wavelength was reported.
** Whispering galley modes.
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1.6 .3   Dye Doped Polymer Lasers

Table 1.6.2 summarizes the different polymer hosts and organic dye dopants that have been used to demonstrate laser action. If the laser
has been tuned over a range of wavelengths, the tuning range given is that for the experimental configuration and conditions used and may
not represent the extremes possible. The lasing wavelength and output of dye lasers depend on the characteristics of the optical cavity, the
dye concentration, the optical pumping source and rate, and other operating conditions. The original references should therefore be
consulted for this information and its effect on the lasing wavelength. The references should also be consulted for details of the chemical
composition and molecular structure of the dyes and host compounds.

Table 1.6.2
Dye Doped Polymer Lasers

                      Host                Dye

Laser
wave length

(nm)
Pump source

(wavelength –   nm) Ref .

acrylic copolymer pyrromethene 567 564 Nd:YAG laser (532) 1

acrylic copolymer pyrromethene 580 570 Nd:YAG laser (532) 2

acrylic copolymer pyrromethene 580 571 Nd:YAG laser (532) 3

acrylic copolymer pyrromethene 597 587 Nd:YAG laser (532) 1, 4

acrylic monomers sulforhodamine B ~600 5

tris-(8-hydroxyquinoline) aluminum (Alq3) DCM 589–635(a) N2 laser (337) - ET 6
Alq3 (film) DCM II 613 N2 laser (337) - ET 9
Alq3 (film) DCM 645 N2 laser (337) - ET 7
Alq3 DCM ~655 N2 laser (337) - ET 8

4,4'-di(N-carbazole) biphenyl (film) coumarin 47 460 N2 laser (337) - ET 10

4,4'-di(N-carbazole) biphenyl (film) perylene 485 N2 laser (337) - ET 10

4,4'-di(N-carbazole) biphenyl (film) coumarin 30 510 N2 laser (337) - ET 10

GPTMS/Ti(OBu)4/MMA rhodamine 6G 564–587 Nd:YAG laser (532) 58

HEMA ASPT ~600 Nd:YAG laser (1064) - TP 11

HEMA DHASI ~606 Nd:YAG laser (1064)  - TP 12
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HEMA/MMA (1:1) coumarin 540A 515, 535 N2 laser (337) 13

HEMA/MMA (1:1) rhodamine 6G — flashlamp 59

HEMA/MMA copolymer rhodamine 640 654 N2 laser (337) 14

high temperature plastic pyrromethene 567 522 Nd:YAG laser (532) 15

high temperature plastic pyrromethene 597 528 Nd:YAG laser (532) 15

high temperature plastic pyrromethene 580 550–570 Nd:YAG laser (532) 19

high temperature plastic pyrromethene 597 565–590 Nd:YAG laser (532) 17

high temperature plastic pyrromethene 570 566.3 Nd:YAG laser (532) 18

high temperature plastic pyrromethene 597 587 Nd:YAG laser (532) 16

high temperature plastic PM-HMC 593 Nd:YAG laser (532) 15

high temperature plastic PM-TEDC 598 Nd:YAG laser (532) 15

high temperature plastic PM-HMC 615–635 Nd:YAG laser (532) 17

high temperature plastic PM-TEDC 615–635 Nd:YAG laser (532) 17

high temperature plastic PM650 624 Nd:YAG laser (532) 4

PBD (film) coumarin 460 ~460 N2 laser (337) - ET 20

PBD (film) DCM II ~600 N2 laser (337) - ET 20

PBD (film) LDS821 ~805 N2 laser (337) - ET 20

PBD (film) PPV7 575–590 N2 laser (337) - ET 21

PBD (photonic crystal) coumarin 490, DCM 580, 596 N2 laser (337) 62

PHEMA (fiber) ASPI ~610 Nd:YAG laser (1064) - TP 22

PHEMA+DEGMA rhodamine 6G 580–620 N2 laser (337) 23

P(HEMA:EDGMA 9:1) rhodamine 6G 599 N2 laser (337) 24

P(HEMA:MMA 1:1) rhodamine 6G 568 Nd:YAG laser (532) 24

P(HEMA:MMA 1:1) rhodamine-Bz-MA 587 N2 laser (337) 25

P(HEMA:MMA 1:1) rhodamine-Al 589 N2 laser (337) 25

P(HEMA:MMA 1:1) rhodamine 6G 593 N2 laser (337) 24

P(HEMA:MMA 3:7) rhodamine 6G 584 N2 laser (337) 24

P(HEMA:MMA 7:3) rhodamine 6G 587 N2 laser (337) 24

P(HEMA:MMA 7:3) rhodamine-Bz-MA 593 N2 laser (337) 25
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Table 1.6.2—continued
Dye Doped Polymer Lasers

                      Host                Dye

Laser
wave length

(nm)
Pump source

(wavelength –   nm) Ref .

methylmethacrylate COP-2(b) 497 N2 laser (337) 26

methylmethacrylate COP-3(b) 511 N2 laser (337) 26

methylmethacrylate(c) 1,3,5,7,8-pentamethyl-2,6-di-n-
   butylpyrromethene-BF2

569.7, 571.0 Nd:YAG laser (532) 2

methylmethacrylate(c) pyrromethene 567 571.4 Nd:YAG laser (532) 2

methylmethacrylate(c) 1,3,5,7-tetramethyl-8-cyanopyrro-
   methene-2,6-dicarboxylate-BF2

617.9 Nd:YAG laser (532) 2

methylmethacrylate(c) sulforhodamine B 618.2 Nd:YAG laser (532) 2

MMA/HPA rhodamine 6G 595 flashlamp

NAPOXA (film) DCM II ~615 N2 laser (337) - ET 20

polyavylamide rhodamine 6G 525–650 coaxial flashlamp 56

polyisobutylmethacrylate α-NPO ~395 N2 laser (337) 28

polyisobutylmethacrylate BBOT ~430 N2 laser (337) 28

polyisobutylmethacrylate dimethyl-POPOP ~420 N2 laser (337) 28

polyisobutylmethacrylate POPOP ~410 N2 laser (337) 28

polymethylmethacrylate α-NPO 396 Nd:YAG laser (355) 29

polymethylmethacrylate 2-(4-biphenylyl)-5-(p-styryl-

   phenyl)-1,3,4-oxadiazole

400 Nd:YAG laser (355) 29

polymethylmethacrylate 2-(4-biphenylyl)-5-(1-naphthyl)-

   oxazole

410 Nd:YAG laser (355) 29

polymethylmethacrylate 5-phenyl-2-(p-styryl-phenyl)oxazole 414 Nd:YAG laser (355) 29

polymethylmethacrylate POPOP 415 Nd:YAG laser (355) 29
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polymethylmethacrylate 2-(1-naphthyl)-5-styryl-

1,3,4-oxadiazole

416 Nd:YAG laser (355) 29

polymethylmethacrylate 2-phenyl-5-[p-(4-phenyl-1,3-bul-

   adrenyl)phenyl]-1,3,4-oxadiazole

418 Nd:YAG laser (355) 29

polymethylmethacrylate dimethyl-POPOP 423 Nd:YAG laser (355) 29

polymethylmethacrylate 2-[p-[2-(2-naphthyl)vinyl]phenyl]-

   5-phenyloxazole

425 Nd:YAG laser (355) 29

polymethylmethacrylate 5-phenyl-2-[p-(-phenylstyryl)-

   phenyl]oxazole

428 Nd:YAG laser (355) 29

polymethylmethacrylate 5-(4-biphenylyl)-2-[p-(4-phenyl-

   1,3-baladienyl)phenyl]oxazole

443 Nd:YAG laser (355) 29

polymethylmethacrylate 1,2-bis(5-phenyloxazolyl)ethylene 444 N2 laser (337) 28

polymethylmethacrylate 1,5-diphenyl-3-styryl-2-pyrazoline 450 Nd:YAG laser (355) 29

polymethylmethacrylate 1,4-bis[4-[5-(4-biphenylyl)-2-

   oxazolyl]styryl benzene

455 Nd:YAG laser (355) 29

polymethylmethacrylate 3-p-chlorostyryl-1,5-diphenyl-

   2-pyrazoline

457 Nd:YAG laser (355) 29

polymethylmethacrylate (see Reference 29) 478 Nd:YAG laser (355) 29

polymethylmethacrylate 2-[p-[2-(9-anthryl)vinyl]phenyl]-

   5-phenyloxazole

480 Nd:YAG laser (355) 29

polymethylmethacrylate (film) CF3-coumarin 484–529 N2 laser (337) 31

polymethylmethacrylate 2-(2'-hydroxy-5'-fluorophenyl)

   benzimidazole

493 N2 laser (337) 30

polymethylmethacrylate 5(6)-methoxycarbonyl-2(2'-

   hydroxphenyl)benzimidazole

494 N2 laser (337) 26

polymethylmethacrylate 5(6)-methoxycarbonyl-12-(5'-fluoro-

   2'-hydroxyphenyl)benzimidazole

508 N2 laser (337) 26

polymethylmethacrylate fluoran 509–514 Nd:YAG laser (355) 29

polymethylmethacrylate coumarin 540A 515 N2 laser (337) 64
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Table 1.6.2—continued
Dye Doped Polymer Lasers

                      Host                Dye

Laser
wave length

(nm)
Pump source

(wavelength –   nm) Ref .

polymethylmethacrylate rhodamine 6G 550 Nd:YAG laser (355) 29

polymethylmethacrylate rhodamine 6G 552–575 Nd glass (530) 36

polymethylmethacrylate rhodamine 6G 552–595 Nd:YAG laser (532) 19

polymethylmethacrylate rhodamine 6G 555–565 CdS (495) 37

polymethylmethacrylate rhodamine 6G 562 Nd:YAG laser (532) 35

polymethylmethacrylate rhodamine 6G 565.5, 570.9 Nd:YAG laser (532) 18

polymethylmethacrylate rhodamine 6G 567–605 Ne laser (540) 38

polymethylmethacrylate pyrromethene 570 569.6 Nd:YAG laser (532) 18

polymethylmethacrylate (wg) DCM 570 dye laser (730)  - TP 32

polymethylmethacrylate rhodamine 590 573 Nd:YAG laser (532) 34

polymethylmethacrylate rhodamine 590 573 Nd:YAG laser (355) 33

polymethylmethacrylate (film) rhodamine 6G 577–590 N2 laser (337) 39

polymethylmethacrylate peryline orange (KF 241) 578 Nd:YAG laser (355) 33

polymethylmethacrylate peryline orange (KF 241) 578 Nd:YAG laser (532) 34

polymethylmethacrylate rhodamine 590 585 C-532 dye laser (525) 41

polymethylmethacrylate rhodamine B 587.4, 594.0 N2 laser (337) - ET 42

polymethylmethacrylate rhodamine C 595 Nd:YAG laser (355) 29

polymethylmethacrylate rhodamine 6G 601.0 Xe flashlamp 40

polymethylmethacrylate peryline red (KF 856) 613 Nd:YAG laser (355) 33

polymethylmethacrylate peryline red (KF 856) 613 Nd:YAG laser (532) 34

polymethylmethacrylate rhodamine B 632.4 Xe flashlamp 40

PMMA (rhodamine 6G)(d) rhodamine B 600–620 N2 laser (337) 43

PMMA (rhodamine 6G)(d) cresyl violet 620–640 N2 laser (337) 43

PMMA (rhodamine 6G)(d) sulforhodamine 101 620–670 N2 laser (337) 43

PMMA (rhodamine 6G)(d) nile blue 695–720 N2 laser (337) 43

PMMA (rh. 6G/nile blue)(d) HITC 845–865 N2 laser (337) 43
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PMMA(BBOT)(d) perylene 455–475 N2 laser (337) 43

PMMA(coumarin 1)(d) acridine yellow 490–500 N2 laser (337) 43

PMMA(coumarin 1)(d) acriflavine 500–520 N2 laser (337) 43

PMMA(coumarin 1)(d) uranine 530–560 N2 laser (337) 43

mPMMA dye "II B" 560–570 (not reported) 44

mPMMA rhodamine 6G 560–570 Nd glass (530) 45

mPMMA rhodamine 6G chloride 560–570 (not reported) 44

mPMMA rhodamine 6G percholate 560–570 (not reported) 44

mPMMA rhodamine III 560–570 (not reported) 44

mPMMA oxazine-17 620–640 (not reported) 44

mPMMA oxazine-17 620–640 Nd glass (530) 45

polystyrene:TiO2 (film) MEH-PPV ~605 Nd:YAG laser (532) 46

polystyrene BBQ 381–394 N2 laser (337) 47

polystyrene α-NPO 411 Nd:YAG laser (355) 29

polystyrene dimethyl-POPOP 414, 427 Nd:YAG laser (355) 29

polystyrene POPOP 416–426 N2 laser (337) 47

polystyrene POPOP 420 Nd:YAG laser (355) 29

polystyrene dimethyl-POPOP 424 Nd:YAG laser (355) 29

polystyrene dimethyl-POPOP 426–445 N2 laser (337) 47

polystyrene dimethyl-POPOP 428–438 N2 laser (337) 48

polystyrene BBOT 440–472 N2 laser (337) 47

polystyrene BBOT + perylene 464–480 N2 laser (337) 47

polystyrene 1,3-dimethylisobenzofuran 490–500 47

polystyrene fluorescein (sodium salt) 553–564 N2 laser (337) 48

polystyrene (microdisk laser) pyrromethane dye ~565 dye laser (520) 63

polystyrene (microring laser) pyrromethane dye ~573, 577(e) dye laser (520) 63

polystyrene (microring laser) pyrromethane dye ~600–610(f) dye laser (520) 63

polystyrene rhodamine 640 ~600 Nd:YAG laser (1064)  - TP 49

polystyrene (WGM) Nile red ~605–620 Nd:YLF laser (523) 61
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Table 1.6.2—continued
Dye Doped Polymer Lasers

                      Host                Dye

Laser
wave length

(nm)
Pump source

(wavelength –   nm) Ref .

polystyrene (wg) rhodamine 6G 614–624 N2 laser (337) 48

polyurethane rhodamine 6G 610–635 Ne laser (540) 51

polyurethane rhodamine 6G 610–635 N2 laser (337) 52, 53

polyurethane (film) rhodamine B 632.8 (A) He-Ne (632.8) 55

polyurethane rhodamine 110 643 Ar laser (514) 54

polyurethane indodicarbocyanine (PK 643) 680 (A) (532, 635, 670) 50

polyvinylxylene dimethyl-POPOP 425 Nd:YAG laser (355) 29

proprietary polymer-gel rhodamine 6G 565.1 Nd:YAG laser (532) 18

Probimide 414(g) (wg) cresyl violet 670 670 dye laser (590) 3

A – amplified wavelength, ET – energy tranfer from host to dye, TP – two-photon pumped, wg – waveguide, WGM — whispering-galley-mode

(a) Laser emission varied by changing the thickness of the active organic layer.
(b) See Ref. 26 for molecular structure of copolymer.
(c) 16% hydroxypropyl acrylate/methyl methacrylate.
(d) Host materials were polymethylmethacrylate and polyvinylalcohol. Dyes in parentheses serve as a donor dye in an energy transfer laser.
(e) Polymer droplets formed around a 125-µm silica fiber.

(f) Polymer droplets formed around a 17-µm silica fiber.
(g) A photosensitive benzophenone tetracarboxylic diahydride-alkylated diamine polyimide.

Abbreviations for hosts and dyes in Table 1.6.2:

ASPI –  trans-4-[p-(N-hydroxyethyl-N-methylamino)styryl]-N-methylpyridinium iodide, BBOT –  2,5-bis(5-tert-butyl-2-benzoxazoly)thiophene
BBQ – 4,4'''bis(2-butyloctyloxy)-p-quaterphenyl, COP – cyclooctetraene, DCM –  4-dicyanomethylene-2-methyl-6-p-dimethylaminostyryl-4H-
pyran, DHASI – 4-[bis(2-hydroxyethyl)amino]-N-methylstilbazolium iodide, GPTMS – glycidoxypropyl-trimethoxysilane, HITC –  1,3,3,1',3',3'-
hexamethyl-2,2' indotri-carbocyanine, HPA – hydroxypropyl, MEH – poly 2-methoxy-5-2'-ethyl-hexloxy, MMA – methylmethacrylate, NAPOXA
– 2-napthyl-4,5-bis(4-methoxyphenyl)-1,3-oxazole, NPO – 2-(1-naphthy)-5-phenyloxazole, PBD – 2-(4-biphenylyl)-5-(4-t-butyl-phenyl)-1,3,4-
oxadiazole, PMMA – polymethylmethacrylate, POPOP – 1,4-di[2-(5-phenyloxazolyl)] benzene, PPV – poly(1,4-phenylene vinylene).
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1.6.4  Rare Earth Doped Polymer Lasers

Table 1.6.3 summarizes the laser properties of polymeric hosts and rare earth dopants that have been used to demonstrate stimulated
emission.

Table 1.6.3
Rare Earth Doped Polymer Lasers

Host Dopant Transi t ion
Laser

wavelength (nm)
Pump source

(wavelength  –  nm) Ref .

polymethylmethacrylate
(PMMA) - filaments

europium tris[4,4,4-trifluoro-1-
(2-thienyl)-1,3 butanedione

Eu3+: 5D0 → 7F1
~613 Xe flashlamp (~340) 1

polymethylmethacrylate
(PMMA) - fiber

terbium
thenoyltrifluoroacetonate

Tb3+: 5D4 → 7F5
~545* flashlamp (~320–370) 2

polymethylmethacrylate
(PMMA) - fiber

neodymium octanoate Nd3+: 4G5/2 → 4I9/2
575 Ar ion laser (514) 3

*  No wavelength was given.

References—Table 1.6.3

1. Wolff, N. E. and Pressley, R. J., Optical laser action in an Eu+3-containing organic matrix, Appl. Phys. Lett. 2, 152 (1963).
2. Huffman, E. H., Stimulated optical emission of a terbium ion chelate in a vinylic resin matrix, Nature 200, 158 (1963); Stimulated optical

emission of a Tb3+ chelate in a vinylic resin matrix, Phys. Lett. 7, 237 (1963). For additional observations of probable stimulated emission of a
terbium ion chlelate in a vinylic resin matrix, see Nature 203, 1373 (1964). See, also, critique by Brecher, C., Lempicki, A., and Samelson, H,
Nature 202, 580 (1964).

3. Zhang, Q. J., Wang, P., Sun, X. F., Zhai, Y., Dai, P., Yang, B., Hai, M., and Xie, J. P., Amplified spontaneous emission of an Nd3+-doped
poly(methyl methacrylate) optical fiber at ambient temperature, Appl. Phys Lett. 72, 407 (1998).



©2001 CRC Press LLC

Section 1.7
SOLID STATE EXCIMER LASERS

Using matrix isolation techniques, it is possible to grow large, doped, rare-gas crystals.
By introducing xenon and fluoride, XeF molecules can thus be formed by photodissociation
of F2 in Xe-F2-Ar crystals. Optically pumped solid-state excimer laser action has been
reported for XeF in Ar and Ne crystals. These results are summarized in Table 1.7.1.

Further Reading

Brau, C. A., Rare gas halide excimers, in Excimer Lasers, Rhodes, C. K., Ed., Springer
Verlag, Berlin (1984).

Sliwinske, G. and Schwentner, N., Solid rare gas isolated ionic exciplexes for deep UV and
VUV lasers, J. Low Temp. Phys. 111, 733 (1998).

Table 1.7.1
Solid State Excimer Lasers

Rare gas
crysta l C o m p o s i t i o n Transi t ion

Lasing
wave length

(nm)

Pump
laser
(nm) Ref .

Ar (20 K) Ar:Xe:F2 (3000:1:1) B(2Σ1/2) → X(2Σ1/2) 411 XeF (351) 1

C(2Π3/2) → A(2Π3/2,1/2) 536(a) XeF (351) 1

Ar (~10 K) Ar:Xe:F2 (1000:1:1) C(2Π3/2) → A(2Π3/2,1/2) ~540 XeCl (308) 2

Ar (8 K) Ar:Xe:F2 (2000:1:1) C(2Π3/2) → A(2Π3/2,1/2) ~540 XeCl (308) 3

Ar (15 K) Ar:Xe:F2 (2500:1:1) D(2Π1/2) → X(2Σ1/2) 286 KrF (248) 4

Ar Ar:Xe:F2 D(2Π1/2) → X(2Σ1/2) 286 KrF (248) 5

Ne (6 K) Ne:Xe:F2 (6000:1:1) D(2Π1/2) → X(2Σ1/2) 269.3 KrF (248) 6

(a) Gain measured from 520 to 590 nm.

References

1. Schwentner, N. and Apkarian, V. A., A solid state rare gas halide laser: XeF in crystalline
argon, Chem. Phys. Lett. 154, 413 (1989).

2. Zerza, G., Sliwinski, G., and Schwentner, N., Relaxation-oscillations in the C→A laser
emission of XeF in Ar crystals, Appl. Phys. A 54, 106 (1992).

3. Zerza, G., Sliwinski, G., and Schwentner, N., Threshold and saturation properties of a solid-
state XeF (C-A) excimer laser, Appl. Phys. B 55, 331(1992).

4. Katz, A. I., Feld, J., and Apkarian, V. A., Solid-state XeF(D→X) laser at 286 nm, Optics Lett.
14, 441 (1989).

5. Zerza, G., Kometer, R., and Schwentner, N., A high gain tunable laser medium XeF doped Ar
crystals, Orza, J.M., and Domingo, C., Eds., Proc. SPIE 1397, 107 (1991).

6. Zerza, G., Sliwinski, G., and Schwentner, N., Laser investigations at 269 nm for XeF (D-X) in
Ne crystals, Appl. Phys. A 56, 156 (1993).



©2001 CRC Press LLC

Section 1.8
RAMAN, BRILLOUIN, AND SOLITON LASERS

1.8.1  Introduction

Stimulated Raman scattering and stimulated Brillouin scattering are inelastic processes
in which light at a laser or pump wavelength is converted into light at another wavelength
accompanied by the excitation or deexcitation of an internal mode of the medium. The
frequency of a laser νL can be shifted to higher or lower energies through these light-matter
interactions wherein vibrational energy of the material νR is transferred to or is gained from
the laser beam such that ν  = νL ± νR, where the + and - signs denote anti-Stokes and
Stokes transitions. Raman scattering is a third-order nonlinear optical process and it does
not require phase matching. Many orders of stimulated Stokes radiation have been observed,
thus providing multiwavelength emission.

Stimulated Raman scattering occurs in liquids, gases, and solids. Raman materials that
have a high value of polarizability and vibrational modes that induce a large modulation of
this polarizability have relatively high Raman scattering cross-sections, high Raman gains,
and high optical frequency conversion efficiencies. Raman shifters are common accessories for
lasers and have utilized solids (crystals and glasses), liquids, or gases as the active material.

Further Reading

Basiev, T. T. and Powell, R. C., Introduction, Special Issue on Solid State Raman Lasers,
Opt. Mat . 11, 301 (1999).

Milanovich, F. P., Stimulated Raman Scattering, in Handbook of Laser Science and
Technology, Vol. III, Optical Materials, CRC Press, Boca Raton, FL (1987), p. 283.

Mollenauer, L. F., The Soliton Laser, in Handbook of Laser Science and Technology,
Supplement 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 114.

Murray, J. T., Powell, R. C., and Peyghambarian, N., Properties of stimulated Raman
scattering in crystals, J. Lumin . 66&67, 89 (1996).

Reinjtes, J. F., Stimulated Raman and Brillouin Scattering, in Handbook of Laser Science
and Technology, Supplement 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 334.

Stolen, R, H. and Lin, C., Fiber Raman Lasers, in Handbook of Laser Science and
Technology, Vol. I: Lasers and Masers, CRC Press, Boca Raton, FL (1982), p. 171
and Supplement 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 101.

Zverev, P. G., Basiev, T. T., and Prokhorov, A. M., Stimulated Raman scattering of laser
radiation in Raman crystals, Opt. Mat . 11, 335 (1999).
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1.8.2  Crystalline Raman Lasers

Crystals with high Raman gains have been used in high efficiency, compact, solid-state
Raman lasers. With respect to the pump laser, Raman lasers can be designed with a shared
resonator, coupled resonators, or an external resonator. The two-photon nature of Raman
transitions results in a very small scattering cross section for the process and thus requires a
very high pump density (about 1GW/cm2), close to the laser damage threshold of many
Raman crystals.

Table 1.8.1 lists Raman frequency shifts νR of materials and the wavelengths that have
been reported in the literature for crystalline Raman lasers. (This table was prepared by R.
C. Powell, J. T. Murray, W. L. Austin and T. T.Basiev.) Most of the results have been
obtained with a common pump laser such as ruby or Nd:YAG with the Raman laser
operating in a first-Stokes configuration in which one quantum of vibrational energy is
transferred from the pump photons to the material. It should be noted that many other laser
wavelengths are implied by these results through the use of different pump lasers and higher-
order Stokes or anti-Stokes processes. In addition, the spectroscopy of stimulated Raman
scattering has been studied in many materials that have not yet been made into lasers (see
Further Reading).

Table 1.8.1
Crystalline Raman Laser Wavelengths

Raman
material

Pump
wave length

(nm)
Raman

wavelengths  (nm) Ref .

Ba(NO3)2 530 560, 598 5

νR = 1048 cm-1 1064 1197.4 14

1100–1200 1243.3–1372.4, 1430–1600 14

1064 1197, 1363, 598,5, 563 15

1079 1216, 1394, 1632 16

1318 1529 16

1338 1556 16,17

1318–1338 1535–1556, 1820–1860 18

1047 1176, 588 19

532 563, 599, 639, 504 20, 21

1064 1197, 1369, 1598 16, 22

Ba(NO3)2 powder 532 563 101

Ba2NaNb5O15

νR = 650 cm-1

694.3 727.1 8

C (diamond)

νR = 1332 cm-1

694.3 765.1 10

CaCO3 694.3 694.26, 603.32, 566.23, 533.64 1

νR = 1086 cm-1 694.3 750.9 2, 3

532 562, 599, 641 4

530 560, 598 5

532 562, 564.6 6, 7
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Table 1.8.1—continued
Crystalline Raman Laser Wavelengths

Raman
material

Pump
wave length

(nm)
Raman

wavelengths  (nm) Ref .

CaWO4

νR = 911.3 cm-1

1064 1178, 1320, 589, 660 34

GaP

νR = 403, 365 cm -1

1064

840

895

1112, 1164, 1221, 1284.3, 1107

870

929

49

49

49

Gd2(MoO4)3

νR = 960, 943,

857, 100 cm-1

1064.15, 532.07 506.2–1185.2 37

β'-Gd2(MoO4)3

νR = 768 cm-1

1064 1158.7 38

InSb

νR = 30–170 cm-1

10600 10900–13000 45

KGd(WO4)2 1067.2 973.5, 1180.8, 1321.5, 1500.2 23, 24

νR = 767, 901.5 cm-1 1064 1176.95, 1158.6, 1293.7 25, 26

1064 1176.9 14

1064 1158.6 14

1100–1200 1201.4–1321.7 14

1069 1180 27, 28

1068.8 1180.5, 1320.7 29, 30

1064 1180, 1321.5, 1500.2, 1734.8 24, 26

1064 973.5, 1162.3, 1276.1, 1414.5 24, 26

532 554.8, 579.6, 606.6, 558.8 31

496.5 516.2, 537.6; 519.7, 545.2 31

1067.2 1180, 533.6, 561.9, 660.4, 590.3, 628.3 32

1351 1538 33

KH2PO4

νR = 918 cm-1

532 559.3 39

KY(WO4)2 1068.8 1182.7, 1323.7, 974.9 28, 29

νR = 770, 901 cm -1 532 554.8, 579.6, 606.6, 558.8 31

496.5 516.2, 537.6; 519.7, 545.2 31

Li3Ba2Gd3(MoO4)8

νR = 770 cm-1

532 554.7 35

LiHCOO-H2O

νR = 1372 cm-1

694.3 767 40

LiIO3

νR = 760, 818 cm -1

1080

1054

1180, 1310

1143

41, 42

43
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Table 1.8.1—continued
Crystalline Raman Laser Wavelengths

Raman
material

Pump
wave length

(nm)
Raman

wavelengths  (nm) Ref .

LiNbO3 694.3 706.9 8

νR = 152, 212–248, 694.3 726.4 8

491–628 cm-1 694.3 701.7 9

694.3 706.46–704.67 9

694.3 718.8–725.9, 671.3 9

LiTaO3

νR = 200 cm-1

694.3 704.1 8

NaClO3

νR = 936 cm-1

1064 1181.8 44

NaLa(MoO4)2 496.5 519.7 31

νR = 888, 320,

100 cm-1

1064, 532 529.3–1185.2 36

NaNO3

νR = 1068 cm-1

532 564 6

530 560, 598 5

Pb(NO3)2

νR = 1045 cm-1

530 560, 598 5

Si (silicon)

νR = 521 cm-1

1064 1127

1008

46, 47

48

SiO2 (quartz) 694.3 717.6 8

νR = 219–650 cm-1 1064 1119.6 12

532.0 545.6 12

514.5 527.2 12

496.5 508.3 12

488.0 499.4 12

476.5 487.3 12

400–650 407.6–670.3 12

1064,1090–1230 1116–1221, 995.4–1021.8 13

Stilbene

νR = 997, 1593 cm-1

694.3

694.3

780.64

745.93

2
2
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1.8.3  Fiber Raman Lasers and Amplifiers

In its simplest form, a fiber Raman laser is an optical fiber with pump light focused into
one end and stimulated Raman light appearing at the output. Pulsed single-pass or multi-
pass oscillators pumped by either cw or pulsed lasers have been realized. Pump lasers have
included Nd:YAG lasers, flashlamp- and nitrogen-laser-pumped dye lasers, ion lasers (Ar),
and excimer lasers (XeCl). Cladding-pumped Raman fiber lasers have also been pumped by
several multimode diode lasers. Output wavelengths have ranged from the near ultraviolet to
the near infrared. The fiber Raman lasers in Table 1.8.2 have utilized fused silica (SiO2),
germanosilicate, or phosphosilicate optical fibers for which the Raman frequency shifts are
~440–490 cm-1. Gas-in-glass fiber Raman lasers are listed in Table 1.8.3.

Table 1.8.2
Fiber Raman Lasers

    Operating mode
CD —  cavity dumped p —  pulsed
cw —  continuous wave qcw —  quasi-continuous wave
ML —  mode locked qs —  Q-switched

Pump
(wave length– m) Mode

Raman
wave lengths  ( m) Ref .

XeCl laser (0.308) p 0.312–0.331 64

XeCl laser (0.308) p 0.3124, 0.3167, 0.3208, 0.3253, 0.3299,

0.3347, 0.3395, 0.34445, 0.3491

63

N2 laser (0.337) p 0.342 65

Ar laser (0.4880) cw 0.4991 54

Ar laser (0.4880) cw 0.4988, 0.5001 86

Ar laser (0.5145) CD 1st–5th Stokes lines 58

Ar laser (0.5145) cw 0.5153–0.5287 57

Ar laser (0.5145) cw 0.5204–0.5285, 0.5302–0.5418,

0.5423–0.5540, 0.5620–0.5560

56

Ar laser (0.5145) cw 0.521–0.5285 55

Ar laser (0.5145) cw 0.5249–0.5279 53

Nd:YAG laser(a) (0.532) p 0.545 11

dye laser (0.5992) p 0.5975, 0.6036, 0.6143, 0.6334, 0.6506, 0.6573 66

Yb laser (1.06) cw 1.24, 1.48(b) 103

Yb fiber laser (1.060) cw 1.12, 1.18, 1.24(c) 99

Yb fiber laser (1.064) cw 1.239, 1.484 107

Nd:YAG laser (1.064) qs 1.12, 1.18, 1.23, 1.3 94

Nd:YAG laser (1.064) qs 0.7–2.1 52

Nd:YAG laser (1.064) cw 1.085–1.1175 62

Nd:YAG laser (1.064) cw, ML 1.12–1.18, 1.24, 1.31, 1.07–1.32 60, 61

Nd:YAG laser (1.064) ML, cw 1.101–1.125 58

Nd:YAG laser (1.064) p 1.12, 1.18, 1.23, 1.3 50

(a) Frequency doubled
(b) SiO2 plus 13 mol.% P2O5

(c) Germanium doped silica fiber
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Table 1.8.3
Gas-in-Glass Fiber Raman Lasers

Gas diffused
into  S iO 2

Pump
wavelength  ( m) Mode

Raman
wavelength  ( m) Ref .

H2 0.647 p 0.883 67

D2 1.064 p, cw 1.56 68

Liquid-filled hollow fused silica fibers have also been used for Raman lasers; examples of
liquids include carbon disulfide (Reference 51) and benzene (Reference 84).

Fiber Raman Amplifiers

Raman amplifiers can be constructed at virtually any wavelength by terminating the
Raman laser one Stokes order less than where amplication is desired and then injecting a
signal through the resonant structure. In the case of cascaded fiber Raman lasers, the desired
upper wavelength limit is determined simply by the increased loss of the fiber at that
wavelength and thus depends on what the acceptable efficiency is. The conversion efficiency
is high if the cascaded Raman resonator is constructed with low-loss fiber Bragg gratings.
The references below illustrate various methods that have been employed to obtain cascaded
Raman generation and amplification.

Table 1.8.4
Fiber Raman Amplifiers

Pump
(wave length– m) Mode

Raman and amplifier
wave lengths  ( m) Ref .

dye laser (0.540–0.590) p 1st and higher order Stokes lines 85

Nd fiber laser (1.060) cw 1.3085 97

Nd:YAG laser (1.064) cw 1.117, 1.174, 1.24, 1.3 98

InGaAsP/InP (1.24) cw 1.3(a) 100

Raman fiber laser (1.24) cw 1.3 102

Color center laser (~1.47) p ~1.58 76

(a)  Fibers contained GeO2 up to 25 mol%.

1.8.4  Fiber Soliton Lasers

In a solition laser, the output of a pulsed laser at some wavelength is coupled into a
fiber. Reshaping of the laser pulse by the fiber forces the laser to produce much shorter pulses
than it would by itself. The pulse width is controlled by the length of the fiber and can range
from several picoseconds to a few tens of femtoseconds. Pulse compression effects in fiber
Raman lasers result in the production of ultrafast optical pulses in both single-pass and
oscillator configurations. A number of different cavity configurations and mode-locking
techniques that have been used to generate femtosecond pulses are covered in the lasers listed
in Table 1.8.5.



©2001 CRC Press LLC

Table 1.8.5
Fiber Soliton Lasers

Pump
(wave length– m) Mode Wavelengths  ( m)

Pulse
duration (fs) Ref .

Nd:YAG laser (1.064) 800 79

Nd:YAG laser (1.064) cw 1.076–1.12 400 77

Kr3+ ion laser cw ~1.1(a) 6000 90

Nd:YAG laser (1.064) qs, ML 1.6 18 78

Nd:YAG laser (1.064) cw, ML 1.3841.400 100–200 74, 75

Pr:glass laser (1.3) cw ~1.3 620 88

Nd:YAG laser (1.32) ML 1.4 ~100 80

Color center  laser (~1.47) p ~1.58 ~240–300 76

Color center  laser (~1.5) ML ~1.6 210–2000 69

Color center  laser (~1.5) 130, 50 70

Color center  laser (~1.5) 60–600 71

Color center  laser (~1.5) 50, 19 72

Er laser (1.550) cw 1.585 1550 105

Yb-Er laser cw 1.5390, 1.5436 1600, 12000 106

Yb-Er laser cw 1.534–1.548 7000–8500 89

OPO(b) (1.54) p 1.5–1.65 200 73

(a)  Neodymium-doped fiber.
(b)  Optical parmetric oscillator.

1.8.5  Fiber Brillouin Lasers

Stimulated Brillouin scattering involves the interaction of light with high-frequency
sound waves in the medium. The scattered wave is almost always shifted to longer
wavelengths than the pump. The results in Table 1.8.6 are for fused silica fibers.

Table 1.8.6
Fiber Brillouin Laser Wavelengths

Pump
wavelength  ( m) Mode Frequency shift (GHz) Ref .

0.5145 (Ar ion laser) cw 14 lines;  total bandwidth – 476 GHz 83

0.5145 (Ar ion laser) cw 34 82

0.5145 (Ar ion laser) cw 91

0.5145 (Ar ion laser) cw 92

0.5355 p 32.2 81

0.6328 (He-Ne laser) cw 92

0.6328 (He-Ne laser) cw (spectral width ~2 kHz) 93

0.6328 (He-Ne laser) cw 26,32, 26.85, 26.52, 27.05(a) 95

1.532 (Er fiber laser) cw 10.35 96

1.561 (Er fiber laser) cw 34 lines of Stokes and anti-Stokes waves(b) 104

(a)  SiO2 doped with 6 mol% GeO2.
(b)  Combined effect of stimulated Brillouin scattering and four-wave mixing.
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Section 2.1
LIQUID ORGANIC DYE LASERS

2.1.1  Introduction

The most common and familiar liquid lasers are those based on strongly absorbing
organic dye molecules in an organic solvent and involving allowed transitions of conjugate
π electrons. Laser action has been reported for over 500 different dyes in the tables in Section
2.1.3. By the selection of the active dye and solvent, laser action spanning a wavelength
range from the near-ultraviolet (336 nm) through the near-infrared (1.8 microns) has been
achieved. General categories of dyes and spectral ranges of reported laser action are shown in
Figure 2.1.1.

The very broad emission and gain spectra of organic dyes lead to tunable laser
output—typically over several tens of nanometers. Because of this property, dye lasers are
used extensively in wavelength-selective spectroscopy. Tuning curves for various
commercial dyes and pumping sources are shown in Section 2.1.5.

In addition to standard dye laser configurations, organic dye laser action in strongly
scattering media has been reported.1,2 Lasing from dye-doped micrometer-size liquid
droplets3–5 and from evaporating layered microdroplets in the form of a glass core covered by
liquid of dye in solution6 has also been observed.

Cyanine dyes

Phthalocyanine dyes

Pyrylium salts

Phthalimide derivatives

Oxadiazole derivatives

Oxazole derivatives

Quinolone derivatives

Coumarin derivatives

Stilbene derivatives

Oligophenylene dyes

Anthracene derivatives

Oxazine dyes

Xanthene dyes

400 600 800 1000 1200 1400 1600 1800

400 600 800 1000 1200

Wavelength  (nm)

1400 1600 1800

Pyrromethene dyes

Merocyanine and Styryl dyes

Figure 2.1.1    Reported ranges of output wavelengths of various types of organic dyes used in
liquid lasers (from the Handbook of Laser Wavelengths, CRC Press, 1998).
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2.1.2  Chemical Nomenclature

The names of various dyes found in the literature have in many instances been reduced to
relatively simple pseudo acronyms by reducing the important parts of the name to a letter or
by the assignment of a number to more complex molecules. The reader is referred to
Steppel, R. N., Organic Dye Lasers, in Handbook of Laser Science and Technology, Vol. I:
Lasers and Masers , CRC Press, Boca Raton, FL (1982), p. 299; Steppel, R. N., Organic
Dye Lasers, in Handbook of Laser Science and Technology, Suppl. 1: Lasers, CRC Press,
Boca Raton, FL (1991), p. 219; and Maeda, M., Laser Dyes, Academic, New York (1984)
for common names of the dyes and details of the dye structures and substitutent positions.
The chemical names have been abbreviated according to the nomenclature system previously
used by Fletcher. The shorthand notation for the parent compounds and substituents are as
follows with numbers referring to the skeletal position (see numbered structure): AQ,
azaquinolone; Q, quinolone, AC, azacoumarin; C, coumarin; A, amino; M, methyl; DM,
dimethyl; DMA, dimethyl-amino; DEA, diethylamino; MO, methoxy; MOR, morpholino;
TFM, trifluoromethyl; and OH, hydroxy. Thus 7A-M-AQ designates 7-amino-4-
methylazaquinolone. Literature descriptions such as AQIF, QIF and C2H are not necessarily
systematic. The first letter(s) refer to the family whereas the H and F refer to hydrogen and
fluorine substitution.

Cyanine Dyes

The names of various dyes found in the literature have in many instances been reduced to
relatively simple pseudo acronyms by reducing the important parts of the name to letters or
by the assignment of a number to more complex molecules. The system used here for the
cyanine dyes is an extension of that found in the literature with an attempt to further
delineate the structure in a simple manner by designating the substituents independently of
the basic chromophore. Thus, the parent molecule consists of the chromophore and standard
substituents, and is represented by three or four capital letters. Substituents are indicated by
letters and their position by numbers which generally precede the letters of the basic nucleus.
For example, DTTC is the shorthand notation for 3,3'-   d   ie   t   hyl   t   hiatri   c   arbocyanine (considered
to be the basic nucleus) and 4,5-Dbz DTTC is the shortened version of 3,3'-   d   iethyl-2,2'-
(4,5,4',5'    d   i   b   enzo)    t   hiatricarbocyanine. Both have the basic DTTC nucleus, but the second
dye has the additional benzo substitution. The appropriate letters have been underlined to
indicate the derivation of the acronym type abbreviation for the two dyes. Thus, the cyanine
dyes have been listed in the table with an abbreviated form for the basic nucleus preceded by
various substituents. For each of these cationic dyes a counter ion may be noted where the
literature so designated. The counter-ion usually is iodide (I), bromide (Br), or perchorate
(P) and may be noted following the dye name.   

The basic cyanine dyes are the thiacarbocyanines(T), indocarbocyanines(I), oxacarbo-
cyanines(O), quinocarbocyanines(Q), and those with mixed chromophores. In most cases the
dyes have symmetrical structure about a vinylogous carbon chain. Numbers are used to
indicate the position of substitution on the chromophore and primed numbers on the second
chromophore. Where there are substituents on the carbon chain, their positions are indicated
by the extension of the numbering sequence from the first chromophore.

With the exception of the quinocarbocyanines which have two possible sites of
substitution to the carbon chain, the abbreviated names do not show the common sites of
substitution, that is, -3,3'-diethyl and 2,2' carbon chain linkages to the chromophore. They
are the same in each dye. For example, compare the names of various thiacarbocyanines.
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However, the names and numbered positions of other substituents are indicated. In
symmetrical cases the primed numbers of the substituents are dropped, that is, 5,6,5',6-
dibenzo becomes 5,6-Dbz.

The letters used in the acronym type abbreviations are C (carbocyanine), T (thia), I
(indo), O (oxa), Q (quino), D (diethyl), Dm (dimethyl), Dmo (dimethoxy), Dbz (dibenzo),
T (thia or tri), Te (tetra), H (hexamethyl), and A (acetoxy). The counter-ions, I (iodide), Br
(bromide), and P (perchorate) always appear at the end of the name or abbreviation. Thus I
may be taken as indo or iodide; however, their relative position in the acronym allows one
to discern the correct usage. Thus, the exact sequence of letters is of major importance in
understanding the acronym. For example, HITC-I represents 1,3,3,1',3',3'-hexamethyl-2,2'
indotricarbocyanine iodide. Similarly, T represents both thia and tri; however, only in the
thiacarbocyanines does T represent thia while the next letter represents the number of carbo
units making up the connecting chain. Thus in DTTC, the first T represents thia while the
second represents tri and in DOTC the O represents oxa and again the T represents tri or the
number or ethylene linkages between the two chromophores.

Counter-ions associated with each dye, where reported, are shown in the data listing but
not below. Counter-ions such as perchlorate, bromide, and iodide are most frequently
associated with the cyanine dye.

Commercial Laser Dyes

Commercial dyes may have different nomenclature depending upon the producer. Some
synonyms for laser dyes are given below:

BBQ BiBuQ
BPBD-365 Butyl PBD
Coumarin 440  Coumarin 120
Coumarin 450  Coumarin 2
Coumarin 456 Coumarin 4

Coumarin 460  Coumarin 1, Coumarin 47
Coumarin 461  Coumarin 311
Coumarin 478 Coumarin 106
Coumarin 480 Coumarin 102
Coumarin 481 Coumarin 152A, Coumarin 1F

Coumarin 485 Coumarin 152, Coumarin 2F
Coumarin 490 Coumarin 151, Coumarin 3F
Coumarin 500 Coumarin SA-28
Coumarin 503 Coumarin 307
Coumarin 504 Coumarin 314

Coumarin 515 Coumarin 30
Coumarin 519 Coumarin 343
Coumarin 521 Coumarin 334
Coumarin 522 Coumarin 8F
Coumarin 523 Coumarin 337

Coumarin 535 Coumarin 7
Coumarin 540 Coumarin 6
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Coumarin 540A  Coumarin 153
Cresyl Violet 670 Perchlorate Ozazine 9, Kresylviolett
Disodium Fluorescein Uranin

DMOTC Methyl DOTC (DmOTC-1)
DMT BM-Terphenyl
Fluorescein 548 Fluorescein 27, Fluorescein
Fluorol 555  Fluorol 7GA
HIDC Iodide Hexacyanin 2

HITC Iodide Hexacyanin 3
IR-5 Q-switch 5
IR-26 Dye 26
Kiton Red 620  Sulforhodamine B
LD 390  Quinolon 390

LD 466  Coumarin 466
LD 490   Coumarin 6H
LD 690 Perchlorate Oxazine 4 Perchlorate
LD 700 Perchlorate Rhodamine 700
LD 800 Rhodamine 800

LDS 698 Pyridine 1
LDS 722 Pyridine 2
LDS 730 Perchlorate Styryl 6
LDS 750 Styryl 7*
LDS 751  Styryl 8*

LDS 798  Styryl 11
LDS 821  Styryl 9/9M
LDS 925 Styryl 13
LDS 950 Styryl 14
Nile Blue 690 Perchlorate Nile Blue A Perchlorate, Nileblau

Oxazine 725 Perchlorate Oxazine 1 Perchlorate
Oxazine 720 Perchlorate Oxazine 170 Perchlorate
p-Quaterphenyl PQP
p-Terphenyl PTP
Phenoxazone 660  Phenoxazone 9

Rhodamine 560 Chloride   Rhodamine 110
Rhodamine 590 Rhodamine 6G
Rhodamine 590 Perchloride   Rhodamine 6G Perchloride
Rhodamine 590 Tetrafluoroborate Rhodamine 6G Tetrafluoroborate
Rhodamine 610 Chloride Rhodamine B
Rhodamine 640 Perchlorate  Rhodamine 101
Stilbene 420 Stilbene 3

Sulforhodamine 640 Sulforhodamine 101

* These two dyes are the same as originally reported by Kato. Various sources supplying dyes
should be consulted to verify that their products correspond to these dyes.
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2.1.3  Tables of Liquid Organic Dye Lasers

Dye lasers are presented alphabetically in the following order:

Anthracenes Perylenes

Benzimidazoles Phosphorines

Benzoxazinones Pteridines

Bimanes Pyrazolines

Coumarins Pyrromethenes
azacoumarins
4,7-substituted Pyrylium salts
3,7- and 3,4,7 substituted azapyrylium salts
rigidized, bicyclic thiopyrylium salts
rigidized, monocyclic

Quinolones
Cyanines azaquinolones

indocarbocyanines
oxacarbocyanines Quinoxalinones
quinocarbocyanines
thiocarbocyanines Styryl type compounds

stilbenes
Furans styrylbenzenes

styrylbiphenyls
Imitrines styryldibenzenes

triazinylstilbenes
Naphthalimides triazolstilbenes

Oligophenylenes (polyphenyls) Xanthenes
4-phenylpyridines rhodamones
quaterphenyls rosamones
terphenyls

Other dyes
Oxazines

Oxazoles
benzoxazoles
bis-oxazoles
oxadiazoles

Specific dyes are listed by their chemical or commercial names or as designated in the
original references or the tabulations in the Handbook of Laser Science and Technology,
Volume I and Supplement 1. The latter should be consulted for additional information about
the chemical composition, molecular structure, and substituent positions.

Tabulated data include the solvent used, wavelength of the absorption and fluorescence
maxima, lasing wavelength and, if given, the tuning range, and the pump source and
excitation wavelength. The wavelength, tuning range, and output of dye lasers depend on
the characteristics of the dye, the dye concentration, solvent, optical pumping source and
rate, optical cavity, and other operating conditions. The multiple listings of a given dye at
several wavelengths reflect these differences. The original references should be consulted for
the experimental conditions used and their effects on the lasing wavelength.



©2001 CRC Press LLC

Table 2.1.1
Liquid Organic Dye Lasers

Excitation sources:

Ar (argon-ion laser), bb (broad band), coax (coaxial flashlamp), Cu (copper vapor laser), cw
(continuous wave), FL (flashlamp), Kr (krypton-ion laser), KrF (krypton fluoride excimer
laser), L (laser), N2 (nitrogen laser), Nd:glass (neodymium:glass laser), Nd:YAG (neo-
dymium:yttrium aluminum garnet laser), triax (triaxial flashlamp), XeCl (xenon chloride
excimer laser).

Solvents:

Ar (argon), BuOAc (butylacetate), BzOH (benzyl alcohol), CCl4 (carbon tetrachloride),
CH3CN (acetonitrile), CH3COOH (acetic acid), COT (cyclooctetraene), DB (o-dichloro-
benzene), DCE (1,2-dichloroethane), DEC (diethylcarbonate), DEE (diethyl ether), DMA
(N,N-dimethylacetamide), DMA/EtOH (dimethylacetamide/ethanol), DMF (N,N-dimethyl-
formamide), DMF/EtOH (dimethylformamide/ethanol), DMSO (dimethyl-sulfoxide), DPA
(N,N-dipropylacetamide), DX (purified dioxane), EG (ethylene glycol), EtOH (ethanol),
EtOH/H2O (ethanol/water), G (glycerol), glyme (1,2-dimethoxyethane), H2O (water), HCl
(hydrochloric acid). HFIP (hexafluoroisopropanol), HFIP/H2O (hexafluoroisopropanol-
/water), LO (ammonyx LO), MC (methylene chloride), MCH (methylcyclohexane), MeOH
(methanol), MeOH/H2O (methanol/water), NB (nitrobenzene), NMP (N-methylpyrrolidone),
PPH (1-phenoxy-2-propanol), 2-PrOH (2-propanol), TEA (triethylamine), TFE
(trifluoroethanol), THF (tetrahydrofuran), a (acidic), ch (cyclohexane), d (DMF), e (ethanol),
g (glycerol), m (DMA), p (p-dioxane), t (toluene), w (water).

2.1.3.1  Anthracene Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

9-dichloroanthracene
EtOH/MeOH:4/1 415.5/415.8N2 laser (337) 35

9-methylanthracene
EtOH/MeOH:4/1 413.8/414.1N2 laser (337) 35

9-phenylanthracene
EtOH/MeOH:4/1 417 N2 laser (337) 35

9,10-dimethylanthracene
MCH/toluene:2/1 432.0/432.74 N2 laser (337) 35

9,10-diphenylanthracene
EtOH/MeOH:4/1 429.3/430.2N2 laser (337) 35

MCH/toluene:2/1 431.7/434.6N2 laser (337) 35

cyclohexane 432.6 ruby laser (347) 54

Diphenyl–anthracene
ethanol, w, t 435-450 N2 laser (337) 27
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2.1.3.2  Benzimidazole Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

2-(o-hydroxyphenyl) Benzimidazole

dioxane 470 (460–495) XeCl laser (308) 33

2-(2-hydroxy-5-fluoro) Benzimidazole (HOF-BIM)
acetonitrile 326 487 (465–510) N2 laser (337) 128

2-(2-hydroxyphenyl) Benzimidazole (HOP-BIM)

methanol 316 463 (450–480) XeCl laser (308) 128

ethanol 317 465 (454–480) XeCl laser (308) 128

p-dioxane 319 473 (460–490) XeCl laser (308) 128

acetonitrile 316 474 (459–489) XeCl laser (308) 128

DMF 318 477 (463–495) XeCl laser (308) 128

2-(2-dihydroxyphenyl) Benzimidazole (DHOP-BIM)
acetonitrile 300 524 (507–540) N2 laser (337) 128

ch/dioxane 301 524 (509–542) N2 laser (337) 128

p-dioxane 302 531 (515–549) N2 laser (337) 128

DMF 303 535 (515–553) N2 laser (337) 128

2-(2-hydroxy-5-methyl) Benzimidazole (HOMe-BIM)
p-dioxane 326 495 N2 laser (337) 128

2-(2-hydroxy-5-methoxy) Benzimidazole (OMeO-BIM)
ch/dioxane 302/342 520 (509–537) N2 laser (337) 128

p-dioxane 301 341 530 (514–552) N2 laser (337) 128

2.1.3.3  Benzoxazinone Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Benzoxazinone 8-1-1

ethanol 385 522 543 N2 laser (337) 138

Benzoxazinone 8-1-2

ethanol 423 530 563 N2 laser (337) 138

Benzoxazinone 8-1-3

ethanol 394 521 520 N2 laser (337) 68

Benzoxazinone 8-1-4

ethanol 403 551 570 N2 laser (337) 68

Benzoxazinone 8-1-5

ethanol 442 556 566 N2 laser (337) 138

Benzoxazinone 8-1-6

ethanol 415 540 554 N2 laser (337) 138

Benzoxazinone 8-1-7

ethanol 488 590 668 N2 laser (337) 138
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2.1.3.4  Bimane Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Bimane 5-1-1

HFIP    480 501 flashlamp 134
H2O 374 450 540 flashlamp 134

Bimane 5-1-2

trifluoroethanol 474 516 flashlamp 137

Bimane 5-1-3
HFIP/H2O:4/1 344 473 507 flashlamp 50

Bimane 5-1-4
H2O 478 514 flashlamp 50

Bimane 5-1-5

p–dioxane 380 437 435 flashlamp 50
H2O 392 480 525 flashlamp 50

2.1.3.5  Coumarin Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

4-methylcoumarin

ethanol, w, t 445–490 N2 laser (337) 27

Coumarin 6-1-1

ethanol (air) 489 FL (triaxial) 38

ethanol (Ar) 493 FL (triaxial) 38

methanol (air) 493 FL (triaxial) 38

EG/EtOH (air) 497 FL (triaxial) 38

MeOH/H2O (air) 497 FL (triaxial) 38

EtOH/H2O (air) 501 FL (triaxial) 38

EtOH/H2O (Ar) 501 FL (triaxial) 38

Coumarin 6-1-2

hexane (Ar) 451–465 FL (triaxial) 38

benzene (Ar) 460–483 FL (triaxial) 38

toluene (Ar) 452–480 FL (triaxial) 38

toluene (air) 458–474 FL (triaxial) 38

benzene (air) 460–479 FL (triaxial) 38

DEC (air) 461–479 FL (triaxial) 38

butylacetate (air) 462–483 FL (triaxial) 38

DEC (Ar) 462–485 FL (triaxial) 38

butylacetate (Ar) 463–488 FL (triaxial) 38

glyme (air) 467–490 FL (triaxial) 38

THF (Ar) 467–491 FL (triaxial) 38

glyme (Ar) 467–497 FL (triaxial) 38

THF (air) 468–491 FL (triaxial) 38

acetone (air) 475–500 FL (triaxial) 38
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Coumarin Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 6-1-2

acetone (Ar) 475–504 FL (triaxial) 38

CH3CN (Ar) 479–506 FL (triaxial) 38

DMA(Ar) 484–507 FL (triaxial) 38

2-PrOH (air) 486 FL (triaxial) 38

DMF (air) 486–508 FL (triaxial) 38

CH3CN (air) 487–503 FL (triaxial) 38

DCE (air) 487–506 FL (triaxial) 38

DMA (air) 487–511 FL (triaxial) 38

DMF (Ar) 487–512 FL (triaxial) 38

DCE (Ar) 488–511 FL (triaxial) 38

NMP (air) 489–513 FL (triaxial) 38

ethanol (air) 491 FL (triaxial) 38

NMP (Ar) 491–513 FL (triaxial) 38

methanol (air) 494 FL (triaxial) 38

ethanol (Ar) 495 FL (triaxial) 38

EG/EtOH (air) 499 FL (triaxial) 38

MeOH/H2O (air) 499 FL (triaxial) 38

EG/EtOH (Ar) 500 FL (triaxial) 38

EtOH/H2O (air) 502 FL (triaxial) 38

MeOH (Ar) 502 FL (triaxial) 38

EtOH/H2O (Ar) 503 FL (triaxial) 38

MeOH/H2O (Ar) 505 FL (triaxial) 38

Coumarin 6-1-3

ethanol (air) 489 FL (triaxial) 38

ethanol (Ar) 492 FL (triaxial) 38

methanol (air) 493 FL (triaxial) 38

MeOH (Ar) 497 FL (triaxial) 38

EG/EtOH (air) 498 FL (triaxial) 38

EG/EtOH (Ar) 498 FL (triaxial) 38

MeOH/H2O (air) 498 FL (triaxial) 38

EtOH/H2O (air) 501 FL (triaxial) 38

EtOH/H2O (Ar) 502 FL (triaxial) 38

MeOH/H2O (Ar) 504 FL (triaxial) 38

Coumarin 6-1-4

MeOH/H2O 502 flashlamp 135

MeOH (air) 503 FL (triaxial) 38

EtOH/H2O (air) 512 FL (triaxial) 38

MeOH/H2O (air) 515 FL (triaxial) 38

Coumarin 6-3-1

ethanol (air) 483 (477–489) FL (triaxial) 130

ethanol (Ar) 393 476 483 (478–489) FL (triaxial) 130

EtOH/H2O (Ar) 404 488 496 (484–508) FL (triaxial) 130

EtOH/H2O (air) 497 (485–508) FL (triaxial) 130
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Coumarin Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 6-3-10

ethanol (air) 437 500 516 (511–522) FL (triaxial) 130

ethanol (Ar) 517 (512–521) FL (triaxial) 130

EtOH/H2O (Ar) 526 (520–530) FL (triaxial) 130

EtOH/H2O (air) 445 508 541 (532–549) FL (triaxial) 130

Coumarin 6-3-2

ethanol (air) 534 (526–541) FL (triaxial) 130

ethanol (Ar) 465 506 537 (531–544) FL (triaxial) 130

EtOH/H2O (Ar) 473 512 539 (530–548) FL (triaxial) 130

EtOH/H2O (air) 548 (542–554) FL (triaxial) 130

Coumarin 6-3-3

ethanol (Ar) 480 519 547 (540–555) FL (triaxial) 130

ethanol (air) 547 (541–554) FL (triaxial) 130

EtOH/H2O (Ar) 490 526 552 (543–562) FL (triaxial) 130

EtOH/H2O (air) 555 (547–564) FL (triaxial) 130

Coumarin 6-3-4

ethanol (air) 533 (525–541) FL (triaxial) 130

ethanol (Ar) 462 504 534 (525–543) FL (triaxial) 130

EtOH/H2O (air) 545 (537–553) FL (triaxial) 130

EtOH/H2O (Ar) 474 512 545 (537–553) FL (triaxial) 130

Coumarin 6-3-5

ethanol (Ar) 430 480 499 (492–507) FL (triaxial) 130

ethanol (air) 500 (492–508) FL (triaxial) 130

EtOH/H2O (Ar) 442 488 513 (504–523) FL (triaxial) 130

EtOH/H2O (air) 514 (505–524) FL (triaxial) 130

Coumarin 6-3-6

ethanol (air) 415 492 504 (498–511) FL (triaxial) 130

ethanol (Ar) 505 (498–512) FL (triaxial) 130

EtOH/H2O (air) 424 502 513 (505–520) FL (triaxial) 130

EtOH/H2O (Ar) 514 (505–523) FL (triaxial) 130

Coumarin 6-3-7

ethanol (air) 440 484 501 (493–508) FL (triaxial) 130

ethanol (Ar) 502 (494–510) FL (triaxial) 130

EtOH/H2O (air) 450 492 514 (505–524) FL (triaxial) 130

Coumarin 6-3-8

ethanol (air) 435 494 512 (505–518) FL (triaxial) 130

ethanol (Ar) 512 (507–517) FL (triaxial) 130

EtOH/H2O (Ar) 522 (518–525) FL (triaxial) 130

EtOH/H2O (air) 442 502 528 (520–536) FL (triaxial) 130

Coumarin 6-3-9

ethanol (air) 425 496 511 (504–518) FL (triaxial) 130

ethanol (Ar) 512 (504–519) FL (triaxial) 130

EtOH/H2O (air) 433 506 520 (513–527) FL (triaxial) 130

EtOH/H2O (Ar) 520 (513–528) FL (triaxial) 130
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Coumarin Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 6-4-1

ethanol 453–514 XeCl laser (308) 24

Coumarin 6-4-2

ethanol 450–511 XeCl laser (308) 24

Coumarin 6-4-3

ethanol 480–528 XeCl laser (308) 24

Coumarin 6-4-4

ethanol 477–526 XeCl laser (308) 24

Coumarin 6-4-5

ethanol 482–526 XeCl laser (308) 24

Coumarin 6-4-6

ethanol 478–525 XeCl laser (308) 24

Coumarin 6-4-7

ethanol 501–550 XeCl laser (308) 24

Coumarin 6-4-8

ethanol 500–546 XeCl laser (308) 24

Coumarin 6-4-9

ethanol 512–585 XeCl laser (308) 24

Coumarin 6-4-10

ethanol 508–588 XeCl laser (308) 24

Coumarin 6-5-1

1,2-DCE 518 (497–547) XeCl laser (308) 132

Coumarin 6-5-2

1,2-DCE 533 (510–558) XeCl laser (308) 132

Coumarin 6-5-3

1,2-DCE 529 (511–559) XeCl laser (308) 132

Coumarin 6-5-4

1,2-DCE 542 (520–570) XeCl laser (308) 132

Coumarin 6-5-5

1,2-DCE 603 (580–670) XeCl laser (308) 132

Coumarin 6-5-6

1,2-DCE 662 (600–706) XeCl laser (308) 132

Coumarin 6-5-7

1,2-DCE 610 (596–632) XeCl laser (308) 132

1,2-DCE 674 (641–712) XeCl laser (308) 132

Coumarin 6-5-8

1,2-DCE 675 (628–712) XeCl laser (308) 132

Coumarin 6-5-9

ethanol 493 (475–518) XeCl laser (308) 132

Coumarin 6-5-10

ethanol 505 535 (512–562) XeCl laser (308) 132
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Coumarin Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 6-7-5

p-dioxane 440 485 528 N2 laser (337) 139

p-dioxane+HOAc 455 543–550 N2 laser (337) 139

DMF+HOAc 440 535 532–550 N2 laser (337) 139

Coumarin 6-7-6

DMF+HOAc 480 552 560 N2 laser (337) 139

Coumarin 6-8-1

p-dioxane 460 525 510–535 Nd:YAG 136

EtOH+HOAc 433 510 530–570 N2 laser (337) 136

Coumarin 6-8-2

p-dioxane 455 545 550–580 Nd:YAG 136

EtOH+HOAc 446 525 565–610 N2 laser (337) 136

Coumarin 6-9-1

ethanol 549 572 590–616 L (520) 158

ethanol 571 594 595–617 L (520) 158

benzene 544 571 609 L (520) 158

CH3CN 547 572 612 L (520) 158

ethanol 544 562 615–628 flashlamp 158

EtOH+HCl 620 L (520) 158

Coumarin 6-9-2

methanol 582 603 605 L (520) 158

CH3CN 567 586 607 L (520) 158

ethanol 608 L (520) 158

benzene 565 586 626 L (520) 158

ethanol 560 577 637–650 flashlamp 158

EtOH+HCl 561 587 654–669 flashlamp 158

EtOH+HCl 656 L (520) 158

Coumarin 6–7–5

DMF+HOAc 440 535 532–550 N2 laser (337) 139

DMF+HOAc 440 485 528 N2 laser (337) 139

DMF+HOAc 455 525 543–550 Nd:YAG 139

Coumarin 6–7–6

DMF+HOAc 480 552 560 Nd:YAG 139

Coumarin 138

ethanol ~460 N2 laser (337) 120

Coumarin 337

ethanol 443 485 522 flashlamp 55

Coumarin 486

water 486 flashlamp 55

Coumarin 488

water 489 flashlamp 55
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Azacoumarins

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

7MOR-4M-Azacoumarin

ethanol 431 flashlamp 194
7OH-4M-Azacoumarin

ethanol 415 431 flashlamp 194
7DMA-4M-Azacoumarin

ethanol 420 434 flashlamp 194
AC2F-Azacoumarin

ethanol 490 flashlamp 66,194

Coumarins: 4,7-substituted

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

7A-4MO-C; 7-amino-4-methoxycoumarin; 7-amino-4-methoxy-2H-1-benzopyran-2-one

ethanol 417 flashlamp 43

7A-4M-C; 7-amino-4-methylcoumarin; 7-amino-4-methyl-2H-1-benzopyran-2-one

ethanol 429 436 flashlamp 43

7DMA-4M-Coumarin

ethanol 452 453 flashlamp 43

Coumarin 120, Coumarin 440, CSA-1; 7-amino-4-methyl-2H-1-benzopyran-2-one

ethanol 436 flashlamp 43,44

ethanol 354 430 437 (420–457) N2 laser (337) 20

ethanol 438 (419–466) N2 laser (337) 56

methanol 440 (419–469) flashlamp 59

ethanol 441 Nd:YAG(355) 60

ethanol 442 flashlamp 61

ethanol 442 (425–443) flashlamp 25

methanol 442 (426–458) Nd:YAG(355) 51

MeOH/H2O:1/1 442 (435–455) flashlamp 19

DPA,COT 450 (420–470) Ar (351/364) 37

ethylene glycol 450 (427–477) Ar laser (cw) 47

water 453 flashlamp 55

CSA-10; 7-pentylamino-4-methylcoumarin; 7-n-pentylamino-4-methoxy-2H-1-benzopyran-2-

one

ethanol 440 N2 laser (337) 44

ethanol+HCl 485 N2 laser (337) 44

CSA-4; 7(2-pyridylamino)-4-methylcoumarin; 7(2-pyridylamino)-2H-1-benzopyran-2-one

ethanol 450 N2 laser (337) 44

CSA-5; 7-pyrrolidino-4-methylcoumarin; 7-pyrrolidino-2H-1-benzopyran-2-one

ethanol 450 N2 laser (337) 44

Coumarin 175

water 353 457 flashlamp 55
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Coumarins: 4,7-substituted—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 445, CSA-6; 7-ethylamino-4-methylcoumarin; 7-ethylamino-4-methyl-2H-1-

benzopyran-2-one

ethanol 445 N2 laser (337) 44

MeOH/H2O:1/1 363 430 445 flashlamp 26

ethylene glycol 460 Ar laser (cw) 63

ethanol+HCl 485 N2 laser (337) 44

CSA-8; 7-propylamino-4-methylcoumarin; 7-n-propylamino-4-methoxy-2H-1-benzopyran-2-

one

ethanol 440 N2 laser (337) 44

ethanol+HCl 485 N2 laser (337) 44

CSA-9; 7-butylamino-4-methylcoumarin; 7-n-butylamino-4-methoxy-2H-1-benzopyran-2-one

ethanol 440 N2 laser (337) 44

ethanol+HCl 485 N2 laser (337) 44

C3H; 7-aminocoumarin; 7-amino-2H-1-benzopyran-2-one

ethanol 450 flashlamp 191

CSA-11

ethanol 456 N2 laser (337) 44

Coumarin 2, Coumarin 450; ; 7-ethylamino-4,6-dimethylcoumarin; 7-ethylamino-4,6-

dimethyl-2H-1-benzopyran-2-one

ethanol 366 435 446 flashlamp 37

ethanol 446 (428–465) N2 laser (337) 20

ethanol/1.5%LO 449 (435–479) flashlamp 25

methanol 450 (427–488) flashlamp 59

ethylene glycol 450 (435–485) Ar or Kr (uv) 164

ethylene glycol 452 (430–492) Ar laser (cw) 47

methanol 454 flashlamp 61

methanol 454 Nd:YAG(355) 60

methanol 455 (433–474) Nd:YAG(355) 51

methanol 458 flashlamp 191

20%aq. DPA 460 (430–480) Ar (351/364) 192

MeOH/H2O:4/6 460 (445–482) flashlamp 19

Coumarin 311; 7-dimethylamino-4,-methylcoumarin; 7-dimethylamino-4-methyl-2H-1-

benzopyran-2-one

ethanol 453 flashlamp 194

ethanol 457 flashlamp 58

Coumarin 1, Coumarin 460; 7-diethylamino-4,-methylcoumarin; 7-diethylamino-4,-methyl-

2H-1-benzopyran-2-one

ethanol 457 (440–478) N2 laser (337) 20

ethanol 373 445 457 (450–484) flashlamp 25

ethanol 460 Nd:YAG(355) 96

ethanol 460 flashlamp 43,61

ethanol 460 flashlamp 62

— 460 (442–490) Nd:YAG(355) 53

methanol 461 (448-489) flashlamp 25



©2001 CRC Press LLC

Coumarins: 4,7-substituted—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 1, Coumarin 460; 7-diethylamino-4,-methylcoumarin; 7-diethylamino-4,-methyl-

2H-1-benzopyran-2-one

ethylene glycol 470 (450–495) Ar or Kr (uv) 164

— 471 (448–505) Kr laser (uv) 52

ethylene glycol 472 (446–506) Ar laser (cw) 47

Coumarin 360

water 359 470 flashlamp 55

Coumarin 378

water 361 468 flashlamp 55

Coumarin 379

water 376 473 flashlamp 55

Coumarin 380

water 362 470 flashlamp 55

Coumarin 381

water 382 478 flashlamp 55

C2H; 7-dimethylaminocoumarin; 7-dimethylamino-2H-1-benzopyran-2-one

ethanol 465 flashlamp 191

C1H, LD 466; 7-diethylaminocoumarin; 7-diethylamino-2H-1-benzopyran-2-one

EtOH/p-dioxane 464 (446–492) N2 laser (337) 64

ethanol 368 465 (452–480) N2 laser (337) 1

ethanol 467 (459–477) Nd:YAG(355) 65

methanol+LO 474 (462–490) flashlamp 25

Coumarin 35, Coumarin 481, C1F, CSA-27; 7-diethylamino-4-trifluoromethylcoumarin; 7-

diethylamino-4-trifluoromethyl-2H-1-benzopyran-2-one

ethanol 390 465 480 N2 laser (337) 44

ethanol 481 flashlamp 61,66

p-dioxane 481 flashlamp 66,67

p-dioxane 481 KrF laser (248) 6

p-dioxane 481 (460–518) N2 laser (337) 56

p-dioxane 481 (475–490) flashlamp 25

p-dioxane 483 (463–516) flashlamp 69

p-dioxane 483 (560–517) N2 laser (337) 20

p-dioxane 489 Nd:YAG(355) 60

dioxane/ethanol 507 (481–540) N2 laser (337) 69

ethanol 515 (492–545) N2 laser (337) 69

ethanol 516 (490–566) N2 laser (337) 56

Coumarin 151, Coumarin 490, C3F:CSA-29; 7-amino-4-trifluoromethylcoumarin; 7-amino-

4-trifluoromethyl-2H-1-benzopyran-2-one

ethanol 382 489 455 N2 laser (337) 44

ethanol 484 flashlamp 66

ethanol 488 flashlamp 70

methanol 489 (467–510) flashlamp 72

ethanol 490 flashlamp 61
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Coumarins: 4,7-substituted—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 151, Coumarin 490, C3F:CSA-29; 7-amino-4-trifluoromethylcoumarin; 7-amino-

4-trifluoromethyl-2H-1-benzopyran-2-one

methanol+LO 495 (477–515) flashlamp 25

EtOH/H2O 496 flashlamp 66

Coumarin 152, Coumarin 485, C2F; 7-dimethylamino-4-trifluoromethylcoumarin; 7-

dimethylamino-4-trifluoromethyl-2H-1-benzopyran-2-one

p-dioxane 397 510 479 flashlamp 66

ethanol 485 N2 laser (337) 44

p-dioxane 500 (482–517) N2 laser (337) 73

ethanol 519 flashlamp 66,70

ethanol 520 flashlamp 61

ethanol 520 (490–562) N2 laser (337) 44

methanol 523 flashlamp 25

methanol 525 (502–573) Nd:YAG(355) 53

Coumarin 307; Coumarin 503; 7-ethylamino-6-4-trifluoromethyl-2H-1-benzopyran-2-one

ethanol 395 490 498 (477–531) flashlamp 25

ethanol 502 flashlamp 61

MeOH+LO 504 (481–530) flashlamp 25

Coumarin 316

water 375 494 flashlamp 55

Coumarin 500, CSA-28; 7-ethylamino-4-trifluoromethylcoumarin; 7-ethylamino-4-

trifluoromethyl-2H-1-benzopyran-2-one

ethanol 500 KrF laser (248) 3

ethanol 392 495 500 N2 laser (337) 44

ethanol 500 (473–547) N2 laser (337) 20

ethanol 500 (494–504) Nd:YAG(355) 65

methanol 508 (481–573) Nd:YAG(355) 53

methanol 514 (482–552) Nd:YAG(355) 51

MeOH/H2O:1/1 522 (500–548) flashlamp 26

Coumarins: 3,7- and 3,4,7-substituted

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarins: 3,7-substituted:

benzene 414 N2 laser (337) 36

benzene 421 N2 laser (337) 36

benzene 423 N2 laser (337) 36

benzene 426 N2 laser (337) 36

dichloromethane 430 N2 laser (337) 36

benzene 434 N2 laser (337) 36

benzene 437 N2 laser (337) 36
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Coumarins: 3,7- and 3,4,7-substituted—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarins: 3,7-substituted:

benzene 438 N2 laser (337) 36

benzene 439 N2 laser (337) 36

methanol 446 N2 laser (337) 36

water 450 N2 laser (337) 36

water 457 N2 laser (337) 36

methanol 458 N2 laser (337) 36

water 467 N2 laser (337) 36

methanol 502 N2 laser (337) 36

Coumarin 30, Coumarin 515; 7-(diethylamino)-3-(1-methyl-1H-benzimidazol-2-yl)-2H-1-

benzopyran-2-one

ethanol 482–507 N2He(428) 68

aq.,DPA,COT 347 413 505 (495–515) Ar (cw,458) 192

— 508 (477–548) Kr (violet) 52

ethylene glycol 510 (492–550) Ar laser (458) 48

ethylene glycol 515 (495–545) Kr (400-420) 164

CSA-24; 3-[2-(6'-ethoxy)benzothiazolyl)-4-methyl)-7-(ethylamino)-2H-1-benzo-pyran-2-one

ethanol 415 505 532 N2 laser (337) 44

CSA-25; 3-(2-benzothiazolyl)-4-methyl)-7-(ethylamino)-2H-1-benzopyran-2-one

ethanol 417 495 527 N2 laser (337) 44

Coumarin 531, CSA-23; 3-[2-(6'-ethoxy)benzothiazolyl)-4-methyl)-7-(diethylamino)-2H-1-

benzopyran-2-one

ethanol 420 504 531 N2 laser (337) 44

Coumarin 7, Coumarin 535; 3-(1H-benzothiazol-2-yl)-7-(diethylamino)-2H-1-benzopyran-2-

one

DPA+LO,COT 436 490 525 (500–575) Ar (cw,477) 192

ethylene glycol 535 (500–565) Ar laser (477) 164

ethylene glycol 535 (505–565) Kr (400-420) 164

Coumarin 6, Coumarin 540; 3-(2-benzothiazoll)-7-(diethylamino)-2H-1-benzopyran-2-one

ethanol 458 505 507–529 N2He(428) 68

methanol 531 (510–556) flashlamp 25

methanol 538 (521–551) flashlamp 59

ethylene glycol 540 (515–566) Ar laser (cw) 47

DPA+LO,COT 540 (515–585) Ar laser (488) 76

methanol 544 (526–570) flashlamp 26

EG/bz alcohol 560 (510–570) Ar laser (488) 76

Coumarin; 3,7-substituted
benzene 414, 421, 423,426 N2 laser (337) 36

dichloromethane 430 N2 laser (337) 36

benzene 434, 437, 438, 439 N2 laser (337) 36

methanol 446, 458, 502 N2 laser (337) 36

water 450, 457, 467 N2 laser (337) 36
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Coumarins: rigidized, bicyclic

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 478; Coumarin 106; 2,3,6,7,10,11-hexahydro-1H,5H-cyclopental[3,4][1]benzo-

pyrano[6,7,8-ij]quinolizin-12(9H)-one

ethanol 386 465 478 flashlamp 66

Coumarin 480; Coumarin 102; 2,3,6,7-tetrahydro-9-methyl-1H,5H,11H-[1[benzopyrano-

[6,7,8-ij]-quinolizin-11-one

ethanol 390 465 480 flashlamp 61

Coumarin C6H; LD 490; 2,3,6,7-tetrahydro-1H,5H,11H-[1[benzopyrano[6,7,8-ij]quinolizin-

11-one

— 396 flashlamp 191

Coumarin 504; Coumarin 314; 2,3,6,7-tetrahydro-11-oxo-l-1H,5H,11H-[1[benzopyrano[6,7,8-

ij]quinolizine-10-carboxylic acid, ethyl ester

methanol+LO 499 (484–537) flashlamp 25

ethanol 437 480 504 flashlamp 61

MeOH/H2O:1/1 505 (495–517) flashlamp 26

MeOH/H2O:1/1 520 (506–544) flashlamp 19

Coumarin 217

water 402 514 flashlamp 55

Coumarin 519; Coumarin 343; 2,3,6,7-tetrahydro-11-oxo-l-1H,5H,11H-[1[benzopyrano-

[6,7,8-ij]quinolizine-10-carboxylic acid

methanol 446 490 501 (490–513) flashlamp 25

water 436 518 flashlamp

ethanol 425 519 flashlamp

Coumarin 521; Coumarin 334; 10-acetyl-2,3,6,7-tetrahydro-1H,5H,11H-[1[benzopyrano-

[6,7,8-ij]quinolizin-11-one

water 452 495 521 flashlamp 55

Coumarin 337, Coumarin 523; 2,3,6,7-tetrahydro-11-oxo-1H,5H,11H-[1[benzopyrano-

[6,7,8-ij]quinolizine-10-carbonitrile

ethanol 266 443 522 flashlamp 75

Coumarin 153, Coumarin 540A, C6F; 2,3,6,7-tetrahydro-9-(trifluoromethyl)-1H,5H,11H-

[1[benzopyrano[6,7,8-ij]quinolizin-11-one

ethanol 521 flashlamp 61

ethanol 522 flashlamp 61

p-dioxane 507 N2 laser (337) 69

ethanol 536 (515–583) flashlamp 25

ethanol 536 (517–576) N2 laser (337) 20

ethanol 538 flashlamp 66

ethanol 540 flashlamp 61

methanol 540 (516–590) Nd:YAG(355) 51

methanol 541 (520–586) flashlamp 25

ethanol 543 flashlamp 70

ethanol 562 (520–575) Ar laser (476) 76



©2001 CRC Press LLC

Coumarins: rigidized, monocyclic

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Coumarin 522; C8H; 2,3,8,9-tetrahydro-9-methyl-2H-pyrano[3,2-g]quinolizin-2-one

ethanol 475 flashlamp 37

C4H; 2,3,8,9-tetrahydro-2H-pyrano[3,2-g]quinolizin-2-one

ethanol 477 flashlamp 191

Coumarin 386

water 388 486 flashlamp v1 -8

Coumarin 388

water 390 489 flashlamp v1 -8

Coumarin C4F; Coumarin 340; 6,7,8,9-tetrahydro-4-(trifluoromethyl)-2H-pyrano[3,2-g]-

quinolizin-2-one

ethanol 406 500 513 flashlamp 61

C340

ethanol 522 flashlamp 66

Coumarin C8F; Coumarin 522; 6,7,8,9-tetrahydro-9-methyl-4-(trifluoromethyl)-2H-pyrano-

[3,2-g]-quinolizin-2-one

ethanol 412 515 520 (498–556) flashlamp 25

ethanol 522 (500–572) flashlamp 66

methanol+LO 526 (501–568) flashlamp 25

DMF+MeOH 533 (515–570) flashlamp 19

Coumarin 355; 6,7,8,9-tetrahydro-9-ethyl-4-(trifluoromethyl)-2H-pyrano-[3,2-g]-quinolizin-

2-one

ethanol 412 522 flashlamp 61

2.1.3.6  Cyanine Dye Lasers

Indocarbocyanines

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

6,7-Dbz-HITC-P (HDITC-P); 1,3,3,1',3',3'-hexamethyl-2,2'-(6,7,6',7'-dibenzo)-indotri-

carbocyanine perchlorate

DMSO+EG 920 (880–965) Kr (752,799) 103

HIDC-1; 1,3,3,1',3',3'-hexarnethyl-2,2-indodicarbocyanine iodine
methanol 720 Nd:YAG→585 95

methanol 641 675 Nd:YAG→585 95

DMSO 839 (826–850) N2 laser (337) 20

DMSO 770–830 FL→R620 88

DMSO 780–883 ruby (694.3) 28
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Indocarbocyanines—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

HIDC-1; 1,3,3,1',3',3'-hexarnethyl-2,2-indodicarbocyanine iodine

DMSO 790–840 ruby (694.3) 89

ethylene glycol 800–882 FL→R640 25

DMSO 751 806 (788–832) Nd:YAG(532) 51

acetone 819 ruby (694.3) 101

DMSO 743 822 Nd:YAG→700 110

EG/DMSO:3/1 832–911 Kr laser (647) 98

ethylene glycol 836 ruby (694.3) 112

DMSO 849 Nd:YAG(532) 111
DMSO 862 N2 laser (337) 104

— 865 (825–912) Kr laser (red) 52

ethylene glycol 869 (832–888) Kr (752,799) 108

EG/DMSO:3/1 873 (819–937) Kr laser (752) 113

HITC-P; 1,3,3,1',3',3'-hexamethyl-2,2'-indotricarbocyanine perchlorate

DMSO+EG 751 870 (812–929) Kr (752,799) 103

DMSO+EG 870 (828–909) Kr (647,676) 103

EG/DMSO:84/16 875 (840–940) Kr (647,676) 164

HITC-I; 1,3,3,1',3',3'-hexamethyl-2,2'-indotricarbocyanine iodine

ethanol 807 (784–830) Rh6G (587) 188

IR-125; 3,3,3',3'-tetramethyl-1,1'-di(4-sulfobutyl)4,5,4',5'-dibenzoindo-tricarbocyanine,

monosodium salt

DMSO 840–920 ruby (694.3) 89

DMSO 795 863 (846–907) Nd:YAG 51

DMSO 903 Nd:YAG→700 101

DMSO 913 Nd:YAG(532) 111

DMSO 940 flashlamp 109

IR-144; anhydro-11-(4-ethoxycarbonyl-1-piperazinyl)-10,12-ethylene- 3,3,3',3'-

tetramethyl-1,1'-di(3-sulfopropyl)-4,5,4',5'-dibenzoindotricarbocyanine hydroxide,

triethylammonium salt
ethylene glycol 800–870 FL→R640 109

EG/DMSO 834–892 Kr (752,799) 111

DMSO 835-890 ruby (694.3) 98

DMSO 745 863 (844–885) Nd:YAG→700 25,110

DMSO 869 Nd:YAG(532) 105

DMSO 874 Nd:YAG(532) 114

DMSO 949–880 flashlamp 89
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Oxacarbocyanines

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

DmOTC-I; 3,3'-dimethyl-2,2'-oxatricarbocyanine iodine

acetone 711 ruby (694.3) 101

DMSO 682 725–780 ruby (694.3) 89

DMSO 750–810 ruby (694.3) 48
DMSO 788 N2 laser (337) 104

DMSO+EG ~800 (750–864) Kr (647,676) 103

DODC-I; 3,3'-diethyl-2,2'-oxadicarbocyanine  iodine

methanol 582 633 Nd:YAG(532) 89

DOTC-P (DEOTC); 3,3'-diethyl-2,2'-oxatricarbocyanine perchlorate

DMSO+EG 795 (765–875) Kr (647,676) 164

DOTC-I (DEOTC); 3,3'-diethyl-2,2'-oxatricarbocyanine iodine
MeOH/N2/COT 687 732 FL→R610 95

DMSO 725–765 ruby (694.3) 96

DMSO 740 Nd:YAG→585 95

acetone 742 ruby (694.3) 101

EG/DMSO:3/1 742–874 Kr laser (647) 98

DMSO 745 FL→R610 96

methanol 750–825 FL→R640 25

DMSO 770 Nd:YAG→585 95

DMSO 782 N2 laser (337) 104

ethylene glycol 783 (750–833) Kr (647,676) 108

DMSO+EG 800 (755–870) Kr (647,676) 103

ethylene glycol 808 (756–871) Kr laser (red) 52

DMSO 680 754 Nd:YAG(532) 105

DMSO 756 (736–793) Nd:YAG(532) 51

Quinocarbocyanines

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

11-Br-D-2-QDC-I; 1,1'-diethyl-11-bromo-2,2'-quinodicarbocyanine iodine

glycerin 694 815 ruby (694.3) 101

11-Br-Dm-2-QDC-I; ,1'-dimethyl-11-bromo-2,2'-quinodicarbocyanine iodine

glycerin 691 745 ruby (694.3) 101

11-Br-Dm-4-QDC-I; 1,l'-diethyl-l l-bromo4,4'-quinodicarbocyanine iodine

methanol 794 830 ruby (694.3) 101

D-2-QTC-I; 1,l'-diethyl-2,2'-quinotricarbocyanine iodine

DMSO 865–920 ruby (694.3) 28

acetone 817 898 ruby (694.3) 101
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Quinocarbocyanines—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

D-2-QDC-I; 1,1'-diethyl-2,2'-quinodicarbocyanine iodine

ethylene glycol 710 740–770 ruby (694.3) 89

D-4-QDC-I; 1,1'-diethyl-4,4'-quinodicarbocyanine iodine

DMSO 820 845–920 ruby (694.3) 89

D-4-QTC-I; 1,l'-diethyl-4,4'-quinotricarbocyanine iodine

DMSO 983–1081 ruby (694.3) 89

D-4-QTC-I; 1,l'-diethyl-4,4'-quinotricarbocyanine iodine

acetone 923 1000 ruby (694.3) 101

Dm-4-QC-I; 1,1'-dimethyl-4,4'-quinocarbocyanine iodine

glycerin 709 749 ruby (694.3) 101

Dm-4-QC-I; 1,1'-dimethyl-4,4'-quinocarbocyanine iodine

glycerin 708 751 ruby (694.3) 101

Dm-4-QC-Br; 1,1'-dimethyl-4,4'-quinocarbocyanine bromine

glycerin 710 754 ruby (694.3) 101

Thiacarbocyanines

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Dmo-DTDC-I; 3,3'-diethyl-2,2'-(6,6'-dimethoxy)thiadicarbocyanine iodine

DMSO 660 710–755 ruby (694.3) 89

DNDTPC-P; 3,3-diethyl-9,11,15,17-dineopentylene(6,7,6',7'-dibenzo) thiapentacarbo-

cyanine perchlorate

DMSO 1084–1125 Nd:YAG(1064) 116-7

DMSO 1231 (1192–1285) Nd:YAG(1064) 119

5-Temo-DTTC-I; 3,3'-diethyl-2,2'-(5,6,5,6'-tetramethoxy)thiatricarbocyanine iodine

DMSO 820–875 ruby (694.3) 89

9,11,15,17-Dnp-DTPC-P; 3,3'-diethyl-9,11,15,17-dineopentylene thiapentacarbocyanine

perchlorate

DMSO ~1060 1124 (1102–1148) Nd:YAG(1064) 118

9,11,15,17-Dnp-5,6-Temo-DTPC-P; 3,3'-diethyl-9,11,15,17-dineopentylene (5,6,5',6'-

tetramethoxy) thiapentacarbocyanine perchlorate

— ~1060 1140 (1107–1187) Nd:YAG(1064) 119

9,11,15,17-Dnp-6,7-Dbz-DTPC (DNDTPC)

DMSO ~1060 1172 (1151–1198) Nd:YAG(1064) 118

10-Cl-4,5-Dbz-DTDC-I; 3,3'-diethyl-10-chloro-2,2'(4,5,4',5'-dibenzo)-thiadicarbocyanine

iodine
DMSO 686 785 N2 laser (337) 59
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Thiacarbocyanines—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

10-Cl-5,6-Dbz-DTDC-I; 3,3'-diethyl-10-chloro-2,2'-(5,6,5,'6'-dibenzo)-

thiadicarbocyanine iodine

acetone 714 ruby (694.3) 101

12A-DTTC-P; 3,3'-diethyl-12-acetoxy-2,2'-thiatetracarbocyanine perchlorate

DMSO 872 920–950 ruby (694.3) 89

EG/DMSO:1/1 935–1019 Kr (752,799) 115

EG/DMSO:3/1 970 (915–1058) Kr laser (752) 113

5-Dmo-DTTC-I; 3,3'-diethyl-2,2-(5,5'-dimethoxy)thiatricarbocyanine iodine

DMSO 820–875 ruby (694.3) 89

5,6-Temo-DTTC-I; 3,3'-diethyl-2,2'-(5,6,5,6'-tetramethoxy)thiatricarbocyanine iodine

acetone 853 ruby (694.3) 101

DMSO 793 855-885 ruby (694.3) 89

4,5-Dbz-DTTC-I; 3,3'-diethyl-2,2'-(4,5,4',5'-dibenzo)thiatricarbocyanine iodine
DMSO 797 834–900 ruby (694.3) 28

acetone 860 ruby (694.3) 101

DMSO 928 flashlamp 104

DTDC-I; 3,3'-diethyl-2,2'-thiadicarbocyanine iodine
DMSO 653 705–735 ruby (694.3) 89

acetone 711 ruby (694.3) 101

DMSO 720–775 Kr laser 103
DMSO 744 N2 laser (337) 104

DTDC-P; 3,3'-diethyl-2,2'-thiadicarbocyanine perchlorate
DMSO 746 N2 laser (337) 104

DTTC-Br; 3,3'-diethyl-2,2'-thiatricarbocyanine bromine
DMSO 760 810–830 ruby (694.3) 89

Dbz-DTTC-I; dibenzothiatricarbocyanine iodine
acetone 774 ruby (694.3) 101

DTTC-I; 3,3'-diethylthiatricarbocyanine iodine
methanol 757 798.5 796 ruby (694.3) 197

acetone 759 803 801.5 ruby (694.3) 197

1-propanol 764 807.5 807 ruby (694.3) 197

ethylene glycol 766 812 808 ruby (694.3) 197

DMF 766 812 808 ruby (694.3) 197

glycerin 775 815 809.5 ruby (694.3) 197

butyl alcohol 766 809 809.5 ruby (694.3) 197

DMSO 772.5 814 816 ruby (694.3) 197

ethanol 762.5 804.5 803 ruby (694.3) 197

DTTC-I; 3,3'-diethyl-2,2'-thiatricarbocyanine iodine
DMSO 785 N2 laser (337) 104

DMSO 790–871 ruby (694.3) 28

ethylene glycol 815–870 FL→R640 25

DMSO 820–900 FL→KR620 88
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Thiacarbocyanines—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

DTTC-I; 3,3'-diethyl-2,2'-thiatricarbocyanine iodine

DMSO 763 828 (813–859) Nd:YAG(532) 51

acetone 829 ruby (694.3) 101

ethanol 834 Nd:YAG→700 110

DMSO 840–870 Kr laser 59

DMSO 863 (816–855) ruby (694.3) 89
DMSO 876 N2 laser (337) 104

DMSO 889 flashlamp 151,152

IR-109-I; 3,3'-Diethyl-10,12-ethylene-11-morpholinothia-tricarbocyanine iodine

DMSO 875 flashlamp 109

IR-116-I; 3,3'-diphenylthiatricarbocyanine iodine

DMSO 885 flashlamp 109

IR-123-I; 3,3'-diethyl-9,11(oxy-o-phenylene)thiatricarbocyanine iodine

DMSO 795–815 ruby (694.3) 89

DMSO 745 830 flashlamp 109

IR-132-P; 3,3'-di(3-acetoxypropyl)-11-diphenylamino-10,12-ethylene-5,6,5',6'-

dibenzothiatricarbocyanine perchlorate

EG/DMSO:3/1 863–1048 Kr laser (752) 113

DMSO 830 875–920 ruby (694.3) 89

DMSO 910 Nd:YAG(532) 111

EG/DMSO:3/1 916–984 Kr (752,799) 98

DMSO 972 flashlamp 109

IR-134-P; 11-(4-ethoxycarbonylpiperidino)-3,3'-diethyl-10,12-ethylene-4,5,4 ,5

dibenzothiatricarbocyanine perchlorate

DMSO 888 flashlamp 109

IR-137-P); 3,3'-diethyl-10,12-ethylene-11-(N-methylanilino)-thiatricarbocyanine

EG/DMSO:3/1 927 (855–1032) Kr laser (752) 113

IR-137-P; 3,3'-diethyl-10,12-ethylene-11-(N-methylanilino)-thiatricarbocyanine

perchlorate

DMSO 950 flashlamp 109

IR-139-P; 11-dimethylamino-3,3-diethyl-10,12-ethylene-4,5,4',5'-di-

benzothiatricarbocyanine perchlorate

DMSO 868 883 flashlamp 109

IR-140-P; 5,5'-dichloro-11-diphenylamino-3,3'-diethyl-10,12-

ethylenethiatricarbocyanine perchlorate
ethanol 805–872 FL→Ox720 25

DMSO 850–930 ruby (694.3) 89

DMSO 875–916 FL→Ox720 25

EG/DMSO:3/1 887–986 Kr (752,799) 98

DMSO 823 893 (882–913) Nd:YAG(532) 51

DMSO 776 898 Nd:YAG→700 101
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Thiacarbocyanines—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

IR-140-P; 5,5'-dichloro-11-diphenylamino-3,3'-diethyl-10,12-

ethylenethiatricarbocyanine perchlorate

DMSO 835 908 Nd:YAG(532) 105

DMSO 910 Nd:YAG(532) 111

EG/DMSO:3/1 927 (858–1030) Kr  laser(752) 113

DMSO 950 flashlamp 109

EG/DMSO:1/1 950 (862–1013) Kr (752,799) 115

— 962 Kr  laser (IR) 52

DMSO 946 flashlamp 109

R-141-I(DTTC-derivative); 5,5'-dichloro-3,3'-diethyl-10,12-ethylene-11-(N-methyl-

anilino)thiatricarbocyanine iodine

DMSO 946 flashlamp 109

IR-143-P(DTTC-derivative); 11-diphenylamino-3,3'-diethyl-10,12-ethylene-4,5,4',5'-

dibenzothiatricarbocyanine perchlorate

EG/DMSO:1/1 960 (913–1020) Kr (752,799) 115

EG/DMSO:3/1 970 (894–1095) Kr  laser(752) 113

DMSO 972 flashlamp 109

The corresponding counter-ion has not been included in the name for any of the cyanine dyes
(see reference cited in Section 2.1.2) .

2.1.3.7  Furan Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Furan 1-1-1

toluene 349 423 415 N2 laser (337) 32

Furan 1-1-2

toluene 356 427 425 N2 laser (337) 32

Furan 1-1-3

toluene 342 412 407 N2 laser (337) 32

Furan 1-1-4

toluene 348 423 418 N2 laser (337) 32

Furan 1-1-5

toluene 348 425 420 N2 laser (337) 32
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2.1.3.8  Imitrine Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Imitrine 7-1-123

ethanol 412 488 542 (530–554) Nd:YAG(355) 133

Imitrine 7-1-124

ethanol 395 490 507 (490–537) Nd:YAG(355) 133

Imitrine 7-1-125

ethanol 378 475 536 (522–548) Nd:YAG(355) 133

Imitrine 7-1-127

diethyl ether 406 532 565 (551–579) Nd:YAG(355) 133

ethanol 402 535 570 (553–587) Nd:YAG(355) 133

Imitrine 7-1-128

ethanol 406 532 582 (561–593) Nd:YAG(355) 133

Imitrine 7-1-129

ethanol 406 532 576 (550–592) Nd:YAG(355) 133

Imitrine 7-1-130

ethanol 378 475 536 (522–546) Nd:YAG(355) 133

Imitrine 7-1-131

ethanol 390 475 491 (482–509) Nd:YAG(355) 133

Imitrine 7-1-132

ethanol 400 483 515 (505–535) Nd:YAG(355) 133

Imitrine 7-1-133

ethanol 395 472 508 (490–521) Nd:YAG(355) 133

Imitrine 7-1-134

ethanol 405 510 572 (560–584) Nd:YAG(355) 133

Imitrine 7-1-135

ethanol 405 512 540 (523–557) Nd:YAG(355) 133

Imitrine 7-1-136

ethanol 397 490 536 (526–546) Nd:YAG(355) 133

Imitrine 7-1-137

ethanol 396 505 546 (536–556) Nd:YAG(355) 133

Imitrine 7-1-138

ethanol 375 475 515 (502–531) Nd:YAG(355) 133

Imitrine 7-1-139

ethanol 455 510 544 (536–552) Nd:YAG(355) 133

Imitrine 7-1-140

ethanol 480 575 612 (606–618) Nd:YAG(355) 133

Imitrine 7-1-141

ethanol 435 520 540 (521–559) Nd:YAG(355) 133

Imitrine 7-1-142

ethanol 425 518 536 (515–557) Nd:YAG(355) 133
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2.1.3.9  Naphthalimide Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Brilliant Sulfaflavine; 6-amino-2,3-dihydro-2-(4-methylphenyl)-1,3-dioxo-1H-benz[de]-iso-

quino-line-5-sulfonic acid, monosalt

COT 443 562 (508–573 flashlamp 81,82

methanol 562 (522–618) flashlamp 26

Fluorol 555; Fluorol 7GA: 6-n-butylamino-2,3-dihydro-2-(4-n-bytyl)-1,3-dioxo-1H-benz[de]-

isoquinoline-5-sulfonic acid, monosal

— 442 550–580 flashlamp 77

MeOH/LO 552 flashlamp 78

alcohol or water 555 flashlamp 69

ethanol 570 (540–590) flashlamp 25

methanol 574 (535–590) flashlamp 77

methanol 574 (542–592) flashlamp 25

2.1.3.10  Oligophenylene Dye Lasers

Oligophenylenes

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oligophenylene 2-1-7

ethanol 336 (331–342) KrF laser (249) 2

Oligophenylene 2-1-9

ethanol 336 (331–342) KrF laser (249) 2

Oligophenylene 2-1-10

ethanol 264 339 339 (332–346) KrF laser (249) 2

Oligophenylene 2-3-15

p-dioxane 386 (380–391) XeCl laser (308) 21

Oligophenylene 2-4-7

DMA/EtOH:4/1 386 flashlamp 17

ethanol 386 flashlamp 17

Oligophenylene 2-4-8

DMF/EtOH:4/1 391 flashlamp 17

ethanol 391 flashlamp 17

Oligophenylene 2-5-4

ethanol 310 366, 383 389 flashlamp 18

Oligophenylene 2-5-5

DMA/EtOH:1/4 386 flashlamp 18

Oligophenylene 2-5-6

DMA/EtOH:1/4 391 flashlamp 18
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Oligophenylenes—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oligophenylene 2-5-7

DMA/EtOH:1/4 335 380, 399 395 flashlamp 18

Exalite 337E

ethylene glycol 377 (365–400) Ar laser 13

Exalite 392E

ethylene glycol 393 (375–410) Ar laser 30,31

Exalite 400E

ethylene glycol 400 (385–425) Ar laser 30,59

Phenylpyridines

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

4-phenylpyridine

ethanol 418 N2 laser (337) 44

ethanol 330–410 N2 laser (337) 44

ethanol 330–408 N2 laser (337) 44

ethanol 325–406 N2 laser (337) 44

Quaterphenyls

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

3,3',2'',3''-tetramethyl-p-quaterphenyl

cyclohexane 362 (354–388) Nd:YAG (266) 10

p-quaterphenyl

DMF 294 365 362–390 flashlamp 8
toluene 297 374 N2 laser (337) 3

4,4'''bis(2-butyloctyloxy)-p-quaterphenyl; BBQ

cyclohexane 306 381 380 KrF laser (248) 5

butanol 381–389 flashlamp 15

cyclohexane 382 (373–391) Nd:YAG (266) 10

— 386 KrF laser (248) 6
toluene/ethanol 386 (373–399) N2 laser (337) 20

DMF 389–395 flashlamp 15

DMF 390 (370–410) flashlamp 25

EtOH/toluene:1/1 391 (380–410) Nd:YAG (355) 28
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Terphenyls

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

2,2''-dimethly-p-terphenyl

cyclohexane 251 336 332 (311–360) KrF laser (248) 1

p-terphenyl

cyclohexane 276 339 337 KrF laser (248) 3

ethanol 335 338 KrF laser (248) 3

— 338 (326–358) KrF laser (248) 4

cyclohexane 339 (322–366) KrF laser (248) 1

p-dioxane 340 KrF laser (248) 5,6

cyclohexane 340 (323–364) KrF laser (248) 7

DMF 341 flashlamp 8

DMF 415 flashlamp 25

p,p'-N,N,N",N''-tetraethydiamonoterphenyl
ethanol (sat.) 417–427 N2 laser (337) 36

2.1.3.11  Oxazine Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Cresyl Violet 670: 5-imino-5H-benzo[a]phenoxazin-9-amine, monoperchlorate

— 601 630 633 (615–655) Nd:YAG (532) 83

methanol 594 637 (620–660) Nd:YAG (532) 53

— 639 (620–670) Nd:YAG (532) 84

methanol 639 (645–705) flashlamp 81
MeOH/H2O 640 (620–670) Nd:YAG (532) 91

methanol 645–705 flashlamp 81

methanol 646 (6250660) Nd:YAG (532) 91

— 647 Nd:YAG (532) 91

methanol 655 (646–697) flashlamp 25

ethanol 659 (650–695) flashlamp 25

ethanol 660 (641–687) N2 laser (337) 20

methanol 664 (631–705) flashlamp 59

ethylene glycol 673 (650–696) Ar laser (cw) 47

ethylene glycol 695 (675–708) Ar (458-514) 164

LD 690 Perchlorate

methanol     616 660 Nd:YAG (532) 94

ethanol 668 (655–705) Nd:YAG (532) 93

DMSO/EtOH:2/1 670 (660–716) N2 laser (337) 93

ethylene glycol 696–780 Kr laser ((cw) 99
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Oxazine Dye Lasers—continued

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Nile Blue 690 Perchlorate, Nile Blue A Perchlorate,: 5-imino-9-(diethylamino)-benzo[a]-

phenoxazin-7-amine, monoperchlorate

— 624 681 (662–710) Nd:YAG(532) 84

methanol 628 683 Nd:YAG(532) 97

ethanol 690 laser 80

ethanol 696 (683–710) N2 laser (337) 20

methanol 705 flashlamp 25

methanol 717 (689–750) flashlamp 59

methanol 722 flashlamp 87

ethylene glycol 730 (692–782) Kr laser (cw) 47

ethylene glycol 750 (710–790) R590 (Ar) 164

Oxazine 720 Perchlorate; Oxazine 170 Perchlorate: 5-(ethylimino)-methyl-5H-benzo[a]-

phenoxazin-9-amino, monoperchlorate

methanol 627 650 668 (649–700) Nd:YAG(532) 53

methanol 620 671 (613–708) Nd:YAG(532) 51

ethanol 672 Nd:YAG(532) 81

methanol 692 (676–698) flashlamp 25

methanol 698 (682–720) flashlamp 26

ethanol 699 (675–711) flashlamp 25
MeOH/H2O 705 (675–730) flashlamp 19

methanol 710 (690–740) flashlamp 70

Oxazine 725 Perchlorate; Oxazine 1: 3,7-bis(diethylamino)phenoxazin-5-ium, perchlorate
CH2Cl2 645 680 681 FL→R610 96

DMSO/EG/COT 687–826 Kr laser (647) 98
CH2Cl2 690 Nd:YAG(532) 97

DMSO 695 FL→R610 96

ethanol 715 flashlamp 80

— 723 (688–800 Kr laser (red) 52

methanol 724 (695–761) Nd:YAG(532) 51

MeOH/R590 725 (705–745) flashlamp 59

ethanol 725 (705–750) N2 laser (337) 20
CH2Cl2 740 (720–758) flashlamp 25

DMSO/EGor G 745 (645–810) Kr (647,676) 103

DMSO/EG 750 (695–801) Kr (647,676) 164

Oxazine 750 Perchlorate and Oxazine 750 Chloride

methanol 662 705 722 (704–786) Nd:YAG(532) 51

ethanol 745 (700–785) FL→R640 25

DMSO 760–775 Nd:YAG→585 95

EG/DMSO:4/1 770 (750–835) Kr laser (647) 106

EG/DMSO:84/16 775 (747–885) Kr (647,676) 164
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Oxazine Dye Lasers—continued

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Oxazine 750 Perchlorate and Oxazine 750 Chloride

EG/DMSO:2/1 776 (747–801) Kr (647,676) 107

ethylene glycol 780 (749–825) Kr (647,676) 107

2.1.3.12  Oxazole Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

2-phenyl-5(4-difluoromethylsulphenyl) oxazole
toluene 416 (403–437) N2 laser (337) 42

Oxazole 4-1-1
H2O (Ar) 476 494–512 flashlamp 129

Oxazole 4-1-2

ethanol (air) 484 492–507 flashlamp 129

ethanol (Ar) 480 493–508 flashlamp 129
H2O (air) 480 494–512 flashlamp 129

EtOH/H2O (Ar) 495–511 flashlamp 129

EtOH/H2O (air) 496–507 flashlamp 129

Oxazole 4-1-3

2-PrOH (Ar) 559–582 flashlamp 129

ethanol (air) 567 560–583 flashlamp 129

ethanol (Ar) 578 567–587 flashlamp 129

methanol (Ar) 571–588 flashlamp 129
H2O (Ar) 571–591 flashlamp 129

Oxazole 4-1-8

ethanol (air) 480–497 flashlamp 129

MeOH (air) 482–509 flashlamp 129

MeOH (Ar) 484–512 flashlamp 129
EtOH/H2O (air) 490–514 flashlamp 129

Oxazole 4-1-9

ethanol (air) 492–504 flashlamp 129

MeOH (air) 496–508 flashlamp 129

Oxazole 4-2-1
H2O 490 flashlamp 45

H2O 364 470 496 ruby (347) 45

Oxazole 4-2-2
H2O 504 flashlamp 45

H2O 380 495 508 ruby (347) 45

Oxazole 4-2-3
H2O 501 flashlamp 45

H2O 372 485 503 ruby (347) 45
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Oxazole Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oxazole 4-2-4
H2O 376 475 504 ruby (347) 45

Oxazole 4-2-5
H2O 380 490 503 ruby (347) 45

Oxazole 4-2-6
H2O 382 475 506 ruby (347) 45

Oxazole 4-2-7
H2O 380 447 452 ruby (347) 45

H2O 376 500 503 ruby (347) 45

Oxazole 4-3-1

MeOH (air) 379 482 492 flashlamp 131

ethanol (Ar) 379 482 493 flashlamp 131
H2O (air) 371 480 494 flashlamp 131

H2O (Ar) 371 480 494 flashlamp 131

EtOH/H2O (Ar) 371 480 495 flashlamp 131

EtOH/H2O (air) 371 480 496 flashlamp 131

Oxazole 4-3-3

ethanol (air) 400 548 544 flashlamp 131

ethanol (Ar) 400 548 545 flashlamp 131

Oxazole 4-3-4

methanol (air) 494 flashlamp 131

ethanol (Ar) 376 486 495 flashlamp 131

Oxazole 4-3-4
EtOH/H2O (Ar) 378 486 495 flashlamp 131

H2O (Ar) 495 flashlamp 131

EG/H2O (Ar) 496 flashlamp 131

MeOH/H2O (air) 496 flashlamp 131

EG/H2O (Ar) 498 flashlamp 131

MeOH/H2O (Ar) 498 flashlamp 131

Oxazole 4-3-5

EtOH (Ar) 376 486 508 flashlamp 131
H2O (Ar) 374 490 510 flashlamp 131

Oxazole 4-3-7

ethanol (Ar) 394 550 593 flashlamp 131

Oxazole 4-3-8

ethanol (Ar) 388 492 499 flashlamp 131

Oxazole 4-3-9

ethanol (Ar) 418 572 597 flashlamp 131

Oxazole 4-3-11

ethanol (air) 422 560 559 flashlamp 131

ethanol (Ar) 422 560 566 flashlamp 131
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Oxazole Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oxazole 4-3-12

ethanol (Ar) 450 582 579 flashlamp 131
EtOH/H2O (Ar) 444 588 582 flashlamp 131

H2O (Ar) 435 580 582 flashlamp 131

Oxazole 4-3-13
EtOH/H2O (Ar) 420 517 519 flashlamp 131

ethanol (Ar) 420 517 520 flashlamp 131
H2O (air) 409 515 520 flashlamp 131

EtOH/H2O (air) 409 515 522 flashlamp 131

Oxazole 4-3-13
H2O (Ar) 420 517 523 flashlamp 131

ethanol (Ar) 420 517 524 flashlamp 131

Oxazole 4-3-14
H2O (air) 400 513 513 flashlamp 131

EtOH/H2O (air) 400 513 514 flashlamp 131

H2O (Ar) 395 511 514 flashlamp 131

ethanol (air) 395 511 515 flashlamp 131
EtOH/H2O (Ar) 398 511 516 flashlamp 131

ethanol (Ar) 398 511 522 flashlamp 131

Oxazole 4-3-15

ethanol (air) 397 525 494 flashlamp 131

Oxazole 4-3-16

EtOH (Ar) 392 497 527 flashlamp 131

Oxazole 4-3-17

ethanol (Ar) 537 flashlamp 131
EtOH/H2O (Ar) 537 flashlamp 131

ethanol (Ar) 539 flashlamp 131

ethanol (Ar) 541 flashlamp 131

Oxazole 4-3-18

EtOH (Ar) 428 604 635 flashlamp 131

2-propanol 399 555 559 flashlamp 131

ethanol (Ar) 410 567 567, 571 flashlamp 131
EtOH/H2O (air) 39 562 570 flashlamp 131

Oxazole 4-3-20

ethanol (Ar) 392 494 501 flashlamp 131

ethanol (air) 392 494 502 flashlamp 131

Oxazole 4-3-21

ethanol (air) 390 497 502 flashlamp 131

ethanol (Ar) 390 497 502 flashlamp 131
EtOH/H2O (air) 381 495 503 flashlamp 131

EtOH/H2O (Ar) 381 495 503 flashlamp 131
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Oxazole Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oxazole 4-3-21
H2O (air) 382 498 503 flashlamp 131

Oxazole 4-3-22

ethanol (air) 418 580 573 flashlamp 131

ethanol (Ar) 418 580 574 flashlamp 131

Oxazole 4-4-1

p-dioxane 343 390 388 XeCl laser (308) 22

Oxazole 4-4-2

p-dioxane 304 390 390 XeCl laser (308) 22

Oxazole 4-5-1

methanol 569 FL (coaxial) 150

methanol 581 FL (coaxial) 150

Oxazole 4-5-2

methanol 569 FL (coaxial) 150

Oxazole 4-5-3

methanol 569 FL (coaxial) 150

Oxazole 4-5-4

methanol 569 FL (coaxial) 150

Oxazole 4-5-5

methanol 569 FL (coaxial) 150

Oxazole 4-5-6

methanol 573 FL (coaxial) 150
H2O 582 FL (coaxial) 150

Oxazole 4-5-7

MeOH 572 FL (coaxial) 150
H2O 581 FL (coaxial) 150

Oxazole 4-5-8

MeOH 568 FL (coaxial) 150
H2O 580 FL (coaxial) 150

Oxazole 4-5-9

methanol 565 FL (coaxial) 150
H2O 578 FL (coaxial) 150

Oxazole 4-6-1

ethanol 320 395 389–395 ruby (316) 28
H2O/HOAc:95/5 368 475 462–489 ruby (316) 28

Oxazole 4-6-10
H2O/HOAc:1/1 401 556 590–620 ruby (316) 28

H2O/HOAc:95/5 395 550 590–620 ruby (316) 28

H2O 395 550 591–614 ruby (316) 28
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Oxazole Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Oxazole 4-6-11
H2O 394 568–598 ruby (316) 28

H2O/HOAc:1/1 568–598 ruby (316) 28

H2O/HOAc:95/5 568–598 ruby (316) 28

Oxazole 4-6-12

ethanol 410 580 560–598 ruby (316) 28
H2O 400 580 563–600 ruby (316) 28

Oxazole 4-6-13
H2O 403 585 570–600 ruby (316) 28

ethanol 420 580 581–598 ruby (316) 28

Oxazole 4-6-2

ethanol 378 485 503–521 ruby (316) 28

Oxazole 4-6-3
H2O/HOAc:95/5 386 565 422–430 ruby (316) 28

ethanol 335 420 590–625 ruby (316) 28

Oxazole 4-6-4
H2O/HOAc:4/6 390 580 562–595 ruby (316) 28

Oxazole 4-6-5
H2O 375 485 492–511 ruby (316) 28

ethanol 375 480 494–504 ruby (316) 28

Oxazole 4-6-6
H2O 380 485 498–518 ruby (316) 28

ethanol 385 485 499–514 ruby (316) 28

Oxazole 4-6-7

ethanol 380 485 510–522 ruby (316) 28
H2O 374 496 510–527 ruby (316) 28

Oxazole 4-6-8
H2O/HOAc:95/5 378 490 509–531 ruby (316) 28

ethanol 385 485 529–536 ruby (316) 28

Oxazole 4-6-9
H2O/HOAc:1/1 395 560 590–614 ruby (316) 28

H2O/HOAc:95/5 390 560 590–614 ruby (316) 28

H2O 390 555 594–612 ruby (316) 28

4PyPO; 2-(4-pyridyl)-5-phenyloxazole
ethanol 307,322 360 395–402 N2 laser (337) 32

water+HCl (pH2) 244,364 470 493–512 N2 laser (337) 32

water+HCl (pH2) 504 flashlamp 32

4PyPO-TS; 4[2-(5-phenyloxazole)]-1-methylpyridinium p-toluenesulfonate
water 246,270 470 495–514 N2 laser (337) 32

water 506 flashlamp 32
-NPO; 2-(1-naphthy)-5-phenyloxazole

cyclohexane 385–415 N2 laser (337) 16
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Oxazole Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

-NPO; 2-(1-naphthy)-5-phenyloxazole

ethanol 400 flashlamp 7
ethanol, w, t 390–398 N2 laser (337) 27

ethanol 329 398 flashlamp 47
cyclohexane 332 391 385–415 N2 laser (337) 51

POPOP: 1,4-bis[2-(5-phenyloxazolyl)] benzene
vapor (Ar+N2) 381 electron beam 14

vapor 393 N2 laser (337) 29

tetrahydrofuran 415–430 N2 laser (337) 16

toluene 358 410 419 flashlamp 46

ethanol 419–424 flashlamp 186
toluene 423 (414–442) N2 laser (337) 42

p-dioxane 427 (411–465) N2 laser (337) 40

ethanol, w, t 430–445 N2 laser (337) 27

Dimethyl POPOP: 1,4-bis[2-(4-methyl-5-phenyloxazolyl)] benzene

p-dioxane 266,286 428 ~430 flashlamp 32
p-dioxane 430 (418–465) N2 laser (337) 11

7-diethylaminoPOPOP: 1,4-bis[2-(7-diethylamino-5-phenyloxazolyl)] benzene
ethanol, w, t 390–445 N2 laser (337) 27

PPO: 2,5-diphenyloxazole
toluene 303 361 365 (359–391) N2 laser (337) 11

cyclohexane 372 KrF laser (248) 3

cyclohexane 381 flashlamp 8

Oxadiazoles

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

2(2-fluorophenyl)-5-phenyl-1,3,4-oxadiazole

cyclohexane — — 347 KrF laser (249) 9

2(3-fluorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 347 KrF laser (249) 9

2(4-fluorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 347 KrF laser (249) 9

di(2-fluorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 347 KrF laser (249) 9

di(3-fluorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 347 KrF laser (249) 9

2(4-bromophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 353 KrF laser (249) 9
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Oxadiazoles—continued

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

2(4-chlorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 357 KrF laser (249) 9

2(3,4-dichlorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 357 KrF laser (249) 9

2(2,4-dichlorophenyl)-5-phenyl-1,3,4-oxadiazole

ethanol — — 359 KrF laser (249) 9

3-methyl-alpha-naphthyloxadiazole

toluene — — 372 N2 laser (337) 9

2-fluoro-alpha-naphthyloxadiazole

toluene — — 373 N2 laser (337) 9

3-fluoro-alpha-naphthyloxadiazole

toluene — — 375 N2 laser (337) 9

4-bromo-alpha-naphthyloxadiazole

toluene — — 377 N2 laser (337) 9

4-methoxy-alpha-naphthyloxadiazole

toluene — — 379 N2 laser (337) 9

2,5-bis(4-biphenyl)-1,3,4-oxadiazole

toluene — — 379 N2 laser (337) 9

2,5-bis(4-biphenyl)-1,3,4-oxadiazole

toluene — — 380 (372–406) N2 laser (337) 9

2,5-dinaphthyl-1,3,4-oxadiazole

toluene — — 390 (385–417) N2 laser (337) 9

2,5-bis(4-diethylaminophenyl)l-1,3,4-oxadiazole

methyl chloride — — 425 N2 laser (337) 9

2.1.3.13  Perylene Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Perylene 11-1-1

DMF 527 533 575 (569–585) Nd:YAG (532) 155

Perylene BASF-241

chloroform 577 (566–600) Nd:YAG (532) 156
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2.1.3.14  Phosphorine Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Phosphorine

benzene — — 502 N2 laser (337) 36

benzene — — 522 N2 laser (337) 36

benzene — — 529 N2 laser (337) 36

benzene — — 536 N2 laser (337) 36

2.1.3.15  Pteridine Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pteridine
methanol 375–380 N2 laser (337) 10

MeOH, alkaline 460 N2 laser (337) 10

water, alkaline 522 N2 laser (337) 10

2.1.3.16  Pyrazoline Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

2-pyrazoline

methanol — — 516 N2 laser (337) 36

methanol alkaline — — 544 N2 laser (337) 36

2.1.3.17  Pyrromethene Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrromethene 546

methanol 542 (523–580) FL (triaxial) 143,144

DMA/MeOH 542 (532–565) FL (coaxial) 142

ethanol 546 (bb) flashlamp 189

Pyrromethene 556

ethylene glycol 546 (527–583) Ar laser (488) 145

ethylene glycol 547 (523–582) Ar (699-1488) 23

methanol 548 (537–605) FL (triaxial) 143

ethylene glycol 550 (527–584) Ar laser (514.5) 145

ethylene glycol 553 (530–624) Ar (458-514) 149

DMA/MeOH 555 (545–585) FL (coaxial) 142

methanol 561 (540–580) flashlamp 144-46
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Pyrromethene Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrromethene 556; 1,3,5,7,8-pentamethyl pyrromethene-2,6 disulfonate-BF2  complex

ethylene glycol 500 560 (530–623) Ar (458-524,cw) 124

Pyrromethene 567; 1,3,5,7-tetramethylpyrromethene-difluoroborate complex

DMA/MeOH 540 (537–560) FL (coaxial) 142

PPH 560 (543–584) Ar laser (514.5) 145

PPH 566 (549–592) Nd:YAG (532) 122

ethanol 567 flashlamp 123

PPH 568 (550–608) Ar (458-524,cw) 124

methanol 570 flashlamp 144

NMP/PPH 571 (552–608) Ar (all lines) 149

Pyrromethene 580; 1,3,5,7,8-pentamethyl 2,6-di-n-butylpyrromethene-difluoroborate complex

methanol 552 (545–586) Nd:YAG(532) 122

ethanol 552 (545–585) Nd:YAG (532) 148

ethanol 569 (545–583) Nd:YAG (532) 148

ethanol 570 (bb) Nd:YAG (532) 153

PPH 575 (555–592) Ar (all lines) 154

ethanol 580 (bb) flashlamp 157

Pyrromethene 597; 1,3,5,7,8-pentamethyl 2,6-di-butylpyrromethene-difluoroborate  complex

ethanol 571 Nd:YAG (532) 148

ethanol 571 (560–600) Nd:YAG(532) 122

ethanol 587 (bb) Nd:YAG (532) 153

p-dioxane 593 (bb) flashlamp 159

ethanol 597 (bb) flashlamp 157

Pyrromethene 605

ethanol 605 (bb) flashlamp 157

Pyrromethene 650

— 612 (604–630) Nd:YAG (532) 160

xylene 631 (bb) Nd:YAG (532) 153
Pyrromethene-BF2 

ethanol 546 flashlamp 141
Pyrromethene-BF2 9-1-1; TMP-BF2

MeOH 505 533 (bb) flashlamp 141-2
Pyrromethene-BF2 9-1-3

methanol 551 flashlamp 141
Pyrromethene-BF2(2)

ethanol 571 flashlamp 125
Pyrromethene-BF2(3)); 1,2,3,5,6,7,8-heptamethylpyrromethene-BF2  complex

ethanol 566 flashlamp 123

ethanol 593 flashlamp 125
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Pyrromethene Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrromethene-BF2(4); 1,3,5,7,8-pentamethyl-2,6-diethylpyrromethene-BF2  complex

methanol 567 flashlamp 123

ethanol 602 flashlamp 125
Pyrromethene-BF2(5); 1,3,5,7,-tetramethyl-8-ethyl-2,6-dicarbethoxypyrromethene-BF2

complex

methanol 556 flashlamp 123

ethanol 612 flashlamp 125
Pyrromethene-BF2(6); 1,3,5,7,8-pentamethyl-2,6-dinitropyrromethene-BF2  complex

ethanol 559 flashlamp 123

2.1.3.18  Pyrylium Salt Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrylium dye 7
CH3CN 516–550 N2 laser (337) 190

Pyrylium dye 13
CH3CN 464–514 N2 laser (337) 190

Pyrylium dye 14
CH3CN 458–503 N2 laser (337) 190

Pyrylium dye 15
CH3CN 470–517 N2 laser (337) 190

Pyrylium dye 16
CH3CN 532-609 N2 laser (337) 190

Pyrylium dye 17
CH3CN 501–563 N2 laser (337) 190

Pyrylium dye 18
CH3CN 500–562 N2 laser (337) 190

Pyrylium dye 19
CH3CN 542–630 N2 laser (337) 190

Pyrylium dye 20
CH3CN 532–622 N2 laser (337) 190

Pyrylium dye 21
CH3CN 538–620 N2 laser (337) 190

Pyrylium dye 22
CH3CN 526–596 N2 laser (337) 190

Pyrylium dye 32
CH3CN 537–623 N2 laser (337) 190

Pyrylium dye 34
CH3CN 503–557 N2 laser (337) 190
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Pyrylium Salt Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrylium dye 35
CH3CN 558–632 N2 laser (337) 190

Pyrylium dye 36
CH3CN 490–546 N2 laser (337) 48

Pyrylium dye 37
CH3CN 516–550 N2 laser (337) 190

Pyrylium dye 39
CH3CN 549–630 N2 laser (337) 190

Pyrylium dye 40
CH3CN 556–629 N2 laser (337) 190

Pyrylium dye 41
CH3CN 556–623 N2 laser (337) 190

Pyrylium dye 43
CH3CN 558–603 N2 laser (337) 190

Pyrylium dye 44
CH3CN 489–541 N2 laser (337) 48

Pyrylium dye 45
CH3CN 499–547 N2 laser (337) 190

Pyrylium dye 46
CH3CN 494–546 N2 laser (337) 190

Pyrylium dye 47
CH3CN 553–655 N2 laser (337) 190

Pyrylium dye 48
CH3CN 564–633 N2 laser (337) 190

Pyrylium salt
dichloromethane 442 N2 laser (337) 36

Pyrylium salt
dichloromethane 448 N2 laser (337) 36

Pyrylium salt
dichloromethane 468 N2 laser (337) 36

Pyrylium salt
dichloromethane 475 N2 laser (337) 36

Pyrylium salt
dichloromethane 478 N2 laser (337) 36

Pyrylium salt
dichloromethane 483 N2 laser (337) 36

Pyrylium salt
dichloromethane 488 N2 laser (337) 36

Pyrylium salt
dichloromethane 492 N2 laser (337) 36
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Pyrylium Salt Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Pyrylium salt
dichloromethane 497 N2 laser (337) 36

Pyrylium salt
dichloromethane 501 N2 laser (337) 36

Pyrylium salt
dichloromethane 505 N2 laser (337) 36

Pyrylium salt
dichloromethane 508 N2 laser (337) 36

Pyrylium salt
dichloromethane 512 N2 laser (337) 36

Pyrylium salt
dichloromethane 515 N2 laser (337) 36

Pyrylium salt
dichloromethane 522 N2 laser (337) 36

Pyrylium salt
dichloromethane 524 N2 laser (337) 36

Pyrylium salt
dichloromethane 526 N2 laser (337) 36

Pyrylium salt
dichloromethane 527 N2 laser (337) 36

Pyrylium salt
dichloromethane 532 N2 laser (337) 36

Pyrylium salt
dichloromethane 534 N2 laser (337) 36

Pyrylium salt
dichloromethane 545 N2 laser (337) 36

Pyrylium salt
dichloromethane 550 N2 laser (337) 36

Pyrylium salt
dichloromethane 560 N2 laser (337) 36

Pyrylium salt
dichloromethane 623 N2 laser (337) 36

Pyrylium salt
dichloromethane 627 N2 laser (337) 36

Pyrylium salt
dichloromethane 631 N2 laser (337) 36

Pyrylium salt
dichloromethane 670 N2 laser (337) 36

2,6-di(4-CH3-phenyl)-4-(2-chlorophenyl) Pyrylium Perchlorate

acetonitride 433.0 515 (486–545) N2 laser (337) 196
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Pyrylium Salt Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

2,6-di(4-F-phenyl)-4-(2-chlorophenyl) Pyrylium Perchlorate
acetonitride 414.3 497 (480–518) N2 laser (337) 196

2,6-di(4-Cl-phenyl)-4-(2-chlorophenyl) Pyrylium Perchlorate
acetonitride 421.3 505 (485–529) N2 laser (337) 196

2,6-di(4-Br-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate
acetonitride 425.6 512 (493–537) N2 laser (337) 196

2,6-di(4-CH3-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate

acetonitride 433.0 512 (494–550) N2 laser (337) 196

2,6-di(4-OCH3-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate

acetonitride 477.8 590 (545–640) N2 laser (337) 196

2,6-di(4-F-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate
acetonitride 415.7 500 (478–530) N2 laser (337) 196

2,6-di(4-Cl-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate
acetonitride 422.7 506 (485–540) N2 laser (337) 196

2,6-di(4-H-phenyl)-4-(3-chlorophenyl) Pyrylium Perchlorate
acetonitride 410.9 495 (478–522) N2 laser (337) 196

2,6-di(4-H-phenyl)-4-(4-chlorophenyl) Pyrylium Perchlorate
acetonitride 404.9 495 (477–518) N2 laser (337) 196

2,6-di(4-CH3-phenyl)-4-(4-chlorophenyl) Pyrylium Perchlorate

acetonitride 430.0 510 (488–512) N2 laser (337) 196

2,6-di(4-OCH3-phenyl)-4-(4-chlorophenyl) Pyrylium Perchlorate

acetonitride 473.1 569 (535–569) N2 laser (337) 196

2,6-di(4-F-phenyl)-4-(4-chlorophenyl) Pyrylium Perchlorate
acetonitride 410.3 498 (480–525) N2 laser (337) 196

2,6-di(4-Cl-phenyl)-4-(4-chlorophenyl) Pyrylium Perchlorate
acetonitride 417.1 510 (488–535) N2 laser (337) 196

7-(2-Br-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 450.1 503 (493–550) N2 laser (337) 196

7-(2-Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 450.1 530 (493–555) N2 laser (337) 196

7-(2-F-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 452.6 520 (494–550) N2 laser (337) 196

7-(3-Br-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 448.5 525 (495–550) N2 laser (337) 196

7-(3-Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 449.3 525 (495–555) N2 laser (337) 196

7-(3-F-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 448.5 525 (492–552) N2 laser (337) 196

7-(3-CH3-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate

acetonitride 444.53 520 (491–550) N2 laser (337) 196



©2001 CRC Press LLC

Pyrylium Salt Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

7-(3-NO2-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate

acetonitride 451.8 525 (498–542) N2 laser (337) 196

7-(4-Br-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 448.4 525 (492–550) N2 laser (337) 196

7-(4-Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 448.5 525 (493–550) N2 laser (337) 196

7-(4-F-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 446.9 520 (495–550) N2 laser (337) 196

7-(4-H-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 446.1 525 (492–553) N2 laser (337) 196

7-(4-CH3-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate

acetonitride 444.5 522 (490–548) N2 laser (337) 196

7-(4-NO2-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate

acetonitride 452.6 522 (500–542) N2 laser (337) 196

6-(3-chlorophenyl)-diindeno [1,2-b:2',1'-e] Pyrylium Perchlorate
acetonitride 417.1 500 (480–527) N2 laser (337) 196

6-(4-chlorophenyl)-diindeno [1,2-b:2',1'-e] Pyrylium Perchlorate
acetonitride 421.3 500 (481–527) N2 laser (337) 196

3,11-dimethoxy-7-(Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
acetonitride 501.6 580 (562–640) N2 laser (337) 196

3,11-dimethoxy-7-(Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
methanol 580 (562–640) N2 laser (337) 196

3,11-dimethoxy-7-(Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
1,2-dichloroethane 501.6 590 (573–659) N2 laser (337) 196

3,11-dimethoxy-7-(Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
1,1,2,2-tetrachloroethane 590 (576–655) N2 laser (337) 196

3,11-dimethoxy-7-(Cl-phenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Xanthylium Perchlorate
ethylenecyanohidrin 580 (570–646) N2 laser (337) 196

3,11-dimethoxy-5,6,8,9-tetrahydro dibenzo [c,h] Xanthylium Tetrafluoroborate

trifluoroethanol 504 548–652Cu vapor laser 121

5,6,8,9-tetrahydro bis-benzo-2,3-dihydrofuro [6,5-c:5',t'-h] Xanthylium Tetrafluoroborate

acetonitrile 519 573–682Cu vapor laser 121

3,11-dihydroxy-5,6,8,9-tetrahydro dibenzo [c,h] Xanthylium Tetrafluoroborate
e/CH3COOH 509 567–670Cu vapor laser 121
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Thiopyrylium salts

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

2,6-di(4-methylphenyl)-4-(3-chlorophenyl)-Thiopyrylium Perchlorate
acetonitrile 434.0 520 (497–553) N2 laser (337) 196

3,11-dimethoxy-7-(chlorophenyl)-5,6,8,9-tetrahydrodibenzo [c,h] Thioxanthylium Perchlorate

acetonitride 501.0 585 (562–647) N2 laser (337) 196

Thiopyrylium salt

dichloromethane 513 N2 laser (337) 36

Thiopyrylium salt

dichloromethane 601 N2 laser (337) 36

Thiopyrylium salt

dichloromethane 612 N2 laser (337) 36

Thiopyrylium salt

dichloromethane 618 N2 laser (337) 36

Dye 5, Q-switch 

— 1180–1530 Nd:YAG(1064) 183-4

DCE 1090 1170 1320 (1180–1400) Nd:glass laser 176,181

Dye 26, IR-26

DCE 1080 1140 1190 (1150–1240) Nd:YAG laser117,182

BzOH 1090 1170 1270 (1200–1320) Nd:YAG laser 179

Dye 9860, Q-switch II

DCE 1070 1110 1140 Nd:YAG(1.06)176,180

Dye 301

DCE 1270 1600 Nd glass (1054) 178

Dye  401

DCE 1070 1110 1550 Nd glass (1054) 178

Dye  501

DCE 1070 1110 1800 Nd glass (1054) 178

2.1.3.19  Quinolone Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

7DMA-1M-4MO-Quinolone

water 396 409 flashlamp 191
7A-1,4M-DM-Quinolone

water 413 409 flashlamp 191
7A-1M-Quinolone

water 417 412 flashlamp 191
7A-4M-Quinolone

water 417 412 flashlamp 191
7-amino-Quinolone

water 425 418 flashlamp 191
7DMA-1,4DM-Quinolone

ethanol 415 430 flashlamp 191
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Quinolone Dye Lasers—continued

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

7A-4,8DM-Quinolone

water 429 420 flashlamp 191
7DEA-4M-Quinolone

water 425 flashlamp 191
7DMA-4M-Quinolone

water 444 426 flashlamp 191
7OH-4M-Quinolone
Na2CO3/H2O 429 441 flashlamp 191
7OH-3,4-DM-Quinolone
Na2CO3/H2O 437 447 flashlamp 191
7DMA-1M-Quinolone

water 445 — flashlamp 191
Q1F-Quinolone

water 463 flashlamp 191
Q6F-Quinolone

water 473 flashlamp 191
Q3F-Quinolone

water 477 flashlamp 191

Azaquinolones

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

7A-4M-Azaquinolone

ethanol 386 flashlamp 43,194
7DMA-1M-4MO-Azaquinolone

ethanol 383 390 flashlamp 43,194
7OH-4M-Azaquinolone

ethanol 395 flashlamp 43,194
7OH-3,4DM-Azaquinolone

ethanol 405 flashlamp 43,194
7DMA-1,4DM-Azaquinolone

ethanol 400 407 flashlamp 43,194
7A-4TFM-Azaquinolone

ethanol 437 flashlamp 43,194
AQ1F-Azaquinolone

ethanol 430 452 flashlamp 43,194

2.1.3.20  Quinolinone Dye Lasers

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Quinoxalinone-TNH2

ethanol — — 489 (460–540) N2 laser (337) 71

Quinoxalinone-MeTNH2

ethanol — — 502 (474–556) N2 laser (337) 71
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Quinolinone Dye Lasers—continued

S o l v e n t
Wavelength maximum
Abs.  (nm)  Fluor.  (nm)

Lasing
wavelength (nm)

Pump source
(nm) Ref .

Quinoxalinone-TNMe2

ethanol — — 510 (478–570) N2 laser (337) 71

Quinoxalinone-MeTNH2

ethanol — — 511 (483–556) N2 laser (337) 71

2.1.3.21  Styryl Type Compound Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

DCM; 4-(dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl) -4H-pyran 

methanol 482 640 ( 610–680) Nd:YAG (532) 53

BzOH/EG 640 (605–680) Ar laser (514) 90

DMF 649 flashlamp 86

DMSO 649 (615–688) Cu (511,578) 85
DMSO 654 (601–716) N2 laser (337) 86

DMSO 655 flashlamp 86

DCM-OH; 4-dicyanomethylene-2-methyl-6-p-diethanolamino-styryl 4H-pyran

methanol 600–700 flashlamp 127
methanol/H2O 610–695 flashlamp 127
ASPI; trans-4-[p-(N-hydroxyethyl-N-methylamino)styryl]-N-methylpyridinium iodide

ethanol 599–635 Nd:YAG(532) 33

Stilbenes

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Stilbene 1

ethylene glycol 347 415 Kr laser (UV) 39

Diphenystilbene, DPS

p-dioxane 340 408 406 (396–416) N2 laser (337) 20

DMF 409 flashlamp 8

ethanol, w, t 400–420 N2 laser (337) 27

Blankophor R

methanol 340 416 N2 laser (337) 40

Delft Weiss BSW

methanol 351 434 N2 laser (337) 40
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Styrylbenzenes

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Bis-dicyanostyryl-2-chlorobenzene
p-dioxane, THF 414 (408–423) N2 laser (337) 36

1,4-distyrylbenzene
toluene 419 (410–439) N2 laser (337) 34

Bis-sulfostyryl-2-chlorobenzene
methanol 420 (413–431) N2 laser (337) 34

Bis-sulfostyrylbenzene
methanol 423 (413–431) N2 laser (337) 34

Styryl 14

PC/EG 980 (928–1084) Ar laser 173

LDS 698/Pyridine 1

methanol 684 (661–724) Cu (511,578) 161

methanol 695 (658–738) Nd:YAG(532) 26

DMSO 710 (670–760) XeCl (308) 163
DMSO 718 (675–750) N2 (337) 165

PC/EG:15/85 726 (688–808) Ar (458–514) 164

LDS 722/Pyridine 2

methanol 722 (685–760) Nd:YAG(532) 164

methanol 722 (687–755) Cu (511,578) 161
DMSO 735 (700–780) N2 laser (337) 166

PC/EG 747 (682–810) Ar (458-514) 167

LDS 730/Styryl 6

methanol 716 (692–743) Nd:YAG(532) 164

LDS 750/Styryl 7

methanol 722 (698–743) Nd:YAG(532) 164

LDS 751/Styryl 8

methanol 750 (714–790) Nd:YAG(532) 164

PC/EG 765 (715–840) Ar (458–514) 164

LDS 765

methanol 764 (738–800) Nd:YAG(532) 164

methanol 767 (743–787) Cu (511,578) 161

LDS 798/Styryl 11

PC/EG:15/85 795 (768–850) Ar laser 168

methanol 798 (765–845) Nd:YAG(532) 164

LDS 821/Styryl 9** rigidized

methanol 815 (793–845) Cu (511,578) 161

methanol 818 (785–850) XeCl laser (308) 169

methanol 818 (785–851) Nd:YAG(532) 164
PC 821 (802–852) N2 laser (337) 170

methanol 834 (817–842) flashlamp 26

PC/EG 845 (780–960) Ar (458–514) 164

PC/EG 880 (793–923) Kr laser (647) 171-2



©2001 CRC Press LLC

Styrylbenzenes—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

LDS 867

methanol 862 (851–890) Cu( 511,578) 161

methanol 866 (830–910) Nd:YAG(532) 164

DMSO 946 (922–963) flashlamp 26

LDS 925/Styryl 13

DMSO 960 (902–1023) XeCl laser (308) 174

PC/EG 925 (875–1050) Ar laser 173

PC/EG 975 (930–1040) Nd:YAG(532) 175

Styrylbiphenyls

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Bis-dicyanostyrylbiphenyl
p-dioxane, THF 413 (408–422) N2 laser (337) 34

Bis-dichlorestyrylbiphenyl
p-dioxane, THF 425 (416–437) N2 laser (337) 34

Bis-sulfostyrylbiphenyl; Stilbene 420; Stilbene 3

ethylene glycol 349 420–470 Ar laser (UV) 49

methanol 424 (411–436) Nd:YAG(355) 51

— 425 (400–480) Kr laser (UV) 167
methanol 425 (408–453) N2 laser (337) 34

methanol 429 (404–460) Nd:YAG(355) 53
H2O+NP-10 431 (415–458) N2 laser (337) 34

EG,methanol:9/1 432 (406–448) Ar laser (UV) 162
H2O 445 (421–468) N2 laser (337) 34

Triazinylstilbenes

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

4,4'-di(4-anilino-6-methoxytriazinyl)-2,2'-stilbene disulfonic acid
methanol 425 (418–443) N2 laser (337) 52

NH3-Uvitex CF

methanol 348 429 (406–465) N2 laser (337) 40

methanol 351 430 (412–462) N2 laser (337) 40

4,4'-di(4-anilino-6-diethanolaminoxytriazinyl)-2,2'-stilbene disulfonic acid
methanol 430 (420–438) N2 laser (337) 52

4,4'-di(4-sulfoanilino-6-N-methyl-N-ethanolaminoxytriazinyl)-2,2'-stilbene disulfonic acid
methanol 430 (420–445) N2 laser (337) 52

4,4'-di(4-sulfoanilino-6-N-ethyltriazinyl)-2,2'-stilbene disulfonic acid
methanol 431 (419–448) N2 laser (337) 52
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Triazinylstilbenes—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

4,4'-di(4-sulfoanilino-6-di-iso-propanolaminotriazinyl)-2,2'-stilbene disulfonic acid
methanol 433 (420–447) N2 laser (337) 52

4,4'-di(4-sulfoanilino-6-diethanolaminotriazinyl)-2,2'-stilbene disulfonic acid-sodium salt
methanol 433 (418–461) N2 laser (337) 52

H2O, 1.5%NP10 447 (423–461) N2 laser (337) 52

4,4'-di(4-sulfoanilino-6-morpholinotriazinyl)-2,2'-stilbene disulfonic acid
methanol 433 (418–448) N2 laser (337) 52

4,4'-di(4-sulfoanilino-6-N-methyl-N-ethanolaminoxytriazinyl)-2,2'-stilbene disulfonic acid
methanol 433 (418–449) N2 laser (337) 52

Leukophor B
methanol 277, 351 436 (410–462) N2 laser (337) 40

Triazolstilbenes

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

4,4'-di(4-phenyl-1,2,3-triazol-2-yl)-2,2'-stilbene disulfonic acid-potassium salt
methanol — — 422 (412–432) N2 laser (337) 40

4,4'-di(4-phenyl-1,2,3-triazol-2-yl)-2,2'-stilbene disulfonic acid-potassium salt
methanol — — 425 (414–438) N2 laser (337) 52

H2O, 2.5%NP10 — — 436 (417–455) N2 laser (337) 52

Heleofor BDC
methanol — — 432(407–460) N2 laser (337) 40

Leukophor DC
methanol 374 464 (447–510) N2 laser (337) 40

Tinopal GS
methanol 440 (424–475) N2 laser (337) 40

Tinopal RBS
MeOH/p–dioxane 360 434 (414–472) N2 laser (337) 40

Tinopal PCRP
p-dioxane 371 427 (414–451) N2 laser (337) 40

benzene 371 430 N2 laser (337) 40

Unitex NSI
methanol — — 432 (412–464) N2 laser (337) 40

Unitex RS
methanol — — 422 (412–432) N2 laser (337) 40

Unitex SFC
methanol — — 427 (410–459) N2 laser (337) 40
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2.1.3.22  Xanthene Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Fluorescein
ethanol, w, t 520–600 N2 laser (337) 27

Disodium Fluorescein; 3,6'-dihydroxy-spiro[isobenzofuran-1(3H),9'-[9H]xanthen]-3-one

disodium salt

EG, COT 501 531 522 (537–580) Ar laser 47

ethylene glycol 552 (538–573) Ar (458,514) 164

ethanol 527 yellow ruby laser (347) 197

water 527 yellow ruby laser (347) 197

ethanol 550 flashlamp 198

Kiton Red 620;Sulforhodamine B; N-[6-diethylamino-0-9-(2,4-disulfopheny)-3H-xanthen-3-

ylidene]-N-ethyl-ethanaminium hydroxide, inner salt

methanol 554 575 583 (570–604) Nd:YAG(532) 53

trifluoroethanol 617 (595–639) Cu (511,578) 85

methanol 620 flashlamp 88

ethanol 620 (580–630) flashlamp 87

methanol+COT 621 (608–634) flashlamp 26

Kiton Red 620;Sulforhodamine B; N-[6-diethylamino-0-9-(2,4-disulfopheny)-3H-xanthen-3-

ylidene]-N-ethyl-ethanaminium hydroxide, inner salt

ethanol+COT 623 (598–649) flashlamp 25

methanol+COT 627 (595–629) flashlamp 25
trifluoroethanol 628 (603–647) N2 laser (337) 86

methanol 631 (600–660) flashlamp 59,87

ethylene glycol 636 (603–670) flashlamp 16

DMSO  637 flashlamp 86

ethylene glycol 638 (610–670) Ar laser (cw) 47
4%LO/H2O 642 (622–665) flashlamp 19

Rhodamine 640 Perchlorate: Rhodamine 101; 9-(2-carboxyphenyl)-2,3,6,7,12,13,16,17-

octahydro-1H,5H,11H,15H-xanthen[2,3,4-i'j']diquinolizin-4-ium, perchlorate

— 575 602 (589–623) Nd:YAG(532) 83

methanol 602 (592–624) Nd:YAG(532) 53
DMSO+HCl 671 (634–704) N2 laser (337) 86

methanol 611 Nd:YAG(532) 65

— 612 (598–640) Nd:YAG(532) 84

methanol 613 (602–657) Nd:YAG(532) 51

ethanol 630 flashlamp 80

ethanol 640 flashlamp 5
ethanol 640 (620–680) N2 laser (337) 92

methanol 642 (627–657) flashlamp 26

ethanol 643 (623–657) flashlamp 25
ethanol 644 (620–673) N2 laser (337) 93
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Xanthene Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Rhodamine 640 Perchlorate: Rhodamine 101; 9-(2-carboxyphenyl)-2,3,6,7,12,13,16,17-

octahydro-1H,5H,11H,15H-xanthen[2,3,4-i'j']diquinolizin-4-ium, perchlorate

ethylene glycol 645 (620–690) Ar (458, 514) 164

— 648 (608–710) Kr laser (568) 52

methanol 650 flashlamp 62
MeOH/H2O:1/1 652 (620–687) flashlamp 19

ethylene glycol 552 (536–602) Ar (cw) 47

Rhodamine 6G; Rhodamine 590 as Chloride, Perchlorate, or Tetrafluoroborate

methanol 530 560 550 Nd:YAG(532) 65

methanol 560 (548–580) Nd:YAG(532) 53

methanol 562 (546–592) Nd:YAG(532) 83

methanol 563 (550–590) Nd:YAG(532) 84

methanol 564 Nd:YAG(532) 51
ethanol, w, t 565–620 N2 laser (337) 27

ethanol 572 (564–600) Cu (511,578) 85
ethanol 576 (555–618) N2 laser (337) 86

methanol 578 (565–612) flashlamp 25
ethanol 579 (568–605) N2 laser (337) 20

ethanol 585 flashlamp 198

ethanol 580 KrF laser (248) 3

ethanol 584 (570–618) flashlamp 25

methanol 586 (563–625) flashlamp 59

ethanol 588–609 (MDR) Ar laser (514) 195

methanol 590 flashlamp 62

p-dioxane 590 KrF laser (248) 36

ethylene glycol 590 (570–650) Ar (458, 514) 164
MeOH/H2O:1/3 596 (577–614) flashlamp 26

MeOH/H2O:1/1 598 (577–625) flashlamp 19

Rhodamine 6G; Rhodamine 590 as Chloride, Perchlorate, or Tetrafluoroborate
4%LO/H2O 600 flashlamp 62

ethylene glycol 600 (567–657) Ar laser (cw) 47

— 602 (560–654) Kr (blue/green) 53
4%LO/H2O 610 (585–633) flashlamp 19

Rhodamine 560 Chloride, Rhodamine 110; 2-(6-amino-3-imino-3H-xanthen-9-yl)benzoic

acid, monohydrochloride

ethanol 560 flashlamp 80

methanol 563 (541–583) flashlamp 26

methanol 565 (544–589) flashlamp 25

ethanol 567 (546–587) flashlamp 25

— 569 (533–600) Kr (blue/green) 52
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Xanthene Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Rhodamine 560 Chloride, Rhodamine 110; 2-(6-amino-3-imino-3H-xanthen-9-yl)benzoic

acid, monohydrochloride

ethanol 570 flashlamp 80

ethylene glycol 570 (540–600) Ar (458,514) 164

Rhodamine 575

ethanol 518 575 flashlamp 80

ethanol 528 577 (563–602) flashlamp 25

ethanol 518 585 flashlamp 80
MeOH/H2O 590 (566–610) flashlamp 19

Rhodamine B; Rhodamine 610 as Chloride or Perchlorate

— 552 588 579 (570–596) Nd:YAG(532) 83

— 554 580 586 (570–606) Nd:YAG(532) 53

methanol 587 (579–601) Nd:YAG(532) 65

— 590 (578–610) Nd:YAG(532) 84

trifluoroethanol 591 (582–618) Cu (511,578) 85

methanol 592 (578–629) Nd:YAG(532) 51
— 609 (594–643) N2 laser (337) 20

methanol 613 (596–645) flashlamp 25

ethanol 617 (598–647) flashlamp 87

ethanol 620 (596–647) flashlamp 25

ethylene glycol 630 (601–675) Ar (458,514) 164

ethylene glycol 637 (608–682) Ar (laser (cw) 47

Sulforhodamine 640; Sulforhodamine 101; 2',3',6',7',12',13',16',17'octahydrospirol[3H-2,1-

benzoxathiole-3,9'-[1H,5H,9H,11H]xantheno[2,3,4-ij,5,6,7-i',j']diquinolizine]-6-sulfonic acid,

1,1-dioxide, sodium salt or free acid

ethanol 590–640 Nd:YAG(532) 29
MeOH/H2O:1/1 656 cw 71

MeOH/H2O:1/1 576 602 662 (648–682) flashlamp 26

ethylene glycol 668 (646–680) Ar laser 90

LD 700 Perchlorate

alcohol 647 690 Nd:YAG→585 96

LD 700 Perchlorate
ethanol 706 (692–752) N2 laser (337) 93

ethanol 720 (698–758) N2 laser (337) 93

ethylene glycol 737 (700–810) Kr laser 13

ethylene glycol 740 (700–820) Kr (647,676) 13

Xanthene 10-1-1; SNH-8
H2O/MeOH:1/2 509.5 559 (548–588) Nd:YAG(532) 147

Xanthene 10-1-2; SNH-8NH4

H2O/MeOH:1/2 508 551 (545–559) Nd:YAG(532) 147
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Xanthene Dye Lasers—continued

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Xanthene 10-1-3; SNH-19A
H2O/MeOH:1/2 523 560 (551–570) Nd:YAG(532) 147

Xanthene 10-1-4; SNH-20A
H2O/MeOH:1/2 533 568 (559–580) Nd:YAG(532) 70

Xanthene 10-1-5; SNH-25
H2O/MeOH:1/2 529 574 Nd:YAG(532) 147

Xanthene 10-1-6; CC-20
H2O/MeOH:1/2 538 563–580 Nd:YAG(532) 147

2.1.3.23  Other Dye Lasers

S o l v e n t
Wavelength  max.

Abs.  (nm)  Fluor.  (nm)
Lasing

wavelength (nm)
Pump source

(nm) Ref .

Acridine

ethanol 437 438.5 ruby laser (347) 197

Acridine Red

ethanol 580 orange ruby laser (347) 197

ethanol 580 601.5 flashlamp 198

Carbazine 720; Carbazine 122; 7-hydroxy-2',3',5',6'-tetramethyl-spiro[acridine-9(2H),1'-

[2,5]cyclohexadiene]-2,4'-dione, ion

DMSO 740 flashlamp 73,100

EG (ethanol) 747 (687–811) Kr (647,676) 102

Eosin

ethanol 540 yellow ruby laser (347) 197

Laser dye 13-1-1
DMSO 360 416 (416–440) N2 laser (337) 41

Laser dye 13-1-2
DMSO 380 447 (435–465) N2 laser (337) 41

MEH-PPV; poly 2-methoxy-5-2'-ethylhexloxy - poly(1,4-phenylene vinylene)

xyl./chloroform ~598 Nd:YAG(532) 126

Salicylamide

DMF 305 440 439 XeCl laser (308) 57

Sodium salicylate

DMF, t, w 300 395 411 XeCl laser (308) 33
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2.1.4  Commercial Dye Lasers

Table 2.1.2
Commercial Dye Lasers

Wavelength ( m) Pump source Output

CW Lasers:

0.22–0.39 (SH) Ar ion laser 0.01 W

0.38–1.0 Ar ion laser 0.1–2 W

Pulsed Lasers:

0.2–0.4 (SH) Nd:YAG, excimer lasers 1–60 mJ

0.25–0.4 (SH) coaxial flashlamp 0.1–0.9 J

0.3–0.9 linear flashlamp 0.5–3 J

0.32–1.0 excimer laser 10–150 mJ

0.36–0.95 nitrogen laser 0.1–150 mJ

0.4–1.0 Nd:YAG laser 5–200 mJ

0.44–0.8 coaxial flashlamp < 1–30 J

0.53–0.9 Cu vapor laser 0.1– 2 mJ

0.695–0.905 Ti:sapphire laser <    0.15 J

0.9–4.5 (R) Nd:YAG laser 1–10 mJ

R – Raman shifted, SH – second harmonic.

2.1.5  Dye Laser Tuning Curves

Lasing of organic dyes is dependent on the solvent, dye concentration, pumping source
and rate, and other operating conditions. Relative energy outputs and tuning curves that
may be obtained from commercially available pump sources and dyes are shown in Figures
2.1.2 – 2.1.13 (figures courtesy of Richard N. Steppel). The information is provided only
as a guide and may not necessarily be extrapolated to systems other than those cited.
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FIGURE 2.1.2    Tuning curves and relative energy outputs of various coaxial flashlamp pumped
dyes. Data courtesy of Phase-R Corp., Box G-2, Old Bay Road, New Durham, NH.

FIGURE 2.1.3    Tuning curves and relative energy outputs of various coaxial flashlamp pumped
dyes. Data courtesy of Candela Laser Corp., 530 Boston Post Road, Wayland, MA.
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FIGURE 2.1.4   Tuning curves and relative energy outputs of various argon-ion and krypton-ion
laser pumped dyes. Data courtesy of Coherent Inc., 3210 Porter Drive, Palo Alto, CA.

FIGURE 2.1.5    Tuning curves and relative energy outputs of various argon-ion and krypton-
ion laser pumped dyes. Data Courtesy of Spectra-Physics Inc., 1250 Middlefield Road, Mountain
View, CA.
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FIGURE 2.1.6    Tuning curves and relative energy outputs of various krypton fluoride and
xenon chloride laser pumped dyes. Data courtesy of Lumonics, Inc., 105 Schneider Road, Kanata
(Ottawa), Ontario, Canada.

FIGURE 2.1.7    Tuning curves and relative energy outputs of various nitrogen laser pumped
dyes. Data courtesy of Jobin Yvon, 16-18, rue du Canal B. P. 118, 91163 Longjumeau Cedex,
France.
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FIGURE 2.1.8    Tuning curves and relative energy outputs of various nitrogen laser pumped
dyes. Data courtesy of Laser Science, Inc., 26 Landsdowne Street, Cambridge, MA.

FIGURE 2.1.9    Tuning curves and relative energy outputs of various nitrogen laser pumped
dyes. Data courtesy of Laser Photonics, Inc., 12351 Research Parkway, Orlando, FL.
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FIGURE 2.1.10    Tuning curves and relative energy outputs of various Nd:YAG laser pumped
dyes. Data courtesy of Continuum, 3150 Central Expressway, Santa Clara, CA.

FIGURE 2.1.11   Tuning curves and relative energy outputs of various Nd:YAG laser pumped
dyes. Data courtesy of Spectra-Physics/Quanta-Ray, 1250 Middlefield Road, Mountain View,
CA.
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FIGURE 2.1.12    Tuning curves and efficiency of Exalite laser dyes (Exciton, Inc.) for Nd:YAG
pumping at 355 nm. Data courtesy of Spectra-Physics/Quanta-Ray, 1250 Middlefield Road,
Mountain View, CA.

FIGURE 2.1.13    Tuning curves and efficiency of Exalite laser dyes (Exciton, Inc.) for Nd:YAG
pumping at 355 nm. Data courtesy of Lumonics, Inc., 105 Schneider Road, Kanata (Ottawa),
Ontario, Canada.
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Section 2.2
RARE EARTH LIQUID LASERS

2.2.1  Introduction

Liquid lasers based on lanthanide ions have been of two types—rare earth chelate lasers
and rare earth aprotic lasers. In rare earth chelate lasers, the rare earth is complexed with
bidentate ligands such as β di-ketonate and carboxylate ions or organic phospate. Generally
organic solvents are employed. These lasers are tabulated in Table 2.2.1

Rare earths have also been incorporated into inorganic aprotic solvents (no hydrogen
anions). Thus far these have been oxyhalides or halides of the heavier elements such as
phosphorous, sulfur, selenium, zirconium, tin, etc. Neodymium has been the active laser ion
although other ions could undoubtedly be used. Neodymium aprotic liquid lasers and
amplifiers have been operated in various pulsed modes; operating wavelengths are given in
Tables 2.2.2 and 2.2.3.

Further Reading

Lempicki, A. and Samelson, H., Organic laser systems, in Lasers, Levine, A. D., Ed.,
Marcel Dekker, New York (1966), p. 181.

Lempicki, A., Samelson, H., and Brecher, C., Laser action in rare earth chelates, in Applied
Optics, Suppl. 2 of Chemical Lasers (1965), p. 205.

Samelson, H., Inorganic Liquid Lasers, in Handbook of Laser Science and Technology,
Vol. I: Lasers and Masers , CRC Press, Boca Raton, FL (1982), p. 397.

Samelson, H., Inorganic Liquid Lasers, in Handbook of Laser Science and Technology,
Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 319.

2 .2 .2   Chelate Lasers

Rare earth chelate lasers are listed by lasing ion in Table 2.2.1. The ligand, cation,
solvent, lasing wavelength, temperature, and references are included in the table. The lasers
listed in this table were all excited by flashlamp discharge except for the following: Reference
12 (pulsed BBQ dye laser – 377 nm), Reference 14 (coumarin dye laser), and Reference 25
(pulsed N2 laser – 337 nm). The neodymium chelate lasers are excited by direct pumping
into levels of the rare earth ion. The excitation of the europium and terbium lasers is
accomplished by energy transfer, the most effective absorption being in the singlet
absorption band of the b-diketone ligand.
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Table 2.2.1
Rare Earth Chelate Lasers(a)

Lasing
i o n Ligand Cat ion S o l v e n t

Wavelength
( m)

Temp.
(K) Ref .

     Neodymium

Nd3+ TBPd27 (b) HFB 1.054 300 27

Nd3+ TBPd27 (b) CCL 1.054 300 27

Nd3+ PFP1,10PHEN — DSMOd6 1.057 300 28

     Europium

Eu3+ B Na+ EM (3:1) 0.6111 123–133 2,3

Eu3+ B Na+ DMF 0.6111 133 2

Eu3+ m-ClBTF Me2A+ A 0.6117 300 3

Eu3+ p-ClBTF Me2A+ A 0.6117 300 3

Eu3+ o-FBTF Me2A+ A 0.6117 300 3

Eu3+ p-FBTF Me2A+ A 0.6117 300 3

Eu3+ o-BrBTF Me2A+ A 0.6117 300 3

Eu3+ m-BrBTF Me2A+ A 0.6117 300 3

Eu3+ p-BrBTF Me2A+ A 0.6117 300 3

Eu3+ m-FBTF Me2A+ A 0.6118 300 3

Eu3+ NTF P+ A 0.6118 253 5

Eu3+ o-ClBTF Me2A+ A 0.6118 300 3,6

Eu3+ BTF I+ A 0.6118 238 4

Eu3+ BTF Pyo+ A 0.6118 300 8

Eu3+ BTF P+ DMF (3:1:1) 0.6119 168 9

Eu3+ BTF P+ A 0.6119 298 10

Eu3+ TFA Me2A+ A 0.6119 238 4

Eu3+ D P+ DMF (9:3:2) 0.612 128 11

Eu3+ BFA — — 0.612(c) 300 12

Eu3+ TFA NH4
+ EM (3:1) 0.6122 123 13

Eu3+ B P+ A 0.6123 300 14

Eu3+ TTF P+ A 0.6123 300 14

Eu3+ TTF Me2A+ A 0.6125 238 4

Eu3+ B P+ EM (3:1) 0.6129 110–150 15–23

Eu3+ B P+ E 0.613 77–123 23,24

Eu3+ DBM phen EG (~3:1) 0.613(d) 300 25

Eu3+ B NH4
+ EM (3:1) 0.613 123 13

Eu3+ B P+ DMF (3:1:1) — — 30

Eu3+ B P+ N — — 30

Eu3+ D P+ N — — 30

Eu3+ BTF P+ ENAEO — 168 31

Eu3+ BTF P+
d10 ENAEO — 168 31

Eu3+ BTFd5 P+ ENAEO — 168 31

Eu3+ BTFd5 P+
d10 ENAEO — 168 31

Eu3+ p-FBTF Me2Pyr+
ENAEO — 168 5

Eu3+ p-IBTF Me2Pyr+ ENAEO — 168 5
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Table 2.2.1—continued
Rare Earth Chelate Lasers(a)

Lasing
i o n Ligand Cat ion S o l v e n t

Wavelength
( m)

Temp.
(K) Ref .

Eu3+ p-CF3BTF Me2Pyr+ ENAEO — 168 5

Eu3+ p-CH3OBTF P+ ENAEO — 168 5

Eu3+ m,p-Cl2BTF P+ ENAEO — 168 5

    Terbium

Tb3+ TFA (e) A 0.547 300 1

Tb3+ TFA (e) D 0.547 300 1

(a) Lasers listed in this table were all excited by flashlamp discharge except for the following: 
Reference 12 (pulsed dye laser – 377 nm), Reference 14 (coumarin laser), and Reference 25 
(pulsed N2 laser – 337 nm).

(b) In these lasers the active material seems to be a simple tris compound.
(c) Planar mircocavity.
(d) Morphology-dependent resonances.
(e) The active component is the dihydrate of a tris chelate and thus requires no cation.

Ligands in Table 2.2.1:

S y m b o l Formula Name

B C6H5COCHCOCH3
- benzoylacetonate

BFA 4,4,4-trifluoro-1-phenyl-1,3-butanedione

D C6H5COCHCOC6H5
- dibenzoylmethide

DBM dibenzoylmethane

BTF C6H5COCHCOCF3
- benzoyltrifluoroacetonate

BTFd5 C6D5COCHCOCF3
- deuterated benzoyltrifluoroacetonate

TTF C4H3SCOCHCOCF3
- thenoyltrifluoroacetonate

TFA CF3COCHCOCH3
- trifluoroacetylacetonate

NTF C10H7COCHCOCF3
- α-naphthoylltrifluoroacetonate

o-XBTF C6H4XCOCHCOCF3
- o-halobenzoyltrifluoroacetonate(a)

m-XBTF C6H4XCOCHCOCF3
- m-halobenzoyltrifluoroacetonate(a)

p-X8TF C6H4XCOCHCOCF3
- p-halobenzoyltrifluoroacetonate(a)

3,4Cl2BTF C6H3Cl2COCHCOCF3 m,p-dichlorobenzoyltrifluoroacetonate

p-RBTF C6H4RCOCHCOCF3
- p-r benzoyltrifluoroacetonate(b)

TBPd27 (CD3CD2CD2CD2O)3PO- deuterotributyl phosphate

PFP1,10PHEN CF3CF2COO- andC12H8N2 pentafluoropropionate, 1,10 phenanthroline

(a) In the case of o- and m- substituents the halogens F, Cl, and Br have been used. In p-
substitutions I has also been used.
(b) CH3O-(methoxy) and CF3 (trifluoromethyl) have been used as R.
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Cations in Table 2.2.1:

S y m b o l Formula Name

P+ C5H12N+ piperidinium

P+
d10 C5D10NH2

+ deuterated piperidinium

Na+ Na+ sodium

M+ C4H8ONH2 morpholinium

I+ C3H5N2
+ imidazolium

Phen phenanthroline

Pyo+ C4H8NO+ pyrrolidonium

Pyi+ C4H10N+ pyrrolidinium

Pyr+ C5H5NH+ pyridinium

Me3Pyr+ (CH3)3C5H2NH+ 2,4,6 trimethylpyridinium

Iq+ C9H8N+ isoquinolinium

NH4
+ NH4

+ ammonium

Me2A+ (CH3)2NH2
+ dimethylammonium

Me4A' (CH3)4N+ tetramethylammonium

Et2A+ (C2H5)2NH2
+ diethylammonium

Et3A+ (C2H5)3NH+ triethylammonium

Et4A+ (C2H5)4N+ tetraethylammonium

BA+ (C2H5)NH3
+ n-butylammonium

B4A+ (C4H9)4N+ tetra n-butylammonium

P4A+ (C3H7)4N+ tetra n-propylammonium

EOA+ HO(CH2)2NH3
+ 2-hydroxyethylammonium

BeA+ C7H10N+ benzylammonium

Be2A+ (C7H7)2NH2
+ dibenzylammonium

Me4G+ [N(C2H5)2]2CNH 2
+ tetramethylguanidinium

Solvents in Table 2.2.1:

S y m b o l Formula Name

E C2H5OH ethanol

EG C2H5OH ethanol:glycerol

M CH3OH methanol

A CH3CN acetonitrile

DMSO (CH3)2SO dimethyl sulfoxide

DMSOd6 (CD3)2SO deuterated dimethyl sulfoxide

DMF (CH3)2NCHO dimethyl formamide

EN CH3CH(OC 2H5)CN ethoxyproprionitrile

EO C2H5O(CH2)2OH ethoxyethanol

CCL CCl4. carbon tetrachloride

HFB C6F6 hexafluorobenzene
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Solvents in Table 2.2.1—continued:

S y m b o l Formula Name

D C4H8O2 dioxane

PMMA polymethylmethacrylate

EM ethanol-methanol (3:1)

DMF ethanol-methanol-dimethyl formamide

N acetonitrile-proprionitrile-butyronitrile (1:1:1)

ENAEO ethoxyproprionitrile-acetonitrile-ethoxy-ethanol (2:1:1)
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2.2.3  Aprotic Liquid Lasers

Neodymium aprotic lasers are listed in order of increasing wavelength in Table 2.2.2
together with the solvent, mode of operation, and references. Neodymium aprotic laser
amplifiers are listed separately in Table 2.2.3.

Table 2.2.2
Neodymium Aprotic Liquid Lasers

Wavelength ( m) S o l v e n t Operation Reference

1.050 POCl3–SnCl4–UO2
2+

long-pulse 1

1.052 POCl3–SnCl4 long-pulse 2

1.053 POCl3–ZrCl4 long-pulse 3

1.053 POCl3–AlCl3 long-pulse 3

1.054 POCl3–AlCl3 long-pulse 3

1.054 POCl3–BBr3 long-pulse 3

1.054 POCl3–AlCl3 long-pulse 4

1.054 POCl3–SOCl2–SnCl4 long-pulse 5

1.055 SeOCl2–SnCl4 long-pulse 6

1.055 POCl3–SnCl4 long-pulse 7,8

1.056 SeOCl2–SnCl4 long-pulse 4,9–12

1.056 SeOCl2–SnCl4 Q-switched 13–15

1.056 SeOCl2–SbCl5 long-pulse 4, 11

1.056 SeOCl2–SbCl5 Q-switched 16

1.056 POCl3–SnCl4 long-pulse 12,17

1.056 POCl3–ZrCl4 long-pulse 3,4,12,18,19

1.056 POCl3–ZrCl4 Q-switched 20–25

1.056 POCl3–AlCl3 long-pulse 4

1.058 GaCl3–SOCl2 long-pulse 26,27

1.058 SeOCl2–SnCl4 long-pulse 7,12

1.0585 GaCl3–SOCl2 long-pulse 39

1.060 POCl3–SnCl4 long-pulse 28

1.061 GaCl3–CCl3 long-pulse 29

1.066 PBr3–SbBr3–AlBr3 long-pulse 30

1.330 SeOCl2–SnCl4 long-pulse 31
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Table 2.2.3
Neodymium Aprotic Liquid Single-Pass Laser Amplifiers

Wavelength ( m) Osci l la tor S o l v e n t Reference

1.052 Nd:POCl3–ZrCl4 POCl3–ZrCl4 19

1.053 Nd:ethylene glyol ethylene glyol 38

1.056 Nd:SeOCl2–SnCl4 SeOCl2–SnCl4 15

1.056 Nd:silicate glass SeOCl2–SnCl4 12,15, 32

1.058 Nd:glass POCl3–ZrCl4 35-37

1.062 Nd:POCl3 POCl3–ZrCl4 18, 25, 33, 35
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Section 2.3
LIQUID POLYMER LASERS

All of the liquid polymer lasers listed below were photopumped by pulsed lasers. The
laser materials were contained in typical cuvettes or dye cell cavities at room temperature.

Table 2.3.1
Liquid Polymer Lasers

Material S o l v e n t
Laser

wavelength (nm)
Pump laser

(wavelength -  nm) Ref .

MEH-PPV xylene ~598 Nd:YAG (532) 1

TOP-PPV THF 438–456 Nd:YAG (355) 2

TOP-PPV p-xylene 436–456 Nd:YAG (355) 2

TOP-PPV hexane 414–452 Nd:YAG (355) 2

Abbreviations for the materials in Table 2.3.1:
MEH-PPV:  poly[2-methoxy-5-92'-ethylhexloxy)-p-phenylene vinylene]
TOP-PPV:   poly[2,5,2",5"-tetraoctyl)-p-terphenyl-4,4"-ylene vinylene-p-phenylene vinylene]

References

1. Moses, D., High quantum efficiency luminescence from a conducting polymer in solution: a
novel polymer laser dye, Appl. Phys. Lett. 60, 3215 (1992).

2. Brouwer, H.-J., Krasnikov, V., Hilberer, A., Wildeman, J. and Hadziioannou, G., Novel high
efficiency copolymer laser dye in the blue wavelength region, Appl. Phys. Lett. 66, 3404
(1996).
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Section 2.4
LIQUID EXCIMER LASERS

Excimer lasers have been demonstrated in all phases of matter—gases, liquids, and
solids. In liquid form, polar excimers are red shifted by large amounts, thus liquid excimer
lasers are tunable both within the broad lasing line and by the choice of the solvent. Laser
action has been excited by pulsed optical radiation and pulsed electron beams.

Further Reading

Excimer Lasers, Rhodes, C. K., Ed., Springer Verlag, Berlin (1984).

Table 2.4.1
Liquid Excimer Lasers

Excimer Liquid host Transi t ion

Lasing
wave length

(nm) Exc i ta t ion Ref .

Kr2 argon (104 K) — 147 electron beam
(1 MeV, 40 ns)

1

Xe2 argon — 175 electron beam
(~ 1 MeV, 10 ns)

2

Xe2 argon (104 K) — 175 electron beam
(1 MeV, 40 ns)

1

XeF argon (~84 K) B → X 404 XeF laser
(351 nm, 15 ns)

3

XeO argon (104 K) 1S → 1D 547 electron beam
(1 MeV, 40 ns)

4

References

1. Loree, T. R., Showalter, R. R., Johnson, T. M., Birmingham, B. S., and Hughes, W. M., Liquid
excimers: lasing Xe2 and Kr2 in liquid argon, Optics Lett. 14, 1051 (1989).

2. Basov, N. G., Danilychev, V. A., Popov, Yu. M., and Khodevich, D. D., Laser operating in
the vacuum region of the spectrum by excitation of liquid xenon with an electron beam, JETP
Lett . 12, 493 (1970).

3. Shahidi, M., Jara, H., Pummer, H., Egger, H., and Rhodes, C. K., Optically excited XeF*
excimer laser in liquid argon, Optics Lett. 10, 448 (1985).

4. Loree, T. R., Showalter, R. R., Johnson, T. M., Birmingham, B. S., and Hughes, W. M., Lasing
XeO in liquid argon, Optics Lett. 11, 510 (1986).
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Section 3

GAS LASERS

3.0  Introduction

Gas lasers comprise the largest number of lasing transitions—over 12,000. Gas lasers
may be categorized as neutral atom, ionic, or molecular. Molecular lasers can be further
divided or characterized by the nature of the transitions involved in the stimulated emission
process; that is, the transitions may be between electronic, vibrational, or rotational energy
levels. The output of many lasers may consist of several lines of varying intensities.

Of the spectral ranges for lasers shown in the Preface, by far the largest range is that of gas
lasers. The wavelength ranges of neutral atom, ionized, and molecular gas lasers extend from
the extreme ultraviolet through the submillimeter. (Extreme ultraviolet and soft x-ray lasers
are covered separately in Section 4.1.) Figure 3.0.1 shows the extremes of the wavelength
ranges of different types of gas lasers. Neutral atom lasers emit throughout the ultraviolet,
visible, and infrared. Ion lasers emit in the ultraviolet through the near infrared, the most
important of which are based on the noble gas ions (Ar, Kr, Xe). These are operated in
various states of ionization and in either pulsed or cw lasing modes. Metal vapor lasers,
which may be either neutral atoms or ions, emit in the near-ultraviolet and visible and
operate either pulsed or cw. Of these, cadmium, copper and gold are the most important
examples.

Molecular lasers encompass a wide variety of molecules, operating conditions, and output
wavelengths ranging from electronic transitions of the nitrogen (N2) laser in the near
ultraviolet, to the widely used vibrational-rotational transitions of the carbon dioxide (CO2)
laser in the mid-infrared, to the rotational transitions of various halide molecules lasing in
the far infrared-submillimeter wavelength region. Electrically excited lasers such as H2O,
HCN, and DCN have transitions that extend well into the far infrared region.

Excimer lasers are based upon the formation in the gas phase of transient molecules such
as XeCl, ArF, KrF, most of which emit in the ultraviolet or vacuum ultraviolet. These
molecules, produced by collisions between rare gas ions or neutrals in excited states and
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Figure 3.0.1    Reported extreme ranges of output wavelengths of various types of gas lasers
(excluding extreme ultraviolet, soft x-ray, and optically pumped far infrared lasers).
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halogen-containing molecular precursors, have strongly bound upper laser levels but ground
states that are dissociative or weakly bound. They are generally produced in fast electrical
discharges but can also be pumped optically or by intense electron or proton beams. Because
the excited state lifetimes are short, ~10 ns, excimer lasers can emit powerful ultraviolet
pulses of nanosecond duration.

In chemical lasers an inverted population is achieved—directly or indirectly—by an
exothermic chemical reaction (for example, the exothermic reaction of H2 and F2 to yield
vibrationally excited HF). Excitation processes include pumping in the course of
photoinduced or electron-impact-induced chemical bond rupture, as well as by radiative
association of atoms or molecules. In the oxygen-iodine laser, excited molecular oxygen
transfers electronic energy to metastable levels of iodine. Chemical lasers operate in the near
to middle infrared and have been operated pulsed and cw.

Gas lasers covered in this section are divided into four subsections: neutral atom gas
lasers (Section 3.1), ionized gas lasers (Section 3.2), molecular gas lasers (Section 3.3), and
far infrared and millimeter wave lasers (Section 3.4). For Section 3.4 one must decide on a
definition of "far infrared". A perusal of numerous texts and handbooks reveals a variety of
definitions beginning at 10 to 25 µm and extending to 300 to 1000 µm. Here we use 20 µm
as the lower limit for the far infrared. By so doing we avoid the task of separating out the
extremely numerous CO2, N2O, and other laser transitions in the 10 to 20 µm region which
are covered in Section 3.3.2. The tabulation of lasing transitions in Section 3.4 extends to a
few millimeters, thus overlapping millimeter wave masers.

As noted in the Preface, although there is a tremendous diversity of gas laser and
transitions, only a few laser systems have achieved widespread use and commercial
acceptance. Various types and properties of commercial gas lasers are listed in Section 3.5.

Comments about experimental conditions used, transition assignments, and other features
associated with gas laser action are grouped together in Section 3.6.

The references with titles or descriptions of the contents are given in Section 3.7. The
references generally include the original report of lasing plus other reports relevant to the
identification of the lasing transition and operation.
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Section 3.1
NEUTRAL ATOM GAS LASERS

3.1.1  Introduction

The tables in this section include laser lines originating from transitions between energy
levels of elements in the neutral gas state. Figure 3.1.1 indicates by the shaded squares on
the periodic table those elements that have produced neutral atom gas laser lines. Several
different methods exist for exciting laser action in neutral species. These include weakly
ionized DC and RF-excited discharges, pulsed discharges, pulsed electron beams, excitation
in recombining plasmas, direct optical pumping, photodissociative optical pumping,
excitation as a result of chemical reactions, and nuclear pumping.

Figure 3.1.1  Periodic table of the elements showing those elements (shaded) which have
exhibited laser oscillation in the neutral species.

The laser tables in this section are arranged by columns in the periodic table; within each
column laser ions are further arranged in the order of increasing atomic number. Unless stated
otherwise, and with the exception of the lanthanides, identified transitions are assigned and
their wavelengths, in vacuo (in italics), given in accordance with energy level data given by
C. E. Moore in Atomic Energy Levels.1 Calculated wavelengths and spectral assignments for
the lanthanides are taken from Martin, Zabubas, and Hagan, Atomic Energy Levels—The
Rare-Earth Elements, NSRDS-NBS 60, 1978. Most modern energy level data appear to be
accurate to ≤ 10-3 cm-1; therefore several significance digits have been retained in calculated,
in vacuo, wavelengths. One can easily convert these figures to air values by the use of tables
of wavenumbers2 or by direct computation from the Edlen's refractive index formula

n(ν) = 1 + 6432.8 x 10-8 + 2949810/(146x108 - ν2) + 25540/(41x108 - ν2) ,

where λ[microns, air] = 104 /n(ν)ν[cm-1, vacuum].
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Figures of energy levels and laser transitions included in this section are from C. C.
Davis, Handbook of Laser Science and Technology, Vol. II: Gas Lasers.

References include the first report of laser oscillation and representative selected papers on
the laser system itself and the physical processes occurring within it. If several significantly
different pumping conditions exist, these are included (the implication that laser action
occurs only under the specific conditions indicated is not intended). Additional details about
experimental conditions and results are given in the comments.

1. Moore, C. E., Atomic Energy Levels, Circular 467, Volumes 1, 2, 3, U.S. Government Printing
Office, Washington, DC (1949, 1952, 1958).

2. Coleman, C. D., Bozman, W. R., and Meggers, W. F., Table of Wave Numbers, vols. 1 and 2,
U.S. National Bureau of Standards Monograph 3 (1960).

Further Reading

Bennett, W. R., Jr., Atomic Gas Laser Transition Data, A Critical Evaluation, Plenum,
New York (1979).

Davis, C. C., Neutral Gas Lasers, in Handbook of Laser Science and Technology, Vol. II:
Gas Lasers, CRC Press, Boca Raton, FL (1982), p. 3.

Eden, J. G., Ed., Selected Papers on Gas Laser Technology,  SPIE Milestone Series Vol.
159, SPIE Optical Engineering Press, Bellingham, WA (2000).

Goldhar, J., Neutral Gas Lasers, in Handbook of Laser Science and Technology, Suppl. 1:
Lasers, CRC Press, Boca Raton, FL (1991), p. 325.

Waynant, R. W. and Ediger, M. N., Eds., Selected Papers on UV, VUV, and X-Ray
Lasers, SPIE Milestone Series, Vol. MS71, SPIE Optical Engineering Press,
Bellingham, WA (1993).
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3.1.2  Tables of Neutral Atom Gas Lasers

The tables of neutral atom gas lasers are arranged in the following order:

    Group IA – Table 3.1.1     Group IB – Table 3.1.2     Group IIA – Table 3.1.3

hydrogen

lithium

sodium

potassium

rubidium

cesium

copper

silver

gold

magnesium

calcium

strontium

barium

    Group IIB – Table 3.1.4     Group IIIA – Table 3.1.5     Group IVA – Table 3.1.6

zinc

cadmium

mercury

boron

aluminum

gallium

indium

thallium

carbon

silicon

germanium

tin

lead

    Group IVB – Table 3.1.7     Group VA – Table 3.1.8     Group VB – Table 3.1.9

titanium nitrogen

phosphorous

arsenic

antimony

bismuth

vanadium

tantalum

    Group VIA – Table 3.1.10     Group VII – Table 3.1.11     Group VIIB – Table 3.1.12

oxygen

sulfur

selenium

tellurium

thulium

fluorine

chlorine

bromine

iodine

ytterbium

manganese

    Group VIII – Table 3.1.13     Group VIIIA – Table 3.1.14

iron

nickel

samarium

europium

helium

neon

argon

krypton

xenon
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3.1.2.1  Group IA Lasers

Table 3.1.1
Group IA Lasers

Hydrogen (Figure 3.1.2)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.434046 5 →  2(H-γ line, Balmer series) 130 1,3

0.486132 4 →  2(H-β line, Balmer series) 130 1,3

0.656 3D → 2P 6898,6899 1765,1766

1.875104 4f 2F0
7/2 →  3d 2D5/2

(Pa, first member of Paschen
series, strongest fine-structure
component)

130,339 1,4

Figure 3.1.2  Partial energy level diagram of atomic hydrogen showing the reported laser
transitions.
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Lithium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.6707 2p  2P0
1/2,3/2 →  2s 2S1/2 6522,6524 1490

1.279 5f 2F0 →  3d 2D 6523 1499

1.870 4f 2F0
7/2 →  3d 2D5/2 6523 1499

2.689 3p  2P3/2 →  3s 2S1/2 6523 1499

4.029 5f2 F0 →  4d 2D 6523 1499

Sodium (Figure 3.1.3)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.58899504 3p 2P0
3/2 →  3s 2S1/2 5,6,9,10,11 350

0.58959236 3p 2P0
1/2 →  3s 2S1/2 5,6,7,9,10 350,463

1.138145 4s 2S1/2 →  3p 2P0
1/2 5,8,12 573,679,772,785

1.140378 4s 2S1/2 →  3p 2P0
3/2 5,8,13 573,679,772,785

1.4553011 4s 4P5/2 →  3p 2D0
5/2 284,317 195,196

2.206 4p 2P0
3/2 →  4s 2S1/2 6525 1500

3.408 5s 2S1/2 →  4p 2P0
1/2 6526 1500

3.41 5s 2S1/2 →  4p 2P0
3/2 6527 1500

Figure 3.1.3  Laser transitions observed in neutral alkali metals following ArF laser dissociation
of the alkali salts. The script numbers to the right of the levels are principal quantum numbers.
(From Ehrlich, D. J. and Osgood, R. M., Jr., W. L., Appl. Phys. Lett. 34, 655, 1979. With
permission.)



©2001 CRC Press LLC

Potassium (Figure 3.1.3)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4044136 5p 2P0
3/2 →  4s 2S1/2 14,15,20 350

0.40472602 5p 2P0
1/2 →  4s 2S1/2 14,15,21 350

0.6911 6s 2S1/2 → 4p 2P1/2 1769 6903

0.7698959 4p 2P0
1/2 →  4s 2S1/2 14,23 350

0.7664899 4p 2P0
3/2 →  4s 2S1/2 14,22 350

1.177283 3d 2D5/2 →  4p 2P0
3/2 14,24 350

1.243224 5s 2S1/2 →  4p 2P0
1/2 14,19,25 772

1.252211 5s 2S1/2 →  4p 2P0
3/2 14,26 350,772

3.1415224 5p 2P0
3/2 →  3d 2D3/2 14,16,27 350,772

3.1601267 5p  2P0
1/2 →  3d 2D3/2 14,16,28 350,796

6.422525 6p 2P0
3/2 →  6s 2S1/2 14,17,29 131,142

6.4575288 6p 2P0
1/2 →  6s 2S1/2 14,17,30 131,142

7.8953393 7s 2S1/2 →  6p 2P0
3/2 14,31 131,142

9.1791962 6d 2D3/2 → 5f 2F0
14,18,32  131,142

12.568814 7p 2P0
1/2 → 7s 2S1/2 14,33  131,142

15.968063 6d 2D3/2 →  7p 2P0
1/2 14,34 131,142

Rubidium (Figure 3.1.3)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.420185 6p 2P0
1/2 →  5s 2S1/2 35,37,38 350

0.421556 6p 2P0
3/2 →  5s 2S1/2 35,37,39 350

0.7621029 5d 2D3/2 →  5p 2P0
1/2 37,42 350

0.7761570 5d 2D3/2 →  5p 2P0
3/2 37,43 350

0.7800268 5p 2P0
3/2 →  5s 2S1/2 37,40 350

0.7947603 5p 2P0
1/2 →  5s 2S1/2 37,41 350

1.32 6s 2S1/2 →  5p 2P0
1/2 6528 1501

1.366501 6s 2S1/2 →  5p 2P0
3/2 37,44 350

1.475241 4d 2D3/2 →  5p 2P0
1/2 37,45 350

1.528843 4d 2D3/2 →  5p 2P0
3/2 36,37,46 350

1.528948 4d 2D5/2 →  5p 2P0
3/2 36,37,47 350

2.252965 6p 2P0
3/2 →  4d 2D5/2 37,48 183,796

2.293247 6p 2P0
1/2 →  4d 2D3/2 37,50 183,350,796

2.73 6p 2P0
3/2 →  6s 2S1/2 6529 1501

2.790537 6p 2P0
1/2 →  6s 2S1/2 37,49 350
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Cesium (Figure 3.1.3)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.0969 5p55d6s 4D1/2 →  5p65d 2D3/2 6924 903

0.4555276 7p 2P0
3/2 →  6s 2S1/2 51,52,53 350

0.8521133 6p 2P0
3/2 →  6s 2S1/2 52,54 350

0.87614150 6d 2D3/2 →  6p 2P0
1/2 52,55 350

0.8943468 6p 2P0
1/2 →  6s 2S1/2 51,52,56 350

0.91723217 6d 2D5/2 →  6p 2P0
3/2 52,57 350

1.01236025 4f 2F0
7/2 →  5d 2D5/2 52,58 350

1.358831 7s 2S1/2 →  6p  2P0
1/2 52,59 350

1.360257 7p 2P0
3/2 →  5d 2D5/2 52,60 796

1.375883 7p 2P0
1/2 →  5d 2D3/2 52,61 350,796

1.469493 7s 2S1/2 →  6p 2P0
3/2 52,62 350

1.47 7 2S1/2 → 6 2P3/2 6916 1764

2.9317981 7p 2P0
3/2 →  7s 2S1/2 52,63 350

3.01 5 2D3/2 → 6 2P1/2 6916 1764

3.01033 5d 2D3/2 →  6p 2P0
3/2 52,64 350

3.0111339 5d 2D3/2 →  6p 2P0
1/2 52,65 796

3.0961401 7p 2P0
1/2 →  7s 2S1/2 52,66 183,796

3.2050778 8p 2P0
1/2 →  6d 2D3/2 52,67 184,185,186

3.4909363 5d 2D5/2 →  6p 2P0
3/2 52,68 796

3.6140628 5d 2D5/2 →  6p 2P0
3/2 52,69 796

4.2181082 8s 2S1/2 →  7p 2P0
3/2 52,70 350

7.18537910 8p 2P0
1/2 →  8s 2S1/2 52,71 184,185,186,335

3.1.2.2  Group IB Lasers

Table 3.1.2
Group IB Lasers

Copper (Figure 3.1.4)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.510554 4p 2P0
3/2 →  4s2 2D5/2

72,73,75 336–8,340–9,
351,356,367,378

0.570024 4p 2P0
3/2 →  4s2 2D3/2

72,76 349

0.578213 4p 2P0
1/2 →  4s2 2D3/2

72,73,77 336–8,340–9,
351,356,367,378

1.8199686 4f 2F0
5/2 →  4d 2D3/2

74,78 806

1.8234057 4f 2F0
7/2 →  4d 2D5/2

74,79 806

3.726 4p 2P0
1/2 →  5s 2S1/2

6530 1499

5.460 7d 2D3/2 →  7p 2p0
1/2 6531 1499
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Figure 3.1.4  Partial energy level diagram of copper showing the strong self-terminating visible
laser transitions.

Silver
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.8380629 4f 2F0
5/2,7/2 →  5d 2D5/2 80,81 383,806

1.9371923 5s2 2D3/2 →  5p 2P0
1/2 82 806

Gold (Figure 3.1.5)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.3122784 6p 2P0
3/2 →  6s2 2D5/2 83,84 132,134,135

0.6278170 6p 2P0
1/2 →  6s 2D3/2 83,85 132–6,341,342
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Figure 3.1.5  Partial energy level diagram of gold showing the two self-terminating laser
transitions.

3.1.2.3  Group IIA Lasers

Table 3.1.3
Group IIA Lasers

Magnesium (Figure 3.1.6)
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.502499 4p 3P0
2 →  4s 3S1 86,87,92,93 146

3.86573 7p 3P0_?  →  6s 3S1 86,87,90,92,97 136

3.6789254 5d 3D1 →  5p 3P0
1 86,87,88,92,94 136

3.67895650 5d 3D2 →  5p 3P0
1 86,87,88,92,95 136

3.6825364 5d 3D3,2,1 →  5p 3P0
2 86,87,89,96 136

4.2013276 5p 3P0
2 →  5s 3S1 86,87,92,98 136

4.3638859 5d 3D3,2,1 →  4f 3F0 86,87,89,92,99 136
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Figure 3.1.6  Partial energy level diagram of magnesium showing the majority of the reported laser
transitions.

Calcium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.5349472 4p' 1F0
3 →  3d 1D2 100,101,104 137

0.5857452 4p2 1D2 →  4p 1P0
1 100,101,105 137

0.644981 4p' 1D0
2 →  3d 3D1 100,102,106 138

1.304 3d 3F3 →  4p' 3F0
3 6532 1499

1.317 3d 3F3 →  4p' 3F0
2 6533 1499

1.425 5d 3D3 →  4p' 3F0
2 6534 1499

1.897 3d2 3F3 →  4p' 3D0
2 6535 1499

1.905 3d2 3F4 →  4p' 3D0
3 6536 1499

5.547327 4p 1P0
1 →  3d 1D2 100,103,107 138–141

Strontium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.638075 5p' 1D0
2 →  4d 3D1 108,110 138

3.0670208 4d 3D1 →  5p 3P0
2 112 143,144

3.0118377 4d 3D2 →  5p 3P0
2 111 143,144

6.4566866 5p 1P0
1 →  4d 1D2 109,113 139,141
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Barium (Figure 3.1.7)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.7120329 6p' 1D0
2 →  5d 3D1 114,123,124 138,145

1.130304 6p 1P0
1 →  5d 3D2 114–6,123,125 146,147,148

1.50004 6p 1P0
1 →  5d 1D2 114–8,123,126 146–151,708

1.82041 6p' 1P0
1 →  5d2 1D2 114,123,127 147

1.9022415 6d 1D2 →  6p' 3D0
3 114,115,123,128 146

2.1573497 6p' 1P0
1 →  5d2 3P2 114,115,123,129 146,147

2.32553 6p 3P0
2 →  5d 3D2 114,123,130 146,147

2.4764593 7s1 S0 →  6p' 3D0
1 114,115,123,131 146

2.55157 6p 3P0
2 →  5d 3D3 114,123,132 146,147

2.78 6p 3P0
1 →  5d 3D1 6537 1502

2.9230381 6p 3P0
1 →  5d 3D2 114,119,123,133 146,147

2.98 6p 3D0
3 →  5d2 3F4 6538 1502

3.05 6p' 3D0
3 →  5d2 3F4 6539 1502

3.9589222 7s 1S0 →  6p' 3P0
1 146

4.0079678 6p' 3P0
1 →  5d2 3P0 114,123,135 146

4.3285152 7p 1P0
1 →  6d 1D2 114,123,136 147

4.6699795 6d 3D1 →  6p' 1P0
1 114,121,123,137 146,147

4.7169143 10d 3D2 →  9p 1P0
1 114,123,138 146

4.7184144 6p 3P0
2 →  5d 1D2 114,123,139 146,147

5.0322846 8p 1P0
1 →  8s 3S1 114,123,140 146

5.4798 114,122,123,141 146

5.5636 114,122,123,142 146

5.8899 114,122,123,143 146,147

6.4546 114,122,123,144 146

3.1.2.4  Group IIB Lasers

Table 3.1.4
Group IIB Lasers

Zinc
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4722 5s 3S1 →  4p 3P0
1 6540 1503

0.4811 5s 3S1 →  4p 3P0
2 6541 1503

1.305363 5p 3P0
2 →  5s 3S1 145,146 383

1.315059 5p 3P0
1 →  5s 3S1 145,147 383
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Figure 3.1.7  Partial energy level diagram of barium showing the laser transition between the
lowest-lying levels.

Cadmium (Figure 3.1.8)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4800 6s 3S1 →  5p3P0
1 6542 1503

0.5086 6s 3S1 →  5p 3P0
2 6543 1503

0.7133974 7p 1P0
1 →  6s 3S1 148,149,150 152

0.9838743 9s 1S0 →  6p 3P0
2 155 152

1.0867911 7d 1D2 →  6p 3P0
2 156 152

1.1485 157 152

1.1554 158 152

1.1663677 8p 1P0
1 →  5d 3D1 148,159 152

1.1745636 8s 1S0 →  6p 3P0
0 160 152

1.1874246 6p 1P0
1 →  6s 3S1 161 152,153

1.3982714 6p 3P0
2 →  6s 3S1 151 152,154,383

1.4331602 6p 3P0
1 →  6s 3S1 153,154 152,153,154,383

1.4478302 6p 3P0
0 →  6s 3S1 162 154,383,775
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Cadmium (Figure 3.1.8)—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.6404449 4f 3F0
2 →  5d 3D1 163,164 152,154,383

1.6437081 4f 3F0
2,3 →  5d 3D2 165 152

1.6486189 4f 3F0
2,3,4 →  5d 3D3 166 152,153

1.9123124 6d 1D2 →  6p1P0
1 167 152

13.188714 5d 1D2 → 6p 3P0
1 168 155

14.58202  6p 1P0
1 → 5d 1D2 169 155

1.1663677 8p 1P0
1 →  5d 3D1 148,159 152

1.1745636 8s 1S0 →  6p 3P0
0 160 152

1.1874246 6p 1P0
1 →  6s 3S1 161 152,153

1.3982714 6p 3P0
2 →  6s 3S1 151 152,154,383

1.4331602 6p 3P0
1 →  6s 3S1 153,154 152,153,154,383

Figure 3.1.8  Partial energy level diagram of cadmium showing the majority of the laser
transitions. Wavelengths are given in microns.
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Mercury (Figure 3.1.9)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.365015 6d 3D3 →  6p 3P0
2 170,171,180,181 156

0.365483 6d 3D2 →  6p 3P0
2 170,171,180,182 156

0.366288 6d 3D1 →  6p 3P0
2 170,171,180,183 156

0.435835 7s 3S1 →  6p 3P0
1 170,173,180,185 156

0.546074 7s 3S1 →  6p 3P0
2 170,173,180,186 157–159

0.366328 6d 1D2 →  6p 3P0
2 170,171,180,184 156

0.404 7s 3S1 →  6p 3P0
0 6544 1504

0.579065 6d 1D2 →  6p 1P0
1 170,171,180,188 156

0.8677 175,180,189 160

0.576959 6d 3D2 →  6p 1P0
1 170,171,180,187 156

1.1179812 7p 1P0
1 →  7s 3S1 180,190 160,161

1.1290435 7p 3P0
2 →  7s 3S1 171,180,191 156

1.2222 180,192 162,163

1.2246 180,193 162,163

1.2545 180,194 160

1.2760 180,195 162,163

1.2981 180,196 160

1.3574217 7p 1P0
1 →  7s 1So 180,197 156

1.3655 7p 3P0
1 →  7s 3S1 (probably) 171,180,198 160

1.3677207 7p 3P0
1 →  7s 3S1 171,180,199 156,161

1.3954389 7p 3P0
0 →  7s 3S1 171,180,200 156

1.529954 6p' 3P0
2 →  7s 3S1 180,201 160–174

1.6924775 5f 1F0
3 →  6d 1D2 180,202 160,161

1.6946636 5f 3F0
2 →  6d 3D1 180,203 160,161

1.7077438 5f 3F0
4 →  6d 3D3 180,204 160,161

1.7114554 5f 3F0
3 →  6d 3D2 180,205 160,161

1.7334185 7d 1D2 →  7p 1P0
1 180,206 161,167

1.8135329 6p' 3F0
4 →  6d 3D3 180,207 160,161,164–169

3.928361 6d 3D3 →  6p' 3P0
2

or 5g G →  5f F0

176,177,180,208 161,167

3.1.2.5  Group IIIA Lasers

Table 3.1.5
Group IIIA Lasers

Boron
Wavelength ( m) Trans i t ion  ass ignment Comments References

3.601 213,214 176
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Figure 3.1.9  Partial term diagram of mercury showing the majority of the reported laser
transitions. Circles represent odd levels; horizontal lines represent even levels. (From Bockasten,
K., Garavaglia, M., Lengyel, B. A., and Lundholm, J. Opt. Soc. Amer. 55, 1051, 1965. With
permission.)

Aluminum
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.3962 4s 2S1/2 →  3p 2P3/2 6900 1771
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Gallium (Figure 3.1.10)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4032987 5s 2S1/2 →  4p 2P0
1/2 215,216,217 177

0.4172042 5s 2S1/2 →  4p 2P0
3/2 215,216,218 177

1.7367231 4p2 4P5/2 →  5p 2P0
3/2 219 175

5.754965 4d 2D3/2 →  5p 2P0
1/2 215,220 175

6.1477551 4d 2D3/2 →  5p 2P0
3/2 215,221 175

Figure 3.1.10  Partial energy level diagram of gallium showing the reported laser transitions.
Wavelengths are given in microns.
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Indium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4511 6σ 2Σ1/2 →  5π 2P3/2 6911 1761

1.342996 6p 2P0
1/2 →  6s 2S1/2 222,225 383

1.431625 6d 2D5/2 →  6p 2P0
3/2 222,226 383

1.441920 6d 2D3/2 →  6p 2P0
3/2 222,227 383

1.8736732 5p2 4P5/2 →  6p 2P0
3/2 222,228 175

2.3785794 5p2 4P3/2 →  6p 2P0
1/2 222,229 175

0.4101745 6s 2S1/2 →  5p 2P0
1/2 222,223 178

0.4511299 6s 2S1/2 →  5p 2P0
3/2 222,224 178

Thallium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.377572 7s 2S1/2 →  6p2 P0
1/2 230,233,234 180

0.535065 7s 2S1/2 →  6p 2P0
3/2 231–236 181,182,187–9

3.8135916 8p 2P0
1/2 →  8s 2S1/2 233,237 175

5.1072522 6d 2D3/2 →  7p 2P0
1/2 233,238 175

10.451505 6d 2D3/2 → 7p 2P0
3/2 233,239 175

3.1.2.6  Group IVA Lasers

Table 3.1.6
Group IVA Lasers

Carbon (Figure 3.1.11)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.8335149 3p 1S0 →  3s 1P0
1 240,243 190

0.962 3p 3S1 →  3s 3P0
1 6547 1505

0.9658 3p 3S1 →  3s 3P0
2 6548 1505,1506

1.0683082 3p 3D2 →  3s 3P0
1 240,241,245 192,191,193

1.0685345 3p 3D1 →  3s 3P0 240,241,246 190,193

1.0691250 3p 3D3 →  3s 3P0
2 240,241,247 190–1,193,194–6

1.0707333 3p 3D1 →  3s 3P0
1 240,248 193

1.0730 3p 3D2 →  3s 3P0
2 6549 1505

1.454250 3p 1P1 →  3s 1P0
1 240,241,249 190–1,193,194–8,

383,403,405

2.0655993 5d 1D0
2 →  4p 3P2 240,250 195

3.407422 4d 1D0
2 →  4p 1P1 240,251 195

3.5117661 6d 3P0
2 →  5p 3D3 240,252 195
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Figure 3.1.11  Partial energy level diagram of carbon showing the reported laser transitions.
Wavelengths are given in microns.

Silicon
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.1984187 4p 3D2 →  4s 3P0
1 254,255 199

1.2031507 4p 3D3 →  4s 3P0
2 254,256 199

1.5884410 5s 3P0
1 →  4p 3D1 254,257 199,403
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Germanium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.3269 5s 3P0
1 →  4p2 1D2 6550 1490

1.9814602 6d 3P0
1 →  6p 3P0 258,260 175

2.020602 6f 3G3 →  5d 3P0
2 258,259,261 175

Tin
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.3801 6s 3P0
1 →  5p2 1D2 6551 1490

0.657903 10d 3D0
2 →  6p 3P1? 262,263,264 200,201,202

1.0612556 5p 3 3D0
1 →  6p 3P2 265 384

1.3612294 6p 1P1 →  6s 1P0
1 266 383

4.6157396 5d 3D0
1 →  6p 3P1 267 155

Lead (Figure 3.1.12)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.36395677 7s(3/2,1/2)0
1 →  6p2(3/2,3/2)2

(7s 3P0
1 →  6p2 3P1)

268,269,273 204,239

0.405780 677s(1/2,1/2)0
1 →  6p2(3/2,1/2)2

(7s 3P0
1 →  6p2 3P2)

268,269,274 204,207,239

0.40621360 6d1/2[3/2]0
1 →  6p2(3/2,3/2)2

(6d 3D0
1 →  6p2 1D2)

268,269,275 204,207,239

0.7228965 37s(1/2,1/2)0
1 →  6p2(3/2,3/2)2

(7s3P0
1 →  6p2 1D2)

268,269,270,

276

204–210

0.7229 6p 7s 3P1 → 6p2 1D2 6919 1776

1.2561370 7p(1/2,1/2)1 →  7s(1/2,1/2)0
0

(7p 3P1 →  7s 3P0
0)

268,277 211

1.3152769 7d1/2[5/2]0
3 →  7p(1/2,3/2)2

(7d 3F0
3 →  7p 3D2)

268,279 383

1.5335134 7s(3/2,1/2)1 →  7p(1/2,1/2)1

(7s 1P0
1 →  7p 3P1)

268,271,280 383

3.1748096 6d1/2[3/2]0
1 →  7p(1/2,1/2)1

(6d 3D0
1 →  7p 3P1)

268,281 175

7.1764192 6d1/2[3/2]0
1 →  7p(1/2,3/2)1

(6d 3D0
1 →  7p 3D1)

268,282 175

7.9423392 6d1/2[3/2]0
1 →  7p(1/2,3/2)2

(6d 3D0
1 →  7p 3D2)

268,283 175
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Figure 3.1.12  Partial energy level diagram of lead showing the self-terminating laser transitions.
Wavelengths are given in microns.

3.1.2.7  Group IVB Lasers

Table 3.1.7
Group IVB Lasers

Titanium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.43148 4p 3D0
3 → 4s 5F4 1779,1784 6906,6907

0.47102 4p 3D0
1 → 3d2 4s2 3Po 1779,1784 6906,6907

0.47226 4p 3D0
1 → 3d2 4s2 3P1 1779,1784 6906,6907

0.54742 4p 3G0
5 → 4s 3F4 1779,1784 6906,6907

0.55125 4p 3D0
3 → 4s 3F4 1779,1784 6906,6907

0.55144 4p 3D0
1 → 4s 3F2 1779,1784 6906,6907

0.55145 4p  3D0
2 → 4s  3F3 1779,1784 6906,6907

0.6258 4p 3G0
4 → 4s 3F3 1779,1784 6906,6907
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3.1.2.8  Group VA Lasers

Table 3.1.8
Group VA Lasers

Nitrogen (Figure 3.1.13)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4120 284,285,295 212

0.4321334 5p 4P0
3/2 →  2p4 4P3/2 284,286,296 213

0.4328395 5p 4D0
5/2 →  2p4 4P5/2 284,286,297 213

0.4525 284,285,298 212

0.4750295 4p 2D0
3/2 →  3s 2P1/2? 284–286,299 212

0.5440 284,285,300 212

0.550042 8s 2P1/2 →  3p 2D0
3/2? 284–286,299 212

0.5540307 5d 4P3/2 →  3p 4D0
3/2? 284–286,299 212

0.8594005 3p 2P0
1/2 →  3s 2P1/2 284,303 190,214

0.8629238 3p 2P0
3/2 →  3s 2P3/2 284,287,304 190–2,214–6

0.8680 3p 4D0
7/2 →  3s 4P5/2 6552 1505

0.8683 3p 4D0
5/2 →  3s 4P3/2 6553 1505

0.8703 3p 4D0
1/2 →  3s 4P1/2 6555 1505

0.9045878 3p' 2F0
7/2 →  3s' 2D5/2 284,305 214

0.9187449 3p' 2D0
5/2 →  3s' 2D5/2 284,289,306 190

0.918784 3p' 2D0
5/2 →  3s' 2D3/2 284,307 190

0.9386805 3p 2D0
3/2 →  3s 2P1/2 284,287,308 190,191,215,

217,218

0.9392789 3p 2D0
5/2 →  3s 2P3/2 284,287,309 190–192,215,

216,218

1.0563328 3d 4D3/2 →  3p 4P0
5/2 284,290,310,311 219

1.0623177 3d 4P1/2 →  3p 4P0
1/2 284,290,311,312 219

1.0643981 3d 4P3/2 →  3d 4P0
1/2 284,290,311,313 219

1.342961 3p 2S0
1/2 →  3s 2P1/2 284,314 215

1.3581330 3p 2S0
1/2 →  3s 2P3/2 284,287,315 191,195,196,215

1.45423 284,292,316 215

1.4553011 4s 4P5/2 →  3p 2D0
5/2 284,317 195,196

3.7942 284,293,318 215

3.8154 284,294,319 215
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Figure 3.1.13  Partial energy level diagram of nitrogen showing the majority of the reported laser
transitions. Wavelengths are given in microns.

Phosphorus (Figure 3.1.14)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.667193 320,321,323,324 220

1.008422 4p 2P0
3/2 →  4s 2P3/2 320,323,325 221

1.1163455 4p 4S0
3/2 →  4 s2P1/2 320,323,326 221

1.11864700 4p 2D0
5/2 →  4s 2P3/2 320,323,327 221

1.1547277 4p 4S0
3/2 →  4s 2P3/2 320,323,328 221

01.1787698 4p 4P0
3/2 →  4s 2P1/2 320,323,329 221

1.5716351 4p 2S0
1/2 →  4s 2P1/2 320,323,330 221

1.648791 4p 2S0
1/2 →  4s 2P3/2 320,323,331 221

1.8943842 5s 2P3/2 →  4p 2P0
1/2 320,323,332 221

2.0962339 3d 2D3/2 →  4p 2P0
1/2 320,322,323,333 221
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Figure 3.1.14  Partial energy level diagram of phosphorus showing all the classified laser
transitions. Wavelengths are given in microns.

Arsenic (Figure 3.1.15)
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.04559850 5p 2D0
5/2 →  5s 2P3/2 338 222

1.0617063 5p 2D0
3/2 →  5s 2P1/2 339 222

1.1247708 5p 4P0
1/2 →  5s 2P1/2 340 222

1.1522595 6p 2P0
1/2 →  4d 2P1/2 334,341 175,222

1.1524056 5p 4P0
5/2 →  5 s2P3/2 342 175,222

1.2945989 5p 4D0
3/2 →  5s 2P1/2 343 222

1.4124892 5p 4D0
5/2 →  5s 2P3/2 335,344 222

1.4258622 771213/2,5/2 →  5p' 2D0
3/2 345 175

1.4259232 6p 4D0
3/2 →  4d 4P3/2 346 175

1.4629079 5p 2P0
1/2 →  4p4 4P1/2 347 222

1.8053474 6p 4P0
1/2 →  4d 2D3/2 348 175

1.8068806 5p 4P0
3/2 →  4p4 4P3/2 336,349 222

1.9754647 75578.73/2,5/2 →  6p 4D0
3/2 350 175
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Arsenic (Figure 3.1.15)—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

2.0282741 6p 2P0
3/2 →  6s 2P1/2 337,351 175

2.4466627 4d 2P3/2 →  5p 4P0
3/2 352 175

2.9813368 5p 2D0
5/2 →  5s' 2D5/2 353 175

5.2879276 4d 4P5/2 →  5p 4D0
3/2 354 175

Figure 3.1.15  Partial energy level diagram of arsenic showing the majority of the reported laser
transitions. Wavelengths are given in microns.
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Antimony
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.32676 6s2P1/2 →  5p32P0
1/2 6556 1491

12.036591 53443.35/2 → 52612.50
3/2 355 175

Bismuth
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.472252 7s 4P1/2 →  6p3 2D0
3/2 356–359 223,386,769

1.1711 6p 2(3P0)7p1/2 →  7s 4P1/2 6557 1492

5.3297517 6d 2D5/2 →  7p(?)0
3/2 356,361 175

3.1.2.9  VB Lasers

Table 3.1.9
Group VB Lasers

Vanadium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.4095
4F0

7/2 - 4D5/2 1787 6908

2.0200522 f 6F9/2 →  v 4G0
7/2 362,363,364 155

2.4480996 z 4P0
3/2 →  b 4D1/2 362,363,365 155

Tantalum
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.2925
6F0

1/2 - 4P3/2 1778 6909

0.3227
6F0

3/2 - 4P5/2 1778 6909

0.3281
6F0

3/2 - 6D1/2 1778 6909

0.3304
6F0

3/2 - 6D3/2 1778 6909

0.351.4
6F0

1/2 - 2P1/2 1778 6909
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3.1.2.10  Group VIA Lasers

Table 3.1.10
Group VIA Lasers

Oxygen (Figure 3.1.16)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.55788939 2p4 1S0 →  2p4 1D2 366,373 224,225,387,

388,1486

0.844628 3p 3P0,2,1 →  3 s3S0
1 368,374 226–239,1698,

0.844638 3p 3P0,2,1 →  3 s3S0
1 368,376,377 226–240,1698,

0.844672 3p 3P0,2,1 →  3s 3S0
1 368,378 226–240,1698,

0.844680 3p 3P0,2,1 →  3s 3S0
1 368,380 226–240,1698,

0.88228702 3p' 1F3 →  3s' 1D0
2 370,382 190

2.6513946 4d 5D0 →  4p 5P 371,372,383 236

2.8944397 4p 3P2,1,0 →  4s 3S0
1 384 1698,235

6.8175155 3s' 3D0
2 →  4p 3P(2) 387 215

6.8598868 5p 3P2,1,0 →  5s 3S0
1 388 235,1698

6.8745531 3s' 3D0
3 →  4p 3P2 389 215

10.40312 5p 3P2,1,0 →  4d 3D0
3,2,1 385,390 1698,235

Sulfur (Figure 3.1.17)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.7726542 3p4 1S0 →  3p4 1D2 391,395,396 238

1.0455451 4p 3P2 →  4s 3S0
1 392,395,397 195,196,239

1.0635993 4p' 1F3 →  4s' 1D0
2 392,395,398 195,196

1.4019620 3s3p5 3P0
2 →  4p 3P2 392,395,399 240

1.5422255 4f 3F4,(3) →  3d 3D0
3 392,393,395,400 241

1.6542665 5p 5P3 →  3d 5D0
4 392,395,401 241

2.436331 5p 3P1 →  3d 3D0
2 392,395,403 241

2.2801247 4s' 3D0
3 →  4p 5P2 395,402 242,403

3.389503 4s' 3D0
3 →  4p 3P2 394,395,404 242
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Figure 3.1.16  Partial energy level diagram of oxygen showing the majority of the reported laser
transitions. Wavelengths are given in microns.
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Figure 3.1.17  Partial energy level diagram of sulfur showing all of the reported laser transitions.
Wavelengths are given in microns.

Selenium
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.48884122 4p4 1S0 →  4p4 3P1 405,406,407 245,390

0.77700379 4p4 1S0 →  4p4 1D2 406,408 245,390

6.3687777 5s' 3D0
3 →  5p 3P2 409 155
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Tellurium
Wavelength ( m) Trans i t ion  ass ignment Comments References

7.8071691 5d 5D0
4 →  6p 5P3 410,412,419 155

6.7631543 5d 5D0
3 →  6p 5P2 410,412,418 155

3.1653653 5d 3D0
3 →  6p 3P2 410,412,417 155

0.63497 410,416 442

0.5640 410,415 443

0.5454 410,414 443

Thulium (Figure 3.1.18)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.106939 6s2 6p → 4f12  5d 6s2

(J=7/2 → 5/2)

6913,6914 1785,1786

0.145304 6s2 6p → 4f12 5d 6s2

(J=11/2 → 11/2)

6913,6914 1785,1786

0.149578 4f13  5d 6s → 4f12  5d 6s2

(J=11/2 → 9/2)

6913,6914 1785,1786

0.3051 6559 1493

0.3079 (3,5/2)7/2 →  2F0
7/2 6559 1493

0.3497 6559 1493

0.3566 (5/2,2)5/2 →  2F0
7/2 6559 1493

0.3568 (5/2,2)9/2 →  2F0
7/2 6559 1493

0.3718 (5,5/2)9/2 →  2F0
7/2 6559 1493

0.3722 (7/2,2)0
13/2 →  (6,3/2)13/2 6559 1493

0.4118 (5/2,1)0
7/2 →  (7/2,0)7/2 6559 1493

0.4122 6559 1493

0.4151 (7/2,0)0
7/2 →  (7/2,1)5/2 6559 1493

0.4360 (5,3/2)5/2 →  2F0
7/2 6559 1493

0.4415 1[11/2]0
5/2 →  (7/2,0)7/2 6559 1493

0.4662 (3,3/2)0
7/2 →  (7/2,1)9/2 6559 1493

0.4881 3[9/2]0
11/2 →  (7/2,2)11/2 6559

0.5061 (7/2,2)7/2 →  2F0
7/2 6559 1493

0.5115 (7/2,2)5/2 →  2F7/2 6559 1493

0.5307 (6,5/2)9/2 →  2F0
7/2 6559 1493

0.5634 6559

0.5676 (7/2,1)9/2 →  2F0
7/2 6559 1493

0.5766 (7/2,1)7/2 →  2F0
7/2 6559 1493

0.5809 (3,3/2)0
9/2 →  (4,5/2)11/2 6559 1493

0.58995 (6,5/2)7/2 →  2F0
7/2 6558,6559 1494

0.5971 (7/2,0)7/2 →  2F0
7/2 6559 1493

0.6119 (6,5/2)0
11/2 →  (6,3/2)13/2 6559 1493
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Figure 3.1.18  Partial energy level diagram of thulium showing the majority of the reported laser
transitions. Wavelengths are given in microns.

Thulium—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.6170 1[3/2]0
9/2 →  (6,5/2)11/2 6559 1493

0.6404 (4,1/2)0
9/2 →  (7/2,2)9/2 6559 1493

0.6461 (7/2,1)0
9/2 →  (7/2,0)7/2 6559 1493

0.6519 (2,5/2)3/2 →  3[3/2]0
3/2 6559 1493

0.6589 (7/2,2)11/2 →  3[9/2]0
11/2 6559 1493

0.6620 (4,5/2)7/2 →  2F0
5/2 6559 1493

0.6658 (7/2,1)0
7/2 →  (7/2,1)7/2 6559 1493

0.6723 (6,9/2)0
5/2 →  (4,5/2)3/2 6559 1493

0.6782 (7/2,1)0
7/2 →  (7/2,1)9/2 6559 1493

0.6845 (7/2,1)0
7/2 →  (7/2,1)5/2 6559 1493

0.6848 (7/2,1)0
9/2 →  (7/2,1)9/2 6559 1493
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Thulium—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.6914 (3,1/2)0
9/2 →  (4,5/2)11/2 6559 1493

0.6956 (2,5/2)9/2 →  3[5/2]0
7/2 6559 1493

0.6988 6559 1493

0.6996 (7/2,1)9/2 →  1[9/2]0
9/2 6559 1493

0.7038 (7/2,0)0
7/2 →  (7/2,2)7/2 6559 1493

0.7339 (4,1/2)0
9/2 →  (4,3/2)9/2 6559 1493

0.7342 (2,5/2)7/2 →  3[7/2]0
9/2 6559 1493

0.7392 (7/2,1)0
7/2 →  (6,5/2)9/2 6559 1493

0.7406 6559

0.7409 (7/2,2)9/2 →  3[5/2]0
7/2 6559 1493

0.7439 6559

0.7448 (4,3/2)7/2 →  3[9/2]0
9/2 6559 1493

0.7481 (4,1/2)0
9/2 →  (4,3/2)11/2 6559 1493

0.7522 (7/2,0)0
3/2 →  (5/2,2)5/2 6559 1493

0.7526 (7/2,1)0
11/2 →  (4,5/2)13/2 6559 1493

0.7532 6559 1493

0.7559 6559 1493

0.7577 (7/2,0)0
7/2 →  (5/2,2)5/2 6559 1493

0.7669 1[9/2]0
9/2 →  (5/2,2)7/2 6559 1493

0.7768 (2,5/2)9/2 →  3[9/2]0
9/2 6559 1493

0.7804 6559 1493

0.7845 1[11/2]0
9/2 →  (5/2,1)7/2 6559 1493

0.7849 6559 1493

0.7929 (7/2,1)0
7/2 →  (7/2,2)7/2 6559 1493

0.7931 (7/2,1)0
7/2 →  (7/2,2)9/2 6559 1493

0.7983 (2,5/2)3/2 →  3[7/2]0
5/2 6559 1493

0.8020 (7/2,1)0
9/2 →  (7/2,2)9/2 6559 1493

0.8170 3[7/2]0
7/2 →  (4,3/2)5/2 6559 1493

0.8180 (7/2,2)5/2 →  1[7/2]0
7/2 6559 1493

0.8186 1[7/2]0
11/2 →  (5,5/2)11/2 6559 1493

0.8215 (3,1/2)0
11/2 →  (5,3/2)11/2 6559 1493

0.8233 6559 1493

0.8480 (2,5/2)3/2 →  1[3/2]0
3/2 6559 1493

0.8480 6559 1493

0.8482 6559 1493

0.8533 (7/2,2)9/2 →  (5,1/2)0
9/2 6559 1493

0.8730 3[9/2]11/2 →  (5/2,2)9/2 6559 1493

0.8803 (7/2,1)0
5/2 →  (4,3/2)7/2 6559 1493

0.8836 (7/2,1)0
5/2 →  (4,3/2)5/2 6559 1493

1.1101 (6,3/2)0
15/2 →  (6,5/2)17/2 6558,6559 1494

1.3058983 (4,5/2)'13/2 →  (6,1/2)0
11/2 420–24 246
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Thulium—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.3104227 (6,1/2)0
13/2 →  (6,3/2)15/2 420,423,425 246

1.3383700 3[11/2]0
13/2 →  (6,3/2)15/2 420,423,426 246

1.4343722 3[11/2]0
11/2 →  (6,3/2)11/2 420,423,427 246

1.4489080 (6,3/2)0
11/2 →  (6,5/2)13/2 420,423,428 246

1.4998810 1[11/2]0
11/2 →  (6,5/2)11/2 420–23,429 246

1.5036834 (2,3/2)5/2 →  3[5/2]0
5/2 420–23,430 246

1.6383650 3[9/2]0
11/2 →  (6,5/2)11/2 420,421,423,431 246

1.6758663 3[9/2]0
11/2 →  (7/2,2)11/2 420,421,423,432 246

1.7323684 1[11/2]0
11/2 →  (7/2,2)9/2 420,423,433 247

1.9589851 3[11/2]0
1/2 →  (6,3/2)13/2 420,423,434 246

1.9722834 (4,3/2)'9/2 →  3[9/2]0
7/2 420,421,423,435 246

1.9947227 (6,1/2)0
11/2 →  (6,3/2)13/2 420,423,436

2.1059135 (5,5/2)11/2 →  3[11/2]0
13/2 420,421,423,437 246

2.1129476 (4,1/2)0
9/2 →  (4,5/2)9/2 420,421,423,438 246

2.3851957 3[7/2]0
9/2 →  (7/2,2)9/2 420,421,423,439 246

3.1.2.11  Group VII Lasers

Table 3.1.11
Group VII Lasers

Fluorine (Figure 3.1.19)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.6239651 3p 4S0
3/2 →  3 s4P5/2 440,442,444 248,249

0.6348508 3p 4S0
3/2 →  3s 4P3/2 440,442,445 248,249,250

0.6413651 3p 4S0
3/2 →  3s 4P1/2 440,442,446 248,249

0.6966349 3p 2P0
1/2 →  3s 2P3/2 440,442,447 250–252,440

0.7037469 3p 2P0
3/2 →  3s 2P3/2 440,442,448 197,249,

251–5,440

0.7127890 3p 2P0
1/2 →  3s 2P1/2 440,442,449 197,249,251,

253,255,440

0.7202360 3p 2P0
3/2 →  3s 2P1/2 440,442,450 250–253,440

0.7309033 3p' 2F7/2 →  3s' 2D5/2 440,442,451 249

0.7311019 3p 2S0
1/2 →  3s 2P3/2 440,442,452 250–252,255,440

0.7398688 3p 4P0
5/2 →  3s 4P5/2 440,442,453 248,250

0.7425645 3p 4P0
1/2 →  3s 4P3/2 440,442,454 256

0.7482723 3p 4P0
3/2 →  3s 4P3/2 440,442,455 256

0.7489155 3p 2S0
1/2 →  3s 2P1/2 440,442,456 250,252,440
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Fluorine—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.7514919 3p 4P0
1/2 →  3s 4P1/2 440,442,457 256

0.7552235 3p 4P0
5/2 →  3s 4P3/2 440,442,458 250,248,249

0.7754696 3p 2D0
5/2 →  3s 2P3/2 440,442,459 250,252,440

0.7800212 3p 2D0
3/2 →  3s 2P1/2 440,442,460 250,252,254,440

7.435 440–42,461 155

Figure 3.1.19  Partial energy level diagram of fluorine showing the majority of the reported laser
transitions. Wavelengths are given in microns.
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Chlorine (Figure 3.1.20)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.9452098 4p 2P0
3/2 →  4s 2P1/2 462,464,465 258,260

1.386330 5s 2[2]5/2 →  4p 4D0
5/2 462,464,466 260

1.38931 5s 2[2]3/2 →  4p 4D0
3/2 462,464,467 260

1.58697 3d 4F9/2 →  4p 4D0
7/2 462,464,468 197,261,391

1.5730 3d 4F7/2 →  4p 4D0
5/2 6560 1505

1.5970 3d 4F3/2 →  4p 4D0
1/2 6561 1505

1.97553 3d 4D7/2 →  4p 4P0
5/2 462,464,469 199,260–264

2.01994 3d 4D5/2 →  4p 4P3/2 462,464,470 199,260–263

2.44700 3d 4D7/2 →  4p 4D0
7/2 462,464,471 197,260,264

3.066080 5p 4D0
5/2 →  5s '[1]3/2 462,463,464,472 264

3.543052 5p 4P0
5/2 →  3d 4P5/2 462,464,473 197

3.796602( 1D2)4p2P0
3/2 →  5s[2]3/2 462,464,474 197

Figure 3.1.20  Partial energy level diagram of chlorine showing the majority of the reported laser
transitions. Wavelengths are given in microns.



©2001 CRC Press LLC

Bromine (Figure 3.1.21)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.8964 5p 2F0
5/2 →  5s 2D3/2 6562 1505

0.9173 5p 2P0
1/2 →  5s 2P1/2 6563 1505

0.9178 5p 4S0
1/2 →  5s 2P3/2 6564 1505

0.9793 5p 4S0
3/2 →  5s 2P1/2 6565 1505

1.1743 5p 4D0
5/2 →  5s 2P3/2 6566 1505

1.973362 4d 4F9/2 →  5p 4D0
7/2 475,478,479 261,403

2.286565 4d 4D7/2 →  5p 4P0
5/2 475,478,480 265

2.351215 4d 4D5/2 →  5p 4P0
3/2 475,478,481 265

2.7135274 4p5 2P0
1/2 →  4p5 2P0

3/2 475–8,482 437,438,439

2.837716 4d 4D7/2 →  5p 4D0
7/2 475,478,483 265

Iodine (Figure 3.1.22)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.98 484,485,490 266

1.01 484,485,491 266

1.03 484,485,492 266

1.06 484,485,493 266

1.3152443 5p5 2P0
1/2 →  5p5 2P3/2 484,486,494-95 267–283

1.4545941 (3P0)6d[2]3/2 →  (3P2)7p[1]0
3/2 484,496 260

1.5533401 (3P2)7s[2]3/2 →  (3P2)6p[1]0
1/2 484,487,497 400

2.598577 5d'[2]3/2 →  6p''[1]0
3/2 484,488,498 260

2.757298 5d[0]1/2 →  6p[2]0
3/2 484,488,499 265,401

3.036119 5d[2]3/2 →  6p[1]0
3/2 484,488,500 401,402

3.236285 5d[2]5/2 →  6p[1]0
3/2 484,488,501 164,263,265,401

3.429573 5d[4]7/2 →  6p[3]0
5/2 484,488-89,502 164,263,265,

401,402

4.3321362 (3P2)5d[1]1/2 →  (3P2)6p[2]0
3/2 484,503 400

4.8584726 (3P1)5d[1]3/2 →  (3P1)6p[2]0
5/2 484,504 401,402

4.8629144 (3P2)5d[4]3/2 →  (3P2)6p[3]0
7/2 484,489,505 401,402

5.498705 (3P0)5d[2]5/2 →  (3P0)6p[1]0
3/2 484,506 401,402

6.721966 (1D2)6s[2]3/2 →  (3P2)6p[1]0
3/2 484,507 401,402

6.9035028 (3P1)5d[3]7/2 →  (3P1)6p[2]0
5/2 484,508 401,402

9.0195724 (3P2)5d[3]7/2 → (3P2)6p[2]0
5/2 484,509 401,402
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Figure 3.1.21  Partial energy level diagram of bromine showing the majority of the reported laser
transitions. Wavelengths are given in microns.
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Figure 3.1.22  Partial energy level diagram of iodine showing the laser lines reported in CW gas
discharge-excited operation. Wavelengths are given in microns. (From Kim, H., Paananen, R., and
Hanst, P., IEEE J. Quantum Electron. QE-4, 385, 1968. With permission.)
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Ytterbium (Figure 3.1.23)
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.0324559 5d6s 1D2 →  6s6p 3P0
1 510,511,512 247

1.255136 5d6s 1D2 →  6s6p 3P0
2 510,511,513 247

1.4283698 6s26p 1D2 →  5d6s2 1D0
2 510,511,514 247

1.4793059 5d6s 3D2 →  6s6p 3P0
1 510,511,515 404

1.7459155 5d6s2 3D0
1 →  6s7s 3S1 510,511,516 247

1.798400 5d6s 3D3 →  6s6p 3P0
2 510,511,517 404

2.0041827 6s26p 1D2 →  5d6s2 1F0
3 510,511,519 246,247

2.1186997 5d6s2 1P0
1 →  6s7s 3S1 510,511,520 246,247

4.8021974 5d6s 3D3 →  5d6s2 3P0
2 510,511,521 247

Figure 3.1.23  Partial energy level diagram of ytterbium showing all of the reported laser
transitions. Wavelengths are given in microns.
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3.1.2.12  Group VIIB Lasers

Table 3.1.12
Group VIIB Lasers

Manganese (Figure 3.1.24)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.5341065 y 6P0
7/2 →  a 6D9/2 522,523,524,525 336,406–414

0.5420368 y 6P0
5/2 →  a 6D7/2 522,526,527 336,406,407,

411–413

0.5470640 y 6P0
5/2 →  a 6D5/2 522,528 406,407,413

0.5481345 y 6P0
3/2 →  a 6D5/2 522,529 407,336

0.5516777 y 6P0
3/2 →  a 6D3/2 522,530 336,406,407,413

0.5537749 y 6P0
3/2 →  a 6D1/2 522,531 336,406,407,413

1.28997 z 6P0
7/2 →  a 6D9/2 522,532,533 336,406,407,

411,412,413

1.32941 z 6P0
7/2 →  a 6D7/2 522,534,535 336,406,407,

411,412,413

1.33179 z 6P0
5/2 →  a 6D7/2 522,536,537 336,406,407,

411,412,413

1.36257 z 6P0
5/2 →  a6D1/2 522,538,539 336,406,407,

411,412,413

1.38638 z 6P0
3/2 →  a 6D3/2 522,540,541 336,406,407,

411,412,413

1.39970 z 6P0
3/2 →  a 6D1/2 522,542,543 336,406,407,

411,412,413

3.1.2.13  Group VIII Lasers

Table 3.1.13
Group VIII Lasers

Iron
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.299951 x 5F0
5 →  a 5F5 544,547 415

0.301618 x 5F0
1 →  a 5F2 544,548 415

0.303164 x 5F0
1 →  a 5F1 544,549 415

00.304043 x 5F0
5 →  a 5F5 544,550 415

0.452862 x 5D0
4 →  a 5P3 544,551 416

8.4927853 e 5D4 → w 5D0
4 546,553 155

6.8487052 w 5P0
3 →  e 5D4 545,552 155
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Figure 3.1.24  Partial energy level diagram of manganese showing the self-terminating laser
transitions and the primary route for direct electron-impact excitation. Wavelengths are given in
microns.

Nickel
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.347 4p 3D0
3 - 4s 3D2 6905 1774

0.381 4p 3D0
3 - 4s 1D2 6905 1774

1.396710 554,556 417

1.4553719 h 3F2 →  w 3P0
1 557 115



©2001 CRC Press LLC

Samarium
Wavelength ( m) Trans i t ion  ass ignment Comments References

1.9124005 5d6s2 7H0
2 →  5d(8D)6s 9D3 558,561 247

2.0482 559,562 247

2.7006079 6s(8F)7s 9F7 →  5d6p(3F0)? 9I6? 563 247

2.9663 564 247

3.4654 565 247

3.5361 560,566 247

4.1368 567 247

4.8656 568 247

Europium (Figure 3.1.25)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.545294 z 10D9/2 →  a 10D0
7/2 569,571 421

0.545294 z 10D9/2 →  a 10D0
7/2 569,571 421

0.557714 z 10D9/2 →  a 10D0
11/2 569,572 421

0.557714 z 10D9/2 →  a 10D0
11/2 569,572 421

0.605736 z 8F9/2 →  a 8D0
9/2 569,573 420

1.7600985 y 8P9/2 →  a 8D0
11/2 576 247,418

1.926 5d2 8G0
11/2 →  z 8F9/2 570,574 420

1.961 5d2 8G0
9/2 →  z 8F9/2 570,575 420

2.5818111 b 8D0
5/2 →  z 8P5/2 577 247

2.7181668 b 8D0
9/2 →  z 8P7/2 578 247

4.3213904 y 8P9/2 →  b 8D0
11/2 579 247

4.6948356 y 8P9/2 →  b 8P9/2 580 247

5.0660871 y 8P7/2 →  b 8D0
9/2 581 247

5.28256430 y 8P7/2 →  b 8D0
7/2 582 247

5.4306800 y 8P7/2 →  b 8D0
5/2 583 247

5.7722389 y 8P5/2 →  b 8D0
7/2 584 247

5.9495478 y 8P5/2 →  b 8D0
5/2 585 247

6.0592473 y 8P5/2 →  b 8D0
3/2 586 247
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Figure 3.1.25  Partial energy level diagram of europium showing the majority of the reported laser
transitions. Wavelengths are given in microns.
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3.1.2.14  Group VIIIA Lasers

Table 3.1.14
Group VIIIA Lasers

Helium (Figure 3.1.26)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.6678 3 1D → 2 1P 6917 1767

0.7067124 3s3 S1 →  2p 3P0
2 587,588,593 422,423

0.7067162 3s 3S1 →  2p 3P0
1 587,588,594 422,423

0.7281 3 1S → 2 1P 6917 1767

1.868596 4f 3F0 →  3d 3D 587,595 424,425

1.954313 4p 3P0 →  3d 3D 587,596 424–427

2.058130 2p 1P0
1 →  2s 1S0 587,590,597 181,428

2.060755 7d 3D →  4p 3P0 587,591,598 185,429,431

4.60535 5s 1S0 →  4p 1P0
1 587,592,599 432,433

4.60567(3He) 5s 1S0 →  4p 1P0
1 587,592,600 433

8.529294 6s 1S0 → 5p 1P0
1 587,601 433

95.77994 3p 1P0
1 →  3d 1D2 587,602 434,435,436

95.788 1998,1999 434,435

216.17882 4p 1P1
1 →  4d 1D2 587,603 435,436

216.3 1996,1997 435

Figure 3.1.26  Partial energy level diagram of helium showing the reported laser transitions.
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Neon (Figures 3.1.27–28)

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

0.54005616 3p'[1/2]0 →  3s[3/2]0
1

2p1 →  1s4

604,605,621,627 188,336,444,

446,448,460

0.5435161 5s'[1/2]0
1 →  3p[1/2]1

3s2 →  2p10

604,621,628 449

0.58524878 3p'[1/2]0 →  3s'[1/2]0
1

2p1 →  1s2

604,605,621,629 185,450

0.58524878 3p'[1/2]0 →  3s'[1/2]0
1

2p1 →  1s2

604,605,621,629 450,185

0.58525 3p'[1/2]0 →  3s'[1/2]0
1 6567,6568 1495–1497

0.59409633 5s'[1/2]1
0 →  3p[5/2]2

3s2 →  2p8

604,606,621,

630,631

185,212,451

0.59409633 5s'[1/2]1
0 →  3p[5/2]2

3s2 →  2p8

604,606,621,

630,631

185,212,451

0.59448342 3p'[3/2]2 →  3s[3/2]0
2

2p4 →  1s5

604,605,621,632 444,453–5

0.59448342 3p'[3/2]2 →  3s[3/2]0
2

2p4 →  1s5

604,605,621,632 444,453–455

0.60461348 5s'[1/2]0
1 →  3p[3/2]1

3s2 →  2p7

604,605,621,633 185,451

0.60461348 5s'[1/2]0
1 →  3p[3/2]1

3s2 →  2p7

604,605,621,633 451,185

0.61197087 5s'[1/2]0
1 →  3p[3/2]2

3s2 →  2p6

604,606,621,634 185,212,451,456

0.61197087 5s'[1/2]0
1 →  3p[3/2]2

3s2 →  2p6

604,606,621,634 185,212,451,456

0.61430623 3p[3/2]2 →  3s[3/2]0
2

2p6 →  1s5

604,605,621,635 444,447,448,

453–7,459–61

0.61430623 3p[3/2]2 →  3s[3/2]0
2

2p6 →  1s5

604,605,621,635 444,447,448,

453–7,459–61

0.62664950 3p'[3/2]1 →  3s'[1/2]0
0

2p5 →  1s3

604,605,621,636 462

0.62664950 3p'[3/2]1 →  3s'[1/2]0
0

2p5 →  1s3

604,605,621,636 462

0.62937447 5s'[1/2]0
1 →  3p'[3/2]1

3s2 →  2p5

604,605,621,637 451,456

0.62937447 5s'[1/2]0
1 →  3p'[3/2]1

3s2 →  2p5

604,605,621,637 451,456

0.63281646 5s'[1/2]0
1 →  3p'[3/2]2

3s2 →  2p4

604,605,621,

638,639

185,451,456,457,

459–462,46574
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

0.63281646 5s'[1/2]0
1 →  3p'[3/2]2

3s2 →  2p4

604,605,621,

638,639

185,451,456,457,

459–462,465–74

0.63518618 5s'[1/2]0
1 →  3p[1/2]0

3s2 →  2p3

604–5,621,

640–41

451

0.63518618 5s'[1/2]0
1 →  3p[1/2]0

3s2 →  2p3

604–5,621,

640–41

451

0.64028455 5s'[1/2]0
1 →  3p'[1/2]1

3s2 →  2p2

604,621,642,

643,644

451,488,456,

489,523,524

0.64028455 5s'[1/2]0
1 →  3p'[1/2]1

3s2 →  2p2

604,621,642,

643,644

451,456,488,

489,523,524

0.6599 3p'[1/2]1 →  3s'[1/2]0
1 6568 1496

0.6599 3p'[1/2]1 →  3s'[1/2]0
1 6568 1496

0.70324 3p[1/2]1 →  3s[3/2]0
2 6568 1495,1496

0.72452 3p[1/2]1 →  3s[3/2]0
1 6568 1495,1496

0.73068569 5s'[1/2]0
1 →  3p[1/2]0

3s2 →  2p1

604,621,

645,646

451

0.73068569 5s'[1/2]0
1 →  3p[1/2]0

3s2 →  2p1

604,621,

645,646

451

0.84633569 3d[3/2]0
1 →  3p[5/2]2

3d2 →  2p8

604,605,

621,647

526

0.86376895 3d'[3/2]0
1 →  3p'[3/2]2

3s'1 →  2p4

604,621,648 526

0.86819216 3d[3/2]0
1 →  3p[3/2]1

3d2 →  2p7

604,605,

621,649

462

0.87740648 3d'[3/2]0
1 →  3p'[1/2]1

3s'1 →  2p2

604,621,650 526

0.88653057 4s'[1/2]0
1 →  3p[1/2]1

2s2 →  2p10

604,605,

621,651

490,526,527

0.89910237 4s'[1/2]0
0 →  3p[1/2]1

2s3 →  2p10

604,621,652 490,526

0.94892838 4s[3/2]0
1 →  3p[1/2]1

2s4 →  2p10

604,621,653 528

0.96680709 4s[3/2]0
2 →  3p[1/2]1

2s5 →  2p10

604,621,654 527,528

1.0298238 4s'[1/2]0
1 →  3p[5/2]2

2s2 →  2p8

604,621,655 490,526,527

1.0623574 4s'[1/2]0
1 →  3p[3/2]1

2s2 →  2p7

604,621,656 185,490,526,

531–533

1.0801000 4s'[1/2]0
0 →  3p[3/2]1

2s3 →  2p7

604,621,657 389,472,526,

529,534



©2001 CRC Press LLC

Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

1.0847447 4s'[1/2]0
1 →  3p[3/2]2

2s2 →  2p6

604,621,658 389,472,526,

529,534

1.1146071 4s[3/2]0
1 →  3p[5/2]2

2s4 →  2p8

604,621,659 389,472,526,

528,529,534–8

1.1180588 4s[3/2]0
2 →  3p[5/2]3

2s5 →  2p9

604,621,660 185,466,526–9,

532,535,537,539

1.1393552 4s[3/2]0
2 →  3p[5/2]2

2s5 →  2p8

604,621,661 389,466,526,528,

529,534

1.1412258 4s'[1/2]0
1 →  3p'[3/2]1

2s2 →  2p5

604,621,662 389,466,526,

528,529

1.1525900 4s'[1/2]0
1 →  3p'[3/2]2

2s2 →  2p4

604,621,672,

673

185,389,466,

470,472,527,529,

535–40,542–45

1.1528174 4s[3/2]0
1 →  3p[3/2]1

2s4 →  2p7

604,621,665 185,427,526,

528,529,535,

537,544,547

1.1604712 4s'[1/2]0
1 →  3p[1/2]0

2s2 →  2p3

604,621,666 389,466,526,

529,532,540

1.1617260 4s[1/2]0
0 →  3p'[3/2]1

2s3 →  2p5

604,621,667 540,337,389,466,

526,529,536,546

1.1770013 4s'[1/2]0
1 →  3p'[1/2]1

2s2 →  2p2

604,621,668 466,526,527–529,

535–538,550

1.1792270 4s[3/2]0
1 →  3p[3/2]2

2s4 →  2p6

604,621,669 490,526,527,

528,529

1.1988192 4s'[1/2]0
0 →  3p'[1/2]1

2s3 →  2p2

604,621,670 389,466,526,

529,536,539

1.2068179 4s[3/2]0
0 →  3p[3/2]2

2s5 →  2p6

604,621,671 389,526,528,529,

532,535–536,

546,550

1.2462797 4s[3/2]0
1 →  3p'[3/2]1

2s4 →  2p5

604,621,674 490,526,528,529

1.2588072 5f[9/2]5 →  3d[7/2]0
4

5V5 →  3d'4

604,621,675 553

1.2588088 5f[9/2]4 →  3d[7/2]0
4

5V4 →  3d'4

604,621,676 553

1.2598449 4s[3/2]0
1 →  3p'[3/2]2

2s4 →  2p4

604,621,677 528,529

1.2692672 4s[3/2]0
1 →  3p[1/2]0

2s4 →  2p3

604,621,678 426,434,526,

528,537,542,553
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

1.2773017 4s[3/2]0
2 →  3p'[3/2]1

2s5 →  2p5

604,621,679 526,528

1.2890684 4s[3/2]0
1 →  3p'[1/2]0

1

2s4 →  2p2

604,621,680 490

1.2915545 4s[3/2]0
2 →  3p'[3/2]2

2s5 →  2p4

604,621,681 434,490,526,

528,553

1.3222855 ?4s[3/2]0
2 →  3p'[1/2]1

2s5 →  2p2

604,618,

621,682

528

1.4276 604,621,683 554

1.4304 604,621,684 554

1.4321 604,621,685 554

1.4330 604,621,686 554

1.4346 604,621,687 554

1.4368 604,621,688 554

1.4848636 8p'[1/2]1 →  5s[3/2]0
2

7p2 →  3s5

604,621,689 555

1.4873294 7p[1/2]1 →  4p'[1/2]0?

6p10  →  3p1?

604,620,621,690 555

1.4876248 5p'[1/2]1 →  3d[3/2]0
1

4p2 →  3d2

604,621,691 555

1.4892012 6s'[1/2]0
1 →  4p[3/2]1

4s2 →  3p7

604,621,692 555

1.4903576 6p[1/2]1 →  4p[3/2]2?

5p10  →  3p6?

604,620,621,693 555

1.4940304 6s'[1/2]0
1 →  4p[3/2]1

4s3 →  3p7

604,621,694 555

1.5234875 4s'[1/2]0
1 →  3p'[1/2]0

2s2 →  2p1

604,621,695 389,466,526,

529,534,550,556

1.6407031 6s[3/2]0
2 →  4p[5/2]3

4s5 →  3p9

604,621,696 551

1.7166616 4s[3/2]0
1 →  3p'[1/2]0

2s4 →  2p1

604,621,697 490,526

1.8215302 4p'[1/2]1 →  4s[3/2]0
1

3p1 →  2s4

604,621,698 526

1.8258313 4f[5/2]2 →  3d[7/2]0
3

4Y2 →  3d4

604,608,

621,699

185

1.8258357 4f[5/2]3 →  3d[7/2]0
3

4Y3 →  3d4

604,608,

621,700

185

1.827659 4f[9/2]4,5 →  3d[7/2]0
4

4V →  3d'4

604,609,

621,701

551,557–559
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

1.828258 4f[9/2]4 →  3d[7/2]0
3

4V →  3d4

604,609,

621,702

551,557,558,559

1.830400 4f[5/2]2,3 →  3d[3/2]0
2

4Y →  3d3

604,609,

621,703

551,557,559

1.840316 4f[5/2]2 →  3d[3/2]0
1

4Y →  3d2

604,609,

621,704

550,551,557,559

1.859112 4f[7/2]3 →  3d[5/2]0
2

4Z →  3d''1

604,609,

621,705

557,551,559

1.859730 4f[7/2]3,4 → 3d[5/2]0
3

4Z →  3d'1

604,609,

621,706

556,557,559

1.95740 4p'[3/2]2 →  4s'[3/2]0
2

3p4 →  2s5

604,610,

621,707

185,526,542,

553,560

1.958248 4p'[1/2]1 →  4s[3/2]0
2

3p2 →  2s5

604,621,708 185,434,526,561

2.0355792 4p'[3/2]2 →  4s[3/2]0
1

3p4 →  2s4

604,621,709 185,426,434,

526,537,542,550,

560–562,564

2.0359432 4p'[1/2]1 →  4s[3/2]0
1

3p2 →  2s4

604,621,710 185,526,537,

542,564

2.1023345 4d'[5/2]0
2 →  4p[3/2]2

4s'''' →  3p6(?)

604,621,711 185,435,526

2.10409 4p'[1/2]0
0 →  4s'[1/2]0

1

3p1 →  2s2

604,610,

621,712

185,434,526,

537,542,553,562

2.17074 4p[1/2]0 →  4s[3/2]0
1

3p3 →  2s4

604,610,621,713 185,434,526,

537,553

2.3266649 4p[5/2]2 →  4s[3/2]0
2

3p8 →  2s5

604,621,714 526

2.39579530 4p'[3/2]2 →  4s[1/2]0
1

3p4 →  2s2

604,611,

621,715

434,526,542,

556,560,565–568

2.3962995 4p'[1/2]1 →  4s[1/2]0
1

3p2 →  2s2

604,621,716 185,542,550,

567,568

2.4162547 5s'[1/2]0
1 →  4p[1/2]1

3s2 →  3p10

604,621,717 569

2.4225538 4d[3/2]0
1 →  4p[5/2]2

4d2 →  3p8

604,621,718 185,570

2.4256255 4p'[3/2]1 →  4s'[1/2]0
1

3p5 →  2s2

604,621,719 434,526,542

2.5400115 4d[1/2]0
1 →  4p[3/2]2

4d5 →  3p6

604,621,720 195,564
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

2.5531329 4p[1/2]1 →  4s[3/2]0
2

3p_{10} →  2s5

604,621,721 526

2.7580982 4d[3/2]0
1 →  4p[1/2]0

4d2 →  3p3

604,621,722 261,195

2.7826380 5s'[1/2]0
0 →  4p[3/2]1

3s3 →  3p7

604,621,723 185,195,564

2.8633965 8f'[7/2,5/2]2,3,4 →  5d[7/2]0
3?

8U →  5d4

604,612,621,724 195

2.9455858 5s[3/2]0
1 →  4p[1/2]1

3s4 →  3p10

604,621,725 185,195,564

2.9676035 4d[3/2]0
1 →  4p'[3/2]1

4d2 →  3p5

604,621,726 195,564

2.9812503 4d[3/2]0
2 →  4p'[3/2]1

4d3 →  3p5

604,621,727 195,564

3.0267787 4d[3/2]0
2 →  4p'[1/2]1

4d3 →  3p2

604,621,728 185,195,564

3.0275836 4d[3/2]0
2 →  4p'[3/2]2

4d3 →  3p4

604,621,729 185,195,564

3.0720016 5s'[1/2]0
1 →  4p[1/2]0

3s2 →  3p3

604,621,730 571

3.3182141 5s[3/2]0
1 →  4p[5/2]2

3s4 →  3p8

604,621,731 195,542,559,

564,570

3.3341754 5s'[1/2]0
1 →  4p'[3/2]1

3s2 →  3p5

604,614,

621,732

195,559,

564,570

3.3361448 5s[3/2]0
2 →  4p[5/2]3

3s5 →  3p9

604,614,

621,733

195,559,

564,570

3.3510469 6d[1/2]0
1 →  5p[1/2]0

6d5 →  4p3

604,615,

621,734

432

3.3520466 4p[1/2]1 →  4s'[1/2]0
1

3p10  →  2s2

604,615,

621,735

432

3.3813942 7s'[1/2]0
0 →  5p'[3/2]1

5s3 →  4p5

604,621,736 195,564

3.3849653 7s'[1/2]0
0 →  5p'[1/2]1

5s3 →  4p2

604,621,737 195,564

3.3912244 5s'[1/2]0
1 →  4p'[1/2]1

3s2 →  3p2

604,621,738 559,564,567,

570,578,579,580
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

3.3922348 5s'[1/2]0
1 →  4p'[3/2]2

3s2 →  3p4

604,621,

739,740

389,431,434,455,

456,466,468,470,

472,479,483,525,

556,564,567,

572,575

3.4480843 5s[3/2]0
1 →  4p[3/2]1

3s4 →  3p7

604,621,741 195,337,525,559,

564,570

3.4789495 5s[3/2]0
1 →  4p[3/2]2

3s4 →  3p6

604,621,742 432,525

3.5844556 5s[3/2]0
2 →  4p[3/2]2

3s5 →  3p6

604,621,743 185,559,

564,570

3.6164638 9p[3/2]1,2 →  5d[5/2]0
2

8p7,6 →  5d''1

604,621,744 432

3.7584321 7s'[1/2]0
1 → 6p'[3/2]2

5s2 → 5p4

604,617,621,800  564,559,195

3.7746325 4p'[1/2]0 →  3d[3/2]0
1

3p1 →  3d2

604,621,745 559,564

3.980630 5s[3/2]0
1 →  4p[1/2]0

3s4 →  3p3

604,610,

621,746

195,564

5.103 604,621,748 432

5.1711388 5d'[5/2]0
2 →  5p'[3/2]1

5s''''1 →  4p5

604,621,749 432

5.3258685 5d[5/2]0
2 →  5p[3/2]2

5d''1 →  4p6

604,615,621,750 432

5.3264331 5d[3/2]0
1 →  5p[3/2]1

5d2 →  4p7

604,615,621,751 432

5.4048094 4p'[1/2]0 →  3d'[3/2]0
1

3p1 →  3s'1

604,621,752 525,559,564,

570,582

5.515 604,621,753 432

5.6667372 4p[1/2]0 →  3d[3/2]0
1

3p3 →  3d2

604,621,754 195,564,570

5.7067951 5p'[1/2]1 →  5s'[1/2]0
0

4p2 →  3s3

604,621,755 432

5.7773913 5p[5/2]3 →  5s[3/2]0
2

4p9 →  3s5

604,621,756 432

5.8858082 5p'[3/2]1 →  5s'[1/2]0
1

4p5 →  3s2

604,621,757 432

5.9578742 5p[5/2]2 →  5s[3/2]0
1

4p8 →  3s4

604,621,758 432
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

6.7788016 6s[3/2]0
2 →  5p[1/2]1

4s5 →  4p10

604,621,759 432

6.8884755 7d'[3/2]0
1 →  7p[1/2]1

7s'1 →  6p10

604,621,760 432

6.9876797 4p[3/2]2 →  3d[3/2]0
2

3p6 →  3d3

604,621,761 432

7.098 604,621,762 432

7.3228367 6s[3/2]0
2 →  5p[5/2]3

4s5 →  4p9

604,621,763 195,570,564

7.405131 6s'[1/2]0
0 →  5p'[3/2]1?

4s3 →  4p5

604,616,

621,764

432

7.4222794 6s'[1/2]0
0 →  5p'[1/2]1

4s3 →  4p2

604,621,765 195,564

7.4235357 5p'[1/2]1 →  4d[3/2]2

4p2 →  4d3

604,621,766 195,564

7.4699904 4p[3/2]2 →  3d[5/2]0
2

3p6 →  3d''1

604,621,767 195

7.4799887 4p[3/2]2 →  3d[5/2]0
3

3p6 →  3d'1

604,621,768 559,564,570

7.4995237 6s[3/2]0
2 →  5p[5/2]2

4s5 →  4p8

604,621,769 185,195,559

7.5313000 6s[3/2]0
1 →  5p[3/2]1

4s4 →  4p7

604,621,770 185,570

7.5709798 6d[1/2]0
1 →  5f[3/2]2

6d5 →  5X2

604,621,771 432

7.5885028 6d[1/2]0
0 →  5f[3/2]1

6d6 →  5X1

604,621,772 432

7.6163805 4p[3/2]1 →  3d[5/2]0
2

3p7 →  3d''1

604,621,773 195,559,

564,570

7.6458386 5p'[3/2]1 →  4d[5/2]0
2

4p5 →  4d1

604,621,774 195

7.6511521 4p[5/2]2 →  3d[7/2]0
3

3p8 →  3d4

604,621,775 559,564,570

7.6926284 4p'[3/2]2 →  3d'[5/2]0
2

3p4 →  3s''''1

604,621,776 195

7.7016367 4p'[3/2]2 →  3d'[5/2]0
3

3p4 →  3s'''1

604,621,777 559,564,570

7.7408259 4p[5/2]2 →  3d[3/2]0
2

3p8 →  3d3

604,621,778 195
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

7.7655499 4p'[1/2]1 →  3d'[3/2]0
2

3p2 →  3s''1

604,621,779 559,570

7.7815561 6s[3/2]0
2 →  5p[3/2]1

4s5 →  4p7

604,621,780 195,564

7.809 604,621,781 432

7.8369230 6s[3/2]0
2 →  5p[3/2]2

4s5 →  4p6

604,621,782 195,559,

564,570

7.8716418 8p[3/2]2 →  7s[3/2]0
2

7p6 →  5s5

604,621,783 432

7.9429190 8p[5/2]2 →  7s[3/2]0
2

7p8 →  5s5

604,621,784 432

7.9846694 8s'[1/2]0
1 →  7p[1/2]1

6s2 →  6p10

604,621,785 432

8.0088892 4p'[3/2]1 →  3d'[5/2]0
2

3p5 →  3s''''1

604,621,786 195,559,

564,570

8.0621949 4p[5/2]3 →  3d[7/2]0
4

3p9 →  3d'4

604,621,787 195,559,

564,570

8.116 604,621,788 432

8.1736588 4p[5/2]3 →  3d[3/2]2

3p9 →  3d3

604,621,789 432

8.3371447 4p[5/2]2 → 3d[5/2]0
2

3p8 → 3d''1

604,615,621,790  195,564

8.3496011 4p[5/2]2 → 3d[5/2]0
3

3p8 → 3d'1

604,615,621,791  195,564

8.8414054 4p[5/2]3 → 3d[5/2]0
2

3p9 → 3d''1

604,621,792  195,564

8.8554154 4p[5/2]3 → 3d[5/2]0
3

3p9 → 3d'1

604,621,793  195,564

9.0894630 6s[3/2]0
1 → 5p[1/2]0

4s4 → 4p3

604,621,794 195,559,

564,570

10.063422 4p[1/2]1 → 3d[1/2]0
1

3p10 → 3d5

604,621,795  195,564

10.981641 4p[1/2]1 → 3d[3/2]0
2

3p10  → 3d3

195,559,

564,570

11.860553 0 5p[1/2]1 → 5s'[1/2]0
0

4p10  → 3s3

 564

11.902069 5p[1/2]0 → 4d[3/2]0
1

4p3 → 4d2

 195

12.835  See Comments and References 2062 583,586,1452
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

12.835306 5p'[1/2]0 → 4d'[3/2]0
1

4p1 → 4s'1

 604,621,799  195,564

13.758318 4d'[5/2]0
3 → 4f[5/2]3

4s'''1 → 4Y

604,617,621,

801

 195,559,564

13.759  See Comments and References 2061 583,586,1452

14.930 604,621,802 564

16.638 206 583,586,1452

16.638076 5p[3/2]2 →  4d[5/2]0
2

4p6 →  4d''1

604,621,803 195,564

16.667472 5p[3/2]2 →  4d[5/2]0
3

4p6 →  4d'1

604,621,804 564

16.668 2059 583,586,1452

16.893 2058 583,586,1452

16.893261 5p[3/2]1 →  4d[5/2]0
2

4p7 →  4d''1

604,621,805 559,564

16.946194 5p[5/2]2 →  4d[7/2]0
3

4p3 →  4d4

604,621,806 559,564,195

16.947 2057 583,586,1452

17.157279 5p'[3/2]2 →  4d'[5/2]0
3

4p4 →  4s'''1

604,621,807 559,564

17.158 2056 583,586,1452

17.188155 5p'[3/2]2 →  4d'[3/2]0
2

4p4 →  4s''1

604,621,808 564

17.189 2055 583,586,1452

17.803541 5p'[1/2]1 →  4d'[3/2]0
2

4p2 →  4s''1

604,621,809 559,564

17.804 2054 583,586,1452

17.839876 5p'[3/2]1 →  4d'[5/2]0
2

4p5 →  4s''''1

604,621,811 559,564

17.841 2053 583,586,1452

17.888 2052 583,586,1452

17.888255 5p[5/2]3 →  4d[7/2]0
4

4p9 →  4d'4

604,621,811 559,564,195

18.395067 5p[5/2]2 →  4d[5/2]0
2

4p8 →  4d''1

604,621,812 559,564,195

18.396 2051 583,586,1452

20.478165 6p[1/2]0 →  5d[1/2]0
1

5p3 →  5d5

604,621,813 559,564,195

20.48 2050 583,586,1452
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

21.750951 6p[1/2]0 →  5d[3/2]0
1

5p3 →  5d2

604,621,814 559,564

21.752 2049 583,586,1452

22.836 2048 583,586,1452

22.836211 5p[1/2]1 →  4d[3/2]0
2

4p10  →  4d3

604,621,815 559,564

25.421617 6p'[1/2]0 →  5d'[3/2]0
1

5p1 →  5s'1

604,621,816 559,564

25.423 2047 583,586,1452

28.052222 6p[3/2]1 →  5d[1/2]0
1

5p7 →  6d6

604,621,817 559,564

28.053 2046 583,586,1452

31.552211 6p[3/2]2 →  5d[5/2]0
3

5p6 →  5d'1

604,621,818 564

31.553 2045 583,586,1452

31.928 2044 583,586,1452

31.930315 6p[3/2]1 →  5d[5/2]0
2

5p7 →  5d''1

604,621,819 583,585

32.015777 6p[5/2]2 →  5d[7/2]0
3

5p8 →  5d4

604,621,820 559

32.016 2043 583,586,1452

32.516 2042 583,586,1452

32.518956 p'[3/2]2 →  5d'[5/2]0
3

5p4 →  5s'''1

604,621,821 564

32.83 2041 583,586,1452

33.815657 6p'[3/2]1 →  5d'[5/2]0
2

5p5 →  5s''''1

604,621,822 564

33.834764 6p[5/2]3 →  5d[7/2]0
4

5p9 →  5d'4

604,621,823 564

34.550549 6p'[1/2]1 →  5d'[3/2]0
2

5p2 →  5s''1

604,621,824 564

34.552 2040 583,586,1452

34.678633 6p[5/2]2 →  5d[5/2]0
2

5p8 →  5d''1

604,621,825 583,585

34.679 2039 583,586,1452

35.602 2037,2038 583,586,1452

35.608858 7p[1/2]0 →  6d[3/2]0
1

6p3 →  6d2

604,621,826 337,583,585

37.230081 7p'[1/2]0 →  6d'[3/2]0
1

6p1 →  6s'1

604,621,827 583,585
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

37.231 2035,2036 583,586,1452

41.738317 6p[1/2]1 →  5d[3/2]0
2

5p10  →  5d3

604,621,828 583,585

41.741 2034 583,586,1452

50.700169 7p[3/2]2 →  6d[3/2]0
2

6p6 →  6d3

604,621,829 583,586

50.705 2032,2033 583,586,1452

52.425 2030,2031 583,586,1452

52.429587 7p'[1/2]1 →  6d'[3/2]0
2

6p2 →  6s''1

604,621,830 586

53.478223 7p[3/2]2 →  6d[5/2]0
3

6p6 →  6d'1

604,621,831 583,585

53.486 2028,2029 583,586,1452

54.019 2026,2027 583,586,1452

54.041785 7p[3/2]1 →  6d[5/2]0
2

6p7 →  6d''1

604,621,832 583,585

54.106991 7p[5/2]2 →  6d[7/2]0
3

6p8 →  6d4

604,621,833 583,585

54.117 2024,2025 583,586,1452

55.537 2022,2023 583,586,1452

55.542287 7p'[3/2]1 →  6d'[5/2]0
2

6p5 →  6s''''1

604,621,834 586

57.355 2020,2021 583,586,1452

57.364118 7p[5/2]3 →  6d[7/2]0
4

6p9 →  6d'4

604,621,835 583,585

68.325612 7p[1/2]1 →  6d[3/2]0
2

6p10  →  6d3

604,621,836 587,185

68.329 2019 583,586,1452

72.108 2017,2018 583,586,1452

72.118851 8p'[1/2]0 →  7d'[3/2]0
1

7p1 →  7s'1

604,621,837 586

85.047 2016 586,1452

85.062223 8p[3/2]2 →  7d[5/2]0
3

7p6 →  7d'1

604,621,838 185,587

86.962 2014,2015 586,1452

86.977698 8p'[3/2]2 →  7d'[5/2]0
2

7p4 →  7s''''1

604,621,839 586

88.471 2012,2013 586,1452

88.487744 8p[3/2]1 →  7d[5/2]0
2

7p7 →  7d''1

604,621,840 185,586
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Figure 3.1.27  Partial energy level diagram of neon showing laser transition groups.

Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

89.859 2010,2011 586,1452

89.872291 8p[5/2]3 →  7d[7/2]0
3

7p9 →  7d4

604,621,841 586

93.0 2008,2009 586,1452
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Neon—continued

Wavelength ( m)
Trans i t ion  ass ignment

Racah/Paschen Comments References

93.02 ? 604,621,842 586

106.07 2006,2007 586,1452

106.07828 10p[1/2]0 →  9d[3/2]0
1

9p3 →  9d2

604,621,843 185,586

124.4 2004,2005 586,1452

124.55626 9p[3/2]1 →  8d[5/2]0
2

8p7 →  8d''1

604,621,844 586

124.79564 9p[3/2]2 →  8d[5/2]0
3

8p6 →  8d'1

604,621,845 586

126.1 ? 604,621,846,

2002,2003

586,1452

132.8 ? 604,621,847,

2000,2001

586,1452
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Figure 3.1.28  Energy level diagram of neon showing groups of laser transitions observed in a
He-Ne mixture and energy coincidences with He(23S1, 21S0, 23P2,1,0 and 21P1) levels.
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Argon (Figure 3.1.29)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.673000 1357 921

0.70691661 4p'[3/2]2 →  4s[3/2]0
2

2p3 →  1s5

848,857,860 454

0.75059341 4p'[1/2]0 →  4s'[1/2]0
1

2p1 →  1s2

848,857,861 450

0.7948 4p' [3/2]1 → 4s' [1/2]s(o,o) 6915 1762

0.912297 4p[1/2]1 →  4s[3/2]0
2

2p10  →  1s5

848,857,862 248,588,589,722

0.965779 4p[1/2]1 →  4s[3/2]0
1

2p10  →  1s4

848,857,863 588,589,593,722

1.04701 4p[1/2]1 →  4s'[1/2]0
0

2p10  →  1s3

848,857,864 588

1.14881 4p[1/2]1 →  4s'[1/2]0
1

2p10  →  1s2

848,857,865 588

1.2115637? 3d[5/2]3 →  4p[5/2]3

3d1' →  2p9(?)

848,849,857,866 532

1.21397378 3d'[3/2]0
1 →  4p'[3/2]1

3s'1 →  2p4

848,857,867 588

1.24028269 3d[3/2]0
1 →  4p[3/2]1

3d2 →  2p7

848,857,868 590,588

1.27022810 3d'[3/2]1 →  4p'[1/2]1

3s1' →  2p2

848,857,869 428,588,

590–593,722,806

1.28027391? 3d[5/2]0
2 →  4p[5/2]2

3d1''  →  2p 8

848,850,857,870 532

1.3476544 7d[3/2]0
2 →  5p[3/2]2

7d3 →  3p6

848,857,871 594

1.40936399 3d[3/2]0
1 →  4p[1/2]0

3d2 →  2p5

848,857,872 538

1.504605 3d'[3/2]0
1 →  4p'[1/2]0

3s1' →  2p1

848,857,873 806

1.6180021 5s[3/2]0
2 →  4p'[3/2]2

2s5 →  2p3

848,857,874 389,429

1.65199 3d[3/2]0
2 →  4p[3/2]1

3d3 →  2p7

848,857,875 593

1.6940584 3d[3/2]0
2 →  4p[3/2]2

3d3 →  2p6

848,857,876 389,429,538,

588,593,806

1.7919615 3d[1/2]0
1 →  4p[3/2]2

3d5 →  2p6

848,851,857,877,

878

185,389,429,588,

591–593,596–

600,722,806

2.0616228 3d[3/2]0
2 →  4p'[3/2]2

3d3 →  2p3

848,857,879 389,429,596,

597,598,806
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Argon—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

2.0986110 3d[1/2]0
1 →  4p[1/2]0

 3d5 →  2p5

848,857,880 185,427,565,806

2.1332885 3d[1/2]0
1 →  4p'[3/2]1

3d5 →  2p4

848,857,881 195

2.1534205 3d[3/2]0
2 →  4p'[1/2]1

3d3 →  2p2

848,857,882 427,565,593

2.20771810 3d[1/2]0
1 →  4p'[3/2]2

3d5 →  2p3

848,852,857,883 195,264,

564,806

2.3133204 3d[1/2]0
1 →  4p'[1/2]1

3d5 →  2p2

848,857,884 195,538,

564,593

2.3966520 3d[1/2]0
0 →  4p'[1/2]1

3d6 →  2p2

848,857,885 195,264,428,

564,588,591

2.5014408 6d'[3/2]0
2 →  6p[1/2]1

6s''1 →  4p10

848,857,886 195,564

2.54946 5p[5/2]3 →  3d[7/2]0
3

3p9 →  3d4

848,857,887 195,564

2.5512187 5p[1/2]0 →  5s[3/2]0
1

3p5 →  2s4

848,857,888 195,564

2.5634025 6d'[3/2]0
2 →  6p[5/2]3

6s''1 →  4p9

848,857,889 195

2.56680230 5p'[1/2]0 →  5s'[1/2]0
1

3p1 →  3s2

848,857,890 564

2.6550282 5p'[3/2]1 →  3d'[5/2]0
2

3p4 →  3s''''1

848,857,891 601

2.6843026 5p[3/2]1 →  3d[5/2]0
2

3p7 →  3d1 ''

848,857,892 195,564

2.7152859 5p[3/2]1 →  5s[3/2]0
2

3p7 →  2s5

848,857,893 602

2.7363805 5p'[1/2]1 →  3d'[3/2]0
2

3p2 →  3s1 ''

848,857,894 195,564

2.8202417 5p'[3/2]1 →  5s'[1/2]0
0

3p4 →  2s3

848,853,857,895 195,564

2.8245953 5p[3/2]2 →  5s[3/2]0
1

 3p6 →  2s4

848,853,857,896 195,564

2.8620231 5p'[3/2]2 →  5s'[1/2]0
1

3p3 →  2s2

848,857,897 598,603

2.8782932 5p[5/2]3 →  5s[3/2]0
2

3p9 →  2s5

848,857,898 195,564

2.8843088 5p[3/2]2 →  3d[5/2]0
3

3p6 →  3d'1

848,857,899 195,564
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Argon—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

2.9134037 5p'[3/2]1 →  5s'[1/2]0
1

3p4 →  2s2

848,857,900 603

2.9280662 5p[1/2]0 →  3d[3/2]0
1

3p5 →  3d2

848,857,901 195,564

2.9796792 5p[5/2]2 →  5s[3/2]0
1

3p8 →  2s4

848,857,902 195,564

3.046207 5p[5/2]2 →  3d[5/2]0
3

3p8 →  3d1 '

848,857,903 195,564

3.0996226 5p[5/2]3 →  3d[5/2]0
3

3p9 →  3d'1

848,857,904 195,564

3.13330280 5p[1/2]1 →  5s[3/2]0
2

3p10 →  2s5(?)

848,857,905 564

3.1345761 6p'[3/2]2 →  4d[5/2]0
2

4p3 →  4d''1

848,857,906 195

3.631236 6s'[1/2]0
1 →  5p'[3/2]1

3s2 →  3p4

848,857,907 602

3.7013512 6s'[1/2]0
1 →  5p'[1/2]1

3s2 →  3p2

848,857,908 602

3.7086023 4d[3/2]0
1 →  5p[3/2]1

4d2 →  3p7

848,857,909 604

3.7143477 6s'[1/2]0
1 →  5p'[3/2]2

3s2 →  3p3

848,857,910 602

4.2044098 5p[3/2]2 →  3d'[3/2]0
2

3p6 →  3s''1

848,857,911 601

4.71516800 5p[5/2]3 →  3d'[5/2]0
3

3p9 →  3s'''1

848,857,912 601

4.9160256 6p'[3/2]2 →  4d'[3/2]0
2

4p3 →  4s''1

848,857,913 195,564

4.9207077 5d[5/2]0
2 →  4f[7/2]^f3

5d'1 →  4U

848,857,914 195,564

5.0235584 6p'[3/2]1 →  4d'[5/2]0
2

4p4 →  4s''''1

848,857,915 602

12.140522 4d'[3/2]0
1 → 4f[3/2]1

4s' → 4X1

848,857,932  195,559,564

12.146405 4d'[3/2]0
1 → 4f[3/2]2

4s'1 → 4X2

848,857,933  195,559,564

13.475 6572  1498

15.022 2067 1452

15.037 2066 1452

15.037067 5d'[3/2]0
2 →  5f[5/2]3

5s''1 →  5Y3

848,857,934 559,564
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Argon—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

15.039 2065 1452

15.042133 5d'[3/2]0
2 →  5f[5/2]2

5s''1 →  5Y2

848,857,935 559,564

26.933 2064 1452

26.936 2063 1452

26.943974 4d'[3/2]0
2 →  4f[5/2],,

 4s''1 →  4Y3

848,857,936 559,564

Figure 3.1.29  Partial energy level diagram of argon showing laser transition groups.
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Krypton (Figure 3.1.30)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.760154393 5p[3/2]2 →  5s[3/2]0
2

2p6 →  1s5

937,945 604

0.810436392 5p[5/2]2 →  5s[3/2]0
22

p8 →  1s5

937,946 454,455,538

0.892869155 5p[1/2]1 →  5s[3/2]0
2

2p10  →  1s5

937,947 588,589

1.14574813 6s[3/2]0
1 →  5p[1/2]1

2s4 →  2p10

937,948 538

1.31774118 6s[3/2]0
1 →  5p[5/2]2

2s4 →  2p5

937,949 538

1.36224153 4d[3/2]0
1 →  5p[5/2]2

3d2 →  2p8

937,950 538

1.44267933 6s[3/2]0
1 →  5p[3/2]1

2s4 →  2p7

937,951 538

1.47654720 6s[3/2]0
1 →  5p[3/2]2

2s4 →  2p8

937,952 538

1.49618939 4d[3/2]0
1 →  5p[3/2]1

3d2 →  2p7

937,953 605

1.53264796 4d[3/2]0
1 →  5p[3/2]2

3d2 →  2p6

937,954 605

1.68534881 4d[7/2]0
3 →  5p[5/2]3

3d4 →  2p9

937,955 538

1.68967525 4d[1/2]0
1 →  5p[1/2]1

3d5 →  2p10

937,956 389,429,538

1.69358061 4d[5/2]0
2 →  5p[3/2]1

3d''1 →  2p7

937,957 389,429

1.78427374 4d[1/2]0
0 →  5p[1/2]1

3d6 →  2p10

937,958 389,429

1.81673150 4d[7/2]0
4 →  5p[5/2]3

3d'4 →  2p9

937,959 427

1.81850539 4d'[5/2]0
2 →  5p'[3/2]2

3s''''1 →  2p2

937,960 389,429

1.9216572 8s[3/2]0
2 →  6p[5/2]2

4s5 →  3p8

937,961 389,429

2.11654709 4d[3/2]0
2 →  5p[3/2]1

3d3 →  2p7

937,962 185,389,

429,570

2.19025126 4d[3/2]0
2 →  5p[3/2]2

3d3 →  2p6

937,963 185,389,429,

570,607

2.24857754 6p[3/2]1 →  4d[5/2]0
2

3p7 →  3d''1

937,939,964 602
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Krypton—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

2.42605059 4d[1/2]0
1 →  5p[3/2]1

3d5 →  2p7

937,965 427,565

2.52338198 4d[1/2]0
1 →  5p[3/2]2

3d5 →  2p6

937,966 389,428,538,559,

564,570,582,608

2.6266703 4d[1/2]0
0 →  5p[3/2]1

3d6 →  2p7

937,967 195,564

2.6288137 7p[3/2]2 →  4d'[5/2]0
2

4p6 →  3s''''1

937,968 195,564

2.8610550 6p[5/2]2 →  6s[3/2]0
2

3p8 →  2s5

937,969 195,538,559

2.8655717 6p[5/2]3 →  6s[3/2]0
2

3p9 →  2s5

937,970 195,538,559

2.9844656 6p'[1/2]1 →  5d[5/2]0
2

3p3 →  4d''1

937,941,971 195,564

2.9878091 6p'[3/2]1 →  6s'[1/2]0
0

3p4 →  2s3

937,941,972 195,564

3.0536574 6p'[3/2]1 →  5d[5/2]0
2

3p4 →  4d''1

937,973 195,564

3.0663542 6p[1/2]1 →  6s[3/2]0
2

3p10  →  2s5

937,974 428,559,564,570

3.1514572 6p'[1/2]0 →  5d[3/2]0
1

3p1 →  4d2

937,975 195,564

3.34096354 d[1/2]0
1 →  5p[1/2]0

3d5 →  2p5

937,976 195,564,570

3.4679986 7s[3/2]0
1 →  6p[1/2]1

3s4 →  3p10

937,977 195,564

3.4882957 6p'[1/2]1 →  7s[3/2]0
2

3p3 →  3s5

937,978 195,564

3.4894892 6p'[1/2]1 →  5d[3/2]0
1

3p3 →  4d2

937,979 195,564

3.7742128 7s[3/2]0
1 →  6p[5/2]2

3s4 →  3p8

937,980 604

3.9557248 5d[3/2]0
1 →  6p[5/2]^e2

4d2 →  3p8

937,981 604

4.0685162 7s[3/2]0
1 →  6p[3/2]1

3s4 →  3p7

937,982 604

4.1526711 7s[3/2]0
1 →  6p[3/2]2

3s4 →  3p6

937,983 604

4.3747938 5d[3/2]0
1 →  6p[3/2]2

3s4 →  3p6

937,984 559,564,570,604
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Krypton—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

4.3766712 7s[3/2]0
2 →  6p[3/2]2

3s5 →  3p6

937,985 195

4.8773393 4d[3/2]0
1 →  5p'[3/2]1

3d2 →  2p4

937,986 195,564

4.883133 45d[5/2]0
2 →  6p[5/2]3

4d''1 →  3p9

937,987 195,564

4.9996952 4d'[3/2]0
1 →  6p[1/2]1

3s'1 →  3p10

937,988 601,605

5.1311509 6s[3/2]0
1 →  5p'[3/2]2

2s4 →  2p2

937,989 601

5.2999768 5d[3/2]0
1 →  6p[1/2]0

4d2 →  3p5

937,990 195,559,564

5.3019553 5d[3/2]0
2 →  6p[5/2]2

4d3 →  3p8

937,991 195,559,564

5.5699805 5d[7/2]0
3 →  6p[5/2]2

4d4 →  3p8

937,943,992 185,564,195

5.5862769 6d[7/2]0
4 →  4f[9/2]5

5d'4 →  4U

937,941,993 559,564,570

5.6305126 6d[3/2]0
2 →  4f[5/2]3

5d3 →  4T

937,994 559,564,570

7.0580595 4f[7/2]_{3,4} →  5d[7/2]0
4

4W →  4d'4

937,995 195,564

7.3625232 4f[9/2]5 →  5d[7/2]0
4

4U5 →  4d'4

937,996 601

8.1151 8s[3/2]0
1 →  7p[5/2]2 6573 1498
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Figure 3.1.30 Partial energy level diagram of krypton showing laser transition groups.

Figure 3.1.31  Partial energy level diagram of xenon showing groups of observed laser
transitions. Wavelengths are given in microns.
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Xenon (Figure 3.1.31)
Wavelength ( m) Trans i t ion  ass ignment Comments References

0.82316376 6p[3/2]2 →  6s[3/2]0
2

2p6 →  1s5

997,1006,1007 248,588,589

0.84091940 6p[3/2]1 →  6s[3/2]0
2

2p7 →  1s5

997,1006,1008 538,609

0.90454514 6p[5/2]2 →  6s[3/2]0
2

2p9 →  1s5

997,1006,1009 455,538

0.97997039 6p[1/2]1 →  6s[3/2]0
2

2p10  → 1s5

997,1006,1010 455,588,589

1.0634 997,1000,1001,

1006,1011

609

1.0950 997,1000,1006,

1012

609

1.36570559 7s[3/2]0
1 →  6p[5/2]2

2s4 →  2p9

997,1006,1013 538

1.60576667 s[3/2]0
1 →  6p[3/2]2

2s4 →  2p6

997,1006,1014 538

1.7330499 5d[3/2]0
1 →  6p[5/2]2

3d2 →  2p9

997,1006,1015,

1016

538,588,589,

610–613,722

2.02622395 5d[3/2]0
1 →  6p[3/2]1

3d2 →  2p7

997,1006,1017,

1018,1019

185,429,389,538,

588,589,607,608,

610–616,618,806

2.31933328 5d[5/2]0
3 →  6p[5/2]2

3d'1 →  2p9

997,1006,1020 550,559,582,607

2.48247157 5d[5/2]0
3 →  6p[5/2]3

3d'1 →  2p8

997,1006,1021 610

2.5152702 7d[7/2]0
4 →  7p[5/2]3

5d'4 →  3p9

997,1006,1022 602

2.62690832 5d[5/2]0
2 →  6p[5/2]2

3d''1 →  2p9

997,1006,1023 559,582,607,

612,632

2.65108645 5d[3/2]0
1 →  6p[1/2]0

3d2 →  2p5

997,1006,1024 538,550,582,607,

610–613,623,625,

634,723

2.6608397 5d'[3/2]0
1 →  6p'[1/2]0

3s1 →  2p1

997,1002,1006,

1025

559,607

2.6672615 7d[1/2]0
1 →  6p'[3/2]1

3p10   →  2p4

997,1006,1026 601

2.8590043 7p[3/2]2 →  7s[3/2]0
2

3p6 →  2s5

997,1006,1027 602

3.10692302 5d[5/2]0
3 →  6p[3/2]2

3d'1 →  2p6

997,1006,1028 550,559,582,607,

611,623,632
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Xenon—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

3.27392788 5d[3/2]0
2 →  6p[1/2]1

3d3 →  2p10

997,1006,1029 427,550,565,

607,632

3.3094055 8p[5/2]3 →  6d[5/2]0
2

4p8 →  4d'1

997,1006,1030 601

3.36666991 5d[5/2]0
2 →  6p[3/2]1

3d''1 →  2p7

997,1006,1031 550,559,582,

607,611,613,623

3.4023945 6p'[3/2]1 →  7s[3/2]0
1

2p4 →  2s4

997,1006,1032 601

3.4344638 7p[5/2]2 →  7s[3/2]0
1

3p9 →  2s4

997,1003,1006,

1033,1034

185,559,564,

582,613,627,630

3.50702520 5d[7/2]0
3 →  6p[5/2]2

3d4 →  2p9

997,1004,1006,

1035,1036,1037

389,550,559,570,

582,607,611,612,

623–25,631–37

3.6219081 5d'[3/2]0
2 →  7p[3/2]2

3s''''1 →  3p6

997,1006,1038 559

3.6518315 7p[1/2]1 →  7s[3/2]0
2

3p10   →  2s5

997,1006,1039 564,613,625,

627,630,631,723

3.6798859 5d[1/2]0
1 →  6p[1/2]1

3d5 →  2p10

997,1006,1040 582,559,632

3.6858866 5d[5/2]0
2 →  6p[3/2]2

3d'' →  2p6

997,1006,1041 582,559,611,623

3.7265 5d'[5/2]0
2 →  7p[5/2]3 6578 1498

3.8696535 5d'[5/2]0
3 →  6p'[3/2]2

3s''1 →  2p3

997,1006,1042 559,632

3.8950221 5d[7/2]0
3 →  6p[5/2]3

3d4 →  2p8

997,1006,1043 582,559,611

3.9966035 5d[1/2]0
0 →  6p[1/2]1

3d6 →  2p10

997,1006,1044 559,611,614,

623,624

5.3566973 5d[1/2]0
1 →  6p[5/2]2

3d5 →  2p9

997,1006,1053 571,601

5.4749269 7d[5/2]0
3 →  4f[5/2]3

5d'1 →  4U

997,1006,1054 601

5.501 997,1005,1006,

1055

601

5.575472 65d[7/2]0
4 →  6p[5/2]3

3d'4 →  2p8

997,1006,1056 389,559,570,582,

611,623,632,647

5.6034328 7d[7/2]0
3 →  4f[9/2]4

5d4 →  4Z

997,1006,1057 601

5.692 997,1005,

1006,1058

601
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Xenon—continued
Wavelength ( m) Trans i t ion  ass ignment Comments References

5.913 997,1005,

1006,1059

601

6.132 997,1005,

1006,1060

601

6.3120378 7d[7/2]0
4 →  4f[9/2]5

5d'4 →  4T

997,1006,1061 601

6.3154334 7d[7/2]0
4 →  4f[9/2]4

5d'4 →  4Z

997,1006,1062 601

7.240 997,1005,1006,

1063

601

7.3168036 5d[3/2]0
2 →  6p[3/2]1

3d3 →  2p7

997,1006,1064 559,582,

623,632

7.4313142 6d[3/2]0
1 →  7p[3/2]2

4d2 →  3p6

997,1006,1065 601

7.7665 6d[3/2]0
1 →  7p[3/2]1 6579 1498

7.7813 5d'[3/2]0
1 →  8p[3/2]1 6580 1498

8.4042  6d [3/2]0
1 → 7p[1/2]0 6581  1498

9.0067086  5d[3/2]0
2 → 6p[3/2]2

3d3 → 2p6

997,1006,1066 185,559,582,

611,623,632

9.7031910 5d[1/2]0
1 → 6p[3/2]1

3d5 → 2p7

997,1006,1067  582,559

11.298683 5d'[5/2]0
3 → 4f[9/2]4

3s'''1 → 4Z

 559,564

12.266 See Comments and References 2072  1452

12.917 See Comments and References 2071  1452

18.505324 5d'[3/2]0
2 →  4f[5/2]3

3s''''1 →  4U

997,1006,1071 559,564

75.561687 6p[1/2]0 →  5d[1/2]0
1

2p5 →  3d5

997,1006,1072 652
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Section 3.2
IONIZED GAS LASERS

3.2.1  Introduction

The tables in this section include laser lines originating from transitions between energy
levels of the ionized states of atoms in gas discharges. Figure 3.2.1 indicates by the shaded
squares on the periodic table those elements that have produced ionized gas laser lines.
Most of the elements are those which occur as gases at room temperature or are easily
vaporized. Some of the more refractory elements also exhibit ion laser oscillation when
sputtered in a hollow-cathode discharge.

Figure 3.2.1  Periodic table of the elements showing those elements (shaded) whose ions have
exhibited laser oscillation in gaseous or vapor form.

The laser tables in this section are arranged by columns in the periodic table; within each
column laser ions are further arranged in the order of increasing atomic number. The tables
include the observed wavelengths, element charge, transition assignments, comments, and
references.

The Wavelength column lists the most accurate available wavelength for the given
transition, in micrometers. In most cases, this value of wavelength has been derived from
energy levels given in the spectroscopic literature, assuming the indicated classification for
the line. The literature sources are given in the references; if no source is listed, the
wavelength has been calculated from the energy levels listed by Moore in Atomic Energy
Levels, National Bureau of Standards Circular 467.1 The wavelength in air has been
calculated from the vacuum energy levels using the Edlen formula:

n(ν) = 1 + 6432.8 x 10-8 + 2949810/(146x108 - ν2) + 25540/(41x108 - ν2)

where
λ[microns, air] = 104 /n(ν)ν[cm-1, vacuum]
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The calculations are accurate to ±10-6 µm. For levels known only to the nearest cm-1, the
wavelength observed in spontaneous emission is more accurate and is listed as given by
Harrison,2 or some other spectroscopic source.

The Measured value column lists the most accurate measured wavelength of the actual laser
output, together with the estimated error in the final digits as cited in the references.

The Transition column lists the levels of the atomic transition believed to be responsible
for the laser emission. The level notation follows Reference 1, with the core configuration
being given in parentheses. In cases where the configuration is unknown, the level energy
rounded to the nearest cm-1 is given, with the J value as a subscript. In cases where the level
configuration is partly known, either the partial designation in Reference 1 or the rounded
energy designation is given. Identifications of the observed laser lines have generally been
made only on the basis of the measured value of wavelength and theoretical plausibility.
This can be done with some degree of confidence in the absence of other nearby spectral
lines, but occasionally two equally plausible lines fall within the measurement error. In
these cases, both identifications are given. Laser transitions can often be assigned to an
ionization state on the basis of their behavior with discharge current relative to lines of
known ionization state, even if they cannot be assigned to particular energy levels. A
question mark (?) indicates that the classification or ionization state is uncertain or the
existence of this laser line may be in doubt.

References include the first report of laser action on that line, although it may not represent
the most accurate measurement of the laser wavelength. No attempt has been made to list all
references in the case of lines which have received much attention; only references giving
added data on gain or power or those in which new excitation techniques or other new
features are mentioned.

1. Moore, C. E., Atomic Energy Levels, Circular 467, Volumes 1, 2, 3, U.S. Government Printing
Office, Washington, DC (1949, 1952, 1958).
2. Harrison, G. R., MIT Wavelength Tables, John Wiley & Sons, New York (1952).

Further Reading

Bennett, W. R., Jr., Atomic Gas Laser Transition Data, Plenum, New York (1979).

Bridges, W. B., Ionized Gas Lasers, in Handbook of Laser Science and Technology, Vol. II:
Gas Lasers, CRC Press, Boca Raton, FL (1982), p. 171.

King, D., Photoionization-Pumped Short Wavelength Lasers, in Handbook of Laser Science
and Technology, Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 531.

Peterson, A. B., Ionized Gas Lasers in Handbook of Laser Science and Technology, Suppl.
1: Lasers, CRC Press, Boca Raton, FL (1991), p. 335.
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3.2.2  Energy Level Diagrams

Figures 3.2.2 through 3.2.15 are energy level diagrams and laser transitions for selected
laser ions and are from W. B. Bridges, Handbook of Laser Science and Technology, Vol. II:
Gas Lasers, p. 171. The arrangement of the levels differs from diagram to diagram according
to the complexity of the coupling scheme appropriate to the particular ion. Unlike
conventional Grotrian diagrams where all levels and all observed spectral lines are usually
indicated, not all levels are shown and only laser transitions are included.

Individual levels and laser transitions are not shown for Cu II, Ag II, and An II (Figures
3.2.2 to 3.2.4); however, the range of energies over which particular groups of levels occur
is indicated by the vertical extent of the boxes. The number of laser transitions observed up
to 1980 is given by the number beside each arrow. Both Penning and thermal
charge-exchange collisional excitation processes are known to be responsible for various
laser lines in Cu, Ag, An, Zn, Cd, and Hg; accordingly, the energies of the ions and
metastables in He and Ne are indicated with respect to the neutral atom ground state in
Figures 3.2.2 through 3.2.7.

Figures 3.2.8 through 3.2.15 for the noble gas ions are more complicated. Each known
atomic energy state (up to the maximum energy indicated) appears as a horizontal line, and
these states are classified in columns according to the orbital angular momentum, l, of the
excited electron (l – 0, 1, 2 for s, p, d states). The configuration designations are given in
the L-S (Russell-Saunders) coupling scheme, as listed in Reference 1, except as noted in the
captions. Core configurations corresponding to unprimed and primed state designations
follow Reference 1 and are explicitly given at the bottom of the figures. Higher orbital states
(f, g, etc.) are not shown, since very few laser lines are known to involve any of these
levels. In addition, levels not yet assigned to the s, p, or d systems are omitted, even
though some laser lines involve these levels. The total angular quantum number J of each
state appears to the right of the horizontal line denoting that state.

This arrangement of states in columns automatically separates states of even and odd
parity, the latter being denoted by the symbol º. Note that the only selection rules satisfied
by all the laser lines are those of parity change and orbital momentum change l = ±1; L–S
coupling is badly violated in many of these atoms, and changes in core configuration or
total spin S are relatively common for laser transitions.

Vertical lines and dots are used to connect states having a common state designation,
differing only in their total angular momentum, J.

The vertical scale represents energy of excitation above the ground state for the given
ionic species. The left-hand axis is marked in thousands of cm-1, and corresponding tic
marks are indicated on the right-hand axis. In addition, the right-hand axis indicates energy
in electron volts (1 eV = 8068 cm-1). The energy placement of the atomic states is that
given in Reference 1, with a few exceptions. The designation "I.P." in the upper corners of
the figures gives the ionization potential of the particular ion considered, in centimeters-1

and in electron volts.

The diagonal lines drawn on the figures represent known ion laser lines. Their
wavelengths (in air) are indicated in micrometers with four-place accuracy. A dotted line
means that the indicated transition is one of two that could be responsible for the observed
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laser. For Ar II and Kr II, the laser lines ending on the s2P energy states are listed in two
separate columns, keyed to the corresponding upper energy levels; the transitions in these
cases were so numerous that diagonal lines would have been difficult to distinguish.

Figure 3.2.2  Simplified energy level diagram for singly ionized copper showing the number of
laser lines in each multiplet. The energies of the He and Ne metastables and ground-state ions are
also shown with respect to the ground state of the neutral copper atom. (From Bridges, W. B.,
Methods of Experimental Physics, Vol. 15A, Tang, C. L., Ed., Academic Press, New York, 1979.
With permission.)
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Figure 3.2.3  Simplified energy level diagram for singly ionized silver showing the number of
laser lines in each supermultiplet. The energies of the He and Ne metastables and ground-state
ions are also shown with respect to the ground state of the neutral silver atom.
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Figure 3.2.4  Simplified energy level diagram for singly ionized gold showing the number of laser
lines in each supermultiplet. The energies of the He and Ne metastables and ground-state ions are
also shown with respect to the ground state of the neutral gold atom.



©2001 CRC Press LLC

Figure 3.2.5  Simplified energy level diagram for singly ionized zinc showing the majority of
observed Zn+ laser lines. The energies of the He and Ne metastables and ground-state ions are also
shown with respect to the ground state of the neutral zinc atom. (From Bridges, W. B., Methods of
Experimental Physics, Vol. 15A, Tang, C. L., Ed., Academic Press, New York, 1979. With
permission.)
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Figure 3.2.6  Simplified energy level diagram for singly ionized mercury showing the majority of
observed Hg+ laser lines. The energies of the He and Ne metastables and ground-state ions are
also shown with respect to the ground state of the neutral mercury atom. (From Bridges, W. B.,
Methods of Experimental Physics, Vol. 15A, Tang, C. L., Ed., Academic Press, New York, 1979.
With permission.)
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Figure 3.2.7  Simplified energy level diagram for singly ionized cadmium showing the majority of
observed Cd+ laser lines. The energies of the He and Ne metastables and ground-state ions are
also shown with respect to the ground state of the neutral cadmium atom. (From Bridges, W. B.,
Methods of Experimental Physics, Vol. 15A, Tang, C. L., Ed., Academic Press, New York, 1979.
With permission.)



©2001 CRC Press LLC

Figure 3.2.8  Energy level diagram for singly ionized neon showing the majority of Ne+ laser
lines. Energy levels are from Moore, C. E., Reference 1757.
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Figure 3.2.9  Energy level diagram for singly ionized argon showing the majority of Ar+ laser
lines. Energy levels are from Moore, C. E., Reference 1757.
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Figure 3.2.10  Simplified energy level diagram for Ar+ showing the blue-green laser lines in the
4p → 4s supermultiplet. (From Bridges, W. B., Appl. Phys. Lett. 4, 128, 1964. With permission.)
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Figure 3.2.11  Energy level diagram for doubly ionized argon showing the majority of Ar2+ laser
lines. Energy levels are from Moore, C. E., Reference 1757, except those shown dashed which are
positioned through isoelectronic arguments by McFarlane997 and Marling989.
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Figure 3.2.12  Energy level diagram for singly ionized krypton showing the majority of Kr+ laser
lines. Energy levels are from Moore, C. E., Reference 1757; revisions from Minnhagen et al.1007
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Figure 3.2.13  Energy level diagram for doubly ionized krypton showing the majority of Kr2+

laser lines. Energy levels are from Moore, C. E., Reference 1757.
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Figure 3.2.14  Energy level diagram for singly ionized xenon showing the majority of Xe+ laser
lines. Energy levels are from Moore, C. E., Reference 1757, with revisions according to
Minnhagen et al.1007
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Figure 3.2.15   Energy level diagram for doubly ionized xenon showing the majority of Xe2+ laser
lines. Energy levels are from Moore, C. E., Reference 1757, with revisions according to Gallardo
et al.875
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3.2.3  Tables of Ionized Gas Lasers

The tables of ionized gas lasers and elements are arranged in the following order:

    Group IA – Table 3.2.1     Group IB – Table 3.2.2     Group IIA – Table 3.2.3

potassium copper

silver

gold

beryllium

magnesium

calcium

strontium

barium

    Group IIB – Table 3.2.4     Group IIIA – Table 3.2.5     Group IVA – Table 3.2.6

zinc

cadmium

mercury

boron

aluminum

indium

thallium

carbon

silicon

germanium

tin

lead

    Group VA – Table 3.2.7     Group VIA – Table 3.2.8     Group VIB – Table 3.2.9

nitrogen

phosphorous

arsenic

antimony

bismuth

oxygen

sulfur

selenium

tellurium

thulium

chromium

    Group VII – Table 3.2.10     Group VIII – Table 3.2.11     Group VIIIA – Table 3.2.12

fluorine

chlorine

bromine

iodine

ytterbium

nickel

europium

helium

neon

argon

krypton

xenon
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3.2.3  Tables of Ionized Gas Lasers

3.2.3.1  Group IA Lasers

Table 3.2.1
Potassium

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.612 1 3p54p 3D3 →  3p53d 3F4 6921 847

0.625 1 3p54p 3D1 →  3p53d 3F2 6921 847

0.631 1 3p54p 3D2 →  3p53d 3F3 6921 847

0.660 1 3p54p 3D2 →  3p53d 3F2 6921 847

3.2.3.2  Group IB Lasers

Table 3.2.2
Copper

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.248579 0.248580 ±0.000010 1 (2D3/2)5s 3D1 →  (2D3/2)4p 3F0
2 1080,1087,1090 937,999

0.250627 0.250650 ±0.000010 1 (2D5/2)5s 3D2 →  (2D5/2)4p 3F0
3 1080,1087,1090 999

0.252930 0.252920 ±0.000010 1 (2D3/2)5s 1D2 →  (2D5/2)4p 3D0
3 1080,1087,1090 937,1000

0.259052 0.259060 ±0.000010 1 (2D3/2)5s 3D1 →  (2D5/2)4p 3D0
2 1080,1083,1087,

1090

918,937,999

0.259881 0.259900 ±0.000010 1 (2D5/2)5s 3D2 →  (2D3/2)4p 3F0
2 1080,1083,

1087,1090

691,918,937,999

0.260027 0.260030 ±0.000010 1 (2D3/2)5s 1D2 →  (2D3/2)4p 1F0
3 1080,1087,1090 691,937,1000

0.270097 0.270070 ±0.000030 1 (2D3/2)5s 1D2 →  (2D3/2)4p 1D0
2 1080,1087,1090 1161

0.270318 0.270310 ±0.000010 1 (2D3/2)5s 3D1 →  (2D3/2)4p 3D0
1 1080,1083,1087,

1090

918,937,1000
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Copper—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.272168 0.2722 1 (2D3/2)5s 3D1 →  (2D3/2)4p 1D0
2 1080,1087,1090 937,938

0.450598 0.450660 ±0.000030 1 4s2 3P1 →  (2D5/2)4p 3P0
2 1074,1087 1174

0.455591 0.455630 ±0.000030 1 4s2 3P2 →  (2D5/2)4p 3P0
2 1074,1087 1174

0.467356 0.467320 ±0.000030 1 (2D5/2)4f 3P0
0 →  (2D5/2)4d 3S1 1076,1087 1174

0.468198 0.468290 ±0.000030 1 (2D5/2)4f 3P0
1 →  (2D5/2)4d 3S1 1076,1087 1174

0.485496 0.485580 ±0.000030 1 (2D5/2)4 f3G0
5 →  (2D5/2)4d 3G5 1076,1087 1174

0.490972 0.490970 ±0.000030 1 (2D5/2)4f 3H0
6 →  (2D5/2)4d 3G5 1076,1083,1087 1174

0.493169 0.493170 ±0.000030 1 (2D5/2)4f 3H0
5 →  (2D5/2)4d 3G4 1076,1083,1085,

1087,1106

975,1174

0.501262 0.501330 ±0.000030 1 (2D5/2)4f 3G0
4 →  (2D5/2)4d 3F3 1076,1087 1174

0.502128 0.502190 ±0.000030 1 (2D5/2)4f 3D0
3 →  (2D5/2)4d 3D3 1076,1087 1174

0.505177 0.505210 ±0.000030 1 (2D5/2)4f 3G0
5 →  (2D5/2)4d 3F4 1076,1087 1174

0.506062 0.506050 ±0.000030 1 4s2 3P1 →  (2D3/2)4p 3P0
0 1074,1087 1174

0.725576 0.725600 ±0.000020 1 (2D3/2)6s 1D2 →  (2D5/2)5p 3D0
2 1076,1087 1077

0.739988 0.740020 ±0.000020 1 (2D5/2)5p 3D0
3 →  (2D5/2)5s 3D3 1077,1087 1077

0.740434 0.740450 ±0.000030 1 (2D5/2)6s3D3 →  (2D5/2)5p3 P2
0 1076,1083,1084,

1087,1090,1092

934,1040,1051,

1174

0.743816 0.743900 ±0.000020 1 (2D3/2)6s 3D1 →  (2D3/2)5p3 P0
0 1076,1085,1087 1077

0.766466 0.766470 ±0.000030 1 (2D5/2)6s 3D2 →  (2D5/2)5p 3F0
3 1076,1083,1084,

1087,1090,1092

934,1040,1051,

1174

0.773866 0.773870 ±0.000030 1 (2D3/2)6s 3D1 →  (2D3/2)5p 3F0
2 1076,1083,1084,

1087,1090,1092

934,1040,1051,

1174

0.777879 0.777890 ±0.000030 1 (2D5/2)6s 3D2 →  (2F)4p1D0
2 1076,1083,1087 1174

0.780523 0.780530 ±0.000030 1 (2D5/2)6s 3D2 →  (2D5/2)5p 3P0
1 1076,1083,1087 934,1174

0.780767 0.780780 ±0.000030 1 (2D5/2)6s 3D3 →  (2D5/2)5p 3F0
4 1076,1083,1084,

1087,1090,1092

691,934,1040,

1051,1149,1174

0.782565 0.782600 ±0.000030 1 (2D5/2)5p 3F0
4 →  (2D5/2)5s 3D3 1076,1083,1087 934,1174
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0.784508 0.784530 ±0.000030 1 (2D3/2) 6s1D2 →  (2D3/2) 5p1F0
3 1076,1083,1087,

1090,1092

934,1051,

0.789584 0.789600 ±0.000030 1 (2D3/2)5p 3F0
2 →  (2D3/2) 5s  3D1 1076,1083,1087 934,1174

0.790254 0.790270 ±0.000030 1 (2D3/2)5p 1F0
3 →  (2D3/2) 5s1D2 1076,1083,1087 935,1174,

0.794442 0.794480 ±0.000030 1 (2D5/2)5p 3P0
1 →  (2D5/2) 5s  3D2 1076,1083,1087 1935,1174,

0.798814 0.798820 ±0.000030 1 (2D5/2)6s 3D3 →  (2F)4p 1F0
3 1076,1083,1087 934,1174

0.808862 0.808858 1 (2D3/2)6s 3D1 →  (2D3/2)5p 3D0
1 1076,1083,1087 935

0.809555 0.8096 1 (2D5/2)5p 3F0
3 →  (2D5/2)5s 3D2 1076,1083,1087 934

0.819223 0.819228 1 (2D3/2)6s 1D2 →  (2D3/2)5p 1D0
2 1076,1083,

1087,1108

934

0.819233 0.819228 1 (2D5/2)6s 3D2 →  (2D5/2)5p 3D0
3 1076,1083,

1087,1107

934

0.827758 0.827700 ±0.000200 1 (2D5/2)5p 3P0
2 →  (2D5/2)5s 3D3 1076,1087 806

0.828317 0.828321 1 (2D5/2)6s 3D3 →  (2D5/2)5p 3D0
3 1076,1087 935

0.851108 0.851104 1 (2D5/2)6s 3D2 →  (2D5/2)5p 3D0
2 1076,1087 935

1.771 1.771000 ±0.000200 1 1085,1087,1109 806

1.91495 1.915600 ±0.000200 1 (2D5/2)5p 3F0
4 →  (2D5/2)4d 3G5 1075,1087 806

1.9473 1.948000 ±0.000200 1 (2D3/2)5p 1F0
3 →  (2D3/2)4d 1G4 1077,1087 806

1.97071 1.971000 ±0.000200 1 (2D3/2)5p 1D0
2 →  (2D3/2)4d 1F3 1073,1087 806

2.00002 2.000400 ±0.000200 1 (2D3/2)5p 3F0
2 →  (2D3/2)4d 3G3 1077,1087 806
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Silver
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.224357 0.224340 ±0.000020 1 (2D3/2)5d 1S0 →  (2D3/2)5p 1P0
1 1076,1083,1087 937,1001

0.227743 0.227760 ±0.000020 1 (2D5/2)5d 3D2 →  (2D5/2)5p 3P0
1 1076,1083,1087 1001

0.318070 0.318060 ±0.000020 1 5s2 1G4 →  (2D5/2)5p 3F0
3 1080,1083,1087,

1090,6927

691,1001

0.408590 0.408620 ±0.000020 1 5s2 1G4 →  (2D3/2)5p 1F0
3 1080,1087,1090 691,948

0.478839 0.478840 ±0.000020 1 5s2 1D2 →  (2D3/2)5p 1P0
1 1080,1087,1090

,6928

691,948

0.502733 0.502720 ±0.000020 1 5s2 1D2 →  (2D3/2)5p 1D0
2 1080,1087,1090 948

0.640529 0.640430 ±0.000020 1 (2D3/2)6p 3F0
2 →  (2D5/2)6s 3D2 1076,1083,1087 1044

0.800517 0.800540 ±0.000010 1 (2D5/2)6p 3D0
3 →  (2D5/2)6s 3D3 1076,1082,1083,

1087,1090

691,954,1045

0.825482 0.825450 ±0.000010 1 (2D5/2)6p 3D0
3 →  (2D5/2)6s 3D2 1076,1083,1087,

1090

691,935,1044–45

0.826284 0.826300 ±0.000200 1 (2D3/2)6p 3D0
1 →  (2D3/2)6s 3D1 1076,1087 806

0.832469 0.832480 ±0.000010 1 (2D5/2)6p 3D0
2 →  (2D5/2)6s 3D2 1076,1083,1087 935,1044–45

0.837957 0.837950 1 (2D5/2)6p 3P0
1 →  (2D5/2)6s 3D2 1076,1083,1087 935,806

0.840384 0.840350 ±0.000010 1 (2D5/2)6p 3F0
4 →  (2D5/2)6s 3D3 1076,1082,1083,

1086,1087,1090

691,935,954,

1044,1045

0.874833 0.874760 1 (2D3/2)6p 1P0
1 →  (2D3/2)6s 1D2 1076,1083,1087 806,935

0.877527 0.877300 ±0.000200 1 (2D3/2)6p 3F0
2 →  (2D3/2)6s 3D1 1076,1083,1087 806

1.37538 1.375900 ±0.000200 1 (2D5/2)6p 3P0
1 →  (2D5/2)5d 3S1 1076,1087 806

1.59759 1.598200 ±0.000200 1 (2D5/2)6p 3D0
3 →  (2D5/2)5d 3P2 1076,1087 806

1.64593 1.646400 ±0.000200 1 (2D5/2)6p 3P0
1 →  (2D5/2)5d 3P1 1076,1087 806

1.71983 1.720200 ±0.000200 1 (2D5/2)6p 3D0
3 →  (2D5/2)5d 3D3 1076,1083,1087 806

1.73413 1.734600 ±0.000200 1 (2D5/2)6p 3F0
4 →  (2D5/2)5d 3G5 1076,1083,1087 806

1.74749 1.748000 ±0.000200 1 (2D3/2)6p 3D0
1 →  (2D3/2)5d 3D1 1076,1087 806

1.84051 1.841000 ±0.000200 1 (2D5/2)6p 3D0
2 →  (2D5/2)5d 3F3 1076,1083,1087 806
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1.84583 1.846400 ±0.000200 1 (2D5/2)6p 3D0
3 →  (2D5/2)5d 3F4 1076,1083,1087 806

1.87200 1.872400 ±0.000200 1 (2D5/2)6p 3F0
3 →  (2D5/2)5d 3G4 1076,1087 806

1.87896 1.879600 ±0.000200 1 (2D5/2)6p 3P0
1 →  (2D5/2)5d 3D2 1076,1083,1087 806

1.89752 1.898000 ±0.000200 1 (2D3/2)6p 3F0
2 →  (2D3/2)5d 3G3 1076,1083,1087 806

1.97086 1.971600 ±0.000200 1 (2D3/2)6p 3D0
1 →  (2D3/2)5d 3F2 1076,1087 806

1.98177 1.982400 ±0.000200 1 (2D3/2)6p 1P0
1 →  (2D3/2)5d 1D2 1076,1087 806

2.07907 2.079400 ±0.000200 1 (2D5/2)6p 3F0
3 →  (2D5/2)5d 3D3 1076,1087 806

Gold
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.226362 0.226400 1 (2D3/2)7s 3D1 →  766590
2 1076,1087 938

0.253353 0.253350 ±0.000020 1 (2D3/2)7s 1D2 →  816590
1 1076,1083,1087,

1090

673

0.261640 0.261640 ±0.000020 1 (2D3/2)7s 3D1 →  826130
0 1076,1083,1087,

1090

673

0.282254 0.282220 ±0.000020 1 (2D3/2)7s 1D2 →  856990
3 1076,1083,1087,

1090

673,691,937

0.284694 0.284720 ±0.000020 1 (2D3/2)7s 3D1 →  857070
1 1076,1083,1087,

1090

673,691,937

0.289328 0.289350 ±0.000020 1 (2D3/2)7s 1D2 →  865650
2 1076,1083,1087,

1090

673,691,937

0.291826 0.291810 ±0.000020 1 (2D3/2)7s 3D1 →  865650
2 1076,1083,1087,

1090

673,691,937

0.755581 0.755600 ±0.000020 1 1218620
1 →  (2D5/2)7s 3D2 1076,1083,1087 673

0.760050 0.760040 ±0.000020 1 1217840
2 →  (2D5/2)7s 3D2 1076,1083,1087 673

0.827293 0.827290 1 1202560
3 →  (2D5/2)7s 3D3 1076,1087 935

0.859927 0.859900 1 1202560
3 →  (2D5/2)7s 3D2 1076,1087 938

0.886761 0.886760 1 1194460
2 →  (2D5/2)7s 3D3 1076,1087 935
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3.2.3.3  Group IIA Lasers

Table 3.2.3
Beryllium

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.467346 0.4675 1 4f2 1F0
5/2,7/2 →  3d2 1D3/2,5/2 1076,1082,1086,

1087

1108

0.527032 0.5272 1 4s 2S1/2 →  3p 2P0
1/2 1076,1082 1108

0.527084 0.5272 1 4s 2S1/2 →  3p 2P0
3/2 1076,1082 1108

1.209298 1.2096 1 3p 2P0
3/2 →  3s 2S1/2 1080,1082,1087 1108

1.209561 1.2096 1 3p 2P0
1/2 →  3s 2S1/2 1080,1082,1087 1108

Table 3.2.4
Magnesium

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.921825 0.921800 ±0.000150 1 4p 2P0
3/2 →  4s 2S1/2 1074,1076,1082,

1083,1086,1097

920,976,1046

0.924427 0.924400 ±0.000150 1 4p 2P0
1/2 →  4s 2S1/2 1074,1080,1082,

1083,1086,1097

920,976,1046

1.091423 1.091500 ±0.000150 1 4p 2P0
3/2 →  3d 2D5/2 1074,1083,1086,

1095

920,1046

1.091527 1.091500 ±0.000150 1 4p 2P0
3/2 →  3d 2D3/2 1074,1083,1086,

1095

920,1046

1.095178 1.095200 ±0.000150 1 4p 2P0
1/2 →  3d 2D3/2 1074,1083,1086,

1095

920,1046

2.40415 2.404160 ±0.000300 1 5p 2P0
3/2 →  4d 2D5/2 1097 136,1046

2.41246 2.412520 ±0.000300 1 5p 2P0
1/2 →  4d 2D3/2 1098 136,1046
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Calcium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.370602 0.3706 1 (1S)5s 2S1/2 →  (1S)4p 2P0
1/2 1076,1082,1100 976,1109,1166

0.373690 0.3737 1 (1S)5s 2S1/2 →  (1S)4p 2P0
3/2 1076,1082,1086,

1090,1100

976,1109,1166

0.854209 0.854180 ±0.000060 1 (1S)4p 2P0
3/2 →  (1S)3d 2D5/2 1086,1090,1091,

1101

336,1166

0.866214 0.866200 ±0.000060 1 (1S)4p 2P0
1/2 →  (1S)3d 2D3/2 1086,1090,1091,

1102

336,1166

0.992342 0.9940 1 (1S)6s 2S1/2 →  (1S)5p 2P0
3/2 976

Strontium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.407771 0.4078 1 (1S)5p 2P0
3/2 →  (1S)5s 2S1/2 1091,1092 895

0.416179 0.4162 1 (1S)6s 2S1/2 →  (1S)5pP0
1/2 1076,1082 976,1109

0.430544 0.4305 1 (1S)6s 2S1/2 →  (1S)5p 2P0
3/2 1076,1082,1086,

1090,1091

976,1109

0.868930 0.8700 1 (1S)6d 2D5/2 →  (1S)6p 2P0
3/2 1076,1082,1086 976

1.03273 1.033050 ±0.000050 1 (1S)5p 2P0
3/2 →  (1S)4d 2D5/2 1082,1086,1091 139,881

1.09149 1.091450 ±0.000050 1 (1S)5p 2P0
1/2 →  (1S)4d 2D3/2 1082,1086,1091 139,881

1.122506 1.1230 1 (1S)7s 2S1/2 →  (1S)6p 2P0
3/2 1082,1086 976
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Barium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.614171 0.614170 ±0.000010 1 (1S)6p 2P0
3/2 →  (1S)5d 2D5/2 1087,1090,1091,

1105

149,145

0.649690 0.649690 ±0.000010 1 (1S)6p 2P0
1/2 →  (1S)5d 2D3/2 1087,1090,1091 149,145

1.24748 1.2478 1 (1S)8s 2S1/2 →  (1S)7p 2P0
3/2 1076,1082 976

2.59243 2.592300 ±0.000150 1 (1S)7p 2P0
3/2 →  (1S)6d 2D5/2 146,1133

2.90572 2.905900 ±0.000200 1 (1S)7p 2P0
1/2 →  (1S)6d 2D3/2 146,1133

3.2.3.4  Group IIB Lasers

Table 3.2.4
Zinc

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.1270 2 3d94d 1G4 →  3d94p  3F3 6923 850

0.1306 2 3d84s 1G4 →  3d94p  3D3 6923 850

0.1319 2 3d94d  3G4 →  3d94p  3F3 6923 850

0.491166 0.49116 1 (1S)4f 2F0
5/2 →  (1S)4d 2D3/2 1076,1083,1084,

1087,1090,1110

905,944,945,1034

1036,1039,1059,

1083,1085,1145

0.492404 0.4925 1 (1S)4f 2F0
7/2 →  (1S)4d 2D5/2 1076,1083,1084,

1087,1090,1111

868,905,953,1027

1034,1036,1039,

1083,1085,11145

0.589435 0.5894 1 4s2 2D3/2 →  (1S)4p 2P0
1/2 1074,1083,1084,

1090,1112

905,945,1034,

1036,1039,

1085,1145
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0.602126 0.6021 1 (1S)5d 2D3/2 →  (1S)5p 2P0
1/2 1073,1083,1087,

1113

905,946,1145

0.610249 0.610280 ±0.000070 1 (1S)5d 2D5/2 →  (1S)5p 2P0
3/2 1073,1083,1087,

1114

1064,1083,1085,

1145

0.621459 0.6214 1 4s2 2D3/2 →  (1S)4p 2P0
3/2 1074,1083,

1087,1115

905,1036,1145

0.7478 1 3d94s2 2D5/2 →  3d104p 2P0
3/2 6920 844

0.747879 0.747830 ±0.000160 1 4s2 2D5/2 →  (1S)4p 2P0
3/2 1074,1083,1084,

1086,1088,

1090,1116

676,905,945,1023

1034,1036,1039,

1064,1085,1145

0.758848 0.758750 ±0.000160 1 (1S)5p 2P0
3/2 →  (1S)5s 2S1/2 1076,1083,1084,

1087,1090,1117

676,905,945,953

1034,1036,1039,

1064,1085,1145

0.76121 0.761118 ±0.000160 1 9(1S)6s 2S1/2 →  (1S)5p 2P0
1/2 1118 905,1064,1145

0.773250 0.773250 ±0.000050 1 (1S)5p 2P0
1/2 →  (1S)5s 2S1/2 1073,1083,1087,

1119

905,928,1145

0.775786 0.7757 1 (1S)6s 2S1/2 →  (1S)5p 2P0
3/2 1076,1085,1120 868,905,

1139,1145

1.83083 1.831000 ±0.000100 1 (1S)6p 2P0
3/2 →  (1S)6s 2S1/2 1084,1090,1121 155,1145

5.08483 5.086000 ±0.000400 1 (1S)6p 2P0
3/2 →  (1S)5d 2D5/2 1084,1090,1122 155,1145
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Cadmium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.2312 1 4d105d 2S1/2 →4d105p 2P3/2 6923 852

0.2573 1 4d106s 2S1/2 →4d105p 2P12 6923 852

0.2748 1 4d106s 2S1/2 →4d105p 2P3/2 6923 852

0.3250 1 5s2 2D3/2 →  (1S)5p 2P0
1/2 6920 676,678

0.325029 0.3250 1 5s2 2D3/2 →  (1S)5p 2P0
1/2 1074,1083,1086,

1087,1090

1034

0.441565 0.441560 ±0.000070 1 5s2 2D5/2 →  (1S)5p 2P0
3/2 1074,1081,1083,

1084,1086,1087,

1088,1090,1123

677,870,1023,

1034,1039,1064,

1065,1083,1085

0.4416 1 5s2 2D5/2 →  (1S)5p 2P0
3/2 6920 676–678

0.488172 0.4882 1 (3D)5p 4F0
5/2 →  (1S)5d 2D3/2 1073,1083 1027

0.502548 0.50259 1 (3D)5p 4F0
7/2 →  (1S)5d 2D5/2 1073,1083,1090 1027

0.533748 0.5337 1 (1S)4f 2F0
5/2 →  (1S)5d 2D3/2 1073,1081,1083,

1084,1087,1088,

1090,1124

868,871,953,1023

1034,1039,1057,

1058,1083,1085

0.537813 0.5338 1 (1S)4f 2F0
7/2 →  (1S)5d 2D5/2 1073,1081,1083,

1084,1087,1088,

1090

868,871,953,1023

1034,1039,1057,

1058,1083,1085

0.635480 0.63548 1 (1S)6g  2 1G7/2 →  (1S)4f 2F0
5/2 1076,1083,1087,

1090

1034,1057,1058,

1084,1085

0.636004 0.63601 1 (1S)6g 2G9/2 →  (1S)4f 2F0
7/2 1076,1083,1084,

1087,1090

871,1034,1039,

1057,1058,1082,

1084,1085

0.723689 0.72369 1 (1S)6f 2F0
5/2 →  (1S)6d 2D3/2 1076,1083,1087,

1090

871,1034,1039,

1057,1058,1082,

1084,1085
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0.728423 0.72843 1 (1S)6f 2F0
7/2 →  (1S)6d 2D5/2 1076,1083,1084,

1087,1090

871,1034,1039,

1057,1082,

1084,1085

0.806687 0.80669 1 (1S)6p 2P0
3/2 →  (1S)6s 2S1/2 1076,1083,1084,

1087,1090

871,953,1034,

1039,1059,1085

0.838889 0.8389 1 (1S)7s 2S1/2 →  (1S)6p 2P0
3/2 1082,1086,1094 152,153

0.853026 0.85309 1 (1S)6p 2P0
1/2 →  (1S)6s 2S1/2 1076,1083,1084,

1087,1090

871,1034,1039,

1059,1085

0.865190 0.8652 1 (1S)9s 2S1/2 →  (3D)5p 4P0
1/2 1076,1087 938

0.887770 0.88778 1 (1S)9s 2S1/2 →  (1S)7p 2P0
3/2 1076,1083,1084,

1087,1090

871,1039,1085

3.28825 3.289000 ±0.000200 1 (1S)9s 2S1/2 →  (1S)8p 2P0
3/2 1084,1090 155

Mercury
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.398398 0.398399 ±0.000002 1 (1S)6p 2P0
3/2 →  6s2 2D5/2 1077,1091,1137 905,930

0.479701 0.479700 ±0.000010 2 5d86s21264684 →  5d96p1056283 1083,1086,1090,

1094

876,996,1131

0.521082 0.5210 2 5d86s21227351 →  5d96p1035492 1083,1090 1131

0.567717 0.5678 1 (1S)5f 2F0
7/2 →  (1S)6d 2D5/2 1081,1086,1090,

1092,1136

905,924,933

0.614947 0.6150 1 (1S)7p 2P0
3/2 →  (1S)7s 2S1/2 1076,1081,1083,

1086,1087,1088,

1090,1094,1135

864,913,924,951

1035,1060,1067,

1102,1106,1132

0.650138 0.6501 2 5d86s21189262 →  5d96p1035492 1083,1090 1131

0.734637 0.7346 1 (1S)7d 2D5/2 →  (1S)7p  P0
3/2 1137 905,924

0.74181 0.74181 1 5d96s6p P0
3/2 →  (1S)7s 2S1/2 1086,1087,1138 886,905
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Mercury—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.794466 0.7945 1 (1S)7p 2P0
1/2 →  (1S)7s 2S1/2 1076,1081,1083,

1086,1087,1134

905,951,1035,

1060,1067,1106

0.85482 0.8547 1 (1S)5g 2G7/2 →  1219602F0
5/2 1130 160,905

0.86220? 0.8628 1 (1S)8p 2P0
3/2 →  1162005/2 1131 160

0.8677 0.8677 1 1128 160

0.93968 0.9396 1 (1S)10s 2S1/2 →  (1S)8p 2P0
3/2 160

1.0584 1.0586 1 (1S)8s 2S1/2 →  (1S)7p 2P0
3/2 160,924

1.2545 1.2545 1 1132 160

1.2981 1.2981 1 1131 160

1.5555 1.5550 1 (1S)7p 2P0
3/2 →  (1S)6d 2D5/2 160,1102

3.2.3.5  Group IIIA Lasers

Table 3.2.5
Boron

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.345129 0.345132 1 2p2 1D2 →  (2S)2p  1P0
1 200

Aluminium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.358655 0.358660 ±0.000010 1 (2S)4f 3F0
4 →  (2S)3d  3D3 1080,1087 423

0.358744 0.358740 ±0.000020 1 (2S)4f 3F0
2 →  (2S)3d  3D1 1080,1087,1090 878
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0.691994 0.691998 ±0.000010 1 (2S)5s  1S0 →  (2S)4p  1P0
1 1080,1083,1086–

7,1090,1092,1094

423,878,1050

0.704205 0.704209 ±0.000010 1 (2S)4p  3P0
2 →  (2S)4s  3S1 1080,1083,1086,

1087,1090,1092,

1094

423,878,1050

0.705661 0.705640 ±0.000020 1 (2S)4p  3P0
1 →  (2S)4s  3S1 1080,1087,1090 878

0.747145 0.747149 ±0.000010 1 (2S)4f 1F0
3 →  (2S)3d  1D2 1080,1083,1086,

1087,1092,1094

423,878,1050

Indium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.1850 2 4d95s 2D5/2 →  4d105p 2P3/2 6920 883

0.468111 0.468050 ±0.000070 1 (2S)4f  3F0
4 →  (2S)5d 3D3 1064

Thallium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.473705 0.4737 1 (2S)5f  1F3
0 →  (2S)6d  1D2 1073,1082,1086,

1140

905,931

0.498135 0.4981 1 (2S)5f 3F2
0 →  (2S)6d 3D1 1073,1082,1086,

1140

905,931

0.507854 0.5079 1 (2S)5f 3F3
0 →  (2S)6d 3D2 1073,1082,1086,

1141

905,931

0.515214 0.5152 1 (2S)5f 3F4
0 →  (2S)6d 3D3 1073,1080,1082,

1083,1086,1090,

1092,1142

905,931,977
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Thallium—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.594904 0.5949 1 (2S)7p 3P2
0 →  (2S)7s 3S1 1077,1080,1082,

1083,1084,1086,

1087,1090,1092,

1143

897,898,905,

931,977

0.69505 0.6951 1 (2S)7p  1P1
0 →  (2S)7s   1S0 1077,1080,1082,

1083–4,1086–7,

1090,1092,1144

898,905,931,977

0.9350 0.9350 1 1077,1082,1086 931

1.1350 1.1350 1 1073,1082,1086 931

1.1788 1.1750 1 (2S)6f 3F3
0 →  (2S)7d  3D2 1073,1082,1086 931

3.2.3.6  Group IVA Lasers

Table 3.2.6
Carbon

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.154819 0.154820 +\-0.000030 3 2p 2P0
3/2 →  2s 2S1/2 1084,1086,1090,

1092,1149

1048,1099

0.155077 0.155090 +\-0.000030 3 2p 2P0
1/2 →  2s 2S1/2 1084,1086,1090,

1092,1149

1048,1099

0.464742 0.464740 ±0.000004 2 (2S)3p  3P0
2 →  (2S)3s  3S1 1084,1093,1094,

1147

450,664,874,

1038,1127

0.465025 0.465021 ±0.000004 2 (2S)3p  3P0
1 →  (2S)3s  3S1 1084,1093,1094,

1146

450,664,874,

1038,1127
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0.514516 0.514570 ±0.000050 1 (3P0)3p 4P5/2 →  (3P0)3s 4P5/2 1084,1090 1031

0.657803 0.657800 ±0.000050 1 (1S)3p 2P0
3/2 →  (1S)3s  S1/2 1084,1090 1031

0.678375 0.678360 ±0.000050 1 (3P0)3p  4D7/2 →  (3P0)3s  4P5/2 1084,1090 1031

Silicon
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.408885 0.408890 ±0.000010 3 4p 2P0
3/2 →  4s 2S1/2 1093,1155 450,1090,1134

0.455262 0.455259 ±0.000006 2 (2S)4p  3P0
2 →  (2S)4s  3S1 1085,1153 220,1020,1091

0.456782 0.456784 ±0.000006 2 (2S)4p  3P0
1 →  (2S)4s  3S1 1085,1154 220,1020,1091

0.634710 0.634724 ±0.000006 1 (1S)4p 2P0
3/2 →  (1S)4s 2S1/2 1084,1085,

1150

220,1134,

1020,1062

0.637136 0.637148 ±0.000006 1 (1S)4p 2P0
1/2 →  (1S)4s 2S1/2 1085,1151 220,1020,1062

0.667188 0.667193 ±0.000006 1 (3P0)4p 4D7/2 →  (3P0)4s 4P0
5/2 1085,1152 220,1020,1062

Germanium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.513175 0.513150 ±0.000070 1 (1S)4f 2F0
5/2 →  (1S)4d 2D3/2 1156 1063,1064

0.517865 0.517840 ±0.000070 1 (1S)4f 2F0
7/2 →  (1S)4d 2D5/2 1157 1063,1064
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Tin
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.558943 0.5589 1 (1S)4f 2F0
5/2 →  (1S)5d 2D3/2 1082,1162 202,905

0.579918 0.579870 ±0.000070 1 (1S)4f 2F0
7/2 →  (1S)5d 2D5/2 1082,1160 202,905,1064

0.645358 0.645300 ±0.000070 1 (1S)6p 2P0
3/2 →  (1S)6s 2S1/2 1074,1083,

1086,1161

676,905,1064

0.657926 0.657903 ±0.000006 1 1084,1093,1158 200–202,905

0.684420 0.684400 ±0.000070 1 (1S)6p 2P0
1/2 →  (1S)6s 2S1/2 1074,1083,1159 676,905,1064

1.06118 1.062 1 (1S)5f 2F0
5/2 →  (1S)6d 2D3/2 1082,1085 202,384

1.07388 1.074 1 (1S)5f 2F0
7/2 →  (1S)6d 2D5/2 1082 202

Lead
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.53721 0.537210 ±0.000070 1 (1S)5f 2F0
7/2 →  6s6p2 4P5/2 1163 905,1064

0.56088 0.560860 ±0.000050 1 (1S)7p 2P0
3/2 →  (1S)7s 2S1/2 1083,1164 905,1072

0.66600 0.666010 ±0.000050 1 (1S)7p 2P0
1/2 →  (1S)7s 2S1/2 1083,1165 905,1072

1.1592 1.159 1 6p2 2D3/2 →  (1S)7p 2P1/2 1086 1086

3.2.3.7  Group VA Lasers

Table 3.2.7
Nitrogen

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.336734 0.336732 ±0.000006 2 (3P0)3p 4P5/2 →  (3P0)3s 4P0
5/2 653

0.347871 0.347876 ±0.000005 3 (2S)3p  3P0
2 →  (2S)3s  3S1 1090,1092,1176 664,902,907,989
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0.348299 0.348302 ±0.000006 3 (2S)3p  3P0
1 →  (2S)3s  3S1 1177 653,902

0.399501 0.399499 ±0.000001 1 (2P0)3p 1D2 →  (2P0)3s 1P0
1 1090,1175 1092,1170,1173

0.409732 0.409729 ±0.000006 2 (1S)3p 2P0
3/2 →  (1S)3s 2S1/2 1090,1092 664,907,989,1092

0.410338 0.410336 ±0.000002 2 (1S)3p 2P0
1/2 →  (1S)3s 2S1/2 1090,1094 664,989,

1092,1173

0.451088 0.451089 ±0.000002 2 (3P0)3p 4D5/2 →  (3P0)3s 4P0
3/2 1090,1094 664,989,1092

0.451487 0.451486 ±0.000003 2 (3P0)3p 4D7/2 →  (3P0)3s 4P0
5/2 1090,1094 664,989,

1092,1173

0.462140 0.462100 ±0.000080 1 (2P0)3p 3P0 →  (2P0)3s 3P0
1 1090,1174 1016,1092,1170

0.463055 0.463051 ±0.000002 1 (2P0)3p 3P2 →  (2P0)3s 3P0
2 1090,1094,1168 664,989,1092,

1170,1173

0.464310 0.464390 ±0.000080 1 (2P0)3p 3P1 →  (2P0)3s 3P0
2 1090,1169 1016,1092,1170

0.501638 0.501639 1 (2P0)3d 3F2 →  (2P0)3p 3D2 1166 872,1170

0.566663 0.566662 ±0.000003 1 (2P0)3p 3D2 →  (2P0)3s 3P0
1 1167 872,927,1170

0.567601 0.567603 ±0.000003 1 (2P0)3p 3D1 →  (2P0)3s 3P0
0 1172 927,1170

0.567956 0.567953 ±0.000003 1 (2P0)3p 3D3 →  (2P0)3s 3P0
2 1094,1173 212,450,872,

927,1170

0.568622 0.568690 ±0.000080 1 (2P0)3p 3D1 →  (2P0)3s 3P0
1 1170 1016,1170

0.648209 0.648260 ±0.000060 1 (2P0)3p 1P1 →  (2P0)3s 1P0
1 1171 986,1016,1170

Phosphorus
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.334769 0.334776 ±0.000006 3 (2S)4p 3P0
2 →  (2S)4s 3S1 220

0.422208 0.422225 ±0.000006 2 (1S)4p 2P0
3/2 →  (1S)4s 2S1/2 220

0.602418 0.602427 ±0.000006 1 (2P0)4p 3D2 →  (2P0)4s 3P0
1 1083,1092,1094,

1178

220,857,869,992

0.603404 0.603419 ±0.000006 1 (2P0)4p 3D1 →  (2P0)4s 3P0 1179 220,992
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Phosphorus—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.604312 0.604322 ±0.000006 1 (2P0)4p3 D3 →  (2P0)4s 3P0
2 1083,1092,1094,

1180

220,857,869,992

0.608782 0.608804 ±0.000006 1 (2P0)4p 3D1 →  (2P0)4s 3P0
1 1181 220,992

0.616559 0.616574 ±0.000006 1 (2P0)4p 3D2 →  (2P0)4s3 P0
2 1182 220,992

0.784563 0.7846 1 (2P0)4p 1P1 →  (2P0)4s 1P0
1 1183 869,992

Arsenic
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.538520 0.538510 ±0.000040 1 (2P0)6s 1P0
1 →  (2P0)5p 3P1 1076,1083,1084,

1087,1184

981,1033,1041

0.549695 0.549680 ±0.000040 1 (2P0)6s 3P0
2 →  (2P0)5p 3D3 1076,1083,1084,

1087,1185

981,1033,1041

0.549773 0.549760 ±0.000040 1 (2P0)5p 3D1 →  (2P0)5s3 P0
0 1076,1083,1084,

1087,1090,1092,

1094,1186

941,981,

1033,1041

0.555809 0.555820 ±0.000040 1 (2P0)5p 3D2 →  (2P0)5s 3P0
1 1076,1083,1084,

1087,1090,1092,

1094,1187

943,981,1033,

1041

0.565132 0.565200 ±0.000100 1 (2P0)5p 3D3 →  (2P0)5s 3P0
2 1092,1188 943,981

0.583790 0.583800 ±0.000040 1 (2P0)6s 3P0
2 →  (2P0)5p 3P2 1076,1083,1084,

1087,1189

981,1033,1041

0.617027 0.617020 ±0.000040 1 (2P0)5p 1P1 →  (2P0)5s3P0
1 1076,1083,1084,

1087,1092,1190

943,981,

1033,1041
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0.651174 0.651180 ±0.000040 1 (2P0)6s 1P0
1 →  (2P0)5p 1D2 1076,1083,1084,

1086,1087,1090,

1191

981,1033,

1041

0.710272 0.710250 ±0.000040 1 (2P0)5p 3P1 →  4p3 3P0
2 1076,1083,1084,

1087,1192

981,1033,

1041

Antimony
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.613000 0.613000 ±0.000100 1 (2P0)6p 3D3 →  (2P0)6s 3P0
2 442

0.699563 0.6996 1 (2P0)6p 3D1 →  (2P0)6s 3P0
1 1076,1086 932

Bismuth
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.456118 0.456070 ±0.000010 2 (1S)7p 2P0
1/2 →  (1S)7s 2S1/2 1086 957

0.571924 0.571920 ±0.000010 1 6p1/27p1/2
3P0 →  6p1/27s 3P0

1 1086 957

0.75990 0.759870 ±0.000050 2 (1S)6f 2F0
5/2 →  (1S)7d 2D3/2 1086 957

0.806881 0.806920 ±0.000050 2 (1S)6f 2F0
7/2 →  (1S)7d 2D5/2 1086 957
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3.2.3.8  Group VIA Lasers

Table 3.2.8
Oxygen

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.278104 0.278150 ±0.000050 4 (2S)3p 3P0
2 →  (2S)3s 3S1 1092 908

0.298378 0.298389 ±0.000006 2 (2P0)3p 1D2 →  (2P0)3s 1P0
1 1085,1090,1092,

1193

450,653,

908,989

0.304713 0.304715 ±0.000006 2 (2P0)3p 3P2 →  (2P0)3s 3P0
2 1085,1090,1092 450,653,908,989

0.306342 0.306346 ±0.000006 3 (1S)3p 2P0
3/2 →  (1S)3s 2S1/2 1090,1092,1194 653,908,989,1130

0.338121 0.338134 ±0.000006 3 (3P0)3p 4D5/2 →  (3P0)3s 4P0
3/2 1196 653,1130

0.338130 0.338134 ±0.000006 3 (3P0)3p 4D3/2 →  (3P0)3s 4P0
1/2 1195 653,1130

0.338554 0.338554 ±0.000006 3 (3P0)3p 4D7/2 →  (3P0)3s 4P0
5/2 1092,1197 653,908,1130

0.372733 0.372711 ±0.000050 1 (3P)3p 4S0
3/2 →  (3P)3s 4P3/2 1092 908

0.374949 0.374947 ±0.000004 1 (3P)3p 4S0
3/2 →  (3P)3s 4P5/2 1090,1092,1198 450,664,908,

964,989

0.375467 0.375468 ±0.000004 2 (2P0)3p 3D2 →  (2P0)3s 3P0
1 1090,1092,1199 450,664,908,

964,989,1026

0.375720 0.37572 2 (2P0)3p 3D1 →  (2P0)3s 3P0
0 1085,1090 989,1026

0.375988 0.375989 ±0.000005 2 (2P0)3p 3D3 →  (2P0)3s 3P0
2 1090,1092,1200 450,664,908,

964,989,1026

0.377399 0.37738 2 (2P0)3p 3D1 →  (2P0)3s 3P0
1 1026

0.434738 0.434738 ±0.000004 1 (1D)3p 2D0
3/2 →  (1D)3s 2D3/2 1090,1092,1201 450,664,908,1092

0.435128 0.435126 ±0.000004 1 (1D)3p 2D0
5/2 →  (3P)3s 2P3/2 1090,1202 450,664,

1026,1092

0.441488 0.441439 ±0.000004 1 (3P)3p 2D0
5/2 →  (3P)3s 2P3/2 1090,1203 450,664,1092

0.441697 0.441697 ±0.000004 1 (3P)3p 2D0
3/2 →  (3P)3s 2P1/2 1090,1204 450,664,1092

0.460552 0.460552 ±0.000009 0 1205 664

0.464914 0.464908 ±0.000010 1 (3P)3p 4D0
7/2 →  (3P)3s 4P5/2 212,450
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0.559237 0.559237 ±0.000006 2 (2P0)3p 1P1 →  (2P0)3s 1P0
1 1086,1090,

1206

450,664,872,

986,989,1026

0.664099 0.664020 ±0.000100 1 (3P)3p 2S0
1/2 →  (3P)3s 2P1/2 1090 986

0.666694 0.666694 1 (3P)4p 2P0
1/2 →  (3P)3d 2P3/2 1207 872,1156

0.672136 0.672138 ±0.000004 1 (3P)3p 2S0
1/2 →  (3P)3s 2P3/2 664,872

Sulfur
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.263896 0.263896 ±0.000001 2 1084,1090,1094,

1208

991,1489

0.263896 0.263896 ±0.000001 3 1084,1090,1094,

1209

991,1489

0.332486 0.332486 ±0.000001 2 (2P0)4p 3P2 →  (2P0)3d 3P0
2 1084,1090,1094 991,1489

0.349733 0.349733 ±0.000001 2 1084,1090,1094 991,1489

0.370937 0.370935 ±0.000001 2 (2P0)4p 3D2 →  (2P0)3d 3P0
1 1084,1090,1094 991,1489

0.492532 0.492560 ±0.000006 1 (3P)4p 4P0
3/2 →  (3P)4s 4P1/2 1084 1489

0.501401 0.501424 ±0.000006 1 (3P)4p 2P0
3/2 →  (3P)4s 2P3/2 1084 1489

0.503239 0.503262 ±0.000006 1 (3P)4p 4P0
5/2 →  (3P)4s 4P5/2 1084 1489

0.516032 0.516032 ±0.000006 0 1084,1210 1489

0.521962 0.521962 ±0.000006 0 1084,1211 1489

0.532070 0.532088 ±0.000006 1 (1D)4p 2F0
7/2 →  (1D)4s 2D5/2 1083,1084,1092,

1094,1212

857,869,1489

0.534567 0.534583 ±0.000006 1 (1D)4p 2F0
5/2 →  (1D)4s 2D3/2 1083,1084,1092,

1094,1213

857,869,1489

0.542864 0.542874 ±0.000006 1 (3P)4p 4D0
3/2 →  (3P)4s 4P1/2 1084,1094 869,1489

0.543274 0.543287 ±0.000006 1 (3P)4p 4D0
5/2 →  (3P)4s 4P3/2 1083,1084,1092,

1094,1214

857,869,1489
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Sulfur—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.545380 0.545388 ±0.000006 1 (3P)4p 4D0
7/2 →  (3P)4s 4P5/2 1083,1084,1092,

1094,1215

857,869,1489

0.547360 0.547374 ±0.000006 1 (3P)4p 4D0
1/2 →  (3P)4s 4P1/2 1084,1094 869,1489

0.550965 0.550990 ±0.000006 1 (3P)4p 4D0
3/2 →  (3P)4s 4P3/2 1084 1489

0.556491 0.556511 ±0.000006 1 (3P)4p 4D0
5/2 →  (3P)4s 4P5/2 1084 1489

0.563999 0.564012 ±0.000006 1 (3P)4p 2D0
5/2 →  (3P)4s 2P3/2 1083,1084,1092,

1094,1216

857,1869,489

0.564698 0.564716 ±0.000006 1 (3P)4p 2D0
3/2 →  (3P)4s 2P1/2 1084,1094 869,1489

0.581919 0.581935 ±0.000006 1 (3P)4p 2D0
3/2 →  (3P)4s 2P3/2 1084 1489

Selenium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.446760 0.446800 ±0.000050 1 (3P)5p 2P0
1/2 →  (3P)5s 2P1/2 1076,1083,1086 963

0.460431 0.460460 ±0.000050 1 (3P)5p 2D0
5/2 →  (3P)5s 4P5/2 1076,1083,

1087,1090

915,1034,1069

0.461877 0.461910 ±0.000050 1 (3P)5p 4P0
5/2 →  (3P)5s 4P3/2 1076,1083,1086 963

0.464843 0.464860 ±0.000050 1 (3P)5p 4P0
3/2 →  (3P)5s 4P1/2 1076,1083,1090 915,1069

0.471782 0.471850 ±0.000050 1 ?(3P)5p 4S0
3/2 →  981181/2 1076,1083,1086 963

0.474098 0.474060 ±0.000050 1 (3P)5p 2P0
3/2 →  4s4p4 2P3/2 1076,1083,1086 963

0.476368 0.476410 ±0.000050 1 (3P)5p 2D0
3/2 →  (3P)5s 4P3/2 1076,1083 1069

0.476554 0.476510 ±0.000050 1 (3P)5p 2P0
1/2 →  4s4p4 2P3/2 1076,1083,

1086,1090

915,963

0.484063 0.484060 ±0.000050 1 (3P)5p 2S0
1/2 →  (3P)5s 4P3/2 1076,1083 1069

0.484499 0.485500 ±0.000050 1 (3P)5p 4S0
3/2 →  (3P)5s 4P5/2 1076,1083,1086,

1087,1090

915,958,

1034,1069
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0.497572 0.497610 ±0.000050 1 (3P)5p 2D0
5/2 →  4s4p4 2P3/2 1076,1083,1086,

1087,1090,1217

915,958,

1034,1069

0.499279 0.499290 ±0.000050 1 (3P)5p 4P0
3/2 →  (3P)5s 4P3/2 1076,1083,1086,

1087,1090,1218

915,958,

1034,1069

0.506865 0.506870 ±0.000050 1 (3P)5p 4P0
5/2 →  (3P)5s 4P5/2 1076,1083,1086,

1087,1090,1219

915,958,963,958,

1034,1069

0.509650 0.509610 ±0.000050 1 ?(3P)5p 4D0
7/2 →  (3P)4d 4F9/2 1076,1083,1086,

1092

915,943,958,1069

0.514215 0.514190 ±0.000050 1 (3P)5p 4D0
3/2 →  (3P)5s 4P1/2 1076,1083,1086 958,1069

0.517593 0.517600 ±0.000050 1 (3P)5p 4D0
5/2 →  (3P)5s 4P3/2 1076,1083,1086,

1087,1090,1220

915,943,958,

963,1034,1069

0.522749 0.522760 ±0.000050 1 (3P)5p 4D0
7/2 →  (3P)5s 4P5/2 1076,1083,1086,

1087,1088,1090,

1092,1221

915,943,958,

963,1034,1069

0.525309 0.525260 ±0.000050 1 (3P)5p 2D0
5/2 →  (3P)5s 2P3/2 1076,1083,1086,

1087

958,1034,1069

0.525367 0.525320 ±0.000050 1 (3P)5p 4D0
1/2 →  (3P)5s 4P0

1/2 1076,1083,1086,

1087

958,1034,1069

0.527115 0.527130 ±0.000050 1 (1D)5p 2D0
5/2 →  (1D)5s 2D3/2 1076,1083,1086,

1222

958,1069

0.527127 0.527130 ±0.000050 1 (3P)5p 4D0
5/2 →  (3P)4d 4F7/2 1076,1083,1086,

1223

958,1069

0.530539 0.530550 ±0.000050 1 (3P)5p 2D0
3/2 →  (3P)5s 2P1/2 1076,1083,1086,

1090

915,958,1069

0.552244 0.552280 ±0.000050 1 (3P)5p 4P0
5/2 →  4s4p4 2P3/2 1076,1083,1086,

1087,1090,1225

915,943,

958,1069

0.552266 0.552280 ±0.000050 1 (3P)5p 4P0
3/2 →  (3P)5s 4P5/2 1076,1083,1086,

1087,1090,1224

915,943,

958,1069

0.556688 0.556710 ±0.000050 1 (3P)5p 4D0
3/2 →  (3P)5s 4P3/2 1076,1083,1086 963,958

0.559113 0.559160 ±0.000050 1 (3P)5p 4P0
3/2 →  (3P)5s 2P1/2 1076,1083,1090 915,1069
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Selenium—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.562315 0.562280 ±0.000050 1 (3P)5p 4P0
1/2 →  (3P)5s 4P1/2 1076,1083,1086 963

0.569782 0.569790 ±0.000050 1 (3P)5p 4D0
1/2 →  (3P)5s 4P3/2 1076,1083,1090 915,1069

0.574761 0.574790 ±0.000050 1 (3P)5p 4D0
5/2 →  (3P)5s 4P5/2 1076,1083 1069

0.584261 0.584280 ±0.000050 1 (3P)5p 2S0
1/2 →  4s4p4 2P3/2 1076,1083,1086 963

0.586623 0.586670 ±0.000050 1 (3P)5p 4P0
5/2 →  (3P)5s 2P3/2 1076,1083,1086,

1090

915,1063

0.605592 0.605630 ±0.000050 1 (3P)5p 2P0
3/2 →  1048743/2 1076,1083,1086,

1087,1090

915,958,

1034,1069

0.606573 0.606610 ±0.000050 1 (3P)5p 4P0
3/2 →  4s4p4 2P3/2 1076,1083,1086 963

0.610198 0.610210 ±0.000050 1 (3P)5p 2D0
3/2 →  (3P)5s 2P3/2 1076,1083,1086 963

0.644426 0.644390 ±0.000050 1 (3P)5p 2D0
5/2 →  1048743/2 1076,1083,1086,

1090

915,958,

1034,1069

0.649049 0.649010 ±0.000050 1 (3P)5p 4D0
1/2 →  (3P)5s 2P1/2 1076,1083,1086,

1090

915,958,

1034,1069

0.653440 0.653460 ±0.000050 1 (3P)5p 2P0
1/2 →  1059741/2 1076,1083 1069

0.706389 0.706420 ±0.000050 1 (3P)5p 4P0
1/2 →  (3P)5s 2P1/2 1076,1083,1086 963

0.739206 0.739240 ±0.000050 1 (3P)5p 4P0
5/2 →  1048743/2 1076,1083,1086 963

0.767472 0.767490 ±0.000050 1 (3P)5p 2P0
3/2 →  (1D)5s 2D5/2 1076,1083,1086 963

0.772406 0.772360 ±0.000050 1 (3P)5p 4D0
1/2 →  (3P)5s 2P3/2 1076,1083,1086 963

0.779610 0.779620 ±0.000050 1 (3P)5p 2P0
1/2 →  (1D)5s 2D3/2 1076,1083,1086 963

0.783877 0.783930 ±0.000050 1 (3P)5p 4P0
1/2 →  4s4p4 2P3/2 1076,1083,1086 963

0.830930 0.830890 ±0.000050 1 (3P)5p 2D0
5/2 →  (1D)5s 2D5/2 1076,1083,1086 963

0.924930 0.924930 ±0.000100 1 1076,1083,1086 963

0.995515 0.995470 ±0.000100 1 (3P)5p 4P0
5/2 →  (1D)5s 2D5/2 1076,1083,1086 963

1.04088 1.040940 ±0.000100 1 (3P)5p 4D0
1/2 →  1046943/2 1076,1083,1086,

1226

963
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1.25867 1.258790 ±0.000100 1 (3P)5p 4P0
3/2 →  1088345/2 1076,1083,1086,

1227

963

Tellurium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.48429 0.484330 ±0.000040 1 1228880
5/2 →  1022453/2 1076,1083,1086,

228

904,1073

0.502039 0.502000 ±0.000040 1 1076,1083,1086,

1229

904,1073

0.525641 0.525640 ±0.000040 1 1076,1083,1086,

1230

904,1073

0.544985 0.544980 ±0.000040 1 1039360
3/2 →  855925/2 1080,1083,1086,

1231

904,1073

0.54540 0.545400 ±0.000050 1 1232 443,904

0.547905 0.547930 ±0.000040 1 1050060
3/2 →  867603/2 1080,1083,1086,

1233

904,1073

0.557634 0.557650 ±0.000040 1 5s25p2(1D)6p0
7/2 →  948605/2 1076,1083,1086,

1094,1234

442,443,

904,1073

0.56405 0.564050 ±0.000050 1 1235 443,904

0.566622 0.566610 ±0.000040 1 1012210
3/2 →  835771/2 1076,1083,1086,

1236

904,1073

0.570815 0.570850 ±0.000050 1 1031060
7/2 →  855925/2 1075,1083,1086,

1090,1094,1237

442,443,904,

1073,1098

0.574160 0.574150 ±0.000040 1 1122720
3/2 →  948605/2 1080,1083,1086,

1238

904,1073

0.575589 0.575570 ±0.000040 1 1001120
5/2 →  827433/2 1079,1083,1086,

1239

904,1073
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Tellurium—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.576528 0.576490 ±0.000040 1 1125495/2 →  952083/2 1076,1083,1086,

1240

904,1073

0.585105 0.585100 ±0.000040 1 1119470
5/2 →  948605/2 1079,1083,1086,

1241

904,1073

0.593618 0.593650 ±0.000050 1 995850
3/2 →  827433/2 1080,1082,1083,

1086,1242

443,904,1073

0.597267 0.597230 ±0.000040 1 1119470
5/2 →  952083/2 1079,1083,1086,

1243

904,1073

0.597471 0.597430 ±0.000040 1 1023240
5/2 →  855925/2 1076,1083,1086,

1244

904,1073

0.601447 0.601470 ±0.000040 1 1055830
5/2 →  889613/2 1080,1083,1086,

1245

904,1073

0.60824 0.608240 ±0.000040 1 1076,1083,1086,

1246

904,1073

0.623074 0.623040 ±0.000040 1 1050060
3/2 →  889613/2 1080,1083,1086,

1247

904,1073

0.624549 0.624550 ±0.000050 1 995850
3/2 →  835771/2 1079,1082,1083,

1086,1248

443,904,1073

0.65850 0.658500 ±0.000040 1 1076,1083,1086,

1249

904,1073

0.664859 0.664820 ±0.000040 1 977800
1/2 →  827433/2 1080,1083,1086,

1250

904,1073

0.667602 0.667650 ±0.000040 1 1039360
3/2 →  889613/2 1080,1083,1086,

1251

904,1073

0.688508 0.688530 ±0.000040 1 1001120
5/2 →  855925/2 1080,1083,1086,

1252

904,1073
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0.703904 0.703920 ±0.000060 1 977800
1/2 →  835771/2 1080,1082,1083,

1086,1253

443,904,1073

0.780162 0.780160 ±0.000060 1 1050060
3/2 →  921923/2 1080,1083,1086,

1254

904,1073

0.792155 0.792140 ±0.000060 1 977800
1/2 →  851603/2 1080,1083,1086,

1255

904,1073

0.86044 0.860440 ±0.000060 1 1076,1083,1086,

1256

904,1073

0.87343 0.873430 ±0.000060 1 1076,1083,1086,

1257

904,1073

0.897212 0.897190 ±0.000060 1 1039360
3/2 →  927935/2 1080,1083,1086,

1258

904,1073

0.89982 0.899820 ±0.000060 1 1080,1083,1086,

1259

904,1073

0.937842 0.937790 ±0.000060 1 995850
3/2 →  889255/2 1080,1083,1086,

1260

904,1073

3.2.3.9  Group VIB Lasers

Table 3.2.9
Chromium

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.868347 0.868400 ±0.000100 1 (a5D)4pz 4D0
3/2 →  (a3D)4sb 2D3/2 1076,1087 939



© 2001 CRC Press LLC.

3.2.3.10  Group VII Lasers

Table 3.2.10
Fluorine

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.275963 0.275959 ±0.000006 2 (1D)3p 2D0
5/2 →  (1D)3s 2D5/2 1085,1261 220,1022

0.282613 0.282608 ±0.000006 3 (2P0)3p 3D3 →  (2P0)3s 3P0
2 1085 220

0.312154 0.312150 ±0.000001 2 (3P)3p 4D0
7/2 →  (3P)3s 4P5/2 1084,1090,

1094,1262

220,991,1022

0.317417 0.317418 ±0.000006 2 (3P)3p 2D0
5/2 →  (3P)3s 2P3/2 1085,1263 220,1022

0.320275 0.320274 ±0.000006 1 (2D0)3p 1D2 →  (2D0)3s 1D0
2 1264 220,1021

0.402472 0.402478 ±0.000006 1 (4S0)3p 3P2 →  (4S0)3s 3S0
1 1085,1265 220,1021

Chlorine
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.263267 0.263269 ±0.000001 2 (1D)4d 2D5/2 →  (1D)4p 2F0
7/2 1084,1090,1094 220,991,1020

0.319146 0.319142 ±0.000001 2 (3P)4p 4S0
3/2 →  (3P)4s 4P5/2 1084,1085,1090,

1094

220,991

0.339288 0.339286 ±0.000001 2 (1D)4p 2D0
3/2 →  (1D)4s 2D3/2 1084,1085,1090,

1094

220,991

0.339345 0.339344 ±0.000001 2 (1D)4p 2D0
5/2 →  (1D)4s 2D5/2 1084,1085,1090,

1094

220,991

0.353003 0.353002 ±0.000001 2 (1D)4p 2F0
7/2 →  (1D)4s 2D5/2 1084,1085,1090,

1094

220,991

0.356068 0.356063 ±0.000001 2 (1D)4p 2F0
5/2 →  (1D)4s 2D3/2 1084,1085,1090,

1094

220,991

0.360210 0.360210 ±0.000006 2 (3P)4p 4D0
7/2 →  (3P)4s 4P5/2 1085 220
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0.361282 0.361210 ±0.000006 2 (3P)4p 4D0
5/2 →  (3P)4s 4P3/2 1085 220

0.362268 0.362269 ±0.000006 2 (3P)4p 4D0
3/2 →  (3P)4s 4P1/2 1085 220

0.372045 0.372044 ±0.000001 2 (3P)4p 2D0
5/2 →  (3P)4s 2P3/2 1084,1085,1090,

1094

220,991

0.374880 0.374877 ±0.000001 2 (3P)4p 2D0
3/2 →  (3P)4s 2P1/2 1084,1085,1090,

1094

220,991

0.413250 0.413250 ±0.000010 1 (2D0)4p 1D2 →  (2D0)4s 1D0
2 1083,1092 1107

0.474042 0.474040 ±0.000010 1 (2P0)4p 1P1 →  (2P0)3d 1D0
2 1083,1092 1107

0.476870 0.476874 ±0.000006 1 (2P0)4p 3D2 →  (2P0)4s 3P0
1 1083,1092 220,1107

0.478134 0.478134 ±0.000003 1 (2P0)4p 3D3 →  (2P0)4s 3P0
2 1083,1092,1094 857,927,997

0.489685 0.489688 ±0.000003 1 (2D0)4p 3F4 →  (2D0)4s 3D0
3 1083,1090,

1092,1094

857,873,

927,997

0.490482 0.490473 ±0.000003 1 (2D0)4p 3F3 →  (2D0)4s 3D0
2 1083,1092,1094 857,927,997

0.491780 0.491766 ±0.000003 1 (2D0)4p 3F2 →  (2D0)4s 3D0
1 1083,1092,1094 857,927,997

0.507828 0.507830 ±0.000003 1 (2D0)4p 3D3 →  (2D0)4s 3D0
3 1083,1092,1094 857,927,997

0.510309 0.510310 ±0.000010 1 (2D0)4p 3D2 →  (2D0)4s 3D0
2 1083,1092 1107

0.521792 0.521790 ±0.000003 1 (4S0)4p 3P2 →  (4S0)4s 3S0
1 1084,1085,1090,

1094

873,927,

997,1094

0.522135 0.522130 ±0.000003 1 (4S0)4p 3P1 →  (4S0)4s 3S0
1 1083,1084,1090,

1092,1094

873,927,

997,1094

0.539216 0.539215 ±0.000003 1 (2D0)4p 1F3 →  (2D0)4s 1D0
2 1083,1090,1092,

1094

857,873,

927,997

0.6099472 0.609474 ±0.000003 1 2D0)4p 1P1 →  (2D0)4s 1D0
2 1083,1092,1094 857,927,997
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Bromine
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.236246 ±0.000001 3 1084,1090,1266 991

0.258125 0.258125 ±0.000001 3 1084,1090,1267 991

0.278762 0.278762 ±0.000001 2 1084,1090,1268 991

0.474270 0.474266 ±0.000003 1 (2P0)5p 3D3 →  (2P0)5s 3P0
2 1269 955,1043

0.505465 0.505463 ±0.000005 1 (2D0)5p 3F3 →  (4S0)4d 3D0
2 1270 955,1043

0.518227 0.518238 ±0.000002 1 (4S0)5p 3P2 →  (4S0)5s 3S0
1 1083,1092,1271 857,943,955,1043

0.523823 0.523826 ±0.000004 1 (4S0)5p 3P1 →  (4S0)5s 3S0
1 1083,1092,1272 857,955,1043

0.533205 0.533203 ±0.000003 1 (2D0)5p 1F3 →  (2D0)5s 1D0
2 1083,1092,1273 857,943,955,1043

0.611761 0.611756 ±0.000006 1 (4S0)5p 5P2 →  (4S0)5s 3S0
1 1084,1274 200,956,1043

0.616870 0.616878 ±0.000006 1 (4S0)5p 5P1 →  (4S0)5s 3S0
1 1275 956,1043

Iodine
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.448855 0.448850 ±0.000020 1 (2D0)6p 3D1 →  (4S0)5d 5D0
1 1076,1083,1087,

1276

993,1037

0.453379 0.453379 ±0.000003 2, 3 1277 968

0.467440 0.467440 ±0.000003 2, 3 1279 968

0.467553 0.467560 ±0.000020 1 (2D0)6p 1D2 →  (2D0)6s 1D0
2 1076,1083,1087,

1281

993,1037

0.493467 0.493467 ±0.000003 2, 3 1282 968

0.498692 0.498670 ±0.000020 1 (2D0)6p 3D2 →  (4S0)5d 3D0
1 1076,1082,1083,

1086,1087,

1094,1284

266,993,

1037,1042

0.52140 0.521430 ±0.000020 1 (2D0)6p 3D2 →  (4S0)5d 3D0
3 1076,1083,1087,

1285

993,1037
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0.521626 0.521630 ±0.000020 1 (2D0)6p 3F2 →  (4S0)5d 3D0
1 1076,1082,1083,

1086,1087,1088,

1094,1286

266,993,1037,

1042,1105

0.540737 0.540750 ±0.000020 1 (2D0)6p 3D2 →  (2D0)6s 3D0
2 1076,1082,1083,

1086,1087,1088,

1090,1094,1287

266,866,867,910,

993,1032,1037,

1042,1105

0.55931 0.559310 ±0.000020 1 (2D0)6p 3D1 →  (4S0)5d 3D0
1 1076,1083,1087,

1288

993,1037

0.562569 0.5625 1 (4S0)6p 3P2 →  (4S0)6s 3S0
1 1289 266,993

0.567807 0.567820 ±0.000020 1 (2D0)6p 3F2 →  (2D0)6s 3D0
2 1076,1082,1083,

1086,1087,1088,

1090,1094,1290

266,862,866,911

993,1032,1037,

1042,1105,1141

0.576071 0.576070 ±0.000020 1 (2D0)6p 3D2 →  (2D0)6s3 D0
1 1076,1082,1083,

1086,1087,1088,

1090,1094,1291

266,862,866,911

993,1032,1037,

1042,1105,1141

0.606895 0.606900 ±0.000020 1 (2D0)6p 3F2 →  (2D0)6s 3D1 1076,1083,1086,

1087,1088,

1094, 1292

993,1037,

1104,1105

0.612750 0.612740 ±0.000020 1 (2D0)6p 3D1 →  (2D0)6s3 D0
2 1076,1082–1084,

1086–1088,1090,

1094,1293

267,862,866,911

993,1032,1037,

1042,1105,1141

0.620485 0.620490 ±0.000020 1 (2D0)6p 1P1 →  (2D0)6s 1D0
2 1076,1083,1087,

1294

993,1037

0.634001 0.633990 ±0.000020 1 (2D0)6p 3F3 →  (2D0)6s 3D0
3 1076,1083,1087,

1295

993,1037

0.635738 0.635737 1 (4S0)8d 5D0
1 →  (2P0)6p 3P1 1296 873,993

0.648899 0.648897 1 (4S0)8d 5D0
4 →  (4S0)7p 5P3 1076,1297 873,993

0.651615 0.651620 ±0.000020 1 (2D0)6p 3F2 →  5s5p5 1P0
1 1076,1083,1087,

1088,1094,1298

993,1032,1037,

1103,1105
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Iodine—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.658520 0.658530 ±0.000020 1 (2D0)6p 3D1 →  (2D0)6s 3D0
1 1076,1082,1083,

1086,1087,1088,

1090,1094,1299

266,866,867,993

1032,1042,1037,

1104

0.662236 0.662250 ±0.000020 1 (2D0)6p 3D2 →  (2D0)5d 3D0
2 1076,1083,1087,

1300

993,1037

0.667228 0.667227 1 (2P0)6p 3D1 →  (2D0)5d 1D0
2 1301 873,993

0.682520 0.682520 ±0.000020 1 (2D0)6p 3F2 →  (2D0)6s 1D0
3 1076,1083,1087,

1302

993,1037,1104

0.690480 0.6904 1 (2D0)6p 3D2 →  (2D0)6s 1D0
2 1082,1085,1303 266,873,993

0.703299 0.703300 ±0.000020 1 (2D0)6p 3F2 →  (2D0)5d 3D0
2 1073,1076,1082,

1083,1086,1087,

1088,1094,1304

266,866,867,

993,1032,1042,

1037,1104

0.713898 0.713900 ±0.000020 1 (2D0)6p 3D2 →  (2D0)5d 3D0
3 1076,1083,1087,

1094,1305

993,1032,

1037,1104

0.761849 0.761850 ±0.000020 1 (2D0)6p 3F2 →  (2D0)5d 3D0
3 1076,1083,1087,

1306

993,1037

0.773577 0.773580 ±0.000020 1 (2D0)6p 3D1 →  (2D0)5d 3D0
2 1076,1083,1087,

1307

993,1037

0.817010 0.817020 ±0.000020 1 (2D0)6p 3D2 →  (2D0)5d 3F0
3 1076,1083,1087,

1308

993,1037

0.825381 0.825390 ±0.000020 1 (2D0)6p 3D1 →  (2D0)5d 3P0
0 1076,1082,1083,

1087,1094,1309

266,993,

1032,1037

0.880428 0.880428 ±0.000020 1 (2D0)6p 3F2 →  (2D0)5d 3F0
3 1076,1082,1083,

1087,1094,1310

266,993,

1032,1037

0.887757 0.887740 ±0.000020 1 (2D0)6p 3F3 →  (2D0)5d 3G0
4 1076,1083,1087,

1311

993,1037

1.04172 1.041720 ±0.000060 2,3 1312 968
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Ytterbium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

1.26925 1.271400 ±0.000100 1 (2F0
7/2)6s6p(3P0)7/2 →

(2F0
5/2)5d6s3[9/2]

1091,1466 404,1002

1.34527 1.345300 ±0.000100 1 (1S)6p2P0
3/2 →  (1S)5d2D3/2 1085,1091,1467 404,1002

1.64984 1.649800 ±0.000200 1 (1S)6p2P0
3/2 →  (1S)5d2D5/2 1086,1088,1091,

1468

247,1002,

1133

1.804031 1.8057 1 (2F0
7/2)6s6p(3P1)5/2 →

(2F0
7/2)5d6s3[5/2]

1469 404,1002

2.1480 2.1480 1? 1470 404,1002

2.43775 2.437700 ±0.000200 1 (1S)6p  2 1P0
1/2 →  (1S)5d2 1D3/2 1088,1471 247,1002,1133

3.2.3.11  Group VIII Lasers

Table 3.2.11
Nickel

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.796213 0.796070 ±0.000250 1 (1D)5p 2F0
7/2 →  (1D)5s 2D5/2 1076,1087 936

0.797537 0.797480 ±0.000250 1 (3P)5p 4D0
7/2 →  (3P)5s 4P5/2 1076,1087 936
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Europium
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.664506 0.6645 1 z 9P5 →  a 9D0
6 1073,1091,1460 1054,1087

0.989827 0.9898 1 z 7P3 →  a 7D0
4 1073,1090,1461 1054,1087

1.00195 1.0020 1 z 7P4 →  a 7D0
5 1073,1086,1090,

1462

1054,1078,

1087

1.01656 1.0166 1 z 7P4 →  a 7D0
4 1073,1086,1090,

1463

1054,1078,

1087

1.36070 1.3610 1 z 9P4 →  a 7D0
5 1073,1086,1090,

1464

1054,1078,

1087

1.47665 1.4770 1 z 9P3 →  a 7D0
4 1090,1465 1054,1087

3.2.3.12  Group VIIIA Lasers

Table 3.2.12
Helium

Wavelength
( m)

Measured
value ( m) Uncertainty Charge Transi t ion Comments References

0.0164 1                       n=3 →  n=2 6922 851

Neon
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.201844 0.201842 ±0.000001 3 (1D)3p 2D0
3/2 →  (1D)3s 2D3/2 1090,1314 989,1081

0.202219 0.202219 ±0.000001 3 (1D)3p 2D0
5/2 →  (1D)3s 2D5/2 1090,1315 989,990,1081

0.206530 0.206530 ±0.000001 2, 3 1086,1090,1316 989,990
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0.217771 0.217770 ±0.000001 2 (2D0)3p 3P1 →  (2D0)3s 3D0
2 1090 989

0.218088 0.218086 ±0.000001 2 (2D0)3p 3P2 →  (2D0)3s 3D0
3 1090 989

0.22657 0.226570 4 0(2P0)3p 3D3 →  (2P0)3s 3P0
2 1090 989

0.228579 0.228579 ±0.000001 3 (1D)3p 2F0
7/2 →  (1D)3s 2D5/2 1090 989

0.235252 0.235255 ±0.000001 3 (3P)3p 4D0
5/2 →  (3P)3s 4P3/2 1090 989

0.235796 0.235798 ±0.000001 3 (3P)3p 4D0
7/2 →  (3P)3s 4P5/2 1086,1090,1094 653,989

0.237320 0.237320 ±0.000001 3? 1090,1318 989

0.247340 0.247340 ±0.000001 2 (2D0)3p 1D2 →  (2D0)3s 1D0
2 1086,1090,1094,

1319

653,989

0.247340 0.2474 ±0.0001 2 (2D0)3p 1D2 →  (2D0)3s 'D0
2 6583,6584 1757,1758

0.261003 0.260998 ±0.000001 2 (2D0)3p 3F4 →  (2D0)3s 3D0
3 1090 989

0.261003 0.2610 ±0.0001 2 (2D0)3p 3F4 →  (2D0)3s 3D0
3 6583,6584 1757,1758

0.261341 0.2613 ±0.0001 2 (2D0)3p 3F3 →  (2D0)3s 3D0
2 6583,6584 1757,1758

0.261341 0.261340 ±0.000010 2 (2D0)3p 3F3 →  (2D0)3s 3D0
2 1090 989

0.267790 0.2677 2 (4S0)3p 3P2,0 → (4S0)3 s  3S0
1 6583,6584 1757,1758

0.267790 0.267792 ±0.000001 2 (4S0)3p 3P2,0  →  (4S0)3s 3S0
1 1086,1090,1092,

1094

450,653,

907,989

0.267864 0.267869 ±0.000001 2 (4S0)3p 3P1 →  (4S0)3s 3S0
1 1086,1090,

1092,1094

450,653,

907,989

0.277765 0.277763 ±0.000001 2 (2D0)3p 3D3 →  (2D0)3s 3D0
3 1090,1094 450,989

0.277765 0.2778 ±0.0001 2 (2D0)3p 3D3 →  (2D0)3s 3D0
3 6583,6584 1757,1758

0.286673 0.286673 ±0.000001 2 (2D0)3p 1F3 →  (2D0)3s 1D0
2 1090,1094,1320 450,653,989

0.331972 0.331975 ±0.000001 1 (1D)3p 2P0
1/2 →  (1D)3s 2D3/2 1090,1092,1094,

1321

653,907,989,

1030,1153

0.331972 0.3320 ±0.0001 1 (1D)3p 2P0
1/2 →  (1D)3s 2D3/2 6583,6584 1757,1758

0.332373 0.332375 ±0.000001 1 (3P)3p 2P0
3/2 →  (3P)3s 2P3/2 1083,1086,1090–

1092,1094,1322

450,454,907,987

989,1018,1030,

1088,1137,1169

0.332715 0.332750 ±0.000050 1 (3P)3p 4D0
3/2 →  (3P)3s 4P3/2 1323 450,1030

0.332916 0.332902 ±0.000010 1 (3P)3d 4D7/2 →  (3P)3p 4D0
7/2 1324 1153,1030
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Neon—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.334545 0.333107 ±0.000010 2 (2P0)3p 3D2 →  (2P0)3s 1P0
1 1153

0.334545 0.334545 ±0.000002 1 (1D)3p 2P0
3/2 →  (1D)3s 2D5/2 1083,1090,1091,

1092,1094,1325

454,653,907,989

1030,1153,1169

0.337822 0.337826 ±0.000001 1 (3P)3p 2P0
1/2 →  (3P)3s 2P1/2 1083,1086,1090–

1092,1094,1326

450,454,907,989,

1018,1030,1169

0.339280 0.339280 ±0.000001 1 (3P)3p 2P0
3/2 →  (3P)3s 2P1/2 1083,1086,1090,

1094,1327

450,653,1169,

1018,1030

0.339318 0.339340 ±0.000010 1 (3P)3d 2D3/2 →  (3P)3p 2D0
5/2 1328 1030,1153

0.371308 0.371300 ±0.000100 1 (3P)3p 2D0
5/2 →  (3P)3s 2P3/2 1083,1086,1090,

1329

1030,1169,

1172

0.372685 0.37268 ±0.0001 1 (3P)3p 2D0
3/2 →  (3P)3s 2P1/2 1757,1758

0.372710 0.37279 ±0.0001 1 (3P)3p 2P0
3/2 →  (3P)3s 2P3/2 1757,1758

Argon
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.501716 0.501717 ±0.000002 1 (1D)4p 2F0
5/2 →  (3P)3d 2D3/2 1081,1083,1086,

1351

888,965,

1005,1096,

0.184343 0.184343 ±0.000003 4 1330 990

0.211398 0.211398 ±0.000001 3 1090 989

0.224884 0.224884 ±0.000001 3 1090 989

0.251328 0.251330 ±0.000002 3 (3P)4p 4S0
3/2 →  (3P)4s 4P5/2 1085,1090 989

0.262135 0.262138 ±0.000001 3 (1D)4p 2D0
3/2 →  (1D)4s 2D3/2 1090 989

0.262493 0.262488 ±0.000001 3 (1D)4p 2D0
5/2 →  (1D)4s 2D5/2 1090,1094 653,989

0.275392 0.275388 ±0.000001 2 [(2D0)4p 1D2 →  (2D0)4s 1D2] 1081,1083,1089,

1090,1094,1331

450,653,905,

985,989,1128
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0.285521 0.285537 ±0.000001 2 (2D0)4p 3P1 →  (2D0)4s 3D0
2 1090 989

0.288416 0.288422 ±0.000001 2 (2D0)4p 3P2 →  (2D0)4s 3D0
3 1083,1090,1094 1153,653,989

0.291300 0.291292 ±0.000001 3 (3P)4p 2D0
5/2 →  (3P)4s 2P3/2 1086,1090,1092,

1094

450,653,907,

980,989

0.292627 0.292623 ±0.000001 3 (3P)4p 2D0
3/2 →  (3P)4s 2P1/2 1090,1094 450,653,989

0.300264 0.300264 ±0.000001 2 [(2P0)4p 1P1 →  (2P0)3d 1D0
2] 1081,1083,1085,

1089,1090,1092,

1094

450,653,907,

989,985

0.302405 0.302400 ±0.000050 2 (2P0)4p 3D3 →  (2P0)4s 3P0
2 1081,1083,1090 450,985

0.305484 0.305480 ±0.000050 2 (2P0)4p 3D2 →  (2P0)4s 3P0
1 1081,1083,1090 450,985

0.333613 0.333621 ±0.000006 2 (2D0)4p 3F4 →  (2D0)4s 3D0
3 1081,1083,1090 450,653985,1169

0.334472 0.334479 ±0.000006 2 (2D0)4p 3F3 →  (2D0)4s 3D0
2 1081,1083,1090 450,653985,1169

0.335849 0.335852 ±0.000006 2 (2D0)4p 3F2 →  (2D0)4s 3D0
1 1081,1083,1090 450,653985,1169

0.351112 0.351112 ±0.000006 2 (4S0)4p 3P2 →  (4S0)4s 3S0
1 1081,1083,1086,

10902,1332

450,454,929,985

989,997,1018,

1088,1169

0.351418 0.351415 ±0.000006 2 (4S0)4p 3P1 →  (4S0)4s 3S0
1 1083,1090,1092,

1094

450,907,989997,

1092,1123

0.357661 0.357690 ±0.000050 1 (3P)4d 4F7/2 →  (3P)4p 4D0
5/2 1085,1333 450,1005

0.363789 0.363786 ±0.000004 2 [(2D0)4p 1F3 →  (2D0)4s 1D0
2] 1081,1083,1086,

1089,1090,1092,

1334

450,905,907,985

989,997,1088,

1092,1172

0.379532 0.379528 ±0.000006 2 (2P0)4p 3D3 →  (2P0)3d 3P0
2 1083 450,1123

0.385829 0.385826 ±0.000006 2 (2P0)4p 3D2 →  (2P0)3d 3P0
1 1083 450,1123

0.414671 0.414660 ±0.000004 2 (2D0)4p 3P2 →  (2P0)4s 3P0
2 1083 450,1123

0.418298 0.418292 ±0.000006 2 [(2D0)4p 1P1 →  (2D0)4s 1D0
2] 1083,1089,1337 450,1081,

1128,1169

0.437075 0.437073 ±0.000006 1 (1D)4p 2D0
3/2 →  (3P)3d 2D3/2 1083,1338 450,1005,1118

0.438375 0.438360 ±0.000060 1 (3P)4p 4S0
3/2 →  (3P)4s 2P3/2 1339 1005,1016

0.448181 0.448200 ±0.000100 1 (1D)4p 2D0
5/2 →  (3P)3d 2D5/2 1083,1340 857,973,1005



© 2001 CRC Press LLC.

Argon—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.454505 0.454504 ±0.000010 1 (3P)4p 2P0
3/2 →  (3P)4s 2P3/2 1073,1081,1083,

1087,1094,1341

450,880,888,

1005,1096

0.457935 0.457936 ±0.000016 1 (3P)4p 2S0
1/2 →  (3P)4s 2P1/2 1073,1081,1083,

1086,1087,1342

450,880,888,

1005,1096

0.460956 0.460957 ±0.000010 1 (1D)4p 2F0
7/2 →  (1D)4s 2D5/2 1343 450,1005

0.465789 0.465795 ±0.000002 1 (3P)4p 2P0
1/2 →  (3P)4s 2P3/2 1081,1083,1086,

1344

888,965,1005,

1096

0.472686 0.472689 ±0.000004 1 (3P)4p 2D0
3/2 →  (3P)4s 2P3/2 1081,1083,1345 888,1005,1096

0.4765 1 (3P)4p 2P0
3/2 →  (3P)4s 2P1/2 6922 842

0.476486 0.476488 ±0.000004 1 (3P)4p 2P0
3/2 →  (3P)4s 2P1/2 1073,1081,1083,

1085,1086,1087,

1090–2,1346

880,888,907,929

965,970,1005,

1096,1142

0.487986 0.487986 ±0.000004 1 (3P)4p 2D0
5/2 →  (3P)4s 2P3/2 1081,1083,1085,

1086,1090,

1091,1347

888,965,

1005,1096

0.488903 0.488906 ±0.000006 1 (3P)4p 2P0
1/2 →  (3P)4s 2P1/2 1083,1348 450,1005,1118

0.496507 0.496509 ±0.000002 1 (3P)4p 2D0
3/2 →  (3P)4s 2P1/2 1081,1083,1086,

1091,1349

888,965,

1005,1096

0.506204 0.506210 ±0.000025 1 (3P)4p 4P0
3/2 →  (3P)4s 4P1/2 1092,1352 975,1005,1111

0.514179 0.514180 ±0.000005 1 (1D)4p 2F0
7/2 →  (3P)3d 2D5/2 1083,1353 450,1118,1005

0.514532 0.514533 ±0.000002 1 (3P)4p 4D0
5/2 →  (3P)4s 2P3/2 1081,1083,1086,

1090,1354

888,965,1005,

1096

0.528690 0.528700 ±0.000100 1 (3P)4p 4D0
3/2 →  (3P)4s 2P1/2 1081,1083,1355 888,1005,1096

0.550220 0.550220 ±0.000050 2 (2D0)4p3D3 →  (2P0)4s3P0
2 450

0.648308 0.648280 ±0.000020 1 (3P)4p 2S0
1/2 →  (3P)3d 2P3/2 1073,1083,1087,

1356

941,1005,1077

0.673000 0.673000 ±0.000050 0 1357 921
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0.686127 0.686110 ±0.000020 1 (3P)4p 2P0
3/2 →  (3P)3d 2P3/2 1073,1083,1087,

1358

941,1005,1077

0.734805 0.734804 ±0.000005 1 (1D)3d 2D5/2 →  (3P)4p 2D0
5/2 1091,1359 454,1005

0.750514 0.750508 ±0.000005 1 (1D)3d 3P3/2 →  (3P)4p 2S0
1/2 1091,1360 454,1005

0.877186 0.878000 ±0.000300 1 [(3P)4p 2P0
3/2 →  (1D)4s 2D5/2] 1073,1083,1087,

1089,1361

1005,1075,

1077,1117

1.092344 1.092300 ±0.000100 1 (3P)4p 2P0
3/2 →  (3P)3d 2D5/2 1083,1090,1362 594,1005,

1117,1143

Krypton
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.0907 2 4s04p6 1S0 →  4s14p5 1P1 6925 892

0.175641 0.175641 ±0.000003 3 1090 989,990

0.183243 0.183243 ±0.000003 4 1090 989,990

0.195027 0.195027 ±0.000003 3 1090 989,990

0.196808 0.196808 ±0.000003 3 1090 989,990

0.205108 0.205108 ±0.000001 3 1090 989,990

0.219192 0.219192 ±0.000001 3 1090 989,990

0.225464 0.225464 ±0.000001 3 1090 989

0.233848 0.233848 ±0.000001 3 1090 989

0.241784 0.241784 ±0.000001 2, 3 1090,1364 989

0.264936 0.264936 ±0.000001 3 1085,1090,1094 653,989,1125

0.266440 0.266440 ±0.000001 3 1085,1090,1094 653,989,1125

0.274138 0.274138 ±0.000001 3 1090,1094 653,989

0.304970 0.304970 ±0.000002 2 1090,1094 450,653,989

0.312436 0.312436 ±0.000001 2 1081,1083,

1090,1094

653,985,

989
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Krypton—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.323951 0.323951 ±0.000001 2 (2P0)5p 1D2 →  (2D0)5s 1P0
1 1081,1083,1090,

1094

450,653,

985,989

0.337496 0.337500 ±0.000050 2 (2P0)5p 3D3 →  (2P0)5s 3P0
2 1081,1083,1090 450,985,1169

0.350742 0.350742 ±0.000001 2 (4S0)5p 3P2 →  (4S0)5s 3S0
1 1081,1083,1086,

1090,1094,1366

450,985,989,

1018,1088,1092,

1169

0.356432 0.356420 ±0.000006 2 (4S0)5p 3P1 →  (4S0)5s 3S0
1 1081,1083,1086,

1090,1094,1367

539,985,989,

1088,1166

0.377134 0.377134 ±0.000005 1 (1D)4d 2S1/2 →  (3P)5p 4P0
3/2 1090,1091,1368 454,1007

0.406737 0.406736 ±0.000006 2 (2D0)5p 1F3 →  (2D0)5s 1D0
2 1081,1083,1090,

1369

450,974,1092,

1143,1169,1172

0.413133 0.413138 ±0.000006 2 (4S0)5p 5P2 →  (4S0)5s 3S0
1 1081,1083,1090,

1370

450,974,

1092,1169

0.415444 0.415445 ±0.000004 2 (2D0)5p 3F3 →  (2D0)5s 1D0
2 1081,1083 450,1123

0.417179 0.417181 ±0.000010 2 (4S0)5p 5P1 →  (4S0)5s 3S0
1 450

0.422658 0.422651 ±0.000006 2 (2D0)5p 3F2 →  (2D0)4d 3D0
1 1081 450

0.431780 0.431800 ±0.000020 1 (3P)6s 4P5/2 →  (3P)5p 4P0
5/2 1076,1082,1083,

1087,1371

880,978,1007,

1019,1077,1151

0.438653 0.438610 ±0.000020 1 (3P)6s 4P5/2 →  (3P)5p 4P0
3/2 1076,1082,1083,

1085,1087,1372

978,880,1007,

1077,1151

0.457720 0.457720 ±0.000010 1 (1D)5p 2F0
7/2 →  (1D)5s 2D5/2 1076,1083,1087,

1094,1373

450,861,1007,

1077,1116,

0.458285 0.458300 ±0.000100 1 (3P)6s 4P3/2 →  (3P)5p 4D0
5/2 1076,1082,1083,

1087,1374

941,978,1007,

1077,1128,1151

0.461528 0.461520 ±0.000010 1 (3P)5p 2P0
3/2 →  (3P)5s 2P3/2 1375 1007,1014

0.461915 0.461917 ±0.000010 1 (3P)5p 2D0
5/2 →  (3P)5s 2P3/2 1083,1094,1376 450,1007,

1116,1117
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0.463388 0.463392 ±0.000006 1 (1D)5p 2F0
5/2 →  (1D)5s 2D3/2 1083,1094,1377 450,1007,

1116,1118

0.465016 0.465016 ±0.000010 1 (3P)5p 2P0
1/2 →  (3P)5s 4P1/2 1378 450,1007

0.468041 0.468045 ±0.000006 1 (3P)5p 2S0
1/2 →  (3P)5s 2P1/2 1081,1083,

1094,1379

450,1007,

1116,1117

0.469443 0.469410 ±0.000020 1 (3P)6s 4P5/2 →  (3P)5p 4D0
7/2 1076,1082,1083,

1087,1090,

1092,1380

940,941,978,

1007,1019,1049,

1077,1112,1151

0.471046 0.471030 ±0.000060 2 (2D0)5p 3F4 →  (2D0)4d 3D0
3 1016

0.475447 0.475450 ±0.000030 2 (2D0)5p 1F3 →  (2D0)4d 3D0
3 1085 1016

0.476243 0.476244 ±0.000006 1 (3P)5p 2D0
3/2 →  (3P)5s 2P1/2 1081,1083,1092,

1094,1381

450,861,933,

1007,1116

0.476573 0.476571 ±0.000010 1 (3P)5p 4D0
5/2 →  (3P)5s 4P3/2 1083,1094,1382 450,1007,

1116,1117

0.479633 0.479630 ±0.000060 1 (3P)5d 4D1/2 →  (3P)5p 4S0
3/2 1383 1007,1016

0.482518 0.482518 ±0.000006 1 (3P)5p 4S0
3/2 →  (3P)5s 2P1/2 1081,1083,1094,

1384

450,861,

1007,1116

0.484660 0.484666 ±0.000006 1 (3P)5p 2P0
1/2 →  (3P)5s 2P3/2 1083,1385 450,1007,1117

0.501645 0.501640 ±0.000010 2 (2D0)5p 1D2 →  (2P0)4d 1F0
3

0.502239 0.502200 ±0.000100 1 (3P)5p 4D0
3/2 →  (3P)5s 2P3/2 1083,1386 857,1007,1118

0.503747 0.503750 ±0.000060 1 1387 1007,1016,1157

0.512572 0.512600 ±0.000010 1 (3P)6s 4P3/2 →  (3P)5p 4D0
3/2 1076,1082,1083,

1087,1388

880,978,

1007,1151

0.520832 0.520832 ±0.000004 1 (3P)5p 4P0
3/2 →  (3P)5s 3P3/2 1081,1083,1092,

1094,1389

450,933,1007,

1116,1117

0.521793 0.521820 ±0.000040 1 (3P)5p 4D0
1/2 →  (3P)5s 2P1/2 1390 1007,1016

0.530865 0.530868 ±0.000004 1 (3P)5p 4P0
5/2 →  (3P)5s 4P3/2 1081,1083,1094,

1391

450,1007,

1116,1117

0.550143 0.550150 ±0.000050 2 (2D0)5p 3F3 →  (2P0)4d 3D0
2 1085 1016

0.559732 0.559770 ±0.000100 2 (2D0)5p 3P2 →  (2P0)5s 3P0
2 1016
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Krypton—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.568188 0.568192 ±0.000004 1 (3P)5p 4D0
5/2 →  (3P)5s 2P3/2 1081,1083,1090,

1092,1094,1392

450,861,933,

1007,1116,1117

0.57529 0.575340 ±0.000050 1 (3P)5p 4D0
3/2 →  (3P)5s 2P1/2 1083,1094,1393 857,921,1007

0.593529 0.593530 ±0.000060 1 (3P)5d 4P3/2 →  (1D)5p 2P0
3/2 1395 1007,1016

0.593506 0.593530 ±0.000060 2 (2D0)5p 3P2 →  (2P0)5s 1P0
1 1394 1016

0.603811 0.603760 ±0.000080 1 (3P2)4f[2]0
3/2 →  (1D)4d 2P3/2 1397 1007,1015

0.603716 0.603760 ±0.000080 2 (2D0)5p 3P1 →  (2P0)4d 3D0
1 1396 1015

?0.6072 0.607200 ±0.000100 1398 656

0.616880 0.616880 ±0.000050 1 (1D)5p 2F0
5/2 →  (3P)4d 4P3/2 1083,1399 1007,1118

0.631024 0.631030 ±0.000080 2 (2D0)5p 3P2 →  (2P0)4d 3D0
1 1015

0.631276 0.631260 ±0.000080 1083,1400 921,926,1015

0.641660 0.641700 ±0.000100 1 (1D)5p 2P0
3/2 →  (3P)4d 2P3/2 1401 656,1007

0.647088 0.647100 ±0.000050 1 (3P)5p 4P0
5/2 →  (3P)5s 2P3/2 1081,1083,1090,

1402

1007,1116,

1118

0.651016 0.651000 ±0.000010 1 (3P)6s 4P5/2 →  (3P)5p 4S0
3/2 1076,1083,1087,

1403

880,1007,

1077

0.657008 0.657000 ±0.000050 1 (1D)5p 2D0
5/2 →  (3P)4d 2D5/2 1083,1404 1007,1116,1118

0.660275 0.660280 ±0.000080 1 (1D)5p 2P0
1/2 →  (3P)4d 2D5/2 1083,1406 921,1007,1015

0.660293 0.660280 ±0.000080 2 [(2D0)5p 3P2 →  (2P0)4d 1F0
3] 1083,1405 1015,921

0.676442 0.676457 ±0.000010 1 (3P)5p 4P0
1/2 →  (3P)5s 2P1/2 1081,1083,1094,

1407

450,861,

1007,1116

0.687085 0.687096 ±0.000010 1 (1D)5p 2F0
5/2 →  (3P)4d 2D3/2 1083,1094,1408 450,1007,1116,

1118

0.743578 0.743576 ±0.000001 1 (1D)4d 2D5/2 →  (3P)5p 4D0
5/2 1090,1092,1094,

1409

989,1007,1089

0.752546 0.752550 ±0.000010 1 (3P)5p 4P0
3/2 →  (3P)5s 2P1/2 1081,1083,1410 947,1007

0.793141 0.79314 1 (1D)5p 2F0
7/2 →  (3P)4d 2F5/2 1081,1083,1411 973,1007

0.799322 0.799300 ±0.000050 1 (3P)5p 4P0
3/2 →  (3P)4d 4D1/2 1081,1083,1412 973,1007,1116
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0.828034 0.828030 ±0.000010 1 (1D)5p 2F0
5/2 →  (3P)4d 2F5/2 1083,1094,1413 947,973,1007

0.8334 0.8334 1 1083,1414 1007,1152

0.847333 0.8473 1 (1D)4d 2D3/2 →  (3P)5p 4D0
3/2 1415 1007,1089

0.8589 0.858900 ±0.000300 2 1416 1075

0.869014 0.86901 1 (3P)5p 2P0
1/2 →  (1D)5s 2D3/2 1083,1417 973,1007

0.897869 0.89784 1 (1D)4d 2D5/2 →  (3P)5p 4D0
3/2 1085,1418 1007,1089

1.06596 1.06596 1 (1D)4d 2D5/2 →  (3P)5p 2P0
3/2 1419 1007,1089

1.329404 1.3295 1 (1D)4d 2D5/2 →  (3P)5p 2D0
3/2 1420 1007,1089

Xenon
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.1089 2 5s05p6 1S0 →  5s15p5 1P1 6923 892,896,1756

0.223244 0.223244 ±0.000001 2, 3 1081,1090,1421 989

0.231536 0.231536 ±0.000001 2, 3 1081,1086,1090,

1423

989

0.24433 3 1487

0.252666 0.252666 ±0.000001 3 1090 989

0.25563 3 1487

0.269194 0.269194 ±0.000001 3 1089,1090,1094 653,874,983,989

0.276778 0.27680 2 6595 1487

0.281968 0.28199 2 6595 1487

0.282251 0.28227 2 6595 1487

0.287405 0.28741 2 6595 1487

0.295478 0.29547 2 6595 1487

0.297051 0.29707 2 6595 1487

0.301418 0.30142 2 (2P0)6p 3D1 →  (2D0)5d 3D0
2

0.30438 2 6595 1487
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Xenon—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.307974 0.307974 ±0.000002 2 1081,1085,1089,

1090,1094

450,653,874,

983,989

0.310863 0.31089 3 6595 1487

0.312569 0.31260 2 6595 1487

0.324692 0.324692 ±0.000001 3 1081,1085,1089,

1090,1094

653,983,929,

983,1024

0.330596 0.330596 ±0.000001 3 1085,1089,1094 450,653,923,

983,989

0.330596 0.33060 3 6592,6593 1487

0.333087 0.333087 ±0.000002 3 1081,1083,1089,

1090,1094,1426

450,653,874,983

989,1024,1122

0.334974 0.334974 ±0.000006 2 1089 653,874,923,983

0.345424 0.345425 ±0.000001 2 (2D0)6p 1D2 →  (2D0)6s 1D0
2 1083,1090,1094,

1427

653,989,

1024,1169

0.348322 0.348331 ±0.000003 3 1089,1094 450,653,874,

923,983

0.354233 0.354231 ±0.000005 2 (2D0)6p 3P2 →  (2D0)6s 3D0
3 1091 454

0.359661 0.359600 ±0.000100 2 1083,1089,1094 1169,923

0.364548 0.364548 ±0.000001 3 1081,1085,1086,

1089,1090,1094,

1428

653,874,923,989

983,1024,1025,

1092,1153

0.366920 0.366920 ±0.000003 2 1083,1089 653,874,923,983,

1024,1123

0.374571 0.374573 ±0.000006 2 (2D0)6p 1D2 →  (2D0)5d 1D0
2 1081,1083,1090 653,1024,

1088,1169

0.375994 0.375994 ±0.000003 3 1085,1089,1429 450,874,923,

983,1117,1127
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0.376226 0.37622 2 6595 1487

0.377629 0.37765 2 (2P0)6p 3D2 →  (2P0)6s 3P1 1487

0.378097 0.378099 ±0.000002 2 (4S0)6p 3P2 →  (4S0)6s 3S0
1 1083,1086,1090,

1094,1430

450,653,989,

1024,1088,1169

0.380329 0.380329 ±0.000003 3 1089 653,874,923,

983,1024,1025

0.380329 0.38035 3 6592,6594 1487

0.384152 0.384100 ±0.000100 2 (2D0)6p 3F2 →  (2D0)6s 3D0
2 1083,1431 1123

0.384186 0.384100 ±0.000100 2 (2D0)6p 3P1 →  (2D0)5d 3D0
2 1083,1432 1123

0.397301 0.397301 ±0.000003 3 1089,1433 653,874,923,

983,1024,1025

0.397301 0.39732 3 6592,6594 1487

0.399255 0.399300 ±0.000100 2 [(4S0)6p 5P2 →  (4S0)5d 3D0
1] 1083,1089,1435 1016,1123

0.399285 0.399300 ±0.000100 2 (2D0)6p 3P1 →  (2D0)6s 1D0
2 1083,1089,1434 1016,1123

0.405005 0.404990 ±0.000020 2 (4S0)6p 3P1 →  (4S0)6s 3S0
1 1090 1015,1092

0.406041 0.406048 ±0.000006 2 (2P0)6p321 →  (2P0)5d250
1 1083,1090,1436 450,989,1025,

1024,1092,1150,

1153,1169

0.414199 0.41420 2 (2P0)261 →  (2P0)6s 3P0
2 1487

0.414572 0.414530 ±0.000060 2 (2D0)6p 3D2 →  (2D0)5d 3D0
1 1083 1016,1123

0.421401 0.421405 ±0.000006 2 (2D0)6p 3P2 →  (2D0)5d 3D0
3 1083,1086,1090,

1437

450,1169

0.424024 0.424026 ±0.000010 2 (2D0)6p 1D2 →  (2P0)5d170
3 1083,1090,1438 450,1169

0.427259 0.427260 ±0.000006 2 (2D0)6p 3F4 →  (2D0)5d 3D0
3 1083,1090,1439 450,1169

0.428588 0.428592 ±0.000006 2 (2D0)6p 3D3 →  (2D0)6s 1D0
2 450

0.429639 0.429633 ±0.000005 1 (3P)7s 4P1/2 →  (3P)6p 4P0
3/2 1090,1091 454,1092
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Xenon—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.430575 0.430575 ±0.000003 3 1085,1086,1089,

1090

450,874,923,983

989,1024,1092,

1117,1150

0.441314 0.441300 ±0.000060 2 1089 923,1016

0.443415 0.443422 ±0.000010 2 (2D0)6p 3F2 →  (2D0)5d 3D0
1 1083 450,921

0.450345 0.450350 ±0.000060 2 (2P0)6p 321 →  (2P0)5d 270
2 1016

0.455874 0.455874 ±0.000006 3 1089,1090 922,923,983,1092

0.460303 0.460302 ±0.000004 1 (3P)6p 4D0
3/2 →  (3P)6s 4P3/2 1083,1092,1094,

1440

450,884,

1116,1117

0.464740 0.464740 ±0.000004 3 0.464740 1089,1093,1441 450,923,983,874,

1117,1127

0.465025 0.465025 ±0.000001 2, 3 0.465025 1089,1093,1442 450,874,923,

983,1117,1127

0.467368 0.467373 ±0.000006 2 (2D0)6p 1F3 →  (2D0)6s 1D0
2 1083,1086,1090 450,989,1092,

1101,1118

0.468354 0.468357 ±0.000006 2 (4S0)6p 5P2 →  (4S0)6s 3S0
1 1083 450,1122

0.472360 0.472357 ±0.000005 2 (4S0)6p 5P1 →  (4S0)6s 3S0
1 1089,1094 923,983,1014

0.474894 0.474894 ±0.000001 2 1083,1089,1094 923,983,874,1118

0.479448 0.479450 ±0.000060 2 (2D0)6p 3D1 →  (2D0)5d 3D0
1 1016

0.486249 0.486200 ±0.000100 1 (3P)7s 4P5/2 →  (3P)6p 4P0
5/2 1077,1080,1082,

1083,1087

979,1049,1151

0.486946 0.486948 ±0.000006 2 (2D0)6p 3F3 →  (2D0)5d 3D0
2 1083 450,1118

0.488730 0.488700 ±0.000100 1 (3P)6p 2P3/2 →  (3P)6s 2P3/2 1083 857

0.495413 0.495418 ±0.000003 3 1083,1086,1089,

1090,1444

450,874,923,983

1024,1025,1074,

1092,1101,1122,

1150,1487
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0.496508 0.496508 ±0.000006 1 (1D)7s 2D3/2 →  (1D)6p 2P0
3/2 1083 450,857

0.497270 0.497271 ±0.000005 1 (1D)6p 2P0
3/2 →  (3P)5d 2D5/2 1091,1094 454,911,1150

0.500774 0.500780 ±0.000003 3 1081,1083,1086,

1089,1090,1445

450,874,923,983

1024,1025,1074,

1101,1122,

1150,1487

0.504492 0.504489 ±0.000006 1 (1D)6p 2P0
1/2 →  (1D)6s2 D3/2 1083,1092,1094 450,884,1116–7

0.515704 0.515704 ±0.000006 3 1089 922,923,983

0.515902 0.515908 ±0.000003 3 1081,1083,1086,

1089,1090,1446

450,874,923,983

1024,1025,1074,

1101,1122,

1150,1487

0.522364 0.522340 ±0.000060 2 (2D0)6p 1F3 →  (2D0)5d 1D0
2 1016

0.523893 0.523889 ±0.000006 2 (2D0)6p 3P2 →  (2P0)5d 130
1 1082,1083,1447 450,1074,1118

0.525630 0.525650 ±0.000060 3 1089,1448 923,1016,1487

0.526017 0.526017 ±0.000003 3 1081,1083,1085,

1086,1089,1090,

1449

450,874,922,923

983,989,1010,

1024,1025,1074,

1101,1117,1124,

1127,1150

0.526043 0.526043 ±0.000003 1 (3P)6p 2P0
3/2 →  (3P)6s 2P1/2 1083,1089 874,923,983,

1117,1118,1127

0.526195 0.526150 ±0.000100 1 (1D)6p 2D0
3/2 →  (1D)6s 2D3/2 1077,1083,1087,

1092,1094,1450

450,884,1077,

1116,1117

0.531389 0.531400 ±0.000100 1 (3P)7s 4P5/2 →  (3P)6p 4D0
7/2 1077,1082,1083,

1086,1087

979,1049,1077,

1128,1151

0.534334 0.534334 ±0.000005 3 1089,1094 922,923,983,1074
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Xenon—continued
Wavelength

( m)
Measured

value ( m) Uncertainty Charge Transi t ion Comments References

0.535290 0.535290 ±0.000003 3 1081,1083,1086,

1089,1090,1451

450,874,922,923,

929,942,983,1024

1025,1074,1101,

1122,1150,1487

0.536706 0.536700 ±0.000060 2 (2D0)6p 3F2 →  (2D0)5d 3D0
2 1085 1016

0.539460 0.539460 ±0.000003 3 1081,1083,1085,

1086,1089,1090,

1452

450,874,922,923,

929,942,983,1024

1025,1074,1101,

1122,1150,1487

0.540100 0.540090 ±0.000030 2 (2D0)6p 3P2 →  (2P0)5d 150
2 1012

0.541353 0.541350 ±0.000060 2 (2D0)6p 3P2 →  (2P0)5d 170
3 1016

0.541915 0.541916 ±0.000006 1 (3P)6p  4D0
5/2 →  (3P)6s 4P3/2 1083,1088,1092,

1453

450,884,1116,

1117,1167

0.545433 0.545460 ±0.000060 2 (4S0)6d 5D0
0 →  (2D0)6p 41 1085,1086,1090 1016,1101

0.549942 0.549931 ±0.000004 3 1089,1094 922,923,983,1074

0.552437 0.552450 ±0.000050 1 (2D0)6p 1D2 →  (2P0)6s 3P0
2 1083 1118

0.559227 0.559235 ±0.000005 3 1085,1089,1094 904,923,967,

983,1074

0.565937 0.565900 ±0.000100 1 (3P)6p 2P0
1/2 →  (3P)5d 4P1/2 1083,1085,1089 857,923,983,1117

0.572690 0.572700 ±0.000100 1 (1D)6p 2D0
5/2 →  (1D)5d 2F5/2 1077,1083,1085,

1087,1089

857,1077,

1117,1151

0.575102 0.575100 ±0.000100 1 (3P)6p 2D0
3/2 →  (3P)5d 4P1/2 1083,1085 857,1117

0.589328 0.589330 ±0.000003 1 (1D)6p 2P0
3/2 →  (1D)5d 2D5/2 1089,1091,1094 454,874

0.595567 0.595567 ±0.000003 3 1081,1086,1089,

1090,1454

450,874,922,923

983,1010,1024,

1074,1101,1150

0.597111 0.597112 ±0.000006 1 (1D)6p 2P3/2 →  (1D)6s 2D3/2 1083,1092,1094 450,884,1116–17

0.609361 0.609400 ±0.000100 1 (3P)7s 4P3/2 →  (3P)6p 4D0
3/2 1077,1082,1083,

1087

1077,1151



© 2001 CRC Press LLC.

0.617615 0.617619 ±0.000003 2 1083,1089,1094 874,921,923,

983,1015

0.623825( 0.623890 ±0.000080 2 (2D0)6p 1F3 →  (2P0)5d170
3 1083 921,1015

0.627081 0.627090 ±0.000010 1 (1D)6p 2F0
5/2 →  (1D)6s 2D3/2 1083,1088,1092,

1094,1455

450,884,1116,

1117,1167

0.628641 0.628660 ±0.000060 3 1089,1456 923,1016,1101

0.628641 0.628660 ±0.000060 4 1089,1457 923,1016,1101

0.634343 0.634343 ±0.000005 2 1089,1094 923,983,1101

0.652865 0.652850 ±0.000050 1 (1D)6p 2F0
7/2 →  (1D)5d 2F5/2 1083,1092 884,1118

0.669431 0.66943 1 (3P)6p 4P0
3/2 →  (3P)5d 4D1/2 1083 973

0.669950 0.669950 ±0.000030 3 1089 922,923

0.670225 0.670200 ±0.000100 1 (1D)6p 2P0
3/2 →  (1D)5d 2F5/2 1083,1092 884,1106

0.707234 0.70723 1 370
5/2 →  (3P)6d 4D5/2 1083 973

0.714903 0.714894 ±0.000060 1 (3P)6p 4D0
3/2 →  (3P)6s 2P3/2 1083,1085,1089,

1092

884,923,973,

983,1014

0.761859 0.761900 ±0.000020 1 (1D)6p 2D5/2 →  (1S)5d  2D5/2 1077,1083,1087 1077

0.7827633 0.782800 ±0.000300 1 50
5/2 →  163/2 1075

0.798800 0.798900 ±0.000300 1 (3P)6p 4P0
1/2 →  (3P)6s 4P1/2 1075

0.833271 0.833000 ±0.000300 1 270
5/2 →  (3P)6d 4D5/2 1075

0.844619 0.844300 ±0.000300 1 270
5/2 →  (3P)6d 4D3/2 1075

0.8569 0.856900 ±0.000300 2 1089,1458 874,923,983,1075

0.858251 0.858200 ±0.000300 1 310
3/2 →  105/2 1075

0.871617 0.871400 ±0.000300 1 (3P)6p 4D0
3/2 →  (3P)5d 2P3/2 1083 973,1075

0.905930 0.906300 ±0.000400 1 270
5/2 →  163/2 1075

0.926539 0.926500 ±0.000400 1 (1S)5d 2D3/2 →  (3P)6p 4D0
5/2 1075

0.928854 0.928700 ±0.000400 1 130
1/2 →  (1D)5d 2S1/2 1075

0.969859 0.969700 ±0.000200 1 (3P)6p 4D0
3/2 →  (3P)5d 4P5/2 1083 1075,1171

1.063385 1.063400 ±0.000600 1 (3P)6p D0
3/2 →  (3P)5d 4P3/2 1075

1.0950 1.095000 ±0.000600 1459 1075
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Section 3.3
MOLECULAR GAS LASERS

3.3.1  Electronic Transition Gas Lasers

3.3.1.1  Introduction

Molecular gas lasers involving electronic transitions include a wide variety of systems
such as the diatomic halogens species, metal halides, CO, H2, N2, alkali dimers, molecular
ions, and rare earth complexes. Excitation by either electrical discharge or optical means is
by far the most common. The former generally delivers the greater power, while the latter
has much greater selectivity.

The tables of electronic transition molecular gas lasers are divided into subsections by
the increasing number of atoms constituting the molecule: diatomic, triatomic, and poly-
atomic. Within the tables, the ordering scheme is

1. alphabetical order of the chemical formulae,
2. increasing isotopic mass,
3. increasing band-center wavelength,
4. increasing lower vibrational state energy,
5. increasing transition wavelength within a given vibronic group.

The range of wavelengths of electronic transition molecular gas lasers extends from
109.82 nm (a para-H2 transition) to 8210.2 nm (a N2 transition). The laser wavelengths
listed are in air (if in vacuum, wavelengths are in italics) and are followed by the transition
assignment. The experimental conditions (pumping method, pump energy, and temperature
and pressure of lasant and diluent species) and peak output are included in the comments in
Section 3.6. References are grouped together in Section 3.7.

Further Reading

Davis, R. S. and Rhodes, C. K., Electronic Transition Lasers, in Handbook of Laser
Science and Technology, Vol. II: Gas Lasers, CRC Press, Boca Raton, FL (1982), p.
273.

Eden, J. G., Electronic Transition Lasers, in Handbook of Laser Science and Technology,
Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 341.

Gross, R. W. F. and Bott, J. F., Handbook of Chemical Lasers, John Wiley & Sons, New
York (1975).

Hooker, S. M. and Webb, C. E., Progress in vacuum ultraviolet lasers, Progress in
Quantum Electronics 18, 227 (1994).

Rhodes, C. K. (Ed.), Excimer Lasers, 2nd edition, Springer-Verlag, Berlin (1984).
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Electronic transition molecular gas lasers included in this section are presented in

alphabetical order as follows:

Diatomic electronic transition lasers – Table 3.3.1.1:
Ar2 para-H2 NaRb

ArCl HD NO

ArF HgBr S2

ArO HgCl Se2

BH HgI SO
Bi2 I2 Te2

BiF ICl 128Te2

Br2 IF 130Te2

BrF K2
130Te2

C2 Kr2 126Te128Te

CdBr KrCl 128Te130Te

CdI KrF Xe2

Cl2 KrO XeBr

ClF Li2 XeCl

CO 6Li2 XeF

CO+ N2 XeO
D2 N2

+ ZnI
F2 Na2

H2 NaK

Triatomic electronic transition lasers – Table 3.3.1.2:
CS2

Hg3

Kr2F

Xe2Cl

Xe2F

Polyatomic electronic transition lasers – Table 3.3.1.3:
coumarin 6

coumarin 7

coumarin 30

coumarin 153

7-dimethylamino-3(2'-benzoxazolyl) coumarin
NdAl3Cl12

Nd(thd)3

p-phenylene-bis (5-phenyl-2-oxazole) (POPOP)
TbAl3Cl12
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3.3.1.2  Diatomic Electronic Transition Lasers

Table 3.3.1.1
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References

Ar2 0.124-0.128 AO+
u →  XO+

g 6596,6597,6599 1523,1606,1622

0.1261
1Σ+

u →  X1Σ+
g 1472–1475 1,40,51,62,73,

84,95,106,116

ArCl 0.1690 B2Σ+
1/2 →  X2Σ+

1/2 1476–1478 2,13,23,

33–36,116

0.1750 B2Σ+
1/2 →  X2Σ+

1/2 1476–1478 2,13,23,33–

36,116

ArF 0.1933 B2Σ+
1/2 →  X2Σ+

1/2 1479,1480 13,33–35,

37,38,116

ArO 0.5580 O(1S0) →  O(1D2) 1481–1483 2,39,41–47

BH 0.433 A-X (v' = 0 →  v" = 0) 7252 1813

Bi2 0.5929 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.59293 A(O+
u) →  X(O+

g)

(v',v'') = (17,17) R(254)

6600,6603 1524,1525

0.61546 A(O+
u) →  X(O+

g)

(v',v'')  =  (17,21) R(254)

6600 1524,1525

0.6160 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.61629 A(O+
u) →  X(O+

g)

(v',v'') = (17,21) P(256)

6600,6603 1524,1525

0.6239 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.623987 A(O+
u) →  X(O+

g)

(v',v'')  =  (16,22) P(199)

6600,6603 1524,1525

0.629951 A(O+
u) →  X(O+

g)

(v',v'') = (16,23) P(199)

6600,6603 1524,1525

0.6300 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.63308 A(O+
u) →  X(O+

g)

(v',v'') = (17,24) P(254)

6600 1524,1525

0.6339 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.63396 A(O+
u) →  X(O+

g)

(v',v'') = (17,24) P(256)

6600,6603 1524,1525

0.6414 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.641445 A(O+
u) →  X(O+

g)

(v',v'') = (16,25) R(197)

6600,6603 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.642134 A(O+
u) →  X(O+

g)

(v',v'') = (16,25) P(199)

6600,6603 1524,1525

0.6422 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.65183 A(O+
u) →  X(O+

g)

(v',v'') = (9,21) R(198)

6600 1524,1525

0.65264 A(O+
u) →  X(O+

g)

(v',v'') = (9,21) P(200)

6600 1524,1525

0.6576 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.65765 A(O+
u) →  X(O+

g)

(v',v'') = (21,32) R(125)

6600 1524,1525

0.65817 A(O+
u) →  X(O+

g)

(v',v'') = (21,32) P(127)

6600 1524,1525

0.6582 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.65847 A(O+
u) →  X(O+

g)

(v',v'') = (9,22) R(198)

6600 1524,1525

0.65923 A(O+
u) →  X(O+

g)

(v',v'') = (9,22) P(200)

6600 1524,1525

0.6603 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.660386 A(O+
u) →  X(O+

g)

(v',v'') = (16,28) R(197)

6600,6603 1524,1525

0.661110 A(O+
u) →  X(O+

g)

(v',v'') = (16,28) P(199)

6600 1524,1525

0.66405 A(O+
u) →  X(O+

g)

(v',v'') = (21,33) R(125)

6600 1524,1525

0.66406 A(O+
u) →  X(O+

g)

(v',v'') = (17,29) R(254)

6600 1524,1525

0.66457 A(O+
u) →  X(O+

g)

(v',v'') = (21,33) P(127)

6600 1524,1525

0.6650 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.66500 A(O+
u) →  X(O+

g)

(v',v'') = (17,29) P(256)

6600,6603 1524,1525

0.66510 A(O+
u) →  X(O+

g)

(v',v'') = (9,23) R(198)

6600 1524,1525

0.66594 A(O+
u) →  X(O+

g)

(v',v'') = (9,23) P(200)

6600 1524,1525

0.66661 A(O+
u) →  X(O+

g)

(v',v'') = (19,32) R(10)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.66665 A(O+
u) →  X(O+

g)

(v',v'') = (19,32) P(12)

6600 1524,1525

0.66710 A(O+
u) →  X(O+

g)

(v',v'') = (19,32) P(58)

6600 1524,1525

0.67191 A(O+
u) →  X(O+

g)

(v',v'') = (9,24) R(198)

6600 1524,1525

0.67272 A(O+
u) →  X(O+

g)

(v',v'') = (9,24) P(200)

6600 1524,1525

0.673448 A(O+
u) →  X(O+

g)

(v',v'') = (16,30) R(197)

6600 1524,1525

0.674241 A(O+
u) →  X(O+

g)

(v',v'') = (16,30) P(199)

6600 1524,1525

0.67704 A(O+
u) →  X(O+

g)

(v',v'') = (17,31) R(254)

6600 1524,1525

0.67804 A(O+
u) →  X(O+

g)

(v',v'') = (17,31) P(256)

6600 1524,1525

0.680156 A(O+
u) →  X(O+

g)

(v',v'') = (16,31) R(197)

6600 1524,1525

0.6809 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.680917 A(O+
u) →  X(O+

g)

(v',v'') = (16,31) P(199)

6600,6603 1524,1525

0.68366 A(O+
u) →  X(O+

g)

(v',v'') = (17,32) R(254)

6600 1524,1525

0.68465 A(O+
u) →  X(O+

g)

(v',v'') = (17,32) P(256)

6600 1524,1525

0.68651 A(O+
u) →  X(O+

g)

(v',v'') = (19,35) R(10)

6600 1524,1525

0.68656 A(O+
u) →  X(O+

g)

(v',v'') = (19,35) P(12)

6600 1524,1525

0.68687 A(O+
u) →  X(O+

g)

(v',v'') = (19,35) R(56)

6600 1524,1525

0.68710 A(O+
u) →  X(O+

g)

(v',v'') = (19,35) P(58)

6600 1524,1525

0.69010 A(O+
u) →  X(O+

g)

(v',v'') = (20,36) R(170)

6600 1524,1525

0.69084 A(O+
u) →  X(O+

g)

(v',v'') = (20,36) P(172)

6600 1524,1525

0.693677 A(O+
u) →  X(O+

g)

(v',v'') = (16,33) R(197)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.694482 A(O+
u) →  X(O+

g)

(v',v'') = (16,33) P(199)

6600 1524,1525

0.69667 A(O+
u) →  X(O+

g)

(v',v'') = (20,37) R(170)

6600 1524,1525

0.69742 A(O+
u) →  X(O+

g)

(v',v'') = (20,37) P(172)

6600 1524,1525

0.7006 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.700636 A(O+
u) →  X(O+

g)

(v',v'') = (16,34) R(197)

6600,6603 1524,1525

0.7013 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.701423 A(O+
u) →  X(O+

g)

(v',v'') = (16,34) P(199)

6600,6603 1524,1525

0.70403 A(O+
u) →  X(O+

g)

(v',v'') = (17,35) R(254)

6600 1524,1525

0.70507 A(O+
u) →  X(O+

g)

(v',v'') = (17,35) P(256)

6600 1524,1525

0.70725 A(O+
u) →  X(O+

g)

(v',v'') = (19,38) R(10)

6600 1524,1525

0.70730 A(O+
u) →  X(O+

g)

(v',v'') = (19,38) P(12)

6600 1524,1525

0.70759 A(O+
u) →  X(O+

g)

(v',v'') = (19,38) R(56)

6600 1524,1525

0.707677 A(O+
u) →  X(O+

g)

(v',v'') = (16,35) R(197)

6600 1524,1525

0.70784 A(O+
u) →  X(O+

g)

(v',v'') = (19,38) P(58)

6600 1524,1525

0.708506 A(O+
u) →  X(O+

g)

(v',v'') = (16,35) P(199)

6600 1524,1525

0.71065 A(O+
u) →  X(O+

g)

(v',v'') = (20,39) R(170)

6600 1524,1525

0.71096 A(O+
u) →  X(O+

g)

(v',v'') = (17,36) R(254)

6600 1524,1525

0.71141 A(O+
u) →  X(O+

g)

(v',v'') = (20,39) P(172)

6600 1524,1525

0.71199 A(O+
u) →  X(O+

g)

(v',v'') = (17,36) P(256)

6600 1524,1525

0.71714 A(O+
u) →  X(O+

g)

(v',v'') = (21,41) R(102)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.71756 A(O+
u) →  X(O+

g)

(v',v'') = (21,41) P(104)

6600 1524,1525

0.71770 A(O+
u) →  X(O+

g)

(v',v'') = (21,41) R(125)

6600 1524,1525

0.71775 A(O+
u) →  X(O+

g)

(v',v'') = (20,40) R(170)

6600 1524,1525

0.71825 A(O+
u) →  X(O+

g)

(v',v'') = (21,41) P(127)

6600 1524,1525

0.71848 A(O+
u) →  X(O+

g)

(v',v'') = (20,40) P(172)

6600 1524,1525

0.721908 A(O+
u) →  X(O+

g)

(v',v'') = (16,37) R(197)

6600 1524,1525

0.722799 A(O+
u) →  X(O+

g)

(v',v'') = (16,37) P(199)

6600 1524,1525

0.72915 A(O+
u) →  X(O+

g)

(v',v'') = (19,41) R(56)

6600 1524,1525

0.7292 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.729288 A(O+
u) →  X(O+

g)

(v',v'') = (16,38) R(197)

6600,6603 1524,1525

0.72940 A(O+
u) →  X(O+

g)

(v',v'') = (19,41) P(58)

6600 1524,1525

0.7301 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.730173 A(O+
u) →  X(O+

g)

(v',v'') = (16,38) P(199)

6600,6603 1524,1525

0.73236 A(O+
u) →  X(O+

g)

(v',v'') = (17,39) R(152)

6600 1524,1525

0.73238 A(O+
u) →  X(O+

g)

(v',v'') = (17,39) R(254)

6600 1524,1525

0.73349 A(O+
u) →  X(O+

g)

(v',v'') = (17,39) P(256)

6600,6603 1524,1525

0.7335 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.73355 A(O+
u) →  X(O+

g)

(v',v'') = (17,39) P(154)

6600 1524,1525

0.73615 A(O+
u) →  X(O+

g)

(v',v'') = (17,40) R(152)

6600 1524,1525

0.73623 A(O+
u) →  X(O+

g)

(v',v'') = (19,42) R(10)

6600,6603 1524,1525

0.73629 A(O+
u) →  X(O+

g)

(v',v'') = (19,42) P(12)

6600,6603 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.7364 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.73641 A(O+
u) →  X(O+

g)

(v',v'') = (19,42) R(56)

6600 1524,1525

0.7366 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.73667 A(O+
u) →  X(O+

g)

(v',v'') = (19,42) P(58)

6600 1524,1525

0.736693 A(O+
u) →  X(O+

g)

(v',v'') = (16,39) R(197)

6600,6603 1524,1525

0.73682 A(O+
u) →  X(O+

g)

(v',v'') = (17,40) P(154)

6600 1524,1525

0.737584 A(O+
u) →  X(O+

g)

(v',v'') = (16,39) P(199)

6600,6603 1524,1525

0.7376 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.73881 A(O+
u) →  X(O+

g)

(v',v'') = (21,44) R(102)

6600 1524,1525

0.73923 A(O+
u) →  X(O+

g)

(v',v'') = (21,44) R(125)

6600 1524,1525

0.73925 A(O+
u) →  X(O+

g)

(v',v'') = (21,44) P(104)

6600 1524,1525

0.73937 A(O+
u) →  X(O+

g)

(v',v'') = (20,43) R(170)

6600 1524,1525

0.73974 A(O+
u) →  X(O+

g)

(v',v'') = (17,40) R(254)

6600,6603 1524,1525

0.73978 A(O+
u) →  X(O+

g)

(v',v'') = (21,44) P(127)

6600 1524,1525

0.7398 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74014 A(O+
u) →  X(O+

g)

(v',v'') = (20,43) P(172)

6600 1524,1525

0.7408 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74084 A(O+
u) →  X(O+

g)

(v',v'') = (17,40) P(256)

6600,6603 1524,1525

0.74367 A(O+
u) →  X(O+

g)

(v',v'') = (17,41) R(152)

6600 1524,1525

0.74372 A(O+
u) →  X(O+

g)

(v',v'') = (19,43) R(10)

6600 1524,1525

0.74377 A(O+
u) →  X(O+

g)

(v',v'') = (19,43) P(12)

6600 1524,1525

0.74387 A(O+
u) →  X(O+

g)

(v',v'') = (19,43) R(56)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.7439 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74413 A(O+
u) →  X(O+

g)

(v',v'') = (19,43) P(58)

6600 1524,1525

0.744169 A(O+
u) →  X(O+

g)

(v',v'') = (16,40) R(197)

6600 1524,1525

0.74438 A(O+
u) →  X(O+

g)

(v',v'') = (17,41) P(154)

6600 1524,1525

0.745046 A(O+
u) →  X(O+

g)

(v',v'') = (16,40) P(199)

6600 1524,1525

0.74615 A(O+
u) →  X(O+

g)

(v',v'') = (21,45) R(102)

6600 1524,1525

0.74660 A(O+
u) →  X(O+

g)

(v',v'') = (21,45) P(104)

6600 1524,1525

0.74674 A(O+
u) →  X(O+

g)

(v',v'') = (21,45) R(125)

6600 1524,1525

0.74675 A(O+
u) →  X(O+

g)

(v',v'') = (20,44) R(170)

6600,6603 1524,1525

0.7468 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.7471 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74713 A(O+
u) →  X(O+

g)

(v',v'') = (17,41) R(254)

6600,6603 1524,1525

0.74731 A(O+
u) →  X(O+

g)

(v',v'') = (21,45) P(127)

6600 1524,1525

0.7475 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74754 A(O+
u) →  X(O+

g)

(v',v'') = (20,44) P(172)

6600,6603 1524,1525

0.7482 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.74829 A(O+
u) →  X(O+

g)

(v',v'') = (17,41) P(256)

6600,6603 1524,1525

0.74893 A(O+
u) →  X(O+

g)

(v',v'') = (24,48) R(123)

6600 1524,1525

0.74946 A(O+
u) →  X(O+

g)

(v',v'') = (24,48) P(125)

6600 1524,1525

0.75130 A(O+
u) →  X(O+

g)

(v',v'') = (19,44) R(10)

6600 1524,1525

0.75137 A(O+
u) →  X(O+

g)

(v',v'') = (19,44) P(12)

6600 1524,1525

0.75139 A(O+
u) →  X(O+

g)

(v',v'') = (19,44) R(56)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.75166 A(O+
u) →  X(O+

g)

(v',v'') = (19,44) P(58)

6600 1524,1525

0.751735 A(O+
u) →  X(O+

g)

(v',v'') = (16,41) R(197)

6600 1524,1525

0.752653 A(O+
u) →  X(O+

g)

(v',v'') = (16,41) P(199)

6600 1524,1525

0.75363 A(O+
u) →  X(O+

g)

(v',v'') = (21,46) R(102)

6600 1524,1525

0.75408 A(O+
u) →  X(O+

g)

(v',v'') = (21,46) P(104)

6600 1524,1525

0.75409 A(O+
u) →  X(O+

g)

(v',v'') = (21,46) R(125)

6600 1524,1525

0.75419 A(O+
u) →  X(O+

g)

(v',v'') = (20,45) R(170)

6600,6603 1524,1525

0.7543 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.75463 A(O+
u) →  X(O+

g)

(v',v'') = (17,42) P(254)

6600 1524,1525

0.75466 A(O+
u) →  X(O+

g)

(v',v'') = (21,46) P(127)

6600 1524,1525

0.75496 A(O+
u) →  X(O+

g)

(v',v'') = (20,45) P(172)

6600,6603 1524,1525

0.7551 A(O-
u) →  X(O-

g) 1484,1486 48,49

0.75580 A(O+
u) →  X(O+

g)

(v',v'') = (17,42) P(256)

6600 1524,1525

0.75622 A(O+
u) →  X(O+

g)

(v',v'') = (24,49) R(123)

6600 1524,1525

0.75683 A(O+
u) →  X(O+

g)

(v',v'') = (24,49) P(125)

6600 1524,1525

0.76048 A(O+
u) →  X(O+

g)

(v',v'') = (31,56) R(43)

6600 1524,1525

0.76068 A(O+
u) →  X(O+

g)

(v',v'') = (31,56) P(45)

6600 1524,1525

0.76122 A(O+
u) →  X(O+

g)

(v',v'') = (21,47) R(102)

6600 1524,1525

0.76165 A(O+
u) →  X(O+

g)

(v',v'') = (21,47) R(125)

6600 1524,1525

0.76169 A(O+
u) →  X(O+

g)

(v',v'') = (21,47) P(104)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.76177 A(O+
u) →  X(O+

g)

(v',v'') = (20,46) R(170)

6600 1524,1525

0.76204 A(O+
u) →  X(O+

g)

(v',v'') = (34,59) R(23)

6600 1524,1525

0.76215 A(O+
u) →  X(O+

g)

(v',v'') = (34,59) P(25)

6600 1524,1525

0.76223 A(O+
u) →  X(O+

g)

(v',v'') = (34,59) R(21)

6600 1524,1525

0.76224 A(O+
u) →  X(O+

g)

(v',v'') = (21,47) P(127)

6600 1524,1525

0.76235 A(O+
u) →  X(O+

g)

(v',v'') = (34,59) P(23)

6600 1524,1525

0.76256 A(O+
u) →  X(O+

g)

(v',v'') = (20,46) P(172)

6600 1524,1525

0.76763 A(O+
u) →  X(O+

g)

(v',v'') = (31,57) R(43)

6600 1524,1525

0.76784 A(O+
u) →  X(O+

g)

(v',v'') = (31,57) P(45)

6600 1524,1525

0.76904 A(O+
u) →  X(O+

g)

(v',v'') = (34,60) R(23)

6600 1524,1525

0.76916 A(O+
u) →  X(O+

g)

(v',v'') = (34,60) P(25)

6600 1524,1525

0.76930 A(O+
u) →  X(O+

g)

(v',v'') = (34,60) R(21)

6600 1524,1525

0.76941 A(O+
u) →  X(O+

g)

(v',v'') = (34,60) P(23)

6600 1524,1525

0.77486 A(O+
u) →  X(O+

g)

(v',v'') = (31,58) R(43)

6600 1524,1525

0.77506 A(O+
u) →  X(O+

g)

(v',v'') = (31,58) P(45)

6600 1524,1525

0.77612 A(O+
u) →  X(O+

g)

(v',v'') = (34,61) R(23)

6600 1524,1525

0.77624 A(O+
u) →  X(O+

g)

(v',v'') = (34,61) P(25)

6600 1524,1525

0.77635 A(O+
u) →  X(O+

g)

(v',v'') = (34,61) R(21)

6600 1524,1525

0.77647 A(O+
u) →  X(O+

g)

(v',v'') = (34,61) P(23)

6600 1524,1525



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Bi2 0.78218 A(O+
u) →  X(O+

g)

(v',v'') = (31,59) R(43)

6600 1524,1525

0.78237 A(O+
u) →  X(O+

g)

(v',v'') = (31,59) P(45)

6600 1524,1525

0.78330 A(O+
u) →  X(O+

g)

(v',v'') = (34,62) R(23)

6600 1524,1525

0.78342 A(O+
u) →  X(O+

g)

(v',v'') = (34,62) P(25)

6600 1524,1525

BiF 0.471 A-X, v' = 1 →  v" = 4 7253 1812

Br2 0.2915 E3Π2g  →  B3Π2u 1487,1488 50,52–54

0.55053 B3Π+
ou  →  X1Σ+

og (16,2) 6605,6607 1526

0.58048 B3Π+
ou  →  X1Σ+

og (16,5) 6605,6607 1526

0.58090 B3Π+
ou  →  X1Σ+

og (16,5) 6605,6607 1526

0.61316 B3Π+
ou  →  X1Σ+

og (16,8) 6605,6607 1526

0.61368 B3Π+
ou  →  X1Σ+

og (16,8) 6605,6607 1526

0.63654 B3Π+
ou  →  X1Σ+

og (16,10) 6605,6607 1526

0.63705 B3Π+
ou  →  X1Σ+

og (16,10) 6605,6607 1526

0.67455 B3Π+
ou  →  X1Σ+

og (16,13) 6605,6607 1526

0.67506 B3Π+
ou  →  X1Σ+

og (16,13) 6605,6607 1526

0.74638 B3Π+
ou  →  X1Σ+

og (16,18) 6605,6607 1526

0.74704 B3Π+
ou  →  X1Σ+

og (16,18) 6605,6607 1526

BrF 0.3542 D'(2g) →  A'(2u) 6608 1527

0.3545 D'(2g) →  A'(2u) 6608 1527

C2 0.5545 d3Πg →  a3Πu

(v',v'') = (1,2)

6610 1528

0.6075 d3Πg →  a3Πu

(v',v'') = (1,3)

6610 1528

CdBr 0.811-0.816 B2Σ+
1/2 →  X2Σ+

1/2 6612 1529

CdI 0.475 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1530

0.6538 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1529,1530

0.6553 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1529,1530,1531

0.6568 B2Σ+
1/2 →  X2Σ+

1/2 (1,62) 6613,6616–19 1531

0.6571 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1529,1531

0.6574 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1531
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CdI 0.6593 B2Σ+
1/2 →  X2Σ+

1/2 6613,6616–19 1531

Cl2 0.2580 E3Π2g  →  B3Π2u 1489 55,56

ClF 0.2823-0.2832 D'(2g) →  A'(2u) 6620,6622 1534

0.2840 D'(2g) →  A'(2u) 6620,6622 1527

0.2844 D'(2g) →  A'(2u) 6620,6622 1527,1534

0.2849 D'(2g) →  A'(2u) 6620,6622 1534

0.2850 3Π2g  →  3Π2u 1490 56

0.2860 D'(2g) →  A'(2u) 6620,6622 1534

CO 0.181085 A'Π–X'Σ+

(2,6) Band, Q(5-13), R(2-9)

1498 55,56

0.187831 A'Π–X'Σ+

(2,6) Band, Q(5-13), R(2-9)

55,56

0.189784 A'Π–X'Σ+

(2,6) Band, Q(5-12), R(2-9)

55,56

0.195006 A'Π–X'Σ+

(2,6) Band, Q(5-11), R(2-9)

55,56

0.197013 A'Π–X'Σ+

(2,6) Band, Q(5-11)

55,56

0.4210 B2Σ+
u →  A2Π (0-1) 1499 61

0.55921 B'Σ–A'Π

(0-3) Band, Q(11)

1495,1496 59,60

0.55949 B'Σ–A'Π

(0-3) Band, Q(10)

1496 59,60

0.55975 B'Σ–A'Π

(0-3) Band, Q(9) or R(13)

1496 59,60

0.55998 B'Σ–A'Π

(0-3) Band, Q(8)

1496 59,60

0.56019 B'Σ–A'Π

(0-3) Band, Q(7)

1496 59,60

0.56040 B'Σ–A'Π

(0-3) Band, Q(6)

1496 59,60

0.56040 B'Σ–A'Π

(0-3) Band, Q(6)

1496 59,60

0.56053 B'Σ–A'Π

(0-3) Band, Q(5)

1496 59,60
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CO 0.56053 B'Σ–A'Π

(0-3) Band, Q(5)

1496 59,60

0.60646 B'Σ–A'Π

(0-4) Band, Q(9)

1496 59,60

0.60674 B'Σ–A'Π

(0-4) Band, Q(8)

1496 59,60

0.60699 B'Σ–A'Π

(0-4) Band, Q(7)

1496 59,60

0.60722 B'Σ–A'Π

(0-4) Band, Q(6)

1496 59,60

0.60742 B'Σ–A'Π

(0-4) Band, Q(5)

1496 59,60

0.60759 B'Σ–A'Π

(0-4) Band, Q(4)

1496 59,60

0.65973 B'Σ–A'Π

(0-5) Band, Q(10)

1496 59,60

0.66013 B'Σ–A'Π

(0-5) Band, Q(9)

1496 59,60

0.66049 B'Σ–A'Π

(0-5) Band, Q(8)orP(13)

1495,1496 59,60

0.66082 B'Σ–A'Π

(0-5) Band, Q(7)

1496 59,60

0.66109 B'Σ–A'Π

(0-5) Band, Q(6)

1496 59,60

CO+ 247.0 B2Σ+
u–X2Σ+

u (0-2) 1499 61

395.4 B2Σ+
u–A2Π+

u (0-0) 1499 61

421.0 B2Σ+
u–A2Π+

u (0-1) 1499 61

D2 0.11134 C1Πu →  X1Σ+
g (1-4) R(0) 1515 66

0.11377 C1Πu →  X1Σ+
g (1-5) R(0) 1515 66

0.11476 C1Πu →  X1Σ+
g (1-5) P(2) 1515 66

0.11565 C1Πu →  X1Σ+
g (2-6) R(0) 1515 66

0.11584 C1Πu →  X1Σ+
g (2-6) P(2) 1515 66

0.11881 C1Πu →  X1Σ+
g (2-7) R(0) 1515 66

0.11901 C1Πu →  X1Σ+
g (2-7) P(2) 1515 66

0.11975 C1Πu →  X1Σ+
g (3-8) R(0) 1515 66

0.11994 C1Πu →  X1Σ+
g (3-8) P(2) 1515 66

0.12064 C1Πu →  X1Σ+
g (4-9) R(0) 1515 66

0.12082 C1Πu →  X1Σ+
g (4-9) P(2) 1515 66
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D2 0.12280 C1Πu →  X1Σ+
g (3-9) R(0) 1515 66

0.12356 C1Πu →  X1Σ+
g (4-10) R(0) 1515 66

0.12424 C1Πu →  X1Σ+
g (5-11) R(0) 1515 66

0.12441 C1Πu →  X1Σ+
g (5-11) P(2) 1515 66

0.12483 C1Πu →  X1Σ+
g (6-12) R(0) 1515 66

0.12500 C1Πu →  X1Σ+
g (6-12) P(2) 1515 66

0.12533 C1Πu →  X1Σ+
g (7-13) R(0) 1515 66

0.13036 B1Σ+
u →  X1Σ+

g (0-5) P(2) 1515 66,68

0.13459 B1Σ+
u →  X1Σ+

g (0-6) P(2) 1515 66,68

0.13888 B1Σ+
u →  X1Σ+

g (0-7) P(2) 1515 66,68

0.14322 B1Σ+
u →  X1Σ+

g (0-8) P(2) 1515 66,68

0.15758 B1Σ+
u →  X1Σ+

g (3-13) P(2) 1515 66,68

0.15863 B1Σ+
u →  X1Σ+

g (7-16) P(1) 1515 66,68

0.15864 B1Σ+
u →  X1Σ+

g (10-19) P(1) 1515 66,68

0.15867 B1Σ+
u →  X1Σ+

g (10-19) P(2) 1515 66,68

0.15869 B1Σ+
u →  X1Σ+

g (10-19) P(3) 1515 66,68

0.15871 B1Σ+
u →  X1Σ+

g (10-19) P(4) 1515 66,68

0.15872 B1Σ+
u →  X1Σ+

g (7-16) P(2) 1515 66,68

0.15898 B1Σ+
u →  X1Σ+

g (4-14) P(2) 1515 66,68

0.15913 B1Σ+
u →  X1Σ+

g (9-18) P(2) 1515 66,68

0.15914 B1Σ+
u →  X1Σ+

g (8-17) P(2) 1515 66,68

0.15923 B1Σ+
u →  X1Σ+

g (8-17) P(3) 1515 66,68

0.15926 B1Σ+
u →  X1Σ+

g (9-18) P(4) 1515 66,68

0.16009 B1Σ+
u →  X1Σ+

g (5-15) P(2) 1515 66,68

0.16021 B1Σ+
u →  X1Σ+

g (5-15) P(3) 1515 66,68

0.16035 B1Σ+
u →  X1Σ+

g (5-15) P(4) 1515,1516 66,68

0.16058 B1Σ+
u →  X1Σ+

g (9-19) R(0) 1515 66,68

0.16065 B1Σ+
u →  X1Σ+

g (9-19) P(1) 1515 66,68

0.16068 B1Σ+
u →  X1Σ+

g (9-19) P(2) 1515 66,68

0.16077 B1Σ+
u →  X1Σ+

g (6-16) P(1) 1515 66,68

0.16085 B1Σ+
u →  X1Σ+

g (6-16) P(2) 1515 66,68

0.16096 B1Σ+
u →  X1Σ+

g (6-16) P(3) 1515 66,68

0.16107 B1Σ+
u →  X1Σ+

g (7-17) R(0) 1515 66,68

0.16108 B1Σ+
u →  X1Σ+

g (6-16) P(4) 1515 66,68

0.16115 B1Σ+
u →  X1Σ+

g (8-18) P(1) 1515 66,68

0.16117 B1Σ+
u →  X1Σ+

g (7-17) P(1) 1515 66,68

0.16120 B1Σ+
u →  X1Σ+

g (8-18) P(2) 1515 66,68

0.16124 B1Σ+
u →  X1Σ+

g (7-17) P(2) 1515 66,68

0.16126 B1Σ+
u →  X1Σ+

g (8-18) P(3) 1515 66,68
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D2 0.16132 B1Σ+
u →  X1Σ+

g (7-17) P(3) 1515 66,68

0.16141 B1Σ+
u →  X1Σ+

g (7-17) P(4) 1515,1516 66,68

0.16166 B1Σ+
u →  X1Σ+

g (9-20) P(2) 1515 66,68

0.82798 E,F1Σ+
g →  B1Σ+

u (2-0) P(3) 1517 71,72,74

0.95326 E,F1Σ+
g →  B1Σ+

u (1-0) P(3) 1517 71,72,74

F2 0.15671
3Πg →  3Πu 1500–1502 63–65

0.15748
3Πg →  3Πu 1500–1502 63–65

0.15759
3Πg →  3Πu 1500–1502 63–65

H2 0.11020 C'Πu →  X'Σ+
g (0-2) P(2) 1503 66–72,74

0.11189 C'Πu →  X'Σ+
g (1-3) P(2) 1503 66–72,74

0.11486 C'Πu →  X'Σ+
g (0-3) P(2) 1503 66–72,74

0.11613 C'Πu →  X'Σ+
g (1-4)Q(1) 1503 66–72,74

0.11639 C'Πu →  X'Σ+
g (1-4) P(2) 1503 66–72,74

0.11662 C'Πu →  X'Σ+
g (1-4) P(3) 1503 66–72,74

0.11758 C'Πu →  X'Σ+
g (2-5)Q(1) 1503 66–72,74

0.11763 C'Πu →  X'Σ+
g  (2,5)Q(2) 6624,6626 1535

0.11777 C'Πu →  X'Σ+
g (2,5)Q(3) 6624,6625 1535

0.11783 C'Πu →  X'Σ+
g (2-5) P(2) 1503 66–72,74

0.11805 C'Πu →  X'Σ+
g (2-5) P(3) 1503 66–72,74

0.11893 C'Πu →  X'Σ+
g (3-6)Q(1) 1503 66–72,74

0.12067 C'Πu →  X'Σ+
g (1-5)Q(1) 1503 66–72,74

0.12093 C'Πu →  X'Σ+
g (1-5) P(2) 1503 66–72,74

0.12173 C'Πu →  X'Σ+
g (2-6) R(1) 1503 66–72,74

0.12189 C'Πu →  X'Σ+
g (2-6)Q(1) 1503 66–72,74

0.12214 C'Πu →  X'Σ+
g (2-6) P(2) 1503 66–72,74

0.12236 C'Πu →  X'Σ+
g (2-6) P(3) 1503 66–72,74

0.12299 C'Πu →  X'Σ+
g (3-7)Q(1) 1503 66–72,74

0.12323 C'Πu →  X'Σ+
g (3-7) P(2) 1503 66–72,74

0.12394 C'Πu →  X'Σ+
g (4-8)Q(1) 1503 66–72,74

0.12417 C'Πu →  X'Σ+
g (4-8) P(2) 1503 66–72,74

0.12752 B1Π+
u →  X1Σ+

g (0,3)R(0) 6624,6627 1535

0.13336 B1Π+
u →  X1Σ+

g (0,4)R(0) 6624,6627 1535

0.1339 B1Π+
u →  X1Σ+

g (0,4)P(2) 6624,6627 1535

0.13423 B1Π+
u →  X1Σ+

g (0-4) P(3) 1503 66–72,74

0.13944 B1Π+
u →  X1Σ+

g (0,5)R(0) 6624,6627 1535

0.13998 B1Π+
u →  X1Σ+

g (0,5)P(2) 6624,6627 1535

0.14026 B1Π+
u →  X1Σ+

g (0-5) P(3) 1503 66–72,74



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References

© 2001 CRC Press LLC.

H2 0.14187 B1Π+
u →  X1Σ+

g (4-9) P(3) 1503 66–72,74

0.14288 B1Π+
u →  X1Σ+

g (1,6)R(2) 6624,6626 1535

0.14362 B1Π+
u →  X1Σ+

g (1-6) P(3) 1503 66–72,74

0.14409 B1Π+
u →  X1Σ+

g (1,6)P(4) 6624,6626 1535

0.14409 B1Π+
u →  X1Σ+

g (3-7) P(3) 1503 66–72,74

0.14555 B1Π+
u →  X1Σ+

g (0,6)R(0) 6624,6627 1535

0.14609 B1Π+
u →  X1Σ+

g (0,6)P(2) 6624,6627 1535

0.14638 B1Π+
u →  X1Σ+

g (0-6) P(3) 1503 66–72,74

0.14670 B1Π+
u →  X1Σ+

g (6-9) P(3) 1503 66–72,74

0.14865 B1Π+
u →  X1Σ+

g (1-7) R(0) 1503 66–72,74

0.14876 B1Π+
u →  X1Σ+

g (1,7)R(2) 6624,6626 1535

0.14942 B1Π+
u →  X1Σ+

g (11-14) P(3) 1504 66–72,74

0.14952 B1Π+
u →  X1Σ+

g (1-7) P(3) 1503 66–72,74

0.14996 B1Π+
u →  X1Σ+

g (1,7)P(4) 6624,6625 1535

0.15233 B1Π+
u →  X1Σ+

g (2-8) P(3) 1505 66–72,74

0.15315 B1Π+
u →  X1Σ+

g (2,8)P(5) 6624,6625 1535

0.15449 B1Π+
u →  X1Σ+

g (1-8) R(0) 1503 66–72,74

0.15454 B1Π+
u →  X1Σ+

g (1,8)R(2) 6624,6626 1535

0.15534 B1Π+
u →  X1Σ+

g (1-8) P(3) 1503 66,67,69–72,74

0.15574 B1Π+
u →  X1Σ+

g (1,8)P(4) 6624,6626 1535

0.15655 B1Π+
u →  X1Σ+

g (8-14) R(1) 1504 66,67,69–72,74

0.15663 B1Π+
u →  X1Σ+

g (8-14) R(0) 1503 66,67,69–72,74

0.15673 B1Π+
u →  X1Σ+

g (8-14) P(3) 1505,1506 66,67,69–72,74

0.15708 B1Σ+
u →  X1Σ+

g (2,9) R(3) 6624,6625 1535

0.15720 B1Π+
u →  X1Σ+

g (2-9) P(1) 1505,1506 66,67,69–72,74

0.15774 B1Π+
u →  X1Σ+

g (2-9) P(3) 1505,1506 66,67,69–72,74

0.15777 B1Π+
u →  X1Σ+

g (7-13) R(0) 1503 66,67,69–72,74

0.15792 B1Π+
u →  X1Σ+

g (7-13) P(1) 1505 66,67,69–72,74

0.15800 B1Π+
u →  X1Σ+

g (7-13) P(2) 1505 66,67,69–72,74

0.15808 B1Π+
u →  X1Σ+

g (7-13) P(3) 1506,1507 66,67,69–72,74

0.15849 B1Σ+
u →  X1Σ+

g (2,9) P(5) 6624,6625 1535

0.15890 B1Π+
u →  X1Σ+

g (3-10) R(0) 1503 66,67,69–72,74

0.15913 B1Π+
u →  X1Σ+

g (3-10) P(1) 1505,1506 66,67,69–72,74

0.15934 B1Π+
u →  X1Σ+

g (3-10) P(2) 1505 66,67,69–72,74

0.15961 B1Π+
u →  X1Σ+

g (3-10) P(3) 1506,1507 66,67,69–72,74

0.16049 B1Π+
u →  X1Σ+

g (4-11) P(1) 1506,1507 66,67,69–72,74

0.16059 B1Π+
u →  X1Σ+

g (6-13) R(0) 1503 66,67,69–72,74

0.16062 B1Π+
u →  X1Σ+

g (4-11) P(2) 1505 66,67,69–72,74

0.16075 B1Π+
u →  X1Σ+

g (6-13) P(1) 1506,1507 66,67,69–72,74
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H2 0.16083 B1Π+
u →  X1Σ+

g (6-13) P(2) 1503 66,67,69–72,74

0.16084 B1Π+
u →  X1Σ+

g (4-11) P(3) 1506,1507 66,67,69–72,74

0.16090 B1Π+
u →  X1Σ+

g (6-13) P(3) 1507 66,67,69–72,74

0.16103 B1Π+
u →  X1Σ+

g (5-12) P(1) 1507 66,67,69–72,74

0.16117 B1Π+
u →  X1Σ+

g (5-12) P(2) 1507 66,67,69–72,74

0.16132 B1Π+
u →  X1Σ+

g (5-12) P(3) 1506,1507 66,67,69–72,74

0.16148 B1Π+
u →  X1Σ+

g (5-12) P(4) 1504 66,67,69–72,74

0.16165 B1Π+
u →  X1Σ+

g (5-12) P(5) 1504 66,67,69–72,74

0.16395 B1Π+
u →  X1Σ+

g (4-11) R(0) 1503 66,67,69–72,74

0.16415 B1Π+
u →  X1Σ+

g (4-11) P(1) 1503 66,67,69–72,74

0.16429 B1Π+
u →  X1Σ+

g (4-11) P(2) 1503 66,67,69–72,74

0.16444 B1Π+
u →  X1Σ+

g (4-11) P(3) 1503 66,67,69–72,74

0.75441 E1Σ+
g →  B1Σ+

u (2,0) P(3) 6624,6626 1535

0.83519 E,F1Σ+
g →  B1Σ+

u (2-1) P(2) 1508,1509 71,72,74

0.8370 E1Σ+
g →  B1Σ+

u (2,1) P(3) 6624,6626 1535

0.88787 E,F1Σ+
g →  B1Σ+

u (1-0) P(4) 1508,1509 71,72,74

0.89013 E,F1Σ+
g →  B1Σ+

u (1-0) P(2) 1508,1509 71,72,74

0.9222 E1Σ+
g →  B1Σ+

u (2,2) P(4) 6624,6625 1535

1.1165 E,F1Σ+
g →  B1Σ+

u (0-0) P(4) 1508,1509 71,72,74

1.1210 E1Σ+
g →  B1Σ+

u(0,0) P(1) 6624,6627 1535

1.1225 E,F1Σ+
g →  B1Σ+

u (0-0) P(2) 1508,1509 71,72,74

1.3061 E,F1Σ+
g →  B1Σ+

u (0-1) P(4) 1508,1509 71,72,74

1.3166 E,F1Σ+
g →  B1Σ+

u (0-1) P(2) 1508,1509 71,72,74

Para-H2 0.10982 C2Πu →  X1Σ+
g (0-2) R(0) 1510 66

0.11152 C2Πu →  X1Σ+
g (1-3) R(0) 1510 66

0.11446 C2Πu →  X1Σ+
g (0-3) R(0) 1510 66

0.11600 C2Πu →  X1Σ+
g (1-4) R(0) 1510 66

0.11746 C2Πu →  X1Σ+
g (2-5) R(0) 1510 66

0.12054 C2Πu →  X1Σ+
g (1-5) R(0) 1510 66

0.12177 C2Πu →  X1Σ+
g (2-6) R(0) 1510 66

0.12287 C2Πu →  X1Σ+
g (3-7) R(0) 1510 66

0.12383 C2Πu →  X1Σ+
g (4-8) R(0) 1510 66

0.12462 C2Πu →  X1Σ+
g (5-9) R(0) 1510 66

0.12520 C2Πu →  X1Σ+
g (6-10) R(0) 1510 66

0.12795 B1Σ+
u →  X1Σ+

g (0-3) P(2) 1510 66,68

0.13386 B1Σ+
u →  X1Σ+

g (0-4) P(2) 1510 66,68

0.13598 B1Σ+
u →  X1Σ+

g (4-6) P(2) 1510 66,68

0.13680 B1Σ+
u →  X1Σ+

g (6-7) P(2) 1510 66,68
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Para-H2 0.13990 B1Σ+
u →  X1Σ+

g (0-5) P(2) 1510 66,68

0.14075 B1Σ+
u →  X1Σ+

g (0-5) P(4) 1510 66,68

0.14326 B1Σ+
u →  X1Σ+

g (1-6) P(2) 1510 66,68

0.14376 B1Σ+
u →  X1Σ+

g (3-7) P(2) 1510 66,68

0.14406 B1Σ+
u →  X1Σ+

g (7-9) P(2) 1510 66,68

0.14602 B1Σ+
u →  X1Σ+

g (0-6) P(2) 1510 66,68

0.14641 B1Σ+
u →  X1Σ+

g (6-9) P(2) 1510 66,68

0.14684 B1Σ+
u →  X1Σ+

g (0-6) P(4) 1510 66,68

0.14917 B1Σ+
u →  X1Σ+

g (1-7) P(2) 1510 66,68

0.15157 B1Σ+
u →  X1Σ+

g (4-9) P(2) 1510 66,68

0.15199 B1Σ+
u →  X1Σ+

g (2-8) P(2) 1510 66,68

0.15349 B1Σ+
u →  X1Σ+

g (5-10) P(2) 1510 66,68

0.15501 B1Σ+
u →  X1Σ+

g (1-8) P(2) 1510 66,68

0.15640 B1Σ+
u →  X1Σ+

g (8-14) P(4) 1510 66,68

0.15675 B1Σ+
u →  X1Σ+

g (8-14) P(2) 1510 66,68

0.15675 B1Σ+
u →  X1Σ+

g (8-14) P(2) 1510 66,68

0.15743 B1Σ+
u →  X1Σ+

g (2-9) P(2) 1510 66,68

0.15777 B1Σ+
u →  X1Σ+

g (7-13) R(0) 1510,1511 66,68

0.15800 B1Σ+
u →  X1Σ+

g (7-13) P(2) 1510 66,68

0.15811 B1Σ+
u →  X1Σ+

g (2-9) P(4) 1510,1511 66,68

0.15814 B1Σ+
u →  X1Σ+

g (7-13) P(4) 1510,1511 66,68

0.15890 B1Σ+
u →  X1Σ+

g (3-10) R(0) 1510,1511 66,68

0.15934 B1Σ+
u →  X1Σ+

g (3-10) P(2) 1510 66,68

0.15993 B1Σ+
u →  X1Σ+

g (3-10) P(4) 1510 66,68

0.16024 B1Σ+
u →  X1Σ+

g (4-11) R(0) 1510,1511 66,68

0.16059 B1Σ+
u →  X1Σ+

g (6-13) R(0) 1510,1511 66,68

0.16062 B1Σ+
u →  X1Σ+

g (4-11) P(2) 1510,1511 66,68

0.16083 B1Σ+
u →  X1Σ+

g (6-13) P(2) 1510 66,68

0.16096 B1Σ+
u →  X1Σ+

g (6-13) P(4) 1510 66,68

0.16103 B1Σ+
u →  X1Σ+

g (5-12) P(1) 1510,1511 66,68

0.16109 B1Σ+
u →  X1Σ+

g (4-11) P(4) 1510,1511 66,68

0.16117 B1Σ+
u →  X1Σ+

g (5-12) P(2) 1510 66,68

0.16132 B1Σ+
u →  X1Σ+

g (5-12) P(3) 1510,1511 66,68

0.16149 B1Σ+
u →  X1Σ+

g (5-12) P(4) 1510 66,68

0.16429 B1Σ+
u →  X1Σ+

g (4-11) P(2) 1510 66,68

0.16460 B1Σ+
u →  X1Σ+

g (4-11) P(4) 1510 66,68

HD 0.11386 C1Π → X1Σ+ (1-4) R(0) 1512 66

0.11415 C1Π → X1Σ+ (1-4) P(2) 1512 66
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HD 0.11520 C1Π → X1Σ+ (2-5) R(0) 1512 66

0.11781 C1Π → X1Σ+ (1-5) R(0) 1512 66

0.11900 C1Π → X1Σ+ (2-6) R(0) 1512 66

0.11928 C1Π → X1Σ+ (2-6) P(2) 1512 66

0.12010 C1Π → X1Σ+ (3-7) R(0) 1512 66

0.12113 C1Π → X1Σ+ (4-8) R(0) 1512 66

0.12284 C1Π → X1Σ+ (6-10) R(0) 1512 66

0.12457 B1Σ+
u →  X1Σ+

g (6-5) P(2) 66,68

0.12528 B1Σ+
u →  X1Σ+

g (0-3) P(2) 66,68

0.13033 B1Σ+
u →  X1Σ+

g (0-4) P(2) 66,68

0.13551 B1Σ+
u →  X1Σ+

g (0-5) P(2) 66,68

0.14077 B1Σ+
u →  X1Σ+

g  (0-6) P(2) 66,68

0.14884 B1Σ+
u →  X1Σ+

g (1-8) P(2) 66,68

0.15136 B1Σ+
u →  X1Σ+

g (2-9) P(2) 66,68

0.15299 B1Σ+
u →  X1Σ+

g (5-11) P(2) 66,68

0.15620 B1Σ+
u →  X1Σ+

g (2-10) P(2) 66,68

0.15713 B1Σ+
u →  X1Σ+

g (9-16) R(0) 66,68

0.15727 B1Σ+
u →  X1Σ+

g (9-16) P(3) 66,68

0.15743 B1Σ+
u →  X1Σ+

g (9-16) P(2) 66,68

0.15801 B1Σ+
u →  X1Σ+

g (8-15) R(0) 66,68

0.15809 B1Σ+
u →  X1Σ+

g (3-11) P(2) 66,68

0.15819 B1Σ+
u →  X1Σ+

g (8-15) P(2) 66,68

0.15825 B1Σ+
u →  X1Σ+

g (8-15) P(3) 66,68

0.15831 B1Σ+
u →  X1Σ+

g (3-11) P(3) 66,68

0.15938 B1Σ+
u →  X1Σ+

g (4-12) P(1) 66,68

0.15955 B1Σ+
u →  X1Σ+

g (4-12) P(2) 66,68

0.15974 B1Σ+
u →  X1Σ+

g (4-12) P(3) 66,68

0.16023 B1Σ+
u →  X1Σ+

g (5-13) R(0) 66,68

0.16037 B1Σ+
u →  X1Σ+

g (5-13) P(1) 66,68

0.16046 B1Σ+
u →  X1Σ+

g (7-15) R(0) 66,68

0.16052 B1Σ+
u →  X1Σ+

g (5-13) P(2) 66,68

0.16057 B1Σ+
u →  X1Σ+

g (7-15) P(1) 1513 66,68

0.16065 B1Σ+
u →  X1Σ+

g (7-15) P(2) 66,68

0.16067 B1Σ+
u →  X1Σ+

g (6-14) R(0) 66,68

0.16068 B1Σ+
u →  X1Σ+

g (5-13) P(3) 66,68

0.16069 B1Σ+
u →  X1Σ+

g (7-15) P(3) 66,68

0.16075 B1Σ+
u →  X1Σ+

g (7-15) P(4) 1513 66,68

0.16079 B1Σ+
u →  X1Σ+

g (6-14) P(1) 1513 66,68

0.16083 B1Σ+
u →  X1Σ+

g (5-13) P(4) 1513 66,68
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HD 0.16091 B1Σ+
u →  X1Σ+

g (6-14) P(2) 66,68

0.16103 B1Σ+
u →  X1Σ+

g (6-14) P(3) 66,68

0.16113 B1Σ+
u →  X1Σ+

g (6-14) P(4) 66,68

0.9163 E,F1Σ+
g →  B1Σ+

u(1-0) 1514 71,72,74

HgBr 0.4990 B2Σ+
1/2 →  X2Σ+

1/2 (0,21) 1518 75–78

0.5018 B2Σ+
1/2 →  X2Σ+

1/2 (0,22) 1519,1521 75–78

0.5020-0.5026 B2Σ+
1/2 →  X2Σ+

1/2 6629,6630,6634

6636,6638

1537–1545

0.5023 B2Σ+
1/2 →  X2Σ+

1/2 (0,22) 1519,1522 75–78

0.5026 B2Σ+
1/2 →  X2Σ+

1/2 (0,22) 1519,1522 75–78

0.5039 B2Σ+
1/2 →  X2Σ+

1/2 (0,23) 1519,1521 75–78

0.5042 B2Σ+
1/2 →  X2Σ+

1/2 (0,23) 1519,1521 75–78

0.5046 B2Σ+
1/2 →  X2Σ+

1/2 (0,23) 1519,1522 75–78

HgCl 0.5516 B2Σ1/2
+ →  X2Σ+

1/2 (0,21) 1525–528 75,78–83

0.5523 B2Σ1/2
+ →  X2Σ+

1/2 (0,23) 1525–528 75,78–83

0.5550 B2Σ1/2
+ →  X2Σ+

1/2 (0,22) 1525–528 75,78–83

0.5576 B2Σ1/2
+ →  X2Σ+

1/2 (0,22) 1525–528 75,78–83

0.558 B2Σ+
1/2 →  X2Σ+

1/2 6639 1546

0.5584 B2Σ1/2
+ →  X2Σ+

1/2 (1,23) 1525–528 75,78–83

0.559 B2Σ+
1/2 →  X2Σ+

1/2 6639 1546

0.5590 B2Σ1/2
+ →  X2Σ+

1/2 (1,23) 1525–528 75,78–83

HgI 0.442-0.444 B2Σ+
1/2 →  X2Σ+

1/2 6641 1547

0.4430 B2Σ+
1/2 →  X2Σ+

1/2 (0,15) 1529 78,79

0.4450 B2Σ+
1/2 →  X2Σ+

1/2 (0,17) 1529 78,79

I2 0.3420
3Π2g  →  3Π2u (0-12), (2-15) 1531–1533 85–87

0.3420-0.3428 D'(2g) →  A'(2u) 6643,6645,6648

6650,6652,6654

1548–51,1553

0.3423
3Π2g  →  3Π2u (3-17) 1533 85–87

0.3424
3Π2g  →  3Π2u (1-14) 1533 85–87

0.3428
3Π2g  →  3Π2u (2-16), (0-13) 1533 85–87

0.495-0.512 6655 1554,1555

0.5443 B3Π2u  →  X1Σ+
g 1534 88–92

0.5550 B3Π2u  →  X1Σ+
g 1535 88–92

0.5567 B3Π2u  →  X1Σ+
g 1534 88–92

0.5680 B3Π2u  →  X1Σ+
g 1535 88–92

0.5697 B3Π2u  →  X1Σ+
g (43-9) 1536 88–92
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I2 0.5745 B3Π2u  →  X1Σ+
g 1535 88–92

0.5764 B3Π2u  →  X1Σ+
g 1534 88–92

0.5815 B3Π2u  →  X1Σ+
g 1535 88–92

0.5830 B3Π2u  →  X1Σ+
g (43-11) 1536 88–92

0.5880 B3Π2u  →  X1Σ+
g 1535 88–92

0.5905 B3Π2u  →  X1Σ+
g 1534 88–92

0.5968 B3Π2u  →  X1Σ+
g (43-13) 1536 88–92

0.6025 B3Π2u  →  X1Σ+
g 1535 88–92

0.6048 B3Π2u  →  X1Σ+
g 1534 88–92

0.6111 B3Π2u  →  X1Σ+
g (43-15) 1536 88–92

0.6175 B3Π2u  →  X1Σ+
g 1535 88–92

0.617520 B3Π2u  →  X1Σ+
g

(34-13) R(84)

1535 88–92

0.617730 B3Π2u  →  X1Σ+
g

(35-13) R(107)

1535 88–92

0.617900 B3Π2u  →  X1Σ+
g

(33-13) R(58)

1535 88–92

0.617970 B3Π2u  →  X1Σ+
g

(34-13) R(89)

1535 88–92

0.617990 B3Π2u  →  X1Σ+
g

(34-13) P(86)

1535 88–92

0.618245 B3Π2u  →  X1Σ+
g

(33-13) P(60)

1535 88–92

0.618325 B3Π2u  →  X1Σ+
g

(35-13) P(109)

1535 88–92

0.618490 B3Π2u  →  X1Σ+
g

(34-13) P(91)

1535 88–92

0.618580 B3Π2u  →  X1Σ+
g

(33-13) P(65)

1535 88–92

0.6198 B3Π2u  →  X1Σ+
g 1534 88–92

0.6258 B3Π2u  →  X1Σ+
g P(17), R(17) 1537 88–92

0.6260 B3Π2u  →  X1Σ+
g (43-17) 1536 88–92

0.6330 B3Π2u  →  X1Σ+
g 1535 88–92

0.6352 B3Π2u  →  X1Σ+
g 1534 88–92

0.6490 B3Π2u  →  X1Σ+
g 1535 88–92

0.6511 B3Π2u  →  X1Σ+
g 1534 88–92

0.6592 B3Π2u  →  X1Σ+
g 1534 88–92

0.6645 B3Π2u  →  X1Σ+
g 1535 88–92

0.6763 B3Π2u  →  X1Σ+
g 1534 88–92
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I2 0.6936 B3Π2u  →  X1Σ+
g 1534 88–92

0.7114 B3Π2u  →  X1Σ+
g 1534 88–92

0.8144 B3Π2u  →  X1Σ+
g P(38), R(38) 1537 88–92

0.8358 B3Π2u  →  X1Σ+
g P(40), R(40) 1537 88–92

0.8578 B3Π2u  →  X1Σ+
g P(42), R(42) 1537 88–92

0.8579 B3Π2u  →  X1Σ+
g

(43-42) P(17), R(15), R(11)

1536 88–92

0.8804 B3Π2u  →  X1Σ+
g P(44), R(44) 1537 88–92

0.8806 B3Π2u  →  X1Σ+
g

(43-44) P(17), R(15)

1536 88–92

0.8813 B3Π2u  →  X1Σ+
g 1534 88–92

0.9037 B3Π2u  →  X1Σ+
g P(46), R(46) 1537 88–92

0.9038 B3Π2u  →  X1Σ+
g (43-46) 1536 88–92

0.9047 B3Π2u  →  X1Σ+
g 1534 88–92

0.9060 B3Π2u  →  X1Σ+
g 1534 88–92

0.9274 B3Π2u  →  X1Σ+
g P(48), R(48) 1537 88–92

0.9276 B3Π2u  →  X1Σ+
g(43-48)

P(17), P(13), R(15), R(11)

1536 88–92

0.9288 B3Π2u  →  X1Σ+
g 1534 88–92

0.9295 B3Π2u  →  X1Σ+
g 1534 88–92

0.9305 B3Π2u  →  X1Σ+
g 1534 88–92

0.9518 B3Π2u  →  X1Σ+
g P(50), R(50) 1537 88–92

0.9520 B3Π2u  →  X1Σ+
g (43-50) 1536 88–92

0.9545 B3Π2u  →  X1Σ+
g 1534 88–92

0.9555 B3Π2u  →  X1Σ+
g 1534 88–92

0.9766 B3Π2u  →  X1Σ+
g P(52), R(52) 1537 88–92

0.9767 B3Π2u  →  X1Σ+
g

(43-52) P(17), R(15)

1536 88–92

0.9963 B3Π2u  →  X1Σ+
g 1534 88–92

0.9973 B3Π2u  →  X1Σ+
g 1534 88–92

1.0019 B3Π2u  →  X1Σ+
g (43-54)

P(17), P(13), R(15), R(11)

1536 88–92

1.0053 B3Π2u  →  X1Σ+
g 1534 88–92

1.016-1.340 B3Πu →  X1Σ+
g 6657 1556

1.0225 B3Π2u  →  X1Σ+
g 1534 88–92

1.0245 B3Π2u  →  X1Σ+
g 1534 88–92

1.0255 B3Π2u  →  X1Σ+
g 1534 88–92

1.0274 B3Π2u  →  X1Σ+
g(43-56)

P(17), P(13), R(15), R(11)

1536 88–92
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I2 1.0534 B3Π2u  →  X1Σ+
g 1534 88–92

1.0775 B3Π2u  →  X1Σ+
g 1534 88–92

1.0788 B3Π2u  →  X1Σ+
g 1534 88–92

1.1066 B3Π2u  →  X1Σ+
g 1534 88–92

1.1073 B3Π2u  →  X1Σ+
g 1534 88–92

1.1206 B3Π2u  →  X1Σ+
g

(11-44) R(40)

1538 88–92

1.1214 B3Π2u  →  X1Σ+
g

(11-44) P(42)

1538 88–92

1.1216 B3Π2u  →  X1Σ+
g

(11-44) R(58)

1538 88–92

1.1226 B3Π2u  →  X1Σ+
g

(11-44) P(60)

1538 88–92

1.1255 B3Π2u  →  X1Σ+
g 1534 88–92

1.1328 B3Π2u  →  X1Σ+
g

(12-45) R(127)

1538 88–92

1.1334 B3Π2u  →  X1Σ+
g

(13-46) R(84)

1538 88–92

1.1347 B3Π2u  →  X1Σ+
g

(12-45) P(129)

1538 88–92

1.1348 B3Π2u  →  X1Σ+
g

(13-46) P(86)

1538 88–92

1.1350 B3Π2u  →  X1Σ+
g 1534 88–92

1.1453 B3Π2u  →  X1Σ+
g

(12-46) R(61)

1538 88–92

1.1464 B3Π2u  →  X1Σ+
g

(12-46) P(63)

1538 88–92

1.1502 B3Π2u  →  X1Σ+
g

(13-47) P(57)

1539 88–92

1.1510 B3Π2u  →  X1Σ+
g

(13-47) R(57)

1539 88–92

1.1515 B3Π2u  →  X1Σ+
g

(13-47) P(82)

1539 88–92

1.1522 B3Π2u  →  X1Σ+
g

(13-47) R(75)

1539 88–92

1.1529 B3Π2u  →  X1Σ+
g

(13-47) R(82)

1539 88–92

1.1698 B3Π2u  →  X1Σ+
g

(13-48) P(75)

1539 88–92
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I2 1.1703 B3Π2u  →  X1Σ+
g

(13-48) P(82)

1539 88–92

1.1711 B3Π2u  →  X1Σ+
g

(13-48) R(75)

1539 88–92

1.1718 B3Π2u  →  X1Σ+
g

(13-48) R(82)

1539 88–92

1.1740 B3Π2u  →  X1Σ+
g

(14-49) P(62)

1539 88–92

1.1750 B3Π2u  →  X1Σ+
g

(14-49) R(63)

1539 88–92

1.2170 B3Π2u  →  X1Σ+
g

P(71), R(71)

1537 88–92

1.2740 B3Π2u  →  X1Σ+
g

P(76), R(76)

1537 88–92

1.2870 B3Π2u  →  X1Σ+
g 1534 88–92

1.2925 B3Π2u  →  X1Σ+
g 1534 88–92

1.2940 B3Π2u  →  X1Σ+
g

P(78), R(78)

1537 88–92

1.3010 B3Π2u  →  X1Σ+
g

(27-66) P(66)

1539 88–92

1.3020 B3Π2u  →  X1Σ+
g

(27-66) R(66)

1539 88–92

1.3040 B3Π2u  →  X1Σ+
g

P(79), R(79)

1537 88–92

1.3069 B3Π2u  →  X1Σ+
g

(29-68) P(64)

1539 88–92

1.3080 B3Π2u  →  X1Σ+
g

(26-68) R(64)

1539 88–92

1.3153 B3Π2u  →  X1Σ+
g 1534 88–92

1.3192 B3Π2u  →  X1Σ+
g 1534 88–92

1.3200 B3Π2u  →  X1Σ+
g

P(81), R(81)

1537 88–92

1.3282 B3Π2u  →  X1Σ+
g 1534 88–92

1.3291 B3Π2u  →  X1Σ+
g 1534 88–92

1.3310 B3Π2u  →  X1Σ+
g 1534 88–92

1.3324 B3Π2u  →  X1Σ+
g 1534 88–92

1.3333 B3Π2u  →  X1Σ+
g 1534 88–92

1.3349 B3Π2u  →  X1Σ+
g 1534 88–92
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I2 1.3380 B3Π2u  →  X1Σ+
g

P(83), R(83)

1537 88–92

1.3406 B3Π2u  →  X1Σ+
g

(42-82) P(57)

1539 88–92

1.3418 B3Π2u  →  X1Σ+
g

(42-82) R(57)

1539 88–92

1.3421 B3Π2u  →  X1Σ+
g

(45-85) P(83)

(44-84) P(75)

(43-83) R(53)

1539 88–92

1.3429 B3Π2u  →  X1Σ+
g

(45-85) R(74)

(45-85) R(72)

(44-84) R(62)

1539 88–92

ICl 0.430-0.437 D'(2g) →  A'(2u) 6661,6663 1618,1557

IF 0.467 D'(2g) →  A'(2u) 6665 1558

0.4725 D'(2g) →  A'(2u) 6665 1558

0.4787 D'(2g) →  A'(2u) 6665 1559

0.4847 D'(2g) →  A'(2u) 6665 1559

0.485-0.491 D'(2g) →  A'(2u) 6667 1565,1566

0.4907 D'(2g) →  A'(2u) 6665 1527,1559–61

0.4965 D'(2g) →  A'(2u) 6665 1559

0.585 B3Π(0+) →  X1Σ+

(v',v'') = (0,3)

6669 1567

0.60311 B3Π(0+) →  X1Σ+

(v',v'') = (0,4)

6669,6918 1567

0.62293 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) R(17)

6675 1568

0.62297 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) R(18)

6675 1568

0.62369 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) P(19)

6675 1568

0.62378 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) P(20)

6675 1568

0.62378 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) R(30)

6675 1568
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IF 0.62436 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) R(36)

6675 1568

0.62493 B3Π(0+) →  X1Σ+

(v',v'') = (0,5)

6669 1567

0.62508 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) P(32)

6675 1568

0.62522 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(19)

6677 1569

0.62522 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(20)

6677 1569

0.62541 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(22)

6680,6683,

6686,6689

1569

0.62541 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(23)

6680,6683,

6686,6689

1569

0.62546 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(22)

6680,6683,6686

6689,6692

1569

0.62546 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(23)

6680,6683,6686

6689,6692

1569

0.62552 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) R(22)

6692 1569

0.62592 B3Π(0+) →  X1Σ+

(v',v'') = (3,7) P(38)

6675 1568

0.62614 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(21)

6677 1569

0.62626 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(22)

6677 1569

0.62634 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(24)

6683 1569

0.62639 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(24)

6683,6686,

6692

1569

0.62639 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(25)

6683,6686,

6692

1569

0.62645 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(24)

6680,6686,

6689

1569

0.62645 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(25)

6680,6686,

6689

1569

0.62651 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(25)

6689 1569
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IF 0.62657 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(25)

6680,6689,

6692

1569

0.62662 B3Π(0+) →  X1Σ+

(v',v'') = (0,5) P(25)

6686 1569

0.64812 B3Π(0+) →  X1Σ+

(v',v'') = (0,6)

6669 1567

0.65246 B3Π(0+) →  X1Σ+

(v',v'') = (4,9) R(16)

6695 1569

0.65315 B3Π(0+) →  X1Σ+

(v',v'') = (4,9) P(18)

6695 1569

0.6537 B3Π(0+) →  X1Σ+

(v',v'') = (4,9)

6696 1570

0.65501 B3Π(0+) →  X1Σ+

(v',v'') = (1,7) R(15)

6698 1569

0.65535 B3Π(0+) →  X1Σ+

(v',v'') = (1,7) R(19)

6698 1569

0.65592 B3Π(0+) →  X1Σ+

(v',v'') = (1,7) P(17)

6698 1569

0.65632 B3Π(0+) →  X1Σ+

(v',v'') = (1,7) P(21)

6698 1569

0.675 B3Π(0+) →  X1Σ+

(v',v'') = (0,7)

6669 1567

0.6762 B3Π(0+) →  X1Σ+

(v',v'') = (4,10)

6696 1570

0.67686 B3Π(0+) →  X1Σ+

(v',v'') = (4,10) R(22)

6695 1569

0.67793 B3Π(0+) →  X1Σ+

(v',v'') = (4,10) P(24)

6695 1569

0.68036 B3Π(0+) →  X1Σ+

(v',v'') = (1,8) R(20)

6698 1569

0.68081 B3Π(0+) →  X1Σ+

(v',v'') = (1,8) R(27)

6698 1569

0.68137 B3Π(0+) →  X1Σ+

(v',v'') = (1,8) P(22)

6698 1569

0.68210 B3Π(0+) →  X1Σ+

(v',v'') = (1,8) P(29)

6698 1569

0.68420 B3Π(0+) →  X1Σ+

(v',v'') = (5,11) R(19)

6699 1569
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IF 0.68510 B3Π(0+) →  X1Σ+

(v',v'') = (5,11) P(21)

6699 1569

0.70730 B3Π(0+) →  X1Σ+

(v',v'') = (1,9) R(26)

6698 1569

0.70840 B3Π(0+) →  X1Σ+

(v',v'') = (1,9) P(28)

6698 1569

0.71406 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) R(11)

6700 1569

0.7141 B3Π(0+) →  X1Σ+

(v',v'') = (2,10)

6696 1570

0.71416 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) R(17)

6700 1569

0.71466 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) P(13)

6700 1569

0.71482 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) R(27)

6700 1569

0.71515 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) P(19)

6700 1569

0.71630 B3Π(0+) →  X1Σ+

(v',v'') = (2,10) P(29)

6700 1569

0.7215 B3Π(0+) →  X1Σ+

(v',v'') = (3,11)

6696 1570

0.72156 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) R(12)

6701 1569

0.72194 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) R(19)

6701 1569

0.72205 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) R(22)

6701 1569

0.72233 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) P(14)

6701 1569

0.72294 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) P(21)

6701 1569

0.72321 B3Π(0+) →  X1Σ+

(v',v'') = (3,11) P(24)

6701 1569

0.798523 B3Π(0+) →  X1Σ+

(v',v'') = (5,15) R(18)

6669 1567

0.799154 B3Π(0+) →  X1Σ+

(v',v'') = (5,15) R(27)

6669 1567
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IF 0.799752 B3Π(0+) →  X1Σ+

(v',v'') = (5,15) P(20)

6669 1567

0.800991 B3Π(0+) →  X1Σ+

(v',v'') = (5,15) P(29)

6669 1567

0.832206 B3Π(0+) →  X1Σ+

(v',v'') = (5,16) R(18)

6669 1567

0.832819 B3Π(0+) →  X1Σ+

(v',v'') = (5,16) R(27)

6669 1567

0.833532 B3Π(0+) →  X1Σ+

(v',v'') = (5,16) P(20)

6669 1567

0.834767 B3Π(0+) →  X1Σ+

(v',v'') = (5,16) P(29)

6669 1567

K2 634.5 B1∏u(v'=8) → X1∑+
g(v"=2) 6901 1770

638.1 B1∏u(v'=8) → X1∑+
g (v"=3) 6901 1770

645.5 B1∏u(v'=8) → X1∑+
g (v"=5) 6901 1770

671.7 B1∏u(v'=8) → X1∑+
g (v"=12) 6901 1770

683.1 B1∏u(v'=8) → X1∑+
g (v"=15) 6901 1770

686.9 B1∏u(v'=8) → X1∑+
g(v"=16) 6901 1770

690.8 B1∏u(v'=8) → X1∑+
g(v"=17) 6901 1770

0.6961 B1Πu →  X1Σ+
g 6702 1524

0.6975 B1Πu →  X1Σ+
g 6702 1524

0.6985 B1Πu →  X1Σ+
g 6702 1524

0.6995 B1Πu →  X1Σ+
g 6702 1524

0.7037 B1Πu →  X1Σ+
g 6702 1524

0.7089 B1Πu →  X1Σ+
g 6702 1524

0.145-0.146 AO+
u →  XO+

g 6704,6706 1606,1622,1571

0.1457
1Σ+

u →  X1Σ+
g 1553–56 40,51,62,73,84,95,

106,116,103

Kr2 145.7
1Σ+

u →  X1Σ+
g 1553–1556 40,51,62,73,84,

95,103,106,116

KrCl 0.222 C2Σ+
1/2 →  X2Σ+

1/2 1540,1541,1542 23,33,36,93,94

0.2235 B →  X 6708 1572

KrF 0.2484
2Σ+

1/2 →  X2Σ+
1/2 1543,1545,

1547–9,1551–2

13,33–38,

96–102,116
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KrF 0.2491
2Σ+

1/2 →  X2Σ+
1/2 1543,1545,

1547–9,1551–2

13,33–38,

96–102,116

KrO 0.55781 0(1S0) →  0(1D2) 1557,1558 2,39,41–2,44,47

Li2 0.5319 B1Πu →  X1Σ+
g 6726,6731 1577,1619

0.5336 B1Πu →  X1Σ+
g 6726,6730 1577,1619

0.5423 B1Πu →  X1Σ+
g 6726,6730 1577,1619

0.5500 B1Πu →  X1Σ+
g 6726,6729 1577,1619

0.5502 B1Πu →  X1Σ+
g 6726,6728 1577,1619

0.5510 B1Πu →  X1Σ+
g 6726,6730 1577,1619

0.5522 B1Πu →  X1Σ+
g 6726,6729 1577,1619

0.5582 B1Πu →  X1Σ+
g 6726,6729 1577,1619

0.5584 B1Πu →  X1Σ+
g 6726,6728 1577,1619

0.5598 B1Πu →  X1Σ+
g 6726,6731 1577,1619

0.5604 B1Πu →  X1Σ+
g 6726,6729 1577,1619

0.7913 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.8264 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.8454 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.8672 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8682 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8747 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8757 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8846 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.886347 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8865 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.887376 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8963 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.8969 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8972 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8974 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8978 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8979 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8982 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8984 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8989 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.8991 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.9037 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.9047 A1Σ+
u →  X1Σ+

g 6732 1577,1619



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References

© 2001 CRC Press LLC.

Li2 0.9064 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.9068 A1Σ+
u →  X1Σ+

g 6732 1577,1619

0.9074 A1Σ+
u →  X1Σ+

g 6734 1577,1619

0.9122 A1Σ+
u →  X1Σ+

g 6732 1577,1619

6Li2 0.5237 B1Πu →  S1Σ+
g

(v',J') →  (v'',J''):

(0,41) →  (4,40)

6715,6723 1576

0.5263 B1Πu →  S1Σ+
g

(4,11) →  (7,11)

6715,6718 1576

0.5269 B1Πu →  S1Σ+
g

(0,41) →  (4,42)

6715,6723 1576

0.5358 B1Πu →  S1Σ+
g

(4,11) →  (8,11)

6715,6718 1576

0.5362 B1Πu →  S1Σ+
g

(0,41) →  (5,42)

6715,6723 1576

0.5405 B1Πu →  S1Σ+
g 6715,6724 1576

0.5417 B1Πu →  S1Σ+
g

(4,31) →  (12,31)

6715,6721 1576

0.5417 B1Πu →  S1Σ+
g

(7,8)  →  (11,8)

6715,6717 1576

0.5424 B1Πu →  S1Σ+
g

(0,41) →  (6,40)

6715,6723 1576

0.5446 B1Πu →  S1Σ^+
g

(5,41) →  (9,42)

6715,6719 1576

0.5451 B1Πu →  S1Σ+
g

(4,11) →  (9,11)

6715,6718 1576

0.5459 B1Πu →  S1Σ+
g

(0,41) →  (6,42)

6715,6723 1576

0.5496 B1Πu →  S1Σ+
g 6715,6724 1576

0.5508 B1Πu →  S1Σ+
g

(7,8)  →  (12,8)

6715,6717 1576

0.5528 B1Πu →  S1Σ+
g

(5,41) →  (10,42)

6715,6719 1576

0.5588 B1Πu →  S1Σ+
g 6715,6724 1576

0.5593 B1Πu →  S1Σ+
g

(5,41) →  (11,40)

6715,6719 1576

0.5599 B1Πu →  S1Σ+
g

(7,8)  →  (13,8)

6715,6717 1576
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6Li2 0.5670 B1Πu →  S1Σ+
g

(4,31) →  (15,31)

6715,6721 1576

0.5689 B1Πu →  S1Σ+
g

(7,8)  →  (14,8)

6715,6717 1576

0.5755 B1Πu →  S1Σ+
g}

(4,31) →  (16,31)

6715,6717 1576

0.5773 B1Πu →  S1Σ+
g

(11,22) →  (18,21)

6715,6717 1576

0.5787 B1Πu →  S1Σ+
g

(11,29) →  (18,28)

6715,6722 1576

0.5807 B1Πu →  S1Σ+
g 6715,6720 1576

0.5809 B1Πu →  S1Σ+
g

(11,29) →  (18,30)

6715,6722 1576

0.5867 B1Πu →  S1Σ+
g

(11,29) →  (19,28)

6715,6722 1576

0.5889 B1Πu →  S1Σ+
g

(11,29) →  (19,30)

6715,6722 1576

N2 0.3364903 C3Πu →  B3Πg

(0-0) Band R1(7)
1559 104,105,109,

110,111

0.3365474 C3Πu →  B3Πg

(0-0) Band R3(6)
1559 104,105,109,

110,111

0.3365537 C3Πu →  B3Πg

(0-0) Band R1(6)
1559 104,105,109,

110,111

0.3366156 C3Πu →  B3Πg

(0-0) Band R1(4)
1559 104,105,109,

110,111

0.3366211 C3Πu →  B3Πg

(0-0) Band R3(5)
1559 104,105,109,

110,111

0.3366682 C3Πu →  B3Πg

(0-0) Band R1(4)
1559 104,105,109,

110,111

0.3366911 C3Πu →  B3Πg

(0-0) Band R3(4)
1559 104,105,109,

110,111

0.3367218 C3Πu →  B3Πg

(0-0) Band R1(3)
1559 104,105,109,

110,111

0.3368432 C3Πu →  B3Πg

(0-0) Band P'3(20)
1559 104,105,109,

110,111

0.3368917 C3Πu →  B3Πg

(0-0) Band P3(19)
1559 104,105,109,

110,111
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N2 0.3369250 C3Πu →  B3Πg

(0-0) Band P1(1)
1559 104,105,109,

110,111

0.3369361 C3Πu →  B3Πg

(0-0) Band P'3(18)
1559 104,105,109,

110,111

0.3369502 C3Πu →  B3Πg

(0-0) Band P'2(18)
1559 104,105,109,

110,111

0.3369542 C3Πu →  B3Πg

(0-0) Band Q3(2)
1559 104,105,109,

110,111

0.3369555 C3Πu →  B3Πg

(0-0) Band P'2(2)
1559 104,105,109,

110,111

0.3369575 C3Πu →  B3Πg

(0-0) Band P'1(18)
1559 104,105,109,

110,111

0.3369760 C3Πu →  B3Πg

(0-0) Band P3(17)
1559 104,105,109,

110,111

0.3369838 C3Πu →  B3Πg

(0-0) Band P1(3)
1559 104,105,109,

110,111

0.3369852 C3Πu →  B3Πg

(0-0) Band P2(17)
1559 104,105,109,

110,111

0.3370081 C3Πu →  B3Πg

(0-0) Band P'1(4)
1559 104,105,109,

110,111

0.3370121 C3Πu →  B3Πg

(0-0) Band P'3(16)
1559 104,105,109,

110,111

0.3370138 C3Πu →  B3Πg

(0-0) Band P'1(16)
1559 104,105,109,

110,111

0.3370161 C3Πu →  B3Πg

(0-0) Band P1(16)
1559 104,105,109,

110,111

0.3370169 C3Πu →  B3Πg

(0-0) Band P'2(16)
1559 104,105,109,

110,111

0.3370297 C3Πu →  B3Πg

(0-0) Band P1(5)
1559 104,105,109,

110,111

0.3370316 C3Πu →  B3Πg

(0-0) Band P2(3)
1559 104,105,109,

110,111

0.3370360 C3Πu →  B3Πg

(0-0) Band P'1(15)
1559 104,105,109,

110,111

0.3370374 C3Πu →  B3Πg

(0-0) Band P1(15)
1559 104,105,109,

110,111

0.3370434 C3Πu →  B3Πg

(0-0) Band P2(15),P3(15)
1559 104,105,109,

110,111
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N2 0.3370472 C3Πu →  B3Πg

(0-0) Band P'1(6)
1559 104,105,109,

110,111

0.3370529 C3Πu →  B3Πg

(0-0) Band P'1(14)
1559 104,105,109,

110,111

0.3370551 C3Πu →  B3Πg

(0-0) Band P1(14)
1559 104,105,109,

110,111

0.3370559 C3Πu →  B3Πg

(0-0) Band P'2(4)
1559 104,105,109,

110,111

0.3370614 C3Πu →  B3Πg

(0-0) Band P'1(7)
1559 104,105,109,

110,111

0.3370623 C3Πu →  B3Πg

(0-0) Band P1(7)
1559 104,105,109,

110,111

0.3370663 C3Πu →  B3Πg

(0-0) Band P'2(14)
1559 104,105,109,

110,111

0.3370682 C3Πu →  B3Πg

(0-0) Band P1(13)
1559 104,105,109,

110,111

0.3370716 C3Πu →  B3Πg

(0-0) Band P'1(8),P'3(14)
1559 104,105,109,

110,111

0.3370731 C3Πu →  B3Πg

(0-0) Band P1(8)
1559 104,105,109,

110,111

0.3370757 C3Πu →  B3Πg

(0-0) Band P'1(12),P3(3)
1559 104,105,109,

110,111

0.3370762 C3Πu →  B3Πg

(0-0) Band P2(5)
1559 104,105,109,

110,111

0.3370787 C3Πu →  B3Πg

(0-0) Band P'1(9)
1559 104,105,109,

110,111

0.3370803 C3Πu →  B3Πg

(0-0) Band P1(9)
1559 104,105,109,

110,111

0.3370821 C3Πu →  B3Πg

(0-0) Band P'1(10),P1(11)
1559 104,105,109,

110,111

0.3370843 C3Πu →  B3Πg

(0-0) Band P2(13)
1559 104,105,109,

110,111

0.3370924 C3Πu →  B3Πg

(0-0) Band P'2(6)
1559 104,105,109,

110,111

0.3370941 C3Πu →  B3Πg

(0-0) Band P3(13)
1559 104,105,109,

110,111

0.3370990 C3Πu →  B3Πg

(0-0) Band P'2(12),P'3(4)
1559 104,105,109,

110,111
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N2 0.3371042 C3Πu →  B3Πg

(0-0) Band P2(7)
1559 104,105,109,

110,111

0.3371082 C3Πu →  B3Πg

(0-0) Band P2(11)
1559 104,105,109,

110,111

0.3371120 C3Πu →  B3Πg

(0-0) Band P'2(8)
1559 104,105,109,

110,111

0.3371129 C3Πu →  B3Πg

(0-0) Band P'3(12)
1559 104,105,109,

110,111

0.3371141 C3Πu →  B3Πg

(0-0) Band P'2(10)
1559 104,105,109,

110,111

0.3371147 C3Πu →  B3Πg

(0-0) Band P2(9)
1559 104,105,109,

110,111

0.3371179 C3Πu →  B3Πg

(0-0) Band P3(5)
1559 104,105,109,

110,111

0.3371271 C3Πu →  B3Πg

(0-0) Band P3(11)
1559 104,105,109,

110,111

0.3371312 C3Πu →  B3Πg

(0-0) Band P'3(6)
1559 104,105,109,

110,111

0.3371371 C3Πu →  B3Πg

(0-0) Band P'3(10)
1559 104,105,109,

110,111

0.3371398 C3Πu →  B3Πg

(0-0) Band P3(7)
1559 104,105,109,

110,111

0.3371427 C3Πu →  B3Πg

(0-0) Band P3(9)
1559 104,105,109,

110,111

0.3371433 C3Πu →  B3Πg

(0-0) Band P'3(8)
1559 104,105,109,

110,111

0.3379898 C3Πu →  B3Πg

(0-0) Band P1(17)
1559 104,105,109,

110,111

0.3575980 C3Πu →  B3Πg

(0-1) Band P1(6)
1559 104,105,109,

110,111

0.3576194 C3Πu →  B3Πg

(0-1) Band P1(11)
1559 104,105,109,

110,111

0.3576250 C3Πu →  B3Πg

(0-1) Band P1(9)
1559 104,105,109,

110,111

0.3576320 C3Πu →  B3Πg

(0-1) Band P2(5)
1559 104,105,109,

110,111

0.3576571 C3Πu →  B3Πg

(0-1) Band P2(7)
1559 104,105,109,

110,111



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References

© 2001 CRC Press LLC.

N2 0.3576613 C3Πu →  B3Πg

(0-1) Band P3(11)
1559 104,105,109,

110,111

0.3576778 C3Πu →  B3Πg

(0-1) Band P3(5)
1559 104,105,109,

110,111

0.3576899 C3Πu →  B3Πg

(0-1) Band P3(9)
1559 104,105,109,

110,111

0.3576955 C3Πu →  B3Πg

(0-1) Band P3(7)
1559 104,105,109,

110,111

0.4059 C →  B

(v',v'') = (0,3)

6737,6739,6740 1578–1580

0.7482187 B3Πg →  A3Σ+
u

(4-2) Band QR23 (1)
1560 105

0.7485941 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7486135 B3Πg →  A3Σ+
u

(4-2) Band pQ23 (3)
1560 105

0.7486253 B3Πg →  A3Σ+
u

(4-2) Band pQ23 (4)
1560 105

0.7486413 B3Πg →  A3Σ+
u

(4-2) Band P2(4)
1560 105

0.7487409 B3Πg →  A3Σ+
u

(4-2) Band Q1(9)
1560 105

0.7488046 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7488246 B3Πg →  A3Σ+
u

(4-2) Band P2(6)
1560 105

0.7489107 B3Πg →  A3Σ+
u

(4-2) Band pQ23 (6)
1560 105

0.7489626 B3Πg →  A3Σ+
u

(4-2) Band Q1(8)
1560 105

0.7489809 B3Πg →  A3Σ+
u

(4-2) Band P2(13)
1560 105

0.7490096 B3Πg →  A3Σ+
u

(4-2) Band P2(12)
1560 105

0.7490317 B3Πg →  A3Σ+
u

(4-2) Band pQ23 (8)
1560 105

0.7491510 B3Πg →  A3Σ+
u

(4-2) Band

1560 105



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References

© 2001 CRC Press LLC.

N2 0.7491705 B3Πg →  A3Σ+
u

(4-2) Band Q1(7)
1560 105

0.7492379 B3Πg →  A3Σ+
u

(4-2) Band 0P23 (4)
1560 105

0.7493082 B3Πg →  A3Σ+
u

(4-2) Band QR12 (6)
1560 105

0.7493716 B3Πg →  A3Σ+
u

(4-2) Band Q1(6)
1560 105

0.7493910 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7495086 B3Πg →  A3Σ+
u

(4-2) Band 0P23 (5)
1560 105

0.7495465 B3Πg →  A3Σ+
u

(4-2) Band Q1(5)
1560 105

0.7495660 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7496024 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7497256 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7497524 B3Πg →  A3Σ+
u

(4-2) Band Q1(4)
1560 105

0.7497728 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7498898 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7499013 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7499327 B3Πg →  A3Σ+
u

(4-2) Band Q1(3)
1560 105

0.7499593 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7499825 B3Πg →  A3Σ+
u

(4-2) Band P1(13)
1560 105

0.7500071 B3Πg →  A3Σ+
u

(4-2) Band 0P23 (7)
1560 105

0.7500646 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (12)
1560 105
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N2 0.7500734 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7501056 B3Πg →  A3Σ+
u

(4-2) Band Q1(2)
1560 105

0.7501295 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7501404 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7501553 B3Πg →  A3Σ+
u

(4-2) Band P1(11)
1560 105

0.7502139 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (9)
1560 105

0.7502729 B3Πg →  A3Σ+
u

(4-2) Band Q1(1)
1560 105

0.7502768 B3Πg →  A3Σ+
u

(4-2) Band P1(9)
1560 105

0.7503035 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (7)
1560 105

0.7503371 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (6)
1560 105

0.7503418 B3Πg →  A3Σ+
u

(4-2) Band pR13 (8)
1560 105

0.7503642 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (5)
1560 105

0.7503669 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7503697 B3Πg →  A3Σ+
u

(4-2) Band P1(7)
1560 105

0.7503838 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (4)
1560 105

0.7503960 B3Πg →  A3Σ+
u

(4-2) Band pR13 (7)
1560 105

0.7503994 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (3)
1560 105

0.7504106 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (2)
1560 105

0.7504160 B3Πg →  A3Σ+
u

(4-2) Band pQ12 (1)
1560 105
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N2 0.7504184 B3Πg →  A3Σ+
u

(4-2) Band pR13 (6)
1560 105

0.7504274 B3Πg →  A3Σ+
u

(4-2) Band Q1(0)
1560 105

0.7504598 B3Πg →  A3Σ+
u

(4-2) Band P1(3)
1560 105

0.7504768 B3Πg →  A3Σ+
u

(4-2) Band P1(1)
1560 105

0.7505113 B3Πg →  A3Σ+
u

(4-2) Band pR13 (2)
1560 105

0.7505710 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7505903 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7506063 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7506356 B3Πg →  A3Σ+
u

(4-2) Band 0P23 (10)
1560 105

0.7508145 B3Πg →  A3Σ+
u

(4-2) Band 0P23 (11)
1560 105

0.7509890 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7510133 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (3)
1560 105

0.7510923 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7511592 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (4)
1560 105

0.7512799 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7513003 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (5)
1560 105

0.7513569 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7514357 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (6)
1560 105

0.7515079 B3Πg →  A3Σ+
u

(4-2) Band

1560 105
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N2 0.7515446 B3Πg →  A3Σ+
u

(4-2) Band

1560 105

0.7515650 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (7)
1560 105

0.7517728 B3Πg →  A3Σ+
u

(4-2) Band 0Q13 (8)
1560 105

0.7518013 B3Πg →  A3Σ+
u

(4-2) Band 0P12 (9)
1560 105

0.7586439 B3Πg →  A3Σ+
u

(3-1) Band Q3(9)
1560 105

0.7587693 B3Πg →  A3Σ+
u

(3-1) Band Q3(7)
1560 105

0.7603477 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7606374 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (2)
1560 105

0.7607626 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (3)
1560 105

0.7608801 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (4)
1560 105

0.7609853 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (5)
1560 105

0.7610759 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (6)
1560 105

0.7611082 B3Πg →  A3Σ+
u

(3-1) Band Q1(8)
1560 105

0.7611514 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (7)
1560 105

0.7612105 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (8)
1560 105

0.7612528 B3Πg →  A3Σ+
u

(3-1) Band pQ23 (9)
1560 105

0.7613260 B3Πg →  A3Σ+
u

(3-1) Band Q1(7)
1560 105

0.7615347 B3Πg →  A3Σ+
u

(3-1) Band Q1(6)
1560 105

0.7616994 B3Πg →  A3Σ+
u

(3-1) Band 0P23 (5)
1560 105
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N2 0.7617357 B3Πg →  A3Σ+
u

(3-1) Band Q1(5)
1560 105

0.7619288 B3Πg →  A3Σ+
u

(3-1) Band Q1(4)
1560 105

0.7620844 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7620943 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7621161 B3Πg →  A3Σ+
u

(3-1) Band Q1(3)
1560 105

0.7622235 B3Πg →  A3Σ+
u

(3-1) Band 0P23 (7)
1560 105

0.7622565 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7622959 B3Πg →  A3Σ+
u

(3-1) Band Q1(2)
1560 105

0.7623256 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7623311 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7623582 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (10)
1560 105

0.7623686 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7623918 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7624220 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (9)
1560 105

0.7624690 B3Πg →  A3Σ+
u

(3-1) Band Q1(1)
1560 105

0.7624924 B3Πg →  A3Σ+
u

(3-1) Band P1(9)
1560 105

0.7625115 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (7)
1560 105

0.7625445 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (6)
1560 105

0.7625709 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (5)
1560 105
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N2 0.7625770 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7625812 B3Πg →  A3Σ+
u

(3-1) Band P1(7)
1560 105

0.7625906 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (4)
1560 105

0.7626007 B3Πg →  A3Σ+
u

(3-1) Band pR13 (7)
1560 105

0.7626044 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (3)
1560 105

0.7626114 B3Πg →  A3Σ+
u

(3-1) Band P1(6)
1560 105

0.7626180 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (2)
1560 105

0.7626207 B3Πg →  A3Σ+
u

(3-1) Band pQ12 (1)
1560 105

0.7626360 B3Πg →  A3Σ+
u

(3-1) Band P1(5)
1560 105

0.7626560 B3Πg →  A3Σ+
u

(3-1) Band P1(4)
1560 105

0.7626700 B3Πg →  A3Σ+
u

(3-1) Band P1(3)
1560 105

0.7626749 B3Πg →  A3Σ+
u

(3-1) Band P1(1)
1560 105

0.7626826 B3Πg →  A3Σ+
u

(3-1) Band 0P23 (9)
1560 105

0.7628854 B3Πg →  A3Σ+
u

(3-1) Band 0P23 (10)
1560 105

0.7629102 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7630305 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7631880 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7632446 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (3)
1560 105

0.7633348 B3Πg →  A3Σ+
u

(3-1) Band

1560 105



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers
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ass ignment Comments References
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N2 0.7633985 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (4)
1560 105

0.7634546 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7634779 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7635474 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (5)
1560 105

0.7636126 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7636904 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (6)
1560 105

0.7637586 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7638274 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (7)
1560 105

0.7639571 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (8)
1560 105

0.7639715 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7640383 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7640794 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (9)
1560 105

0.7641929 B3Πg →  A3Σ+
u

(3-1) Band 0P12 (10)
1560 105

0.7642478 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7644612 B3Πg →  A3Σ+
u

(3-1) Band

1560 105

0.7743859 B3Πg →  A3Σ+
u

(2-0) Band Q1(5)
1560 105

0.7752354 B3Πg →  A3Σ+
u

(2-0) Band P1(8)
1560 105

0.7753652 B3Πg →  A3Σ+
u

(2-0) Band P1(2)
1560 105

0.8669223 B3Πg →  A3Σ+
u

(2-1) Band Q3(9)
1560 105
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N2 0.8671332 B3Πg →  A3Σ+
u

(2-1) Band Q3(7)
1560 105

0.8692580 B3Πg →  A3Σ+
u

(2-1) Band ^QP23 (1)
1560 105

0.8696366 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (2)
1560 105

0.8697945 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (3)
1560 105

0.8698263 B3Πg →  A3Σ+
u

(2-1) Band Q1(9)
1560 105

0.8699397 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (4)
1560 105

0.8700670 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (5)
1560 105

0.8700684 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (5)
1560 105

0.8701481 B3Πg →  A3Σ+
u

(2-1) Band Q1(8)
1560 105

0.8701718 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (6)
1560 105

0.8702451 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (7)
1560 105

0.8702681 B3Πg →  A3Σ+
u

(2-1) Band 0P23 (3)
1560 105

0.8703093 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (8)
1560 105

0.8703457 B3Πg →  A3Σ+
u

(2-1) Band pQ23 (9)
1560 105

0.8704549 B3Πg →  A3Σ+
u

(2-1) Band Q1(7)
1560 105

0.8707478 B3Πg →  A3Σ+
u

(2-1) Band Q1(6)
1560 105

0.8710118 B3Πg →  A3Σ+
u

(2-1) Band 0P23 (5)
1560 105

0.8710273 B3Πg →  A3Σ+
u

(2-1) Band Q1(5)
1560 105

0.8712956 B3Πg →  A3Σ+
u

(2-1) Band Q1(4)
1560 105
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N2 0.8713533 B3Πg →  A3Σ+
u

(2-1) Band 0P23 (6)
1560 105

0.8715519 B3Πg →  A3Σ+
u

(2-1) Band Q1(3)
1560 105

0.8716718 B3Πg →  A3Σ+
u

(2-1) Band 0P23 (7)
1560 105

0.8717377 B3Πg →  A3Σ+
u

(2-1) Band P1(11)
1560 105

0.8717970 B3Πg →  A3Σ+
u

(2-1) Band Q1(2)
1560 105

0.8718571 B3Πg →  A3Σ+
u

(2-1) Band P1(10)
1560 105

0.8718654 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (9)
1560 105

0.8719537 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (8)
1560 105

0.8719562 B3Πg →  A3Σ+
u

(2-1) Band P1(9)
1560 105

0.8719791 B3Πg →  A3Σ+
u

(2-1) Band

1560 105

0.8720251 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (7)
1560 105

0.8720284 B3Πg →  A3Σ+
u

(2-1) Band Q1(1)
1560 105

0.8720308 B3Πg →  A3Σ+
u

(2-1) Band

1560 105

0.8720419 B3Πg →  A3Σ+
u

(2-1) Band P1(8)
1560 105

0.8720848 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (6)
1560 105

0.8721155 B3Πg →  A3Σ+
u

(2-1) Band P1(7)
1560 105

0.8721327 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (5)
1560 105

0.8721718 B3Πg →  A3Σ+
u

(2-1) Band P1(6)
1560 105

0.8721971 B3Πg →  A3Σ+
u

(2-1) Band

1560 105
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N2 0.8722007 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (3)
1560 105

0.8722220 B3Πg →  A3Σ+
u

(2-1) Band P1(5)
1560 105

0.8722341 B3Πg →  A3Σ+
u

(2-1) Band pQ12 (1)
1560 105

0.8722569 B3Πg →  A3Σ+
u

(2-1) Band P1(4)
1560 105

0.8722836 B3Πg →  A3Σ+
u

(2-1) Band P1(3)
1560 105

0.8723057 B3Πg →  A3Σ+
u

(2-1) Band P1(1)
1560 105

0.8726333 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (1)
1560 105

0.8728430 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (2)
1560 105

0.8730453 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (3)
1560 105

0.8732394 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (4)
1560 105

0.8734247 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (5)
1560 105

0.8735995 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (6)
1560 105

0.8737644 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (7)
1560 105

0.8739162 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (8)
1560 105

0.8740559 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (9)
1560 105

0.8742917 B3Πg →  A3Σ+
u

(2-1) Band 0P12 (11)
1560 105

0.8845349 B3Πg →  A3Σ+
u

(1-0) Band SR32 (1)
1560 105

0.8856271 B3Πg →  A3Σ+
u

(1-0) Band Q3(9)
1560 105

0.8858470 B3Πg →  A3Σ+
u

(1-0) Band Q3(7)
1560 105
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N2 0.8880521 B3Πg →  A3Σ+
u

(1-0) Band QR23 (1)
1560 105

0.8884527 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (2)
1560 105

0.8886204 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (3)
1560 105

0.8886378 B3Πg →  A3Σ+
u

(1-0) Band Q1(9)
1560 105

0.8887756 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (4)
1560 105

0.8889111 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (5)
1560 105

0.8889738 B3Πg →  A3Σ+
u

(1-0) Band Q1(8)
1560 105

0.8890243 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (6)
1560 105

0.8891133 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (7)
1560 105

0.8891769 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (8)
1560 105

0.8892149 B3Πg →  A3Σ+
u

(1-0) Band pQ23 (9)
1560 105

0.8892940 B3Πg →  A3Σ+
u

(1-0) Band Q1(7)
1560 105

0.8896001 B3Πg →  A3Σ+
u

(1-0) Band Q1(6)
1560 105

0.8898930 B3Πg →  A3Σ+
u

(1-0) Band Q1(5)
1560 105

0.8899078 B3Πg →  A3Σ+
u

(1-0) Band 0P23 (5)
1560 105

0.8901733 B3Πg →  A3Σ+
u

(1-0) Band Q1(4)
1560 105

0.8902711 B3Πg →  A3Σ+
u

(1-0) Band 0P23 (6)
1560 105

0.8904419 B3Πg →  A3Σ+
u

(1-0) Band Q1(3)
1560 105

0.8906097 B3Πg →  A3Σ+
u

(1-0) Band 0P23 (7)
1560 105
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N2 0.8906649 B3Πg →  A3Σ+
u

(1-0) Band P1(11)
1560 105

0.8906994 B3Πg →  A3Σ+
u

(1-0) Band Q1(2)
1560 105

0.8907920 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (9)
1560 105

0.8908808 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (8)
1560 105

0.8908878 B3Πg →  A3Σ+
u

(1-0) Band P1(9)
1560 105

0.8909451 B3Πg →  A3Σ+
u

(1-0) Band Q1(1)
1560 105

0.8909527 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (7)
1560 105

0.8909750 B3Πg →  A3Σ+
u

(1-0) Band P1(8)
1560 105

0.8910132 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (6)
1560 105

0.8910480 B3Πg →  A3Σ+
u

(1-0) Band P1(7)
1560 105

0.8910612 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (5)
1560 105

0.8911001 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (4)
1560 105

0.8911063 B3Πg →  A3Σ+
u

(1-0) Band P1(6)
1560 105

0.8911280 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (3)
1560 105

0.8911502 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (2)
1560 105

0.8911538 B3Πg →  A3Σ+
u

(1-0) Band P1(5)
1560 105

0.8911608 B3Πg →  A3Σ+
u

(1-0) Band pQ12 (1)
1560 105

0.8911898 B3Πg →  A3Σ+
u

(1-0) Band P1(4)
1560 105

0.8912139 B3Πg →  A3Σ+
u

(1-0) Band 0P23 (9)
1560 105
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N2 0.8918033 B3Πg →  A3Σ+
u

(1-0) Band pP12 (2)
1560 105

0.8920184 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (3)
1560 105

0.8922249 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (4)
1560 105

0.8924223 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (5)
1560 105

0.8926099 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (6)
1560 105

0.8927865 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (7)
1560 105

0.8929509 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (8)
1560 105

0.8931019 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (9)
1560 105

0.8933580 B3Πg →  A3Σ+
u

(1-0) Band 0P12 (11)
1560 105

0.965389 B3Πg →  A3Σ+
u

(3-3) Band P2(11)
1560 105

0.965846 B3Πg →  A3Σ+
u

(3-3) Band Q1(7)
1560 105

0.966599 B3Πg →  A3Σ+
u

(3-3) Band Q1(5)
1560 105

0.967270 B3Πg →  A3Σ+
u

(3-3) Band Q1(3)
1560 105

0.967758 B3Πg →  A3Σ+
u

(3-3) Band pQ12 (7)
1560 105

0.967943 B3Πg →  A3Σ+
u

(3-3) Band pQ12 (5)
1560 105

0.968061 B3Πg →  A3Σ+
u

(3-3) Band pQ12 (3)
1560 105

0.969552 B3Πg →  A3Σ+
u

(3-3) Band 0P12 (5)
1560 105

0.969879 B3Πg →  A3Σ+
u

(3-3) Band 0P12 (7)
1560 105

3.29463 a1Πg →  a'1Σ-
u

(2-1) Band Q(14)

1561,1562 107,128
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N2 3.30149 a1Πg →  a'1Σ-
u

(2-1) Band Q(12)

1561,1562 107,128

3.30734 a1Πg →  a'1Σ-
u

(2-1) Band Q(10)

1561,1562 107,128

3.30989 a1Πg →  a'1Σ-
u

(2-1) Band Q(9)

1561,1562 107,128

3.31221 a1Πg →  a'1Σ-
u

(2-1) Band Q(8)

1561,1562 107,128

3.31426 a1Πg →  a'1Σ-
u

(2-1) Band Q(7)

1562 107,128

3.31607 a1Πg →  a'1Σ-
u

(2-1) Band Q(6)

1561,1562 107,128

3.31760 a1Πg →  a'1Σ-
u

(2-1) Band Q(5)

1562 107,128

3.31889 a1Πg →  a'1Σ-
u

(2-1) Band Q(4)

1561,1562 107,128

3.32069 a1Πg →  a'1Σ-
u

(2-1) Band Q(2)

1562 107,128

3.45184 a1Πg →  a'1Σ-
u

(1-0) Band Q(12)

1561,1562 107,128

3.45832 a1Πg →  a'1Σ-
u

(1-0) Band Q(10)

1561,1562 107,128

3.46114 a1Πg →  a'1Σ-
u

(1-0) Band Q(9)

1562 107,128

3.46368 a1Πg →  a'1Σ-
u

(1-0) Band Q(8)

1561,1562 107,128

3.46596 a1Πg →  a'1Σ-
u

(1-0) Band Q(7)

1562 107,128

3.46795 a1Πg →  a'1Σ-
u

(1-0) Band Q(6)

1561,1562 107,128

3.46967 a1Πg →  a'1Σ-
u

(1-0) Band Q(5)

1562 107,128

3.47109 a1Πg →  a'1Σ-
u

(1-0) Band Q(4)

1561,1562 107,128

3.62349 w1∆u →  a1Πg

(0-0) Band R(4)

1563 108

3.62614 w1∆u →  a1Πg

(0-0) Band R(3)

1563 108
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N2 3.62910 w1∆u →  a1Πg

(0-0) Band R(2)

1563 108

3.64313 w1∆u →  a1Πg

(0-0) Band Q(4)

1563 108

3.64472 w1∆u →  a1Πg

(0-0) Band Q(5)

1563 108

3.64662 w1∆u →  a1Πg

(0-0) Band Q(6)

1563 108

3.64883 w1∆u →  a1Πg

(0-0) Band Q(7)

1563 108

3.65138 w1∆u →  a1Πg

(0-0) Band Q(8)

1563 108

3.65424 w1∆u →  a1Πg

(0-0) Band Q(9)

1563 108

3.65745 w1∆u →  a1Πg

(0-0) Band Q(10)

1563 108

3.66095 w1∆u →  a1Πg

(0-0) Band Q(11)

1563 108

3.66483 w1∆u →  a1Πg

(0-0) Band Q(12)

1563 108

3.66899 w1∆u →  a1Πg

(0-0) Band Q(13)

1563 108

3.67352 w1∆u →  a1Πg

(0-0) Band Q(14)

1563 108

3.67834 w1∆u →  a1Πg

(0-0) Band Q(15)

1563 108

8.1483 a1Πg →  a'1Σ-
u

(0-0) Band Q(10)

1562 107,128

8.1827 a1Πg →  a'1Σ-
u

(0-0) Band Q(8)

1561,1562 107,128

8.2102  a1Πg →  a'1Σ-
u

(0-0) Band  Q(6)

1561,1562  107,128

N+
2 0.391 B →  X

(v',v'') = (0,0)

6741 1581,1582

0.3914 B2Σ+
u →  X2Σ+

g

(0-0)

1564–1567 112,114,

115,127

0.42781 B2Σ+
u →  X2Σ+

g

(0-1)

1564–1567 112,114,

115,127
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N+
2 0.428 B →  X

(v',v'') = (0,1)

6741 1581,1582

0.4709 B2Σ+
u →  X2Σ+

g(0-2) 1564–1567 112,114,

115,127

0.5228 B2Σ+
u →  X2Σ+

g(0-3) 1564–1567 112,114,

115,127

Na2 0.3400-0.3600 6744–6746 1584

0.4050-0.4600 6744–6746

0.430-0.452 6744–6746 1587

0.4360
3λg (λ = Σ or Π) →  a3Σ+

u 6744–6746 1586

0.5100 B1Πu →  X1Σ+
g Q(9) 6747,6749 1524,1588

0.5137 B1Πu →  X1Σ+
g Q(10) 6747,6749 1524,1588

0.5245 B1Πu →  X1Σ+
g 1568 117,118,119

0.5251 B1Πu →  X1Σ+
g Q(13) 6747,6749 1524,1588

0.52633 B1Πu →  X1Σ+
g 1569 117–119

0.5274 B1Πu →  X1Σ+
g 1568 117–119

0.5289 B1Πu →  X1Σ+
g Q(14) 6747,6749 1524,1588

0.52982 A1Σ+
u →  X1Σ+

g 1569 117,118

0.52995 A1Σ+
u →  X1Σ+

g 1569 117,118

0.5310 B1Πu →  X1Σ+
g R(17) 6747,6751 1524,1588

0.5319 B1Πu →  X1Σ+
g P(17) 6747,6749 1524,1588

0.5321 B1Πu →  X1Σ+
g 1568 117–119

0.5326 B1Πu →  X1Σ+
g Q(15) 6747,6749 1524,1588

0.5333 B1Πu →  X1Σ+
g 1568 117–119

0.5339 B1Πu →  X1Σ+
g Q(15) 6747,6752 1524,1588

0.5340 B1Πu →  X1Σ+
g 1568 117–119

0.53415 A1Σ+
u →  X1Σ+

g 1569 117,118

0.53428 A1Σ+
u →  X1Σ+

g 1569 117,118

0.5346 B1Πu →  X1Σ+
g R(19) 6747,6750 1524,1588

0.5347 B1Πu →  X1Σ+
g R(18) 6747,6751 1524,1588

0.53490 B1Πu →  X1Σ+
g 1569 117–119

0.5352 B1Πu →  X1Σ+
g P(19) 6747,6750 1524,1588

0.5355 B1Πu →  X1Σ+
g P(18) 6747,6751 1524,1588

0.5363 B1Πu →  X1Σ+
g Q(16) 6747,6749 1524,1588

0.53690 B1Πu →  X1Σ+
g 1569 117–119

0.5370 B1Πu →  X1Σ+
g 1568 117–119

0.5371 B1Πu →  X1Σ+
g 1568 117–119

0.5374 B1Πu →  X1Σ+
g Q(16) 6747,6752 1524,1588



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers
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Wavelength
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Transi t ion
ass ignment Comments References
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Na2 0.5376 B1Πu →  X1Σ+
g 1568 117–119

0.53781 B1Πu →  X1Σ+
g 1569 117–119

0.5382 B1Πu →  X1Σ+
g R(20) 6747,6750 1524,1588

0.5383 B1Πu →  X1Σ+
g R(19) 6747,6751 1524,1588

0.53850 A1Σ+
u →  X1Σ+

g 1569 117,118

0.53863 A1Σ+
u →  X1Σ+

g 1569 117,118

0.5388 B1Πu →  X1Σ+
g P(20) 6747,6750 1524,1588

0.5389 B1Πu →  X1Σ+
g 1568 117–119

0.5391 B1Πu →  X1Σ+
g P(19) 6747,6751 1524,1588

0.54024 B1Πu →  X1Σ+
g 1569 117–119

0.5409 B1Πu →  X1Σ+
g Q(17) 6747,6752 1524,1588

0.54131 B1Πu →  X1Σ+
g 1569 117–119

0.5416 B1Πu →  X1Σ+
g 1568 117–119

0.5418 B1Πu →  X1Σ+
g R(21) 6747,6753,6554 1524,1588

0.5424 B1Πu →  X1Σ+
g P(21) 6747,6753,6554 1524,1588

0.54469 B1Πu →  X1Σ+
g 1569 117–119

0.5448 B1Πu →  X1Σ+
g 1568 117–119

0.5454 B1Πu →  X1Σ+
g 1568 117–119

0.5467 B1Πu →  X1Σ+
g 1568 117–119

0.5469 B1Πu →  X1Σ+
g 1568 117–119

0.5480 B1Πu →  X1Σ+
g 1568 117–119

0.5485 B1Πu →  X1Σ+
g 1568 117–119

0.54916 B1Πu →  X1Σ+
g 1569 117–119

0.5499 B1Πu →  X1Σ+
g 1568 117–119

0.5581 B1Πu →  X1Σ+
g 1568 117–119

0.5591 B1Πu →  X1Σ+
g 1568 117–119

0.5597 B1Πu →  X1Σ+
g 1568 117–119

0.7284 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,34) P(51)

6755 1589,1590

0.7563 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,40) P(51)

6755 1589,1590

0.7647 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,42) P(51)

6755 1589,1590

0.764852 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.765418 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.767324 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.7676 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,43) R(49)

6755 1589,1590

0.767606 A1Σ+
u →  X1Σ+

g 6758 1589,1590



Table 3.3.1.1—continued
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Na2 0.768487 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.7687 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,43) P(51)

6755 1589,1590

0.773800 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.775265 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.775423 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.784292 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.78493 A1Σ+
u →  X1Σ+

g 1571 117,118

0.7851 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,48) R(49)

6755 1589,1590

0.78569 A1Σ+
u →  X1Σ+

g 1571 117,118

0.7879 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,49) R(49)

6755 1589,1590

0.7888 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,49) P(51)

6755 1589,1590

0.789204 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.78974 A1Σ+
u →  X1Σ+

g 1571 117,118

0.78979 A1Σ+
u →  X1Σ+

g 1571 117,118

0.790912 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.791003 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.79178 A1Σ+
u →  X1Σ+

g 1571 117,118

0.792346 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.792346 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.792517 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.79295 A1Σ+
u →  X1Σ+

g 1571 117,118

0.793253 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.79370 A1Σ+
u →  X1Σ+

g 1571 117,118

0.793903 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.794072 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.7957 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,52) P(51)

6755 1589,1590

0.795889 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.796550 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.7968 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,53) R(49)

6755 1589,1590

0.79747 A1Σ+
u →  X1Σ+

g 1571 117,118

0.7975 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,53) P(51)

6755 1589,1590

0.797559 A1Σ+
u →  X1Σ+

g 6758 1589,1590
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Na2 0.79766 A1Σ+
u →  X1Σ+

g 1571 117,118

0.798553 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.7989 A1Σ+
u →  X1Σ+

g

(v',v'') = (34,54) P(51)

6755 1589,1590

0.79909 A1Σ+
u →  X1Σ+

g 1571 117,118

0.79966 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80084 A1Σ+
u →  X1Σ+

g 1571 117,118

0.801329 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.802136 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.802345 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.803391 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.80365 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80393 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80445 A1Σ+
u →  X1Σ+

g 1571 117,118

0.804472 A1Σ+
u →  X1Σ+

g 6758 1589,1590

0.8050 A1Σ+
u →  X1Σ+

g 6755,6760 1589,1590

0.80537 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80561 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80694 A1Σ+
u →  X1Σ+

g 1571 117,118

0.80805 A1Σ+
u →  X1Σ+

g 1571 117,118

0.8175 A1Σ+
u →  X1Σ+

g 6755,6760 1589,1590

0.827-0.832 b3Σ+
g →  x3Σ+

u 6761 1591

0.8920 13Σ+
g →  13Σ+

u 6763 1592

0.900 31Σ+
g →  A1Σ+

u 6765,6767 1593

0.904 31Σ+
g →  A1Σ+

u

(v',v'') = (6,5) P(44) P(46)

6765,6768 1593

0.905 33Σ+
g →  A1Σ+

u

(v',v'') = (0,0) R(72)

6770 1593

0.907 33Σ+
g →  A1Σ+

u

(v',v'') = (0,0) P(74)

6770 1593

0.910 31Σ+
g →  A1Σ+

u

(v',v'') = (4,4) R(33)

6765,6767 1593

0.961 31Σ+
g →  A1Σ+

u 6765,6769 1593

1.801 31Σ+
g →  B1Πu

(v',v'') = (4,2) R(11)

6771 1593

1.804 31Σ+
g →  B1Πu

(v',v'') = (8,5) P(49)

6769,6771 1593

1.844 31Σ+
g →  B1Πu

(v',v'') = (4,3) Q(34) R(33)

6767,6771 1593
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Na2 1.876 31Σ+
g →  B1Πu

(v',v'') = (0,0) R(72)

6770,6771 1593

1.882 31Σ+
g →  B1Πu

(v',v'') = (0,0) Q(73)

6770,6771 1593

1.888 31Σ+
g →  B1Πu

(v',v'') = (0,0) P(74)

6770,6771 1593

1.925 31Σ+
g →  B1Πu

(v',v'') = (0,1) Q(73)

6770,6771 1593

1.931 31Σ+
g →  B1Πu

(v',v'') = (4,5) P(35)

6767,6771 1593

1.931 31Σ+
g →  B1Πu

(v',v'') = (5,6) R(33)

6767,6771 1593

1.968 31Σ+
g →  B1Πu

(v',v'') = (4,6) Q(12)

6771 1593

2.458 C1Πu →  31Σg

(v',v'') = (5,4) Q(34)

6767,6772 1593

2.498 C1Πu →  31Σg 6768,6772 1593

2.503 C1Πu →  31Σg 6769,6772 1593

2.510 C1Πu →  31Σg

(v',v'') = (6,6) P(45) R(43)

6768,6772 1593

2.517 C1Πu →  31Σg

(v',v'') = (5,5) Q(34)

6767,6772 1593

2.520 C1Πu →  31Σg

(v',v'') = (4,4) Q(12)

6771,6772 1593

2.524 C1Πu →  31Σg

(v',v'') = (1,1) R(67)

6771,6773 1593

2.537 C1Πu →  31Σg 6767,6772 1593

2.538 C1Πu →  31Σg

(v',v'') = (0,0) Q(73)

6770,6772 1593

2.557 C1Πu →  31Σg 6772,6773 1593

2.561 C1Πu →  31Σg

(v',v'') = (7,8) Q(48)

6769,6772 1593

NaK 0.520-0.565 D1∏(v'=0) → X1∑+
 (v"=9-19) 6902 1771

NaRb 0.666545 6774 1597

0.668681 6774 1597

NO 218.1 B' 2∆ (v'=3) → X2∏ (v"=10),

Q12  (71/2)

6904 1772,1773
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NO 0.237 A2Σ+ →  X2Π (0,1) 6742 1583

0.248 A2Σ+ →  X2Π (0,2) 6742 1583

S2 0.362-0.570 B3Σ-
u →  X3Σ-

g 6777,6779 1598

0.3620 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,7)

6778,6779 1599

0.365-0.570 B3Σu →  X3Σ-
g 1572,1573 120,121

0.3712 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,8)

6778,6779 1599

0.3807 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,9)

6778,6779 1599

0.3907 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,10)

6778,6779 1599

0.4011 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,11)

6778,6779 1599

0.4119 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,12)

6778,6779 1599

0.4233 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,13)

6778,6779 1599

0.4352 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,14)

6778,6779 1599

0.4477 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,15)

6778,6779 1599

0.4538 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4544 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4557 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4563 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4608 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,16)

6778,6779 1599

0.4671 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4677 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4690 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4697 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4745 B3Σ-
u →  X3Σ-

g

(v',v'') = (2,17)

6778,6779 1599

0.4810 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4816 B3Σ-
u →  X3Σ-

g 6779,6780 1524
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S2 0.4830 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4838 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4920 B3Σ-
u →  X3Σ-

g 6779,6780 1524

0.4950 B3Σ-
u →  X3Σ-

g 6779,6780 1524

1.0860 1Σ+
g →  X3Σ-

g 1574 122

1.0915 1Σ+
g →  X3Σ-

g 122

1.0917 1Σ+
g →  X3Σ-

g 122

1.0920 1Σ+
g →  X3Σ-

g 122

1.0923 1Σ+
g →  X3Σ-

g 122

1.0941 1Σ+
g →  X3Σ-

g 122

1.0946 1Σ+
g →  X3Σ-

g 122

1.0990 1Σ+
g →  X3Σ-

g 122

1.1000 1Σ+
g →  X3Σ-

g 122

1.1587 1Σ+
g →  X3Σ-

g 122

Se2 0.3869757 BO+
u →  XO+

g

(v',v'') = (11,7) R(10)

6781 1601

0.3870360 BO+
u →  XO+

g

(v',v'') = (11,7) P(12)

6781 1601

0.3925932 BO+
u →  XO+

g

(v',v'') = (11,8) R(10)

6781 1601

0.3926552 BO+
u →  XO+

g

(v',v'') = (11,8) P(12)

6781 1601

0.3983450 BO+
u →  XO+

g

(v',v'') = (11,9) R(10)

6781 1601

0.3984086 BO+
u →  XO+

g

(v',v'') = (11,9) P(12)

6781 1601

0.4042357 BO+
u →  XO+

g

(v',v'') = (11,10) R(10)

6781 1601

0.4043010 BO+
u →  XO+

g

(v',v'') = (11,10) P(12)

6781 1601

0.4164526 BO+
u →  XO+

g

(v',v'') = (11,12) R(10)

6781 1601

0.4165214 BO+
u →  XO+

g

(v',v'') = (11,12) P(12)

6781 1601

0.4227890 BO+
u →  XO+

g

(v',v'') = (11,13) R(10)

6781 1601



Table 3.3.1.1—continued
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Se2 0.4228597 BO+
u →  XO+

g

(v',v'') = (11,13) P(12)

6781 1601

0.4359310 BO+
u →  XO+

g

(v',v'') = (11,15) R(10)

6781 1601

0.4360198 BO+
u →  XO+

g

(v',v'') = (11,15) P(12)

6781 1601

0.4427765 BO+
u →  XO+

g

(v',v'') = (11,16) R(10)

6781 1601

0.4428531 BO+
u →  XO+

g

(v',v'') = (11,16) P(12)

6781 1601

0.4569772 BO+
u →  XO+

g

(v',v'') = (11,18) R(10)

6781 1601

0.4570582 BO+
u →  XO+

g

(v',v'') = (11,18) P(12)

6781 1601

0.4643593 BO+
u →  XO+

g

(v',v'') = (11,19) R(10)

6781 1601

0.4644427 BO+
u →  XO+

g

(v',v'') = (11,19) P(12)

6781 1601

0.4719389 BO+
u →  XO+

g

(v',v'') = (11,20) R(10)

6781 1601

0.4720249 BO+
u →  XO+

g

(v',v'') = (11,20) P(12)

6781 1601

0.4797236 BO+
u →  XO+

g

(v',v'') = (11,21) R(10)

6781 1601

0.4798120 BO+
u →  XO+

g

(v',v'') = (11,21) P(12)

6781 1601

0.4877210 BO+
u →  XO+

g

(v',v'') = (11,22) R(10)

6781 1601

0.4878120 BO+
u →  XO+

g

(v',v'') = (11,22) P(12)

6781 1601

0.4959397 BO+
u →  XO+

g

(v',v'') = (11,23) R(10)

6781 1601

0.4960333 BO+
u →  XO+

g

(v',v'') = (11,23) P(12)

6781 1601

0.5043880 BO+
u →  XO+

g

(v',v'') = (11,24) R(10)

6781 1601

0.5044847 BO+
u →  XO+

g

(v',v'') = (11,24) P(12)

6781 1601
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Se2 0.5130754 BO+
u →  XO+

g

(v',v'') = (11,25) R(10)

6781 1601

0.5131750 BO+
u →  XO+

g

(v',v'') = (11,25) P(12)

6781 1601

0.5220119 BO+
u →  XO+

g

(v',v'') = (11,26) R(10)

6781 1601

0.5221138 BO+
u →  XO+

g

(v',v'') = (11,26) P(12)

6781 1601

0.5312057 BO+
u →  XO+

g

(v',v'') = (11,27) R(10)

6781 1601

0.5313116 BO+
u →  XO+

g

(v',v'') = (11,27) P(12)

6781 1601

0.5387 BO+
u →  XO+

g 6783 1601

0.5406689 BO+
u →  XO+

g

(v',v'') = (11,28) R(10)

6781 1601

0.5407782 BO+
u →  XO+

g

(v',v'') = (11,28) P(12)

6781 1601

0.5504125 BO+
u →  XO+

g

(v',v'') = (11,29) R(10)

6781 1601

0.5505254 BO+
u →  XO+

g

(v',v'') = (11,29) P(12)

6781 1601

0.5604483 BO+
u →  XO+

g

(v',v'') = (11,30) R(10)

6781 1601

0.5605648 BO+
u →  XO+

g

(v',v'') = (11,30) P(12)

6781 1601

0.5685 BO+
u →  XO+

g 6783 1601

0.5707882 BO+
u →  XO+

g

(v',v'') = (11,31) R(10)

6781 1601

0.5709091 BO+
u →  XO+

g

(v',v'') = (11,31) P(12)

6781 1601

0.5788 BO+
u →  XO+

g 6783 1601

0.5814462 BO+
u →  XO+

g

(v',v'') = (11,32) R(10)

6781 1601

0.5815369 BO+
u →  XO+

g

(v',v'') = (11,32) P(12)

6781 1601

0.5924350 BO+
u →  XO+

g

(v',v'') = (11,33) R(10)

6781 1601

0.5925637 BO+
u →  XO+

g

(v',v'') = (11,33) P(12)

6781 1601



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Se2 0.6037695 BO+
u →  XO+

g

(v',v'') = (11,34) R(10)

6781 1601

0.6039026 BO+
u →  XO+

g

(v',v'') = (11,34) P(12)

6781 1601

0.6124 BO+
u →  XO+

g 6783 1601

0.6154650 BO+
u →  XO+

g

(v',v'') = (11,35) R(10)

6781 1601

0.6156027 BO+
u →  XO+

g

(v',v'') = (11,35) P(12)

6781 1601

0.6241 BO+
u →  XO+

g 6783 1601

0.6275378 BO+
u →  XO+

g

(v',v'') = (11,36) R(10)

6781 1601

0.6276804 BO+
u →  XO+

g

(v',v'') = (11,36) P(12)

6781 1601

0.6400050 BO+
u →  XO+

g

(v',v'') = (11,37) R(10)

6781 1601

0.6401526 BO+
u →  XO+

g

(v',v'') = (11,37) P(12)

6781 1601

0.6528847 BO+
u →  XO+

g

(v',v'') = (11,38) R(10)

6781 1601

0.6530380 BO+
u →  XO+

g

(v',v'') = (11,38) P(12)

6781 1601

0.6661968 BO+
u →  XO+

g

(v',v'') = (11,39) R(10)

6781 1601

0.6663315 BO+
u →  XO+

g

(v',v'') = (11,39) P(12)

6781 1601

0.6748596 BO+
u →  XO+

g

(v',v'') = (13,41) R(52)

6784 1601

0.6756099 BO+
u →  XO+

g

(v',v'') = (13,41) P(54)

6784 1601

0.6799589 BO+
u →  XO+

g

(v',v'') = (11,50) R(10)

6781 1601

0.6801233 BO+
u →  XO+

g

(v',v'') = (11,40) P(12)

6781 1601

0.6887340 BO+
u →  XO+

g

(v',v'') = (13,42) R(52)

6781 1601

0.6895119 BO+
u →  XO+

g

(v',v'') = (13,42) P(54)

6781 1601



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Se2 0.6941961 BO+
u →  XO+

g

(v',v'') = (11,41) R(10)

6781 1601

0.6943668 BO+
u →  XO+

g

(v',v'') = (11,41) P(12)

6781 1601

0.7089295 BO+
u →  XO+

g

(v',v'') = (11,42) R(10)

6781 1601

0.7091069 BO+
u →  XO+

g

(v',v'') = (11,42) P(12)

6781 1601

SO 0.300-0.350 B3∑-
 (v'=0) → X3∑-

(v"=8-11)

6910 1777

Te2 0.5571 B(O+
u) →  X(O+

g) 1575 48

0.5575 B(O+
u) →  X(O+

g) 1575 48

0.5578 B(O+
u) →  X(O+

g) 1575 48

0.5579 B(O+
u) →  X(O+

g) 1575 48

0.5626 B(O+
u) →  X(O+

g) 1575 48

0.5638 B(O+
u) →  X(O+

g) 1575 48

0.5642 B(O+
u) →  X(O+

g) 1575 48

0.5643 B(O+
u) →  X(O+

g) 1575 48

0.5646 B(O+
u) →  X(O+

g) 1575 48

0.5647 B(O+
u) →  X(O+

g) 1575 48

0.5649 B(O+
u) →  X(O+

g) 1575 48

0.5650 B(O+
u) →  X(O+

g) 1575 48

0.5696 B(O+
u) →  X(O+

g) 1575 48

0.5701 B(O+
u) →  X(O+

g) 1575 48

0.5711 B(O+
u) →  X(O+

g) 1575 48

0.5714 B(O+
u) →  X(O+

g) 1575 48

0.5715 B(O+
u) →  X(O+

g) 1575 48

0.5719 B(O+
u) →  X(O+

g) 1575 48

0.5720 B(O+
u) →  X(O+

g) 1575 48

0.5721 B(O+
u) →  X(O+

g) 1575 48

0.5721 B(O+
u) →  X(O+

g) 1575 48

0.5724 B(O+
u) →  X(O+

g) 1575 48

0.57284 BO+
u →  XO+

g

(v',v'') = (16,31) R(36)

6795 1602

0.5766 B(O+
u) →  X(O+

g) 1575 48

0.5767 B(O+
u) →  X(O+

g) 1575 48

0.5773 B(O+
u) →  X(O+

g) 1575 48



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Te2 0.5774 B(O+
u) →  X(O+

g) 1575 48

0.5780 B(O+
u) →  X(O+

g) 1575 48

0.5783 B(O+
u) →  X(O+

g) 1575 48

0.5784 B(O+
u) →  X(O+

g) 1575 48

0.5785 B(O+
u) →  X(O+

g) 1575 48

0.5787 B(O+
u) →  X(O+

g) 1575 48

0.5789 B(O+
u) →  X(O+

g) 1575 48

0.5790 B(O+
u) →  X(O+

g) 1575 48

0.5793 B(O+
u) →  X(O+

g) 1575 48

0.5794 B(O+
u) →  X(O+

g) 1575 48

0.5797 B(O+
u) →  X(O+

g) 1575 48

0.5798 B(O+
u) →  X(O+

g) 1575 48

0.57989 BO+
u →  XO+

g

(v',v'') = (16,32) R(36)

6795 1602

0.58008 BO+
u →  XO+

g

(v',v'') = (16,32) P(38)

6795 1602

0.5841 B(O+
u) →  X(O+

g) 1575 48

0.5849 B(O+
u) →  X(O+

g) 1575 48

0.5857 B(O+
u) →  X(O+

g) 1575 48

0.5859 B(O+
u) →  X(O+

g) 1575 48

0.5865 B(O+
u) →  X(O+

g) 1575 48

0.5869 B(O+
u) →  X(O+

g) 1575 48

0.5870 B(O+
u) →  X(O+

g) 1575 48

0.5874 B(O+
u) →  X(O+

g) 1575 48

0.5924 B(O+
u) →  X(O+

g) 1575 48

0.5927 B(O+
u) →  X(O+

g) 1575 48

0.5934 B(O+
u) →  X(O+

g) 1575 48

0.5936 B(O+
u) →  X(O+

g) 1575 48

0.6002 B(O+
u) →  X(O+

g) 1575 48

0.6004 B(O+
u) →  X(O+

g) 1575 48

0.6005 B(O+
u) →  X(O+

g) 1575 48

0.6008 B(O+
u) →  X(O+

g) 1575 48

0.6009 B(O+
u) →  X(O+

g) 1575 48

0.60190 BO+
u →  XO+

g

(v',v'') = (16,35) R(36)

6795 1602

0.60210 BO+
u →  XO+

g

(v',v'') = (16,35) P(38)

6795 1602

0.6082 B(O+
u) →  X(O+

g) 1575 48

0.6083 B(O+
u) →  X(O+

g) 1575 48



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Te2 0.6085 B(O+
u) →  X(O+

g) 1575 48

0.6087 B(O+
u) →  X(O+

g) 1575 48

0.6089 B(O+
u) →  X(O+

g) 1575 48

0.6162 B(O+
u) →  X(O+

g) 1575 48

0.6165 B(O+
u) →  X(O+

g) 1575 48

0.6168 B(O+
u) →  X(O+

g) 1575 48

0.6170 B(O+
u) →  X(O+

g) 1575 48

0.6204 B(O+
u) →  X(O+

g) 1575 48

0.62524 BO+
u →  XO+

g

(v',v'') = (16,38) R(36)

6795 1602

0.62545 BO+
u →  XO+

g

(v',v'') = (16,38) P(38)

6795 1602

0.6278 B(O+
u) →  X(O+

g) 1575 48

0.6287 B(O+
u) →  X(O+

g) 1575 48

0.6288 B(O+
u) →  X(O+

g) 1575 48

0.6295 B(O+
u) →  X(O+

g) 1575 48

0.63334 BO+
u →  XO+

g

(v',v'') = (16,39) R(36)

6795 1602

0.63355 BO+
u →  XO+

g

(v',v'') = (16,39) P(38)

6795 1602

0.6371 B(O+
u) →  X(O+

g) 1575 48

0.6379 B(O+
u) →  X(O+

g) 1575 48

0.6381 B(O+
u) →  X(O+

g) 1575 48

0.6388 B(O+
u) →  X(O+

g) 1575 48

0.6477 B(O+
u) →  X(O+

g) 1575 48

0.6484 B(O+
u) →  X(O+

g) 1575 48

0.6561 B(O+
u) →  X(O+

g) 1575 48

0.6574 B(O+
u) →  X(O+

g) 1575 48

0.6581 B(O+
u) →  X(O+

g) 1575 48

0.66740 BO+
u →  XO+

g

(v',v'') = (16,43) R(36)

6795 1602

0.66764 BO+
u →  XO+

g

(v',v'') = (16,43) P(38)

6795 1602

0.71414 BO+
u →  XO+

g

(v',v'') = (16,48) R(36)

6795 1602

0.71441 BO+
u →  XO+

g

(v',v'') = (16,48) P(38)

6795 1602

0.72410 BO+
u →  XO+

g

(v',v'') = (16,49) R(36)

6795 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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Te2 0.72437 BO+
u →  XO+

g

(v',v'') = (16,49) P(38)

6795 1602

0.73427 BO+
u →  XO+

g

(v',v'') = (16,50) R(36)

6795 1602

0.73454 BO+
u →  XO+

g

(v',v'') = (16,50) P(38)

6795 1602

0.74466 BO+
u →  XO+

g

(v',v'') = (16,51) R(36)

6795 1602

0.74494 BO+
u →  XO+

g

(v',v'') = (16,51) P(38)

6795 1602

128Te2 0.55374 BO+
u →  XO+

g

(v',v'') = (16,28) R(56)

6798 1602

0.55400 BO+
u →  XO+

g

(v',v'') = (16,28) P(58)

6798 1602

0.57434 BO+
u →  XO+

g

(v',v'') = (16,31) R(56)

6798 1602

0.57462 BO+
u →  XO+

g

(v',v'') = (16,31) P(58)

6798 1602

0.60372 BO+
u →  XO+

g

(v',v'') = (16,35) R(56)

6798 1602

0.60403 BO+
u →  XO+

g

(v',v'') = (16,35) P(58)

6798 1602

0.62733 BO+
u →  XO+

g

(v',v'') = (16,38) R(56)

6798 1602

0.62766 BO+
u →  XO+

g

(v',v'') = (16,38) P(58)

6798 1602

0.63552 BO+
u →  XO+

g

(v',v'') = (16,39) R(56)

6798 1602

0.63586 BO+
u →  XO+

g

(v',v'') = (16,39) P(58)

6798 1602

0.67001 BO+
u →  XO+

g

(v',v'') = (16,43) R(56)

6798 1602

0.67038 BO+
u →  XO+

g

(v',v'') = (16,43) P(58)

6798 1602

0.71737 BO+
u →  XO+

g

(v',v'') = (16,48) R(56)

6798 1602

0.71780 BO+
u →  XO+

g

(v',v'') = (16,48) P(58)

6798 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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128Te2 0.72746 BO+
u →  XO+

g

(v',v'') = (16,49) R(56)

6798 1602

0.72790 BO+
u →  XO+

g

(v',v'') = (16,49) P(58)

6798 1602

0.73777 BO+
u →  XO+

g

(v',v'') = (16,50) R(56)

6798 1602

0.73822 BO+
u →  XO+

g

(v',v'') = (16,50) P(58)

6798 1602

130Te2 0.46075 BO+
u →  XO+

g

(v',v'') = (16,12) R(36)

6785 1602

0.46087 BO+
u →  XO+

g

(v',v'') = (16,12) P(38)

6785 1602

0.46576 BO+
u →  XO+

g

(v',v'') = (16,13) R(36)

6785 1602

0.46588 BO+
u →  XO+

g

(v',v'') = (16,13) P(38)

6785 1602

0.47085 BO+
u →  XO+

g

(v',v'') = (16,14) R(36)

6785 1602

0.47098 BO+
u →  XO+

g

(v',v'') = (16,14) P(38)

6785 1602

0.47603 BO+
u →  XO+

g

(v',v'') = (16,15) R(36)

6785 1602

0.47616 BO+
u →  XO+

g

(v',v'') = (16,15) P(38)

6785 1602

0.48130 BO+
u →  XO+

g

(v',v'') = (16,16) R(36)

6785 1602

0.48143 BO+
u →  XO+

g

(v',v'') = (16,16) P(38)

6785 1602

0.48667 BO+
u →  XO+

g

(v',v'') = (16,17) R(36)

6785 1602

0.48680 BO+
u →  XO+

g

(v',v'') = (16,17) P(38)

6785 1602

0.49212 BO+
u →  XO+

g

(v',v'') = (16,18) R(36)

6785 1602

0.49226 BO+
u →  XO+

g

(v',v'') = (16,18) P(38)

6785 1602

0.49768 BO+
u →  XO+

g

(v',v'') = (16,19) R(36)

6785 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 0.49782 BO+
u →  XO+

g

(v',v'') = (16,19) P(38)

6785 1602

0.50333 BO+
u →  XO+

g

(v',v'') = (16,20) R(36)

6785 1602

0.50348 BO+
u →  XO+

g

(v',v'') = (16,20) P(38)

6785 1602

0.51495 BO+
u →  XO+

g

(v',v'') = (16,22) R(36)

6785 1602

0.51510 BO+
u →  XO+

g

(v',v'') = (16,22) P(38)

6785 1602

0.52092 BO+
u →  XO+

g

(v',v'') = (16,23) R(36)

6785 1602

0.52107 BO+
u →  XO+

g

(v',v'') = (16,23) P(38)

6785 1602

0.52504 BO+
u →  XO+

g

(v',v'') = (18,24) R(172)

6785 1602

0.52575 BO+
u →  XO+

g

(v',v'') = (18,24) P(174)

6785 1602

0.53318 BO+
u →  XO+

g

(v',v'') = (16,25) R(36)

6785 1602

0.53334 BO+
u →  XO+

g

(v',v'') = (16,25) P(38)

6785 1602

0.53949 BO+
u →  XO+

g

(v',v'') = (16,26) R(36)

6785 1602

0.53965 BO+
u →  XO+

g

(v',v'') = (16,26) P(38)

6785 1602

0.54355 BO+
u →  XO+

g

(v',v'') = (18,27) R(172)

6785 1602

0.54430 BO+
u →  XO+

g

(v',v'') = (18,27) R(174)

6785 1602

0.55245 BO+
u →  XO+

g

(v',v'') = (16,28) R(36)

6785 1602

0.55262 BO+
u →  XO+

g

(v',v'') = (16,28) P(38)

6785 1602

0.55645 BO+
u →  XO+

g

(v',v'') = (18,29) R(172)

6785 1602

0.55723 BO+
u →  XO+

g

(v',v'') = (18,29) P(174)

6785 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 0.55912 BO+
u →  XO+

g

(v',v'') = (16,29) R(36)

6785 1602

0.55929 BO+
u →  XO+

g

(v',v'') = (16,29) P(38)

6785 1602

0.56308 BO+
u →  XO+

g

(v',v'') = (18,30) R(172)

6785 1602

0.56388 BO+
u →  XO+

g

(v',v'') = (18,30) P(174)

6785 1602

0.57284 BO+
u →  XO+

g

(v',v'') = (16,31) R(36)

6785 1602

0.57302 BO+
u →  XO+

g

(v',v'') = (16,31) P(38)

6785 1602

0.57671 BO+
u →  XO+

g

(v',v'') = (18,32) R(172)

6785 1602

0.57754 BO+
u →  XO+

g

(v',v'') = (18,32) P(174)

6785 1602

0.57989 BO+
u →  XO+

g

(v',v'') = (16,32) R(36)

6785 1602

0.58008 BO+
u →  XO+

g

(v',v'') = (16,32) P(38)

6785 1602

0.58372 BO+
u →  XO+

g

(v',v'') = (18,33) R(172)

6785 1602

0.58457 BO+
u →  XO+

g

(v',v'') = (18,33) P(174)

6785 1602

0.59442 BO+
u →  XO+

g

(v',v'') = (16,34) R(36)

6785 1602

0.59461 BO+
u →  XO+

g

(v',v'') = (16,34) P(38)

6785 1602

0.59813 BO+
u →  XO+

g

(v',v'') = (18,35) R(172)

6785 1602

0.59902 BO+
u →  XO+

g

(v',v'') = (18,35) P(174)

6785 1602

0.60190 BO+
u →  XO+

g

(v',v'') = (16,35) R(36)

6785 1602

0.60210 BO+
u →  XO+

g

(v',v'') = (16,35) P(38)

6785 1602

0.60555 BO+
u →  XO+

g

(v',v'') = (18,36) R(172)

6785 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 0.60645 BO+
u →  XO+

g

(v',v'') = (18,36) P(174)

6785 1602

0.62524 BO+
u →  XO+

g

(v',v'') = (16,38) R(36)

6785 1602

0.62545 BO+
u →  XO+

g

(v',v'') = (16,38) P(38)

6785 1602

0.62866 BO+
u →  XO+

g

(v',v'') = (18,39) R(172)

6785 1602

0.62962 BO+
u →  XO+

g

(v',v'') = (18,39) P(174)

6785 1602

0.63334 BO+
u →  XO+

g

(v',v'') = (16,39) R(36)

6785 1602

0.63355 BO+
u →  XO+

g

(v',v'') = (16,39) P(38)

6785 1602

0.63666 BO+
u →  XO+

g

(v',v'') = (18,40) R(172)

6785 1602

0.63735 BO+
u →  XO+

g

(v',v'') = (18,40) P(174)

6785 1602

0.64418 BO+
u →  XO+

g

(v',v'') = (18,42) P(174)

6785 1602

0.65315 BO+
u →  XO+

g

(v',v'') = (18,42) R(172)

6785 1602

0.65862 BO+
u →  XO+

g

(v',v'') = (16,42) R(36)

6785 1602

0.65885 BO+
u →  XO+

g

(v',v'') = (16,42) P(38)

6785 1602

0.66163 BO+
u →  XO+

g

(v',v'') = (18,43) P(172)

6785 1602

0.66269 BO+
u →  XO+

g

(v',v'') = (18,43) P(174)

6785 1602

0.66740 BO+
u →  XO+

g

(v',v'') = (16,43) R(36)

6785 1602

0.66764 BO+
u →  XO+

g

(v',v'') = (16,43) P(38)

6785 1602

0.67029 BO+
u →  XO+

g

(v',v'') = (18,44) R(172)

6785 1602

0.67137 BO+
u →  XO+

g

(v',v'') = (18,44) P(174)

6785 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 0.67637 BO+
u →  XO+

g

(v',v'') = (16,44) R(36)

6785 1602

0.67661 BO+
u →  XO+

g

(v',v'') = (16,44) P(38)

6785 1602

0.68813 BO+
u →  XO+

g

(v',v'') = (18,46) R(172)

6785 1602

0.68926 BO+
u →  XO+

g

(v',v'') = (18,46) P(174)

6785 1602

0.69732 BO+
u →  XO+

g

(v',v'') = (18,47) R(172)

6785 1602

0.69848 BO+
u →  XO+

g

(v',v'') = (18,47) P(174)

6785 1602

0.70440 BO+
u →  XO+

g

(v',v'') = (16,47) R(36)

6785 1602

0.70466 BO+
u →  XO+

g

(v',v'') = (16,47) P(38)

6785 1602

0.70670 BO+
u →  XO+

g

(v',v'') = (18,48) R(172)

6785 1602

0.70789 BO+
u →  XO+

g

(v',v'') = (18,48) P(174)

6785 1602

0.71414 BO+
u →  XO+

g

(v',v'') = (16,48) R(36)

6785 1602

0.71748 BO+
u →  XO+

g

(v',v'') = (16,48) P(38)

6785 1602

0.72410 BO+
u →  XO+

g

(v',v'') = (16,49) R(36)

6785 1602

0.72437 BO+
u →  XO+

g

(v',v'') = (16,49) P(38)

6785 1602

0.73427 BO+
u →  XO+

g

(v',v'') = (16,50) R(36)

6785 1602

0.73454 BO+
u →  XO+

g

(v',v'') = (16,50) P(38)

6785 1602

0.73601 BO+
u →  XO+

g

(v',v'') = (18,51) R(172)

6785 1602

0.73728 BO+
u →  XO+

g

(v',v'') = (18,51) P(174)

6785 1602

0.74466 BO+
u →  XO+

g

(v',v'') = (16,51) R(36)

6785 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 0.74494 BO+
u →  XO+

g

(v',v'') = (16,51) P(38)

6785 1602

0.74619 BO+
u →  XO+

g

(v',v'') = (18,52) R(172)

6785 1602

0.74749 BO+
u →  XO+

g

(v',v'') = (18,52) P(174)

6785 1602

0.75527 BO+
u →  XO+

g

(v',v'') = (16,52) R(36)

6785 1602

0.75557 BO+
u →  XO+

g

(v',v'') = (16,52) P(38)

6785 1602

0.75657 BO+
u →  XO+

g

(v',v'') = (18,53) R(172)

6785 1602

0.75791 BO+
u →  XO+

g

(v',v'') = (18,53) P(174)

6785 1602

0.76613 BO+
u →  XO+

g

(v',v'') = (16,53) R(36)

6785 1602

0.76642 BO+
u →  XO+

g

(v',v'') = (16,53) P(38)

6785 1602

0.76718 BO+
u →  XO+

g

(v',v'') = (18,54) R(172)

6785 1602

0.76855 BO+
u →  XO+

g

(v',v'') = (18,54) P(174)

6785 1602

0.77722 BO+
u →  XO+

g

(v',v'') = (16,54) R(36)

6785 1602

0.77752 BO+
u →  XO+

g

(v',v'') = (16,54) P(38)

6785 1602

0.77801 BO+
u →  XO+

g

(v',v'') = (18,55) R(172)

6785 1602

0.77941 BO+
u →  XO+

g

(v',v'') = (18,55) P(174)

6785 1602

0.893 AO+
u →  b2Σ+

g

(v',v'') = (13,1) R(132)

6788 1603

0.895 AO+
u →  b2Σ+

g

(v',v'') = (13,1) P(134)

6788 1603

1.042 BO+
u →  b1Σ+

g

(v',v'') = (5,17) R(136), P(138)

6792 1603

1.059 BO+
u →  b1Σ+

g

(v',v'') = (2,15) R(196), P(198)

6792 1603



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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130Te2 1.088 BO+
u →  b1Σ+

g

(v',v'') = (2,16) R(196), P(198)

6792 1603

1.089 BO+
u →  b1Σ+

g

(v',v'') = (5,19) R(136), P(138)

6792 1603

1.113 BO+
u →  b1Σ+

g

(v',v'') = (2,17) R(196), P(198)

6792 1603

1.134 BO+
u →  b1Σ+

g

(v',v'') = (2,18) R(196), P(198)

6792 1603

1.144 BO+
u →  b1Σ+

g

(v',v'') = (5,21) R(136), P(138)

6792 1603

1.161 BO+
u →  b1Σ+

g

(v',v'') = (2,19) R(196), P(198)

6792 1603

1.171 BO+
u →  b1Σ+

g

(v',v'') = (5,22) R(136), P(138)

6792 1603

1.191 BO+
u →  b1Σ+

g

(v',v'') = (5,23) R(136), P(138)

6792 1603

1.224 BO+
u →  b1Σ+

g

(v',v'') = (5,24) R(136), P(138)

6792 1603

126Te128Te 0.56486 BO+
u →  XO+

g

(v',v'') = (14,28) R(114)

6797 1602

0.56541 BO+
u →  XO+

g

(v',v'') = (14,28) P(116)

6797 1602

0.58627 BO+
u →  XO+

g

(v',v'') = (14,31) R(114)

6797 1602

0.58686 BO+
u →  XO+

g

(v',v'') = (14,31) P(116)

6797 1602

0.59369 BO+
u →  XO+

g

(v',v'') = (14,32) R(114)

6797 1602

0.61685 BO+
u →  XO+

g

(v',v'') = (14,35) R(114)

6797 1602

0.61749 BO+
u →  XO+

g

(v',v'') = (14,35) P(118)

6797 1602

0.65000 BO+
u →  XO+

g

(v',v'') = (14,39) R(114)

6797 1602

0.65071 BO+
u →  XO+

g

(v',v'') = (14,39) P(118)

6797 1602

0.69549 BO+
u →  XO+

g

(v',v'') = (14,44) R(114)

6797 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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126Te128Te 0.69629 BO+
u →  XO+

g

(v',v'') = (14,44) P(118)

6797 1602

0.70518 BO+
u →  XO+

g

(v',v'') = (14,45) R(114)

6797 1602

0.70600 BO+
u →  XO+

g

(v',v'') = (14,45) P(118)

6797 1602

0.71508 BO+
u →  XO+

g

(v',v'') = (14,46) R(114)

6797 1602

0.71592 BO+
u →  XO+

g

(v',v'') = (14,46) P(118)

6797 1602

128Te130Te 0.54353 BO+
u →  XO+

g

(v',v'') = (14,25) R(108)

6796 1602

0.54402 BO+
u →  XO+

g

(v',v'') = (14,25) P(110)

6796 1602

0.56353 BO+
u →  XO+

g

(v',v'') = (14,28) R(108)

6796 1602

0.56405 BO+
u →  XO+

g

(v',v'') = (14,28) P(110)

6796 1602

0.58471 BO+
u →  XO+

g

(v',v'') = (14,31) R(108)

6796 1602

0.58526 BO+
u →  XO+

g

(v',v'') = (14,31) P(110)

6796 1602

0.59205 BO+
u →  XO+

g

(v',v'') = (14,32) R(108)

6796 1602

0.59261 BO+
u →  XO+

g

(v',v'') = (14,32) P(110)

6796 1602

0.61495 BO+
u →  XO+

g

(v',v'') = (14,35) R(108)

6796 1602

0.61555 BO+
u →  XO+

g

(v',v'') = (14,35) P(110)

6796 1602

0.62290 BO+
u →  XO+

g

(v',v'') = (14,36) R(108)

6796 1602

0.62351 BO+
u →  XO+

g

(v',v'') = (14,36) P(110)

6796 1602

0.64771 BO+
u →  XO+

g

(v',v'') = (14,39) R(108)

6796 1602

0.64837 BO+
u →  XO+

g

(v',v'') = (14,39) P(110)

6796 1602



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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128Te130Te 0.65632 BO+
u →  XO+

g

(v',v'') = (14,40) R(108)

6796 1602

0.65700 BO+
u →  XO+

g

(v',v'') = (14,40) P(110)

6796 1602

0.66512 BO+
u →  XO+

g

(v',v'') = (14,41) R(108)

6796 1602

0.66581 BO+
u →  XO+

g

(v',v'') = (14,41) P(110)

6796 1602

0.69263 BO+
u →  XO+

g

(v',v'') = (14,44) R(108)

6796 1602

0.69337 BO+
u →  XO+

g

(v',v'') = (14,44) P(110)

6796 1602

0.70220 BO+
u →  XO+

g

(v',v'') = (14,45) R(108)

6796 1602

0.70295 BO+
u →  XO+

g

(v',v'') = (14,45) P(110)

6796 1602

0.71197 BO+
u →  XO+

g

(v',v'') = (14,46) R(108)

6796 1602

0.71274 BO+
u →  XO+

g

(v',v'') = (14,46) P(110)

6796 1602

0.72195 BO+
u →  XO+

g

(v',v'') = (14,47) R(108)

6796 1602

0.72275 BO+
u →  XO+

g

(v',v'') = (14,47) P(110)

6796 1602

Xe2 0.170-0.176 AO+
u →  XO+

g 6799,6800 1606,1622

0.1716
1Σ+

u →  X1Σ+
g 1590,1591 15–20,35,40,

51,62,73,84,93,

95,103,106,116

XeBr 0.2818 B1Σ+
1/2 →  X1Σ+

1/2 1576,1577 33,34,35,116,

123–126

XeCl 0.3070 B2Σ+
1/2 →  X2Σ+

1/2(1-5) 1578–1580 3–6,33–36,

116,126

0.3073 B2Σ+
1/2 →  X2Σ+

1/2(1-6) 1578–1580 3–6,33–36,

116,126

0.30765 B2Σ+
1/2 →  X2Σ+

1/2

(0-0)

1578–1580 3–6,33–36,

116,126



Table 3.3.1.1—continued
Diatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m)
Transi t ion
ass ignment Comments References
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XeCl 0.30792 B2Σ+
1/2 →  X2Σ+

1/2

(0-1)

1578–1580 3–6,33–36,

116,126

0.30817 B2Σ+
1/2 →  X2Σ+

1/2(0-2) 1578–1580 3–6,33–36,

116,126

0.30843 B2Σ+
1/2 →  X2Σ+

1/2(0-3) 1578–1580 3–6,33–36,

116,126

XeF 0.3488 B2Σ+
1/2 →  X2Σ+

1/2 (2-5) 1581–1583 7–9,12,37

0.351 B2Σ → X2Σ 6804 1607

0.3511 B2Σ+
1/2 →  X2Σ+

1/2

(0-2), (1-4)

1581–1583 7–9,12,37

0.353 B2Σ → X2Σ (v'',v'') = (0,3) 6806,6808 1608,1609

0.3531 B2Σ+
1/2 →  X2Σ+

1/2

(0-3), (1-6)

1581–1583 7–9,12,37

0.3540 B2Σ+
1/2 →  X2Σ+

1/2

(0-4), (1-7)

1581,1585 7–9,12,37

0.404 B2Σ → X2Σ 6810 1610

0.4830 C2Πu →  A2Πg 1586 10,11

0.485 C(3/2) →  A(3/2) 6812,6815,6817

6820,6822,

6824

1515–17,1609,

1611–1616

0.4860 C2Πu →  A2Πg 1587 10,11

XeO 0.5376 21Σ+ →  11Σ+ (0-5) 1588,1589 14,39,41

0.5442 21Σ+ →  11Σ+ (0-6) 1588,1589 14,39,41

0.547 21Σ+ →  11Σ+ (0,6) 6828 1519

ZnI 0.6011 B2S1/2
+1

0.6018 B2S1/2
+1

0.6025 B2S1/2
+1

ZnI 0.6031 B2S1/2
+1

0.6039 B2S1/2
+1
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3.3.1.3  Triatomic Electronic Transition Lasers

Table 3.3.1.2
Triatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m) air
Transi t ion
ass ignment Comments References

CS2 0.4472 v=(0,10,0) R3B2 →
v=(0,16,0) X1Σ+

g

6967 833

0.4654 v=(0,10,0) R3B2 →
v=(0,18,0) X1Σ+

g

6967 833

0.4852 v=(0,10,0) R3B2 →
v=(0,20,0) X1Σ+

g

6967 833

0.5072 v=(0,10,0) R3B2 →
v=(0,22,0) X1Σ+

g

6967 833

0.5144 v=(0,10,0) R3B2 →
v=(2,20,0) X1Σ+

g

6967 833

0.5384 v=(0,10,0) R3B2 →
v=(2,22,0) X1Σ+

g

6967 833

Hg3 0.485-0.507 6628 1536

Kr2F 0.430±0.25 42Γ  → 12Γ,  22Γ 6710,6712 1573

0.4300 1592 129

0.450±0.10 42Γ  → 12Γ,  22Γ 6710,6712 1574

Xe2Cl 0.5180 1593,1594 21,22,34

0.520–0.530 42Γ  → 12Γ 6801,6803 1604,1605

Xe2F 0.580–0.635 42Γ  → 12Γ 6826 1518
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3.3.1.4  Polyatomic Electronic Transition Lasers

Table 3.3.1.3
Polyatomic Electronic Transition Lasers

S p e c i e s
Wavelength

( m) air
Transi t ion
ass ignment Comments References

coumarin 153 471–501 6895 1788,1789

7-diethylamino-
  3(2'-benzoxazolyl)
  coumarin

493–517 6895 1788,1789

coumarin 6 500–541 6895 1788,1789

coumarin 7 504–536 6895 1788,1789

coumarin 30 517–536 6895 1788,1789

NdAl5Cl12 1.060
4F3/2 → 4I11/2 1595 24

Nd(thd)3 1.0600
4F3/2 → 4I11/2 1597 25

POPOP (a) 0.385 S1 → S0 1600 32

TbAl3Cl12 0.435
5D3 → 7F4 1598 26,27

0.545
5D4 → 7F4 1598 26,27

(a)  POPOP – [p-phenylene-bis (5-phenyl-2-oxazole)]
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3.3.2  Vibrational Transition Gas Lasers

3.3.2.1  Introduction

The tables in this section cover laser lines between 1.8 and 33 µm that are based on the
"usual" vibrational-rotational transitions in molecular gases. Lasing may be excited by an
electric discharge or by optically pumping. The spectral coverage overlaps partly that of the
following section on far infrared lasers. Some of the far infrared transitions not covered in this
section include transitions between resonantly mixed vibrational states (as in H2O and
HCN), inversion transitions (as in NH3), transitions associated with torsional vibrations and
internal rotations, and transitions due to ring puckering modes. These transitions are
distinctly different from pure rotational transitions, but occur in the same spectral region as
the latter. Consequently, the far infrared section is considered to be the proper section for
their inclusion.

The tables and their contents are organized according to the following ordering scheme:

1. increasing number of atoms in the laser molecule,
2. alphabetical order of common chemical formulas,
3. increasing isotopic mass,
4. increasing band-center wavelength.

All wavelengths given are vacuum values. To obtain wavelengths in dry air, the reader
may consult the monograph by Coleman et al.1 Wavelength values are not given beyond
10-8 µm. In the rare event that more accuracy is needed for a truncated wavelength value, the
full accuracy can be recovered by a simple inversion of the frequency value given.

Calculated values are used wherever highly accurate molecular constants from extensive
polynomial fitting are available. Where accurate frequencies are known in units of Hertz, the
values are converted to centimeter-1 unit by using the value of c = 2.99792458 x 108 m/sec.

The estimated uncertainty of the listed wavelength is always less than 20 in the last two
digits, and in most cases it is less than 10. When values of comparable accuracy were
available from several different sources, the value used was chosen according to the following
priority order:

1. direct laser measurement,
2. other spectroscopic measurements,
3. calculated value.

For several molecules more than one reference is given for the wavelength and frequency;
the values listed are believed to be the most accurate ones (information provided by Tao-
Yuan Chang).

All vibrational transitions in this section occur within the ground electronic state of the
laser molecules. The spectroscopic notations used conform to the convention in Herzberg's
books.2,3
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The comments given in Section 3.6 include the experimental conditions used for the
observation, the peak output power obtained, and selected references. The number of
comments for a given line roughly reflects the relative importance of that line within a given
band. For some laser lines that are optically pumped by another laser line, additional
information is given to identify the transition of the pump laser.

1.  Coleman, C. D., Bozman, W. R., Meggers, W. F., Table of Wavenumbers II, National Bureau of
Standards Monograph 3, U.S. Government Printing Office, Washington, DC.

2.  Herzberg, G., Molecular Spectra and Molecular Structure, I.. Spectra of Diatomic Molecules,
2nd edition, Van Nostrand Reinhold, New York (1950).

3.  Herzberg, G., Molecular Spectra and Molecular Structure, II. Infrared and Raman Spectra of
Polyatomic Molecules, Van Nostrand, Princeton, NJ (1945).

Further Reading

Chang, T.-Y., Vibrational Transition Lasers, in Handbook of Laser Science and
Technology, Vol. II: Gas Lasers, CRC Press, Boca Raton, FL (1982), p. 313 and
Handbook of Laser Science and Technology, Suppl. 1: Lasers, p. 387.

Cheo, P. K., Ed., Handbook of Molecular Lasers, Marcel Dekker Inc., New York (1987).

Evans, J. D., Ed., Selected Papers on CO2 Lasers, SPIE Milestone Series, Vol. MS 24,
SPIE Optical Engineering Press, Bellingham, WA (1990).

Witteman, W. J., The CO2 Laser, Springer Verlag, Berlin (1987).

Vibrational transition molecular gas lasers included in this section:

Diatomic Lasers – Table 3.3.2.1   Four-Atom Lasers – Table 3.3.2.3
CN  D37Cl      H35Cl BCl3      C2H2
12C16O  DF      H37Cl C2D2      COF2
13C16O  HBr      HF 12C2D2      14NH3

D79Br  H79Br      NO 12C2DH      15NH3

D81Br  H81Br      OH

D35Cl  HCl    Five-Atom Lasers – Table 3.3.2.4
12CF4        FClO3

Triatomic Lasers – Table 3 .3 .2 .2  13CF4        HCOOH
12C16O2  14C16O2      H2O 14CF4        SiF4
12C16O18O  14C18O2      

14N2O CF3I        SiH4
12C17O2  12CO     14N15NO CH3F
12C18O2  13CO       

15N2O
13C16O2  12CS2     15N14NO    Six-Atom Lasers – Table 3.3.2.5
13C16O2  12CS2     NOCl C2H4
13C16O18  13CS2       NSF         
13C18O2 HCN        Seven-Atom Lasers – Table 3.3.2.6

CH3CCH       SF6
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3.3.2.2  Diatomic Vibrational Transition Lasers

Table 3.3.2.1
Diatomic Vibrational Transition Lasers

CN Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.03723 1985.22 v = 2 →  1 Band P(8) 1601,1602

5.04745 1981.20 v = 2 →  1 Band P(9) 1601,1602

5.05779 1977.15 v = 2 →  1 Band P(10) 1601,1602

5.06827 1973.06 v = 2 →  1 Band P(11) 1601,1602

5.07887 1968.94 v = 2 →  1 Band P(12) 1601,1602

5.08375 1967.05 v = 3 →  2 Band P(6) 1601,1602

5.08960 1964.79 v = 2 →  1 Band P(13) 1601,1602

5.09391 1963.13 v = 3 →  2 Band P(7) 1601,1602

5.10418 1959.18 v = 3 →  2 Band P(8) 1601,1602

5.11459 1955.19 v = 3 →  2 Band P(9) 1601,1602

5.12513 1951.17 v = 3 →  2 Band P(10) 1601,1602

5.13579 1947.12 v = 3 →  2 Band P(11) 1601,1602

5.14221 1944.69 v = 4 →  3 Band P(5) 1601,1602

5.14660 1943.03 v = 3 →  2 Band P(12) 1601,1602

5.15241 1940.84 v = 4 →  3 Band P(6) 1601,1602

5.15754 1938.91 v = 3 →  2 Band P(13) 1601,1602

5.16273 1936.96 v = 4 →  3 Band P(7) 1601,1602

5.16863 1934.75 v = 3 →  2 Band P(14) 1601,1602

5.17320 1933.04 v = 4 →  3 Band P(8) 1601,1602

5.18382 1929.08 v = 4 →  3 Band P(9) 1601,1602

5.19454 1925.10 v = 4 →  3 Band P(10) 1601,1602

5.20541 1921.08 v = 4 →  3 Band P(11) 1601,1602

5.21643 1917.02 v = 4 →  3 Band P(12) 1601,1602

5.22756 1912.94 v = 4 →  3 Band P(13) 1601,1602

5.23366 1910.71 v = 5 →  4 Band P(7) 1601,1602

5.23887 1908.81 v = 4 →  3 Band P(14) 1601,1602

5.24431 1906.83 v = 5 →  4 Band P(8) 1601,1602

5.25028 1904.66 v = 4 →  3 Band P(15) 1601,1602

5.25511 1902.91 v = 5 →  4 Band P(9) 1601,1602

5.26607 1925.10 v = 5 →  4 Band P(10) 1601,1602

5.27713 1894.97 v = 5 →  4 Band P(11) 1601,1602

5.28838 1890.94 v = 5 →  4 Band P(12) 1601,1602

5.29973 1886.89 v = 5 →  4 Band P(13) 1601,1602

5.31121 1882.81 v = 5 →  4 Band P(14) 1601,1602

5.32286 1878.69 v = 5 →  4 Band P(15) 1601,1602



©2001 CRC Press LLC

12C16O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

2.6886383 3719.35493 v = 12 → 10 Band P(5) 1603

2.6914188 3715.51240 v = 12  →  10 Band P(6) 1603

2.7261937 3668.11794 v = 13  →  11 Band P(5) 1603

2.7290264 3664.31044 v = 13  →  11 Band P(6) 1603

2.7319165 3660.43392 v = 13  →  11 Band P(7) 1603,1605

2.7348643 3656.48852 v = 13  →  11 Band P(8) 1605

2.7378700 3652.47438 v = 13  →  11 Band P(9) 1605

2.7409338 3648.39165 v = 13  →  11 Band P(10) 1605

2.7440560 3644.24048 v = 13  →  11 Band P(11) 1605

2.7472369 3640.02101 v = 13  →  11 Band P(12) 1605

2.7504767 3635.73339 v = 13  →  11 Band P(13) 1605

2.7537757 3631.37776 v = 13  →  11 Band P(14) 1605

2.7571343 3626.95427 v = 13  →  11 Band P(15) 1605

2.7605526 3622.46306 v = 13  →  11 Band P(16) 1605

2.7640311 3617.90428 v = 13  →  11 Band P(17) 1605

2.7646877 3617.04503 v = 14  →  12 Band P(5) 1603

2.7675700 3613.27807 v = 13  →  11 Band P(18) 1605

2.7675742 3613.27256 v = 14  →  12 Band P(6) 1603

2.7705197 3609.43108 v = 14  →  12 Band P(7) 1603

2.7711696 3608.58457 v = 13  →  11 Band P(19) 1605

2.7735245 3605.52073 v = 14  →  12 Band P(8) 1603

2.7765887 3601.54166 v = 14  →  12 Band P(9) 1605

2.7797128 3597.49402 v = 14  →  12 Band P(10) 1605

2.7828968 3593.37794 v = 14  →  12 Band P(11) 1605

2.7861412 3589.19359 v = 14  →  12 Band P(12) 1605

2.7894461 3584.94109 v = 14  →  12 Band P(13) 1605

2.7928120 3580.62060 v = 14  →  12 Band P(14) 1605

2.7962390 3576.23226 v = 14  →  12 Band P(15) 1605

2.7997275 3571.77621 v = 14  →  12 Band P(16) 1605

2.8032778 3567.25261 v = 14  →  12 Band P(17) 1605

2.8041538 3566.13815 v = 15  →  13 Band P(5) 1603

2.8068902 3562.66159 v = 14  →  12 Band P(18) 1605

2.8070958 3562.40070 v = 15  →  13 Band P(6) 1603

2.8100984 3558.59425 v = 15  →  13 Band P(7) 1603

2.8105651 3558.00329 v = 14  →  12 Band P(19) 1605

2.8143028 3553.27786 v = 14  →  12 Band P(20) 1605

2.8181037 3548.48545 v = 14  →  12 Band P(21) 1605

2.8219681 3543.62619 v = 14  →  12 Band P(22) 1605

2.8227207 3542.68141 v = 15  →  13 Band P(11) 1605

2.8258963 3538.70023 v = 14  →  12 Band P(23) 1605



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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2.8260306 3538.53215 v = 15  →  13 Band P(12) 1605

2.8294028 3534.31478 v = 15  →  13 Band P(13) 1605

2.8298888 3533.70771 v = 14  →  12 Band P(24) 1605

2.8328376 3530.02942 v = 15  →  13 Band P(14) 1605

2.8363353 3525.67623 v = 15  →  13 Band P(15) 1605

2.8398963 3521.25535 v = 15  →  13 Band P(16) 1605

2.8435208 3516.76691 v = 15  →  13 Band P(17) 1605

2.8446274 3515.39889 v = 16  →  14 Band P(5) 1603

2.8472093 3512.21108 v = 15  →  13 Band P(18) 1605

2.8476265 3511.69645 v = 16  →  14 Band P(6) 1603

2.8506881 3507.92503 v = 16  →  14 Band P(7) 1603

2.8509620 3507.58798 v = 15  →  13 Band P(19) 1605

2.8547793 3502.89776 v = 15  →  13 Band P(20) 1605

2.8569993 3500.17583 v = 16  →  14 Band P(9) 6951

2.8586616 3498.14057 v = 15  →  13 Band P(21) 1605

2.8626092 3493.31655 v = 15  →  13 Band P(22) 1605

2.8666225 3488.42584 v = 15  →  13 Band P(23) 1605

2.8703827 3483.85602 v = 16  →  14 Band P(13) 1605

2.8707019 3483.46858 v = 15  →  13 Band P(24) 1605

2.8738888 3479.60579 v = 16  →  14 Band P(14) 1605

2.8774596 3475.28774 v = 16  →  14 Band P(15) 1605

2.8810955 3470.90201 v = 16  →  14 Band P(16) 1605

2.8847967 3466.44874 v = 16  →  14 Band P(17) 1605

2.8885638 3461.92808 v = 16  →  14 Band P(18) 1605

2.8892040 3461.16098 v = 17  →  15 Band P(6) 1603

2.8923263 3457.42458 v = 17  →  15 Band P(7) 1603

2.8923969 3457.34017 v = 16  →  14 Band P(19) 1605

2.8955131 3453.61936 v = 17  →  15 Band P(8) 6951

2.8962965 3452.68516 v = 16  →  14 Band P(20) 1605

2.8987646 3449.74545 v = 17  →  15 Band P(9) 6951

2.9002630 3447.96318 v = 16  →  14 Band P(21) 1605

2.9020812 3445.80302 v = 17  →  15 Band P(10) 6951

2.9042967 3443.17439 v = 16  →  14 Band P(22) 1605

2.9083980 3438.31891 v = 16  →  14 Band P(23) 1605

2.9196501 3425.06792 v = 17  →  15 Band P(15) 1605

2.9233635 3420.71732 v = 17  →  15 Band P(16) 1605

2.9271441 3416.29920 v = 17  →  15 Band P(17) 1605

2.9287487 3414.42742 v = 18  →  16 Band P(5) 1603

2.9309924 3411.81371 v = 17  →  15 Band P(18) 1605

2.9318678 3410.79499 v = 18  →  16 Band P(6) 1603



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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2.9349087 3407.26097 v = 17  →  15 Band P(19) 1605

2.9350529 3407.09359 v = 18  →  16 Band P(7) 1603,6951

2.9383044 3403.32339 v = 18  →  16 Band P(8) 6951

2.9388935 3402.64115 v = 17  →  15 Band P(20) 1605

2.9416225 3399.48452 v = 18  →  16 Band P(9) 6951

2.9429471 3397.95437 v = 17  →  15 Band P(21) 1605

2.9450075 3395.57713 v = 18  →  16 Band P(10) 6951

2.9470699 3393.20078 v = 17  →  15 Band P(22) 1605

2.9484597 3391.60136 v = 18  →  16 Band P(11) 6951

2.9512624 3388.38053 v = 17  →  15 Band P(23) 1605

2.9555249 3383.49374 v = 17  →  15 Band P(24) 1605

2.9598579 3378.54057 v = 17  →  15 Band P(25) 1605

2.9706038 3366.31896 v = 18  →  16 Band P(17) 1605

2.9724783 3364.19613 v = 19  →  17 Band P(5) 1603

2.9745362 3361.86861 v = 18  →  16 Band P(18) 1605

2.9756603 3360.59867 v = 19  →  17 Band P(6) 1603

2.9785387 3357.35102 v = 18  →  16 Band P(19) 1605

2.9789103 3356.93227 v = 19  →  17 Band P(7) 1603

2.9822285 3353.19706 v = 19  →  17 Band P(8) 6951

2.9826116 3352.76636 v = 18  →  16 Band P(20) 1605

2.9856154 3349.39321 v = 19  →  17 Band P(9) 6951

2.9867555 3348.11475 v = 18  →  16 Band P(21) 1605

2.9890712 3345.52084 v = 19  →  17 Band P(10 6951

2.9909705 3343.39635 v = 18  →  16 Band P(22) 1605

2.9925962 3341.58011 v = 19  →  17 Band P(11) 6951

2.9952574 3338.61128 v = 18  →  16 Band P(23) 1605

2.9996163 3333.75970 v = 18  →  16 Band P(24) 1605

3.0040479 3328.84174 v = 18  →  16 Band P(25) 1605

3.0085525 3323.85754 v = 18  →  16 Band P(26) 1605

3.0131307 3318.80724 v = 18  →  16 Band P(27) 1605

3.0173794 3314.13415 v = 20  →  18 Band P(5) 1603

3.0206264 3310.57166 v = 20  →  18 Band P(6) 1603

3.0239434 3306.94023 v = 20  →  18 Band P(7) 6951

3.0273307 3303.24001 v = 20  →  18 Band P(8) 6951

3.0274949 3303.06090 v = 19  →  17 Band P(20) 1605

3.0307887 3299.47114 v = 20  →  18 Band P(9) 6951

3.0317321 3298.44443 v = 19  →  17 Band P(21) 1605

3.0343177 3295.63377 v = 20  →  18 Band P(10) 6951

3.0360428 3293.76116 v = 19  →  17 Band P(22) 1605

3.0379180 3291.72805 v = 20  →  18 Band P(11) 6951



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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3.0404274 3289.01125 v = 19  →  17 Band P(23) 1605

3.0448864 3284.19483 v = 19  →  17 Band P(24) 1605

3.0494201 3279.31203 v = 19  →  17 Band P(25) 1605

3.0540291 3274.36301 v = 19  →  17 Band P(26) 1605

3.0587140 3269.34789 v = 19  →  17 Band P(27) 1605

3.0634751 3264.26682 v = 19  →  17 Band P(28) 1605

3.0668139 3260.71299 v = 21  →  19 Band P(6) 1603

3.0683130 3259.11994 v = 19  →  17 Band P(29) 1605

3.0702003 3257.11651 v = 21  →  19 Band P(7) 6950

3.0732282 3253.90737 v = 19  →  17 Band P(30) 1605

3.0736591 3253.45124 v = 21  →  19 Band P(8) 6950

3.0771907 3249.71734 v = 21  →  19 Band P(9) 6950

3.0779242 3248.94292 v = 20  →  18 Band P(21) 1605

3.0807955 3245.91494 v = 21  →  19 Band P(10) 6950

3.0823340 3244.29475 v = 20  →  18 Band P(22) 1605

3.0844737 3242.04420 v = 21  →  19 Band P(11) 6950

3.0868200 3239.57994 v = 20  →  18 Band P(23) 1605

3.0882257 3238.10525 v = 21  →  19 Band P(12) 6950

3.0913825 3234.79862 v = 20  →  18 Band P(24) 1605

3.0960223 3229.95094 v = 20  →  18 Band P(25) 1605

3.1007396 3225.03703 v = 20  →  18 Band P(26) 1605

3.1055351 3220.05703 v = 20  →  18 Band P(27) 1605

3.1104092 3215.01108 v = 20  →  18 Band P(28) 1605

3.1153625 3209.89932 v = 20  →  18 Band P(29) 1605

3.1177323 3207.45948 v = 22  →  20 Band P(7) 6951

3.1203956 3204.72188 v = 20  →  18 Band P(30) 1605

3.1212651 3203.82914 v = 22  →  20 Band P(8) 6951

3.1248729 3200.13017 v = 22  →  20 Band P(9) 6951

3.1255090 3199.47891 v = 20  →  18 Band P(31) 1605

3.1285561 3196.36271 v = 22  →  20 Band P(10) 6951

3.1323150 3192.52690 v = 22  →  20 Band P(11) 6951

3.1344855 3190.31623 v = 21  →  19 Band P(23) 1605

3.1361501 3188.62290 v = 22  →  20 Band P(12) 6951

3.1391557 3185.56995 v = 21  →  19 Band P(24) 1605

3.1439054 3180.75730 v = 21  →  19 Band P(25) 1605

3.1487351 3175.87843 v = 21  →  19 Band P(26) 1605

3.1536455 3170.93347 v = 21  →  19 Band P(27) 1605

3.1586370 3165.92256 v = 21  →  19 Band P(28) 1605

3.1637101 3160.84584 v = 21  →  19 Band P(29) 1605

3.1665944 3157.96680 v = 23  →  21 Band P(7) 6951



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

3.1688656 3155.70344 v = 21  →  19 Band P(30) 1605

3.1702038 3154.37137 v = 23  →  21 Band P(8) 6951

3.1738905 3150.70729 v = 23  →  21 Band P(9) 6951

3.1741039 3150.49550 v = 21  →  19 Band P(31) 1605

3.1776550 3146.97473 v = 23  →  21 Band P(10) 6951

3.1814976 3143.17382 v = 23  →  21 Band P(11) 6951

3.1834782 3141.21834 v = 22  →  20 Band P(23) 1605

3.1854187 3139.30470 v = 23  →  21 Band P(12) 6951

3.1882601 3136.50701 v = 22  →  20 Band P(24) 1605

3.1931240 3131.72931 v = 22  →  20 Band P(25) 1605

3.1980705 3126.88538 v = 22  →  20 Band P(26) 1605

3.2031002 3121.97537 v = 22  →  20 Band P(27) 1605

3.2082136 3116.99939 v = 22  →  20 Band P(28) 1605

3.2134114 3111.95760 v = 22  →  20 Band P(29) 1605

3.2168456 3108.63541 v = 24  →  22 Band P(7) 6951

3.2186940 3106.85013 v = 22  →  20 Band P(30) 1605

3.2205343 3105.07484 v = 24  →  22 Band P(8) 6951

3.2240622 3101.67711 v = 22  →  20 Band P(31) 1605

3.2243029 3101.44562 v = 24  →  22 Band P(9) 6951

3.2281517 3097.74790 v = 24  →  22 Band P(10) 6951

3.2320810 3093.98183 v = 24  →  22 Band P(11) 6951

3.2360914 3090.14755 v = 24  →  22 Band P(12) 6951

3.2685491 3059.46143 v = 25  →  23 Band P(7) 6951

3.2723202 3055.93567 v = 25  →  23 Band P(8) 6951

3.2761736 3052.34126 v = 25  →  23 Band P(9) 6951

3.2801099 3048.67834 v = 25  →  23 Band P(10) 6951

3.2841294 3044.94705 v = 25  →  23 Band P(11) 6951

3.2882324 3041.14753 v = 25  →  23 Band P(12) 6951

3.3217734 3010.44013 v = 26  →  24 Band P(7) 6951

3.3256299 3006.94914 v = 26  →  24 Band P(8) 6951

3.3295715 3003.38948 v = 26  →  24 Band P(9) 6951

3.3335986 2999.76129 v = 26  →  24 Band P(10) 6951

3.3377116 2996.06471 v = 26  →  24 Band P(11) 6951

3.3419110 2992.29989 v = 26  →  24 Band P(12) 6951

3.3461973 2988.46696 v = 26  →  24 Band P(13) 6951

3.3765921 2961.56587 v = 27  →  25 Band P(7) 6951

3.3845705 2954.58464 v = 27  →  25 Band P(9) 6951

3.3929023 2947.32916 v = 27  →  25 Band P(11 6951

3.3972019 2943.59895 v = 27  →  25 Band P(12) 6951

3.4015913 2939.80060 v = 27  →  25 Band P(13) 6951



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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3.4291380 2916.18480 v = 28  →  26Band P(6) 6951

3.4330850 2912.83208 v = 28  →  26Band P(7) 6951

3.4371224 2909.41048 v = 28  →  26Band P(8) 6951

3.4412508 2905.92014 v = 28  →  26Band P(9) 6951

3.4454705 2902.36120 v = 28  →  26Band P(10) 6951

3.4497821 2898.73380 v = 28  →  26Band P(11) 6951

3.4541860 2895.03809 v = 28  →  26 Band P(12) 6951

3.4586827 2891.27421 v = 28  →  26 Band P(13) 6951

3.4913383 2864.23117 v = 29  →  27 Band P(7) 6951

3.4954718 2860.84417 v = 29  →  27 Band P(8) 6951

3.4996993 2857.38837 v = 29  →  27 Band P(9) 6951

3.5040213 2853.86393 v = 29  →  27 Band P(10) 6951

3.5084383 2850.27099 v = 29  →  27 Band P(11) 6951

3.5129509 2846.60968 v = 29  →  27 Band P(12) 6951

3.5175595 2842.88015 v = 29  →  27 Band P(13) 6951

3.5222646 2839.08254 v = 29  →  27 Band P(14) 6951

3.5514460 2815.75446 v = 30  →  28 Band P(7) 6951

3.5556795 2812.40199 v = 30  →  28 Band P(8) 6951

3.5600103 2808.98067 v = 30  →  28 Band P(9) 6951

3.5644389 2805.49064 v = 30  →  28 Band P(10) 6951

3.5689659 2801.93203 v = 30  →  28 Band P(11) 6951

3.5735919 2798.30500 v = 30  →  28 Band P(12) 6951

3.5783172 2794.60969 v = 30  →  28 Band P(13) 6951

3.5831426 2790.84623 v = 30  →  28 Band P(14) 6951

3.6135103 2767.39217 v = 31  →  29 Band P(7) 6951

3.6178479 2764.07416 v = 31  →  29 Band P(8) 6951

3.6222865 2760.68721 v = 31  →  29 Band P(9) 6951

3.6268264 2757.23148 v = 31  →  29 Band P(10) 6951

3.6314683 2753.70710 v = 31  →  29 Band P(11) 6951

3.6362126 2750.11422 v = 31  →  29 Band P(12) 6951

3.6410600 2746.45297 v = 31  →  29 Band P(13) 6951

3.6460110 2742.72350 v = 31  →  29 Band P(14) 6951

3.6733000 2722.34774 v = 32  →  30 Band P(6) 6951

3.6776425 2719.13327 v = 32  →  30 Band P(7) 6951

3.6820890 2715.84964 v = 32  →  30 Band P(8) 6951

3.6866400 2712.49698 v = 32  →  30 Band P(9) 6951

3.6912962 2709.07544 v = 32  →  30 Band P(10) 6951

3.6960581 2705.58516 v = 32  →  30 Band P(11) 6951

3.7009263 2702.02628 v = 32  →  30 Band P(12) 6951

3.7059012 2698.39894 v = 32  →  30 Band P(13) 6951



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

3.7109837 2694.70328 v = 32  →  30 Band P(14) 6951

3.7161743 2690.93944 v = 32  →  30 Band P(15) 6951

3.7395122 2674.14558 v = 33  →  31 Band P(6) 6951

3.7439645 2670.96553 v = 33  →  31 Band P(7) 6951

3.7485247 2667.71619 v = 33  →  31 Band P(8) 6951

3.7531934 2664.39771 v = 33  →  31 Band P(9) 6951

3.7579713 2661.01024 v = 33  →  31 Band P(10) 6951

3.7628588 2657.55391 v = 33  →  31 Band P(11) 6951

3.7678565 2654.02887 v = 33  →  31 Band P(12) 6951

3.7729652 2650.43526 v = 33  →  31 Band P(13) 6951

3.7781854 2646.77322 v = 33  →  31 Band P(14) 6951

3.7835179 2643.04288 v = 33  →  31 Band P(15) 6951

3.8080427 2626.02101 v = 34  →  32 Band P(6) 6951

3.8126098 2622.87528 v = 34  →  32 Band P(7) 6951

3.8172891 2619.66015 v = 34  →  32 Band P(8) 6951

3.8220810 2616.37574 v = 34  →  32 Band P(9) 6951

3.8269862 2613.02221 v = 34  →  32 Band P(10) 6951

3.8320054 2609.59968 v = 34  →  32 Band P(11) 6951

3.8371391 2606.10831 v = 34  →  32 Band P(12) 6951

3.8423880 2602.54824 v = 34  →  32 Band P(13) 6951

3.8477527 2598.91959 v = 34  →  32 Band P(14) 6951

3.8532341 2595.22252 v = 34  →  32 Band P(15) 6951

3.8790377 2577.95895 v = 35  →  33 Band P(6) 6951

3.8837252 2574.84749 v = 35  →  33 Band P(7) 6951

3.8885292 2571.66646 v = 35  →  33 Band P(8) 6951

3.8934503 2568.41600 v = 35  →  33 Band P(9) 6951

3.8984892 2565.09626 v = 35  →  33 Band P(10) 6951

3.9036465 2561.70737 v = 35  →  33 Band P(11) 6951

3.9089229 2558.24949 v = 35  →  33 Band P(12) 6951

3.9143191 2554.72274 v = 35  →  33 Band P(13) 6951

3.9198358 2551.12726 v = 35  →  33 Band P(14) 6951

3.9254738 2547.46319 v = 35  →  33 Band P(15) 6951

3.9526585 2529.94281 v = 36  →  34 Band P(6) 6951

3.9574722 2526.86553 v = 36  →  34 Band P(7) 6951

3.9624071 2523.71850 v = 36  →  34 Band P(8) 6951

3.9674638 2520.50187 v = 36  →  34 Band P(9) 6951

3.9726432 2517.21577 v = 36  →  34 Band P(10) 6951

3.9779457 2513.86035 v = 36  →  34 Band P(11) 6951

3.9833722 2510.43574 v = 36  →  34 Band P(12) 6951

3.9889234 2506.94209 v = 36  →  34 Band P(13) 6951
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3.9946001 2503.37952 v = 36  →  34 Band P(14) 6951

4.0004029 2499.74818 v = 36  →  34 Band P(15) 6951

4.0391017 2475.79804 v = 37  →  35 Band P(8) 6951

4.0443011 2472.61510 v = 37  →  35 Band P(9) 6951

4.0496282 2469.36248 v = 37  →  35 Band P(10) 6951

4.0550837 2466.04033 v = 37  →  35 Band P(11) 6951

4.0606684 2462.64878 v = 37  →  35 Band P(12) 6951

4.0663829 2459.18798 v = 37  →  35 Band P(13) 6951

4.7451315 2107.42315 v = 1 →  0 Band P(9) 1606

4.7545021 2103.26967 v = 1 →  0 Band P(10) 1606

4.7639858 2099.08266 v = 1 →  0 Band P(11) 1606,1607

4.7735835 2094.86226 v = 1 →  0 Band P(12) 1606,1607

4.7768927 2093.41107 v = 2 →  1 Band P(6) 1606,1615

4.7832961 2090.60862 v = 1 →  0 Band P(13) 1606

4.7860765 2089.39410 v = 2 →  1 Band P(7) 1606,1607

4.7931243 2086.32187 v = 1 →  0 Band P(14) 1606

4.7953738 2085.34317 v = 2 →  1 Band P(8) 1606,1607

4.8030689 2082.00218 v = 1 →  0 Band P(15) 1606

4.8047854 2081.25840 v = 2 →  1 Band P(9) 1606,1607

4.8131309 2077.64969 v = 1 →  0 Band P(16) 1606

4.8143121 2077.13995 v = 2 →  1 Band P(10) 1606,1607

4.8233112 2073.26454 v = 1 →  0 Band P(17) 1606

4.8239547 2072.98796 v = 2 →  1 Band P(11) 1606,1607

4.8336105 2068.84688 v = 1 →  0 Band P(18) 1606

4.8337140 2068.80259 v = 2 →  1 Band P(12) 1606,1607

4.8435908 2064.58398 v = 2 →  1 Band P(13) 1606,1607

4.8440299 2064.39686 v = 1 →  0 Band P(19) 1606

4.8535861 2060.33227 v = 2 →  1 Band P(14) 1606

4.8545702 2059.91461 v = 1 →  0 Band P(20) 1606

4.8562333 2059.20912 v = 3 →  2 Band P(8) 1606,1615

4.8637006 2056.04761 v = 2 →  1 Band P(15) 1606

4.8652323 2055.40030 v = 1 →  0 Band P(21) 1606

4.8658027 2055.15938 v = 3 →  2 Band P(9) 1606,1607

4.8739353 2051.73016 v = 2 →  1 Band P(16) 1606

4.8754899 2051.07595 v = 3 →  2 Band P(10) 1606,1607

4.8842910 2047.38004 v = 2 →  1 Band P(17) 1606

4.8852957 2046.95900 v = 3 →  2 Band P(11) 1606,1607

4.8947688 2042.99742 v = 2 →  1 Band P(18) 1606

4.8952211 2042.80866 v = 3 →  2 Band P(12) 1606,1607

4.9052668 2038.62508 v = 3 →  2 Band P(13) 1606,1607
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4.9053694 2038.58244 v = 2 →  1 Band P(19) 1606

4.9088827 2037.12345 v = 4 →  3 Band P(7) 1607,1615

4.9154339 2034.40840 v = 3 →  2 Band P(14) 1606,1607

4.9160940 2034.13524 v = 2 →  1 Band P(20) 1606

4.9184943 2033.14256 v = 4 →  3 Band P(8) 1606,1607

4.9257231 2030.15878 v = 3 →  2 Band P(15) 1606

4.9282257 2029.12784 v = 4 →  3 Band P(9) 1606,1607

4.9361354 2025.87637 v = 3 →  2 Band P(16) 1606

4.9380779 2025.07944 v = 4 →  3 Band P(10) 1606,1607

4.9466717 2021.56129 v = 3 →  2 Band P(17) 1606

4.9480516 2020.99752 v = 4 →  3 Band P(11) 1606,1607

4.9573329 2017.21371 v = 3 →  2 Band P(18) 1606

4.9581478 2016.88221 v = 4 →  3 Band P(12) 1606,1607

4.9627718 2015.00300 v = 5 →  4 Band P(6) 1607,1615

4.9681201 2012.83377 v = 3 →  2 Band P(19) 1606

4.9683672 2012.73366 v = 4 →  3 Band P(13) 1606–8,1615

4.9724252 2011.09110 v = 5 →  4 Band P(7) 1607

4.9787110 2008.55203 v = 4 →  3 Band P(14) 1606–1608

4.9790342 2008.42162 v = 3 →  2 Band P(20) 1606

4.9822005 2007.14522 v = 5 →  4 Band P(8) 1606,1607

4.9891798 2004.33745 v = 4 →  3 Band P(15) 1606–1608

4.9900763 2003.97739 v = 3 →  2 Band P(21) 1606

4.9920987 2003.16553 v = 5 →  4 Band P(9) 1606,1607

4.9997748 2000.09007 v = 4 →  3 Band P(16) 1606

5.0012472 1999.50125 v = 3 →  2 Band P(22) 1606

5.0021205 1999.15216 v = 5 →  4 Band P(10) 1606–1608

5.0104969 1995.81004 v = 4 →  3 Band P(17) 1606

5.0122669 1995.10527 v = 5 →  4 Band P(11) 1606–8,1615

5.0125481 1994.99332 v = 3 →  2 Band P(23) 1606

5.0179407 1992.84936 v = 6 →  5 Band P(5) 1607,1615

5.0213470 1991.49751 v = 4 →  3 Band P(18) 1606

5.0225387 1991.02499 v = 5 →  4 Band P(12) 1606–1608

5.0239800 1990.45377 v = 3 →  2 Band P(24) 1606

5.0276354 1989.00658 v = 6 →  5 Band P(6) 1607

5.0323261 1987.15262 v = 4 →  3 Band P(19) 1606

5.0329368 1986.91149 v = 5 →  4 Band P(13) 1606–1608

5.0355441 1985.88273 v = 3 →  2 Band P(25) 1606,1615

5.0374542 1985.12969 v = 6 →  5 Band P(7) 1607,1609

5.0434353 1982.77552 v = 4 →  3 Band P(20) 1606

5.0434623 1982.76489 v = 5 →  4 Band P(14) 1606–1608
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5.0472413 1981.28035 v = 3 →  2 Band P(26) 1606

5.0473980 1981.21884 v = 6 →  5 Band P(8) 1606,1607,1609

5.0541161 1978.58535 v = 5 →  4 Band P(15) 1606–1608

5.0546756 1978.36634 v = 4 →  3 Band P(21) 1606

5.0574676 1977.27417 v = 6 →  5 Band P(9) 1606,1607,1609

5.0590728 1976.64677 v = 3 →  2 Band P(27) 1606

5.0648990 1974.37302 v = 5 →  4 Band P(16) 1606,1608

5.0660480 1973.92525 v = 4 →  3 Band P(22) 1606

5.0676639 1973.29583 v = 6 →  5 Band P(10) 1606–1609

5.0710398 1971.98215 v = 3 →  2 Band P(28) 1606

5.0758122 1970.12805 v = 5 →  4 Band P(17) 1606,1608

5.0779878 1969.28397 v = 6 →  5 Band P(11) 1606–1609

5.0831434 1967.28662 v = 3 →  2 Band P(29) 1606

5.0841669 1966.89059 v = 7 →  6 Band P(5) 1607,1615

5.0868566 1965.85056 v = 5 →  4 Band P(18) 1606,1608,1610

5.0884403 1965.23874 v = 6 →  5 Band P(12) 1606–1609

5.0920025 1963.86391 v = 9 →  8 Band R(8) 1606,1615

5.0940286 1963.08282 v = 7 →  6 Band P(6) 1607

5.0953848 1962.56033 v = 3 →  2 Band P(30) 1606

5.0968272 1962.00493 v = 10  →  9 Band R(16) 1606,1615

5.0980333 1961.54073 v = 5 →  4 Band P(19) 1606,1610

5.0990223 1961.16027 v = 6 →  5 Band P(13) 1606–1609

5.1004303 1960.61891 v = 9 →  8 Band R(7) 1606

5.1040175 1959.24095 v = 7 →  6 Band P(7) 1606,1607,1609

5.1044124 1959.08935 v = 10  →  9 Band R(15) 1606

5.1077651 1957.80343 v = 3 →  2 Band P(31) 1606

5.1089803 1957.33776 v = 9 →  8 Band R(6) 1606,1615

5.1093433 1957.19868 v = 5 →  4 Band P(20) 1606,1610

5.1097348 1957.04872 v = 6 →  5 Band P(14) 1606–9,1612,1615

5.1121178 1956.13645 v = 10  →  9 Band R(14) 1606

5.1141344 1955.36511 v = 7 →  6 Band P(8) 1606,1607,1609

5.1199440 1953.14636 v = 10  →  9 Band R(13) 1606

5.1202856 1953.01606 v = 3 →  2 Band P(32) 1606

5.1205788 1952.90423 v = 6 →  5 Band P(15) 1606–1608

5.1207877 1952.82457 v = 5 →  4 Band P(21) 1606,1610

5.1227504 1952.07638 v = 11  →  10 Band R(22) 1606,1615

5.1243803 1951.45547 v = 7 →  6 Band P(9) 1606–1609

5.1278915 1950.11925 v = 10  →  9 Band R(12) 1606

5.1297237 1949.42274 v = 11  →  10 Band R(21) 1606

5.1315553 1948.72695 v = 6 →  5 Band P(16) 1606–1608,1610
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5.1323675 1948.41853 v = 5 →  4 Band P(22) 1606,1610

5.1329476 1948.19836 v = 3 →  2 Band P(33) 1606

5.1347561 1947.51216 v = 7 →  6 Band P(10) 1606–1609

5.1359611 1947.05524 v = 10  →  9 Band R(11) 1606

5.1368169 1946.73088 v = 11  →  10 Band R(20) 1606

5.1426652 1944.51702 v = 6 →  5 Band P(17) 1606–1608,1610

5.1440304 1944.00096 v = 11  →  10 Band R(19) 1606

5.1440839 1943.98073 v = 5 →  4 Band P(23) 1606,1610

5.1452628 1943.53534 v = 7 →  6 Band P(11) 1606–1609

5.1513648 1941.23312 v = 11  →  10 Band R(18) 1606

5.1519672 1941.00613 v = 8 →  7 Band P(5) 1607,1615

5.1539097 1940.27460 v = 6 →  5 Band P(18) 1606,1610

5.1559012 1939.52514 v = 7 →  6 Band P(12) 1606–09,1612

5.1559380 1939.51129 v = 5 →  4 Band P(24) 1606,1610

5.1588207 1938.42751 v = 11  →  10 Band R(17) 1606

5.1620007 1937.23337 v = 8 →  7 Band P(6) 1607

5.1652897 1935.99982 v = 6 →  5 Band P(19) 1606,1610

5.1663986 1935.58429 v = 11  →  10 Band R(16) 1606

5.1666724 1935.48171 v = 7 →  6 Band P(13) 1606–1609,1612

5.1679309 1935.01038 v = 5 →  4 Band P(25) 1606,1610

5.1721645 1933.42652 v = 8 →  7 Band P(7) 1606,1607,1609

5.1740992 1932.70359 v = 11  →  10 Band R(15) 1606

5.1768065 1931.69283 v = 6 →  5 Band P(20) 1606,1610

5.1775774 1931.40521 v = 7 →  6 Band P(14) 1606–9,1612,6950

5.1796042 1930.64944 v = 12  →  11 Band R(24) 1606,1615

5.1800639 1930.47813 v = 5 →  4 Band P(26) 1606,1610

5.1819229 1929.78557 v = 11  →  10 Band R(14) 1606

5.1824596 1929.58571 v = 8 →  7 Band P(8) 1606,1607,1609

5.1864328 1928.10750 v = 12  →  11 Band R(23) 1606

5.1884610 1927.35379 v = 6 →  5 Band P(21) 1606,1610

5.1886172 1927.29577 v = 7 →  6 Band P(15) 1606–109,6950

5.1898705 1926.83037 v = 11  →  10 Band R(13) 1606

5.1923380 1925.91468 v = 5 →  4 Band P(27) 1606,1610

5.1928870 1925.71109 v = 8 →  7 Band P(9) 1606–1609

5.1933833 1925.52706 v = 12  →  11 Band R(22) 1606

5.1997928 1923.15354 v = 7 →  6 Band P(16) 1606,1607,1609

5.2002545 1922.98282 v = 6 →  5 Band P(22) 1606,1610

5.2004561 1922.90826 v = 12  →  11 Band R(21) 1606

5.2034475 1921.80281 v = 8 →  7 Band P(10) 1606–1609

5.2047546 1921.32019 v = 5 →  4 Band P(28) 1606,1615
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5.2076518 1920.25126 v = 12  →  11 Band R(20) 1606

5.2111053 1918.97868 v = 7 →  6 Band P(17) 1606–

10,1615,6950

5.2113159 1918.90112 v = 9 →  8 Band P(4) 1607

5.2121879 1918.58009 v = 6 →  5 Band P(23) 1606,1610

5.2141422 1917.86102 v = 8 →  7 Band P(11) 1606–1609

5.2149710 1917.55619 v = 12  →  11 Band R(19) 1606

5.2173147 1916.69479 v = 5 →  4 Band P(29) 1606

5.2213933 1915.19761 v = 9 →  8 Band P(5) 1607

5.2224143 1914.82321 v = 12  →  11 Band R(18) 1606

5.2225558 1914.77131 v = 7 →  6 Band P(18) 1606–7,1610,6950

5.2242626 1914.14573 v = 6 →  5 Band P(24) 1606,1610

5.2249720 1913.88586 v = 8 →  7 Band P(12) 1606–1609,1612

5.2299820 1912.05246 v = 12  →  11 Band R(17) 1606

5.2300198 1912.03864 v = 5 →  4 Band P(30) 1606

5.2316034 1911.45986 v = 9 →  8 Band P(6) 1606,1607

5.2341453 1910.53160 v = 7 →  6 Band P(19) 1606,1610,6950

5.2359380 1909.87748 v = 8 →  7 Band P(13) 1606–09,6950

5.2364797 1909.67989 v = 6 →  5 Band P(25) 1606,1610

5.2376750 1909.24410 v = 12  →  11 Band R(16) 1606

5.2419473 1907.68802 v = 9 →  8 Band P(7) 1606,1607,1609

5.2428711 1907.35187 v = 5 →  4 Band P(31) 1606

5.2454936 1906.39827 v = 12  →  11 Band R(15) 1606

5.2458750 1906.25969 v = 7 →  6 Band P(20) 1606,1610

5.2470411 1905.83602 v = 8 →  7 Band P(14) 1606–110,6950

5.2488404 1905.18271 v = 6 →  5 Band P(26) 1606,1610

5.2524257 1903.88223 v = 9 →  8 Band P(8) 1606–1609

5.2558698 1902.63463 v = 5 →  4 Band P(32) 1606

5.2577460 1901.95571 v = 7 →  6 Band P(21) 1606,1610

5.2582825 1901.76164 v = 8 →  7 Band P(15) 1606–110,6950

5.2613459 1900.65435 v = 6 →  5 Band P(27) 1606,1610

5.2630398 1900.04263 v = 9 →  8 Band P(9) 1606–1609

5.2690174 1897.88707 v = 5 →  4 Band P(33) 1606

5.2696632 1897.65447 v = 8 →  7 Band P(16) 1606–110,6950

5.2697594 1897.61982 v = 7 →  6 Band P(22) 1606,1610

5.2737904 1896.16939 v = 9 →  8 Band P(10) 1606–1609

5.2739975 1896.09494 v = 6 →  5 Band P(28) 1606,1610

5.2811843 1893.51467 v = 8 →  7 Band P(17) 1606–7,1610,6950

5.2819166 1893.25217 v = 7 →  6 Band P(23) 1606,1610

5.2822426 1893.1353 v = 10  →  9 Band P(4) 1607
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5.2846787 1892.26263 v = 9 →  8 Band P(11) 1606–1609,1612

5.2867965 1891.50463 v = 6 →  5 Band P(29) 1606

5.2924984 1889.4668 v = 10  →  9 Band P(5) 1607

5.2928469 1889.34237 v = 8 →  7 Band P(18) 1606,1610

5.2942185 1888.85289 v = 7 →  6 Band P(24) 1606,1610

5.2957055 1888.32251 v = 9 →  8 Band P(12) 1606–1609,1612

5.2997441 1886.88356 v = 6 →  5 Band P(30) 1606

5.3028905 1885.7640 v = 10  →  9 Band P(6) 1606,1607

5.3046522 1885.13773 v = 8 →  7 Band P(19) 1606,1610

5.3066666 1884.42214 v = 7 →  6 Band P(25) 1606,1610

5.3068721 1884.34918 v = 9 →  8 Band P(13) 1606–1609

5.3128417 1882.23188 v = 6 →  5 Band P(31) 1606,1615

5.3134195 1882.0272 v = 10  →  9 Band P(7) 1606,1607

5.3166012 1880.90089 v = 8 →  7 Band P(20) 1606,1610

5.3181793 1880.34277 v = 9 →  8 Band P(14) 1606–1609,1612

5.3192620 1879.96005 v = 7 →  6 Band P(26) 1606,1610

5.3240867 1878.2564 v = 10  →  9 Band P(8) 1606–1609

5.3260906 1877.54973 v = 6 →  5 Band P(32) 1606

5.3286952 1876.63200 v = 8 →  7 Band P(21) 1606,1610

5.3296283 1876.30344 v = 9 →  8 Band P(15) 1606–1608,1610

5.3320059 1875.46677 v = 7 →  6 Band P(27) 1606,1610

5.3348931 1874.4518 v = 10  →  9 Band P(9) 1606–1609

5.3394923 1872.83725 v = 6 →  5 Band P(33) 1606

5.3409354 1872.33119 v = 8 →  7 Band P(22) 1606,1610

5.3412203 1872.23134 v = 9 →  8 Band P(16) 1606–1610,6950

5.3432550 1871.51838 v = 13  →  12 Band R(12) 1606,1615

5.3448998 1870.94246 v = 7 →  6 Band P(28) 1606,1610

5.34583895 1870.61378 v = 10  →  9 Band P(10) 1606–1609

5.3517174 1868.55904 v = 13  →  12 Band R(11) 1606

5.3529563 1868.12660 v = 9 →  8 Band P(17) 1606,1607,1610

5.3533230 1867.99863 v = 8 →  7 Band P(23) 1606,1610

5.3546429 1867.53817 v = 14  →  13 Band R(20) 1606,1615

5.3549016 1867.44796 v = 11  →  10 Band P(4) 1607

5.3569272 1866.7418 v = 10  →  9 Band P(11) 1606–1609,1615

5.3579449 1866.38724 v = 7 →  6 Band P(29) 1606

5.3603122 1865.56297 v = 13  →  12 Band R(10) 1606

5.3621811 1864.91278 v = 14  →  13 Band R(19) 1606

5.3648374 1863.98938 v = 9 →  8 Band P(18) 1606–7,1610,6950

5.3653410 1863.81445 v = 11  →  10 Band P(5) 1607

5.3658592 1863.63444 v = 8 →  7 Band P(24) 1606,1610
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5.36815606 1962.83705 v = 10  →  9 Band P(12) 1606–09,1612

5.3690401 1862.53033 v = 13  →  12 Band R(9) 1606

5.3698498 1862.24948 v = 14  →  13 Band R(18) 1606

5.3711425 1861.80127 v = 7 →  6 Band P(30) 1606

5.3744699 1860.64862 v = 15  →  14 Band R(28) 1606,1615

5.3759201 1860.14671 v = 11  →  10 Band P(6) 1607

5.3768650 1859.81981 v = 9 →  8 Band P(19) 1606,1610

5.3776497 1859.54843 v = 14  →  13 Band R(17) 1606

5.3779018 1859.46126 v = 13  →  12 Band R(8) 1606

5.3785453 1859.23878 v = 8 →  7 Band P(25) 1606,1610

5.3795302 1858.8984 v = 10  →  9 Band P(13) 1606–9,1612,6950

5.3810694 1858.36667 v = 15  →  14 Band R(27) 1606

5.3844941 1857.18469 v = 7 →  6 Band P(31) 1606

5.3855813 1856.80976 v = 14  →  13 Band R(16) 1606

5.3866399 1856.44488 v = 11  →  10 Band P(7) 1606,1607

5.3868980 1856.35591 v = 13  →  12 Band R(7) 1606

5.3877986 1856.04562 v = 15  →  14 Band R(26) 1606

5.3890400 1855.61805 v = 9 →  8 Band P(20) 1606,1610

5.39104599 1854.92760 v = 10  →  9 Band P(14) 1606–8,1610,6950

5.3913826 1854.81179 v = 8 →  7 Band P(26) 1606,1610

5.3936454 1854.03364 v = 14  →  13 Band R(15) 1606

5.3946580 1853.68562 v = 15  →  14 Band R(25) 1606

5.3960296 1853.21444 v = 13  →  12 Band R(6) 1606

5.3975014 1852.70912 v = 11  →  10 Band P(8) 1606–1608

5.3980010 1852.53764 v = 7 →  6 Band P(32) 1606

5.4013639 1851.38425 v = 9 →  8 Band P(21) 1606,1610

5.4016481 1851.28682 v = 15  →  14 Band R(24) 1606

5.4018425 1851.22021 v = 14  →  13 Band R(14) 1606

5.4027105 1850.9228 v = 10  →  9 Band P(15) 1606–8,1610,6950

5.4043724 1850.35362 v = 8 →  7 Band P(27) 1606,1610

5.4052974 1850.03698 v = 13  →  12 Band R(5) 1606

5.4085056 1848.93957 v = 11  →  10 Band P(9) 1606–1608

5.4087695 1848.84937 v = 15  →  14 Band R(23) 1606

5.4101733 1848.36961 v = 14  →  13 Band R(13) 1606

5.4138377 1847.11853 v = 9 →  8 Band P(22) 1606,1610

5.4145202 1846.8957 v = 10  →  9 Band P(16) 1606–8,1610,6950

5.4147021 1846.82368 v = 13  →  12 Band R(4) 1606,1615

5.4160225 1846.37342 v = 15  →  14 Band R(22) 1606

5.4175160 1845.86440 v = 8 →  7 Band P(28) 1606,1610

5.4186386 1845.48200 v = 14  →  13 Band R(12) 1606
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5.4196536 1845.13638 v = 11  →  10 Band P(10) 1606–1608

5.4234079 1843.85911 v = 15  →  14 Band R(21) 1606

5.4242445 1843.57470 v = 13  →  12 Band R(3) 1606

5.4264628 1842.82106 v = 9 →  8 Band P(23) 1606,1610

5.4264777 1942.8160 v = 10  →  9 Band P(17) 1606–7,1610,6950

5.4272390 1842.55753 v = 14  →  13 Band R(11) 1606

5.4308149 1841.34429 v = 8 →  7 Band P(29) 1606

5.4309260 1841.30661 v = 15  →  14 Band R(20) 1606

5.4309464 1841.29970 v = 11  →  10 Band P(11) 1606–1608,1612

5.4339257 1840.29018 v = 13  →  12 Band R(2) 1606

5.4359752 1839.59633 v = 14  →  13 Band R(10) 1606

5.4385776 1838.71605 v = 15  →  14 Band R(19) 1606

5.4385843 1838.7138 v = 10  →  9 Band P(18) 1606,1607,1610

5.4392405 1838.49197 v = 9 →  8 Band P(24) 1606,1610

5.4399784 1838.24260 v = 12  →  11 Band P(5) 1607,1615

5.4423852 1837.42966 v = 11  →  10 Band P(12) 1606–1608

5.4442703 1836.79343 v = 8 →  7 Band P(30) 1606

5.4448480 1836.59857 v = 14  →  13 Band R(9) 1606

5.4463633 1836.08759 v = 15  →  14 Band R(18) 1606

5.4507502 1834.60986 v = 12  →  11 Band P(6) 1607

5.4508410 1834.5793 v = 10  →  9 Band P(19) 1606,1610

5.4521720 1834.13142 v = 9 →  8 Band P(25) 1606,1610

5.4539710 1833.52642 v = 11  →  10 Band P(13) 1606–8,1610,6950

5.4542835 1833.42137 v = 15  →  14 Band R(17) 1606

5.4578838 1832.21196 v = 8 →  7 Band P(31) 1606

5.4616664 1830.94304 v = 12  →  11 Band P(7) 1607

5.4623391 1830.71755 v = 15  →  14 Band R(16) 1606

5.4632491 1830.4126 v = 10  →  9 Band P(20) 1606,1610

5.4652587 1829.73953 v = 9 →  8 Band P(26) 1606,1610

5.4657051 1829.59012 v = 11  →  10 Band P(14) 1606–8,1610,6950

5.4705305 1827.97627 v = 15  →  14 Band R(15) 1606

5.4716567 1827.60003 v = 8 →  7 Band P(32) 1606

5.4727280 1827.24229 v = 12  →  11 Band P(8) 1606–1608

5.4758098 1926.2139 v = 10  →  9 Band P(21) 1606,1610

5.4775884 1825.62091 v = 11  →  10 Band P(15) 1606–1608,1610

5.4785020 1825.31647 v = 9 →  8 Band P(27) 1606,1610

5.4839361 1823.50776 v = 12  →  11 Band P(9) 1606–1608

5.4855906 1822.95778 v = 8 →  7 Band P(33) 1606

5.4885248 1821.9832 v = 10  →  9 Band P(22) 1606,1610

5.4896223 1821.61893 v = 11  →  10 Band P(16) 1606,1607,1610
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5.4919033 1820.86237 v = 9 →  8 Band P(28) 1606,1610

5.4952918 1819.73959 v = 12  →  11 Band P(10) 1606–1608,1612

5.5013949 1817.7208 v = 10  →  9 Band P(23) 1606,1610

5.5018080 1817.58434 v = 11  →  10 Band P(17) 1606–7,1610,6950

5.5054638 1816.37738 v = 9 →  8 Band P(29) 1606

5.5067961 1815.93794 v = 12  →  11 Band P(11) 1606–1608,1612

5.5141466 1813.51727 v = 11  →  10 Band P(18) 1606,1607,1610

5.5144216 1813.4268 v = 10  →  9 Band P(24) 1606,1610

5.5164737 1812.75225 v = 13  →  12 Band P(5) 1607

5.5184503 1812.10294 v = 12  →  11 Band P(12) 1606–1608,6950

5.5191852 1811.86165 v = 9 →  8 Band P(30) 1606

5.5266394 1809.41787 v = 11  →  10 Band P(19) 1606,1610

5.5274439 1809.15449 v = 13  →  12 Band P(6) 1607

5.5276064 1809.1013 v = 10  →  9 Band P(25) 1606,1610

5.5302554 1808.23474 v = 12  →  11 Band P(13) 1606–1608,6950

5.5330688 1807.31530 v = 9 →  8 Band P(31) 1606

5.5385624 1805.52267 v = 13  →  12 Band P(7) 1607,1608

5.5392876 1805.28628 v = 11  →  10 Band P(20) 1606,1610

5.5409505 1804.7445 v = 10  →  9 Band P(26) 1606,1610

5.5422127 1804.33350 v = 12  →  11 Band P(14) 1606–1608,6950

5.5471162 1802.73850 v = 9 →  8 Band P(32) 1606

5.5498302 1801.85693 v = 13  →  12 Band P(8) 1607,1608

5.5520927 1801.12266 v = 11  →  10 Band P(21) 1606,1610

5.5543233 1800.39935 v = 12  →  11 Band P(15) 1606–1608,6950

5.5544555 1800.3565 v = 10  →  9 Band P(27) 1610

5.5612484 1798.15742 v = 13  →  12 Band P(9) 1606–1608

5.5613289 1798.13138 v = 9 →  8 Band P(33) 1606

5.5650559 1796.92715 v = 11  →  10 Band P(22) 1606,1610

5.5665884 1796.43244 v = 12  →  11 Band P(16) 1606,1607

5.5728181 1794.42427 v = 13  →  12 Band P(10) 1606–1608

5.5781785 1792.69988 v = 11  →  10 Band P(23) 1606,1610

5.5790094 1792.43291 v = 12  →  11 Band P(17) 1606,1610

5.5845404 1790.65764 v = 13  →  12 Band P(11) 1606–1608

5.5914620 1788.44101 v = 11  →  10 Band P(24) 1606,1610,1615

5.5915874 1788.40092 v = 12  →  11 Band P(18) 1606–7,1610,6950

5.5948925 1787.34444 v = 14  →  13 Band P(5) 1607

5.5948932 1787.3442 v = 14  →  13 Band P(5) 1607

5.5964166 1786.85768 v = 13  →  12 Band P(12) 1606–8,1612,6950

5.6043237 1784.33661 v = 12  →  11 Band P(19) 1606,1610

5.6049077 1784.15069 v = 11  →  10 Band P(25) 1606,1610
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5.6060672 1783.78168 v = 14  →  13 Band P(6) 1607

5.6060681 1783.7814 v = 14  →  13 Band P(6) 1607

5.6084478 1783.02453 v = 13  →  12 Band P(13) 1606–8,1612,6950

5.6172198 1780.24012 v = 12  →  11 Band P(20) 1606,1610

5.6173942 1780.18485 v = 14  →  13 Band P(7) 1607,1608

5.6173950 1780.1846 v = 14  →  13 Band P(7) 1607,1608

5.6185171 1779.82904 v = 11  →  10 Band P(26) 1606

5.6206352 1779.15833 v = 13  →  12 Band P(14) 1606–1608,6950

5.6288744 1776.55411 v = 14  →  13 Band P(8) 1607,1608

5.6288754 1776.5518 v = 14  →  13 Band P(8) 1607,1608

5.6302769 1776.11159 v = 12  →  11 Band P(21) 1606,1610

5.6322917 1775.47623 v = 11  →  10 Band P(27) 1606

5.6329801 1775.25924 v = 13  →  12 Band P(15) 1606–8,1610,6950

5.6434963 1771.95118 v = 12  →  11 Band P(22) 1606,1610

5.6454837 1771.32739 v = 13  →  12 Band P(16) 1606,1610

5.6522995 1769.19147 v = 14  →  13 Band P(10) 1606–1608

5.6568796 1767.75903 v = 12  →  11 Band P(23) 1606,1610

5.6581474 1767.36294 v = 13  →  12 Band P(17) 1606,1607,1610

5.6642466 1765.45987 v = 14  →  13 Band P(11) 1606–1608,1612

5.6704281 1763.53528 v = 12  →  11 Band P(24) 1606,1610

5.6709724 1763.36603 v = 13  →  12 Band P(18) 1606,1607,1610

5.6763517 1761.69494 v = 14  →  13 Band P(12) 1606,1615

5.6839600 1759.33680 v = 13  →  12 Band P(19) 1606,1610

5.6841433 1759.28007 v = 12  →  11 Band P(25) 1606,1610

5.6866897 1758.49230 v = 15  →  14 Band P(6) 1607–8,1615

5.6886160 1757.89682 v = 14  →  13 Band P(13) 1606–1608

5.6971117 1755.27540 v = 13  →  12 Band P(20) 1606,1610

5.6980266 1754.99356 v = 12  →  11 Band P(26) 1606

5.6982315 1754.93046 v = 15  →  14 Band P(7) 1607,1608

5.7010408 1754.06567 v = 14  →  13 Band P(14) 1606–1608

5.7104288 1751.18197 v = 13  →  12 Band P(21) 1606,1610

5.7136274 1750.20163 v = 14  →  13 Band P(15) 1606–8,1610

5.7217888 1747.70521 v = 15  →  14 Band P(9) 1607,1608

5.7239128 1747.05667 v = 13  →  12 Band P(22) 1606,1610

5.7263770 1746.30485 v = 14  →  13 Band P(16) 1606–7,1610

5.7338066 1744.04209 v = 15  →  14 Band P(10) 1607–8,1612

5.7375651 1742.89962 v = 13  →  12 Band P(23) 1606,1610

5.7392911 1742.37546 v = 14  →  13 Band P(17) 1606–7,1610

5.7459855 1740.34550 v = 15  →  14 Band P(11) 1607,1608

5.7513871 1738.71099 v = 13  →  12 Band P(24) 1606,1610



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

5.7523709 1738.41362 v = 14  →  13 Band P(18) 1606–7,1610

5.7577821 1736.77986 v = 16  →  15 Band P(5) 1608,1615

5.7583267 1736.61559 v = 15  →  14 Band P(12) 1606–1608,6950

5.7653805 1734.49091 v = 13  →  12 Band P(25) 1606

5.7656179 1734.41948 v = 14  →  13 Band P(19) 1610

5.7708316 1732.85251 v = 15  →  14 Band P(13) 1606–1608,6950

5.7790335 1730.39317 v = 14  →  13 Band P(20) 1610

5.7795466 1730.23952 v = 13  →  12 Band P(26) 1606

5.7811482 1729.76019 v = 16  →  15 Band P(7) 1607

5.7835013 1729.05640 v = 15  →  14 Band P(14) 1606–8,1610,6950

5.7926190 1726.33484 v = 14  →  13 Band P(21) 1610

5.7930734 1726.19943 v = 16  →  15 Band P(8) 1607,1608

5.7938872 1725.95698 v = 13  →  12 Band P(27) 1606

5.7963373 1725.22741 v = 15  →  14 Band P(15) 1606–7,1610,6950

5.8051616 1722.60492 v = 16  →  15 Band P(9) 1606–1608

5.8063761 1722.24463 v = 14  →  13 Band P(22) 1610

5.8084037 1721.64342 v = 13  →  12 Band P(28) 1606

5.8093409 1721.36568 v = 15  →  14 Band P(16) 1606–7,1610,6950

5.8174142 1718.97680 v = 16  →  15 Band P(10) 1607,1608

5.8203061 1718.12270 v = 14  →  13 Band P(23) 1610

5.8225134 1717.47135 v = 15  →  14 Band P(17) 1610

5.8298322 1715.31522 v = 16  →  15 Band P(11) 1607,1608

5.8344106 1713.96918 v = 14  →  13 Band P(24) 1610

5.8358563 1713.54458 v = 15  →  14 Band P(18) 1610,6950

5.8424172 1711.62033 v = 16  →  15 Band P(12) 1607–08,1612

5.8486912 1709.78423 v = 14  →  13 Band P(25) 1610

5.8493710 1709.58551 v = 15  →  14 Band P(19) 1610

5.8542306 1708.16640 v = 17  →  16 Band P(6) 1608,1615

5.8551702 1707.89227 v = 16  →  15 Band P(13) 1607,1608,6950

5.8630590 1705.59429 v = 15  →  14 Band P(20) 1610

5.8662225 1704.67451 v = 17  →  16 Band P(7) 1608

5.8680928 1704.13119 v = 16  →  15 Band P(14) 1607,6950

5.8769218 1701.57105 v = 15  →  14 Band P(21) 1610

5.8783808 1701.14873 v = 17  →  16 Band P(8) 1607

5.8907066 1697.58921 v = 17  →  16 Band P(9) 1607,1608

5.8909609 1697.51594 v = 15  →  14 Band P(22) 1610

5.8944520 1696.51056 v = 16  →  15 Band P(16) 1610

5.9032014 1693.99608 v = 17  →  16 Band P(10) 1607–8,1612

5.9051778 1693.42911 v = 15  →  14 Band P(23) 1610

5.9078914 1692.65129 v = 16  →  15 Band P(17) 1610
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5.9158663 1690.36950 v = 17  →  16 Band P(11) 1607,1608

5.9195741 1689.31071 v = 15  →  14 Band P(24) 1610

5.9215060 1688.75958 v = 16  →  15 Band P(18) 1607,1610

5.9287028 1686.70962 v = 17  →  16 Band P(12) 1607,1608

5.9352973 1684.83557 v = 16  →  15 Band P(19) 1610

5.9492667 1680.87942 v = 16  →  15 Band P(20) 1610

5.9535374 1679.67367 v = 18  →  17 Band P(7) 1607–8,1615

5.9548958 1679.29051 v = 17  →  16 Band P(14) 1607,1608,6950

5.9634159 1676.89127 v = 16  →  15 Band P(21) 1610

5.9659362 1676.18285 v = 18  →  17 Band P(8) 1607,1608

5.9682551 1675.53159 v = 17  →  16 Band P(15) 1607

5.9777463 1672.87125 v = 16  →  15 Band P(22) 1610

5.9785074 1672.65830 v = 18  →  17 Band P(9) 1607,1608

5.9817917 1671.73994 v = 17  →  16 Band P(16) 1607,1610,6950

5.9955068 1667.91571 v = 17  →  16 Band P(17) 1610,6950

6.0041721 1665.50856 v = 18  →  17 Band P(11) 1607,1608

6.0094021 1664.05905 v = 17  →  16 Band P(18) 1610

6.0172683 1661.88367 v = 18  →  17 Band P(12) 1607,1608,6950

6.0234792 1660.17010 v = 17  →  16 Band P(19) 1610

6.0305424 1658.22563 v = 18  →  17 Band P(13) 1607,1608,6950

6.0377394 1656.24901 v = 17  →  16 Band P(20) 1610

6.0431812 1654.75761 v = 19  →  18 Band P(7) 1607,1615

6.0558284 1651.30175 v = 19  →  18 Band P(8) 1607,1608

6.0576299 1650.81066 v = 18  →  17 Band P(15) 1607,1610,6950

6.0686529 1647.81216 v = 19  →  18 Band P(9) 1607,1608

6.0714462 1647.05403 v = 18  →  17 Band P(16) 1607,1610,6950

6.0816560 1644.28898 v = 19  →  18 Band P(10) 1607,1608

6.0854464 1643.26483 v = 18  →  17 Band P(17) 1610,1615

6.0948392 1640.73236 v = 19  →  18 Band P(11) 1607,1608

6.0996319 1639.44321 v = 18  →  17 Band P(18) 1610

6.1082040 1637.14245 v = 19  →  18 Band P(12) 1607,1608,6950

6.1099818 1636.66608 v = 20  →  19 Band P(5) 1607,1615

6.1140043 1635.58930 v = 18  →  17 Band P(19) 1610

6.1217516 1633.51939 v = 19  →  18 Band P(13) 1607,1608,6950

6.1225250 1633.31306 v = 20  →  19 Band P(6) 1607,1608

6.1285653 1631.70325 v = 18  →  17 Band P(20) 1610,6950

6.1352478 1629.92602 v = 20  →  19 Band P(7) 1607,1608

6.1354838 1629.86333 v = 19  →  18 Band P(14) 1607,6950

6.1481516 1626.50510 v = 20  →  19 Band P(8) 1607,1608,6950

6.1494019 1626.17441 v = 19  →  18 Band P(15) 1607,6950
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6.1612379 1623.05046 v = 20  →  19 Band P(9) 1607,1608

6.1745080 1619.56223 v = 20  →  19 Band P(10) 1607,1608,6950

6.1879635 1616.04057 v = 20  →  19 Band P(11) 1607,1608

6.1922880 1614.91198 v = 19  →  18 Band P(18) 6950

6.2016057 1612.48562 v = 20  →  19 Band P(12) 1607,1608,6950

6.2040571 1611.84847 v = 21  →  20 Band P(5) 1607,1615

6.2069660 1611.09309 v = 19  →  18 Band P(19) 6950

6.2154363 1608.89752 v = 20  →  19 Band P(13) 1607,1608,6950

6.2168550 1608.53037 v = 21  →  20 Band P(6) 1607,1608

6.2218381 1607.24207 v = 19  →  18 Band P(20) 6950

6.2294567 1605.27643 v = 20  →  19 Band P(14) 1607

6.2298377 1605.17825 v = 21  →  20 Band P(7) 1607,1608

6.2430068 1601.79226 v = 21  →  20 Band P(8) 1607,1608,6950

6.2436686 1601.62249 v = 20  →  19 Band P(15) 1607,6950

6.2563637 1598.37255 v = 21  →  20 Band P(9) 1607,1608,6950

6.2580735 1597.93584 v = 20  →  19 Band P(16) 6950

6.2699099 1594.91926 v = 21  →  20 Band P(10) 1607,1608,6950

6.2726732 1594.21664 v = 20  →  19 Band P(17) 6950

6.2836468 1591.43253 v = 21  →  20 Band P(11) 1607,1608

6.2874693 1590.46501 v = 20  →  19 Band P(18) 6950

6.2975761 1587.91252 v = 21  →  20 Band P(12) 1607,1608,6950

6.3007457 1587.11373 v = 22  →  21 Band P(5) 1607–8,1615

6.3024636 1586.68112 v = 20  →  19 Band P(19) 6950

6.3116993 1584.35937 v = 21  →  20 Band P(13) 1607,6950

6.3138068 1583.83054 v = 22  →  21 Band P(6) 1607,1608

6.3176578 1582.86510 v = 20  →  19 Band P(20) 6950

6.3260181 1580.77323 v = 21  →  20 Band P(14) 1607

6.3270583 1580.51333 v = 22  →  21 Band P(7) 1607,1608

6.3405017 1577.16226 v = 22  →  21 Band P(8) 1607–8,1615

6.3405339 1577.15424 v = 21  →  20 Band P(15) 1607

6.3541385 1573.77746 v = 22  →  21 Band P(9) 1607,1608,6950

6.3552487 1573.50255 v = 21  →  20 Band P(16) 1607

6.3679703 1570.35908 v = 22  →  21 Band P(10) 1607,1608

6.3701640 1569.81830 v = 21  →  20 Band P(17) 1607

6.3819986 1566.90727 v = 22  →  21 Band P(11) 1607,1608

6.3962250 1563.42218 v = 22  →  21 Band P(12) 1607

6.4001617 1562.46053 v = 23  →  22 Band P(5) 1607–8,1615

6.4134951 1559.21223 v = 23  →  22 Band P(6) 1607

6.4252787 1556.35273 v = 22  →  21 Band P(14) 1607

6.4270247 1555.92993 v = 23  →  22 Band P(7) 1607,1608



12C16O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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6.4401094 1552.76866 v = 22  →  21 Band P(15) 1607

6.4407519 1552.61374 v = 23  →  22 Band P(8) 1607,1608,6950

6.4546785 1549.26384 v = 23  →  22 Band P(9) 1607,1608,6950

6.4551449 1549.15189 v = 22  →  21 Band P(16) 1607

6.4688059 1545.88036 v = 23  →  22 Band P(10) 1607,1608,6950

6.4703872 1545.50257 v = 22  →  21 Band P(17) 1607

6.4831358 1542.46344 v = 23  →  22 Band P(11) 1607

6.5014990 1538.10682 v = 22  →  21 Band P(19) 6950

6.5024278 1537.88714 v = 24  →  23 Band P(5) 1607–8,1615

6.5124098 1535.52990 v = 23  →  22 Band P(13) 1607,6950

6.5160430 1534.67373 v = 24  →  23 Band P(6) 1607,1608

6.5273573 1532.01357 v = 23  →  22 Band P(14) 1607,6950

6.5298604 1531.42630 v = 24  →  23 Band P(7) 1607,1608

6.5425142 1528.46439 v = 23  →  22 Band P(15) 1607

6.5438816 1528.14500 v = 24  →  23 Band P(8) 1607,1608,6950

6.5578823 1524.88251 v = 23  →  22 Band P(16) 1607

6.5581082 1524.82997 v = 24  →  23 Band P(9) 1607,1608,6950

6.5871843 1518.09931 v = 24  →  23 Band P(11) 1607–8,1615

6.6020372 1514.68397 v = 24  →  23 Band P(12) 1607,1608,6950

6.6052724 1513.94211 v = 23  →  22 Band P(19) 6950

6.6076758 1513.39143 v = 25  →  24 Band P(5) 1607–8,1615

6.6171024 1511.23550 v = 24  →  23 Band P(13) 1607,1608

6.6215830 1510.21290 v = 25  →  24 Band P(6) 1607,1608

6.6356986 1507.00034 v = 25  →  24 Band P(7) 1607

6.6478767 1504.23970 v = 24  →  23 Band P(15) 1607,6950

6.6500243 1503.75389 v = 25  →  24 Band P(8) 1607,1608

6.6645619 1500.47371 v = 25  →  24 Band P(9) 1607,1608,6950

6.6793131 1497.15995 v = 25  →  24 Band P(10) 1607,1608,6950

6.6942795 1493.81274 v = 25  →  24 Band P(11) 1607,1608,6950

6.7020521 1492.08031 v = 26  →  25 Band P(4) 1607–8,1615

6.7094630 1490.43223 v = 25  →  24 Band P(12) 1607,1608,6950

6.7248655 1487.01858 v = 25  →  24 Band P(13) 1607

6.7302579 1485.82716 v = 26  →  25 Band P(6) 1607,1608

6.7404888 1483.57192 v = 25  →  24 Band P(14) 1607,6950

6.7446826 1482.64945 v = 26  →  25 Band P(7) 1607,1608

6.7563349 1480.09241 v = 25  →  24 Band P(15) 1607,1615,6950

6.7593242 1479.43785 v = 26  →  25 Band P(8) 1607,1608

6.7724057 1476.58018 v = 25  →  24 Band P(16) 1607

6.7892647 1472.91355 v = 26  →  25 Band P(10) 1607,1608,6950

6.8045673 1469.60115 v = 26  →  25 Band P(11) 1607,1608



12C16O Laser—continued
Wavelength

( m) vac
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6.8052295 1469.45817 v = 25  →  24 Band P(18) 6950

6.8200940 1466.25544 v = 26  →  25 Band P(12) 1607,1608,6950

6.8358467 1462.87658 v = 26  →  25 Band P(13) 1607,1608,6950

6.8389768 1462.20704 v = 25  →  24 Band P(20) 6950

6.8422221 1461.51350 v = 27  →  26 Band P(6) 1607–8,1615

6.8518273 1459.46470 v = 26  →  25 Band P(14) 1607,6950

6.8680378 1456.01995 v = 26  →  25 Band P(15) 1607

6.8719367 1455.19384 v = 27  →  26 Band P(8) 1607

6.8844803 1452.54247 v = 26  →  25 Band P(16) 1607

6.8871316 1451.98330 v = 27  →  26 Band P(9) 1607,1608

6.9025539 1448.73914 v = 27  →  26 Band P(10) 1607,1608

6.9182057 1445.46151 v = 27  →  26 Band P(11) 1607,1608,6950

6.9340887 1442.15056 v = 27  →  26 Band P(12) 1607,1608

6.9427938 1440.34236 v = 28  →  27 Band P(5) 1607,1608

6.9428408 1440.3326 v = 28  →  27 Band P(5) 1607–8,1615

6.9502052 1438.80644 v = 27  →  26 Band P(13) 1607

6.9665570 1435.42929 v = 27  →  26 Band P(14) 1607

6.9727211 1434.16033 v = 28  →  27 Band P(7) 1607,1608

6.9831463 1432.01925 v = 27  →  26 Band P(15) 1607,6950

6.9880306 1431.01835 v = 28  →  27 Band P(8) 1607,1608,6950

7.0035732 1427.84258 v = 28  →  27 Band P(9) 1607–8,1615

7.0193507 1424.63318 v = 28  →  27 Band P(10) 1607,1608

7.0353653 1421.39030 v = 28  →  27 Band P(11) 1607,1608

7.0516189 1418.11407 v = 28  →  27 Band P(12) 1607,6950

7.0681136 1414.80464 v = 28  →  27 Band P(13) 1607

7.0767012 1413.08777 v = 29  →  28 Band P(6) 1607,1608,1615

7.0848516 1411.46217 v = 28  →  27 Band P(14) 1607

7.0921255 1410.01453 v = 29  →  28 Band P(7) 1607,1608

7.1018350 1408.08679 v = 28  →  27 Band P(15) 1607

7.1077887 1406.90733 v = 29  →  28 Band P(8) 1607,1608

7.1190660 1404.67865 v = 28  →  27 Band P(16) 1607,6950

7.1236928 1403.76632 v = 29  →  28 Band P(9) 1607,1608,6950

7.1398398 1400.59165 v = 29  →  28 Band P(10) 1607,1608,6950

7.1562318 1397.38346 v = 29  →  28 Band P(11) 1607,1608

7.1728710 1394.14191 v = 29  →  28 Band P(12) 1607,1615,6950

7.1897594 1390.86713 v = 29  →  28 Band P(13) 1607,6950

7.1995946 1388.96709 v = 30  →  29 Band P(6) 1607–8,1615

7.2068993 1387.55928 v = 29  →  28 Band P(14) 1607

7.2153787 1385.92864 v = 30  →  29 Band P(7) 1607,1608

7.2242930 1384.21850 v = 29  →  28 Band P(15) 1607,6950



12C16O Laser—continued
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7.2314099 1382.85620 v = 30  →  29 Band P(8) 1607,1608

7.2419428 1380.84493 v = 29  →  28 Band P(16) 1607

7.2476902 1379.74992 v = 30  →  29 Band P(9) 1607,1608,6950

7.2642218 1376.60994 v = 30  →  29 Band P(10) 1607,1608,6950

7.2810069 1373.43642 v = 30  →  29 Band P(11) 1607

7.2980475 1370.22950 v = 30  →  29 Band P(12) 1607

7.3106328 1367.87065 v = 31  →  30 Band P(5) 1607,1615

7.3153461 1366.98932 v = 30  →  29 Band P(13) 1607,6950

7.3265378 1364.90116 v = 31  →  30 Band P(6) 1607,1608

7.3329049 1363.71603 v = 30  →  29 Band P(14) 1607

7.3426965 1361.89750 v = 31  →  30 Band P(7) 1607,1608,6950

7.3507264 1360.40978 v = 30  →  29 Band P(15) 1607,6950

7.3591109 1358.85980 v = 31  →  30 Band P(8) 1607,1608

7.3688128 1357.07070 v = 30  →  29 Band P(16) 1607

7.3757832 1355.78822 v = 31  →  30 Band P(9) 1607,1608

7.3927156 1352.68291 v = 31  →  30 Band P(10) 1607,1608

7.4099103 1349.54401 v = 31  →  30 Band P(11) 1607

7.4273696 1346.37166 v = 31  →  30 Band P(12) 1607,6950

7.4414791 1343.81887 v = 32  →  31 Band P(5) 1607,1615

7.4450960 1343.16602 v = 31  →  30 Band P(13) 1607

7.4577655 1340.88421 v = 32  →  31 Band P(6) 1607,1608

7.4630918 1339.92724 v = 31  →  30 Band P(14) 6950

7.4743146 1337.91532 v = 32  →  31 Band P(7) 1607,1608

7.4911285 1334.91235 v = 32  →  31 Band P(8) 1607–8,1615,6950

7.5082096 1331.87545 v = 32  →  31 Band P(9) 1607,1608,6950

7.5255600 1328.80476 v = 32  →  31 Band P(10) 1607,1608,6950

7.5431822 1325.70044 v = 32  →  31 Band P(11) 1607,1608

7.5935345 1316.90981 v = 33  →  32 Band P(6) 1607,1615

7.5977040 1316.18711 v = 32  →  31 Band P(14) 6950

7.6104909 1313.97569 v = 33  →  32 Band P(7) 1607,1608

7.6277219 1311.00743 v = 33  →  32 Band P(8) 1607,1608

7.6354566 1309.67937 v = 32  →  31 Band P(16) 6950

7.6452297 1308.00518 v = 33  →  32 Band P(9) 1607,1608

7.6630168 1304.96908 v = 33  →  32 Band P(10) 1607,1608

7.6810857 1301.89930 v = 33  →  32 Band P(11) 1608,6950

7.7180788 1295.65922 v = 33  →  32 Band P(13) 6950

7.7341267 1292.97080 v = 34  →  33 Band P(6) 1608,1615

7.7515087 1290.07145 v = 34  →  33 Band P(7) 1608

7.7691754 1287.13789 v = 34  →  33 Band P(8) 1608,1615,6950

7.7871294 1284.17027 v = 34  →  33 Band P(9) 1608,6950



12C16O Laser—continued
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7.8053731 1281.16873 v = 34  →  33 Band P(10) 1608,6950

7.8239092 1278.13344 v = 34  →  33 Band P(11) 1608

7.8427404 1275.06452 v = 34  →  33 Band P(12) 6950

7.8798521 1269.05935 v = 35  →  34 Band P(6) 1608,1615

7.8976792 1266.19476 v = 35  →  34 Band P(7) 1608

7.9158019 1263.29589 v = 35  →  34 Band P(8) 1608,6950

7.9529448 1257.39587 v = 35  →  34 Band P(10) 1608,6950

8.0310527 1245.16677 v = 36  →  35 Band P(6) 1608,1615

8.0493460 1242.33696 v = 36  →  35 Band P(7) 1608

8.0679465 1239.47277 v = 36  →  35 Band P(8) 1608

8.0868571 1236.57434 v = 36  →  35 Band P(9) 1608

8.1060805 1233.64183 v = 36  →  35 Band P(10) 1608

8.2068887 1218.48856 v = 37  →  36 Band P(7) 1608,1615

8.2259907 1215.65905 v = 37  →  36 Band P(8) 1608

8.2454152 1212.79520 v = 37  →  36 Band P(9) 1608

8.2651654 1209.89715 v = 37  →  36 Band P(10) 1608

13C16O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.3032817 1885.6249 v = 7 →  6 Band P(16) 1616

5.3145120 1881.6403 v = 7 →  6 Band P(17) 1616

5.3258763 1877.6253 v = 7 →  6 Band P(18) 1616

5.3284263 1876.7267 v = 8 →  7 Band P(12) 1616

5.3373755 1873.5900 v = 7 →  6 Band P(19) 1616

5.3393194 1872.8979 v = 8 →  7 Band P(13) 1616

5.3615063 1865.1475 v = 8 →  7 Band P(15) 1616

5.3728021 1861.2262 v = 8 →  7 Band P(16) 1616

5.3770194 1859.7664 v = 9 →  8 Band P(10) 1616

5.3842343 1857.2743 v = 8 →  7 Band P(17) 1616

5.3878364 1856.0326 v = 9 →  8 Band P(11) 1616

5.3958038 1853.2920 v = 8 →  7 Band P(18) 1616

5.3987880 1852.2676 v = 9 →  8 Band P(12) 1616

5.4075114 1849.2795 v = 8 →  7 Band P(19) 1616

5.4098751 1848.4715 v = 9 →  8 Band P(13) 1616

5.4324602 1840.7866 v = 9 →  8 Band P(15) 1616

5.4377867 1838.9835 v = 10  →  9 Band P(9) 1616

5.4439604 183&9980 v = 9 →  8 Band P(16) 1616

5.4486595 1835.3138 v = 10  →  9 Band P(10) 1616



13C16O Laser—continued
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( m) vac
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5.4556237 1832.9710 v = 9 →  8 Band P(17) 1616

5.4596692 1831.6128 v = 10  →  9 Band P(11) 1616

5.4673804 1829.0295 v = 9 →  8 Band P(18) 1616

5.4708172 1827.8805 v = 10  →  9 Band P(12) 1616

5.4821042 1924.1171 v = 10  →  9 Band P(13) 1616

5.4913685 1821.0397 v = 9 →  8 Band P(20) 1616

5.4935308 1820.3229 v = 10  →  9 Band P(14) 1616

5.5000140 1818.1772 v = 11  →  10 Band P(8) 1616

5.5035779 1816.9998 v = 9 →  8 Band P(21) 1616

5.5050989 1816.4978 v = 10  →  9 Band P(15) 1616

5.5109423 1814.5717 v = 11  →  10 Band P(9) 1616

5.5168092 1812.6420 v = 10  →  9 Band P(16) 1616

5.5220103 1810.9347 v = 11  →  10 Band P(10) 1616

5.5286626 1808.7557 v = 10  →  9 Band P(17) 1616

5.5332186 1807.2664 v = 11  →  10 Band P(11) 1616

5.5406607 1804.8389 v = 10  →  9 Band P(18) 1616

5.5445687 1803.5668 v = 11  →  10 Band P(12) 1616

5.5528041 1800-8919 v = 10  →  9 Band P(19) 1616

5.5560612 1799.8362 v = 11  →  10 Band P(13) 1616

5.5676972 1796.0747 v = 11  →  10 Band P(14) 1616

5.5747348 1793.8073 v = 12  →  11 Band P(8) 1616

5.5794779 1792.2824 v = 11  →  10 Band P(15) 1616

5.5858604 1790.2345 v = 12  →  11 Band P(9) 1616

5.5914045 1788.4594 v = 11  →  10 Band P(16) 1616

5.5971292 1786.6302 v = 12  →  11 Band P(10) 1616

5.6034784 1784.6058 v = 11  →  10 Band P(17) 1616

5.6085416 1782.9947 v = 12  →  11 Band P(11) 1616

5.6200996 1779.3279 v = 12  →  11 Band P(12) 1616

5.6280714 1776.8076 v = 11  →  10 Band P(19) 1616

5.6436555 1771.9012 v = 12  →  11 Band P(14) 1616

5.6512718 1769.5132 v = 13  →  12 Band P(8) 1616

5.6626004 1765.9731 v = 13  →  12 Band P(9) 1616

5.6660928 1764.8846 v = 11  →  10 Band P(22) 1616

5.6678052 1764.3514 v = 12  →  11 Band P(16) 1616

5.6740756 1762.4016 v = 13  →  12 Band P(10) 1616

5.6801058 1760.5306 v = 12  →  11 Band P(17) 1616

5.6856987 1758.7988 v = 13  →  12 Band P(11) 1616

5.6974710 1755.1647 v = 13  →  12 Band P(12) 1616

5.7051640 1752.7980 v = 12  →  11 Band P(19) 1616



13C16O Laser—continued
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5.7214666 1747.8036 v = 13  →  12 Band P(14) 1616

5.7296871 1745.2960 v = 14  →  13 Band P(8) 1616

5.7308403 1744.9448 v = 12  →  11 Band P(21) 1616

5.7336925 1744.0768 v = 13  →  12 Band P(15) 1616

5.7412249 1741.7886 v = 14  →  13 Band P(9) 1616

5.7460720 1740.3193 v = 13  →  12 Band P(16) 1616

5.7529127 1738.2499 v = 14  →  13 Band P(10) 1616

5.7586063 1736.5313 v = 13  →  12 Band P(17) 1616

5.7712966 1732.7129 v = 13  →  12 Band P(18) 1616

5.7767459 1731.0784 v = 14  →  13 Band P(12) 1616

5.7841443 1728.8642 v = 13  →  12 Band P(19) 1616

5.7888926 1727.4461 v = 14  →  13 Band P(13) 1616

5.7971505 1724.9854 v = 13  →  12 Band P(20) 1616

5.7984477 1724.5995 v = 15  →  14 Band P(7) 1616

5.8011949 17217829 v = 14  →  13 Band P(14) 1616

5.8100469 1721.1565 v = 15  →  14 Band P(8) 1616

5.8103166 1721.0766 v = 13  →  12 Band P(21) 1616

5.8136537 1720.0887 v = 14  →  13 Band P(15) 1616

5.8262700 1716.3640 v = 14  →  13 Band P(16) 1616

5.8337074 1714.1758 v = 15  →  14 Band P(10) 1616

5.8390454 1712.6087 v = 14  →  13 Band P(17) 1616

5.8457708 1710.6394 v = 15  →  14 Band P(11) 1616

5.8519808 1708.8231 v = 14  →  13 Band P(18) 1616

5.8579913 1707.0698 v = 15  →  14 Band P(12) 1616

5.8650779 1705.0072 v = 14  →  13 Band P(19) 1616

5.8703698 1703.4702 v = 15  →  14 Band P(13) 1616

5.8924207 1697.0954 v = 16  →  15 Band P(8) 1616

5.9043954 1693.6535 v = 16  →  15 Band P(9) 1616

5.9084670 1692.4864 v = 15  →  14 Band P(16) 1616

5.9214909 1688.7639 v = 15  →  14 Band P(17) 1616

5.9288227 1686.6755 v = 16  →  15 Band P(11) 1616

5.9480336 1681.2279 v = 15  →  14 Band P(19) 1616

5.9538949 1679.5728 v = 16  →  15 Band P(13) 1616

5.9615550 1677.4147 v = 15  →  14 Band P(20) 1616

5.9648404 1676.4908 v = 17  →  16 Band P(7) 1616

5.9666761 1675.9750 v = 16  →  15 Band P(14) 1616

5.9752452 1673.5715 v = 15  →  14 Band P(21) 1616

5.9768819 1673.1132 v = 17  →  16 Band P(8) 1616

5.9796224 1672.3464 v = 16  →  15 Band P(15) 1616

5.9927349 1668.6872 v = 16  →  15 Band P(16) 1616
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6.0014521 1666.2634 v = 17  →  16 Band P(10) 1616

6.0060150 1664.9975 v = 16  →  15 Band P(17) 1616

6.0194643 1661.2774 v = 16  →  15 Band P(18) 1616

6.0266802 1659.2883 v = 17  →  16 Band P(12) 1616

6.0330839 1657.5271 v = 16  →  15 Band P(19) 1616

6.0395438 1655.7542 v = 17  →  16 Band P(13) 1616

6.0635085 1649.2102 v = 18  →  17 Band P(8) 1616

6.0657774 1648.5933 v = 17  →  16 Band P(15) 1616

6.0791497 1644.9669 v = 17  →  16 Band P(16) 1616

6.0885551 1642.4258 v = 18  →  17 Band P(10) 1616

6.0926946 1641.3099 v = 17  →  16 Band P(17) 1616

6.1013312 1638.9966 v = 18  →  17 Band P(11) 1616

6.1203065 1633.9051 v = 17  →  16 Band P(19) 1616

6.1273954 1632.0148 v = 18  →  17 Band P(13) 1616

6.1398711 1628.6987 v = 19  →  18 Band P(7) 1616

6.1406862 1628.4825 v = 18  →  17 Band P(14) 1616

6.1523828 1625.3865 v = 19  →  18 Band P(8) 1616

6.1541514 1624.9194 v = 18  →  17 Band P(15) 1616

6.1650658 1622.0427 v = 19  →  18 Band P(9) 1616

6.1677922 1621.3257 v = 18  →  17 Band P(16) 1616

6.1779214 1618.6674 v = 19  →  18 Band P(10) 1616

6.1816101 1617.7015 v = 18  →  17 Band P(17) 1616

6.1909503 1615.2609 v = 19  →  18 Band P(11) 1616

6.1956064 1614.0470 v = 18  →  17 Band P(18) 1616

6.2041540 1611.8233 v = 19  →  18 Band P(12) 1616

6.2097831 1610.3622 v = 18  →  17 Band P(19) 1616

6.2175344 1608.3546 v = 19  →  18 Band P(13) 1616

6.2308351 1604.9213 v = 20  →  19 Band P(7) 1616

6.2310925 1604.8550 v = 19  →  18 Band P(14) 1616

6.2435937 1601.6417 v = 20  →  19 Band P(8) 1616

6.2448297 1601.3247 v = 19  →  18 Band P(15) 1616

6.2565279 1598.3306 v = 20  →  19 Band P(9) 1616

6.2587474 1597.7639 v = 19  →  18 Band P(16) 1616

6.2696393 1594.9981 v = 20  →  19 Band P(10) 1616

6.2728473 1594.1724 v = 19  →  18 Band P(17) 1616

6.2829292 1591.6143 v = 20  →  19 Band P(11) 1616

6.2963990 1588.2094 v = 20  →  19 Band P(12) 1616

6.3015999 1586.8986 v = 19  →  18 Band P(19) 1616

6.3100504 1584.7734 v = 20  →  19 Band P(13) 1616

6.3238843 1581.3066 v = 20  →  19 Band P(14) 1616
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6.3372336 1577.9756 v = 21  →  20 Band P(8) 1616

6.3379027 1577.8090 v = 20  →  19 Band P(15) 1616

6.3504272 1574.6972 v = 21  →  20 Band P(9) 1616

6.3521065 1574.2809 v = 20  →  19 Band P(16) 1616

6.3638031 1571.3874 v = 21  →  20 Band P(10) 1616

6.3664982 1570.7222 v = 20  →  19 Band P(17) 1616

6.3773627 1568.0463 v = 21  →  20 Band P(11) 1616

6.3810785 1567.1332 v = 20  →  19 Band P(18) 1616

6.4050388 1561.2708 v = 21  →  20 Band P(13) 1616

6.4468647 1551.1416 v = 22  →  21 Band P(9) 1616

6.4479667 1550.8765 v = 21  →  20 Band P(16) 1616

6.4605142 1547.8644 v = 22  →  21 Band P(10) 1616

6.4626595 1547.3506 v = 21  →  20 Band P(17) 1616

6.4743525 1544.5560 v = 22  →  21 Band P(11) 1616

6.4883811 1541.2165 v = 22  →  21 Band P(12) 1616

6.5026017 1537.8460 v = 22  →  21 Band P(13) 1616

6.5170156 1534.4447 v = 22  →  21 Band P(14) 1616

6.5316249 1531.0126 v = 22  →  21 Band P(15) 1616

6.5598797 1524.4182 v = 23  →  22 Band P(10) 1616

6.5614352 1524.0568 v = 22  →  21 Band P(17) 1616

6.6028484 1514.4979 v = 23  →  22 Band P(13) 1616

6.6175674 1511.1293 v = 23  →  22 Band P(14) 1616

D79Br Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.56886 1795.70 v = 1 →  0 Band P(5) 1621

5.59785 1786.40 v = 1 →  0 Band P(6) 1621

5.62762 1776.95 v = 1 →  0 Band P(7) 1621

5.65822 1767.34 v = 1 →  0 Band P(8) 1621

5.68961 1757.59 v = 1 →  0 Band P(9) 1621

5.7110 1751.0 v = 2 →  1 Band P(5) 1621

5.7409 1741.9 v = 2 →  1 Band P(6) 1621

5.7717 1732.6 v = 2 →  1 Band P(7) 1621

5.8025 1723.4 v = 3 →  2 Band P(3) 1621

5.8035 1723.1 v = 2 →  1 Band P(8) 1621

5.8319 1714.7 v = 3 →  2 Band P(4) 1621

5.8360 1713.1 v = 2 →  1 Band P(9) 1621

5.86197 1705.91 v = 3 →  2 Band P(5) 1621,1622
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D79Br Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.89282 1696.98 v = 3 →  2 Band P(6) 1621,1622

5.92456 1687.89 v = 3 →  2 Band P(7) 1621,1622

5.95735 1678.60 v = 3 →  2 Band P(8) 1621,1622

5.9909 1669.2 v = 3 →  2 Band P(9) 1621

6.02090 1660.88 v = 4 →  3 Band P(5) 1621,1622

6.0255 1659.6 v = 3 →  2 Band P(10) 1621

6.05290 1652.10 v = 4 →  3 Band P(6) 1621,1622

6.08576 1643.18 v = 4 →  3 Band P(7) 1621,1622

6.11995 1634.00 v = 4 →  3 Band P(8) 1621,1622

6.15460 1624.80 v = 4 →  3 Band P(9) 1621,1622

6.19034 1615.42 v = 4 →  3 Band P(10) 1621,1622

6.22723 1605.85 v = 4 →  3 Band P(11) 1621,1622

6.25657 1598.32 v = 5 →  4 Band P(7) 1621,1622

6.2909 1589.41 v = 5 →  4 Band P(10) 1621

6.29164 1580.31 v = 5 →  4 Band P(8) 1621,1622

6.32787 1589.6 v = 5 →  4 Band P(9) 1621,1622

D81Br Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.57038 1795.21 v = 1 →  0 Band P(5) 1623

5.59939 1785.91 v = 1 →  0 Band P(6) 1623

5.62914 1776.47 v = 1 →  0 Band P(7) 1623

5.65973 1766.87 v = 1 →  0 Band P(8) 1623

5.69113 1757.12 v = 1 →  0 Band P(9) 1623

5.7127 1750.5 v = 2 →  1 Band P(5) 1623

5.7435 1741.1 v = 2 →  1 Band P(6) 1623

5.7733 1732.1 v = 2 →  1 Band P(7) 1623

5.8042 1722.9 v = 3 →  2 Band P(3) 1623

5.80528 1722.57 v = 2 →  1 Band P(8) 1623,1624

5.8336 1714.2 v = 3 →  2 Band P(4) 1623

5.8374 1713.1 v = 2 →  1 Band P(9) 1623

5.86362 1705.43 v = 3 →  2 Band P(5) 1623,1624

5.89442 1696.52 v = 3 →  2 Band P(6) 1623,1624

5.92610 1687.45 v = 3 →  2 Band P(7) 1623,1624

5.95901 1678.13 v = 3 →  2 Band P(8) 1623,1624

5.9927 1668.7 v = 3 →  2 Band P(9) 1623

6.02246 1660.45 v = 4 →  3 Band P(5) 1623,1624
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D81Br Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

6.0274 1659.1 v = 3 →  2 Band P(10) 1623

6.05440 1651.69 v = 4 →  3 Band P(6) 1623,1624

6.08732 1642.76 v = 4 →  3 Band P(7) 1623,1624

6.12156 1633.57 v = 4 →  3 Band P(8) 1623,1624

6.15616 1624.39 v = 4 →  3 Band P(9) 1623,1624

6.19184 1615.03 v = 4 →  3 Band P(10) 1623,1624

6.22374 1606.75 v = 5 →  4 Band P(6) 1623,1624

6.22886 1605.43 v = 4 →  3 Band P(11) 1623,1624

6.25810 1597.93 v = 5 →  4 Band P(7) 1623,1624

6.2925 1589.01 v = 5 →  4 Band P(10) 1623

6.29323 1579.92 v = 5 →  4 Band P(8) 1623,1624

6.32943 1589.2 v = 5 →  4 Band P(9) 1623,1624

D35Cl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.00310 1998.76 v = 1 →  0 Band P(8) 1632

5.03438 1986.34 v = 1 →  0 Band P(9) 1632

5.04452 1982.35 v = 2 →  1 Band P(5) 1633

5.06673 1973.66 v = 1 →  0 Band P(10) 1632

5.07429 1970.72 v = 2 →  1 Band P(6) 1632,1633

5.10001 1960.78 v = 1 →  0 Band P(11) 1632

5.10491 1958.90 v = 2 →  1 Band P(7) 1632–1634

5.1222 1952.3 v = 3 →  2 Band P(3) 1632

5.13408 1947.77 v = 1 →  0 Band P(12) 1632

5.13627 1946.94 v = 2 →  1 Band P(8) 1632–1634

5.15105 1941.35 v = 3 →  2 Band P(4) 1632–1634

5.16884 1934.67 v = 2 →  1 Band P(9) 1632–1634

5.16908 1934.58 v = 1 →  0 Band P(13) 1632

5.18108 1930.10 v = 3 →  2 Band P(5) 1632–1634

5.2021 1922.3 v = 2 →  1 Band P(10) 1632

5.21178 1918.73 v = 3 →  2 Band P(6) 1632,1633

5.24348 1907.13 v = 3 →  2 Band P(7) 1632,1633

5.27601 1895.37 v = 3 →  2 Band P(8) 1632,1633

5.30969 1883.35 v = 3 →  2 Band P(9) 1632,1633

5.32445 1878.13 v = 4 →  3 Band P(5) 1632,1633

5.34431 1871.15 v = 3 →  2 Band P(10) 1632,1633

5.35616 1867.01 v = 4 →  3 Band P(6) 1632,1633
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D35Cl Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.37990 1858.77 v = 3 →  2 Band P(11) 1633

5.38892 1855.66 v = 4 →  3 Band P(7) 1632,1633

5.4227 1844.1 v = 4 →  3 Band P(8) 1632

5.45771 1832.27 v = 4 →  3 Band P(9) 1632,1633

5.49348 1820.34 v = 4 →  3 Band P(10) 1632,1633

5.50849 1815.38 v = 5 →  4 Band P(6) 1633

5.53036 1808.20 v = 4 →  3 Band P(11) 1632,1633

5.54228 1804.31 v = 5 →  4 Band P(7) 1633

5.57759 1792.89 v = 5 →  4 Band P(8) 1633

5.61369 1781.36 v = 5 →  4 Band P(9) 1633

D37Cl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.00984 1996.07 v = 1 →  0 Band P(8) 1635

5.04124 1983.64 v = 1 →  0 Band P(9) 1635

5.05140 1979.65 v = 2 →  1 Band P(5) 1636

5.07357 1971.00 v = 1 →  0 Band P(10) 1635

5.08109 1968.08 v = 2 →  1 Band P(6) 1635,1636

5.10673 1958.20 v = 1 →  0 Band P(11) 1635

5.11182 1956.25 v = 2 →  1 Band P(7) 1635,1636

5.14070 1945.26 v = 1 →  0 Band P(12) 1635

5.14311 1944.35 v = 2 →  1 Band P(8) 1635,1636

5.1578 1938.8 v = 3 →  2 Band P(4) 1635

5.1757 1932.1 v = 2 →  1 Band P(9) 1635

5.18791 1927.56 v = 3 →  2 Band P(5) 1635,1636

5.2089 1919.8 v = 2 →  1 Band P(10) 1635

5.21855 1916.24 v = 3 →  2 Band P(6) 1635,1636

5.25025 1904.67 v = 3 →  2 Band P(7) 1635,1636

5.28287 1892.91 v = 3 →  2 Band P(8) 1635,1636

5.3163 1881.0 v = 3 →  2 Band P(9) 1635

5.36294 1864.65 v = 4 →  3 Band P(6) 1636

5.39561 1853.36 v = 4 →  3 Band P(7) 1636

5.42950 1841.79 v = 4 →  3 Band P(8) 1636
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DF Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

1.836 5447 v = 3 →  1 Band P(4) 1649

1.844 5423 v = 3 →  1 Band P(5) 1649

1.854 5394 v = 3 →  1 Band P(6) 1649

3.49327 2862.65 v = 1 →  0 Band P(2) 1650

3.52140 2839.78 v = 1 →  0 Band P(3) 1650

3.55068 2816.36 v = 1 →  0 Band P(4) 1650

3.58110 2792.44 v = 1 →  0 Band P(5) 1650

3.61283 2767.91 v = 1 →  0 Band P(6) 1650

3.63630 2750.05 v = 2 →  1 Band P(3) 1652,1653

3.64560 2743.03 v = 1 →  0 Band P(7) 1650

3.66652 2727.38 v = 2 →  1 Band P(4) 1652,1653

3.67980 2717.54 v = 1 →  0 Band P(8) 1650,1651

3.69825 2703.98 v = 2 →  1 Band P(5) 1652,1653

3.71552 2691.41 v = 1 →  0 Band P(9) 1651,1652

3.73095 2680.28 v = 2 →  1 Band P(6) 1652,1653

3.75199 2665.25 v = 1 →  0 Band P(10) 1651,1652

3.75633 2662.17 v = 3 →  2 Band P(3) 1652,1653

3.76510 2655.97 v = 2 →  1 Band P(7) 1652,1653

3.78782 2640.04 v = 3 →  2 Band P(4) 1652,1653

3.79018 2611.10 v = 1 →  0 Band P(11) 1651,1652

3.80071 2631.09 v = 2 →  1 Band P(8) 1651–1653

3.82057 2617.41 v = 3 →  2 Band P(5) 1652,1653

3.82980 2583.7 v = 1 →  0 Band P(12) 1651–1653

3.83749 2605.87 v = 2 →  1 Band P(9) 1651–1653

3.8502 2597.3 v = 4 →  3 Band P(2) 1652

3.85471 2594.23 v = 3 →  2 Band P(6) 1652,1653

3.8704 2555.7 v = 1 →  0 Band P(13) 1652

3.87573 2580.19 v = 2 →  1 Band P(10) 1651–1653

3.8816 2576.2 v = 4 →  3 Band P(3) 1652

3.89028 2570.51 v = 3 →  2 Band P(7) 1652,1653

3.9128 2555.7 v = 1 →  0 Band P(14) 1652

3.9145 2554.6 v = 4 →  3 Band P(4) 1652

3.91547 2553.97 v = 2 →  1 Band P(11) 1651–1653

3.92716 2546.37 v = 3 →  2 Band P(8) 1651–1653

3.94867 2532.50 v = 4 →  3 Band P(5) 1652,1653

3.95653 2527.47 v = 2 →  1 Band P(12) 1651–1653

3.95717 2527.06 v = 1 →  0 Band P(15) 1652,1653
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DF Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

3.96541 2521.81 v = 3 →  2 Band P(9) 1651–1653

3.98429 2509.86 v = 4 →  3 Band P(6) 1652,1653

3.99949 2500.32 v = 2 →  1 Band P(13) 1652,1653

4.00317 2498.02 v = 1 →  0 Band P(16) 1652,1653

4.00543 2496.61 v = 3 →  2 Band P(10) 1651,1652,1653

4.02118 2486.83 v = 4 →  3 Band P(7) 1652,1653

4.0434 2473.2 v = 2 →  1 Band P(14) 1652

4.04639 2471.34 v = 3 →  2 Band P(11) 1651,1652,1653

4.0491 2469.7 v = 1 →  0 Band P(17) 1652

4.0594 2463.4 v = 4 →  3 Band P(8) 1652

4.0892 2445.5 v = 2 →  1 Band P(15) 1652

4.08949 2445.29 v = 3 →  2 Band P(12) 1652,1653

4.1336 2419.2 v = 3 →  2 Band P(13) 1652

4.13690 2417.27 v = 2 →  1 Band P(16) 1652,1653

4.17980 2392.46 v = 3 →  2 Band P(14) 1652,1653

4.18622 2388.79 v = 2 →  1 Band P(17) 1653

HBr Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

19.399 51.549 6960

19.988 50.030 6960

20.360 49.116 6960

20.896 47.773 6960

20.949 46.509 6960

21.501 46.412 6960

21.546 45.175 6960

22.136 44.992 6960

22.226 43.754 6960

22.855 42.669 6960

23.436 33.573 6960

29.786 33.846 6960

30.445 32.312 6960

30.948 31.880 6960

31.368 31.398 6960

31.849 30.799 6960

32.469 30.489 6960

32.799 29.932 6960

33.409 24.676 6960
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H79Br Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.01703 2489.40 v = 1 →  0 Band P(4) 1619,1620

4.04699 2470.97 v = 1 →  0 Band P(5) 1619,1620

4.07825 2452.03 v = 1 →  0 Band P(6) 1619,1620

4.11066 2432.70 v = 1 →  0 Band P(7) 1619,1620

4.14424 2412.99 v = 1 →  0 Band P(8) 1619

4.16531 2400.78 v = 2 →  1 Band P(4) 1619,1620

4.19695 2382.68 v = 2 →  1 Band P(5) 1619,1620

4.22947 2364.36 v = 2 →  1 Band P(6) 1619,1620

4.26334 2345.58 v = 2 →  1 Band P(7) 1619,1620

4.29880 2326.23 v = 2 →  1 Band P(8) 1619,1620

4.32498 2312.15 v = 3 →  2 Band P(4) 1619,1620

4.33539 2306.60 v = 2 →  1 Band P(9) 1619,1620

4.35791 2294.68 v = 3 →  2 Band P(5) 1619,1620

4.39250 2276.61 v = 3 →  2 Band P(6) 1619,1620

4.42813 2258.29 v = 3 →  2 Band P(7) 1619,1620

4.46524 2239.52 v = 3 →  2 Band P(8) 1619,1620

4.50410 2220.20 v = 3 →  2 Band P(9) 1619

4.53295 2206.07 v = 4 →  3 Band P(5) 1619,1620

4.56911 2188.61 v = 4 →  3 Band P(6) 1619,1620

4.60700 2170.61 v = 4 →  3 Band P(7) 1619,1620

4.64626 2152.27 v = 4 →  3 Band P(8) 1619

H81Br Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.01760 2489.05 v = 1 →  0 Band P(4) 1617,1618

4.04755 2470.63 v = 1 →  0 Band P(5) 1617,1618

4.07884 2451.68 v = 1 →  0 Band P(6) 1617,1618

4.11123 2432.36 v = 1 →  0 Band P(7) 1617,1618

4.14477 2412.68 v = 1 →  0 Band P(8) 1617

4.16585 2400.47 v = 2 →  1 Band P(4) 1617,1618

4.17962 2392.56 v = 1 →  0 Band P(9) 1617

4.19754 2382.35 v = 2 →  1 Band P(5) 1617,1618

4.26392 2345.26 v = 2 →  1 Band P(7) 1617,1618

4.29937 2325.92 v = 2 →  1 Band P(8) 1617,1618

4.32554 2311.85 v = 3 →  2 Band P(4) 1617,1618

4.33595 2306.30 v = 2 →  1 Band P(9) 1617,1618

4.35846 2294.39 v = 3 →  2 Band P(5) 1617,1618

4.39306 2276.32 v = 3 →  2 Band P(6) 1617,1618

4.42870 2258.00 v = 3 →  2 Band P(7) 1617,1618
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H81Br Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.46576 2239.26 v = 3 →  2 Band P(8) 1617,1618

4.50467 2219.92 v = 3 →  2 Band P(9) 1617

4.53348 2205.81 v = 4 →  3 Band P(5) 1617,1618

4.56965 2188.35 v = 4 →  3 Band P(6) 1617,1618

4.60755 2170.35 v = 4 →  3 Band P(7) 1617,1618

4.64675 2152.04 v = 4 →  3 Band P(8) 1617

HCl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

13.872 720.88 6959

14.099 709.27 6959

14.343 697.20 6959

16.213 616.79 6959

16.644 600.82 6959

16.765 596.48 6960

17.034 587.06 6960

17.125 583.94 6959

17.492 571.69 6959

17.575 568.99 6960

17.98887 555.96 6959

17.997 555.56 6960

18.035 554.48 6960

18.522 539.90 6959

18.555 538.94 6960

18.593 577.84 6960

19.122 522.96 6960

19.145 522.33 6960

19.183 521.29 6960

19.700 507.61 6959

19.783 505.48 6960

19.821 504.52 6960

20.346 491.50 6959

20.411 489.93 6959

20.999 476.21 6959

21.047 475.13 6959

21.156 472.68 6959
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HCl Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

21.813 458.44 6959

21.971 455.14 6959

22.651 441.48 6959

22.864 437.37 6959

23.571 424.25 6959

23.849 419.30 6959

24.318 411.22 6959

24.583 406.78 6959

24.618 406.21 6959

24.937 401.01 6959

25.704 389.04 6959

26.146 382.47 6959

26.247 381.00 6960

27.508 363.53 6960

H35Cl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

3.572781 2798.940 v = 1 →  0 Band P(4) 1625

3.602617 2775.760 v = 1 →  0 Band P(5) 1625

3.633673 2752.036 v = 1 →  0 Band P(6) 1625

3.665989 2727.777 v = 1 →  0 Band P(7) 1625

3.699583 2703.007 v = 1 →  0 Band P(8) 1625,1626

3.70711 2697.52 v = 2 →  1 Band P(4) 1625–1628

3.734504 2677.732 v = 1 →  0 Band P(9) 1626

3.73830 2675.01 v = 2 →  1 Band P(5) 1625–1628

3.770787 2651.966 v = 1 →  0 Band P(10) 1626

3.77100 2651.82 v = 2 →  1 Band P(6) 1625–1628

3.80499 2628.13 v = 2 →  1 Band P(7) 1625–1628

3.808469 2625.727 v = 1 →  0 Band P(11) 1626

3.84011 2604.09 v = 2 →  1 Band P(8) 1625,1627–28

3.85091 2596.79 v = 3 →  2 Band P(4) 1625,1627–28

3.87684 2579.42 v = 2 →  1 Band P(9) 1625,1627–28

3.88395 2574.70 v = 3 →  2 Band P(5) 1625,1627–28

3.91491 2554.34 v = 2 →  1 Band P(10) 1625,1627–28

3.91810 2552.26 v = 3 →  2 Band P(6) 1625,1627–28

3.95365 2529.31 v = 3 →  2 Band P(7) 1625,1627–28

3.99093 2505.68 v = 3 →  2 Band P(8) 1625,1627–28
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H35Cl Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.00590 2496.32 v = 4 →  3 Band P(4) 1629

4.02951 2481.69 v = 3 →  2 Band P(9) 1625,1627–28

4.04042 2474.99 v = 4 →  3 Band P(5) 1629

4.07644 2453.12 v = 4 →  3 Band P(6) 1629

4.11399 2430.73 v = 4 →  3 Band P(7) 1629

H37Cl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

3.636190 2750.131 v = 1 →  0 Band P(6) 1631

3.668485 2725.921 v = 1 →  0 Band P(7) 1631

3.702069 2701.192 v = 1 →  0 Band P(8) 1631

3.70971 2695.63 v = 2 →  1 Band P(4) 1631

3.736975 2675.961 v = 1 →  0 Band P(9) 1631

3.74079 2673.23 v = 2 →  1 Band P(5) 1630,1631

3.77347 2650.08 v = 2 →  1 Band P(6) 1630,1631

3.80742 2626.45 v = 2 →  1 Band P(7) 1630,1631

3.84249 2602.48 v = 2 →  1 Band P(8) 1630,1631

3.85361 2594.97 v = 3 →  2 Band P(4) 1631

3.88641 2573.07 v = 3 →  2 Band P(5) 1631

3.92049 2550.70 v = 3 →  2 Band P(6) 1630,1631

3.95602 2527.79 v = 3 →  2 Band P(7) 1630

HF Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

1.31258 7618.6 v = 2 →  0 Band P(3) 6834

1.32125 7568.6 v = 2 →  0 Band P(4) 6833

1.33053 7515.8 v = 2 →  0 Band P(5) 6833

1.34043 7460.3 v = 2 →  0 Band P(6) 6833

1.35099 7402.0 v = 2 →  0 Band P(7) 6834

1.36219 7341.1 v = 2 →  0 Band P(8) 6834

1.37282 7284.3 v = 3 →  1 Band P(3) 6835

1.37406 7277.7 v = 2 →  0 Band P(9) 6834

1.38196 7236.1 v = 3 →  1 Band P(4) 6835,6836

1.39175 7185.2 v = 3 →  1 Band P(5) 6835



HF Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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1.44693 6911.2 v = 4 →  2 Band P(4) 6835

1.45730 6862.0 v = 4 →  2 Band P(5) 6835

2.41381 4142.83 v = 1 →  0 Band R(4) 1637,1638

2.43312 4109.95 v = 1 →  0 Band R(3) 1637,1638

2.45381 4075.30 v = 1 →  0 Band R(2) 1637,1638

2.47588 4038.97 v = 1 →  0 Band R(1) 1637,1638

2.55083 3920.29 v = 1 →  0 Band P(1) 1637,1639

2.57885 3877.70 v = 1 →  0 Band P(2) 1637,1639

2.60848 3833.65 v = 1 →  0 Band P(3) 1637–1640

2.63976 3788.23 v = 1 →  0 Band P(4) 1637–1641

2.66679 3749.83 v = 2 →  1 Band P(1) 1637,1640

2.67274 3741.48 v = 1 →  0 Band P(5) 1637–1641

2.69625 3708.86 v = 2 →  1 Band P(2) 1637–

40,1642,1646

2.70752377 3693.41171 v = 1 →  0 Band P(6) 1637–1642,1644

2.72749 3666.38 v = 2 →  1 Band P(3) 1637,1639,1640,

1642,1646

2.74412 3644.16 v = 1 →  0 Band P(7) 1637–39,1640–42

2.76036 3622.71 v = 2 →  1 Band P(4) 1637,1639,1640,

1641,1642,1646

2.78257 3593.90 v = 1 →  0 Band P(8) 1637–8,1640,1642

2.79023 3583.93 v = 3 →  2 Band P(1) 1637,1640

2.79527 3577.47 v = 2 →  1 Band P(5) 1637,1639,1640,

1641,1642,1646

2.82126 3544.51 v = 3 →  2 Band P(2) 1637,1640,1642

2.82310 3542.20 v = 1 →  0 Band P(9) 1637,1642

2.83181 3531.31 v = 2 →  1 Band P(6) 1637,1639,1640,

1641,1642,1646

2.85404 3503.80 v = 3 →  2 Band P(3) 1637,1640,1642

2.86567 3489.59 v = 1 →  0 Band P(10) 1637,1642

2.87057 3483.63 v = 2 →  1 Band P(7) 1637,1639,1640,

1641,1642,1646

2.88889 3461.54 v = 3 →  2 Band P(4) 1637,1640,

1642,1645

2.91026 3436.12 v = 1 →  0 Band P(11) 1637,1642

2.91106 3435.17 v = 2 →  1 Band P(8) 1637,1639,1642

2.92208 3422.22 v = 4 →  3 Band P(1) 1637,1640

2.92555 3418.16 v = 3 →  2 Band P(5) 1637,1640,1642

2.95391 3385.34 v = 2 →  1 Band P(9) 1637,1639,1642

2.95487 3384.24 v = 4 →  3 Band P(2) 1637,1640



HF Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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2.95727 3381.50 v = 1 →  0 Band P(12) 1637,1642,1645

2.96432 3373.46 v = 3 →  2 Band P(6) 1637,1640,1642

2.98961 3344.92 v = 4 →  3 Band P(3) 1637,1640,1648

2.99891 3334.55 v = 2 →  1 Band P(10) 1637,1642,1645

3.00505 3327.73 v = 3 →  2 Band P(7) 1637,1640,1642

3.00642 3326.21 v = 1 →  0 Band P(13) 1637,1642,1645

3.02635 3304.31 v = 4 →  3 Band P(4) 1637,1648

3.04612 3282.86 v = 2 →  1 Band P(11) 1637,1642,1645

3.04819 3280.64 v = 3 →  2 Band P(8) 1637,1640,1642,

1645

3.05820 3269.90 v = 1 →  0 Band P(14) 1637,1642,1645

3.06517 3262.46 v = 4 →  3 Band P(5) 1637,1648

3.09350 3232.58 v = 3 →  2 Band P(9) 1637,1645

3.09580 3220.18 v = 2 →  1 Band P(12) 1637,1642,1645

3.09821 3227.67 v = 5 →  4 Band P(2) 1637,1646,1647

3.10616 3219.41 v = 4 →  3 Band P(6) 1637,1647

3.11255 3212.80 v = 1 →  0 Band P(15) 1637,1642,1645

3.13495 3189.84 v = 5 →  4 Band P(3) 1637,1646

3.14110 3183.60 v = 3 →  2 Band P(10) 1637,1645

3.14802 3176.60 v = 2 →  1 Band P(13) 1637,1642,1645

3.14939 3175.22 v = 4 →  3 Band P(7) 1637,1647

3.16962 3154.95 v = 1 →  0 Band P(16) 1637,1645

3.17387 3150.73 v = 5 →  4 Band P(4) 1637,1646

3.19117 3133.65 v = 3 →  2 Band P(11) 1637,1645

3.20293 3122.14 v = 2 →  1 Band P(14) 1637,1642,1645

3.21501 3110.41 v = 5 →  4 Band P(5) 1637,1646

3.22933 3096.62 v = 1 →  0 Band P(17) 1637,1645

3.24381 3082.79 v = 3 →  2 Band P(12) 1637,1645,1647

3.25849 3068.91 v = 5 →  4 Band P(6) 1637,1646,1648

3.26028 3067.22 v = 2 →  1 Band P(15) 1637,1642,1645

3.29196 3037.70 v = 1 →  0 Band P(18) 1637,1645

3.29913 3031.10 v = 3 →  2 Band P(13) 1637,1645

3.30438 3026.29 v = 5 →  4 Band P(7) 1637,1646

3.32059 3011.51 v = 2 →  1 Band P(16) 1637,1645

3.33348 299.87 v = 6 →  5 Band P(4) 1637,1646,1648

3.37720 2961.03 v = 6 →  5 Band P(5) 1637,1646,1648

10.198 980.58 6968

10.458 956.20 6968

10.582 945.00 6968

10.744 930.75 6968



HF Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.812 924.90 6968

11.057 904.40 6968

11.403 876.96 6968

11.541 866.48 6968

11.785 848.54 6968

11.863 842.96 6960

12.208 819.13 6968

12.262 815.53 6968

12.678 788.77 6968

12.701 786.78 6968

13.188 758.26 6968

13.201 757.52 6968

13.221 756.64 6968

13.728 728.44 6968

13.784 725.48 6968

14.288 699.89 6968

14.441 692.47 6968

15.016 665.56 6968

16.022 624.14 6968

16.444 608.12 6960

16.655 600.42 6960

16.975 589.10 6960

17.095 584.97 6960

17.325 577.20 6960

17.645 566.73 6960

18.085 522.94 6960

18.801 531.89 6968

19.113 523.20 6968

20.134 496.67 6968

20.351 491.38 6968

20.939 477.76 6968

21.699 460.85 6968

21.789 458.95 6968
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NO Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.504 1817 2π1/2v = 2 →  1 Band 1654,1657

5.84618 1710.52 2π3/2v = 6 →  5 Band P(7) 1655,1657

5.85487 1707.98 2π1/2v = 6 →  5 Band P(8) 1655,1657

5.85840 1706.95 2π3/2v = 6 →  5 Band P(8) 1655,1657

5.87058 1703.41 2π3/2v = 6 →  5 Band P(9) 1655,1657

5.87893 1700.99 2π1/2v = 6 →  5 Band P(10) 1655,1657

5.90361 1693.88 2π1/2v = 6 →  5 Band P(12) 1655,1657

5.90831 1692.53 2π3/2v = 6 →  5 Band P(12) 1655,1657

5.94234 1682084 2π3/2v = 7 →  6 Band P(7) 1655,1657

5.95461 1697.37 2π3/2v = 7 →  6 Band P(8) 1655,1657

5.9550 1679.3 2π1/2v = 6 →  5 Band P(16) 1656,1657

5.96317 1676.96 2π1/2v = 7 →  6 Band P(9) 1655–1657

5.96726 1675.81 2π3/2v = 7 →  6 Band P(9) 1655,1657

5.97564 1673.46 2π1/2v = 7 →  6 Band P(10) 1655–1657

5.97990 1672.27 2π3/2v = 7 →  6 Band P(10) 1655,1657

5.98817 1669.96 2π1/2v = 7 →  6 Band P(11) 1655,1657

5.99308 1668.59 2π3/2v = 7 →  6 Band P(11) 1655,1657

6.00100 1666.39 2π1/2v = 7 →  6 Band P(12) 1655–1657

6.00536 1665.18 2π3/2v = 7 →  6 Band P(12) 1655,1657

6.01917 1661.36 2π3/2v = 7 →  6 Band P(13) 1655,1657

6.02667 1659.29 2π1/2v = 7 →  6 Band P(14) 1655–1657

6.03242 1657.71 2π3/2v = 7 →  6 Band P(14) 1655–1657

6.0386 1656.0 2π1/2v = 8 →  7 Band P(7) 1656,1657

6.04018 1655.58 2π1/2v = 7 →  6 Band P(15) 1655–1657

6.04186 1655.12 2π3/2v = 8 →  7 Band P(7) 1655,1657

6.05429 1651.72 2π3/2v = 8 →  7 Band P(8) 1655,1657

6.06281 1649.40 2π1/2v = 8 →  7 Band P(9) 1655–1657

6.06726 1648.19 2π3/2v = 8 →  7 Band P(9) 1655,1657

6.08010 1644.71 2π3/2v = 8 →  7 Band P(10) 1655,1657

6.08839 1642.47 2π1/2v = 8 →  7 Band P(11) 1655–1657

6.09336 1641.13 2π3/2v = 8 →  7 Band P(11) 1655–1657

6.10147 1638.95 2π1/2v = 8 →  7 Band P(12) 1655,1657

6.12044 1633.87 2π3/2v = 8 →  7 Band P(13) 1655,1657

6.14168 1628.22 2π1/2v = 8 →  7 Band P(15) 1655–1657

6.15377 1625.02 2π1/2v = 9 →  8 Band P(8) 1655,1657

6.1546 1624.8 2π1/2v = 8 →  7 Band P(16) 1656,1657

6.15764 1624.00 2π3/2v = 9 →  8 Band P(8) 1655,1657
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NO Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

6.16629 1621.72 2π1/2v = 9 →  8 Band P(9) 1655,1657

6.17917 1618.34 2π1/2v = 9 →  8 Band P(10) 1655,1657

6.18383 1617.12 2π3/2v = 9 →  8 Band P(10) 1655,1657

6.19214 1614.95 2π1/2v = 9 →  8 Band P(11) 1655,1657

6.19721 1613.63 2π3/2v = 9 →  8 Band P(11) 1655,1657

6.1973 1613.6 2π1/2v = 8 →  7 Band P(19) 1656,1657

6.20548 1611.48 2π1/2v = 9 →  8 Band P(12) 1655,1657

6.21095 1610.06 2π3/2v = 9 →  8 Band P(12) 1655,1657

6.21914 1607.94 2π1/2v = 9 →  8 Band P(13) 1655,1657

6.22487 1606.46 2π3/2v = 9 →  8 Band P(13) 1655,1657

6.23807 1603.06 2π3/2v = 10  →  9 Band P(6) 1655,1657

6.25113 1599.71 2π3/2v = 10  →  9 Band P(7) 1655,1657

6.26021 1597.39 2π1/2v = 10  →  9 Band P(8) 1655,1657

6.26449 1596.30 2π3/2v = 10  →  9 Band P(8) 1655,1657

6.27782 1592.91 2π3/2v = 10  →  9 Band P(9) 1655,1657

6.28650 1590.71 2π1/2v = 10  →  9 Band P(10) 1655,1657

6.29129 1589.50 2π3/2v = 10  →  9 Band P(10) 1655,1657

6.29977 1587.36 2π1/2v = 10  →  9 Band P(11) 1655,1657

6.30509 1586.02 2π3/2v = 10  →  9 Band P(11) 1655,1657

6.31361 1583.88 2π1/2v = 10  →  9 Band P(12) 1655,1657

6.31912 1582.50 2π3/2v = 10  →  9 Band P(12) 1655,1657

6.32699 1580.53 2π1/2v = 10  →  9 Band P(13) 1655,1657

6.33356 1578.89 2π3/2v = 10  →  9 Band P(13) 1655,1657

6.37637 1568.29 2π3/2v = 11  →  10 Band P(8) 1655,1657

6.38941 1565.09 2π3/2v = 11  →  10 Band P(9) 1655,1657

6.39799 1562.99 2π1/2v = 11  →  10 Band P(10) 1655,1657

6.40311 1561.74 2π3/2v = 11  →  10 Band P(10) 1655,1657

6.42616 1556.14 2π1/2v = 11  →  10 Band P(12) 1655,1657

6.43207 1554.71 2π3/2v = 11  →  10 Band P(12) 1655,1657

OH Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

2.935 3407 v = 1 →  0 Band P1(4) 1658,1659

2.969 3368 v = 1 →  0 Band P1(5) 1658,1659

3.078 3249 v = 2 →  1 Band P1(4) 1658–1660

3.115 3210 v = 2 →  1 Band P2(5) 1658–1660

3.157 3168 v = 2 →  1 Band P1(6) 1658–1660

3.234 3092 v = 3 →  2 Band P1(4) 1658–1660

3.274 3054 v = 3 →  2 Band P1(5) 1658–1660
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3.3.2.3  Triatomic Vibrational Transition Lasers

Table 3.3.2.2
Triatomic Vibrational Transition Lasers

12C16O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.3131086 2318.5134 1001 → 1000 Band P(10) 1661,1663

4.3162577 2316.8218 1001 →  1000 Band P(12) 1661,1663

4.3178659 2315.9589 0201 →  0200 Band P(14) 1661

4.32031 2314.65 1002 →  1001 Band R(17) 1664

4.3211010 2314.2250 0201 →  0200 Band P(16) 1661

4.3227096 2313.3638 1001 →  1000 Band P(16) 1661,1663

4.3243851 2312.4675 0201 →  0200 Band P(18) 1661

4.32492 2312.18 1002 →  1001 Band R(13) 1664

4.3260126 2311.5975 1001 →  1000 Band P(18) 1661,1663

4.32764 2310.73 1002 →  1001 Band R(11) 1664

4.3277182 2310.6865 0201 →  0200 Band P(20) 1661

4.3327731 2307.9907 1001 →  1000 Band P(22) 1661,1663

4.3345326 2307.0538 0201 →  0200 Band P(24) 1661

4.3362312 2306.1501 1001 →  1000 Band P(24) 1661,1663

4.3380141 2305.2023 0201 →  0200 Band P(26) 1661

4.3397413 2304.2848 1001 →  1000 Band P(26) 1661,1663

4.3415456 2303.3272 0201 →  0200 Band P(28) 1661

4.3433038 2302.3948 1001 →  1000 Band P(28) 1661,1663

4.3451268 2301.4288 0201 →  0200 Band P(30) 1661

4.3505861 2298.5409 1001 →  1000 Band P(32) 1661,1663

4.35493 2296.25 1002 →  1001 Band P(7) 1664

4.35802 2294.62 1002 →  1001 Band P(9) 1664

4.36121 2292.94 1002 →  1001 Band P(11) 1664

4.36443 2291.25 1002 →  1001 Band P(13) 1664

4.36775 2289.51 1002 →  1001 Band P(15) 1664

4.37109 2287.76 1002 →  1001 Band P(17) 1664

4.37445 2286.00 1002 →  1001 Band P(19) 1664

4.37790 2284.20 1002 →  1001 Band P(21) 1664

4.38139 2282.38 1002 →  1001 Band P(23) 1664

4.38495 2280.53 1002 →  1001 Band P(25) 1664

9.0934949 1099.687205 0001 →  0200 Band R(62) 1665,1666

9.0997598 1098.930108 0001 →  0200 Band R(60) 1666,6954

9.1062290 1098.149406 0001 →  0200 Band R(58) 1666,6954

9.1129052 1097.344890 0001 →  0200 Band R(56) 1666,6954



12C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.1197910 1096.516358 0001 →  0200 Band R(54) 1666,6954

9.1268888 1095.663613 0001 →  0200 Band R(52) 1666,6954

9.1342014 1094.786462 0001 →  0200 Band R(50) 1666,6954

9.1361235 1094.556136 0111 → 0310 Band R(34) 6957

9.1377728 1094.358575 0111 → 0310 Band R(33) 6957

9.1417311 1093.884721 0001 →  0200 Band R(48) 1666,6954

9.1451984 1093.469990 0111 → 0310 Band R(32) 6957

9.1494807 1092.958211 0001 →  0200 Band R(46) 1666,6954

9.1545210 1092.356446 0111 → 0310 Band R(30) 6957

9.1574525 1092.006758 0001 →  0200 Band R(44) 1666,6954

9.1656492 1091.030197 0001 →  0200 Band R(42) 1665,1666,6954

9.1740732 1090.028368 0001 →  0200 Band R(40) 1666,6954

9.1773048 1089.644539 0111 → 0310 Band R(25) 6957

9.1827270 1089.001119 0001 →  0200 Band R(38) 1666,6954

9.1877699 1088.403401 0111 → 0310 Band R(23) 6957

9.1916132 1087.948306 0001 →  0200 Band R(36) 1666,6954

9.2007341 1086.869792 0001 →  0200 Band R(34) 1666,6954

9.2049275 1086.374659 0111 → 0310 Band R(20) 6957

9.2091716 1085.8740 0002 →  0201 Band R(39) 1669

9.2100923 1085.765445 0001 →  0200 Band R(32) 1666,6954

9.2177733 1084.8607 0002 →  0201 Band R(37) 1669

9.2196902 1084.635145 0001 →  0200 Band R(30) 1666,6954

9.2266150 1083.8211 0002 →  0201 Band R(35) 1669

9.2295301 1083.478778 0001 →  0200 Band R(28) 1666,6954

9.2356997 1082.7550 0002 →  0201 Band R(33) 1669

9.2396145 1082.296238 0001 →  0200 Band R(26) 1666,6954

9.2450296 1081.6623 0002 →  0201 Band R(31) 1669

9.2499457 1081.087427 0001 →  0200 Band R(24) 1666,6954

9.2546080 1080.5428 0002 →  0201 Band R(29) 1669

9.2605261 1079.852256 0001 →  0200 Band R(22) 1666,6954

9.2644362 1079.3965 0002 →  0201 Band R(27) 1669

9.2713580 1078.590644 0001 →  0200 Band R(20) 1666,6954

9.2745176 1078.2232 0002 →  0201 Band R(25) 1669

9.2824437 1077.302520 0001 →  0200 Band R(18) 1666,6954

9.2848536 1077.0229 0002 →  0201 Band R(23) 1669

9.2937855 1075.987820 0001 →  0200 Band R(16) 1666,6954

9.2954478 1075.7954 0002 →  0201 Band R(21) 1669

9.3053856 1074.646490 0001 →  0200 Band R(14) 1666,6954

9.3063026 1074.5406 0002 →  0201 Band R(19) 1669

9.3172463 1073.278484 0001 →  0200 Band R(12) 1666,6954



12C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.3174189 1073.2586 0002 →  0201 Band R(17) 1669

9.3288003 1071.9492 0002 →  0201 Band R(15) 1669

9.3293698 1071.883766 0001 →  0200 Band R(10) 1666,6954

9.3404485 1070.6124 0002 →  0201 Band R(13) 1669

9.341758159 1070.462308 0001 →  0200 Band R(8) 1665,1666

9.3417582 1070.462308 0001 →  0200 Band R(8) 1665,1666,6954

9.3523664 1069.2481 0002 →  0201 Band R(11) 1669

9.3544136 1069.014093 0001 →  0200 Band R(6) 1666,6954

9.3645559 1067.8563 0002 →  0201 Band R(9) 1669

9.3673383 1067.539110 0001 →  0200 Band R(4) 1666,6954

9.3743826 1066.736914 0111 → 0310 Band P( 6) 6957

9.3770190 1066.4370 0002 →  0201 Band R(7) 1669

9.3805343 1066.037360 0001 →  0200 Band R(2) 1666,6954

9.3897578 1064.9902 0002 →  0201 Band R(5) 1669

9.3940036 1064.508853 0001 →  0200 Band R(0) 1666,6954

9.3960044 1064.282176 0111 → 0310 Band P( 9) 6957

9.4027743 1063.5159 0002 →  0201 Band R(3) 1669

9.4038519 1063.394035 0111 → 0310 Band P(10) 6957

9.4108801 1062.599869 0111 → 0310 Band P(11) 6957

9.4147246 1062.165965 0001 →  0200 Band P(2) 1666,6954

9.4190258 1061.680923 0111 → 0310 Band P(12) 6957

9.4260250 1060.892579 0111 → 0310 Band P(13) 6957

9.4288861 1060.570666 0001 →  0200 Band P(4) 1666,6954

9.4344952 1059.940124 0111 → 0310 Band P(14) 6957

9.4433280 1058.948714 0001 →  0200 Band P(6) 1666,6954

9.4502621 1058.171715 0111 → 0310 Band P(16) 6957

9.4505542 1058.1390 0002 →  0201 Band P(3) 1669

9.4580521 1057.300161 0001 →  0200 Band P(8) 1666,6954

9.4648480 1056.5410 0002 →  0201 Band P(5) 1669

9.4663283 1056.375783 0111 → 0310 Band P(18) 6957

9.4730604 1055.625068 0001 →  0200 Band P(10) 1666,6954

9.4794322 1054.9155 0002 →  0201 Band P(7) 1669

9.4826960 1054.552423 0111 → 0310 Band P(20) 6957

9.4883547 1053.923503 0001 →  0200 Band P(12) 1666,6954

9.4943075 1053.2627 0002 →  0201 Band P(9) 1669

9.4993669 1052.701738 0111 → 0310 Band P(22) 6957

9.5039368 1052.195545 0001 →  0200 Band P(14) 1666,6954

9.5094756 1051.5827 0002 →  0201 Band P(11) 1669

9.5198086 1050.441282 0001 →  0200 Band P(16) 1666,6954

9.5249398 1049.8754 0002 →  0201 Band P(13) 1669
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9.5359719 1048.660810 0001 →  0200 Band P(18) 1666,6954

9.5407011 1048.1410 0002 →  0201 Band P(15) 1669

9.5524283 1046.854234 0001 →  0200 Band P(20) 1666,6954

9.5567603 1046.3797 0002 →  0201 Band P(17) 1669

9.569179556 1045.021670 0001 →  0200 Band P(22) 1666,1667

9.5691796 1045.021670 0001 →  0200 Band P(22) 1666,1667,6954

9.5731220 1044.5913 0002 →  0201 Band P(19) 1669

9.5747417 1044.414592 0111 → 0310 Band P(31) 6957

9.586227377 1043.163239 0001 →  0200 Band P(24) 1665–1667

9.5862274 1043.163239 0001 →  0200 Band P(24) 1665–67,6954

9.5897854 1042.7762 0002 →  0201 Band P(21) 1669

9.6035734 1041.279074 0001 →  0200 Band P(26) 1666,1667,6954

9.6067533 1040.9344 0002 →  0201 Band P(23) 1669

9.6109041 1040.484840 0111 → 0310 Band P(35) 6957

9.6212192 1039.369315 0001 →  0200 Band P(28) 1666,1667,6954

9.6240268 1039.0661 0002 →  0201 Band P(25) 1669

9.6294208 1038.484060 0111 → 0310 Band P(37) 6957

9.6391664 1037.434110 0001 →  0200 Band P(30) 1666,1667,6954

9.6416089 1037.1713 0002 →  0201 Band P(27) 1669

9.6438773 1036.927335 0111 → 0310 Band P(38) 6957

9.6482303 1036.459509 0111 → 0310 Band P(39) 6957

9.6574165 1035.473616 0001 →  0200 Band P(32) 1666,1667,6954

9.6594997 1035.2503 0002 →  0201 Band P(29) 1669

9.6633616 1034.836576 0111 → 0310 Band P(40) 6957

9.6673343 1034.411316 0111 → 0310 Band P(41) 6957

9.6759711 1033.487999 0001 →  0200 Band P(34) 1666,1667,6954

9.6777025 1033.3031 0002 →  0201 Band P(31) 1669

9.6831675 1032.719929 0111 → 0310 Band P(42) 6957

9.6867347 1032.339616 0111 → 0310 Band P(43) 6957

9.6948316 1031.477431 0001 →  0200 Band P(36) 1666,6954

9.6962175 1031.3300 0002 →  0201 Band P(33) 1669

9.7032967 1030.577576 0111 → 0310 Band P(44) 6957

9.7064333 1030.244545 0111 → 0310 Band P(45) 6957

9.7139995 1029.442092 0001 →  0200 Band P(38) 1666,6954

9.7150460 1029.3312 0002 →  0201 Band P(35) 1669

9.7237511 1028.409709 0111 → 0310 Band P(46) 6957

9.7264319 1028.126249 0111 → 0310 Band P(47) 6957

9.7334763 1027.382172 0001 →  0200 Band P(40) 1666,6954

9.7341914 1027.3067 0002 →  0201 Band P(37) 1669

9.7445322 1026.216524 0111 → 0310 Band P(48) 6957
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9.7467324 1025.984876 0111 → 0310 Band P(49) 6957

9.7532633 1025.297865 0001 →  0200 Band P(42) 1666,6954

9.7536530 1025.2569 0002 →  0201 Band P(39) 1669

9.7733618 1023.189375 0001 →  0200 Band P(44) 1666,6954

9.7935337 1021.0819 0002 →  0201 Band P(43) 1669

9.7937734 1021.056912 0001 →  0200 Band P(46) 1666,6954

9.8139549 1018.9572 0002 →  0201 Band P(45) 1669

9.8144992 1018.900693 0001 →  0200 Band P(48) 1666,6954

9.8355405 1016.720942 0001 →  0200 Band P(50) 1666,6954

9.8568987 1014.517888 0001 →  0200 Band P(52) 1666,6954

9.8785749 1012.291768 0001 →  0200 Band P(54) 1666,6954

9.9005703 1010.042824 0001 →  0200 Band P(56) 1666,6954

9.9228862 1007.771305 0001 →  0200 Band P(58) 1665,1666,6954

9.922886254 1007.771302 0001 →  0200 Band P(58) 1665,1666

9.9455238 1005.477463 0001 →  0200 Band P(60) 1666,6954

9.9684841 1003.161558 0001 →  0200 Band P(62) 1666,6954

9.9917683 1000.823853 0001 →  0200 Band P(64) 1666,6954

10.0153774 998.464617 0001 →  0200 Band P(66) 1666,6954

10.0259118 997.415520 0001 →  1000 Band R(62) 1665,1666,6954

10.0334675 996.664412 0001 →  1000 Band R(60) 1666,6954

10.0413232 995.884686 0001 →  1000 Band R(58) 1666,6954

10.0494775 995.076610 0001 →  1000 Band R(56) 1666,6954

10.0579292 994.240441 0001 →  1000 Band R(54) 1666,6954

10.0666774 993.376426 0001 →  1000 Band R(52) 1666,6954

10.0757210 992.484802 0001 →  1000 Band R(50) 1666,6954

10.0850594 991.565797 0001 →  1000 Band R(48) 1666,6954

10.0946920 990.619628 0001 →  1000 Band R(46) 1666,6954

10.1046181 989.646505 0001 →  1000 Band R(44) 1666,6954

10.1148375 988.646625 0001 →  1000 Band R(42) 1666,6954

10.1253500 987.620180 0001 →  1000 Band R(40) 1666,6954

10.12615 987.5419 0002 →  1001 Band R(45) 1669

10.1361554 986.567351 0001 →  1000 Band R(38) 1666,6954

10.13624 986.5588 0002 →  1001 Band R(43) 1669

10.14662 985.5494 0002 →  1001 Band R(41) 1669

10.1472538 985.488311 0001 →  1000 Band R(36) 1666,6954

10.15730 984.5140 0002 →  1001 Band R(39) 1669

10.1586453 984.383225 0001 →  1000 Band R(34) 1665,1666,6954

10.16826 983.4527 0002 →  1001 Band R(37) 1669

10.1703302 983.252249 0001 →  1000 Band R(32) 1666,6954

10.17951 982.3657 0002 →  1001 Band R(35) 1669
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10.1823088 982.095531 0001 →  1000 Band R(30) 1666,6954

10.19105 981.2531 0002 →  1001 Band R(33) 1669

10.1945818 980.913211 0001 →  1000 Band R(28) 1666,6954

10.20288 980.1150 0002 →  1001 Band R(31) 1669

10.21501 978.9517 0002 →  1001 Band R(29) 1669

10.2200135 978.472286 0001 →  1000 Band R(24) 1666,6954

10.22742 977.7633 0002 →  1001 Band R(27) 1669

10.2331739 977.213922 0001 →  1000 Band R(22) 1666,6954

10.24013 976.5498 0002 →  1001 Band R(25) 1669

10.2466319 975.930439 0001 →  1000 Band R(20) 1666,6954

10.25314 975.3114 0002 →  1001 Band R(23) 1669

10.2603888 974.621939 0001 →  1000 Band R(18) 1666,6954

10.26643 974.0482 0002 →  1001 Band R(21) 1669

10.2744457 973.288517 0001 →  1000 Band R(16) 1666,6954

10.28002 972.7604 0002 →  1001 Band R(19) 1669

10.2888041 971.930258 0001 →  1000 Band R(14) 1666,6954

10.29391 971.4480 0002 →  1001 Band R(17) 1669

10.30243 970.6452 0003 →  1002 Band R(20) 1669

10.3034655 970.547244 0001 →  1000 Band R(12) 1666,6954

10.30810 970.1111 0002 →  1001 Band R(15) 1669

10.31616 969.3531 0003 →  1002 Band R(18) 1669

10.3184315 969.139547 0001 →  1000 Band R(10) 1666,6954

10.32258 968.7499 0002 →  1001 Band R(13) 1669

10.33018 968.0370 0003 →  1002 Band R(16) 1669

10.3337039 967.707233 0001 →  1000 Band R(8) 1666,6954

10.33737 967.3643 0002 →  1001 Band R(11) 1669

10.34451 966.6968 0003 →  1002 Band R(14) 1669

10.3492846 966.250361 0001 →  1000 Band R(6) 1666,6954

10.35246 965.9544 0002 →  1001 Band R(9) 1669

10.35912 965.3326 0003 →  1002 Band R(12) 1669

10.3651757 964.768981 0001 →  1000 Band R(4) 1666,6954

10.36785 964.5204 0002 →  1001 Band R(7) 1669

10.37404 963.9446 0003 →  1002 Band R(10) 1669

10.3813793 963.263140 0001 →  1000 Band R(2) 1666,6954

10.38355 963.0622 0002 →  1001 Band R(5) 1669

10.38926 962.5328 0003 →  1002 Band R(8) 1669

10.3978977 961.732874 0001 →  1000 Band R(0) 1666,6954

10.39955 961.5800 0002 →  1001 Band R(3) 1669

10.40477 961.0973 0003 →  1002 Band R(6) 1669

10.41587 960.0737 0002 →  1001 Band R(1) 1669
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10.4232708 959.391745 0001 →  1000 Band P(2) 1666,6954

10.4405872 957.800537 0001 →  1000 Band P(4) 1666,6954

10.45803 956.2031 0002 →  1001 Band P(3) 1669

10.4582274 956.184982 0001 →  1000 Band P(6) 1666,6954

10.47545 954.6130 0002 →  1001 Band P(5) 1669

10.4761945 954.545086 0001 →  1000 Band P(8) 1666,6954

10.4853390 953.712608 0111 → 1110 Band R(39) 6957

10.49319 952.9989 0002 →  1001 Band P(7) 1669

10.4944915 952.880849 0001 →  1000 Band P(10) 1666,6954

10.5081576 951.641608 0111 → 1110 Band R(36) 6957

10.51126 951.3608 0002 →  1001 Band P(9) 1669

10.5131217 951.192263 0001 →  1000 Band P(12) 1666,1667,6954

10.5227783 950.319366 0111 → 1110 Band R(33) 6957

10.52965 949.6988 0002 →  1001 Band P(11) 1669

10.5320883 949.479313 0001 →  1000 Band P(14) 1666,1667,6954

10.5455003 948.271744 0111 → 1110 Band R(30) 6957

10.54838 948.0129 0002 →  1001 Band P(13) 1669

10.5513950 947.741978 0001 →  1000 Band P(16) 1666,1667,6954

10.5585931 947.095881 0111 →1110 Band R(28) 6957

10.5628423 946.714881 0111 →1110 Band R(27) 6957

10.56744 946.3030 0002 →  1001 Band P(15) 1669

10.5710455 945.980229 0001 →  1000 Band P(18) 1666,1667,6954

10.5767857 945.466827 0111 → 1110 Band R(25) 6957

10.5857525 944.665959 0111 → 1110 Band R(24) 6957

10.58684 944.5691 0002 →  1001 Band P(17) 1669

10.5910255 944.195629 0111 →  1110 Band R(23) 1670

10.5910435 944.194030 0001 →  1000 Band P(20) 1666,1667

10.60658 942.8111 0002 →  1001 Band P(19) 1669

10.6113931 942.383336 0001 →  1000 Band P(22) 1666,1667,6954

10.62666 941.0291 0002 →  1001 Band P(21) 1669

10.6320985 940.548098 0001 →  1000 Band P(24) 1666,1667,6954

10.64710 939.2229 0002 →  1001 Band P(23) 1669

10.6531641 938.688257 0001 →  1000 Band P(26) 1666,1667,6954

10.66789 937.3926 0002 →  1001 Band P(25) 1669

10.6745944 936.803747 0001 →  1000 Band P(28) 1666,1667,6954

10.68565 935.8348 0003 →  1002 Band P(24) 1669

10.68904 935.5380 0002 →  1001 Band P(27) 1669

10.6963941 934.894495 0001 →  1000 Band P(30) 1666,1667

10.70652 934.0103 0003 →  1002 Band P(26) 1669

10.71055 933.6591 0002 →  1001 Band P(29) 1669
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10.7185683 932.960420 0001 →  1000 Band P(32) 1665–1667,6954

10.72775 932.1620 0003 →  1002 Band P(28) 1669

10.73243 931.7558 0002 →  1001 Band P(31) 1669

10.7411220 931.001433 0001 →  1000 Band P(34) 1666,1667,6954

10.74934 930.2897 0003 →  1002 Band P(30) 1669

10.75468 929.8281 0002 →  1001 Band P(33) 1669

10.7640606 929.017437 0001 →  1000 Band P(36) 1666,1667

10.77130 928.3934 0003 →  1002 Band P(32) 1669

10.77731 927.8757 0002 →  1001 Band P(35) 1669

10.7873897 927.008324 0001 →  1000 Band P(38) 1666,1667,6954

10.7890778 926.863273 0111 →  1110 Band Q(11) 1670

10.79362 926.4731 0003 →  1002 Band P(34) 1669

10.80032 925.8987 0002 →  1001 Band P(37) 1669

10.8111149 924.973984 0001 →  1000 Band P(40) 1666,6954

10.81632 924.5285 0003 →  1002 Band P(36) 1669

10.82372 923.8969 0002 →  1001 Band P(39) 1669

10.83941 922.5596 0003 →  1002 Band P(38) 1669

10.84751 921.8702 0002 →  1001 Band P(41) 1669

10.8510181 921.572511 0111 → 1110 Band P( 7) 6957

10.8597782 920.829122 0001 →  1000 Band P(44) 1666,6954

10.8704334 919.926522 0111 → 1110 Band P( 9) 6957

10.87171 919.8185 0002 →  1001 Band P(43) 1669

10.8808344 919.047160 0111 → 1110 Band P(10) 6957

10.8847289 918.718330 0001 →  1000 Band P(46) 1666,6954

10.8901847 918.258073 0111 →  1110 Band P(11) 1670,6955

10.89631 917.7417 0002 →  1001 Band P(45) 1669

10.9009647 917.350005 0111 →  1110 Band P(12) 1670,6955

10.9101014 916.581769 0001 →  1000 Band P(48) 1666,6954

10.92133 915.6396 0002 →  1001 Band P(47) 1669

10.9214689 915.627747 0111 →  1110 Band P(14) 1670,6955

10.9307080 914.853825 0111 →  1110 Band P(15) 1670,6955

10.9359024 914.419282 0001 →  1000 Band P(50) 1666,6954

10.9423512 913.880373 0111 →  1110 Band P(16) 1670,6955

10.94676 913.5120 0002 →  1001 Band P(49) 1669

10.9514867 913.118031 0111 →  1110 Band P(17) 1670,6955

10.9621393 912.230701 0001 →  1000 Band P(52) 1666,6954

10.9636156 912.107867 0111 → 1110 Band P(18) 6957

10.9726149 931.359785 0111 →  1110 Band P(19) 1670,6955

10.9852663 910.310206 0111 →  1110 Band P(20) 1670,6955

10.9888196 910.015851 0001 →  1000 Band P(54) 1666,6954
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10.9940962 909.579088 0111 →  1110 Band P(21) 1670,6955

11.0073078 908.487360 0111 →  1110 Band P(22) 1670

11.0159341 907.775947 0111 →  1110 Band P(23) 1670

11.0159511 907.774544 0001 →  1000 Band P(56) 1666,6954

11.0297447 906.639296 0111 →  1110 Band P(24) 1670,6955

11.0381334 905.950279 0111 →  1110 Band P(25) 1670,6955

11.0435420 905.506585 0001 →  1000 Band P(58) 1666,6954

11.0525819 904.765972 0111 →  1110 Band P(26) 1670,6955

11.0606972 904.102139 0111 →  1110 Band P(27) 1670,6955

11.0716007 903.211767 0001 →  1000 Band P(60) 1666,6954

11.0758242 902.867343 0111 →  1110 Band P(28) 1670,6955

11.0836301 902.231481 0111 →  1110 Band P(29) 1670,6955

11.0994769 900.943357 0111 →  1110 Band P(30) 1670,6955

11.1001359 900.889873 0001 →  1000 Band P(62) 1666,6954

11.1069364 900.338283 0111 →  1110 Band P(31) 1670,6955

11.1235453 898.993956 0111 →  1110 Band P(32) 1670,6955

11.1291567 898.540674 0001 →  1000 Band P(64) 1666,6954

11.1306204 898.422514 0111 →  1110 Band P(33) 1670,6955

11.1480349 897.019077 0111 →  1110 Band P(34) 1670,6955

11.1546870 896.484143 0111 → 1110 Band P(35) 6957

11.1586727 896.163933 0001 →  1000 Band P(66) 1666,6954

11.1729515 895.018650 0111 → 1110 Band P(36) 6957

11.1791407 894.523133 0111 → 1110 Band P(37) 6957

11.1886935 893.759399 0001 →  1000 Band P(68) 1666,6954

11.1983011 892.992599 0111 → 1110 Band P(38) 6957

11.2039866 892.539445 0111 → 1110 Band P(39) 6957

11.2240898 890.940842 0111 → 1110 Band P(40) 6957

11.2292297 890.533034 0111 → 1110 Band P(41) 6957

11.2503240 888.863292 0111 → 1110 Band P(42) 6957

11.2548752 888.503851 0111 → 1110 Band P(43) 6957

11.2770103 886.759853 0111 → 1110 Band P(44) 6957

11.2809286 886.451844 0111 → 1110 Band P(45) 6957

15.5936 641.289 0200 →  0110 Band R(29) 1673

15.6311 639.752 0200 →  0110 Band R(27) 1673

15.6688 638.212 0200 →  0110 Band R(25) 1673

15.7067 636.671 0200 →  0110 Band R(23) 1673

15.7449 635.127 0200 →  0110 Band R(21) 1673

15.7833 4533.581 0200 →  0110 Band R(19) 1673

15.822 632.033 0200 →  0110 Band R(17) 1673

15.8609 630.483 0200 →  0110 Band R(15) 1673
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15.900 628.932 0200 →  0110 Band R(13) 1673

15.9394 627.378 0200 →  0110 Band R(11) 1673

15.979 625.823 0200 →  0110 Band R(9) 1673

16.1819 617.974 0200 →  0110 BandQ(8) 1673

16.1827 617.945 0200 →  0110 BandQ(10) 1673

16.1836 617.908 0200 →  0110 BandQ(12) 1673

16.1847 617.866 0200 →  0110 BandQ(14) 1673

16.186 617.816 0200 →  0110 BandQ(16) 1673

16.1874 617.7453 0200 →  0110 BandQ(18) 1673

16.1891 617.701 0200 →  0110 BandQ(20) 1673

16.1908 617.634 0200 →  0110 BandQ(22) 1673

16.1928 617.559 0200 →  0110 BandQ(24) 1673

16.1949 617.477 0200 →  0110 BandQ(26) 1673

16.1972 617.389 0200 →  0110 BandQ(28) 1673

16.367 610.986 0200 →  0110 Band P(9) 1673

16.4091 609.419 0200 →  0110 Band P(11) 1673

16.4515 607.848 0200 →  0110 Band P(13) 1673

16.4941 606.278 0200 →  0110 Band P(15) 1673

16.537 604.706 0200 →  0110 Band P(17) 1673

16.5801 603.132 0200 →  0110 Band P(19) 1673

16.586 602.96 1400 →  1310, Q(?) 1671

16.597 602.51 1400 →  1310, Q(?) 1671

16.6235 601.558 0200 →  0110 Band P(21) 1673

16.6672 599.981 0200 →  0110 Band P(23) 1673

16.7111 598.404 0200 →  0110 Band P(25) 1673

16.7553 596.825 0200 →  0110 Band P(27) 1673

16.7998 595.244 0200 →  0110 Band P(29) 1673

17.023 587.43 0311 →  0221, Q(?) 1671

17.029 587.25 0311 →  0221, Q(?) 1671

17.036 587.00 0311 →  0221, Q(?) 1671

17.036 587.00 0311 →  0221, Q(?) 1671

17.048 586.59 0311 →  0221, Q(?) 1671

17.37 575.71 2400 →  2310, Q(?) 1671

17.376 575.49 2400 →  2310, Q(?) 1671

17.39 575.05 2400 →  2310, Q(?) 1671

18.42 543.0 0310 →  1000 Band 6838
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4.314 2318 0201 →  0200 Band R(8) 1674

4.340 2304 0201 →  0200 Band P(10) 1674

4.354 2297 0201 →  0200 Band P(19) 1674

9.1378432636 1094.3501340 0001 →  0200 Band R(33) 6839

9.137843272 1094.350133 0001 →  0200 Band R(33) 1675

9.1423917999 1093.8056713 0001 →  0200 Band R(32) 6839

9.142391802 1093.805671 0001 →  0200 Band R(32) 1675

9.1469912065 1093.2556700 0001 →  0200 Band R(31) 6839

9.146991207 1093.255670 0001 →  0200 Band R(31) 1675

9.1516417199 1092.7001194 0001 →  0200 Band R(30) 6839

9.151641723 1092.700119 0001 →  0200 Band R(30) 1675

9.156343568 1092.139010 0001 →  0200 Band R(29) 1675

9.1563435701 1092.1390098 0001 →  0200 Band R(29) 6839

9.1610969896 1091.5723315 0001 →  0200 Band R(28) 6839

9.161096994 1091.572331 0001 →  0200 Band R(28) 1675

9.1659022105 1091.0000751 0001 →  0200 Band R(27) 6839

9.165902211 1091.000075 0001 →  0200 Band R(27) 1675

9.170759460 1090.422232 0001 →  0200 Band R(26) 1675

9.1707594613 1090.4222319 0001 →  0200 Band R(26) 6839

9.1756689718 1089.8387933 0001 →  0200 Band R(25) 6839

9.175668974 1089.838793 0001 →  0200 Band R(25) 1675

9.1806309692 1089.2497513 0001 →  0200 Band R(24) 6839

9.180630972 1089.249751 0001 →  0200 Band R(24) 1675

9.1856456819 1088.6550980 0001 →  0200 Band R(23) 6839

9.185645690 1088.655097 0001 →  0200 Band R(23) 1675

9.1907133355 1088.0548261 0001 →  0200 Band R(22) 6839

9.190713345 1088.054825 0001 →  0200 Band R(22) 1675

9.1958341547 1087.4489287 0001 →  0200 Band R(21) 6839

9.195834169 1087.448927 0001 →  0200 Band R(21) 1675

9.2010083628 1086.8373993 0001 →  0200 Band R(20) 6839

9.201008374 1086.837398 0001 →  0200 Band R(20) 1675

9.2062361840 1086.2202316 0001 →  0200 Band R(19) 6839

9.206236198 1086.220230 0001 →  0200 Band R(19) 1675

9.2115178379 1085.5974201 0001 →  0200 Band R(18) 6839

9.211517856 1085.597418 0001 →  0200 Band R(18) 1675

9.2168535462 1084.9689593 0001 →  0200 Band R(17) 6839

9.216853566 1084.968957 0001 →  0200 Band R(17) 1675

9.2222435271 1084.3348444 0001 →  0200 Band R(16) 6839

9.222243539 1084.334843 0001 →  0200 Band R(16) 1675



12C16O18O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.2276879987 1083.6950709 0001 →  0200 Band R(15) 6839

9.227688015 1083.695069 0001 →  0200 Band R(15) 1675

9.2331871778 1083.0496347 0001 →  0200 Band R(14) 6839

9.233187192 1083.049633 0001 →  0200 Band R(14) 1675

9.2387412792 1082.3985322 0001 →  0200 Band R(13) 6839

9.238741289 1082398531 0001 →  0200 Band R(13) 1675

9.2443505168 1081.7417602 0001 →  0200 Band R(12) 6839

9.244350527 1091.741759 0001 →  0200 Band R(12) 1675

9.2500151042 1081.0793158 0001 →  0200 Band R(11) 6839

9.250015111 1081.079315 0001 →  0200 Band R(11) 1675

9.2557352512 1080.4111968 0001 →  0200 Band R(10) 6839

9.255735258 1080.411196 0001 →  0200 Band R(10) 1675

9.417384992 1061.865901 0001 →  0200 Band P(14) 1675

9.4173850048 1061.8658996 0001 →  0200 Band P(14) 6839

9.424619168 1061.050831 0001 →  0200 Band P(15) 1675

9.4246191839 1061.0508292 0001 →  0200 Band P(15) 6839

9.431914062 1060.230186 0001 →  0200 Band P(16) 1675

9.4319140777 1060.2301842 0001 →  0200 Band P(16) 6839

9.439269841 1059.403976 0001 →  0200 Band P(17) 1675

9.4392698552 1059.4039744 0001 →  0200 Band P(17) 6839

9.446686675 1058.572211 0001 →  0200 Band P(18) 1675

9.4466866846 1058.5722099 0001 →  0200 Band P(18) 6839

9.454164717 1057.734903 0001 →  0200 Band P(19) 1675

9.4541647314 1057.7349014 0001 →  0200 Band P(19) 6839

9.461704150 1056.892061 0001 →  0200 Band P(20) 1675

9.4617041611 1056.8920598 0001 →  0200 Band P(20) 6839

9.469305123 1056.043698 0001 →  0200 Band P(21) 1675

9.4693051359 1056.0436966 0001 →  0200 Band P(21) 6839

9.476967805 1055.189825 0001 →  0200 Band P(22) 1675

9.4769678179 1055.1898236 0001 →  0200 Band P(22) 6839

9.484692358 1054.330454 0001 →  0200 Band P(23) 1675

9.4846923680 1054.3304529 0001 →  0200 Band P(23) 6839

9.492478928 1053.465599 0001 →  0200 Band P(24) 1675

9.4924789434 1053.4655973 0001 →  0200 Band P(24) 6839

9.500327691 1052.595271 0001 →  0200 Band P(25) 1675

9.5003277023 1052.5952697 0001 →  0200 Band P(25) 6839

9.508238787 1051.719485 0001 →  0200 Band P(26) 1675

9.5082387994 1051.7194836 0001 →  0200 Band P(26) 6839

9.5162123445 1050.8392527 0001 →  0200 Band P(27) 6839

9.516212378 1050.838254 0001 →  0200 Band P(27) 1675



12C16O18O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.524248619 1049.951592 0001 →  0200 Band P(28) 1675

9.5242486252 1049.9515913 0001 →  0200 Band P(28) 6839

9.532347648 1049.059515 0001 →  0200 Band P(29) 1675

9.5323476576 1049.0595139 0001 →  0200 Band P(29) 6839

9.540509632 1048.162036 0001 →  0200 Band P(30) 1675

9.5405096371 1048.1620354 0001 →  0200 Band P(30) 6839

9.5487347124 1047.2591711 0001 →  0200 Band P(31) 6839

9.548734713 1047.259171 0001 →  0200 Band P(31) 1675

9.557023028 1046.350937 0001 →  0200 Band P(32) 1675

9.5570230286 1046.3509369 0001 →  0200 Band P(32) 6839

9.5653747346 1045.4373485 0001 →  0200 Band P(33) 6839

9.565374739 1045.437348 0001 →  0200 Band P(33) 1675

9.5737899740 1044.5184224 0001 →  0200 Band P(34) 6839

9.573789978 1044.518422 0001 →  0200 Band P(34) 1675

9.5822688902 1043.5941753 0001 →  0200 Band P(35) 6839

9.582268893 1043.594175 0001 →  0200 Band P(35) 1675

9.5908116271 1042.6646241 0001 →  0200 Band P(36) 6839

9.590811628 1042.664624 0001 →  0200 Band P(36) 1675

9.599418318 1041.729787 0001 →  0200 Band P(37) 1675

9.5994183247 1041.7297863 0001 →  0200 Band P(37) 6839

9.608089110 1040.789681 0001 →  0200 Band P(38) 1675

9.608089129 1040.799679 0001 →  0200 Band P(38) 6839

10.087613 991.31477 0001 →  1000 Band R(41) 1675

10.08761317 991.3147770 0001 →  1000 Band R(41) 6839

10.092287 990.85569 0001 →  1000 Band R(40) 1675

10.09228700 990.8556897 0001 →  1000 Band R(40) 6839

10.097035 990.38971 0001 →  1000 Band R(39) 1675

10.09703546 990.3897076 0001 →  1000 Band R(39) 6839

10.10185856 989.9168499 0001 →  1000 Band R(38) 6839

10.101859 989.91685 0001 →  1000 Band R(38) 1675

10.1067563 989.437134 0001 →  1000 Band R(37) 1675

10.10675630 989.4371353 0001 →  1000 Band R(37) 6839

10.1117287 988.950581 0001 →  1000 Band R(36) 1675

10.11172872 988.9505820 0001 →  1000 Band R(36) 6839

10.1167758 988.457207 0001 →  1000 Band R(35) 1675

10.11677584 998.4572079 0001 →  1000 Band R(35) 6839

10.1218977 987.957029 0001 →  1000 Band R(34) 1675

10.12189771 987.9570304 0001 →  1000 Band R(34) 6839

10.12709436 987.4500664 0001 →  1000 Band R(33) 6839

10.1270944 987.450065 0001 →  1000 Band R(33) 1675



12C16O18O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.13236586 986.9363325 0001 →  1000 Band R(32) 6839

10.1323659 986.936332 0001 →  1000 Band R(32) 1675

10.13771226 986.4158449 0001 →  1000 Band R(31) 6839

10.1377123 986.415844 0001 →  1000 Band R(31) 1675

10.1431336 985.998618 0001 →  1000 Band R(30) 1675

10.14313362 985.8886190 0001 →  1000 Band R(30) 6839

10.1486300 985.354669 0001 →  1000 Band R(29) 1675

10.14863003 985.3546703 0001 →  1000 Band R(29) 6839

10.15420157 984.8140135 0001 →  1000 Band R(28) 6839

10.1542016 984.814012 0001 →  1000 Band R(28) 1675

10.1598483 984.266661 0001 →  1000 Band R(27) 1675

10.15984832 984.2666631 0001 →  1000 Band R(27) 6839

10.16557038 983.7126330 0001 →  1000 Band R(26) 6839

10.1655704 983.712631 0001 →  1000 Band R(26) 1675

10.17136785 983.1519369 0001 →  1000 Band R(25) 6839

10.1713679 983.151934 0001 →  1000 Band R(25) 1675

10.17724084 982.5845878 0001 →  1000 Band R(24) 6839

10.1772409 982.584585 0001 →  1000 Band R(24) 1675

10.18318948 982.0105996 0001 →  1000 Band R(23) 6839

10.1831895 982.010596 0001 →  1000 Band R(23) 1675

10.18921389 981.4299815 0001 →  1000 Band R(22) 6839

10.1892139 981.429979 0001 →  1000 Band R(22) 1675

10.1953142 980.942745 0001 →  1000 Band R(21) 1675

10.19531420 980.8427486 0001 →  1000 Band R(21) 6839

10.20149054 980.2489113 0001 →  1000 Band R(20) 6839

10.2014906 980.248908 0001 →  1000 Band R(20) 1675

10.20774308 979.6484808 0001 →  1000 Band R(19) 6839

10.2077431 979.648477 0001 →  1000 Band R(19) 1675

10.21407196 979.0414677 0001 →  1000 Band R(18) 6839

10.2140720 979.041464 0001 →  1000 Band R(18) 1675

10.22047734 978.4278825 0001 →  1000 Band R(17) 6839

10.2204774 978.427879 0001 →  1000 Band R(17) 1675

10.22695939 977.9077349 0001 →  1000 Band R(16) 6839

10.2269594 977.807731 0001 →  1000 Band R(16) 1675

10.43178618 958.6086056 0001 →  1000 Band P(10) 6839

10.4317862 958.608605 0001 →  1000 Band P(10) 1675

10.4405152 957.807139 0001 →  1000 Band P(11) 1675

10.44051521 957.8071387 0001 →  1000 Band P(11) 6839

10.4493292 956.999226 0001 →  1000 Band P(12) 1675

10.44932925 956.9992260 0001 →  1000 Band P(12) 6839



12C16O18O Laser—continued
Wavelength

( m) vac
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©2001 CRC Press LLC

10.45822869 956.1848657 0001 →  1000 Band P(13) 6839

10.4582287 956.184866 0001 →  1000 Band P(13) 1675

10.46721398 955.3640555 0001 →  1000 Band P(14) 6839

10.4672140 955.364055 0001 →  1000 Band P(14) 1675

10.4762855 954.536793 0001 →  1000 Band P(15) 1675

10.47628554 954.5367929 0001 →  1000 Band P(15) 6839

10.4854438 911.701074 0001 →  1000 Band P(16) 1675

10.48544381 953.7030747 0001 →  1000 Band P(16) 6839

10.4946892 952.862897 0001 →  1000 Band P(17) 1675

10.49468924 952.9628975 0001 →  1000 Band P(17) 6839

10.5040223 952.016257 0001 →  1000 Band P(18) 1675

10.50402230 952.0162575 0001 →  1000 Band P(18) 6839

10.51344346 951.1631505 0001 →  1000 Band P(19) 6839

10.5134435 951.163150 0001 →  1000 Band P(19) 1675

10.52295319 950.3035718 0001 →  1000 Band P(20) 6839

10.5229532 950.303571 0001 →  1000 Band P(20) 1675

10.53255199 949.4375165 0001 →  1000 Band P(21) 6839

10.5325520 949.437516 0001 →  1000 Band P(21) 1675

10.54224035 948.5649790 0001 →  1000 Band P(22) 6839

10.5422404 948.564979 0001 →  1000 Band P(22) 1675

10.5520188 947.685953 0001 →  1000 Band P(23) 1675

10.55201880 947.6859535 0001 →  1000 Band P(23) 6839

10.56188785 946.8004338 0001 →  1000 Band P(24) 6839

10.5618879 946 800433 0001 →  1000 Band P(24) 1675

10.5718480 945.908413 0001 →  1000 Band P(25) 1675

10.57184804 945.9084132 0001 →  1000 Band P(25) 6839

10.5818999 945.009884 0001 →  1000 Band P(26) 1675

10.58189990 945.0098846 0001 →  1000 Band P(26) 6839

10.59204399 944.1048407 0001 →  1000 Band P(27) 6839

10.5920440 944.104840 0001 →  1000 Band P(27) 1675

10.60228087 943.1932733 0001 →  1000 Band P(28) 6839

10.6022809 943.191273 0001 →  1000 Band P(28) 1675

10.6126111 942.275174 0001 →  1000 Band P(29) 1675

10.61261113 942.2751743 0001 →  1000 Band P(29) 6839

10.62303534 941,3505350 0001 →  1000 Band P(30) 6839

10.6230354 941,350534 0001 →  1000 Band P(30) 1675

10.6335541 940.419345 0001 →  1000 Band P(31) 1675

10.63355411 940.4193461 0001 →  1000 Band P(31) 6839

10.64416804 939.4815981 0001 →  1000 Band P(32) 6839

10.6441681 939.481597 0001 →  1000 Band P(32) 1675



12C16O18O Laser—continued
Wavelength
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10.65487776 938.5372810 0001 →  1000 Band P(33) 6839

10.6548778 938.537280 0001 →  1000 Band P(33) 1675

10.6656839 937.586384 0001 →  1000 Band P(34) 1675

10.66568390 937,5863843 0001 →  1000 Band P(34) 6839

10.6765871 936.628897 0001 →  1000 Band P(35) 1675

10.67658710 936.6288973 0001 →  1000 Band P(35) 6839

10.6875880 935.664808 0001 →  1000 Band P(36) 1675

10.68758802 935.6648086 0001 →  1000 Band P(36) 6839

10.6986873 934.694106 0001 →  1000 Band P(37) 1675

10.69868734 934.6941065 0001 →  1000 Band P(37) 6839

10.7098857 933.716779 0001 →  1000 Band P(38) 1675

10.70988572 933.7167788 0001 →  1000 Band P(38) 6839

10.72118388 932.7328129 0001 →  1000 Band P(39) 6839

10.721184 932.73281 0001 →  1000 Band P(39) 1675

10.732582 931.74220 0001 →  1000 Band P(40) 1675

10.73258251 931.7421959 0001 →  1000 Band P(40) 6839

16.596 602.6 0200 →  0110 Band R(6) 1674

16.76 596.7 0200 →  0110 Band R(8) 1674

16.927 590.8 0200 →  0110 Band P(9) 1674

16.97 589.3 0200 →  0110 Band P(11) 1674

12C17O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.0903830147 1100.0636589 0001 →  0200 Band R(45) 6840

9.0943359524 1099.5855060 0001 →  0200 Band R(44) 6840

9.0983367323 1099.1019891 0001 →  0200 Band R(43) 6840

9.1023855930 1098,6130941 0001 →  0200 Band R(42) 6840

9.1064827734 1098.1188071 0001 →  0200 Band R(41) 6840

9.1106285129 1097.6191144 0001 →  0200 Band R(40) 6840

9.1148230497 1097.1140027 0001 →  0200 Band R(39) 6840

9.1190666207 1096.6034591 0001 →  0200 Band R(38) 6840

9.1233594639 1096.0874708 0001 →  0200 Band R(37) 6840

9.1277018147 1095.5660256 0001 →  0200 Band R(36) 6840

9.1320939079 1095.0391116 0001 →  0200 Band R(35) 6840

9.1365359806 1094.5067169 0001 →  0200 Band R(34) 6840

9.1410282644 1D93.9688305 0001 →  0200 Band R(33) 6840

9.1455709948 1093.4254412 0001 →  0200 Band R(32) 6840



12C16O18O Laser—continued
Wavelength

( m) vac
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©2001 CRC Press LLC

9.1501644027 10918765386 0001 →  0200 Band R(31) 6840

9.1548087203 1092.3221124 0001 →  0200 Band R(30) 6840

9.1595041789 1091.7621527 0001 →  0200 Band R(29) 6840

9.1642510074 1091.1966501 0001 →  0200 Band R(28) 6840

9.1690494356 1090.6255954 0001 →  0200 Band R(27) 6840

9.1738996911 1090.0489799 0001 →  0200 Band R(26) 6840

9.1788020012 1099.4667952 0001 →  0200 Band R(25) 6840

9.1837565912 1089.8790334 0001 →  0200 Band R(24) 6840

9.1887636870 1089.2856968 0001 →  0200 Band R(23) 6840

9.1938235127 1087.6867482 0001 →  0200 Band R(22) 6840

9.1989362908 1087.0822108 0001 →  0200 Band R(21) 6840

9.2041022431 1086.4720682 0001 →  0200 Band R(20) 6840

9.2093215901 1085.8563144 0001 →  0200 Band R(19) 6840

9.2145945513 1085.2349438 0001 →  0200 Band R(18) 6840

9.2199213456 1084.6079511 0001 →  0200 Band R(17) 6840

9.2253021895 1083.9753316 0001 →  0200 Band R(16) 6840

9.2307372990 10833370809 0001 →  0200 Band R(15) 6840

9.2362268897 1082.6931949 0001 →  0200 Band R(14) 6840

9.2417711746 1082.0436701 0001 →  0200 Band R(13) 6840

9.2473703656 1081.3885034 0001 →  0200 Band R(12) 6840

9.2530246740 1080.7276920 0001 →  0200 Band R(11) 6840

9.2587343087 1080.0612337 0001 →  0200 Band R(10) 6840

9.2644994798 1079.3891264 0001 →  0200 Band R(9) 6840

9.2703203918 1078.7113689 0001 →  0200 Band R(8) 6840

9.2761972527 1078.0279599 0001 →  0200 Band R(7) 6840

9.2821302649 1077.3388990 0001 →  0200 Band R(6) 6840

9.2881196322 1076.6441859 0001 →  0200 Band R(5) 6840

9.3711993962 1067.0992663 0001 →  0200 Band P(7) 6840

9.3779982255 1066.3256443 0001 →  0200 Band P(8) 6840

9.3848562790 1065.5464189 0001 →  0200 Band P(9) 6840

9.3917737361 1064.7615968 0001 →  0200 Band P(10) 6840

9.3987507727 1063.9711853 0001 →  0200 Band P(11) 6840

9.4057875665 1063.1751918 0001 →  0200 Band P(12) 6840

9.4128842907 1062.3736244 0001 →  0200 Band P(13) 6840

9.4200411203 1061.5664913 0001 →  0200 Band P(14) 6840

9.4272582269 1060.7538013 0001 →  0200 Band P(15) 6840

9.4345357789 1059.9355638 0001 →  0200 Band P(16) 6840

9.4418739452 1059.1117884 0001 →  0200 Band P(17) 6840

9.4492728943 1058.2824850 0001 →  0200 Band P(18) 6840

9.4567327911 1057.4476641 0001 →  0200 Band P(19) 6840



12C17O2  Laser—continued
Wavelength

( m) vac
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(cm -1) Trans i t ion  ass ignment Comments
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9.4642537986 1056.0073367 0001 →  0200 Band P(20) 6840

9.4718360798 1055.7615140 0001 →  0200 Band P(21) 6840

9.4794797973 1054.9102075 0001 →  0200 Band P(22) 6840

9.4871851086 1054.0534295 0001 →  0200 Band P(23) 6840

9.4949521722 1053.1911924 0001 →  0200 Band P(24) 6840

9.5027811452 1052.3235090 0001 →  0200 Band P(25) 6840

9.5106721823 1051,4503926 0001 →  0200 Band P(26) 6840

9.5186254374 1050.5718568 0001 →  0200 Band P(27) 6840

9.5266410620 1049.6879157 0001 →  0200 Band P(28) 6840

9.5347192086 1048.7985835 0001 →  0200 Band P(29) 6840

9.5428600243 1047.9038752 0001 →  0200 Band P(30) 6840

9.5510636595 1047.0038057 0001 →  0200 Band P(31) 6840

9.5593302580 1046.0983908 0001 →  0200 Band P(32) 6840

9.5676599674 1045.1876461 0001 →  0200 Band P(33) 6840

9.5760529309 1044 2715879 0001 →  0200 Band P(34) 6840

9.5845092900 1043.3502329 0001 →  0200 Band P(35) 6840

9.5930291871 1042.4235979 0001 →  0200 Band P(36) 6840

9.6016127618 1041.4917002 0001 →  0200 Band P(37) 6840

9.6102601521 1040.5545575 0001 →  0200 Band P(38) 6840

9.6189714956 1039.6121877 0001 →  0200 Band P(39) 6840

9.6277469294 1038.6646090 0001 →  0200 Band P(40) 6840

9.6365865884 1037.7118400 0001 →  0200 Band P(41) 6840

9.6454906048 1036.7538998 0001 →  0200 Band P(42) 6840

9.6544591124 1035.7908075 0001 →  0200 Band P(43) 6840

9.6634922422 1034.8225827 0001 →  0200 Band P(44) 6840

9.6725901242 1033.8492453 0001 →  0200 Band P(45) 6840

9.6817528890 1032.9708153 0001 →  0200 Band P(46) 6840

9.6909806643 1031.8873132 0001 →  0200 Band P(47) 6840

9.7002735768 1030.8987598 0001 →  0200 Band P(48) 6840

9.7096317526 1029.9051761 0001 →  0200 Band P(49) 6840

9.719055321 1028.906583 0001 →  0200 Band P(50) 6840

9.728544397 1027.903003 0001 →  0200 Band P(51) 6840

10.11386934 988.7412689 0001 →  1000 Band R(37) 6840

10.11882628 988.2569109 0001 →  1000 Band R(36) 6840

10.12385803 987.7657279 0001 →  1000 Band R(35) 6840

10.12896464 987.2677371 0001 →  1000 Band R(34) 6840

10.13414614 986.7629555 0001 →  1000 Band R(33) 6840

10.13940260 986.2513992 0001 →  1000 Band R(32) 6840

10.14473407 985.7330842 0001 →  1000 Band R(31) 6840

10.15014061 985.2080262 0001 →  1000 Band R(30) 6840



12C16O18O Laser—continued
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10.15562232 984.6762402 0001 →  1000 Band R(29) 6840

10.16117926 984.1377408 0001 →  1000 Band R(28) 6840

10.16681153 983.5925424 0001 →  1000 Band R(27) 6840

10.17251922 983.0406589 0001 →  1000 Band R(26) 6840

10.17830245 982.4821037 0001 →  1000 Band R(25) 6840

10.18416131 981.9168899 0001 →  1000 Band R(24) 6840

10.19009593 981.3450300 0001 →  1000 Band R(23) 6840

10.19610644 980.7665364 0001 →  1000 Band R(22) 6840

10.20219297 980.1814209 0001 →  1000 Band R(21) 6840

10.20835565 979.5896950 0001 →  1000 Band R(20) 6840

10.21459464 978.9913695 0001 →  1000 Band R(19) 6840

10.22091010 978.3864553 0001 →  1000 Band R(18) 6840

10.22730217 977.7749625 0001 →  1000 Band R(17) 6840

10.23377105 977.1569009 0001 →  1000 Band R(16) 6840

10.24031689 976.5322800 0001 →  1000 Band R(15) 6840

10.24693989 975.9011088 0001 →  1000 Band R(14) 6840

10.25364024 9751633961 0001 →  1000 Band R(13) 6840

10.26041813 974.6191499 0001 →  1000 Band R(12) 6840

10.26727379 973.9683783 0001 →  1000 Band R(11) 6840

10.27420741 973.3110886 0001 →  1000 Band R(10) 6840

10.28121923 972.6472880 0001 →  1000 Band R(9) 6840

10.44700792 957.2118716 0001 →  1000 Band P(11) 6840

10.45581237 956.4058384 0001 →  1000 Band P(12) 6840

10.46470237 955.5933503 0001 →  1000 Band P(13) 6840

10.47367833 954.7744052 0001 →  1000 Band P(14) 6840

10.48274069 953.9490005 0001 →  1000 Band P(15) 6840

10.49188988 953.1171331 0001 →  1000 Band P(16) 6840

10.50112635 952.2787997 0001 →  1000 Band P(17) 6840

10.51045058 951.4339965 0001 →  1000 Band P(18) 6840

10.51986303 950.5827192 0001 →  1000 Band P(19) 6840

10.52936417 949.7249634 0001 →  1000 Band P(20) 6840

10.53895450 948.8607241 0001 →  1000 Band P(21) 6840

10.54863453 947.9899958 0001 →  1000 Band P(22) 6840

10.55840475 947.1127728 0001 →  1000 Band P(23) 6840

10.56826570 946.2298989 0001 →  1000 Band P(24) 6840

10.57821790 945.3388175 0001 →  1000 Band P(25) 6840

10.58826190 944.4420716 0001 →  1000 Band P(26) 6840

10.59839824 943.5388038 0001 →  1000 Band P(27) 6840

10.60862750 942.6290064 0001 →  1000 Band P(28) 6840

10.61895025 941.7126710 0001 →  1000 Band P(29) 6840



12C17O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.62936707 940.7897890 0001 →  1000 Band P(30) 6840

10.63987856 939.8603514 0001 →  1000 Band P(31) 6840

10.65048533 939.9243487 0001 →  1000 Band P(32) 6840

10.66118800 937.9817711 0001 →  1000 Band P(33) 6840

10.67198720 937,0326082 0001 →  1000 Band P(34) 6840

10.68288358 936.0768492 0001 →  1000 Band P(35) 6840

10.69387779 935.1144831 0001 →  1000 Band P(36) 6840

10.70497050 934.1454983 0001 →  1000 Band P(37) 6840

12C18O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.346 2301 0201 →  0200 Band R(8) 1676

4.371 2288 0201 →  0200 Band P(10) 1676

4.376 2285 0201 →  0200 Band P(14) 1676

4.382 2282 0201 →  0200 Band P(18) 1676

4.384 2281 0201 →  0200 Band P(20) 1676

4.392 2277 0201 →  0200 Band P(24) 1676

4.398 2274 0201 →  0200 Band P(28) 1676

8.9876734 1112.635002 0001 →  0200 Band R(50) 1640,1677,1816

8.9949454 1111.735483 0001 →  0200 Band R(48) 1640,1677,1816

9.0023806 1110.817287 0001 →  0200 Band R(46) 1640,1677,1816

9.0099803 1109.880339 0001 →  0200 Band R(44) 1640,1677,1816

9.0177460 1108.924564 0001 →  0200 Band R(42) 1640,1677,1816

9.0256790 1107.949889 0001 →  0200 Band R(40) 1640,1677,1816

9.0337807 1106.956249 0001 →  0200 Band R(38) 1640,1677,1816

9.0420526 1105.943579 0001 →  0200 Band R(36) 1640,1677,1816

9.0504960 1104.911817 0001 →  0200 Band R(34) 1640,1677,1816

9.0591124 1103.860906 0001 →  0200 Band R(32) 1640,1677,1816

9.0679030 1102.790794 0001 →  0200 Band R(30) 1640,1677,1816

9.07505983 1101.92111 0002 →  0201 Band R(39) 1678

9.0768694 1101.701430 0001 →  0200 Band R(28) 1640,1677,1816

9.08316833 1100.93741 0002 →  0201 Band R(37) 1678

9.0860128 1100.592768 0001 →  0200 Band R(26) 1640,1677,1816

9.09145210 1099.93430 0002 →  0201 Band R(35) 1678

9.0953347 1099.464768 0001 →  0200 Band R(24) 1640,1677,1816

9.09991271 1098.91164 0002 →  0201 Band R(33) 1678

9.1048363 1098.317391 0001 →  0200 Band R(22) 1640,1677,1816



12C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.10855153 1097.86940 0002 →  0201 Band R(31) 1678

9.1145190 1097.150604 0001 →  0200 Band R(20) 1640,1677,1816

9.11737010 1096.80751 0002 →  0201 Band R(29) 1678

9.1243841 1095.964378 0001 →  0200 Band R(18) 1640,1677,1816

9.12636993 1095.72591 0002 →  0201 Band R(27) 1678

9.1344331 1094.758689 0001 →  0200 Band R(16) 1640,1677,1816

9.1446671 1093.533516 0001 →  0200 Band R(14) 1640,1677,1816

9.14491873 1093.50343 0002 →  0201 Band R(23) 1678

9.15447066 1092.36245 0002 →  0201 Band R(21) 1678

9.1550876 1092.288843 0001 →  0200 Band R(12) 1640,1677,1816

9.16420944 1091.20160 0002 →  0201 Band R(19) 1678

9.1656957 1091.024659 0001 →  0200 Band R(10) 1640,1677,1816

9.17413644 1090.02085 0002 →  0201 Band R(17) 1678

9.1764928 1089.740958 0001 →  0200 Band R(8) 1640,1677,1816

9.18425316 1088.82016 0002 →  0201 Band R(15) 1678

9.1874801 1088.437737 0001 →  0200 Band R(6) 1640,1677,1816

9.19456080 1087 59953 0002 →  0201 Band R(13) 1678

9.1986588 1087.114999 0001 →  0200 Band R(4) 1640,1677,1816

9.20506088 1086.35892 0002 →  0201 Band R(11) 1678

9.2100304 1085.772751 0001 →  0200 Band R(2) 1640,1677,1816

9.21575458 1085.09834 0002 →  0201 Band R(9) 1678

9.22664333 1083.81777 0002 →  0201 Band R(7) 1678

9.23772834 1082.51722 0002 →  0201 Band R(5) 1678

9.2393103 1082.331865 0001 →  0200 Band P(2) 1640,1677,1816

9.2513660 1080.921457 0001 →  0200 Band P(4) 1640,1677,1816

9.2636198 1079.491631 0001 →  0200 Band P(6) 1640,1677,1816

9.2760728 1078.042418 0001 →  0200 Band P(8) 1640,1677,1816

9.2887264 1076.573858 0001 →  0200 Band P(10) 1640,1677,1816

9.3015815 1075.085991 0001 →  0200 Band P(12) 1640,1677,1816

9.3146394 1073.578866 0001 →  0200 Band P(14) 1640,1677,1816

9.32725182 1072.12716 0002 →  0201 Band P(9) 1678

9.3279011 1072.052534 0001 →  0200 Band P(16) 1640,1677,1816

9.34005619 1070.65737 0002 →  0201 Band P(11) 1678

9.3413677 1070.507051 0001 →  0200 Band P(18) 1640,1677,1816

9.35306846 1069.16784 0002 →  0201 Band P(13) 1678

9.3550403 1068.942477 0001 →  0200 Band P(20) 1640,1677,1816

9.36628985 1067.65861 0002 →  0201 Band P(15) 1678

9.3689201 1067.358878 0001 →  0200 Band P(22) 1640,1677,1816

9.37972146 1066.12974 0002 →  0201 Band P(17) 1678

9.3830079 1065.756323 0001 →  0200 Band P(24) 1640,1677,1816



12C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.39336441 1064.58129 0002 →  0201 Band P(19) 1678

9.3973049 1064.134886 0001 →  0200 Band P(26) 1640,1677,1816

9.40721976 1063.01133 0002 →  0201 Band P(21) 1678

9.4118121 1062.494644 0001 →  0200 Band P(28) 1640,1677,1816

9.42128859 1061.42593 0002 →  0201 Band P(23) 1678

9.4265306 1060.835680 0001 →  0200 Band P(30) 1640,1677,1816

9.43557192 1059.81917 0002 →  0201 Band P(25) 1678

9.4414613 1059.158080 0001 →  0200 Band P(32) 1640,1677,1816

9.45007080 1058.19311 0002 →  0201 Band P(27) 1678

9.4566052 1057.461932 0001 →  0200 Band P(34) 1640,1677,1816

9.46478631 1056.54789 0002 →  0201 Band P(29) 1678

9.4719633 1055.747333 0001 →  0200 Band P(36) 1640,1677,1816

9.47971944 1054.88354 0002 →  0201 Band P(31) 1678

9.4875366 1054.014377 0001 →  0200 Band P(38) 1640,1677,1816

9.49487115 1051.20018 0002 →  0201 Band P(33) 1678

9.5033261 1052.263168 0001 →  0200 Band P(40) 1640,1677,1816

9.51024239 1051.49791 0002 →  0201 Band P(35) 1678

9.5193326 1050.493809 0001 →  0200 Band P(42) 1640,1677,1816

9.52583417 1049.77683 0002 →  0201 Band P(37) 1678

9.5355573 1048.706409 0001 →  0200 Band P(44) 1640,1677,1816

9.54164732 1048.03706 0002 →  0201 Band P(39) 1678

9.5520009 1046.901078 0001 →  0200 Band P(46) 1640,1677,1816

9.55768295 1046.27869 0002 →  0201 Band P(41) 1678

9.5686644 1045.077932 0001 →  0200 Band P(48) 1640,1677,1816

9.57394187 1044.50185 0002 →  0201 Band P(43) 1678

9.5855488 1043.237087 0001 →  0200 Band P(50) 1640,1677,1816

9.6026550 1041.378663 0001 →  0200 Band P(52) 1640,1677,1816

9.6199838 1039.502785 0001 →  0200 Band P(54) 1640,1677,1816

9.6375363 1037.609577 0001 →  0200 Band P(56) 1640,1677,1816

9.6553134 1035.699167 0001 →  0200 Band P(58) 1640,1677,1816

10.0880271 991.274097 0001 →  1000 Band R(44) 1640,1677,1816

10.0960365 990.487702 0001 →  1000 Band R(42) 1640,1677,1816

10.1043452 989.673231 0001 →  1000 Band R(40) 1640,1677,1816

10.1129535 988.830810 0001 →  1000 Band R(38) 1640,1677,1816

10.1218615 987.960561 0001 →  1000 Band R(36) 1640,1677,1816

10.1310697 987.062599 0001 →  1000 Band R(34) 1640,1677,1816

10.1405785 986.137035 0001 →  1000 Band R(32) 1640,1677,1816

10.1503884 985.183973 0001 →  1000 Band R(30) 1640,1677,1816

10.1605002 984.203513 0001 →  1000 Band R(28) 1640,1677,1816

10.1709146 983.195749 0001 →  1000 Band R(26) 1640,1677,1816



12C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.1816325 982.160770 0001 →  1000 Band R(24) 1640,1677,1816

10.1926548 981.098661 0001 →  1000 Band R(22) 1640,1677,1816

10.202035 980.19662 0002 →  1001 Band R(23) 1678

10.2039827 980.009499 0001 →  1000 Band R(20) 1640,1677,1816

10.213155 979.12939 0002 →  1001 Band R(21) 1678

10.2156174 978.893358 0001 →  1000 Band R(18) 1640,1677,1816

10.224579 978.03540 0002 →  1001 Band R(19) 1678

10.2275601 977.750307 0001 →  1000 Band R(16) 1640,1677,1816

10.236308 976.91470 0002 →  1001 Band R(17) 1678

10.2398122 976.580410 0001 →  1000 Band R(14) 1640,1677,1816

10.248345 975.76735 0002 →  1001 Band R(15) 1678

10.2523753 975.383724 0001 →  1000 Band R(12) 1640,1677,1816

10.260689 974.59339 0002 →  1001 Band R(13) 1678

10.2652510 974.160302 0001 →  1000 Band R(10) 1640,1677,1816

10.273344 973.39290 0002 →  1001 Band R(11) 1678

10.2784410 972.910195 0001 →  1000 Band R(8) 1640,1677,1816

10.2919471 971.633444 0001 →  1000 Band R(6) 1640,1677,1816

10.3057713 970.330089 0001 →  1000 Band R(4) 1640,1677,1816

10.3875886 962.687338 0001 →  1000 Band P(6) 1640,1677,1816

10.4035359 961.211655 0001 →  1000 Band P(8) 1640,1677,1816

10.4198197 959.709501 0001 →  1000 Band P(10) 1640,1677,1816

10.4364429 958.180872 0001 →  1000 Band P(12) 1640,1677,1816

10.441778 957.69129 0002 →  1001 Band P(11) 1678

10.4534087 956.625760 0001 →  1000 Band P(14) 1640,1677,1816

10.458482 956.16167 0002 →  1001 Band P(13) 1678

10.4707201 955.044152 0001 →  1000 Band P(16) 1640,1677,1816

10.475528 954.60579 0002 →  1001 Band P(15) 1678

10.4883806 953.436031 0001 →  1000 Band P(18) 1640,1677,1816

10.492919 953.02362 0002 →  1001 Band P(17) 1678

10.5063938 951.801372 0001 →  1000 Band P(20) 1640,1677,1816

10.510659 951.41515 0002 →  1001 Band P(19) 1678

10.5247631 950.140148 0001 →  1000 Band P(22) 1640,1677,1816

10.528750 949.78034 0002 →  1001 Band P(21) 1678

10.5434925 948.452326 0001 →  1000 Band P(24) 1640,1677,1816

10.547198 948.11915 0002 →  1001 Band P(23) 1678

10.5625859 946.737867 0001 →  1000 Band P(26) 1640,1677,1816

10.566004 946.43155 0002 →  1001 Band P(25) 1678

10.5820472 944.996727 0001 →  1000 Band P(28) 1640,1677,1816

10.585175 944.71749 0002 →  1001 Band P(27) 1678

10.6018809 943.228859 0001 →  1000 Band P(30) 1640,1677,1816



12C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.604713 942.97692 0002 →  1001 Band P(29) 1678

10.6220912 941.434208 0001 →  1000 Band P(32) 1640,1677,1816

10.624624 941.20978 0002 →  1001 Band P(31) 1678

10.6426827 939.612715 0001 →  1000 Band P(34) 1640,1677,1816

10.6636602 937.764315 0001 →  1000 Band P(36) 1640,1677,1816

10.6850285 935.888938 0001 →  1000 Band P(38) 1640,1677,1816

10.7067928 933.986510 0001 →  1000 Band P(40) 1640,1677,1816

10.7289582 932.056948 0001 →  1000 Band P(42) 1640,1677,1816

10.7515302 930.100166 0001 →  1000 Band P(44) 1640,1677,1816

10.7745144 928.116073 0001 →  1000 Band P(46) 1640,1677,1816

10.7979167 926.104569 0001 →  1000 Band P(48) 1640,1677,1816

17.463 572.6 0201 →  0111 Band R(8) 1676

17.730 564.0 0200 →  0110 Band P(13) 1676

17.775 562.6 0200 →  0110 Band P(15) 1676

17.821 561.1 0200 →  0110 Band P(17) 1676

17.915 558.2 0200 →  0110 Band P(21) 1676

17.962 556.7 0200 →  0110 Band P(23) 1676

18.010 555.2 0200 →  0110 Band P(25) 1676

18.053 553.9 0200 →  0110 Band P(27) 1676

13C16O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.39012 2277.84 1001 →  1000 Band R(20) 6842

4.39267 2276.52 1001 →  1000 Band R(18) 6842

4.39789 2273.82 1001 →  1000 Band R(14) 6842

4.40056 2272.44 1001 →  1000 Band R(12) 6842

4.44858 2247.91 1001 →  1000 Band P(18) 6842

4.45210 2246.13 1001 →  1000 Band P(20) 6842

4.45931 2242.50 1001 →  1000 Band P(24) 6842

4.46299 2240.65 1001 →  1000 Band P(26) 6842

4.46672 2238.78 1001 →  1000 Band P(28) 6842

9.5500053 1,047.119835 0001 →  0200 Band R(48) 6844,6957

9.5579535 1,046.249078 0001 →  0200 Band R(46) 6844,6957

9.5661641 1,045.351083 0001 →  0200 Band R(44) 6844,6957

9.5746401 1,044.425675 0001 →  0200 Band R(42) 6844,6957

9.5833845 1,043.472687 0001 →  0200 Band R(40) 6844,6957

9.5924001 1,042.491959 0001 →  0200 Band R(38) 6844,6957



13C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

9.601689891 1041.4833369 0001 →  0200 Band R(36) 1640,1679,6957

9.611256627 1040.4466766 0001 →  0200 Band R(34) 1640,1679,6957

9.621103251 1039.3818408 0001 →  0200 Band R(32) 1640,1679,6957

9.631232623 1038.2887004 0001 →  0200 Band R(30) 1640,1679,6957

9.641647583 1037.1671347 0001 →  0200 Band R(28) 1640,1679,6957

9.652350966 1036.0170314 0001 →  0200 Band R(26) 1640,1679,6957

9.663345593 1034.8382866 0001 →  0200 Band R(24) 1640,1679,6957

9.674634252 1033.6308053 0001 →  0200 Band R(22) 1640,1679,6957

9.686219735 1032.3945014 0001 →  0200 Band R(20) 1640,1679,6957

9.698104805 1031.1292979 0001 →  0200 Band R(18) 1640,1679,6957

9.710292190 1029.8351269 0001 →  0200 Band R(16) 1640,1679,6957

9.722784635 1028.5119297 0001 →  0200 Band R(14) 1640,1679,6957

9.735584845 1027.1596570 0001 →  0200 Band R(12) 1640,1679,6957

9.748695495 1025.7782690 0001 →  0200 Band R(10) 1640,1679,6957

9.762119246 1024.3677355 0001 →  0200 Band R(8) 1640,1679,6957

9.775858749 1022.9280357 0001 →  0200 Band R(6) 1640,1679,6957

9.789916613 1021.4591587 0001 →  0200 Band R(4) 1640,1679,6957

9.873040362 1012.8592241 0001 →  0200 Band P(6) 1640,1679,6957

9.889229768 1011.2010991 0001 →  0200 Band P(8) 1640,1679,6957

9.905756396 1009.5140248 0001 →  0200 Band P(10) 1640,1679,6957

9.922622674 1007.7980729 0001 →  0200 Band P(12) 1640,1679,6957

9.939830992 1006.0533246 0001 →  0200 Band P(14) 1640,1679,6957

9.957383702 1064.2798709 0001 →  0200 Band P(16) 1640,1679,6957

9.975283144 1002.4778119 0001 →  0200 Band P(18) 1640,1679,6957

9.98393525 1001.60906 0002 →  0201 Band P(17) 1680

9.993531627 1000.6472574 0001 →  0200 Band P(20) 1640,1679,6957

10.002016 999.79840 0002 →  0201 Band P(19) 1680

10.0121314 998.7883263 0001 →  0200 Band P(22) 1640,1679,6957

10.0310849 996.9011466 0001 →  0200 Band P(24) 1640,1679,6957

10.0503941 994.9858555 0001 →  0200 Band P(26) 1640,1679,6957

10.0700615 993.0425989 0001 →  0200 Band P(28) 1640,1679,6957

10.0900890 991.0715315 0001 →  0200 Band P(30) 1640,1679,6957

10.1104791 989.0728168 0001 →  0200 Band P(32) 1640,1679,6957

10.1312337 987.0466264 0001 →  0200 Band P(34) 1640,1679,6957

10.1523550 984.9931404 0001 →  0200 Band P(36) 1640,1679,6957

10.1738452 982.9125468 0001 →  0200 Band P(38) 1640,1679,6957

10.19570615 980.8050417 0001 →  0200 Band P(40) 6844,6957

10.21794020 978.6708287 0001 →  0200 Band P(42) 6844,6957

10.24054929 976.5101189 0001 →  0200 Band P(44) 6844,6957

10.26353546 974.3231306 0001 →  0200 Band P(46) 6844,6957



13C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.28690074 972.1100894 0001 →  0200 Band P(48) 6844,6957

10.6006284 943.3403026 0001 →  1000 Band R(44) 1640,1679,6957

10.6131040 942.2314117 0001 →  1000 Band R(42) 1640,1679,6957

10.6258494 941.1012389 0001 →  1000 Band R(40) 1640,1679,6957

10.6388646 939.9499252 0001 →  1000 Band R(38) 1640,1679,6957

10.6521502 938.7776043 0001 →  1000 Band R(36) 1640,1679,6957

10.653167 938.68797 0002 →  1001 Band R(41) 1680

10.6657064 937.5844035 0001 →  1000 Band R(34) 1640,1679,6957

10.666054 937.55386 0002 →  1001 Band R(39) 1680

10.679209 936.39893 0002 →  1001 Band R(37) 1680

10.6795340 936.3704435 0001 →  1000 Band R(32) 1640,1679,6957

10.692633 935.22332 0002 →  1001 Band R(35) 1680

10.6936336 935.1358386 0001 →  1000 Band R(30) 1640,1679,6957

10.706327 934.02715 0002 →  1001 Band R(33) 1680

10.7080059 933.8806970 0001 →  1000 Band R(28) 1640,1679,6957

10.720291 932.81054 0002 →  1001 Band R(31) 1680

10.7226518 932.6051212 0001 →  1000 Band R(26) 1640,1679,6957

10.734525 931.57361 0002 →  1001 Band R(29) 1680

10.7375724 931.3092074 0001 →  1000 Band R(24) 1640,1679,6957

10.749031 930.31645 0002 →  1001 Band R(27) 1680

10.7527686 929.9930465 0001 →  1000 Band R(22) 1640,1679,6957

10.763809 929.03916 0002 →  1001 Band R(25) 1680

10.7682416 928.656723 0001 →  1000 Band R(20) 1640,1679,6957

10.778861 927.74184 0002 →  1001 Band R(23) 1680

10.7839929 927.300318 0001 →  1000 Band R(18) 1640,1679,6957

10.794187 926.42457 0002 →  1001 Band R(21) 1680

10.8000236 925.923906 0001 →  1000 Band R(16) 1640,1679,6957

10.809789 925.08744 0002 →  1001 Band R(19) 1680

10.8163353 924.527554 0001 →  1000 Band R(14) 1640,1679,6957

10.825668 923.73053 0002 →  1001 Band R(17) 1680

10.8329296 923.1113281 0001 →  1000 Band R(12) 1640,1679,6957

10.841826 922.35389 0002 →  1001 Band R(15) 1680

10.8498081 921.6752859 0001 →  1000 Band R(10) 1640,1679,6957

10.858263 920.95760 0002 →  1001 Band R(13) 1680

10.8669727 920.2194817 0001 →  1000 Band R(8) 1640,1679,6957

10.874982 919.54173 0002 →  1001 Band R(11) 1680

10.8844252 918.7439642 0001 →  1000 Band R(6) 1640,1679,6957

10.891985 918.10632 0002 →  1001 Band R(9) 1680

10.9021677 917.2487772 0001 →  1000 Band R(4) 1640,1679,6957

10.909272 916.65142 0002 →  1001 Band R(7) 1680



13C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.9856555 910.2779562 0001 →  1000 Band P(4) 1640,1679,6957

11.0050330 908.6751526 0001 →  1000 Band P(6) 1640,1679,6957

11.009542 908.30102 0002 →  1001 Band P(3) 1680

11.0247160 907.0528453 0001 →  1000 Band P(8) 1640,1679,6957

11.028734 906.72238 0002 →  1001 Band P(5) 1680

11.0447074 905.4110417 0001 →  1000 Band P(10) 1640,1679,6957

11.048228 905.12249 0002 →  1001 Band P(7) 1680

11.0650101 903.749742 0001 →  1000 Band P(12) 1640,1679,6957

11.068028 903.50335 0002 →  1001 Band P(9) 1680

11.0856271 902.068947 0001 →  1000 Band P(14) 1640,1679,6957

11.088135 901.86496 0002 →  1001 Band P(11) 1680

11.1065618 900.368647 0001 →  1000 Band P(16) 1640,1679,6957

11.108552 900.20734 0002 →  1001 Band P(13) 1680

11.1278173 898.648830 0001 →  1000 Band P(18) 1640,1679,6957

11.129283 898.53047 0002 →  1001 Band P(15) 1680

11.1493972 896.909477 0001 →  1000 Band P(20) 1640,1679,6957

11.150331 896.83434 0002 →  1001 Band P(17) 1680

11.1713050 895.150565 0001 →  1000 Band P(22) 1640,1679,6957

11.171700 895.11894 0002 →  1001 Band P(19) 1680

11.193392 893.38426 0002 →  1001 Band P(21) 1680

11.1935445 893.372066 0001 →  1000 Band P(24) 1640,1679,6957

11.215411 991.63025 0002 →  1001 Band P(23) 1680

11.2161196 891.573944 0001 →  1000 Band P(26) 1640,1679,6957

11.237762 889.85690 0002 →  1001 Band P(25) 1680

11.2390343 889.756160 0001 →  1000 Band P(28) 1640,1679,6957

11.260448 888.06417 0002 →  1001 Band P(27) 1680

11.2622928 887.9186697 0001 →  1000 Band P(30) 1640,1679,6957

11.283472 886.25201 0002 →  1001 Band P(29) 1680

11.2858994 886.0614195 0001 →  1000 Band P(32) 1640,1679,6957

11.306840 884.42038 0002 →  1001 Band P(31) 1680

11.3098586 884.1943534 0001 →  1000 Band P(34) 1640,1679,6957

11.330556 882.56922 0002 →  1001 Band P(33) 1680

11.3341751 882.2874078 0001 →  1000 Band P(36) 1640,1679,6957

11.354624 880.69848 0002 →  1001 Band P(35) 1680

11.3588539 880.3705132 0001 →  1000 Band P(38) 1640,1679,6957

11.379049 879.90808 0002 →  1001 Band P(37) 1680

11.3838998 878.4335931 0001 →  1000 Band P(40) 1640,1679,6957

11.403836 876.8979S 0002 →  1001 Band P(39) 1680

11.4093182 876.4765648 0001 →  1000 Band P(42) 1640,1679,6957

11.4161330 875.953358 0111 →  1110 Band P(9) 6846



13C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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11.4273891 875.090530 0111 →  1110 Band P(10) 6846

11.428989 874.96801 0002 →  1001 Band P(41) 1680

11.435115 874.4993382 0001 →  1000 Band P(44) 1640,1679,6957

11.4376785 874.303294 0111 →  1110 Band P(11) 6846

11.4492864 873.416878 0111 →  1110 Band P(12) 6846

11.454515 873.01819 0002 →  1001 Band P(43) 1680

11.4595534 872.634356 0111 →  1110 Band P(13) 6846

11.461294 872.5018106 0001 →  1000 Band P(46) 1640,1679,6957

11.4715433 871.722294 0111 →  1110 Band P(14) 6846

11.480419 871.04836 0002 →  1001 Band P(45) 1680

11.4817608 870.946552 0111 →  1110 Band P(15) 6846

11.487863 870.4838954 0001 →  1000 Band P(48) 1640,1679,6957

11.4941634 870.006772 00111 →  1110 Band P(16) 6846

11.5043041 869.239899 0111 →  1110 Band P(17) 6846

11.506706 869.05845 0002 →  1001 Band P(47) 1680

11.5171508 868.270301 0111 →  1110 Band P(18) 6846

11.5271866 867.514370 0111 →  1110 Band P(19) 6846

11.5405096 866.512865 0111 →  1110 Band P(20) 6846

11.5504119 965.769994 0111 →  1110 Band P(21) 6846

11.5642439 864.734444 0111 →  1110 Band P(22) 6846

11.5739835 864.006760 0111 →  1110 Band P(23) 6846

11.5883582 862.935011 0111 →  1110 Band P(24) 6846

11.5979053 862.224662 0111 →  1110 Band P(25) 6846

11.6128570 861.114537 0111 →  1110 Band P(26) 6846

11.6221811 860.423692 0111 →  1110 Band P(27) 6846

11.6377451 859.272985 0111 →  1110 Band P(28) 6846

11.6468149 859.603840 0111 →  1110 Band P(29) 6846

11.6630274 857.410317 0111 →  1110 Band P(30) 6846

11.6718107 856.765092 0111 →  1110 Band P(31) 6846

11.6887088 855.526487 0111 →  1110 Band P(32) 6846

11.6971729 954.907431 0111 →  1110 Band P(33) 6846

11.7147947 853.621445 0111 →  1110 Band P(34) 6846

11.7229056 853.030839 0111 →  1110 Band P(35) 6846

11.7412905 851.695137 0111 →  1110 Band P(36) 6846

11.7490134 851.135294 0111 →  1110 Band P(37) 6846

11.7682017 849.747504 0111 →  1110 Band P(38) 6846

11.7755010 849.220770 0111 →  1110 Band P(39) 6846
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13C16O18O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.473 2236 0201 →  0200 Band 6847

4.528 2208 0201 →  0200 Band 6847

9.6609222307 1035.0978676 0001 →  0200 Band R(20) 6848

9.6665738784 1034.4926885 0001 →  0200 Band R(19) 6848

9.6722905548 1033.8812656 0001 →  0200 Band R(18) 6848

9.6780725408 1033.2635923 0001 →  0200 Band R(17) 6848

9.6839201195 1032.6396621 0001 →  0200 Band R(16) 6848

9.6898335717 1032.0094691 0001 →  0200 Band R(15) 6848

9.6958131757 10313730080 0001 →  0200 Band R(14) 6848

9.7018592092 1030.7302739 0001 →  0200 Band R(13) 6848

9.7079719484 1030.0812624 0001 →  0200 Band R(12) 6848

9.9236744988 1007.6912540 0001 →  0200 Band P(17) 6848

9.9319829837 1006.8482816 0001 →  0200 Band P(18) 6848

9.9403661154 1005.9991638 0001 →  0200 Band P(19) 6848

9.9488241143 1005.1439130 0001 →  0200 Band P(20) 6848

9.9573571956 1004 2825424 0001 →  0200 Band P(21) 6848

9.9659655768 1003.4150653 0001 →  0200 Band P(22) 6848

9.9746494693 1002.5414959 0001 →  0200 Band P(23) 6848

9.9834090856 1001,6618486 0001 →  0200 Band P(24) 6848

9.9922446352 1000.7761384 0001 →  0200 Band P(25) 6848

10.00115632 999.8843809 0001 →  0200 Band P(26) 6848

10.01014436 998.9865920 0001 →  0200 Band P(27) 6848

10.01920894 998.0827884 0001 →  0200 Band P(28) 6848

10.02835028 997.29970 0001 →  0200 Band P(29) 6848

10.0375686 996.257205 0001 →  0200 Band P(30) 6848

10.0468640 995.335462 0001 →  0200 Band P(31) 6848

10.0562367 994.407775 0001 →  0200 Band P(32) 6848

10.0656870 993.474164 0001 →  0200 Band P(33) 6848

10.0752150 992.534648 0001 →  0200 Band P(34) 6848

10.0848209 991.589248 0001 →  0200 Band P(35) 6848

10.0945049 990.637986 0001 →  0200 Band P(36) 6848

10.1042671 989.680882 0001 →  0200 Band P(37) 6848

10.5758593 945.549642 0001 →  1000 Band R(33) 6848

10.58205091 944.9963984 0001 →  1000 Band R(32) 6848

10.58831203 944.4375994 0001 →  1000 Band R(31) 6848

10.59464276 943.8732600 0001 →  1000 Band R(30) 6848

10.60104316 943.3033950 0001 →  1000 Band R(29) 6848

10.60751330 942.7280189 0001 →  1000 Band R(28) 6848

10.61405328 942.1471454 0001 →  1000 Band R(27) 6848

10.62066319 941.5607882 0001 →  1000 Band R(26) 6848



13C16O18O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.62734311 940.9689602 0001 →  1000 Band R(25) 6848

10.63409317 940.3716740 0001 →  1000 Band R(24) 6848

10.64091348 939.7689418 0001 →  1000 Band R(23) 6848

10.64780415 939.1607755 0001 →  1000 Band R(22) 6848

10.65476531 938.5471863 0001 →  1000 Band R(21) 6848

10.66179709 937.9281852 0001 →  1000 Band R(20) 6848

10.66889965 937.3037828 0001 →  1000 Band R(19) 6848

10.67607312 936.673494 0001 →  1000 Band R(18) 6848

10.68331766 936.0388146 0001 →  1000 Band R(17) 6848

10.69063344 935.3982680 0001 →  1000 Band R(16) 6848

10.69802061 934.7523585 0001 →  1000 Band R(15) 6848

10.70547937 934.1010950 0001 →  1000 Band R(14) 6848

10.71300988 933.4444856 0001 →  1000 Band R(13) 6848

10.92527598 915.3086856 0001 →  1000 Band P(11) 6848

10.93476009 914.5148061 0001 →  1000 Band P(12) 6848

10.94432366 913,7156674 0001 →  1000 Band P(13) 6848

10.95396711 912.9112675 0001 →  1000 Band P(14) 6848

10.96369084 912,1016042 0001 →  1000 Band P(15) 6848

10.97349525 911.2866748 0001 →  1000 Band P(16) 6848

10.98338078 910.4664763 0001 →  1000 Band P(17) 6848

10.99334786 909.6410054 0001 →  1000 Band P(18) 6848

11.00339692 908.8102582 0001 →  1000 Band P(19) 6848

11.01352843 907.9742306 0001 →  1000 Band P(20) 6848

11.02374283 907.1329182 0001 →  1000 Band P(21) 6848

11.03404059 906.2863159 0001 →  1000 Band P(22) 6848

11.04442221 905.4344185 0001 →  1000 Band P(23) 6848

11.05488816 904.5772204 0001 →  1000 Band P(24) 6848

11.06543894 903.7147154 0001 →  1000 Band P(25) 6848

11.07607506 902 9468970 0001 →  1000 Band P(26) 6848

11.08679705 901.9737584 0001 →  1000 Band P(27) 6848

11.09760542 901.0952921 0001 →  1000 Band P(28) 6848

11.10850073 900.2114905 0001 →  1000 Band P(29) 6848

11.11948352 899.3223454 0001 →  1000 Band P(30) 6848

11.13055436 898.4278481 0001 →  1000 Band P(31) 6848

11.1417138 897.527990 0001 →  1000 Band P(32) 6848

11.15296216 896.6227860 0001 →  1000 Band P(33) 6848

11.1643009 895.712150 0001 →  1000 Band P(34) 6848

11.1757298 894.796148 0001 →  1000 Band P(35) 6848
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13C18O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.4686955 1056.111684 0001 →  0200 Band R(52) 1682,6961

9.4762232 1055.272739 0001 → 0200 Band R(50) 1682,6961

9.4839416 1054.413916 0001 →  0200 Band R(48) 1682,6961

9.4918528 1053.535094 0001 →  0200 Band R(46) 1682,6961

9.4999587 1052.636153 0001 →  0200 Band R(44) 1682,6961

9.5082614 1051.716980 0001 →  0200 Band R(42) 1682,6961

9.5167629 1050.777465 0001 →  0200 Band R(40) 1682,6961

9.5254651 1049.817505 0001 →  0200 Band R(38) 1682,6961

9.5343700 1048.837000 0001 →  0200 Band R(36) 1682,6961

9.5434795 1047.835856 0001 →  0200 Band R(34) 1682,6961

9.5527956 1046.813984 0001 →  0200 Band R(32) 1682,6961

9.5623202 1045.771301 0001 →  0200 Band R(30) 1682,6961

9.5720551 1044.707730 0001 →  0200 Band R(28) 1682,6961

9.5820024 1043.623199 0001 →  0200 Band R(26) 1682,6961

9.5921638 1042.517640 0001 →  0200 Band R(24) 1682,6961

9.6025413 1041.390995 0001 →  0200 Band R(22) 1682,6961

9.6131366 1040.243207 0001 →  0200 Band R(20) 1682,6961

9.6239515 1039.074230 0001 →  0200 Band R(18) 1682,6961

9.6349879 1037.884020 0001 →  0200 Band R(16) 1682,6961

9.6462476 1036.672542 0001 →  0200 Band R(14) 1682,6961

9.6577322 1035.439765 0001 →  0200 Band R(12) 1682,6961

9.6694436 1034.185668 0001 →  0200 Band R(10) 1682,6961

9.6813834 1032.910231 0001 →  0200 Band R(8) 1682,6961

9.6935534 1031.613445 0001 →  0200 Band R(6) 1682,6961

9.7059551 1030.295306 0001 →  0200 Band R(4) 1682,6961

9.7646748 1024.099641 0001 →  0200 Band P(4) 1682,6961

9.7783801 1022.664272 0001 →  0200 Band P(6) 1682,6961

9.7923274 1021.207681 0001 →  0200 Band P(8) 1682,6961

9.8065183 1019.729911 0001 →  0200 Band P(10) 1682,6961

9.8209540 1018.231015 0001 →  0200 Band P(12) 1682,6961

9.8356362 1016.711049 0001 →  0200 Band P(14) 1682,6961

9.8505662 1015.170077 0001 →  0200 Band P(16) 1682,6961

9.8657453 1013.608169 0001 →  0200 Band P(18) 1682,6961

9.8811749 1012.025402 0001 →  0200 Band P(20) 1682,6961

9.8968564 1010.421858 0001 →  0200 Band P(22) 1682,6961

9.9127910 1008.797626 0001 →  0200 Band P(24) 1682,6961

9.9289800 1007.152801 0001 →  0200 Band P(26) 1682,6961

9.9454247 1005.487483 0001 →  0200 Band P(28) 1682,6961

9.9621262 1003.801779 0001 →  0200 Band P(30) 1682,6961

9.9790858 1002.095800 0001 →  0200 Band P(32) 1682,6961



13C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.9963047 1000.369666 0001 →  0200 Band P(34) 1682,6961

10.0137840 998.623500 0001 →  0200 Band P(36) 1682,6961

10.0315248 996.857430 0001 →  0200 Band P(38) 1682,6961

10.0495282 995.071591 0001 →  0200 Band P(40) 1682,6961

10.0677953 993.266122 0001 →  0200 Band P(42) 1682,6961

10.0863272 991.441167 0001 →  0200 Band P(44) 1682,6961

10.1051249 989.596877 0001 →  0200 Band P(46) 1682,6961

10.1241893 987.733404 0001 →  0200 Band P(48) 1682,6961

10.1435216 985.850909 0001 →  0200 Band P(50) 1682,6961

10.1631227 983.949553 0001 →  0200 Band P(52) 1682,6961

10.1829934 982.029504 0001 →  0200 Band P(54) 1682,6961

10.4739131 954.753005 0001 →  1000 Band R(46) 1682,6961

10.4832265 953.904788 0001 →  1000 Band R(44) 1682,6961

10.4928250 953.032193 0001 →  1000 Band R(42) 1682,6961

10.5027083 952.135368 0001 →  1000 Band R(40) 1682,6961

10.5128764 951.214452 0001 →  1000 Band R(38) 1682,6961

10.5233296 950.269581 0001 →  1000 Band R(36) 1682,6961

10.5340679 949.300882 0001 →  1000 Band R(34) 1682,6961

10.5450918 948.308479 0001 →  1000 Band R(32) 1682,6961

10.5564017 947.292486 0001 →  1000 Band R(30) 1682,6961

10.5679980 946.253013 0001 →  1000 Band R(28) 1682,6961

10.5798816 945.190165 0001 →  1000 Band R(26) 1682,6961

10.5920530 944.104038 0001 →  1000 Band R(24) 1682,6961

10.6045132 942.994725 0001 →  1000 Band R(22) 1682,6961

10.6172631 941.862312 0001 →  1000 Band R(20) 1682,6961

10.6303039 940.706880 0001 →  1000 Band R(18) 1682,6961

10.6436367 939.528502 0001 →  1000 Band R(16) 1682,6961

10.6572627 938.327247 0001 →  1000 Band R(14) 1682,6961

10.6711835 937.103179 0001 →  1000 Band R(12) 1682,6961

10.6854005 935.856356 0001 →  1000 Band R(10) 1682,6961

10.6999154 934.586828 0001 →  1000 Band R(8) 1682,6961

10.7147299 933.294644 0001 →  1000 Band R(6) 1682,6961

10.8355947 922.884278 0001 →  1000 Band P(8) 1682,6961

10.8355947 922.884278 0001 →  1000 Band P(8) 1682,6961

10.8530426 921.400600 0001 →  1000 Band P(10) 1682,6961

10.8708127 919.894429 0001 →  1000 Band P(12) 1682,6961

10.8889078 918.3657S4 0001 →  1000 Band P(14) 1682,6961

10.9073312 916.814558 0001 →  1000 Band P(16) 1682,6961

10.9260861 915.240819 0001 →  1000 Band P(18) 1682,6961

10.9451761 913.644507 0001 →  1000 Band P(20) 1682,6961



13C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.9646046 912.025589 0001 →  1000 Band P(22) 1682,6961

10.9843755 910.384024 0001 →  1000 Band P(24) 1682,6961

11.0044927 908.719766 0001 →  1000 Band P(26) 1682,6961

11.0249601 907.032164 0001 →  1000 Band P(28) 1682,6961

11.0457819 905.322961 0001 →  1000 Band P(30) 1682,6961

11.0669626 903.590293 0001 →  1000 Band P(32) 1682,6961

11.0885067 901.934691 0001 →  1000 Band P(34) 1682,6961

11.1104188 900.056078 0001 →  1000 Band P(36) 1682,6961

11.1327039 898.254174 0001 →  1000 Band P(38) 1682,6961

11.1553670 896.429491 0001 →  1000 Band P(40) 1682,6961

11.1784134 894.581333 0001 →  1000 Band P(42) 1682,6961

11.2018486 892.709801 0001 →  1000 Band P(44) 1682,6961

11.2256780 890.814787 0001 →  1000 Band P(46) 1682,6961

11.2499077 888.896178 0001 →  1000 Band P(48) 1682,6961

14C16O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.917877180 1008.280282 0001 →  0200 Band R(40) 1683

9.9178771801 1008.2802820 0001 →  0200 Band R(40) 6851

9.9273316267 1007.3200308 0001 →  0200 Band R(38) 6851

9.927331635 1007.320030 0001 →  0200 Band R(38) 1683

9.9370891511 1006.3309132 0001 →  0200 Band R(36) 6851

9.937089163 1006.130912 0001 →  0200 Band R(36) 1683

9.9471530250 1005.3127739 0001 →  0200 Band R(34) 6851

9.947153044 1005.312772 0001 →  0200 Band R(34) 1683

9.9575265191 1004.2654650 0001 →  0200 Band R(32) 6851

9.957526539 1004.261461 0001 →  0200 Band R(32) 1683

9.9682128982 1003.1888466 0001 →  0200 Band R(30) 6851

9.968212914 1003.189845 0001 →  0200 Band R(30) 1683

9.9792154208 1002.0827869 0001 →  0200 Band R(28) 6851

9.979215440 1002.082785 0001 →  0200 Band R(28) 1683

9.9905373357 1000.9471627 0001 →  0200 Band R(26) 6851

9.990537353 1000.947161 0001 →  0200 Band R(26) 1683

10.00218188 999.7818596 0001 →  0200 Band R(24) 6851

10.0021819 999.781858 0001 →  0200 Band R(24) 1683

10.01415228 998.5867724 0001 →  0200 Band R(22) 6851

10.0141523 998.586771 0001 →  0200 Band R(22) 1683



14C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.0264517 997.361804 0001 →  0200 Band R(20) 1683

10.02645173 997.3618050 0001 →  0200 Band R(20) 6851

10.03908344 996.1068712 0001 →  0200 Band R(18) 6851

10.0390835 996.106870 0001 →  0200 Band R(18) 1683

10.05205058 994.8218941 0001 →  0200 Band R(16) 6851

10.0520506 994.821891 0001 →  0200 Band R(16) 1683

10.0653563 993.506806 0001 →  0200 Band R(14) 1683

10.06535630 993.5068073 0001 →  0200 Band R(14) 6851

10.0790037 992.161553 0001 →  0200 Band R(12) 1683

10.07900373 992.1615541 0001 →  0200 Band R(12) 6851

10.09299597 990.7860883 0001 →  0200 Band R(10) 6851

10.0929960 990.786087 0001 →  0200 Band R(10) 1683

10.1073361 989.180371 0001 →  0200 Band R(8) 1683

10.10733613 989.3803740 0001 →  0200 Band R(8) 6851

10.12202725 987.9443859 0001 →  0200 Band R(6) 6851

10.1220273 987 944385 0001 →  0200 Bnd R(6) 1683

10.24370004 976.2097643 0001 →  0200 Band P(8) 6851

10.2437001 976.209763 0001 →  0200 Bnd P(8) 1683

10.2614943 974.516934 0001 →  0200 Band P(10) 1683

10.26149432 974.5169354 0001 →  0200 Band P(10) 6851

10.27966734 972.7941256 0001 →  0200 Band P(12) 6851

10.2796674 972.794124 0001 →  0200 Band P(12) 1683

10.29822186 971.0414219 0001 →  0200 Band P(14) 6851

10.2982219 971.041421 0001 →  0200 Band P(14) 1683

10.31716065 969.2589215 0001 →  0200 Band P(16) 6851

10.3171607 969.258921 0001 →  0200 Band P(16) 1683

10.3364864 967.446731 0001 →  0200 Band P(18) 1683

10.33648641 967.4467319 0001 →  0200 Band P(18) 6851

10.35620187 965.6049708 0001 →  0200 Band P(20) 6851

10.3562019 965.604971 0001 →  0200 Band P(20) 1683

10.37630968 963.7337658 0001 →  0200 Band P(22) 6851

10.3763097 963.733766 0001 →  0200 Band P(22) 1683

10.3968125 961.833254 0001 →  0200 Band P(24) 1683

10.39681250 961.8332544 0001 →  0200 Band P(24) 6851

10.41771296 959.9035834 0001 →  0200 Band P(26) 6851

10.4177130 959.903583 0001 →  0200 Band P(26) 1683

10.43901367 957.9449091 0001 →  0200 Band P(28) 6851

10.4390137 957.944909 0001 →  0200 Band P(28) 1683

10.4607172 955.957396 0001 →  0200 Band P(30) 1683

10.46071722 955.9573967 0001 →  0200 Band P(30) 6851



14C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.48282618 953 9412204 0001 →  0200 Band P(32) 6851

10.4828262 953.941220 0001 →  0200 Band P(32) 1683

10.5053431 951.996562 0001 →  0200 Band P(34) 1683

10.50534311 951.8965628 0001 →  0200 Band P(34) 6851

10.52827056 949.8236145 0001 →  0200 Band P(36) 6851

10.5282706 949.823614 0001 →  0200 Band P(36) 1683

11.106994 900.33358 0001 →  1000 Band R(50) 1683

11.106994 900.33362 0001 →  1000 Band R(50) 6851

11.119855 899.29229 0001 →  1000 Band R(48) 6851

11.120968 899.20226 0001 →  1000 Band R(48) 1683

11.1351978 898.053198 0001 →  1000 Band R(46) 6851

11.135198 898.05318 0001 →  1000 Band R(46) 1683

11.1496835 896.886443 0001 →  1000 Band R(44) 6851

11.149684 896.88643 0001 →  1000 Band R(44) 1683

11.164426 895.70211 0001 →  1000 Band R(42) 1683

11.1644260 895.702120 0001 →  1000 Band R(42) 6851

11.1794258 894.500320 0001 →  1000 Band R(40) 6851

11.179426 894.50031 0001 →  1000 Band R(40) 1683

11.194684 893.28113 0001 →  1000 Band R(38) 1683

11.1946840 893.281132 0001 →  1000 Band R(38) 6851

11.210201 892.04463 0001 →  1000 Band R(36) 1683

11.2102013 892.044638 0001 →  1000 Band R(36) 6851

11.2259788 890.790921 0001 →  1000 Band R(34) 6851

11.225979 890.79092 0001 →  1000 Band R(34) 1683

11.2420175 889.520056 0001 →  1000 Band R(32) 6851

11.242018 889.52005 0001 →  1000 Band R(32) 1683

11.2583176 888.232178 0001 →  1000 Band R(30) 6851

11.258318 888.23212 0001 →  1000 Band R(30) 1683

11.27488285 886.9271756 0001 →  1000 Band R(28) 6851

11.274883 886.92718 0001 →  1000 Band R(28) 1683

11.291712 885.60530 0001 →  1000 Band R(26) 1683

11.29171205 885.6052965 0001 →  1000 Band R(26) 6851

11.308807 884.26654 0001 →  1000 Band R(24) 1683

11.30880736 884.2665442 0001 →  1000 Band R(24) 6851

11.326170 882.91098 0001 →  1000 Band R(22) 1683,1684

11.32617017 882.9109793 0001 →  1000 Band R(22) 6851

11.34380199 881.5386594 0001 →  1000 Band R(20) 6851

11.343802 891.53866 0001 →  1000 Band R(20) 1683,1684

11.361704 880.14964 0001 →  1000 Band R(18) 1683,1684

11.36170437 880.1496392 0001 →  1000 Band R(18) 6851



14C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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11.37987894 878.7439704 0001 →  1000 Band R(16) 6851

11.379879 878.74397 0001 →  1000 Band R(16) 1683,1684

11.398327 877.32170 0001 →  1000 Band R(14) 1683,1684

11.39832741 877.3217019 0001 →  1000 Band R(14) 6851

11.41705156 875.8828799 0001 →  1000 Band R(12) 6851

11.417052 875.88298 0001 →  1000 Band R(12) 1683

11.436053 874.42754 0001 →  1000 Band R(10) 1683

11.43605325 874.4275475 0001 →  1000 Band R(10) 6851

11.455334 872.95574 0001 →  1000 Band R(8) 1683

11.45533442 872.9557456 0001 →  1000 Band R(8) 6851

11.474897 871.46751 0001 →  1000 Band R(6) 1683

11.47489707 871.4675121 0001 →  1000 Band R(6) 6851

11.494743 869.96288 0001 →  1000 Band R(4) 1683

11.49474329 869.9628822 0001 →  1000 Band R(4) 6851

11.609067 861.39566 0001 →  1000 Band P(6) 1683

11.60906705 861.3956623 0001 →  1000 Band P(6) 6851

11.63081284 859.7851359 0001 →  1000 Band P(8) 6851

11.630813 859.78513 0001 →  1000 Band P(8) 1683

11.652860 858.15839 0001 →  1000 Band P(10) 1683

11.65286043 858.1583946 0001 →  1000 Band P(10) 6851

11.67521261 856.5154514 0001 →  1000 Band P(12) 6851

11.675213 856.51545 0001 →  1000 Band P(12) 1683

11.697872 854.85631 0001 →  1000 Band P(14) 1683,1684

11.69787227 854.8563165 0001 →  1000 Band P(14) 6851

11.720842 853.18100 0001 →  1000 Band P(16) 1683,1684

11.72084238 853.1809978 0001 →  1000 Band P(16) 6851

11.744126 851.48950 0001 →  1000 Band P(18) 1683,1684

11.74412603 851.4895000 0001 →  1000 Band P(18) 6851

11.767726 849.78182 0001 →  1000 Band P(20) 1683,1684

11.76772638 849.7818252 0001 →  1000 Band P(20) 6851

11.79164670 848.0579728 0001 →  1000 Band P(22) 6851

11.791647 848.05797 0001 →  1000 Band P(22) 1683,1684

11.815890 846.11794 0001 →  1000 Band P(24) 1683,1684

11.81589039 846.3179390 0001 →  1000 Band P(24) 6851

11.84046091 844.5617172 0001 →  1000 Band P(26) 6851

11.840461 844.56172 0001 →  1000 Band P(26) 1683,1684

11.86536187 842.7892978 0001 →  1000 Band P(28) 6851

11.865362 842.78930 0001 →  1000 Band P(28) 1683

11.890597 841.00067 0001 →  1000 Band P(30) 1683

11.8905970 841.000668 0001 →  1000 Band P(30) 6851



14C16O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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11.916170 839.19581 0001 →  1000 Band P(32) 1683

11.9161700 839.195812 0001 →  1000 Band P(32) 6851

11.942085 837.37471 0001 →  1000 Band P(34) 1683

11.9420850 837.374710 0001 →  1000 Band P(34) 6851

11.968346 835.53734 0001 →  1000 Band P(36) 1683

11.9683460 835.537340 0001 →  1000 Band P(36) 6851

11.994957 833.68367 0001 →  1000 Band P(38) 1683

11.9949572 833.683675 0001 →  1000 Band P(38) 6851

12.0219229 831.813685 0001 →  1000 Band P(40) 6851

12.021923 831.81368 0001 →  1000 Band P(40) 1683

12.0492476 829.927338 0001 →  1000 Band P(42) 6851

12.049248 829.92733 0001 →  1000 Band P(42) 1683

12.076936 828.02458 0001 →  1000 Band P(44) 1683

12.0769360 828.024594 0001 →  1000 Band P(44) 6851

12.1049927 826.105414 0001 →  1000 Band P(46) 6851

12.104993 826.10540 0001 →  1000 Band P(46) 1683

12.1334228 824.169750 0001 →  1000 Band P(48) 6851

12.133423 824.16974 0001 →  1000 Band P(48) 1683

14C18O2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.95877 1004.1395781 0001 →  0200 Band R(36) 6853

9.99854 1000.1461072 0001 →  0200 Band R(28) 6853

9.89073556 1011.04715 0001 →  0200 Band R(52) 1685

9.89073556 1011.047715 0001 →  0200 Band R(52) 6852

9.898433863 1010.260827 0001 →  0200 Band R(50) 6852

9.898433882 1010.260829 0001 →  0200 Band R(50) 1685

9.906357727 1009.452744 0001 →  0200 Band R(48) 6852

9.906357736 1009.452745 0001 →  0200 Band R(48) 1685

9.914509593 1008.622757 0001 →  0200 Band R(46) 1685

9.914509593 1008.622757 0001 →  0200 Band R(46) 6852

9.922891926 1007.770725 0001 →  0200 Band R(44) 6852

9.922891936 1007.770726 0001 →  0200 Band R(44) 1685

9.9315071908 1006.896516 0001 →  0200 Band R(42) 6852

9.931507202 1006.8965171 0001 →  0200 Band R(42) 1685



14C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.94036 1006.0000032 0001 →  0200 Band R(40) 6853

9.949446257 1006.0000032 0001 →  0200 Band R(40) 1685

9.94945 1005.0810622 0001 →  0200 Band R(38) 6853

9.958774894 1005.0810622 0001 →  0200 Band R(38) 1685

9.968346125 1004.1395781 0001 →  0200 Band R(36) 1685

9.96835 1003.1754410 0001 →  0200 Band R(34) 6853

9.97816 1002.1885473 0001 →  0200 Band R(32) 6853

9.978162343 1003.1754410 0001 →  0200 Band R(34) 1685

9.988225899 1002.1885473 0001 →  0200 Band R(32) 1685

9.98823 1001.1787996 0001 →  0200 Band R(30) 6853

9.998539153 1001.1787996 0001 →  0200 Band R(30) 1685

10.00910 999.0903858 0001 →  0200 Band R(26) 6853

10.0091044 1000.1461072 0001 →  0200 Band R(28) 1685

10.01992 998.0115579 0001 →  0200 Band R(24) 6853

10.0199240 999.0903858 0001 →  0200 Band R(26) 1685

10.03100 996.9095524 0001 →  0200 Band R(22) 6853

10.0310003 998.0115579 0001 →  0200 Band R(24) 1685

10.0423354 996.9095524 0001 →  0200 Band R(22) 1685

10.04234 995.7843055 0001 →  0200 Band R(20) 6853

10.05393 994.6357599 0001 →  0200 Band R(18) 6853

10.0539317 995.7843055 0001 →  0200 Band R(20) 1685

10.06579 993.4638655 0001 →  0200 Band R(16) 6853

10.0657914 994.6357599 0001 →  0200 Band R(18) 1685

10.0779166 993.4638655 0001 →  0200 Band R(16) 1685

10.07792 992.2685790 0001 →  0200 Band R(14) 6853

10.0903096 992.2685790 0001 →  0200 Band R(14) 1685

10.09031 991.0498646 0001 →  0200 Band R(12) 6853

10.1029726 989.8076932 0001 →  0200 Band R(10) 1685

10.1029726 991.0498646 0001 →  0200 Band R(12) 1685

10.10297260 989.807692 0001 →  0200 Band R(10) 6852

10.1159076 989.5420431 0001 →  0200 Band R(8) 1685

10.11590763 988.542042 0001 →  0200 Band R(8) 6852

10.12911687 987.252899 0001 →  0200 Band R(6) 6852

10.1291169 987.2528998 0001 →  0200 Band R(6) 1685

10.14260239 985.940255 0001 →  0200 Band R(4) 6852

10.1426024 985.9402562 0001 →  0200 Band R(4) 1685

10.15636628 994.604111 0001 →  0200 Band R(2) 6852

10.1563663 984.6041122 0001 →  0200 Band R(2) 1685

10.20676128 979.742713 0001 →  0200 Band P(4) 6852

10.2067613 979.7427147 0001 →  0200 Band P(4) 1685



14C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.22180274 976.835945 0001 →  0200 Band P(6) 6852

10.2218028 978.3010155 0001 →  0200 Band P(6) 1685

10.2371335 976.8359469 0001 →  0200 Band P(8) 1685

10.23713350 975.347555 0001 →  0200 Band P(8) 6852

10.25275548 975.347555 0001 →  0200 Band P(10) 6852

10.2527555 975.3475563 0001 →  0200 Band P(10) 1685

10.26867054 973.835897 0001 →  0200 Band P(12) 6852

10.2686706 973.8358986 0001 →  0200 Band P(12) 1685

10.2848805 972.3010358 0001 →  0200 Band P(14) 1685

10.28488054 972.301035 0001 →  0200 Band P(14) 6852

10.3013873 970.7430371 0001 →  0200 Band P(16) 1685

10.30138731 970.743036 0001 →  0200 Band P(16) 6852

10.31819264 969.161978 0001 →  0200 Band P(18) 6852

10.3181927 969.1619788 0001 →  0200 Band P(18) 1685

10.3352983 967.5579443 0001 →  0200 Band P(20) 1685

10.33529832 967.557944 0001 →  0200 Band P(20) 6852

10.35270609 965.931024 0001 →  0200 Band P(22) 6852

10.3527061 965.9310241 0001 →  0200 Band P(22) 1685

10.37041767 964.281315 0001 →  0200 Band P(24) 6852

10.3704177 964.2813157 0001 →  0200 Band P(24) 1685

10.38843476 962.608923 0001 →  0200 Band P(26) 6852

10.3884348 962.6089233 0001 →  0200 Band P(26) 1685

10.4067590 960.9139580 0001 →  0200 Band P(28) 1685

10.40675902 960.913958 0001 →  0200 Band P(28) 6852

10.42539209 959.196538 0001 →  0200 Band P(30) 6852

10.4253921 959.1965377 0001 →  0200 Band P(30) 1685

10.4443356 957.4567868 0001 →  0200 Band P(32) 1685

10.44433560 957.456787 0001 →  0200 Band P(32) 6852

10.4635911 955.6948365 0001 →  0200 Band P(34) 1685

10.46359112 955.694836 0001 →  0200 Band P(34) 6852

10.4831602 953.9108240 0001 →  0200 Band P(36) 1685

10.48316022 953.910824 0001 →  0200 Band P(36) 6852

10.5030444 952.1048932 0001 →  0200 Band P(38) 1685

10.50304443 952.104893 0001 →  0200 Band P(38) 6852

10.52324528 950.277194 0001 →  0200 Band P(40) 6852

10.5232453 950.2771940 0001 →  0200 Band P(40) 1685

10.54376425 948.427882 0001 →  0200 Band P(42) 6852

10.5437643 948.4278926 0001 →  0200 Band P(42) 1685

10.56460279 946.557120 0001 →  0200 Band P(44) 6852

10.5646028 946.5571209 0001 →  0200 Band P(44) 1685



14C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.58576235 944.665076 0001 →  0200 Band P(46) 6852

10.5857624 944.6650767 0001 →  0200 Band P(46) 1685

10.6072443 942.7519236 0001 →  0200 Band P(48) 1685

10.60724433 942.751923 0001 →  0200 Band P(48) 6852

10.6290501 940.8178407 0001 →  0200 Band P(50) 1685

10.62905014 940.817840 0001 →  0200 Band P(50) 6852

10.6511811 938.8630124 0001 →  0200 Band P(52) 1685

10.65118113 938.863011 0001 →  0200 Band P(52) 6852

10.900267 917.40864 0001 →  1000 Band R(48) 1685

10.900268 917.40868 0001 →  1000 Band R(48) 6852

10.911233 916.486675 0001 →  1000 Band R(46) 1685

10.9112334 916.48668 0001 →  1000 Band R(46) 6852

10.922463 915.544400 0001 →  1000 Band R(44) 1685

10.9224632 915.54439 0001 →  1000 Band R(44) 6852

10.933957 914.581960 0001 →  1000 Band R(42) 1685

10.9339572 914.58195 0001 →  1000 Band R(42) 6852

10.945715 913.599495 0001 →  1000 Band R(40) 1685

10.9457153 913.59949 0001 →  1000 Band R(40) 6852

10.9577377 912.59713 0001 →  1000 Band R(38) 6852

10.957738 912.597136 0001 →  1000 Band R(38) 1685

10.970024 911,575009 0001 →  1000 Band R(36) 1685

10.9700243 911.57501 0001 →  1000 Band R(36) 6852

10.9825756 910.53323 0001 →  1000 Band R(34) 6852

10.982576 910.533229 0001 →  1000 Band R(34) 1685

10.9953918 909.47191 0001 →  1000 Band R(32) 6852

10.995392 909.471908 0001 →  1000 Band R(32) 1685

11.0084736 908.39115 0001 →  1000 Band R(30) 6852

11.008474 908.391149 0001 →  1000 Band R(30) 1685

11.021816 907.29104 0001 →  1000 Band R(28) 6852

11.021822 907.291050 0001 →  1000 Band R(28) 1685

11.035436 906.171705 0001 →  1000 Band R(26) 1685

11.0354362 906.17169 0001 →  1000 Band R(26) 6852

11.0493184 905.03319 0001 →  1000 Band R(24) 6852

11.049319 905.033201 0001 →  1000 Band R(24) 1685

11.063469 903.875620 0001 →  1000 Band R(22) 1685

11.0634691 903.87560 0001 →  1000 Band R(22) 6852

11.0778893 902.69902 0001 →  1000 Band R(20) 6852

11.077890 902.699040 0001 →  1000 Band R(20) 1685

11.0925799 901.50351 0001 →  1000 Band R(18) 6852

11.092580 901.503533 0001 →  1000 Band R(18) 1685



14C18O2  Laser—continued
Wavelength
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11.1075423 900.28914 0001 →  1000 Band R(16) 6852

11.107543 900.289166 0001 →  1000 Band R(16) 1685

11.1227776 899.05598 0001 →  1000 Band R(14) 6852

11.122778 899.056002 0001 →  1000 Band R(14) 1685

11.1382873 897.80408 0001 →  1000 Band R(12) 6852

11.138288 897.80409 0001 →  1000 Band R(12) 1685

11.1540728 896.53349 0001 →  1000 Band R(10) 6852

11.154073 896.533510 0001 →  1000 Band R(10) 1685

11.299632 884.98457 0001 →  1000 Band P(6) 6852

11.299632 884.98458 0001 →  1000 Band P(6) 1685

11.318130 883.53817 0001 →  1000 Band P(8) 6852

11.318130 883.53819 0001 →  1000 Band P(8) 1685

11.3369254 882.07336 0001 →  1000 Band P(10) 6852

11.336926 882.073373 0001 →  1000 Band P(10) 1685

11.356021 880.590133 0001 →  1000 Band P(12) 1685

11.3560210 880.59011 0001 →  1000 Band P(12) 6852

11.3754195 879.08844 0001 →  1000 Band P(14) 6852

11.375420 879.088459 0001 →  1000 Band P(14) 1685

11.395124 877.568337 0001 →  1000 Band P(16) 1685

11.3951240 877.56831 0001 →  1000 Band P(16) 6852

11.4151374 876.02973 0001 →  1000 Band P(18) 6852

11.415138 876.029752 0001 →  1000 Band P(18) 1685

11.435463 874.472679 0001 →  1000 Band P(20) 1685

11.4354630 874.47266 0001 →  1000 Band P(20) 6852

11.456104 872.897092 0001 →  1000 Band P(22) 1685

11.4561042 872.89707 0001 →  1000 Band P(22) 6852

11.477064 871.302959 0001 →  1000 Band P(24) 1685

11.4770642 871.30294 0001 →  1000 Band P(24) 6852

11.4983468 869.69023 0001 →  1000 Band P(26) 6852

11.498347 869.690243 0001 →  1000 Band P(26) 1685

11.5199556 868.05890 0001 →  1000 Band P(28) 6852

11.519956 868.058901 0001 →  1000 Band P(28) 1685

11.541894 866.408887 0001 →  1000 Band P(30) 1685

11.5418945 866.40889 0001 →  1000 Band P(30) 6852

11.5641676 864.74015 0001 →  1000 Band P(32) 6852

11.564168 864.740147 0001 →  1000 Band P(32) 1685

11.586779 863.052625 0001 →  1000 Band P(34) 1685

11.5867790 863.05263 0001 →  1000 Band P(34) 6852

11.609733 861.346255 0001 →  1000 Band P(36) 1685

11.6097330 861.34626 0001 →  1000 Band P(36) 6852

11.633034 859.620967 0001 →  1000 Band P(38) 1685



14C18O2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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11.6330341 859.62096 0001 →  1000 Band P(38) 6852

11.656687 857.876685 0001 →  1000 Band P(40) 1685

11.6566870 857.87668 0001 →  1000 Band P(40) 6852

11.6806966 856.11331 0001 →  1000 Band P(42) 6852

11.680697 856.113325 0001 →  1000 Band P(42) 1685

11.7050679 854.33079 0001 →  1000 Band P(44) 6852

11.705068 854.330795 0001 →  1000 Band P(44) 1685

11.729806 852.528994 0001 →  1000 Band P(46) 1685

11.7298063 852.52900 0001 →  1000 Band P(46) 6852
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12COS Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

 8.2291 1215..2 0001 →  1000 Band R(30) 1687

 8.2318 1214.8 0001 →  1000 Band R(29) 1687

 8.2338 1214.5 0001 →  1000 Band R(28) 1687

 8.2366 1214.1 0001 →  1000 Band R(27) 1687

 8.23886 1211.76 0001 →  1000 Band R(26) 1687,1688

 8.24165 1213.35 0001 →  1000 Band R(25) 1687,1688

 8.24389 1211.02 0001 →  1000 Band R(24) 1687,1688

 8.2467 1212.6 0001 →  1000 Band R(23) 1687

 8.2495 1212.2 0001 →  1000 Band R(22) 1687

 8.25178 1211.86 0001 →  1000 Band R(21) 1687,1688

 8.25437 1211.48 0001 →  1000 Band R(20) 1687,1688

 8.25709 1211.09 0001 →  1000 Band R(19) 1687,1688

 8.25948 1210.73 0001 →  1000 Band R(18) 1687,1688

 8.26228 1210.32 0001 →  1000 Band R(17) 1687,1688

 8.26453 1209.99 0001 →  1000 Band R(16) 1687,1688

 8.26726 1209.59 0001 →  1000 Band R(15) 1687,1688

 8.2699 1209.2 0001 →  1000 Band R(14) 1687

 8.2727 1208.9 0001 →  1000 Band R(13) 1687

 8.2754 1208.4 0001 →  1000 Band R(12) 1687

 8.2781 1209.0 0001 →  1000 Band R(11) 1687

 8.2809 1207.6 0001 →  1000 Band R(10) 1687

 8.2836 1207.2 0001 →  1000 Band R(9) 1687

 8.2857 1206.9 0001 →  1000 Band R(8) 1687

 8.3278 1200.8 0001 →  1000 Band P(6) 1687

 8.3306 1200.4 0001 →  1000 Band P(7) 1687

 8.3333 1200.0 0001 →  1000 Band P(8) 1687

 8.3361 1199.6 0001 →  1000 Band P(9) 1687

 8.3389 1199.2 0001 →  1000 Band P(10) 1687

 8.3417 1199.8 0001 →  1000 Band P(11) 1687

 8.3452 1199.3 0001 →  1000 Band P(12) 1687

 8.3479 1197.9 0001 →  1000 Band P(13) 1687

 8.3507 1197.5 0001 →  1000 Band P(14) 1687

 8.3535 1197.1 0001 →  1000 Band P(15) 1687

 8.3563 1196.7 0001 →  1000 Band P(16) 1687

 8.3598 1196.2 0001 →  1000 Band P(17) 1687

 8.36246 1195.82 0001 →  1000 Band P(18) 1687,1688

 8.36540 1195.40 0001 →  1000 Band P(19) 1687,1688

 8.36855 1194.95 0001 →  1000 Band P(20) 1687,1688

 8.37156 1194.52 0001 →  1000 Band P(21) 1687,1688
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12COS Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

 8.37458 1194.09 0001 →  1000 Band P(22) 1687,1688

 8.37788 1193.62 0001 →  1000 Band P(23) 1687,1688

 8.38089 1193.19 0001 →  1000 Band P(24) 1687,1688

 8.38392 1192.76 0001 →  1000 Band P(25) 1687,1688

 8.38701 1192.32 0001 →  1000 Band P(26) 1687,1688

 8.39004 1191.89 0001 →  1000 Band P(27) 1687,1688

 8.39306 1191.46 0001 →  1000 Band P(28) 1687,1688

 8.39616 1191.02 0001 →  1000 Band P(29) 1687,1688

 8.39990 1190.49 0001 →  1000 Band P(30) 1687,1688

 8.40237 1190.14 0001 →  1000 Band P(31) 1687,1688

 8.40548 1199.70 0001 →  1000 Band P(32) 1687,1688

 8.40852 1189.27 0001 →  1000 Band P(33) 1687,1688

 8.41170 1188.82 0001 →  1000 Band P(34) 1687,1688

 8.41468 1188.40 0001 →  1000 Band P(35) 1687,1688

 8.41786 1187.95 0001 →  1000 Band P(36) 1687,1688

 8.42134 1187.46 0001 →  1000 Band P(37) 1687,1688

 8.42432 1187.04 0001 →  1000 Band P(38) 1687,1688

 8.4274 1186.6 0001 →  1000 Band P(39) 1687

 8.4310 1186.1 0001 →  1000 Band P(40) 1687

 8.4345 1185.6 0001 →  1000 Band P(41) 1687

 8.4374 1185.2 0001 →  1000 Band P(42) 1687

 8.4410 1184.7 0001 →  1000 Band P(43) 1687

 8.4438 1184.3 0001 →  1000 Band P(44) 1687

 8.4474 1183.8 0001 →  1000 Band P(45) 1687

 8.4509 1183.3 0001 →  1000 Band P(46) 1687

 8.4538 1182.9 0001 →  1000 Band P(47) 1687

 8.4574 1182.4 0001 →  1000 Band P(48) 1687

18.983 526.8 0200 →  0110 BandQ(4) 1689

19.057 524.7 0200 →  0110 Band(5) 1689

13COS Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

 8.6 1160 0001 →  1000 Band 1690–1692
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12CS2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

  6.6 1500 1001 →  1000 Band P(60) 1693

11.476 871.11 0001 →  1000 Band P(26) 1694

11.4823 870.90 0001 →  1000 Band P(28) 1694,1695

11.4893 870 38 0001 →  1000 Band P(30)  1694–1696

11.4962 869.85 0001 →  1000 Band P(32) 1695

11.5031 869.33 0001 →  1000 Band P(34)  1694–1696

11.5099 868.82 0001 →  1000 Band P(36) 1695,1696

11.5166 868.31 0001 →  1000 Band P(38) 1694,1695

11.5237 867.80 0001 →  1000 Band P(40) 1695

11.5307 867.27 0001 →  1000 Band P(42) 1694,1695

11.5376 866.73 0001 →  1000 Band P(44) 1695,1696

11.5446 866.20 0001 →  1000 Band P(46) 1694,1695

11.553 865.57 0001 →  1000 Band P(48) 1694,1695

11.560 865.08 0001 →  1000 Band P(50) 1694,1695

11.568 864.46 0001 →  1000 Band P(52) 1694,1695

11.582 863.38 0001 →  1000 Band P(56) 1694,1695

13CS2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

 6.9 1002 →  1001?

or 0202 →  0201?

1697

11.959 836.2 0001 →  1000? Band R(40) 1698

11.963 835.9 0001 →  1000? Band R(38) 1698

11.983 834.5 0001 →  1000? Band R(30) 1698

12.214 818.7 0111 →  1110? Band P(23) 1698

12.237 817.2 0111 →  1110? Band P(30) 1698

12.247 816.5 0111 →  1110? Band P(32) 1698

HCN Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

 3.85 2600 0001 →  0110 Band 1699

 7.25 1380 1000 →  0110?Band 1699

 8.48 1180 0001 →  1000 Band P(15)? 1699

12.85 778 0110 →0000 Band R(22)? 1700
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H2O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

2.2792 4387.6 1701

4.771 2096 030(8-1) →  020(7-4)? 1702

7.093 1410 020 →  010 Band (22) →  (32) 1703

7.204 1388 020 →  010 Band (31) →  (41) 1703

7.285 1373 020 →  010 Band 1703

7.297 1371 020 →  010 Band (33) →  (43) 1703

7.390 1353 020 →  010 Band 1703

7.425 1347 020 →  010 Band (42) →  (52) 1703

7.453 1342 020 →  010 Band 1703

7.45879 1340.70 020 →  010 Band (43) →  (55) 1704

7.543 1326 020 →  010 Band 1703

7.590 1317 020 →  010 Band 1703

7.59659 1316.38 020 →  010 Band (5-5) →  (6-5) 1704,1705

7.70897 1297.19 020 →  010 Band (6-5) →  (7-7) 1703–1705

7.740 1292 020 →  010 Band (64) →  (74) 1703

9.39382 1064.53 020 →  010 Band ? 1705

9.47472 1055.44 020 →  010 Band ? 1705

9.56736 1045.22 020 →  010 Band ? 1705

11.83 845.3 020 →  010 Band ? 1702

11.96 836.1 100 (71) →  020 (6-3) 1702

16.931 590.63 6969

23.359 428.10 6969

26.666 375.00 6969

27.971 356.46 6969

28.054 353.69 6969

28.273 303.68 6969

28.356 302.73 6969

32.929 6969

33.033 6969

14N2O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.3073761 1,074.41667 0001 →  0200 Band R(25) 6962

9.3127163 1,073.80056 0001 →  0200 Band R(24) 6962

9.3181349 1,073.17613 0001 →  0200 Band R(23) 6962

9.3236326 1,072.54334 0001 →  0200 Band R(22) 6962

9.3292098 1,071.90214 0001 →  0200 Band R(21) 6962



14N2O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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9.3348672 1,071.25252 0001 →  0200 Band R(20) 6962

9.3406052 1,070.59444 0001 →  0200 Band R(19) 6962

9.3464244 1,069.92788 0001 →  0200 Band R(18) 6962

9.3523253 1,069.25280 0001 →  0200 Band R(17) 6962

9.3583084 1,068.56918 0001 →  0200 Band R(16) 6962

9.3643743 1,067.87700 0001 →  0200 Band R(15) 6962

9.3705235 1,067.17624 0001 →  0200 Band R(14) 6962

9.3767563 1,066.46687 0001 →  0200 Band R(13) 6962

9.3830734 1,065.74888 0001 →  0200 Band R(12) 6962

9.4025348 1,063.54299 0001 →  0200 Band R(9) 6962

9.4091936 1,062.79034 0001 →  0200 Band R(8) 6962

9.5442347 1,047.75294 0001 →  0200 Band P(9) 6962

9.5526030 1,046.83509 0001 →  0200 Band P(10) 6962

9.5610644 1,045.90865 0001 →  0200 Band P(11) 6962

9.5696192 1,044.97366 0001 →  0200 Band P(12) 6962

9.5782677 1,044.03013 0001 →  0200 Band P(13) 6962

9.5870100 1,043.07808 0001 →  0200 Band P(14) 6962

9.5958464 1,042.11756 0001 →  0200 Band P(15) 6962

9.6047771 1,041.14858 0001 →  0200 Band P(16) 6962

9.6138023 1,040.17117 0001 →  0200 Band P(17) 6962

9.6229222 1,039.18538 0001 →  0200 Band P(18) 6962

9.6321369 1,038.19123 0001 →  0200 Band P(19) 6962

9.6414466 1,037.18876 0001 →  0200 Band P(20) 6962

9.6508515 1,036.17800 0001 →  0200 Band P(21) 6962

9.6603518 1,035.15899 0001 →  0200 Band P(22) 6962

9.6699475 1,034.13178 0001 →  0200 Band P(23) 6962

9.6796388 1,033.09640 0001 →  0200 Band P(24) 6962

9.6894258 1,032.05290 0001 →  0200 Band P(25) 6962

9.6993087 1,031.00132 0001 →  0200 Band P(26) 6962

9.7092875 1,029.94170 0001 →  0200 Band P(27) 6962

9.7193623 1,028.87408 0001 →  0200 Band P(28) 6962

9.7295333 1,027.79852 0001 →  0200 Band P(29) 6962

9.7398006 1,026.71507 0001 →  0200 Band P(30) 6962

10.2582202 974.82797 0001 →  1000 Band R(47) 6962

10.2652291 974.16238 0001 →  1000 Band R(46) 6962

10.2722864 973.49311 0001 →  1000 Band R(45) 6962

10.2793922 972.82016 0001 →  1000 Band R(44) 6962

10.2865467 972.14355 0001 →  1000 Band R(43) 6962

10.2937499 971.46328 0001 →  1000 Band R(42) 6962

10.3010019 970.77936 0001 →  1000 Band R(41) 6962



14N2O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.3083028 970.091800 0001 →  1000 Band R(40) 1706,1707

10.3156527 969.400607 0001 →  1000 Band R(39) 1707

10.3230518 968.705789 0001 →  1000 Band R(38) 1707

10.3305000 968.007355 0001 →  1000 Band R(37) 1707

10.3379976 967.305314 0001 →  1000 Band R(36) 1707

10.3455446 966.599670 0001 →  1000 Band R(35) 1707–08,6963–64

10.3531411 965.890435 0001 →  1000 Band R(34) 1707–08,6963–64

10.3607873 965.177614 0001 →  1000 Band R(33) 1707–08,6963–64

10.3684833 964.461213 0001 →  1000 Band R(32) 1707–08,6963–64

10.3762292 963.741241 0001 →  1000 Band R(31) 1707–08,6963–64

10.3840251 963.017705 0001 →  1000 Band R(30) 1707–08,6963–64

10.3918711 962.290611 0001 →  1000 Band R(29) 1707–08,6963–64

10.3997674 961.559966 0001 →  1000 Band R(28) 1707–08,6963–64

10.4077141 960.825777 0001 →  1000 Band R(27) 1707–08,6963–64

10.41105 960.518 0002 →  1001 Band R(30) 1714

10.4157114 960.088050 0001 →  1000 Band R(26) 1707–08,6963–64

10.41887 959.797 0002 →  1001 Band R(29) 1714

10.4237593 959.346792 0001 →  1000 Band R(25) 1707–08,6963–64

10.42674 959.072 0002 →  1001 Band R(28) 1714

10.4318580 958.602009 0001 →  1000 Band R(24) 1707–08,6963–64

10.43466 959.345 0002 →  1001 Band R(27) 1714

10.4400076 957.853708 0001 →  1000 Band R(23) 1707–08,6963–64

10.44263 957.613 0002 →  1001 Band R(26) 1714

10.4482084 957.101893 0001 →  1000 Band R(22) 1707–08,6963–64

10.45065 956.879 0002 →  1001 Band R(25) 1714

10.4564603 956.346572 0001 →  1000 Band R(21) 1707–08,6963–64

10.4587136 956.140531 0002 →  1001 Band R(24) 1714

10.4647637 955.587750 0001 →  1000 Band R(20) 1707–09,6963–64

10.46684 955.398 0002 →  1001 Band R(23) 1714

10.4731186 954.825434 0001 →  1000 Band R(19) 1707–09,6963–64

10.47501 954.653 0002 →  1001 Band R(22) 1714

10.4815252 954.059628 0001 →  1000 Band R(18) 1707–10,6963–64

10.48324 953.904 0002 →  1001 Band R(21) 1714

10.4899836 953.290339 0001 →  1000 Band R(17) 1707–10,6963–64

10.49151 953.152 0002 →  1001 Band R(20) 1714

10.4984940 952.517571 0001 →  1000 Band R(16) 1707–10,6963–64

10.49983 952.396 0002 →  1001 Band R(19) 1714

10.5070566 951.741331 0001 →  1000 Band R(15) 1707–10,6963–64

10.50821 951.637 0002 →  1001 Band R(18) 1714

10.5156714 950.961625 0001 →  1000 Band R(14) 1707–10,6963–64



14N2O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.51664 950.874 0002 →  1001 Band R(17) 1714

10.5243388 950.178456 0001 →  1000 Band R(13) 1707–10,6963–64

10.52512 950.108 0002 →  1001 Band R(16) 1714

10.5330588 949.391831 0001 →  1000 Band R(12) 1707–10,6963–64

10.53366 949.338 0002 →  1001 Band R(15) 1714

10.5418316 948.601755 0001 →  1000 Band R(11) 1707–10,6963–64

10.54224 948.565 0002 →  1001 Band R(14) 1714

10.5506575 947.808232 0001 →  1000 Band R(10) 1707–10,6963–64

10.5508756 947.788633 0002 →  1001 Band R(13) 1714

10.5595364 947.011268 0001 →  1000 Band R(9) 1707–08,6963–64

10.56830 946.226 0002 →  1001 Band R(11) 1714

10.5684688 946.210868 0001 →  1000 Band R(8) 1706–08,6963–64

10.57710 945.439 0002 →  1001 Band R(10) 1714

10.5774546 945.407036 0001 →  1000 Band R(7) 1707–08,6963–64

10.58595 944.649 0002 →  1001 Band R(9) 1714

10.5864941 944.599778 0001 →  1000 Band R(6) 1707–08,6963–64

10.59485 943.855 0002 →  1001 Band R(8) 1714

10.5955875 943.789097 0001 →  1000 Band R(5) 1707–08,6963–64

10.60380 943.058 0002 →  1001 Band R(7) 1714

10.6047350 942.974999 0001 →  1000 Band R(4) 1707–08,6963–64

10.61281 942.258 0002 →  1001 Band R(6) 1714

10.6139368 942.157488 0001 →  1000 Band R(3) 1707–08,6963–64

10.62187 941.454 0002 →  1001 Band R(5) 1714

10.6231929 941.336569 0001 →  1000 Band R(2) 1707–08,6963–64

10.6325038 940.512245 0001 →  1000 Band R(1) 1707–08,6963–64

10.6418694 939.684522 0001 →  1000 Band R(0) 1707–11,6963–64

10.6607661 938.018895 0001 →  1000 Band P(1) 1711,6965

10.6702974 937.180999 0001 →  1000 Band P(2) 1708,6966

10.6798844 936.339719 0001 →  1000 Band P(3) 1707–08,6963–64

10.6895273 935.495062 0001 →  1000 Band P(4) 1707–08,6963–64

10.6992262 934.647028 0001 →  1000 Band P(5) 1707–08,6963–64

10.7089814 933.795623 0001 →  1000 Band P(6) 1707–08,6963–64

10.7187931 932.940853 0001 →  1000 Band P(7) 1707–08,6963–64

10.7286616 932.082716 0001 →  1000 Band P(8) 1707–08,6963–64

10.73488 931.543 0002 →  1001 Band P(6) 1714

10.7385869 931.221221 0001 →  1000 Band P(9) 1707–08,6963–64

10.74466 930.695 0002 →  1001 Band P(7) 1714

10.7485694 930.356369 0001 →  1000 Band P(10) 1707–08,6963–64

10.75449 929.844 0002 →  1001 Band P(8) 1714

10.7586093 929.488164 0001 →  1000 Band P(11) 1707–08,6963–64



14N2O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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10.7643831 928.989601 0002 →  1001 Band P(9) 1714

10.7687068 928.616611 0001 →  1000 Band P(12) 1707–08,6963–64

10.77433 928.132 0002 →  1001 Band P(10) 1714

10.7788621 927.741710 0001 →  1000 Band P(13) 1707–08,6963–64

10.78434 927.271 0002 →  1001 Band P(11) 1714

10.7890756 926.863466 0001 →  1000 Band P(14) 1707–08,6963–64

10.79440 926.407 0002 →  1001 Band P(12) 1714

10.7993473 925.981884 0001 →  1000 Band P(15) 1707–08,6963–64

10.80452 925.539 0002 →  1001 Band P(13) 1714

10.8096777 925.096964 0001 →  1000 Band P(16) 1707–08,6963–64

10.81470 924.668 0002 →  1001 Band P(14) 1714

10.820067 924.20871 0001 →  1000 Band P(17) 1707–08,6963–64

10.82494 923.793 0002 →  1001 Band P(15) 1714

10.830515 923.31713 0001 →  1000 Band P(18) 1707–08,6963–64

10.8352265 922.915636 0002 →  1001 Band P(16) 1714

10.841023 922.42221 0001 →  1000 Band P(19) 1707–08,6963–64

10.84559 922.034 0002 →  1001 Band P(17) 1714

10.851590 921.52398 0001 →  1000 Band P(20) 1707–08,1710,

1712–13,6963–64

10.85600 921.150 0002 →  1001 Band P(18) 1714

10.862216 920.62242 0001 →  1000 Band P(21) 1707–08,1710,

1712–13,6963–64

10.86647 920.262 0002 →  1001 Band P(19) 1714

10.872903 919.71754 0001 →  1000 Band P(22) 1707–08,1710,

1712–13,6963–64

10.87700 919.371 0002 →  1001 Band P(20) 1714

10.883651 918.80935 0001 →  1000 Band P(23) 1707–08,1710,

1712–13,6963–64

10.88759 918.477 0002 →  1001 Band P(21) 1714

10.89446 917.8978 0001 →  1000 Band P(24) 1707–08,1710,

1712–13,6963–64

10.89824 917.579 0002 →  1001 Band P(22) 1714

10.90533 916.9830 0001 →  1000 Band P(25) 1707–08,1710,

1712–13,6963–64,

10.90895 916.678 0002 →  1001 Band P(23) 1714

10.91626 916.0649 0001 →  1000 Band P(26) 1707–08,1710,

1712–13,6963–64

10.91972 915.775 0002 →  1001 Band P(24) 1714

10.92725 915.1434 0001 →  1000 Band P(27) 1707–08,1710,

1712–13,6963–64



14N2O Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

10.93055 914.867 0002 →  1001 Band P(25) 1714

10.93830 914.2187 0001 →  1000 Band P(28) 1707–08,1710,

1712–13,6963–64

10.94144 913.956 0002 →  1001 Band P(26) 1714

10.94942 913.2906 0001 →  1000 Band P(29) 1707–08,1710,

1712–13,6963–64

10.95240 913.042 0002 →  1001 Band P(27) 1714

10.96059 912.3593 0001 →  1000 Band P(30) 1707–08,1712,

6963–64

10.96341 912.125 0002 →  1001 Band P(28) 1714

10.9718339 911.42466 0001 →  1000 Band P(31) 1707–08,6963–64

10.97449 911.204 0002 →  1001 Band P(29) 1714

10.9831367 910.48671 0001 →  1000 Band P(32) 1707–08,6963–64

10.98314 910.487 0001 →  1000 Band P(32) 1707–08,1712,

6963–64

10.98563 910.280 0002 →  1001 Band P(30) 1714

10.9945027 909.54546 0001 →  1000 Band P(33) 1707–08,6963–64

11.0059321 908.60091 0001 →  1000 Band P(34) 1707–08,6963–64

11.0174254 907.65307 0001 →  1000 Band P(35) 1707–08,6963–64

11.0289827 906.70194 0001 →  1000 Band P(36) 6966

11.0406045 905.74751 0001 →  1000 Band P(37) 6966

11.0522909 904.78979 0001 →  1000 Band P(38) 6962

11.0640425 903.82878 0001 →  1000 Band P(39) 6962

11.0758594 902.86448 0001 →  1000 Band P(40) 6962

11.0877421 901.89688 0001 →  1000 Band P(41) 6962

11.0996908 900.92600 0001 →  1000 Band P(42) 6962

11.1117059 899.95182 0001 →  1000 Band P(43) 6962

11.1237879 898.97435 0001 →  1000 Band P(44) 6962

11.1359369 897.99360 P(45) 6962

11.1481534 897.00955 0001 →  1000 Band P(46) 6962

11.1604377 896.02220 0001 →  1000 Band P(47) 6962

14N15NO Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.6204 2164.3 1001 →  1000 Band R(15) 1715

4.6812 2136.2 1001 →  1000 Band P(17) 1715
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15N2O Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.6 1001 →  1000 Band 1716

10.99450 909.545 0001 →  1000 Band P(33)  1707,1708,1712

11.00593 908.601 0001 →  1000 Band P(34)  1707,1708,1712

11.01743 907.653 0001 →  1000 Band P(35)  1707,1708,1712

11.02898 906.702 0001 →  1000 Band P(36) 1708,1712

11.04061 905.747 0001 →  1000 Band P(37) 1708,1712

15N14NO Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

4.5851 2181.0 1001 →  1000 Band R(8) 1717

4.6189 2165.0 1001 →  1000 Band P(10) 1717

NOCl Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

16.4 608 ν2+ν3 → ν3 Band 1718,1719

16.52 605.5 ν2+ν3 → ν3 Band 1718,1720

16.57 603.4 ν2+ν3 → ν3 Band 1718,1721

16.69 599.1 ν2+ν3 → ν3 Band 1718,1722

16.7 598 ν2+ν3 → ν3 Band 1718,1723

16.7 598 ν2+ν3 → ν3 Band 1718,1724

16.75 597.0 ν2+ν3 → ν3 Band 1718,1725

16.86 593.2 ν2+ν3 → ν3 Band 1718,1726

16.9 590 ν2+ν3 → ν3 Band 1718,1727

16.99 588.5 ν2+ν3 → ν3 Band 1718,1728
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NSF Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.19 658.3 ν2+ν3 → ν3 Band 1729,1730

15.26 655.1 ν2+ν3 → ν3 Band 1729,1731

15.34 651.7 ν2+ν3 → ν3 Band 1729,1732

15.42 648.6 ν2+ν3 → ν3 Band 1729,1733

15.47 646.5 ν2+ν3 → ν3 Band 1729,1734

15.61 640.7 ν2+ν3 → ν3 Band 1729,1735

15.61 640.6 ν2+ν3 → ν3 Band 1729,1736

15.838 631.41 ν2+ν3 → ν3 Band 1729,1737

15.89 629.2 ν2+ν3 → ν3 Band 1729,1738

15.98 625.9 ν2+ν3 → ν3 Band 1729,1739

16.03 623.9 ν2+ν3 → ν3 Band 1729,1740

16.15 619.1 ν2+ν3 → ν3 Band 1729,1741

16.19 617.6 ν2+ν3 → ν3 Band 1729,1742

3.3.2.4  Four-Atom Vibrational Transition Lasers

Table 3.3.2.3
Four-Atom Vibrational Transition Lasers

BCl3  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

18.3 546. 1743

18.8 532. 1743

19.1 524. 1743

19.4 515. 1743

20.2 495. 1743

20.6 485. 1743

22.4 446. 1743

23. 435. 1743
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C2D2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

17.45 573.1 Hot Band ?R(23)? 1755

17.498 571050 (ν4+ν5)\Σ+
u → ν4 Band R(22) 1747

17.56 569.6 (ν4+ν5)\Σ+
u → ν4 Band R(21) 1747

17.61 567.8 (ν4+ν5)\Σ+
u → ν4 Band R(16) 1753

17.610 567.87 (ν4+ν5)\Σ+
u → ν4 Band R(20) 1747

17.665 566.08 (ν4+ν5)\Σ+
u → ν4 Band R(19) 1747

17.722 564.28 (ν4+ν5)Σ+
u → ν4 Band R(18) 1747

17.778 562.48 (ν4+ν5)Σ+
u → ν4 Band R(17) 1747,1748

17.835 560.68 (ν4+ν5)Σ+
u → ν4 Band R(16) 1747

18.67 535.7 Hot Band ?Q(24)? 1756

18.79 532.2 (2ν5+ν4)πg →
     (ν5+ν4)Σu Band Q?

1758

18.79 532.3 (ν4+ν5)Σ+
u → ν4 Band ? 1747

18.84 530.7 (ν4+ν5)Σ+
u → ν4 Band ? 1747

18.85 530.6 (ν4+ν5)Σ+
u → ν4 Band Q(1) 1749

18.960 527.43 (ν4+ν5)Σ+
u → ν4 Band P(2) 1747,1750

18.97 527.1 (2ν5+ν4)πu →  2ν4Σg Band Q? 1762

19.03 525.6 (2ν5+ν4)πg →
   (ν5+ν4)∆u Band Q?

1760

19.03 525.6 (2ν5+ν4)πg →
     (ν5+ν4)Σu Band P(4)

1759

19.03 525.6 (ν4+ν5)Σ+
u → ν4 Band P(3) 1747

19.081 524.07 (ν4+ν5)Σ+
u → ν4 Band P(4) 1747

19.13 522.7 (2ν5+ν4)πu →
     2ν4\Σ_g Band P(3)

1763

19.20 520.7 (ν4+ν5)Σ+
u → ν4 Band P(6) 1751

19.27 518.9 (2ν5+ν4)πg →
     (ν5+ν4)∆u Band P(4)

1761

19.67 508.4 (ν4+ν5)∆u → ν4 Band P(18) 1754

19.947 501.33 (ν4+ν5)Σ+
u → ν4 Band P(18) 1747

20.010 499.75 (ν4+ν5)Σ+
u → ν4 Band P(19) 1747,1752

20.073 498.17 (ν4+ν5)Σ+
u → ν4 Band P(20) 1747

20.13 496.8 (ν4+ν5)Σ+
u → ν4 Band P(21) 1747

20.202 495.00 (ν4+ν5)Σ+
u → ν4 Band P(22) 1747

20.267 493.41 (ν4+ν5)Σ+
u → ν4 Band P(23) 1747

20.332 491.83 (ν4+ν5)Σ+
u → ν4 Band P(24) 1747

20.44 489.2 Hot Band ?P(25)? 1757
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12C2D2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

17.893 558.87 (ν4+ν-5)Σ+
u → ν4 Band R(15) 6870

18.84 530.8 (ν4+ν-5)Σ+
u → ν4 Band Q(?) 6870

19.511 512.84 (ν4+ν-5)Σ+
u → ν4 Band P(11) 6870

19.634 509.32 (ν4+ν-5)Σ+
u → ν4 Band P(13) 6870

19.758 506.12 (ν4+ν-5)Σ+
uu → ν4 Band P(15) 6870

19.884 502.93 (ν4+ν-5)Σ+
uu → ν4 Band P(17) 6870

12C2DH Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

17.71 564.8 (2ν4)Σ+ → ν4 Band R(23) 6854,6855

18.09 552.8 HotbandsR(?) 6854,6863

18.45 542.1 (2ν4)Σ+ → ν4 Band R(12) 6854,6856

18.64 536.5 Hotbands R(10) 6854,6864

19.13 522.7 Hotbands Q(?) 6854,6865

19.18 521.4 2ν4(∆c) → ν4 Band Q(22) 6854,6862

19.33 517.4 Hotbands Q(?) 6854,6866

19.37 516.2 Hotbands? 6854,6867

19.4 515.5 (2ν4)Σ+ → ν4 Band Q(13) 6854,6858

19.4 515.4 (2ν4)Σ+ → ν4 Band Q(9) 6854,6857

19.48 513.4 Hotbands Q(11) 6854,6868

20.15 496.2 (2ν4)Σ+ → ν4 Band P(10) 6854,6859

20.38 490.7 Hotbands P(12) 6854,6869

20.47 488.5 (2ν4)Σ+ → ν4 Band P(14) 6854,6860

21.38 467.8 (2ν4)Σ+ → ν4 Band P(25) 6854,6861

C2H2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

8.03406 1244.70 ν2 → ν1
5 Band Q(5)? 1744,1746

8.03523 1244.52 ν2 → ν1
5 Band Q(7)? 1745,1746

8.03561 1244.46 ν2 → ν1
5 Band Q? 1744

8.03781 1244.12 ν2 → ν1
5 Band ? 1745

8.03800 1244.09 ν2 → ν1
5 Band Q? 1744

8.04020 1243.75 ν2 → ν1
5 Band Q(11) 1745,1746

8.04091 1243.64 ν2 → ν1
5 Band Q? 1744
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C2H2  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

8.04428 1243.12 ν2 → ν1
5 BandQ(13) 1744,1746

8.04453 1243.08 ν2 → ν1
5 Band Q? 1745

8.197 1220 ν2 → ν1
5 Band P(10) 1746

8.299 1205 ν2 → ν1
5 Band P(16) 1746

COF2  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

~10 ~1000  0200 →  0100 Band ? 1764,1765

14NH3  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

6.270 1595 ν4 →  0 Band 6871

6.689 1495 ν4 →  0 Band 6871

9.346 1070 ν2 →  0 Band aR(6,K) 1766,1790

9.643 1037 ν2 →  0 Band

     aR(4,K) or sR(3,K)

1766,1790

9.737 1027 ν2 →  0 Band

     aR(3,1), aR(2,2), aR(2,1),

     aR(4,4), or aR(4,3)

1766,1790

9.921 1008 ν2 →  0 Band

     aR(2,0), sR(1,1), sR(1,0),

     aR(3,3), or aR(3,2)

1766,1790

10.29016 971.882 ν2 →  0 Band aR(1,1) 1766,1790

10.3376 967.346 ν2 →  0 Band sQ(3,3) 6873

10.3423 966.905 ν2 →  0 Band sQ(4,3) 6873

10.3589 965.354 ν2 →  0 Band sQ(6,6) 6873

10.3670 964.596 ν2 →  0 Band sQ(7,6) 6873

10.5067 951.776 ν2 →  0 Band aR(0,0) 6873

10.5459 948.232 ν2 →  0 Band sP(1,0) 6873

10.54594 948.232 ν2 →  0 Band sP(1,0) 1766,1790

10.6 941 ν2 →  0 Band

     aQ(9,3), aQ(10,4), aQ(9,2),

     aQ(10,3), or aQ(9,1)

1766,1790



14NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

©2001 CRC Press LLC

10.7 931 ν2 →  0 Band

     aQ(8,6), aQ(9,7), aQ(6,5),

     aQ(3,3), aQ(5,4), aQ(5,5),

     Q(7,6), aQ(4,4) or aQ(2,2)

1766,1790

10.7182 932.992 ν2 →  0 Band aQ(5,3) 6873

10.7322 931.774 ν2 →  0 Band aQ(4,3) 6873

10.73729 931.334 ν2 →  0 Band aQ(2,2) 1767,1790

10.74394 930.757 ν2 →  0 Band aQ(3,3) 1767,1790

10.75387 929.898 ν2 →  0 Band aQ(4,4) 1767,1790

10.7624 929.162 ν2 →  0 Band aQ(7,6) 6873

10.76710 928.755 ν2 →  0 Band aQ(5,5) 1767,1790

10.7837 927.323 ν2 →  0 Band aQ(6,6) 6873,6874

10.8548 921.255 ν2 →  0 Band aQ(9,9) 6873

11.01 908 ν2 →  0 Band sP(3,1 or 2) 1769

11.01080 892.157 ν2 →  0 Band sP(3,0) 1767,1790

11.0111 908.177 ν2 →  0 Band sP(3,1) 6873

11.20879 892.157 ν2 →  0 Band aP(2,0) 1767,1770,1790

11.2123 891.882 ν2 →  0 Band aP(2,1) 6873

11.2603 888.079 ν2 →  0 Band sP(4,1) 6873

11.261 887.99 ν2 →  0 Band sP(4,1-2) 1770,1771,1790

11.2628 887.877 ν2 →  0 Band sP(4,3) 6873

11.46044 872.567 ν2 →  0 Band aP(3,1) 1766,1767,1770,

1771,1773,1790

11.47135 871.737 ν2 →  0 Band aP(3,2) 1770

11.52074 868.000 ν2 →  0 Band sP(5,0) 1766,1767,1770,

1771,1774,1790

11.5212 868.035 ν2 →  0 Band sP(5,1) 6873

11.52446 867.719 ν2 →  0 Band sP(5,3) 1790–1792

11.55466 865.452 2ν2 → ν2 Band sP(4,1) 1783

11.71208 853.819 ν2 →  0 Band aP(4,0) 1767,1770–1,1790

11.71582 853.547 ν2 →  0 Band aP(4,1) 1766–7,1771,1790

11.72712 852.724 ν2 →  0 Band aP(4,2) 1767,1770,1790

11.74637 851.327 ν2 →  0 Band aP(4,3) 1767,1770,1790

11.7942 847.876 ν2 →  0 Band sP(6,1) 6873

11.796 847.78 ν2 →  0 Band sP(6,1-2) 1770

11.7983 847.578 ν2 →  0 Band sP(6,3) 6873,6874

11.80167 847.338 ν2 →  0 Band sP(6,4) 1770,1774

11.97859 834.823 ν2 →  0 Band aP(5,1) 1766,1767,1770,

1771,1790



14NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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11.99025 834.011 ν2 →  0 Band aP(5,2) 1766,1767,1770,

1771,1790

12.01008 832.634 ν2 →  0 Band aP(5,3) 1766,1767,1770,

1771,1777,1790

12.03872 830.653 ν2 →  0 Band aP(5,4) 1767,1770–1,1790

12.07912 827.875 ν2 →  0 Band sP(7,0) 1766,1767,1770,

1771,1774,1778,

1779,1790,1792

12.0797 827.833 ν2 →  0 Band s P(7,1) 6873

12.0997 826.470 ν2 →  0 Band s P(7,6) 6873

12.11418 825.479 2ν2 → ν2 Band sP(6,4) 1784

12.15575 822.656 2ν2 → ν2 Band sP(6,3) 1785

12.18444 820.719 2ν2 → ν2 Band sP(6,2) 1786

12.24521 816.646 ν2 →  0 Band aP(6,0) 1766–7,1770,1771,

1774,1779,1790

12.24911 816.386 ν2 →  0 Band aP(6,1) 1766,1767,1770,

1771,1790

12.26105 815.591 ν2 →  0 Band aP(6,2) 1766,1767,1770,

1771,1790

12.28136 814.242 ν2 →  0 Band aP(6,3) 1766,1767,1770,

1771,1783,1790

12.31072 812.300 ν2 →  0 Band aP(6,4) 1766,1767,1770,

1771,1790

12.35002 809.715 ν2 →  0 Band aP(6,5) 1766,1767,1770,

1771,1790

12.37821 807.871 ν2 →  0 Band sP(8,1) 1770

12.38425 807.477 ν2 →  0 Band sP(8,3) 1770

12.39560 806.738 ν2 →  0 Band sP(8,5) 1770

12.4027 806.274 ν2 →  0 Band sP(8,6) 6873

12.52781 798.224 ν2 →  0 Band aP(7,1) 1766,1767,1770,

1771,1790–92

12.53999 797.449 ν2 →  0 Band aP(7,2) 1766,1767,1770,

1771,1790,1792

12.56068 796.135 ν2 →  0 Band aP(7,3) 1766,1767,1770,

1771,1790,1792

12.59 794.3  2ν2 →ν2 Band aR(7,5) 6875

12.59059 794.244 ν2 →  0 Band aP(7,4) 1766,1767,1770,

1771,1790,1792

12.63063 791.720 ν2 →  0 Band aP(7,5) 1766,1767,1770,

1771,1790,1792



14NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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12.68213 788.511 ν2 →  0 Band aP(7,6) 1766,1767,1770,

1771,1790

12.69716 787.578 ν2 →  0 Band sP(9,3) 1770

12.7196 786.191 ν2 →  0 Band sP(9,6) 6873

12.80959 780,665 2ν2 → ν2 Band sP(8,5) 1787

12.81145 780.552 ν2 →  0 Band aP(8,0) 1766,1767,1770,

1771,1781,1784,

1790,1792

12.81532 780.316 ν2 →  0 Band aP(8,1) 1766,1767,1770,

1771,1790

12.82765 779.566 ν2 →  0 Band aP(8,2) 1767,1770,1790,

1792

12.84863 778.293 ν2 →  0 Band aP(8,3) 1766,1767,1770,

1771,1790,1792

12.87890 776.464 ν2 →  0 Band aP(8,4) 1766,1767,1770,

1771,1790,1792

12.91946 774.026 ν2 →  0 Band aP(8,5) 1766,1767,1770,

1771,1790,1792

12.97163 770.913 ν2 →  0 Band aP(8,6) 1766,1767,1770,

1771,1790,1792

12.98352 770.207 2ν2 → ν2 Band aR(6,5) 1787

13.0241 767.809 ν2 →  0 Band sP(10,3) 6873

13.03715 767.039 ν2 →  0 Band aP(8,7) 1766–67,1790

13.0505 766.252 ν2 →  0 Band sP(10,6) 6873

13.11233 762.641 ν2 →  0 Band aP(9,1)  1766,1790

13.12477 761.918 ν2 →  0 Band aP(9,2)  1766,1790

13.14593 760.692 ν2 →  0 Band aP(9,3) 1766–67,1790

13.17643 758.931 ν2 →  0 Band aP(9,4)  1766,1790

13.21725 756.587 ν2 →  0 Band aP(9,5)  1766,1790

13.23390 755.635 2ν2 → ν2 Band aR(5,3) 1777

13.26978 753.592 ν2 →  0 Band aP(9,6) 1766–67,1790

13.33580 749.861 ν2 →  0 Band aP(9,7)  1766,1790

13.411 745.7 ν2 →  0 Band aP(9,8),

     aP(10,1), or aP(10,0)

 1766,1790

13.4153 745.420 ν2 →  0 Band aP(10,0) 6873

13.4534 780.665 ν2 →  0 Band aP(10,3) 6873

13.57749 736.513 ν2 →  0 Band aP(10,6)  1766,1790

13.65533 732.315 2ν2 → ν2 Band aR(4,3) 1777

13.72555 728.568 2ν2 → ν2 Band aR(4,4) 1784

13.82608 723.271 ν2 →  0 Band aP(10,9)  1766,1790



14NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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14.78 677 2ν2 → ν2 Band 1788

15.04 665 2ν2 → ν2 Band 1788

15.08 663 2ν2 → ν2 Band 1788

15.41 649 2ν2 → ν2 Band 1788

15.47 646 2ν2 → ν2 Band 1788

15.68 637.8 2ν2 → ν2 Band aQ(6,3) 6876

15.70 636.9 2ν2 → ν2 Band aQ(8,5) 6875

15.78148 633.654 2ν2 → ν2 Band aQ(5,3) 1777

15.81600 632.271 2ν2 → ν2 Band aQ(7,5) 1787

15.85726 630.626 2ν2 → ν2 Band aQ(4,3) 1777

15.87758 629.819 2ν2 → ν2 Band aQ(5,4) 1777

15.91292 628.420 2ν2 → ν2 Band aQ(6,5) 1787

15.913 628.40 2ν2 → ν2 Band aQ(3,3) 6877

15.94637 627.102 2ν2 → ν2 Band aQ(4,4) 1784

16.04 623.4 2ν2 → ν2 Band ? 6878

16.936 590.45 2ν2 → ν2 Band aP(2,0) 6877

16.95 590.0 2ν2 → ν2 Band aP(2,1) 6879

18.046 554.14 2ν2 → ν2 Band aP(4,0) 6877

18.203 549.37 2ν2 → ν2 Band aP(4,3) 6877

18.21 549 2ν2 → ν2 Band 1788

18.798 531.97 2ν2 → ν2 Band aP(5,3) 6876,6877

18.92674 528.353 2ν2 → ν2 Band aP(5,4) 1784

19.198 520.89 2ν2 → ν2 Band aP(6,0) 6952

19.29 518.4 2ν2 → ν2 Band aP(6,2) 6880

19.401 515.43 2ν2 → ν2 Band aP(6,3) 6876,6877

19.55019 511.504 2ν2 → ν2 Band aP(6,4) 1784

20.008 499.80 2ν2 → ν2 Band aP(7,3) 6876,6877

20.358 491.20 2ν2 → ν2 Band aP(8,0) 6877

20.38798 490.485 2ν2 → ν2 Band aP(7,5) 1787

20.48 488.3 2ν2 → ν2 Band aP(8,2) 6881

20.604 485.34 2ν2 → ν2 Band aP(7,6) 6877

20.622 484.92 2ν2 → ν2 Band aP(8,3) 6877

21.05409 474.967 2ν2 → ν2 Band aP(8,5) 1787

21.228 471.08 2ν2 → ν2 Band aP(9,3) 6952

21.333 468.75 2ν2 → ν2 Band aP(8,6) 6877

21.471 465.74 3ν2 →  2ν2 Band aP(2,0)? 1789

22.542 443.62 3ν2 →  2ν2 Band aP(3,2) 1789

22.563 443.20 3ν2 →  2ν2 Band aP(3,1) 1789

22.71 440 3ν2 →  2ν2 Band 1788

23.675 422.39 3ν2 →  2ν2 Band aP(4, or 1) 1789



14NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments
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23.86 419 3ν2 →  2ν2 Band 1788

24.918 401.32 3ν2 →  2ν2 Band aP(5,1) 1789

25.12 398 3ν2 →  2ν2 Band 1788

26.282 380.49 3ν2 →  2ν2 Band aP(6,0) 1789

30.69 326 3ν2 →  2ν2 Band 1788

31.47 318 3ν2 →  2ν2 Band 1788

31.951 312.98 3ν2 →  2ν2 Band 1789

32.13 311 3ν2 →  2ν2 Band 1788

15NH3  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

10.789 926.8 ν2 →  0 Band aQ(3,3) 6882

10.829 923.45 ν2 →  0 Band aQ(6,6) 6953

11.072 903.15 ν2 →  0 Band sP(3,0) 6953

11.257 888.32 ν2 →  0 Band aP(2,0) 6882

11.586 863.12 ν2 →  0 Band sP(5,0) 6882,6883

11.763 850.11 ν2 →  0 Band aP(4,0) 6882,6883

11.798 847.60 ν2 →  0 Band aP(4,3) 6882

11.859 843.25 ν2 →  0 Band sP(6,1) 6883

11.866 842.75 ν2 →  0 Band aP(6,3) 6882

12.063 828.98 ν2 →  0 Band aP(5,3)  6882,6883

12.148 823.21 ν2 →  0 Band sP(7,0)  6882,6883

12.299 813.08 ν2 →  0 Band aP(6,0)  6882,6883

12.336 810.66 ν2 →  0 Band aP(6,3)  6882,6883

12.447 803.40 ν2 →  0 Band sP(8,1) 6883

12.616 792.64 ν2 →  0 Band aP(7,3)  6882,6883

12.739 785.00 ν2 →  0 Band aP(7,6)  6882,6883

12.867 777.18 ν2 →  0 Band aP(8,0)  6882,6883

12.905 774.88 ν2 →  0 Band aP(8,3)  6882,6883

12.967 771.16 ν2 →  0 aP(8,0) 6953

12.977 770.60 ν2 →  0 Band aP(8,5) 6884

13.030 767.47 ν2 →  0 Band aP(8,6)  6882,6883

13.204 757.37 ν2 →  0 Band aP(9,3)  6882,6883

13.323 750.60 ν2 →  0 Band aP(9,6) 6883

13.473 742.20 ν2 →  0 Band aP(10,0) 6883

13.910 718.92 2ν2 → ν2 Band sP(10,1) 6885

14.3 699 1793
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15NH3  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

14.8 676 1793

15.2 658 1793

15.7 637 1793

16.0 625 1793

17.8 562 1793

3.3.2.5  Five-Atom Vibrational Transition Lasers

Table 3.3.2.4
Five-Atom Vibrational Transition Lasers

12CF4  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.306 653.32 ν2+ν4 → ν2 Band R(41) 1794–95,1804

15.40 649.3 ν2+ν4 → ν2 Band R(33) 1794,1795

15.46 647.0 ν2+ν4 → ν2 Band – 1797,1815

15.48 646.0 ν2+ν4 → ν2 Band R(27) 1794–1799,1807

15.49 645.5 ν2+ν4 → ν2 Band R(26) 1800,1808

15.547 643.23 ν2+ν4 → ν2 Band R(22) 1797–1801,1809

15.57 642.4 ν2+ν4 → ν2 Band R(21) 1794–96,1810

15.58 641.9 ν2+ν4 → ν2 Band R(20) 1799,1811

15.60 640.9 ν2+ν4 → ν2 Band R(18) 1799,1812

15.607 640.73 ν2+ν4 → ν2 Band R(17) 1797–9,1801,1813

15.71 636.7 ν2+ν4 → ν2 Band 1797,1816

15.71 636.6 ν2+ν4 → ν2 Band R(9) 1797–99,1814

15.74 635.2 ν2+ν4 → ν2 Band R(7) 1800,1817

15.83 631.8 ν2+ν4 → ν2 Band Q(7)? 1799,1818

15.84 631.5 ν2+ν4 → ν2 Band Q(14) 1795,182

15.84 631.3 ν2+ν4 → ν2 Band Q(28) 1799,1819

15.844 631.15 ν2+ν4 → ν2 Band Q(36) 1799,1801,1821

15.845 631.12 ν2+ν4 → ν2 Band Q(31) 1794,1822

15.847 631.05 ν2+ν4 → ν2 Band Q(29) 1799,1801,1823

15.85 631.0 ν2+ν4 → ν2 Band 1795,1826

15.85 630.8 ν2+ν4 → ν2 Band Q(11) 1800,1824

15.85 630.8 ν2+ν4 → ν2 Band Q(35) 1795,1825
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12CF4  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.85 630.8 ν2+ν4 → ν2 Band Q(37) 1799,1827

15.91 628.5 ν2+ν4 → ν2 Band P(5) 1800,1828

15.92 628.2 ν2+ν4 → ν2 Band P(6) 1800,1829

15.94 627.3 ν2+ν4 → ν2 Band P(8) 1800,1830

16.00 624.9 ν2+ν4 → ν2 Band P(12) 1800,1831

16.02 624.4 ν2+ν4 → ν2 Band P(14) 1796,1832

16.06 622.8 ν2+ν4 → ν2 Band P(16) 1800,1833

16.07 622.4 ν2+ν4 → ν2 Band P(17) 1800,1834

16.07 622.4 ν2+ν4 → ν2 Band P(18) 1796,1835

16.09 621.4 ν2+ν4 → ν2 Band P(19) 1800,1836

16.11 620.6 ν2+ν4 → ν2 Band P(21) 1795,1796,1837

16.178 618.11 ν2+ν4 → ν2 Band P(25) 1797–9,1801,1838

16.21 617.0 ν2+ν4 → ν2 Band P(27) 1795,1839

16.24 615.7 ν2+ν4 → ν2 Band P(30) 1799,1840

16.25 615.4 ν2+ν4 → ν2 Band P(30)? 1800,1841

16.259 615.06 ν2+ν4 → ν2 Band P(31) 1797–

99,1801,1802

16.27 614.7 ν2+ν4 → ν2 Band P(32)? 1799,1842

16.29 613.7 ν2+ν4 → ν2 Band P(35)? 1799,1843

16.340 611.99 ν2+ν4 → ν2 Band P(37) 1797–9,1801,1844

16.40 609.6 ν2+ν4 → ν2 Band P(42) 1795,1845

13CF4  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.29 654.2 ν2+ν4 → ν2 Band R 1846,1852

15.32 652.9 ν2+ν4 → ν2 Band R 1846,1853

15.42 648.4 ν2+ν4 → ν2 Band R 1846,1854

15.44 647.8 ν2+ν4 → ν2 Band R 1846,1855

15.45 647.1 ν2+ν4 → ν2 Band R 1847,1856

15.47 646.6 ν2+ν4 → ν2 Band R 1846,1857

15.53 644.0 ν2+ν4 → ν2 Band R 1848,1858

15.54 643.3 ν2+ν4 → ν2 Band R 1847,1848,1859

15.59 641.3 ν2+ν4 → ν2 Band R 1846,1860

15.62 640.4 ν2+ν4 → ν2 Band R 1846,1861

15.62 640.3 ν2+ν4 → ν2 Band R 1848,1862

15.74 635.5 ν2+ν4 → ν2 Band R 1849,1863

15.75 635.0 ν2+ν4 → ν2 Band R 1850,1864
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13CF4  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.78 633.9 ν2+ν4 → ν2 Band R 1846,1865

15.80 632.8 ν2+ν4 → ν2 Band R 1851,1866

15.82 632.2 ν2+ν4 → ν2 Band R 1850,1867

15.89 629.5 ν2+ν4 → ν2 Band Q 1846,1868

15.89 629.5 ν2+ν4 → ν2 Band Q 1846,1869

15.89 629-5 ν2+ν4 → ν2 Band Q 1848,1870

16.00 625.0 ν2+ν4 → ν2 Band P 1848,1871

16.09 621.4 ν2+ν4 → ν2 Band P 1851,1872

16.10 621.0 ν2+ν4 → ν2 Band 1851,1873

16.11 620.7 ν2+ν4 → ν2 Band P 1851,1874

16.15 619.3 ν2+ν4 → ν2 Band P 1847,1875

16.15 619.2 ν2+ν4 → ν2 Band P 1849,1876

16.16 618.7 ν2+ν4 → ν2 Band P 1848,1877

16.20 617.1 ν2+ν4 → ν2 Band P 1848,1878

16.23 616.0 ν2+ν4 → ν2 Band P 1846,1849,1879

16.25 615.4 ν2+ν4 → ν2 Band P 1851,188

16.26 615.0 ν2+ν4 → ν2 Band P 1846,1881

16.27 614.6 ν2+ν4 → ν2 Band P 1851,1882

16.29 613.7 ν2+ν4 → ν2 Band P 1848,1883

16.30 613.4 ν2+ν4 → ν2 Band P 1848,1884

16.32 612.9 ν2+ν4 → ν2 Band P 1846,1885

16.36 611.1 ν2+ν4 → ν2 Band P 1846,1886

16.48 606.8 ν2+ν4 → ν2 Band P 1846,1887

14CF4  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.39 649.8 ν2 + ν4 → ν2 Band R 1888,1891

15.46 647.0 ν2 + ν4 → ν2 Band R 1889,1892

15.51 644.9 ν2 + ν4 → ν2 Band R 1889,1893

15.54 643.7 ν2 + ν4 → ν2 Band R 1888,1894,1896

15.55 643.5 ν2 + ν4 → ν2 Band R 1889,1895

15.58 642.0 ν2 + ν4 → ν2 Band R 1889,1897

15.60 641.2 ν2 + ν4 → ν2 Band R 1888,1898

15.61 640.5 ν2 + ν4 → ν2 Band R 1888,1899

15.62 640.1 ν2 + ν4 → ν2 Band R 1890,1900

15.64 639.2 ν2 + ν4 → ν2 Band R 1889,1901
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14CF4  Laser—continued
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.65 638.8 ν2 + ν4 → ν2 Band R 1890,1902

15.71 636.5 ν2 + ν4 → ν2 Band R 1889,1903

15.79 633.5 ν2 + ν4 → ν2 Band R 1889,1904,1905

15.82 632.1 ν2 + ν4 → ν2 Band R 1890,1906

15.93 627.9 ν2 + ν4 → ν2 Band Q 1889,1907,1908

15.94 627.4 ν2 + ν4 → ν2 Band Q 1888,1909–1416

15.95 627.1 ν2 + ν4 → ν2 Band Q 1888,1917

15.99 625.3 ν2 + ν4 → ν2 Band P 1890,1918

16.04 623.6 ν2 + ν4 → ν2 Band P 1890,1919

16.08 621.7 ν2 + ν4 → ν2 Band P 1888,1920

16.14 619.7 ν2 + ν4 → ν2 Band P 1890,1921

16.15 619.3 ν2 + ν4 → ν2 Band P 1890,1922

16.21 616.8 ν2 + ν4 → ν2 Band P 1888,1923

16.22 616.6 ν2 + ν4 → ν2 Band P 1889,1924

16.25 615.2 ν2 + ν4 → ν2 Band P 1888,1925

16.28 614.3 ν2 + ν4 → ν2 Band P 1890,1926

16.30 613.6 ν2 + ν4 → ν2 Band P 1889,1927

16.33 612.2 ν2 + ν4 → ν2 Band P 1888,1928

16.35 611.8 ν2 + ν4 → ν2 Band P 1888,1929

16.44 608.2 ν2 + ν4 → ν2 Band P 1889,1930

CF3I Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

13.54 738.4 ν2 + ν3 → ν3 Band  1931,1932

13.57 736.8 ν2 + ν3 → ν3 Band  1931,1933

13.63 733.6 ν2 + ν3 → ν3 Band  1931,1934

CH3F Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

9.747 1026 2ν3 + ν3 → ν3 Band P(4,1) 1935
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FClO3  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

16.32 612.6 ν5 + ν6 → ν6Band 1936,1937

16.34 612.2 ν5 + ν6 → ν6Band 1936,1938

16.35 611.7 ν5 + ν6 → ν6Band 1936,1939

16.45 607.9 ν5 + ν6 → ν6Band 1936,1940

16.49 606.3 ν5 + ν6 → ν6Band 1936,1941,1942

16.5 606.1 ν5 + ν6 → ν6Band 1936,1943

16.52 605.4 ν5 + ν6 → ν6Band 1936,1944,1945

16.56 603.8 ν5 + ν6 → ν6Band 1936,1946,1947

16.61 601.9 ν5 + ν6 → ν6Band 1936,1948

16.66 600.3 ν5 + ν6 → ν6Band 1936,1949

16.73 597.8 ν5 + ν6 → ν6Band 1936,1950

16.75 596.9 ν5 + ν6 → ν6Band 1936,1951

16.76 596.8 ν5 + ν6 → ν6Band 1936,1952,1953

16.77 596.3 ν5 + ν6 → ν6Band 1936,1954

16.79 595.6 ν5 + ν6 → ν6Band 1936,1955

16.82 594.6 ν5 + ν6 → ν6Band 1936,1956

16.93 590.7 ν5 + ν6 → ν6Band 1936,1957

17.15 588.3 ν5 + ν6 → ν6Band 1936,1959

17.19 583.1 ν5 + ν6 → ν6Band 1936,1960

17.22 581.6 ν5 + ν6 → ν6 Band 1936,1961

17.26 580.7 ν5 + ν6 → ν6Band 1936,1962

17.28 579.5 ν5 + ν6 → ν6Band 1936,1963

17.32 578.8 ν5 + ν6 → ν6Band 1936,1964

17.36 577.3 ν5 + ν6 → ν6Band 1936,1965

17.44 576.1 ν5 + ν6 → ν6Band 1936,1966

17.46 573.4 ν5 + ν6 → ν6Band 1936,1967

17.58 568.8 ν5 + ν6 → ν6Band 1936,1968

17.71 564.8 ν5 + ν6 → ν6Band 1936,1969

HCOOH Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

5.7 1970,1971
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SiF4 Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

24.78 403.5 1972,1973

25.31 395.1 1972,1974

25.36 394.3 1972,1975

25.40 393.7 1972,1976

25.67 389.5 1972,1977

25.67 389.5 1972,1978

25.68 389.4 1972,1979

25.77 388.0 1972,1980

25.79 387.7. 1972,1981

26.01 384.4 1972,1982

26.14 382.5 1972,1983

SiH4 Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

7.90202 1265.50 1984

7.92198 1262.31 1984

7.94900 1258.02 1984

7.95482 1257.10 1984

7.96902 1254.86 1984

7.99201 1251.25 1984

3.3.2.6  Six-Atom Vibrational Transition Lasers

Table 3.3.2.5
Six-Atom Vibrational Transition Lasers

C2H4  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

10.53 950 1985,1986

10.98 911 1985,1987
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3.3.2.7  Seven-Atom Vibrational Transition Lasers

Table 3.3.2.6
Seven-Atom Vibrational Transition Lasers

CH3CCH Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.53 644.0 ν9 + ν10 → ν10 Band? 6886,6887

15.54 643.3 ν9 + ν10 → ν10 Band? 6886,6888

15.711 636.5 ν9 + ν10 → ν10 Band? 1988,1989

15.716 636.3 ν9 + ν10 → ν10 Band? 1988,1990

15.72 636.2 ν9 + ν10 → ν10 Band? 6886,6889

15.721 636.1 ν9 + ν10 → ν10 Band? 1988,1991

15.80 632.9 ν9 + ν10 → ν10 Band? 6886,6891

15.83 631.9 ν9 + ν10 → ν10 Band? 6886,6892

16.06 622.7 ν9 + ν10 → ν10 Band? 6886,6893

16.10 621.2 ν9 + ν10 → ν10 Band? 6886,6894

16.121 620.3 ν9 + ν10 → ν10 Band? 1988,1992

16.39 610 ν9 + ν10 → ν10 Band? 1988,1993

16.42 609 ν9 + ν10 → ν10 Band? 1988,1994

SF6  Laser
Wavelength

( m) vac
Frequency

(cm -1) Trans i t ion  ass ignment Comments

15.905 628.74 2ν3 → ν2 + ν4 Band? 1995
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Section 3.4
FAR INFRARED AND MILLIMETER WAVE GAS LASERS

3.4.1  Introduction

Organic molecules used for far infrared and millimeter wave lasers number  more than one
hundred. Combined with the use of several different isotopes and the possibility of
transitions between many different vibrational and rotational levels, reported lasing
transitions are now numbered in the thousands. The molecular gas lasers in this section are
either excited by an electrical discharge or are optically pumped by narrowband pump
sources to excite molecules into a specific rotational state of an excited vibrational state; the
latter are usually operated cw or quasi-cw.

As noted in the introduction, in this section 20 µm is used as the lower limit for the far
infrared. Four noble gas lasers have transitions in this far infrared region; tables of these laser
lines are given in Section 3.4.2.

Section 3.4.3 presents tables of molecular far infrared and millimeter wave laser lines;
these are listed by molecule and for each molecule lines are listed in order of increasing
wavelength. The uncertainty in the wavelength determination is noted in the second
column. Accurate measurements, typically 1 part in 105 or better, refer to vacuum since they
are calculated from frequency measurements. Interferometric wavelength measurements may
refer to vacuum, the laser medium, or air but are of low accuracy, ranging from a few percent
to (rarely) 1 part in 104. Thus within the measurement uncertainties almost all
measurements may be considered to refer to vacuum. The third column lists the CO2 laser
pump transition and or may include various comments (given in Section 3.6) about the laser
output power, relative polarization of the output radiation with respect to the pump
radiation, and the pump transition. Pump transitions are usually those for a CO2 laser; if an
isotopic CO2 or other pump laser was used or if the laser was pumped by an electric
discharge, this is noted among the comments.  

Laser output powers depend not only on molecular properties but also on the geometry
and pump power, factors that vary with the design of the experiment. The reader is advised
to consult the original references for this information and its effect on the laser performance.

For those interested in the most intense far-infrared and millimeter wave laser lines, a
table of calibrated power measurements of over 150 lines between 40 µm and 2 mm having
output powers of 1 mW or more is given in Douglas.1

References with titles or descriptions of the contents are given in Section 3.7. The
references may include the original report of lasing and other reports relevant to the
identification of the transition and laser operation; however, because of the huge literature,
not all relevant measurements are noted.

1.  Douglas, N. G., Millimetre and Submillimetre Wavelength Lasers: A Handbook of cw
Measurements, Springer-Verlag, Berlin Heidelberg (1989).
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Millimeter Waves (the proceedings of the Infrared and Millimeter Wave conference series are
published in this journal), Infrared Physics and Technology, Journal of Molecular
Spectroscopy, Journal of Applied Physics, IEEE Journal of Quantum Electronics, and
Quantum Electronics (Russian).
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3.4.2  Tables of Atomic Far Infrared Gas Lasers
(for other noble gas transitions, see the tables and references in Section 3.1.2.14.)

Table 3.4.1
Atomic Far Infrared Gas Lasers

Helium
Wavelength

( m)
Uncertainty

( m) Comments References

95.788 ±0.0018 1998,1999,6929 434,435

216.3 ±0.43 1996,1997,6929 435,436

Neon
Wavelength

( m)
Uncertainty

( m) Comments References

20.48 ±0.0051 2050 583,586,1452

21.752 ±0.0054 2049 583,586,1452

22.836 ±0.0057 2048 583,586,1452

25.423 ±0.0051 2047 583,586,1452

28.053 ±0.0056 2046 583,586,1452

31.553 ±0.0047 2045 583,586,1452

31.928 ±0.0048 2044 583,586,1452

32.016 ±0.0048 2043 583,586,1452

32.516 ±0.0049 2042 583,586,1452

32.83 ±0.0066 2041 583,586,1452

34.552 ±0.0052 2040 583,586,1452

34.679 ±0.0052 2039 583,586,1452

35.602 ±0.0053 2037,2038 583,586,1452

37.231 ±0.0056 2035,2036 583,586,1452

41.741 ±0.0042 2034 583,586,1452

50.705 ±0.0051 2032,2033 583,586,1452

52.425 ±0.0052 2030,2031 583,586,1452

53.486 ±0.0053 2028,2029 583,586,1452

54.019 ±0.0054 2026,2027 583,586,1452

54.117 ±0.0054 2024,2025 583,586,1452

55.537 ±0.0056 2022,2023 583,586,1452

57.355 ±0.0057 2020,2021 583,586,1452

68.329 ±0.0068 2019 583,586,1452

72.108 ±0.0072 2017,2018 583,586,1452

85.047 ±0.0085 2016 583,586,1452

86.962 ±0.0087 2014,2015 583,586,1452

88.471 ±0.0088 2012,2013 583,586,1452
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Neon—continued
Wavelength

( m)
Uncertainty

( m) Comments References

89.859 ±0.0090 2010,2011 583,586,1452

93.0 ±0.22 2008,2009 583,586,1452

106.07 ±0.053 2006,2007 583,586,1452

124.4 ±0.30 2004,2005 583,586,1452

126.1 ±0.30 2002,2003 583,586,1452

132.8 ±0.32 2000,2001 583,586,1452

Argon
Wavelength

( m)
Uncertainty

( m) Comments References

26.933 ±0.0027 2064 1452

26.936 ±0.0027 2063 1452

Xenon
Wavelength

( m)
Uncertainty

( m) Comments References

18.506 ±0.0056 2070 1452

75.561687 997,1006,1072 652
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3.4.3  Tables of Far Infrared and Millimeter Wave Gas Lasers

Molecular gas lasers included in this section are ordered as follows:

     Formula      Name      Table
BCl3 boron chloride 3.4.2
10BCl3 boron chloride – 10B 3.4.3
11BCl3 boron chloride – 11B 3.4.4
C2H4O2H2 [C2H4(OH)2] dihydroxyethane (ethylene glycol) 3.4.5
CDF3 deuterotrifluoromethane 3.4.6
CD2Cl2 dideuterodichloromethane 3.4.7
CD2F2 dideuterodifluoromethane 3.4.8
CD3Br trideuterobromomethane 3.4.9
CD3Cl trideuterochloromethane 3.4.10
CD3CN trideuterocyanomethane 3.4.11
CD3F trideuterofluoromethane 3.4.12
13CD3F trideuterofluoromethane – 13C 3.4.13
CD3I trideuteroiodomethane 3.4.14
13CD3I trideuteroiodomethane – 13C 3.4.15
CD3OD deuterooxytrideuteromethanol 3.4.16
13CD3OD deuteroxytrideuteromethane – 13C 3.4.17
CD3OH trideuteromethanol 3.4.18
13CD3OH trideuteromethanol – 13C 3.4.19
CF2Cl2 dichlorodifluoromethane (fluorcarbon) 3.4.20
CF3Br bromotrifluoromethane 3.4.21
CHCl2F dichlorofluoromethane 3.4.22
CHClF2 chlorodifluoromethane 3.4.23
CHD2F dideuterofluoromethane 3.4.24
CHD2OH dideuteromethanol 3.4.25
CHFCHF cis 1,2-difluoroethene (cis 1,2-difluoroethylene) 3.4.26
CHFO (HFCO, HCOF) formyl fluoride (fluoroformaldehyde) 3.4.27
CHF2 difluoromethane 3.4.28
CH2CF2 1,1-difluoroethene (1,1-difluoroethylene) 3.4.29
CH2CHBr bromoethene (vinyl bromide) 3.4.30
CH2CHCl chloroethene (vinyl chloride) 3.4.31
CH2CHCN acrylonitrile, vinyl cyanide) 3.4.32
CH2CHF fluoroethene (vinyl fluoride) 3.4.33
CH2Cl2 dichloromethane 3.4.34
CH2ClF chlorofluoromethane 3.4.35
CH2DOH deuteromethanol 3.4.36
CH2F2 difluoromethane 3.4.37
13CH2F2 difluoromethane – 13C 3.4.38
CH2NOH formaldoxime 3.4.39
CH3Br bromomethane (methyl bromide) 3.4.40
CH3

79Br bromomethane (methyl bromide) – 79Br 3.4.41
CH3

81Br bromomethane (methyl bromide) – 81Br 3.4.42
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Molecular gas lasers included in this section—continued

     Formula      Name      Table

13CH3Br bromomethane – 13C 3.4.43
CH3CCH methyl acetylene 3.4.44
CH3CD2OH 1,1-dideuteroethanol 3.4.45
CH3CF3 1,1,1-trifluoroethane (methyl fluorofrom) 3.4.46
CH3CHDOH 1-deuteroethanol 3.4.47
CH3CHF2 1,1-difluoroethane 3.4.48
CH3CH2Br (C2H5Br) bromoethane (ethyl bromide) 3.4.49
CH3CH2Cl (C2H5Cl) chloroethane (ethyl chloride) 3.4.50
CH3CH2F (C2H5F) fluoroethane (ethyl fluoride) 3.4.51
CH3CH2I (C2H5I) iodoethane (ethyl iodide)3.4.52
CH3CH2OH (C2H5OH) ethanol (ethyl alcohol)3.4.53
CH3CHO ethanal (acetaldehyde) 3.4.54
CH3Cl chloromethane (methyl chloride) 3.4.55
CH3CN ethanenitrile (acetonitrile, cyanomethane, methyl cyanide) 3.4.56
CH3COOD deuterooxyethanoic acid 3.4.57
CH3F fluoromethane (methyl fluoride 3.4.58
13CH3F fluoromethane – 13C 3.4.50
CH3I iodomethane (methyl iodide) 3.4.60
13CH3I iodomethane – 13C 3.4.61
CH3NC methyl isocyanide 3.4.62
CH3NH2 aminomethane (methylamine) 3.4.63
CH3NO2 nitromethane 3.4.64
CH3OCH3 methoxymethane (dimethyl ether)3.4.65
CH3OD deuterooxymethanol 3.4.66
CH3OH methanol (methyl alcohol) 3.4.67
13CH3OH methanol – 13C 3.4.68
CH3

18OH methanol – 18O 3.4.69
CH3SH methyl mercaptan 3.4.70
ClO2 chlorine dioxide 3.4.71
COF2 carbonyl fluoride 3.4.72
COH2 (H2CO) methanal (formaldehyde)3.4.73
DCN deuterohydrocyanic acid (deuterium cyanide) 3.4.74
DCOOD dideuteromethanic acid (dideutero formic acid) 3.4.75
DCOOH deuteromethanic acid (deutero formic acid) 3.4.76
D2CO dideuteromethanal (dideuteroformaldehyde) 3.4.77
D2O deuterium oxide (heavy water) 3.4.78
DFCO (CDFO, DCOF) deuterated formyl fluoride 3.4.79
FCN cyanogen fluoride 3.4.80
HBr hydrogen bromide 3.4.81
HCCCH2F (FCH2C:CH) 3-fluoropropyne (propargyl fluoride) 3.4.82
HCCCHO (HC:CCHO, C3H2O) propynal 3.4.83
HCCF fluoroacetylene 3.4.84
HCl hydrogen chloride (hydrochloric acid) 3.4.85
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Molecular gas lasers included in this section—continued

     Formula      Name     Table

HCN hydrocyanic acid (hydrogen cyanide) 3.4.86
HCOOD deuterooxymethanic acid (deuteroxy formic acid)3.4.87
HCOOH methanoic acid (formic acid) 3.4.88
H13COOH formic acid – 13C 3.4.89
HDCO deuteromethanal (deuteroformaldehyde) 3.4.90
HF hydrogen fluoride (hydrofluoric acid) 3.4.91
H2CO methanal (formaldehyde) 3.4.92
(H2CO)3 trioxane (cyclic trimer of formaldehyde) 3.4.93
H2O water 3.4.94
H2S hydrogen sulfide 3.4.95
ND3 trideuteroammonia (fully deuterated ammonia) 3.4.96
ND2ND2 (N2D4) dideuterohydrazine 3.4.97
NH2D deuteroammonia 3.4.98
NH3 ammonia 3.4.99
15NH3 ammonia – 15N 3.4.100
NH2NH2 (N2H4) hydrazine 3.4.101
NH2OH hydroxylamine 3.4.102
O3 ozone 3.4.103
OCS (COS) carbonyl sulfide 3.4.104
PH3 phosphine 3.4.105
SiF4 silicon tetrafluoride 3.4.106
SiHF3 (SiHF3) trifluorosilane (silyl fluoride) 3.4.107
SiH2F2 (SiH2F2) difluorosilane 3.4.108
SiH3F (SiH3F) fluorosilane 3.4.109
SO2 sulfur dioxide 3.4.110
SO2 sulfur dioxide (isotopically substituted) 3.4.111

Table 3.4.2
Boron Chloride – BCl3

Wavelength
( m)

Uncertainty
( m) Comments References

18.3 electric discharge 1182,1431

18.8 electric discharge 1182,1431

19.1 electric discharge 1182,1431

19.4 electric discharge 1182,1431

20.2 electric discharge 1182,1431

20.6 electric discharge 1182,1431

22.4 electric discharge 1182,1431

23. electric discharge 1182,1431
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Table 3.4.3
Boron Chloride – 10BCl3

Wavelength
( m)

Uncertainty
( m) Comments References

18.3 ±0.09 2586–2589 1431

19.1 ±0.094 2582–2585 1431

19.4 ±0.095 2578–2581 1431

22.4 ±0.11 2574–2577 1431

Table 3.4.4
Boron Chloride – 11BCl3

Wavelength
( m)

Uncertainty
( m) Comments References

18.8 ±0.092 2602–2605 1431

20.2 ±0.099 2598–2601 1431

20.6 ±0.1 2594–2597 1431

23. ±.011 2590–2593 1431

Table 3.4.5
Dihydroxyethane (Ethylene Glycol) – C2H4O2H2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

62.5 10R16 1799

69.1 10R16 1799

70.1 9P34 1799

75.2 9P32 1799

77.4 10R16 1799

90.8 9P32 1799

95.8 9R10 1799

109.1 9R16 1799

117.1 9P14 1799

118. 9R18 1799

118. 9P36 1799

118.9 9P34 1799

125.8 9P34 1799

132. 9P36 1799

132. 9P24 1799

135. 9P36 1799

164. 9R10 1799

164. 9P14 1799
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Dihydroxyethane (Ethylene Glycol) – C2H4O2H2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

169. 9P36 1799

171. 9R08 1799

185. 9P34 1799

185. 9R18 1799

189. 9P34 1799

189. 9P36 1799

192. 9P36 1799

197. 9P36 1799

200. 9P36 1799

231. 9R10 1799

240. 9R10 1799

250. 9R18 1799

252. 9P34 1799

262. 9P34 1799

277. 9P36 1799

288. 9P12 1799

290. 9P36 1799

299. 9P34 1799

344. 9P22 1799

358. 9P34 1799

388. 9P36 1799

415. 9P14 1799

696. 9P34 1799

Table 3.4.6
Deuterotrifluoromethane – CDF3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

266. 10P14 1670

266.9 9P44 1670

286.3 10R48 1670

286.8 10R04 1670

286.8 10R10 1670

316.6 10R20 1670

330.019 10R08 1671

345.8 9P22 1670

361.231 10P24 1671

362.423 9R24 1671

388.273 10R32 1671

388.652 10R42 1671

420.311 10R26 1671
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Deuterotrifluoromethane – CDF3—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

420.980 10R46 1671

432.987 10P20 1671

445.663 10P20 1671

459.4 10R18 1668

459.6 10R26 1668

488.528 10R38 1671

504.752 10R38 1671

521.237 10R24 1671

540.736 10R36 1671

560.703 10R36 1671

560.803 10R40 1671

581.984 10R26 1671

582.1 10R12 1671

605.6 10R20 1668

657.938 10P12 1671

657.989 10R10 1671

658.152 10P06 1671

687.837 10R10 1671

1008.558 10R12 1671

1080.537 10R12 1671

1260.561 10R16 1671

1377. 10R22 1668

Table 3.4.7
Dideuterodichloromethane – CD2Cl2

Wavelength
( m)

Uncertainty
( m) Comments References

171.2 6971,7099 1840

246.1 6971,7096 1840

249. ±1.2 3815–3817 1478

254. ±1.2 3812–3814 1478

287.6 6971,7084 1840

287.9 6971,7097 1840

292.5 6971,7088 1840

310.3 6971,7099 1840

328.2 6971,7089 1840

331.4 6971,7095 1840

340.9 6971,7098 1840

342. ±1.7 3809–3811 1478

348.1 6971,7086 1840

367.5 6971,7093 1840
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Table 3.4.7
Dideuterodichloromethane – CD2Cl2—continued

Wavelength
( m)

Uncertainty
( m) Comments References

380.8 6971,7093 1840

396.7 6971,7087 1840

398.4 6971,7087 1840

410.2 6971,7092 1840

417.6 6971,7089 1840

437.4 6971,7097 1840

451.3 6971,7091 1840

469. ±2.3 3806–3808 1478

504.8 6971,7083 1840

520. ±2.5 3803–3805 1478

559.3 6971,7094 1840

618.3 6971,7099 1840

628.4 6971,7090 1840

631. ±3.1 3800–3802 1478

681.8 6971,7098 1840

726.8 6971,7085 1840

772.6 6971,7091 1840

829. ±4.1 3797–3799 1478

Table 3.4.8
Dideuterodifluoromethane – CD2F2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

192.0 10R42 1710

207.835 10R38 1710

218.267 10R38 1710

303.8 10R48 1710

320.597 10R44 1710

456.2 10R42 1710
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Table 3.4.9
Trideuterobromomethane – CD3Br

Wavelength
( m)

Uncertainty
( m) Comments References

290. ±5.8 3976–3979 1438,1439

297. ±5.9 3972–3975 1438,1439

341. ±6.8 3968–3971 1438,1439

367. ±7.3 3964–3967 1438,1439

428. ±8.6 3960–3963 1438,1439

430. ±8.6 3956–3959 1438,1439

440. ±8.8 3952–3955 1438,1439

530. ±11. 3948–3951 1438,1439

550. ±11. 3944–3947 1438,1439

560. ±11. 3940–3943 1438,1439

Table 3.4.10
Trideuterochloromethane – CD3Cl

Wavelength
( m)

Uncertainty
( m) Comments References

224. ±1.1 3598–3601 1388,1401

245. ±1.2 3594–3597 1388,1401

246. ±1.2 3590–3593 1388,1401

249. ±1.2 3586–3589 1388,1401

288. ±1.4 3578–3581 1388,1401

288. ±1.4 3582–3585 1388,1401

293.6480 ±0.00059 3574–3577 1388,1401

318. ±1.6 3570–3573 1388,1401

383.2845 ±0.00077 3566–3569 1388,1401

443.2645 ±0.00089 3562–,3565 1388,1401

449.7997 ±0.00090 3558–3561 1388,1401

464.7567 ±0.00093 3554–3557 1388,1401

480.3101 ±0.00096 3550–3553 1388,1401

519.303 ±0.0010 3546–3549 1388,1401

698.555 ±0.0014 3542–3545 1388,1401

735.130 ±0.0015 3538–3541 1388,1401

792. ±3.9 3534–3537 1388,1401

883.598 ±0.0018 3530–3533 1388,1401

1239.480 ±0.0025 3526–3529 1388,1401

1990.757 ±0.0040 3522–3525 1388,1401
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Table 3.4.11
Trideuterocyanomethane – CD3CN

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

455.073 9P08 1711

516.253 9P30 1711

529.880 9R04 1711

Table 3.4.12
Trideuterofluoromethane – CD3F

Wavelength
( m)

Uncertainty
( m) Comments References

155.6 ±0.45 2689–2692 1472,1485

172.8 ±0.50 2685–2688 1472,1485

181.37 7250 1821

186.13 7239 1821

189.84 7222 1821

190.60 7248 1821

193.92 7247 1821

194.56 7221 1821

195.63 7247 1821

196.01 7247 1821

199.05 7218 1821

199.73 7220 1821

200.0 ±0.48 2681–2684 1472,1485

201.30 7246 1821

201.5 ±0.48 2677–2680 1472,1485

205.10 7219 1821

206.0 ±0.49 2673–2676 1472,1485

206.20 7245 1821

206.36 7245 1821

210.85 7218 1821

212.01 7244 1821

212.32 7216 1821

216.46 7218 1821

217.21 7217 1821

218.30 7243 1821

218.40 7243 1821

218.49 7243 1821

218.59 7243 1821

218.64 7243 1821

219.11 7243 1821

219.21 7243 1821

223.82 7216 1821
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Trideuterofluoromethane – CD3F—continued
Wavelength

( m)
Uncertainty

( m) Comments References

224.02 7242 1821

224.63 7242 1821

224.93 7242 1821

225.23 7242 1821

225.59 7242 1821

229.21 7241 1821

229.84 7213 1821

230.69 7215 1821

231.86 7241 1821

231.92 7241 1821

232.03 7241 1821

232.08 7241 1821

232.13 7241 1821

232.19 7241 1821

232.35 7241 1821

237.71 7215 1821

239.18 7240 1821

239.30 7240 1821

239.47 7240 1821

239.55 7240 1821

239.99 7240 1821

240.33 7240 1821

245.95 7213 1821

246.01 7214 1821

246.80 7239 1821

246.89 7239 1821

247.22 7239 1821

247.29 7239 1821

247.3 ±0.49 2669–2672 1472,1485

247.5 ±0.50 2665–2668 1472,1485

247.53 7239 1821

247.59 7239 1821

247.71 7239 1821

247.90 7239 1821

254.20 7212 1821

255.69 7238 1821

255.76 7238 1821

256.09 7238 1821

256.41 7238 1821

256.68 7238 1821

263.51 7211 1821

264.69 7237 1821

264.76 7237 1821
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Trideuterofluoromethane – CD3F—continued
Wavelength

( m)
Uncertainty

( m) Comments References

264.83 7237 1821

264.97 7237 1821

265. ±5.0 2661–2664 1472,1485

265.33 7237 1821

265.54 7237 1821

265.68 7237 1821

272.93 7210 1821

274.58 7236 1821

274.65 7236 1821

275.03 7236 1821

275.33 7236 1821

283.37 7209 1821

284.74 7235 1821

285.06 7235 1821

285.14 7235 1821

285.23 7235 1821

285.31 7235 1821

285.47 7235 1821

285.71 7235 1821

285.80 7235 1821

286.29 7235 1821

296.21 7234 1821

296.38 7234 1821

296.47 7234 1821

296.73 7234 1821

308.26 7233 1821

308.54 7232 1821

308.73 7233 1821

308.83 7233 1821

308.92 7233 1821

309.21 7233 1821

309.31 7233 1821

309.59 7233 1821

322.16 7232 1821

322.26 7232 1821

322.37 7232 1821

323.3 ±0.45 2657–2660 1472,1485

336.02 7231 1821

336.6 ±0.44 2653–2656 1472,1485

336.69 7231 1821

336.81 7231 1821

337.26 7231 1821

337.38 7231 1821



©2001 CRC Press LLC

Trideuterofluoromethane – CD3F—continued
Wavelength

( m)
Uncertainty

( m) Comments References

349.0 ±0.45 2649–2652 1472,1485

352.73 7230 1821

368.4 ±0.48 2645–2648 1472,1485

370.26 7229 1821

370.46 7229 1821

371.19 7229 1821

371.47 7229 1821

371.60 7229 1821

384.7 ±0.46 2641–2644 1472,1485

389.25 7228 1821

408.82 7208 1821

411.18 7227 1821

411.35 7227 1821

411.52 7227 1821

433.08 7207 1821

435.53 7226 1821

435.72 7226 1821

461.04 7206 1821

462.74 7225 1821

463.17 7225 1821

463.39 7225 1821

490.91 7205 1821

494.06 7224 1821

525.76 7204 1821

529.65 7223 1821

564.65 7201 1821

566.57 7203 1821

606.42 7200 1821

612.74 7202 1821

662.68 7202 1821

667.10 7199 1821

670.23 7201 1821

735.83 7200 1821

816.99 7198 1821

817.66 7199 1821

922.50 7251 1821

1042.75 7198 1821

1225.49 7197 1821

1450. ±19 2637–2640 1472,1485

1490. ±10 2633–2636 1472,1485
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Table 3.4.13
Trideuterofluoromethane – 13CD3F

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

183.4 9P36 1663

209.1 9P24 1663

249.9 10R34 1663

280.8 10P20 1663

299.5 9P48 1663

325.9 9R22 1663

336.5 hot band 1663

376.8 10P38 1663

470.065 10P34 1700

537.41 hot band 1700

Table 3.4.14
Trideuteroiodomethane – CD3I

Wavelength
( m)

Uncertainty
( m) Comments References

272. ±1.3 4216–4219 1401

301. ±1.5 4212,–4215 1401

390. ±1.9 4208–4211 1401

433.1036 ±0.00087 4204–4207 1401

444.3862 ±0.00089 4200–4203 1401

460.5619 ±0.00092 4196–4199 1401

487.2260 ±0.00097 4192–4195 1401

490.3909 ±0.00098 4188–4191 1401

523.406 ±0.0010 4185–4187 1401

540. ±2.6 4181–4184 1401

556.876 ±0.0011 4178–4180 1401

569.477 ±0.0011 4175–4177 1401

599.550 ±0.0012 4171–4174 1401

614.110 ±0.0012 4167–4170 1401

640. ±3.1 4164–4166 1401

644. ±3.2 4161–4163 1401

660.582 ±0.0013 4158–4160 1401

667.232 ±0.0013 4155–4157 1401

668.5 6971,7053 1842

670.094 ±0.0013 4152–4154 1401

670.114 ±0.0013 4149–4151 1401

691.119 ±0.0014 4145–4148 1401

730.323 ±0.0015 4141–4144 1401

734.262 ±0.0015 4137–4140 1401

740.2 7054 1842
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Trideuteroiodomethane – CD3I—continued
Wavelength

( m)
Uncertainty

( m) Comments References

745. ±3.7 4134–4136 1401

788.482 ±0.0016 4131–4133 1401

895. ±4.4 4128–4130 1401

918.610 ±0.0018 4124–4127 1401

953.880 ±0.0019 4120–4123 1401

981.709 ±0.0020 4117–4119 1401

1005.348 ±0.0020 4114–4116 1401

1099.544 ±0.0022 4111–4113 1401

1549.505 ±0.0031 4107–4110 1401

Table 3.4.15
Trideuteroiodomethane – 13CD3I

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

554.7
13CO2 laser 1800

574.6 C18O2 1800

690. 10P10 1388

745.5
13CO2 laser 1800

806. 10P12 1388

901.3
13CO2 laser 1800

929.8
13CO2 laser 1800

1182.2
13CO2 laser 1800

Table 3.4.16
Deuterooxytrideuteromethanol – CD3OD(a)

Wavelength
( m)

Uncertainty
( m) Comments References

38.1 6971,7007 1822

43.697 6970,7183 1838

45.362 6971,7182 1838

62.2 6970,7175 1836

76.6 6971,7013 1822

77.2 6970,7173 1836

79.257 6971,7182 1838

80.1 6971,7173 1836

81.557101 ±4.1e-05 5561,5562,5563 1391,1453,1481

86.4 ±0.42 5558,5559,5560 1391

100.0 6971,7173 1836



Deuterooxytrideuteromethanol – CD3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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102.6 ±0.50 5555,5556,5557 1391

108.5 6971,7010 1822

108.66842 ±5.4e-05 5554 1453,1481

112.3 ±0.55 5551,5552,5553 1391

125.9 6970,7173 1836

128.7 ±0.63 5548,5549,5550 1391

131.56276 ±6.6e-05 5547 1453,1481

136.62721 ±6.8e-05 5546 1453,1481

144.11787 ±7.2e-05 5543,5544,5545 1391,1453,1481

146.1 6970,7177 1836

158.0 ±0.77 5540,5541,5542 1410

174.0 6971,7018 1822

179.0 ±0.88 5537,5538,5539 1410

180.74051 ±9.0e-05 5534,5535,5536 1391,1453,1481

182.1 6970,7012 1822

182.56629 ±9.1e-05 5533 1453,1481

184.0 ±0.90 5530,5531,5532 1402

188.1 6971,7014 1822

188.42390 ±9.4e-05 5529 1453,1481

189.1 6971,7010 1822

191.9 ±0.94 5526,5527,5528 1391

195.85 6970,7174 1836

199.2 6971,7179 1836

200.9 6970,7173 1836

201. ±0.98 5523,5524,5525 1410

210.6 6971,7016 1822

214.6 6970,7008 1822

215.0812 ±0.00011 5522 1453,1481

220. ±1.1 5519,5520,5521 1391

222. ±1.1 5516,5517,5518 1402

223. ±1.1 5513,5514,5515 1410

228.8 6971,7017 1822

232. ±1.1 5510,5511,5512 1402

236. ±1.2 5507,5508,5509 1410

238. ±1.2 5504,5505,5506 1391

246.2 6971,7180 1838

253.7196 ±0.00013 5501,5502,5503 1391,1453,1481

258.4356 ±0.00013 5498,5499,5500 1402,1453,1481

265. ±1.3 5495,5496,5497 1402

265.019 6971,7181 1838

266. ±1.3 5492,5493,5494 1402

267. ±1.3 5489,5490,5491 1402

268. ±1.3 5486,5487,5488 1402



Deuterooxytrideuteromethanol – CD3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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274.1 6971,7174 1836

276.7157 ±0.00014 5483,5484,5485 1402,1453,1481

277. ±1.4 5480,5481,5482 1402

278. ±1.4 5477,5478,5479 1402

282.4 6970,7179 1836

286.1974 ±0.00014 5474,5475,5476 1402,1453,1481

286.7242 ±0.00014 5471,5472,5473 1402,1453,1481

287.3076 ±0.00014 5468,5469,5470 1402,1453,1481

290. ±1.4 5465,5466,5467 1391

290.9 6970,7012 1822

291.2 6970,7011 1822

295.3 6971,7177 1836

297. ±1.5 5459,5460,5461 1402

297. ±1.5 5462,5463,5464 1402

299. ±1.5 5456,5457,5458 1402

309. ±1.5 5453,5454,5455 1402

310. ±1.5 5450,5451,5452 1402

312.9 6971,7177 1836

313.3 6970,7177 1836

316.0 6971,7017 1822

321. ±1.6 5447,5448,5449 1402

336. ±1.6 5441,5442,5443 1402

336. ±1.6 5444,5445,5446 1402

343.001 6971,7178 1836

343.2 6970,7009 1822

346. ±1.7 5438,5439,5440 1410

346.3 6970,7014 1822

350. ±1.7 5435,5436,5437 1402

351. ±1.7 5432,5433,5434 1402

352. ±1.7 5426,5427,5428 1402

352. ±1.7 5429,5430,5431 1402

353. ±1.7 5423,5424,5425 1402

357.1 6971,7015 1822

361.2 6970,7009 1822

370. ±1.8 5417,5418,5419 1402

370. ±1.8 5420,5421,5422 1402

385. ±1.9 5414,5415,5416 1402

386. ±1.9 5411,5412,5413 1402

391.1 6971,7177 1836

398. ±2.0 5408,5409,5410 1402

406.6 6971,7179 1836

407. ±2.0 5405,5406,5407 1402

407.3 6971,7177 1836



Deuterooxytrideuteromethanol – CD3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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408.0 66970,7177 1836
409. ±2.0 5402,5403,5404 1402
410. ±2.0 5399,5400,5401 1402
411.6 6971,7176 1836
412. ±2.0 5396,5397,5398 1402
418.7118 ±0.00021 5393,5394,5395 1402,1453,1481
421. ±2.1 5390,5391,5392 1402
422. ±2.1 5387,5388,5389 1402
426.0 6971,7008 1822
435. ±2.1 5384,5385,5386 1410
455. ±2.2 5381,5382,5383 1402
455.2 6971,7013 1822
472. ±2.3 5378,5379,5380 1402
480. ±2.4 5375,5376,5377 1402
483. ±2.4 5369,5370,5371 1402
483. ±2.4 5372,5373,5374 1402
495. ±2.4 5366,5367,5368 1402
498. ±2.4 5363,5364,5365 1391
508. ±2.5 5360,5361,5362 1402
517. ±2.5 5357,5358,5359 1402
551. ±2.7 5354,5355,5356 1402
553. ±2.7 5348,5349,5350 1402
553. ±2.7 5351,5352,5353 1402
554. ±2.7 5345,5346,5347 1402
583. ±2.9 5342,5343,5344 1402
599. ±2.9 5339,5340,5341 1402
646. ±3.2 5336,5337,5338 1402
648. ±3.2 5333,5334,5335 1402
680. ±3.3 5330,5331,5332 1402
685. ±3.4 5327,5328,5329 1402
695. ±3.4 5324,5325,5326 1402
702. ±3.4 5321,5322,5323 1402
703. ±3.4 5318,5319,5320 1402
711. ±3.5 5315,5316,5317 1402
722. ±3.5 5312,5313,5314 1402
745. ±3.7 5309,5310,5311 1402
760. ±3.7 5306,5307,5308 1402
774. ±3.8 5303,5304,5305 1402
871.5850 ±0.00044 5300,5301,5302 1402,1453,1481
968. ±4.7 5297,5298,5299 1402

1100. ±5.4 5294,5295,5296 1402
1146. ±5.6 5291,5292,5293 1402
1290. ±6.3 5288,5289,5290 1402

(a) See, also, reference 1849.
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Table 3.4.17
Deuterooxytrideuteromethanol – 13CD3OD

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

46.4 10R32* 1838

52.2 10R46 1838

54.159 10SR23 1838

57.3 10R24 453

62.6 10R08 1838

65.449 10R44 1838

70.947 10R40* 1838

72.194 10R32* 1838

74.817 10SR13 1838

75.275 9R24 1678

75.5 9R10 1678

81.8 10R06 453

82.1 9R34 1678

82.4 9R14 1678

84.4 10P12 1678

84.7 10P06 453

90.155 10R24 1838

92.9 10P12 453

93.6 10R16 1678

95.93 10SR17* 1838

100.506 10SR17* 1838

101.9 10P26 453

105.696 10R52 1838

109.3 1QR16 1832

109.926 10R16 1678

109.938 10R16 1678

110.6 10SR17* 1838

115.2 10P18 453

118.1 1QR20 1832

118.553 9R14 1678

120.9 1QR14 1832

121.1 1QR18 1832

123.7 10R38 453

124.253 10P24 1678

126.2 9P12 1678

128.1 10R16 1678

129.2 9P38 1678

132.7 10P24 453

132.862 10R53 1838

134.920 10R44 1838

138.040 10R08 1838

139.0 10P28 453



Deuterooxytrideuteromethanol – 13CD3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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140.354 10R44 1838

146.129 10P08 1838

146.326 10R26 1838

148.617 10R30 1678

149.2 10P08 453

150.3 9R32 1678

151.0 9P24 1678

151.8 9P28 1678

156.5 10R40 453

159.4 1QR20 1832

162.503 10P14 1824

164.142 10R40* 1838

170.9 10P26 453

173.637 10R20 1678

175.1 9R22 1678

192.846 10P14 1824

193.3 10P14 453

202.6 10P32 453

209.233 10R12 1678

211.0 1QR22 1832

211.6 1QR20 1832

215.005 10R54 1838

215.466 10R12 1838

216.3 1QR16 1832

216.356 10P24 1678

222.1 10P16 453

227.0 9R28 1678

235.3 10R36 453

241.4 1QR20 1832

241.6 9R20 1678

243.0 9P32 1678

247.0 9P12 1678

252.738 10R28 1838

261.2 10P30 453

272.958 10R26 1678

298.6 10P28 453

298.811 10R08 1838

300.5 10R36 453

314.1 10R06 453

321.410 10R12 1678

322.4 10P26 453

322.5 10R38 453

324.140 10R14 1678



Deuterooxytrideuteromethanol – 13CD3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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335.1 10P24 453

335.6 10P20 453

343.229 10P14 1824

343.3 10P14 453

347.0 10P18 453

351.8 10P26 453

353.1 9R26 1678

353.3 9R14 1678

358.4 9P32 1678

407.1 9P28 1678

417.3 9R20 1678

427.2 10R06 453

427.3 10R36 453

464.453 10R08 1824

464.7 10R08 1678

472.3 1QR16 1832

475.1 10P16 453

521.6 10R40 453

522.7 10P06 453

591.1 10P06 453

670.7 10R08 453

719.426 10R38 1838

783.3 10R10 453

1194.0 10P06 453

* Indicates different CO2 laser frequency offsets.
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Table 3.4.18
Trideuteromethanol – CD3OH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

27.7 9P34 1720

30.7 9P30 1720

31.1 9R20 1720

34.1 10R34 1719

34.2 10R38 1720

34.8 10P22 1391

35.500 9R06 826

35.7 10P26 1719

37.1 9P24 1720

37.6 10R34 1391

40.000 9R28 826

40.1 10P22 1391

41.25 10R08 1692

41.355 10R18 826

41.46 10R34 1806

41.50 10R08 1391

41.8 10R18 1391

42.5 9P38 1720

42.5 10R34 1719

42.6 9R28 1720

42.92 9P38 1806

43.697 10R18 826

43.7 10R48 1806

44.3 9R28 1720

44.55 10R32 1806

44.7 9P08 1806

44.8 10R08 1719

45.0 10R08 1806

45.66 10P08 1806

46.8 10HR30 1837

47.1 9P28 1720

47.2 10P24 1837

48.6 9R34 1720

48.7 9R06 1720

49.07 10R32 1806

49.78 10R20 1806

49.8 9R28 1410

50.000 9R26 826



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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50.000 10R38 826

50.1 10R34 1719

50.3 10R24 1806

51.1 10R38 1837

52.0 10P18 1837

52.8 10R20 1719

52.9 9R34 1410

53.10 9P44 1806

53.2 10R38 1837

53.3 9R34 1801

53.82 9R34 1692

54.1 9P28 1720

54.4 10R56 1837

54.7 10R18 1719

55.4 10R20 1801

55.56 9R28 1692

56.5 9R06 1720

56.7 10R30 1719

56.87 9P26 1806

59.6 10R40 1806

60.10 9R34 1692

60.7 10P18 1837

60.8 9R34 1410

61.4 10P08 1806

61.7 10R24 1719

65.87 10R32 1806

66.4 10R34 1806

66.8 9R18 1806

67.479 10R30 826

68.1 10R14 1801

68.45 9R06 1806

68.7 10R14 1806

68.8 10R46 826

69.18 10R36 1806

70.6 10R24 1801

70.989 10R08 826

71.4 10R08 1801

71.5 10R40 1806

71.7 10R10 1806

76.0 10R24 1806

76.1 10P32 1391

76.3 10P42 826

76.90 10R34 1806



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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76.93 10P48 1806

78.6 9R24 1806

78.78 9R42 1806

80.44 10R28 1806

80.9 10R16 1801

81.557 10R16 826

81.6 10HR30 1837

82.7 9P18 1719

83.6 10R32 1801

83.7 10R14 1806

83.9 10R32 1719

84.5 10P06 1719

86.3 10P56 1806

86.4 10R16 1391

86.7 10R16 1837

86.741 10R34 826

87.8 10P20 1719

87.9 9P28 1719

90.16 9P22 1806

92.7 9P48 1837

93.88 10R32 1806

94.9 10R32 1806

102.6 10R34 1391

103.0 10P14 1719

105.2 10P32 1837

107.2 10R14 1806

108.668 10P10 826

109.1 9P22 1719

111.4 10R28 1806

112.1 9R32 1806

112.3 10R34 1391

114.4 10R32 1806

116.5 9P48 1719

117.62 10R08 1806

118.8 9P38 1719

119.0 9R14 1801

119.9 10R34 1806

120.3 9R14 1719
120.45 9R40 1806

120.661 9R14 826

122.154 10R38 826

123.55 10R12 1806

124.93 10P10 1806



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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127.3 10P04 1719

128.034 10R34 826

128.7 10R34 1391

131.563 10R32 826

132.1 10P22 1806

133.7 9P14 1719

135.4 10R24 1719

136.5 9R06 1719

136.627 10R14 826

138.4 10R34 1806

140.0 9R10 1719

140.95 10R08 1806

142.2 10HR30 1837

143.4
13CO2 laser 1810

143.8 9P12 1719

143.80 10R12 1806

144.118 10P18 826

144.4 10R26 1806

145.7 9P08 1719

147.28 9R26 1806

147.349 10P32 826

147.65 10P12 1806

148.0 10P32 1719

148.940 9R32 1806

150.8 10R16 1719

151.3 9R32 1719

151.8 10R20 1806

153.7 10P46 1806

158.0 9R28 1410

158.9 9R18 1719

159.400 9R28 826

161.1 10R38 1806

162.85 10P24 1806

165.000 10R32 826

166.76 10R32 1806

168.083 10R34 826

172.62 10P12 1806

174.00 10R32 1806

176.8 9R32 1806

177.00 10R12 1806

177.4 9P30 1719

179.0 9R14 1410

180.741 10R34 826



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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180.75 10R08 1806

181.0 9R28 1801

181.711 9R28 826

182.566 9R14 826

184.0 9R08 1402

185.0 10R14 1719

187.05 10P24 1806

188.424 10P42 826

188.9 10P28 1719

189.73 9P36 826

190.0 10P28 826

191.356 10R34 826

196.6 10P08 1719

196.950 9R36 1806

198.6 9P22 1806

198.682 9P40 826

199.5 9P36 1806

199.81 10R44 1806

200.870 9R36 1806

201.0 9P40 1410

203.300 10R08 826

203.5 10P16 1719

205.8 10P36 1719

215.081 10P32 826

215.50 10R20 1806

215.6 10P36 1719

217.2 10R28 1806

219.0 10P12 1719

219.70 9R40 1806

219.9 10R18 1391

221.0
13CO2 laser 1810

221.88 9P40 1806

221.9 9P08 1719

222.0 9P06 1402

222.217 10R34 826

222.7 10P48 1806

223.0 9P08 1410

225.0 9P20 1719

225.0 9R46 1719

225.8 9P06 1719

226.9 9R24 1719

228.30 10R34 1806

229.10 9P44 1806



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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231.1 10P40 1719

232.1 9R44 1719

234.7
13CO2 laser 1810

234.8 10P40 1719

235.4 9P04 1806

235.8 10R30 1806

236.0 9R14 1410

237.1 10P24 1719

238.3 10P24 1391

239.65 10R34 1806

250.1 9P04 1719

251.4 10P24 1806

252.0 10R36 1801

252.3 9R24 1719

253.1 10P12 1719

253.720 10R36 826

253.8 10R38 1719

255.2 10R04 1719

257.0 10P22 1801

258.0 9P20 1801

258.30 9P46 1806

258.436 10P22 826

260.0 10P22 1402

264.7 10R04 1806

264.759 10R34 826

265.0 10R34 1719

265.3 9P14 1719

266.0 9P20 1719

267.0 10R14 1402

267.2 10P22 1806

268.0 9P14 1402

268.6 10R14 1719

272.3 10P12 1806

276.6 9R26 1719

276.716 10P28 826

276.9 10R24 1719

278.0 10R24 1402

282.80 10R32 1806

283.750 9P42 1806

284.3 9P40 1719

284.4 9R32 1806

285.0 10P24 1801

286.0 10P18 1801



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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286.197 9P40 826

286.2 10R24 1719

286.724 10P24 826

287.308 10P18 826

287.95 9P50 1806

290.0 10P18 1391

297.0 10R34 1402

297.1 9R20 1719

299.0 9R06 1402

308.5 10R28 1719

309.0 10P20 1402

310.0 10R28 1402

310.1 9P36 1806

310.35 10R26 1806

310.7 10P20 1719

310.8 10P48 1806

312.50 10R08 1806

312.9 9P48 1719

321.0 9R16 1402

322.1 10P12 1806

322.35 10P12 1806

323.5 9P24 1806

329.5 10P32 1719

333.9 9P36 1806

336.0 10R30 1402

336.5 9R32 1719

336.8 9P34 1719

337.3 10R30 1719

337.5 9P24 1719

346.0 9R14 1410

350.5 9P32 1719

351.2 10R30 1719

351.4 9R22 1719

351.4 9R32 1719

352.3 9R06 1719

352.503 9R14 826

362.8 9P28 1719

369.55 10P08 1806

369.7 10P38 1806

370.0 9P28 1402

370.483 9R28 826

372.36 10P12 1806

380.8 10R32 1719



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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385.7 9P30 1719

386.037 10R34 826

386.6 9P16 1719

386.9 9R22 1719

388.0 10R14 1719

396.4 10R28 1719

398.0 10R28 1402

407.0 9R44 1402

407.9 9R34 1719

409.1 10R40 1806

410.0 9P32 1402

412.0 10R12 1402

417.0 10R32 1806

418.1 10R38 1719

418.712 10R36 826

420.0 10R36 1402

420.3 10R32 1719

422.0 9P20 1402

430.927 9R34 826

431.4 10R34 1719

433.6 10P20 1719

435.0 9P28 1410

435.1 10R36 1806

435.30 10R34 1806

438.87 10R44 1806

452.90 10R20 1719

455.6 9P18 1719

472.4 9R18 1719

476.25 10R34 1806

477.3 10R34 1719

480.0 9P16 1402

482.7 9R26 1719

482.7 10P26 1719

495.0 10R18 1402

498.0 10R34 1391

498.700 9R26 826

509.5 9P06 1719

516.5 10P42 1719

520.3 10R18 1719

524.6 10P24 1719

530.4 13CO2 1810

550.2 9P22 1719

551.9 9R16 1719



Trideuteromethanol – CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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553.0 9R34 1719

554.0 10R08 1719

562.4 10R36 1806

583.3 9R22 1719

593.1 10R06 1719

598.6 10P28 1719

599.0 10R16 1402

610.3 10R08 1719

645.2 10R36 1811

646.477 10R08 826

680.0 9P06 1402

684.5 10R34 1719

690.0 9P12 1719

695.0 9P12 1402

699.0 10R18 1719

701.5 9P24 1719

704.2 10R36 1811

706.6 9P10 1719

711.0 9P08 1402

722.0 10P20 1402

745.0 9R26 1402

760.0 10P18 1402

774.0 9P30 1402

812.6 9P06 1719

854.7 10R18 1811

858.254 10R18 826

861.1 10R12 1806

862.0 10R18 1719

871.585 9R14 1665

968.0 9R20 1402

988.1 10R18 1719

1092.8 9P12 1719

1100.0 9P12 1402

1146.0 9P24 1402

1155.5 10R38 1806

1290.0 10R20 1402

1676. 10R36 1719

1930. 10R36 1719

3030. 10R36 1719
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Table 3.4.19
Trideuteromethanol – 13CD3OH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

~50 10R06 1843

52.1 9R32 1676

52.2 9R18 1676

53.4 10P10 1843

54.5 9P26 1843

55.8 9R32 1676

56.0 10P14 1843

58.1 10R30 1843

59.6 10R30 1843

61.5 9P26 1843

63.0 10R08 1823

64.4 9P22 1843

64.5 10R24 1823

65.4 9R10 1676

67.6 10R10 1843

67.8 10R12 1676

70.0 10P12 1843

71.7 10R10 1843

72.1 10P10 1843

72.9 9P10 1676

73.467 10R20 1676

75.7 10P42 1843

80.8 10P08 1843

82.5 10R24 1823

84.406 10R22 1676

84.7 10P12 1843

87.0 10P10 1843

87.0 10P10 1843

91.0 10R10 1843

91.8 9R26 1823

98.5 9R34 1676

99.8 9R24 1823

110.0 10R22 1676

112.3 10P14 1843

118.6 10P24 1827

119.1 10P42 1676

119.4 9R14 1676

124.3 10P22 1676

125.3 10P34 1843

126.1 9P10 1676

127.021 10P08 1676

127.2 10P10 1843
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Trideuteromethanol – 13CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

127.656 10R22 1676

128.3 10P08 1843

133.9 10P12 1843

142.0 10P10 1843

145.4 10P34 1843

145.563 10R24 1676

145.7 10R10 1843

146.326 10R26 1676

146.4 10P12 1843

148.3 10P42 1676

149.6 10P34 1843

150.2 9R30 1676

151.0 9R38 1676

151.6 10P10 1843

153.694 9R28 1676

156.0 9P38 1707

157.20 10R40 1843

162.2 10P14 1843

175.260 10P08 1809

177.6 9R40 1676

187.2 10P42 1843

188.0 10R40 1843

192.6 10P44 1843

196.2 9R08 1676

196.2 10P14 1823

197.046 10R26 1676

200.4 10P40 1843

205.4 10P40 1843

209.0 10R26 1676

214.0 10P24 1827

216.36 10P24 1827

221.0 9R08 1676

225.1 10P36 1843

227.88 10P24 1827

231.8 9P22 1843

241.6 10P34 1843

242.4 9R20 1823

255.7 10P30 1843

280.0 10P40 1843

280.28 10P24 1827

280.3 10P42 1823

280.7 10P24 1827
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Trideuteromethanol – 13CD3OH—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

281.39 10R08 1843

281.7 10P26 1843

291.0 10P22 1676

309.7 9R30 1823

313. 10P22 1823

327.28 10R10 1843

333.261 10P16 1676

336.5 9R28 1676

336.9 10P22 1827

340.627 10P16 1676

387.2 9R38 1676

389.6 9R08 1676

393.3 10P40 1843

399.8 9P34 1676

414.6 10P14 1843

462.8 10P08 1676

468.965 10R26 1676

510.0 10P24 1827

561.8 9R14 1823

604.9 10P42 1843

655.0 10R26 1823

2615 10R26 1823

Table 3.4.20
Dichlorodifluoromethane (Fluorcarbon) – CF2Cl2

Wavelength
( m)

Uncertainty
( m) Comments References

614.3 ±0.74 4020–4023 1442

638.4 ±0.57 4016–4019 1442

684.7 ±0.48 4012–4015 1442

684.7 ±0.75 4008–4011 1442

751.4 ±0.60 4004–4007 1442

765.2 ±0.54 4000–4003 1442

858.7 ±0.52 3996–3999 1442

980. ±9.8 3992–3995 1442

1025. ±1.0 3988–3991 1442

1164. ±2.3 3984–3987 1442

1205. ±2.4 3980–3983 1442
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Table 3.4.21
Bromotrifluoromethane – CF3Br

Wavelength
( m)

Uncertainty
( m) Comments References

824.0 ±1.4 4256–4259 1443,1456,1444

883.0 ±2.4 4252–4255 1443,1456,1444

1040. ±11. 4249,4250,4251 1443,1444,1456

1083.0 ±4.3 4246,4247,4248 1443,1444,1456

1151.0 ±4.6 4243,4244,4245 1443,1444,1456

1530.0 ±11. 4240,4241,4242 1443,1444,1456

1550.0 ±4.5 4237,4238,4239 1443,1444,1456

1692.0 ±4.9 4234,4235,4236 1443,1444,1456

1890.0 ±9.3 4231,4232,4233 1443,1444,1456

2140. ±19. 4228,4229,4230 1443,1444,1456

Table 3.4.22
Dichlorofluoromethane – CHCl2F

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

340.300 9P20 1674

365.725 9P18 1674

375.980 9P16 1674

467.515 9R06 1674

470.386 9R34 1674

492.040 9R36 1674

495.963 9P08 1674

530.854 9R06 1674

547.529 9R10 1674

549.258 9R08 1674

561.028 9R40 1674

580.869 9R12 1674

661.153 9R30 1674

832.757 9R04 1674

905.428 9R04 1674
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Table 3.4.23
Chlorodifluoromethane – CHClF2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

298.049 9R24 1696

301. 9P28 1696

306.053 9R24 1696

324. 9R08 1696

326. 9R12 1696

328.960 9R28 1696

335.467 9R16 1696

337.094 9R32 1696

345. 10P34 1696

360.606 9R14 1696

366.273 9R30 1696

370. 9R40 1696

372.870 9R22 1696

380. 9R30 1696

382.766 10R40 1696

385.687 9R18 1696

386.966 9R18 1696

387. 9R16 1696

388. 9R36 1696

396. 9R10 1696

414.351 9R36 1696

415.075 9R30 1696

427.807 9R26 1696

432. 10P06 1696

432.244 9R40 1696

433.438 10R34 1696

444. 9R40 1696

467.7 9R44 1672

476. 10R30 1696

481.452 9R30 1696

487.144 9R32 1696

533.137 10R16 1696

534.430 9R32 1696

556.097 9R32 1696

562.450 9R32 1696

590. 10P12 1696

591.130 10R24 1696

592.441 9R40 1696

615.329 10R14 1696

617.656 9R40 1696

665.885 10P18 1696



©2001 CRC Press LLC

Chlorodifluoromethane – CHClF2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

682.175 10P14 1696

747.050 9R10 1696

842.125 9R16 1696

899.384 9R38 1696

Table 3.4.24
Dideuterofluoromethane – CHD2F

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

163.3 9P34 662

193.4 9P42 662

204.0 10P48 662

231.0 9P10 662

232.0 9P16 662

260.0 9R16 662

285.1 9R20 662

292.7 9R30 662

301.0 9P44 662

375.407 9R06 662

384.319 10P28 662

406.878 10P28 662

435.427 10R38 662

691.250 10R26 662

768.012 10R26 662

862.544 10R20 662

984.795 10P46 662

986.070 10R20 662

Table 3.4.25
Dideuteromethanol – CHD2OH

Wavelength
( m)

Uncertainty
( m) Comments References

165.0 ±0.81 5285–5287 1478

168.0 ±0.82 5282–5284 1478

179.0 ±0.88 5279–5281 1478

238.0 ±1.2 5276–5278 1478

260.0 ±1.3 5273–5275 1478

346.0 ±1.7 5270–5272 1478



©2001 CRC Press LLC

Dideuteromethanol – CHD2OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

355.0 ±1.7 5267–5269 1478

363.0 ±1.8 5264–5266 1478

426. ±2.1 5261–5263 1478

483. ±2.4 5258–5260 1478

518. ±2.5 5255–5257 1478

Table 3.4.26
Cis 1,2-Difluoroethene (Cis 1,2-Difluoroethylene) – CHFCHF
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

161.8 10P10 665

185.0 9R08 1362

190.0 9R04 1362

196.3 10R04 665

198.0 10R04 1362

213.3 9P36 665

219.3 10P08 665

219.5 10R18 665

220.7 10P26 665

228.1 9P20 665

231.1 10R38 665

232.8 10R26 665

241.5 10P20 665

242.6 10R14 1801

260.1 10R20 1801

262.0 10R24 1362

272.1 10P14 665

284.6 10R18 665

286.5 9P28 1801

289.8 10R24 665

307.5 10R30 1801

310.0 10R34 1362

310.8 9P34 1801

326.6 10P06 665

339.0 10P26 665

360.0 10R38 665

360.5 9P30 665

376.7 10R16 665

386.5 10R40 665

389.3 10R20 665
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Cis 1,2-Difluoroethene – CHFCHF—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

411.1 9P16 665

422.5 9P28 665

424.0 10R14 665

433.8 9P16 665

437.6 10R06 665

442.1 10R30 665

543.2 9P34 665

546.8 9P20 665

549.5 10P06 665

557.0 9P40 665

583.7 9P42 665

687.2 9P38 665

705.0 10R16 665

Table 3.4.27
Formyl Fluoride (Fluoroformaldehyde) – CHFO

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

120. 9P24 1772

128. 9R22 1771

196. 9R06 1771,1772

220. 9R36 1771

258. C1802 laser 1771

260. 9P16 1771

280. C1802 laser 1771

282. C1802 laser 1771

306. C1802 laser 1771

432. 9R32 1771

654. 9P18 1771

Table 3.4.28
Difluoromethane – CHF2

Wavelength
( m)

Uncertainty
( m) Comments References

185. ±1.9 5956–5959 1362,1389

190. ±1.9 5952–5955 1362,1389

198. ±2.0 5948–5951 1362,1389

228. ±2.3 5944–5947 1362,1389

231.0 ±0.51 5940–5943 1389
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Difluoromethane – CHF2—continued
Wavelength

( m)
Uncertainty

( m) Comments References

242.6 ±0.49 5936–5939 1389

260.1 ±0.47 5932–5935 1362,1389

262. ±2.6 5928–5931 1362,1389

286.5 ±0.46 5924–5927 1389

307.5 ±0.49 5920–5923 1362,1389

310. ±3.1 5916–5919 1362,1389

310.8 ±0.50 5912–5915 1389

Table 3.4.29
1,1-Difluoroethene (1,1-Difluoroethylene) – CH2CF2

Wavelength
( m)

Uncertainty
( m) Comments References

288.5 ±0.58 6011–6013 1387,1388,1396,1465

325.0 7100 1839

354.0 7101 1839

375.5449 ±0.00045 6007–6010 1387,1388,1396,

1465,1480,1483

407.2937 ±0.00053 6003–6006 1387,1388,1420,

1465,1480,1483

458.0 ±0.92 6000–6002 1387,1388,1396,1465

464.3 ±0.93 5997–5999 1387,1388,1396,1465

520. ±10. 5993–5996 1387,1388,1459,1465

554.365 ±0.0021 5989–5992 1387,1388,1396,

1465,1480,1483

570. ±17. 5985–5988 1387,1388,1420,1465

662.816 ±0.0015 5981–5984 1387,1388,1396,

1465,1480,1483

764. ±3.7 5977–5980 1367,1387,1388,1465

770. ±15. 5973–5976 1387,1388,1465,

1480,1483

880. ±26. 5969–5972 1387,1388,1396,1465

890. ±1.8 5963–5965 1387,1388,1396,1465

890. ±1.8 596665968 1396,1387,1388,1465

990. ±2.0 5960–5962 1396,1387,1388,1465

1020. ±31. 5908–5911 1387,1388,1420,1465
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Table 3.4.30
Bromoethene (Vinyl Bromide) – CH2CHBr

Wavelength
( m)

Uncertainty
( m) Comments References

283.0 ±0.57 6190–6193 1404

356.0 ±0.71 6186,–6189 1404

370.0 ±0.74 6182–6185 1404

396.0 ±0.79 6178–6181 1404

411.0 ±0.82 6174,–6177 1404

416.0 ±0.83 6170,–6173 1404

419.0 ±0.84 6166–6169 1404

424.0 ±0.85 6162–6165 1404

427.0 ±0.85 6158–6161 1404

438.5069 ±0.00044 6154–6157 1404

443.5 ±0.89 6150–6153 1404

445.0 ±0.89 6146–6149 1404

448.0 7102 1839

482.9615 ±0.00048 6142–6145 1404

490.0829 ±0.00049 6138–6141 1404

506. ±1.0 6134–6137 1404

528.4965 ±0.00053 6130–6133 1404

553.6962 ±0.00055 6126–6129 1404

594.7286 ±0.00059 6122–6125 1404

617.0 7103 1839

618.4462 ±0.00062 6118–6121 1404

624.0958 ±0.00062 6114–6117 1404

635.3548 ±0.00064 6110–6113 1404

646. ±1.3 6106–6109 1404

649.4255 ±0.00065 6102–6105 1404

680.5414 ±0.00068 6098–6101 1404

693.1396 ±0.00069 6094–6097 1404

707.2210 ±0.00071 6090–6093 1404

712. ±1.4 6086–6089 1404

724.1399 ±0.00072 6082–6085 1404

724.1399 ±0.00072 6082–6085 1404

741.1149 ±0.00074 6078–6081 1404

780.1330 ±0.00078 6074–6077 1404

784.2681 ±0.00078 6070–6073 1404

826.9443 ±0.00083 6066–6069 1404

853.4380 ±0.00085 6062–6065 1404

900.1338 ±0.00090 6058–6061 1404

934.2230 ±0.00093 6054–6057 1404

936.1590 ±0.00094 6050–6053 1404

963.4873 ±0.00096 6046–6049 1404

985.8588 ±0.00099 6042–6045 1404

989.1904 ±0.00099 6038–6041 1404
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Bromoethene (Vinyl Bromide) – CH2CHBr—continued
Wavelength

( m)
Uncertainty

( m) Comments References

990.6303 ±0.00099 6034–6037 1404

1247.594 ±0.0012 6030–6033 1404

1383.882 ±0.0014 6026–6029 1404

1394.063 ±0.0014 6022–6025 1404

1614.888 ±0.0016 6018–6021 1404

1899.889 ±0.0019 6014–6017 1404

Table 3.4.31
Chloroethene (Vinyl Chloride) – CH2CHCl

Wavelength
( m)

Uncertainty
( m) Comments References

218.5 7104 1839

285.0 7104 1839

352.2 7105 1839

385.9092 ±0.00046 5905–5907 1375,1480,1483

403.2 7106 1839

417.5 7107 1839

424. ±8.5 5902–5904 1459

442.1678 ±0.00066 5899–5901 1480,1483

445. ±8.9 5896–5898 1459

477.3 7108 1839

487. ±9.7 5893–5895 1459

507.5840 ±0.00081 5890–5892 1375,1480,1483

520. ±10. 5887–5889 1459

530. ±11. 5884–5886 1459

540. ±11. 5881–5883 1459

567.946 ±0.0010 5878–5880 1459,1480,1483

601.897 ±0.0012 5875–5877 1459,1480,1483

634.471 ±0.0013 5872–5874 1375,1480,1483

640. ±13. 5869–5871 1459

669.9 7109 1839

700. ±14. 5866–5868 1459

710. ±14. 5863–5865 1459

830. ±17. 5860–5862 1459

940. ±19. 5857–5859 1459

987.8 7110 1839

988.5 7110 1839

1000. ±20. 5854–5856 1459

1040. ±21. 5851–5853 1459
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Table 3.4.32
Acrylonitrile, Vinyl Cyanide) – CH2CHCN

Wavelength
( m)

Uncertainty
( m) Comments References

270.6 ±0.54 6413,6414 1396

361.0 7111 1839

415.3 7112 1839

489. ±9.8 6410–6412 1459

500. ±10. 6407–6409 1459

550. ±1.1 6405,6406 1396

574. ±1.1 6403,6404 1396

580. ±12. 6400–6402 1459

584. ±1.2 6398,6399 1396

587. ±1.2 6396,6397 1396

620. ±12. 6393–6395 1459

630. ±13. 6390–6392 1459

720. ±14. 6387,–6389 1459

740. ±15. 6384–6386 1459

780. ±16. 6381–6383 1459

790. ±16. 6378–6380 1459

830. ±17. 6375–6377 1459

910. ±18. 6372–6374 1459

940. ±19. 6369–6371 1459

1160. ±23. 6366–6368 1459

1180. ±24. 6363–6365 1459

Table 3.4.33
Fluoroethene (Vinyl Fluoride) – CH2CHF

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

121.0 N2O laser 1808

137.0 9R22 1839

142.6 10P54 1732

148.137 10R50 1846

148.2 10R50 1732

171.8 10P22 1653

194.2 10P54 1732

194.255 10P54 1846

201.9 sequence band 1732

203. 10R20 1658

222.3 10R50 1732

229.3 N2O laser 1808

244.1 10P50 1732

263.5 10R12 1732
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Fluoroethene (Vinyl Fluoride) – CH2CHF—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

269.0 10R02 1839

275.5 10P48 1732

275.839 10P48 1846

281.6 10R44 1732

285.0 10P32 1839

290. 10P36 1658

293.4 N2O laser 1808

298. 10P08 1658

309.5 N2O laser 1808

321.0 hot band 1732

322.8 10R26 1732

329.8 N2O laser 1808

330.1 10R22 1732

332.363 10P06 1846

333.6 N2O laser 1808

335. 10P06 1658

336. 10P38 1658

337.095 10P38 1846

344.8 N2O laser 1808

345.5 10P38 1732

351.0 N2O laser 1808

352.8 N2O laser 1808

353.0 N2O laser 1808

354.5 N2O laser 1808

355. 10P20 1658

356.0 N2O laser 1808

356.6 N2O laser 1808

360.9 N2O laser 1808

361.8 N2O laser 1808

362.2 10P24 1732

362.8 10R28 1732

372. 10R20 1658

376.824 10P14 1846

377.4 10P14 1653

407.6 N2O laser 1808

412.2 sequence band 1732

420. 10P40 1658

421.8 N2O laser 1808

423.0 10R46 1732

429.9 N2O laser 1808

430. 10P18 1658

433. C1802 laser 1729

433.5 N2O laser 1808
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Fluoroethene (Vinyl Fluoride) – CH2CHF—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

441.7 sequence band 1732

444.4 10R20 1653

444.5 10P10 1839

444.797 10R20 1846

445.2 N2O laser 1808

445.831 10R50 1846

446.7 10R50 1732

446.7 N2O laser 1808

447.3 10P14 1839

454.3 hot band 1732

456.
13CO2 laser 1729

458. N2O laser 1729

458.0 hot band 1732

459.8 10R20 1732

461.0
13C1802 laser 1732

461.0 hot band 1732

467.2 N2O laser 1808

472.4 10P20 1653

476.0 N2O laser 1808

477. 10P36 1658

483.8 10P10 1732

487.5 N2O laser 1808

487.7 hot band 1732

487.8 10P20 1732

489.3 N2O laser 1808

490. 10P22 1658

490.0 N2O laser 1732

493.5 N2O laser 1808

505.0 10P22 1732

506.3 hot band 1732

508. 10P38 1658

518.4 sequence band 1732

518.6 10P52 1732

519.6 N2O laser 1808

538.6 10P56 1732

540. 10P32 1658

551.5 10P56 1732

557. 10P36 1658

563. 10R36 1658

565.
13CO2 laser 1729

573.
13CO2 laser 1729

579.
13CO2 laser 1729

582.5 10R32 1732
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Fluoroethene (Vinyl Fluoride) – CH2CHF—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

583.1 N2O laser 1808

585.8 sequence band 1732

586.
13CO2 laser 1729

605.0 10R02 1732

606.6 N2O laser 1808

606.8 10P42 1732

617.0 hot band 1732

618.0 10P32 1732

655.0 N2O laser 1808

660.0 10P24 1653

660.2 N2O laser 1808

671.0 hot band 1732

671.128 10P36 1846

672.1 10P36 1653

700.3 10P36 1732

720.8 10P04 1732

758.7 10P50 1732

764.2 hot band 1732

774.9 10P22 1653

777.3 10P22 1839

777.5 10P22 1839

783. 10P32 1658

796.3 N2O laser 1808

796.5 hot band 1732

838.2 10P10 1732

847.7 10P18 1732

875.
13CO2 laser 1729

894.0 hot band 1732

939.0 N2O laser 1808

949.0 N2O laser 1808

952.2 10P54 1732

961. N2O laser 1729

971.
13CO2 laser 1729

981.1 N2O laser 1808

1011.0 10P38 1732

1063.0 10P32 1732

1082.6 10P48 1732

1083.1 10P32 1732

1094.0 10P24 1732

1165.7 10P46 1732

1167.6 10P28 1732

1170.7 10P32 1732

1170.7 N2O laser 1808
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Fluoroethene (Vinyl Fluoride) – CH2CHF—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

1234.3 N2O laser 1808

1255.7 10P34 1732

1264.3 N2O laser 1808

1523.0 hot band 1732

1612.
13CO2 laser 1729

1733.
13CO2 laser 1729

2453.0 sequence band 1732

2525.0 10P42 1732

Table 3.4.34
Dichloromethane – CH2Cl2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

195.0 10P12 1736

208.3 10P18 1736

231.0 19P22 1736

235.5 10P24 1736

254.7 10P26 1736

294.6 10P26 1736

298.5 19P22 1736

Table 3.4.35
Chlorofluoromethane – CH2ClF

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

176. 9P12 1669

218. 9P22 1669

221. 9R22 1669

244. 9P26 1669

246. 9R26 1669

284. 9R16 1669

292. 9R20 1669

296. 9R26 1669

308. 9R22 1669

324. 9R04 1669

344. 9P32 1669

349. 9R10 1669

1014. 9P08 1669
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Table 3.4.36
Deuteromethanol – CH2DOH

Wavelength
( m)

Uncertainty
( m) Comments References

87.10 ±0.096 5111–5113 1467

87.90 ±0.097 5108–5110 1467

90.40 ±0.099 5105–5107 1467

100.00 ±0.10 5102–5104 1467

102.02349 ±5.1e-05 5099–5101 1467

108.81775 ±5.4e-05 5096–5098 1467,1478

108.94124 ±5.4e-05 5093–5095 1467

112.53224 ±5.6e-05 5090–5092 1467

117.08507 ±5.9e-05 5087–5089 1467

124.43170 ±6.2e-05 5084–5086 1467,1478

135.17175 ±6.8e-05 5081–5083 1467

135.17256 ±6.8e-05 5078–5080 1467

135.83350 ±6.8e-05 5075–5077 1467

140.30 ±0.098 5072–5074 1467

147.6 6971,7047 1842

149.38792 ±7.5e-05 5069–5071 1467

149.61284 ±7.5e-05 5066–5068 1467

150.57167 ±7.5e-05 5063–5065 1467

150.81629 ±7.5e-05 5060–5062 1467,1478

152.7 ±0.11 5057–5059 1467

159.21794 ±8.0e-05 5054–5056 1467

162.70 ±0.098 5051–5053 1467

164.74645 ±8.2e-05 5048–5050 1467

167.35235 ±8.4e-05 5045–5047 1467

167.54117 ±8.4e-05 5042–5044 1467,1478

171.8 ±0.10 5039–5041 1467

172.84620 ±8.6e-05 5036–5038 1467,1478

182.10 ±0.091 5033–5035 1467

183.62132 ±9.2e-05 5030–5032 1467

188.41111 ±9.4e-05 5027–5029 1467

189.30 ±0.095 5024–5026 1467

195.49558 ±9.8e-05 5021–5023 1467

196.10 ±0.098 5018–5020 1467

200.0 ±0.48 5015–5017 1467

206.6874 ±0.00010 5012–5014 1467,1478

207.5 6970,7050 1842

212.5 ±0.11 5010,5011 1467

216.8 ±0.11 5007–5009 1467

218.0 ±0.11 5004–5006 1467

219.0960 ±0.00011 5001–5003 1467

224.2256 ±0.00011 4998–5000 1467

226.2974 ±0.00011 4995–4997 1467
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Deuteromethanol – CH2DOH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

245.1 6971,7052 1842

248.1220 ±0.00012 4992–4994 1467

249.7204 ±0.00012 4989,–4991 1467,1478

266.7352 ±0.00013 4986–4988 1467

272.2516 ±0.00014 4983–4985 1467,1478

273.0037 ±0.00014 4980–4982 1467

275.6 6971,7051 1842

295.3967 ±0.00015 4977–4979 1467,1478

295.6394 ±0.00015 4974–4976 1467,1478

300.0 ±0.48 4971–4973 1467

308.0405 ±0.00015 4968–4970 1467,1478

308.2957 ±0.00015 4965–4967 1467

322.4522 ±0.00016 4962–4964 1467,1478

336.2461 ±0.00017 4959–4961 1467

340.3566 ±0.00017 4956–4958 1467

374.0861 ±0.00019 4953–4955 1467,1478

379.1 6971,7046 1842

387.5591 ±0.00019 4950–4952 1467

396.00 ±0.099 4947–4949 1467,1478

413.5 6971,7049 1842

422.1512 ±0.00021 4944–4946 1467

427.2 ±0.13 4941–4943 1467

451.4754 ±0.00023 4938–4940 1467

452.40 ±0.10 4935–4937 1467

468.2359 ±0.00023 4932–4934 1467,1478

509.3717 ±0.00025 4929,–4931 1467

523.0914 ±0.00026 4926–4928 1467

563.4 6971,7048 1842

616.3351 ±0.00031 4923–4925 1467,1478

682.6 ±0.10 4920–4922 1467

762.50 ±0.092 4917–4919 1467

Table 3.4.37
Difluoromethane – CH2F2

Wavelength
( m)

Uncertainty
( m) Comments References

95.551057 ±4.8e-05 3790–3793 1392,1394,1454,1466

97.6 6971,7040 1845

105.1 6971,7038 1845

105.51827 ±5.3e-05 3786–3789 1392,1394,1454,1466
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Difluoromethane – CH2F2—continued
Wavelength

( m)
Uncertainty

( m) Comments References

109.29579 ±5.5e-05 3782–3785 1386,1392,1394,

1454,1466

117.72748 ±5.9e-05 3778–3781 1386,1392,1394,

1454,1466

122.46551 ±6.1e-05 3774–3777 1392,1394,1454,1466

122.46581 ±6.1e-05 3770–3773 1392,1394,1454,1466

133.99765 ±6.7e-05 3766–3769 1392,1394,1454,1466

135.26932 ±6.8e-05 3762–3765 1386,1392,1394,

1454,1466

142.9 6971,7037 1845

158.51348 ±7.9e-05 3758–,3761 1386,1392,1394,

1454,1466

158.96020 ±8.0e-05 3754–3757 1392,1394,1454,1466

166.63105 ±8.3e-05 3750–3753 1392,1394,1454,1466

166.67665 ±8.3e-05 3746–3749 1392,1394,1454,1466

182.112 6970,7059 1835

184.30590 ±9.2e-05 3742–3745 1386,1392,1394,

1454,1466

185.0 6970,7043 1845

191.84803 ±9.6e-05 3738–3741 1392,1394,1454,1466

193.90445 ±0.00010 3734–3737 1392,1394,1454,1466

194.418 6971,7040 1845

194.44761 ±0.00010 3730–3733 1392,1394,1454,1466

194.484 6971,7044 1845

201.936 6971,7042 1845

202.4649 ±0.00010 3726–3729 1392,1394,1454,1466

210.130 6971,7040 1845

214.5791 ±0.00011 3722–3725 1386,1392,1394,

1454,1466

225.9 6971,7045 1845

227.6570 ±0.00011 3718–3721 1392,1394,1454,1466

230.1059 ±0.00012 3714–3717 1392,1394,1454,1466

235.6541 ±0.00012 3710–3713 1386,1392,1394,

1454,1466

236.5915 ±0.00012 3706–3709 1392,1394,1454,1466

236.6008 ±0.00012 3702–3705 1392,1394,1454,1466

256.0270 ±0.00013 3698–3701 1386,1392,1394,

1454,1466

261.7292 ±0.00013 3694–3697 1386,1392,1394,

1454,1466

270.0055 ±0.00014 3690–3693 1392,1394,1454,1466

272.3389 ±0.00014 3686–3689 1386,1392,1394,

1454,1466
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Difluoromethane – CH2F2—continued
Wavelength

( m)
Uncertainty

( m) Comments References

279.9 6971,7041 1845

287.6672 ±0.00014 3682–3685 1386,1392,1394,

1454,1466

289.4999 ±0.00014 3678–3681 1392,1394,1454,1466

293.9015 ±0.00015 3674–3677 1392,1394,1454,1466

298.2910 ±0.00015 3670–3673 1392,1394,1454,1466

326.4230 ±0.00016 3666–3669 1392,1394,1454,1466

346.8 6970,7044 1845

355.1261 ±0.00018 3662–3665 1392,1394,1454,1466

381.9956 ±0.00019 3658–3661 1392,1394,1454,1466

382.6392 ±0.00019 3654–3657 1392,1394,1454,1466

394.7009 ±0.00020 3650–3653 1392,1394,1454,1466

418.2703 ±0.00021 3646–3649 1392,1394,1454,1466

434.9514 ±0.00022 3642–3645 1392,1394,1454,1466

464.4123 ±0.00023 3638–3641 1392,1394,1454,1466

503.0567 ±0.00025 3634–3637 1392,1394,1454,1466

511.4451 ±0.00026 3630–3633 1392,1394,1454,1466

540.9864 ±0.00027 3626–3629 1392,1394,1454,1466

567.4 6971,7036 1845

567.5316 ±0.00028 3622–3625 1392,1394,1454,1466

588.0276 ±0.00029 3618–3621 1392,1394,1454,1466

616.179 6971,7039 1845

642.5999 ±0.00032 3614–3617 1392,1394,1454,1466

657.2391 ±0.00033 3610–3613 1392,1394,1454,1466

724.9203 ±0.00036 3606–3609 1392,1394,1454,1466

724.9203 ±0.00036 3606–3609 1392,1394,1454,1466

1448.0958 ±0.00072 3602–3605 1392,1394,1454,1466

Table 3.4.38
Difluoromethane – 13CH2F2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

106.400 9R14 1666

112.000 9P44 1666

135.523 9R44 1666

138.281 9R22 1666

140.405 9R38 1666

164.656 9P12 1666

164.815 9R04 1666

180.600 9P34 1666

182.381 10R20 1666
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Difluoromethane – 13CH2F2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

183.289 9P28 1666

186.043 9P38 1666

193.497 9P22 1666

195.158 9R20 1666

195.931 9HP12 1845

197.388 9P20 1666

198.548 9HP14 1845

200.295 9P16 1666

201.739 9R02 1845

206.043 10R18 1666

211.116 9R10 1845

213.351 9R44 1666

214.597 9R34 1665

221.284 9HP11 1845

223.973 9R34 1845

234.800 9R18 1666

245.652 9P28 1666

248.606 9R26 1666

254.802 9P04 1666

260.042 10R20 1666

260.248 9R50 1845

266.866 9R24 1666

271.212 9HP12 1845

273.764 9P26 1666

279.014 9P22 1666

299.5 9HP11 1845

300.233 9R36 1666

300.246 10R38 1666

301.654 10R04 1666

306.993 9R40 1666

311.213 9R08 1666

312.276 9P24 1666

316.329 9R24 1666

318.080 9R12 1666

333.926 9P36 1666

344.521 9R16 1666

355.126 9P08 1845

357.867 9R20 1666

359.362 9R22 1666

360.504 9P16 1666

377.718 9R10 1666

391.461 9R30 1666

399.288 9R34 1666
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Difluoromethane – 13CH2F2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

403.777 9P32 1666

415.363 9P04 1666

421.053 9P14 1666

438.022 10R18 1666

452.425 9P16 1666

479.123 9R40 1666

496.660 9P14 1666

531.363 9P08 1666

551.100 9R06 1666

570.332 9R20 1666

618.896 9R08 1666

638.394 9P26 1666

674.061 9P04 1666

689.178 9R22 1666

734.959 9P36 1666

738.414 9R12 1666

740.000 9P28 1666

894.021 9R16 1666

897.521 9P14 1666

902.789 9R30 1666

935.604 9R10 1666

936.000 9R04 1666

1082.000 9R10 1666

Table 3.4.39
Formaldoxime – CH2NOH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

264.9
13CO2 laser 1740

278.3
13CO2 laser 1740

291.3
13CO2 laser 1740

301.2 10P10 1740

653.7
13CO2 laser 1740
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Table 3.4.40
Bromomethane (Methyl Bromide) – CH3Br

Wavelength
( m)

Uncertainty
( m) Comments References

245.0 ±0.098 3937–3939 1378

279.8 ±0.098 3934–3936 1378

294.3 ±0.10 3931–3933 1378

311.07 ±0.10 3928–3930 1378

311.10 ±0.10 3925–3927 1378

311.21 ±0.10 3922–3924 1378

332.86 ±0.10 3919–3921 1378

333.15 ±0.10 3916–3918 1378

352.75 ±0.099 3913–3915 1378
368.9 6971,7193 1826
369.1 6970,7194 1826

380.02 ±0.095 3910–3912 1378

407.7 ±0.10 3907–3909 1378
417.9 6971,7192 1826

418.3 ±0.10 3904–3906 1378

422.8 ±0.10 3901–3903 1378
464.9 6971,7196 1826
466.2 6971,7195 1826

508.5 ±0.10 3898–3900 1378

531.1 ±0.10 3895–3897 1378

545.39 ±0.093 3892–3894 1378

631.9 ±0.10 3889–3891 1378

632.0 ±0.10 3886–3888 1378

660.70 ±0.099 3883–3885 1378

990.51 ±0.099 3880–3882 1378

Table 3.4.41
Bromomethane (Methyl Bromide) – CH379Br

Wavelength
( m)

Uncertainty
( m) Comments References

264.1 ±0.10 3850–3853 1378,1450

414.98 ±0.10 3846–3849 1378,1450

715.4 ±0.10 3842–3845 1378,1450

749.29 ±0.090 3838–3841 1378,1450

749.36 ±0.090 3834–3837 1378,1450

925.5 ±0.10 3830–3833 1378,1450

1310.4 ±0.10 3826–3829 1378,1450

1572.64 ±0.093 3822–3825 1378,1450

1965.34 ±0.096 3818–3821 1378,1450
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Table 3.4.42
Bromomethane (Methyl Bromide) – CH381Br

Wavelength
( m)

Uncertainty
( m) Comments References

311.20 ±0.10 3876–3879 1378,1450

545.21 ±0.093 3872–3875 1378,1450

564.7 ±0.096 3868–3871 1378,1450

585.72 ±0.10 3864–3867 1378,1450

658.53 ±0.099 3860–3863 1378,1450

831.13 ±0.10 3856–3859 1378,1450

2650. ±13. 3854,3855 1450

Table 3.4.43
Bromomethane (Methyl Bromide) – 13CH3Br

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

660.882 10R20 1665

Table 3.4.44
Methyl Acetylene – CH3CCH

Wavelength
( m)

Uncertainty
( m) Comments References

428.87 ±0.099 6359–6362 1377,1378

516.77 ±0.098 6355–6358 1377,1378

531.1 ±0.10 6351–6354 1377,1378

566.4 ±0.096 6347–6350 1377,1378

583.77 ±0.099 6343–6346 1377,1378

647.89 ±0.049 6340–6342 1377

675.3 ±0.10 6336–6339 1377,1378

1097.11 ±0.098 6332–6335 1377,1378

1174.87 ±0.049 6328–6331 1377



©2001 CRC Press LLC

Table 3.4.45
1,1-Dideuteroethanol – CH3CD2OH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

491.8 9P40 1742

581.6 10R24 1742

1010. 10R20 1742

Table 3.4.46
1,1,1-Trifluoroethane (Methyl Fluorofrom) – CH3CF3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

369.1 10R14 1684

383.2 10P14 1684

388.9 N2O laser 1684

393.3 10P20 1684

393.3 10R14 1684

410.1 N2O laser 1684

411.2 N2O laser 1684

422.0 10R14 1684

454.6 N2O laser 1684

454.8 10R52 1684

463.0 10R12 1684

471.2 N2O laser 1684

477.1 10R50 1684

485.4 10P08 1684

485.6 10R38 1684

485.8 10P12 1684

486.1 10R32 1684

501.6 10R48 1684

510.4 N2O laser 1684

510.7 10P18 1684

518.8 10R04 1684

519.2 N2O laser 1684

558.8 N2O laser 1684

580.6 10R46 1684

580.8 10R30 1684

606.8 10R26 1684

629.3 10R28 1684

633.4 N2O laser 1684

634.0 10R32 1684

634.7 10P10 1684
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1,1,1-Trifluoroethane – CH3CF3—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

676.7 10P02 1684

709.2 N2O laser 1684

709.5 10R36 1684

709.8 10R40 1684

766.6 10P06 1684

767.8 10R20 1684

782.7 sequence band 1684

783.2 N2O laser 1684

784.5 10R30 1684

805.8 10P06 1684

833.3 10R18 1684

851.0 10R16 1684

852.5 10P10 1684

853.3 10R20 1684

878.1 10R08 1684

878.5 N2O laser 1684

967.9 10R32 1684

968.9 sequence band 1684

969.0 N2O laser 1684

973.0 N2O laser 1684

1035.6 N2O laser 1684

1264.3 N2O laser 1684

1324.3 N2O laser 1684

1613.0 10R14 1684

Table 3.4.47
1-Deuteroethanol – CH3CHDOH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

351.5 9P46 1742

379.5 9P32 1742

432.3 9P24 1742

889.0 9R12 1742



©2001 CRC Press LLC

Table 3.4.48
1,1-Difluoroethane – CH3CHF2

Wavelength
( m)

Uncertainty
( m) Comments References

460. ±14. 6477,6478,6479 1420

530. ±16. 6474,6475,6476 1420

Table 3.4.49
Bromoethane (Ethyl Bromide) – CH3CH2Br

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

327.6 10R10 1685

453.6 10R34 1685

456.2 10R34 1834

520.7 10R30 1834

526.3 10R30 1834

527.9 10R30 1685

534.1 10R30 1834

555.7 10P20 1834

582.2 10P18 1834

641.1 10P16 1834

705.2 10P14 1834

707.8 10P14 1685

768.9 10R22 1834

769.8 10R22 1685

836.5 10R22 1834

837.4 10R20 1834

838.3 10R20 1685

896.5 10P10 1685

1035.3 10P08 1834

1056.7 10P08 1834

1059.0 10P08 1685
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Table 3.4.50
Chloroethane (Ethyl Chloride) – CH3CH2Cl

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

299.2061 10R34 1829

299.5968 10R28 1829

423.6312 10P16 1829

447 10R28 1745

480.0346 10P14 1829

584.6650 10P08 1829

615.0399 10P06 1829

620.4012 10P06 1829

698 10R38 1745

720.3745 10R38 1829

845.3513 10R34 1829

963.7773 10R32 1829

1306 10R28 1745

1669 10R26 1745

Table 3.4.51
Fluoroethane (Ethyl Fluoride) – CH3CH2F

Wavelength
( m)

Uncertainty
( m) Comments References

264.7 ±0.10 6460,6461,6462 1459,1474

336.7 ±0.10 6457,6458,6459 1459,1474

404. ±0.97 6454,6455,6456 1459,1474

405.5044 ±0.00053 6451,6452,6453 1459,1480,1483

438.5 7113 1839

452. ±9.0 6448,6449,6450 1480,1483

486. ±9.7 6445,6446,6447 1459

502.2623 ±0.00080 6442,6443,6444 1459,1480,1483

503.2 7114 1839

519.075 ±0.0013 6439,6440,6441 1459,1480,1483

551.0 7114 1839

593.506 ±0.0012 6436,6437,6438 1459,1480,1483

620.40 ±0.099 6433,6434,6435 1459,1474

660. ±13. 6430,6431,6432 1480,1483

851.9 ±0.10 6427,6428,6429 1459,1474

1005.230 ±0.0016 6424,6425,6426 1459,1480,1483

1070. ±21. 6421,6422,6423 1459

1440. ±29. 6418,6419,6420 1480,1483

1521.376 ±0.0037 6415,6416,6417 1459,1480,1483
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Table 3.4.52
Iodoethane (Ethyl Iodide) – CH3CH2I

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

493.0 10P34 1685

504.0 10P32 1685

542.0 10P30 1685

626.8 10R06 1685

660.328 10P26 1660

1044.4 10P20 1685

1049.810 10R04 1660

Table 3.4.53
Ethanol (Ethyl Alcohol) – CH3CH2OH

Wavelength
( m)

Uncertainty
( m) Comments References

285.3 6942 1742

311.9 6943 1742

388.060 6944 1802

396. ±4.0 6480–6482 1430

449.0 6945 1742

529.3 6946 1742

552.0 6943 1742

566.1 6930 1742

575.3 6947 1742

620.3 6948 1742

Table 3.4.54
Ethanal (Acetaldehyde) – CH3CHO

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

176. 9R40 1679

319.154 9R38 1846

328. 9R22 1679

328.784 9R22 1846

335.282 9R30 1846

343. 9R30 1679

385. 9R30 1679

385.102 9R30 1846

415. 9R40 1679

415.356 9R40 1846
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Ethanal (Acetaldehyde) – CH3CHO—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

470.967 9R50 1846

509. 9R36 1679

509.706 9R36 1846

528.277 9R50 1846

Table 3.4.55
Chloromethane (Methyl Chloride) – CH3Cl

Wavelength
( m)

Uncertainty
( m) Comments References

227.15 ±0.10 3518–3521 1378,1385

236.25 ±0.097 3514–3517 1378,1385

240.98 ±0.096 3510–3513 1378,1385

247.7 6971,7188 1826

253.2 6971,7186 1826

261.03 ±0.099 3506–3509 1378,1385

264.6 6971,7184 1826

270.9 6971,7182 1826

271.3 ±0.10 3502–3505 1378,1385

275.00 ±0.096 3498–3501 1378,1385

275.09 ±0.096 3494–3497 1378,1385

277.6 6971,7181 1826

281.7 ±0.099 3490–3493 1378,1385

284.2 6971,7179 1826

284.3 6971,7136 1826

284.3 6971,7145 1826

284.3 6971,7190 1826

284.5 6971,7172 1826

286.8 ±0.10 3486–3489 1378,1385

291.5 6971,7177 1826

299.3 6971,7159 1826

299.3 6971,7170 1826

299.5 6971,7176 1826

307.0 6971,7174 1826

307.1 6971,7189 1826

307.3 6971,7137 1826

307.3 6971,7158 1826

307.3 6971,7168 1826

307.65 ±0.098 3482–3485 1378,1385

315.4 6971,7175 1826

315.5 6971,7156 1826

315.6 6971,7138 1826
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Chloromethane (Methyl Chloride) – CH3Cl—continued
Wavelength

( m)
Uncertainty

( m) Comments References

315.6 6971,7187 1826

315.8 6971,7166 1826

315.9 6971,7173 1826

324.9 6971,7165 1826

333.9 6971,7185 1826

334.0 ±0.10 3478–3481 1378,1385

334.1 6971,7139 1826

334.1 6971,7164 1826

343.4 6971,7183 1826

344.4 6971,7140 1826

344.4 6971,7162 1826

349.3 ±0.10 3474–3477 1378,1385,1430

354.7 6971,7146 1826

366.0 6971,7153 1826

366.2 6971,7147 1826

366.3 6971,7161 1826

366.3 6971,7180 1826

366.4 6971,7141 1826

378.2 6971,7155 1826

378.2 6971,7178 1826

378.4 6971,7171 1826

378.5 6971,7148 1826

378.5 6971,7160 1826

378.57 ±0.095 3470–3473 1378,1385
378.6 6971,7142 1826
405.2 6971,7149 1826
405.2 6971,7169 1826
405.4 6971,7157 1826
405.5 6971,7143 1826
420.0 6971,7150 1826
420.2 6971,7167 1826
420.3 6971,7144 1826
453.5 6971,7151 1826
461.2 ±0.10 3466–3469 1378,1385
472.4 6971,7152 1826
472.6 6971,7163 1826
476.0 6971,7191 1826
499.3 6971,7154 1826
511.9 ±0.10 3462–3465 1378,1385
568.8 ±0.097 3458–3461 1378,1385
870.80 ±0.096 3454–3457 1378,1385
944.0 ±0.10 3450–3453 1378,1385,1430
958.25 ±0.096 3446–3449 1378,1385

1886.87 ±0.092 3442–3445 1378,1385
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Table 3.4.56
Ethanenitrile (Methyl Cyanide) – CH3CN(a)

Wavelength
( m)

Uncertainty
( m) Comments References

281.18 ±0.098 5778–5781 1364,1365,1377,1378

281.98 ±0.099 5774–5777 1364,1365,1377,1378

286.9 ±0.10 5770–5773 1364,1365,1377,1378

346.3 ±0.10 5766–5769 1364,1365,1377,1378

372.87 ±0.045 5762–5765 1364,1365,1377,

1459,1469

386.4 ±0.097 5758–5761 1364,1365,1377,1378

387.3 ±0.097 5754–5757 1364,1365,1377,

1378,1459

388.4 ±0.097 5750–5753 1364,1365,1377,1378

427.04 ±0.098 5746–5749 1364,1365,1377,1378

430.55 ±0.052 5742–5745 1364,1365,1377

441.1 ±0.10 5738–5741 1364,1365,1377,1378

453.3974 ±0.00068 5734–5737 1364,1365,1377,1378

1459,1480,1483

466.25 ±0.093 5730–5733 1364,1365,1377,1378

480.0 ±0.096 5726–5729 1364,1365,1377,1378

494.6461 ±0.00074 5722–5725 1364,1365,1377,1378

1459,1480,1483

510.2 ±0.10 5718–5721 1364,1365,1377,1378

561.4 ±0.095 5714–5717 1364,1365,1377,1378

652.68 ±0.098 5710–5713 13641365,1377,

1378,1459

704.53 ±0.099 5706–5709 1364,1365,1377,1378

713.72 ±0.050 5702–5705 1364,1365,377

741.62 ±0.089 5698–5701 1364,1365,1377,1378

750. ±15. 5694–5697 1364,1365,1377,

1480,1483

854.4 ±0.10 5690–5693 1364,1365,1377,1378

1014.9 ±0.10 5686–5689 1364,1365,1377,1378

1016.3 ±0.10 5682–5685 1364,1365,1377,1378

1086.89 ±0.097 5678–5681 1364,1365,1377,1378

1164.8 ±0.10 5674–5677 1364,1365,1377,1378

1351.8 ±0.11 5670–5673 1364,1365,1377,1378

1814.37 ±0.049 5666–5669 1364,1365,1377

(a) See, also, reference 1848.
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Table 3.4.57
Deuterooxyethanoic Acid – CH3COOD

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

363. 10R28 1682

433. 10P20 1682

451. 9P32 1682

465. 10R20 1682

525. 10R12 1682

628. 9R06 1682

675. 10R22 1682

676. 10P18 1682

701. 10R18 1682

756. 10P18 1682

Table 3.4.58
Fluoromethane (Methyl Fluoride) – CH3F

Wavelength
( m)

Uncertainty
( m) Comments References

192.78 ±0.048 2625–2628 1363,1374,1377,1393

251.91 ±0.050 2621–2624 1363,1374,1377,1393

372.68 ±0.045 2617–2620 1363,1374,1377,1393

496.072 ±0.0024 2614–2616 1363,1374,1375,

1377,1393

496.1009 ±0.00040 2610–2613 1363,1374,1377,

1393,1434

992. ±4.9 2606–2609 1363,1374,1377,1393
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Table 3.4.59
Fluoromethane (Methyl Fluoride) – 13CH3F

Wavelength
( m)

Uncertainty
( m) Comments References

85.317287 ±4.3e-05 4901–4904 1415,1417,1453,1481

85.79 ±0.026 4898–4900 1415,1417

86.111788 ±4.3e-05 4895–4897 1415,1417,1453,1481

87.90 ±0.026 4892–4894 1415,1417

103.48079 ±5.2e-05 4888–4891 1415,1417,1453,1481

103.58629 ±5.2e-05 4885–4887 1415,1417,1453,1481

105.14719 ±5.3e-05 4881–4884 1415,1417,1453,1481

110.43238 ±5.5e-05 4877–4880 1415,1417,1453,1481

115.82318 ±5.8e-05 4873–4876 1415,1417,1453,1481

118.01308 ±5.9e-05 4869–4872 1415,1417,1453,1481

121.20 ±0.036 4866–4868 1415,1417

123.26 ±0.037 4863–4865 1415,1417

146.09738 ±7.3e-05 4860–4862 1415,1417,1453,1481

147.97 ±0.044 4857–4859 1415,1417

148.59041 ±7.4e-05 4855,4856 1415,1417,1453,1481

149.27228 ±7.5e-05 4851–4854 1415,1417,1453,1481

152.07569 ±7.6e-05 4849,4850 1415,1417,1453,1481

157.92848 ±7.9e-05 4845–4848 1415,1417,1453,1481

168.84 ±0.051 4842–4844 1415,1417

171.75758 ±8.6e-05 4838–4841 1415,1417,1453,1481

203.6358 ±0.00010 4834–4837 1415,1417,1453,1481

208.4121 ±0.00010 4831–4833 1415,1417,1453,1481

236.5303 ±0.00012 4829,4830 1415,1417,1453,1481

237.5230 ±0.00012 4826–4828 1415,1417,1453,1481

238.5227 ±0.00012 4822–4825 1415,1417,1453,1481

268.5722 ±0.00013 4818–4821 1415,1417,1453,1481

280.2183 ±0.00014 4816,4817 1415,1417,1453,1481

280.2397 ±0.00014 4814,4815 1415,1417,1453,1481

291.61 ±0.087 4811–4813 1415,1417

307.78 ±0.092 4807–4810 1415,1417,1453,1481

325.17 ±0.098 4804–4806 1415,1417

332.6034 ±0.00017 4802,4803 1415,1417,1453,1481

338.9638 ±0.00017 4799–4801 1415,1417,1453,1481

358.9 ±0.11 4796–4798 1415,1417

461.3847 ±0.00023 4792–4795 1415,1417,1453,1481

629.8442 ±0.00031 4789–4791 1415,1417,1453,1481

690. ±3.4 4224–4227 1388

806. ±3.9 4220–4223 1388

1221.79 ±0.048 2629–2632 1377,1461
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Table 3.4.60
Iodomethane (Methyl Iodide) – CH3I

Wavelength
( m)

Uncertainty
( m) Comments References

377.45 ±0.094 4103,4104,4105,4106 1378,1399,1409

390.5 ±0.098 4099,4100,4101,4102 1378,1409

392.48 ±0.098 4095,4096,4097,4098 1378,1409

447.1421 ±0.00089 4091,4092,4093,4094 1378,1401,1409

451.5 6971,7057 1842

457.2 ±0.10 4087,4088,4089,4090 1378,1409

459.2 ±0.10 4083,4084,4085,4086 1378,1409

477.9 ±0.096 4079,4080,4081,4082 1378,1409

508.4 ±0.10 4075,4076,4077,4078 1378,1409

517.33 ±0.098 4071,4072,4073,4074 1378,1409

525.32 ±0.10 4067,4068,4069,4070 1378,1409

529.3 ±0.10 4063,4064,4065,4066 1378,1409

542.99 ±0.092 4059,4060,4061,4062 1378,1409

576.17 ±0.098 4056,4057,4058 1378,1409

578.90 ±0.098 4052,4053,4054,4055 1378,1409

580.1 6971,7056 1842

583.87 ±0.099 4048,4049,4050,4051 1378,1409

639.7 ±0.10 4044,4045,4046,4047 1378,1409

671.0 ±0.10 4040,4041,4042,4043 1378,1409

719.3 ±0.10 4036,4037,4038,4039 1378,1409

751.9 6971,7055 1842

964. ±4.7 4032,4033,4034,4035 1401,1409

1063.29 ±0.095 4028,4029,4030,4031 1378,1409

1253.738 ±0.0025 4024,4025,4026,4027 1378,1401,1409

Table 3.4.61
Iodomethane (Methyl Iodide) – 13CH3I

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

293.13 sequence band 1675

346.67 hot band 1675

355.55 10P30 1675

366.92 hot band 1675

372.80 hot band 1675

395.00 sequence band 1675

521.11 hot band 1675

558.82 10P26 1675

573.75 10P26 1675

663.08 sequence band 1675
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Iodomethane (Methyl Iodide) – 13CH3I—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

820.00 10P48 1675

848.00 hot band 1675

1245.71 hot band 1675

1624.00 N2O laser 1675

Table 3.4.62
Methyl Isocyanide – CH3NC

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

250. 10R22 1679

277. 10R24 1679

280. 10R24 681

284. 10R18 1679

288. 10R18 681

402. 10R12 1679

404. 10R04 681

454. 10R04 1679

481. 10P42 1679

823. 10P30 1680

938. 10P32 1680

2140. 10P14 1680

Table 3.4.63
Aminomethane (Methylamine) – CH3NH2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

68. 9P14 1752

87. 9P34 1752

92.0 9R20 1752

99.5 9R14 1799

100. 9R14 1437

102. 9P18 1752

104.0 9P28 1799

105.0 9P28 1752

109. 9P40 1752

115.5 9P44 1799

116. 9P44 1437

118. 9P06 1752
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Aminomethane (Methylamine) – CH3NH2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

118.0 9P08 1799

119. 9P08 1437

120. 10P24 1437

126. 10R06 1799

128. 10R12 1437

130. 9P20 1752

134. 9R14 1799

134. 9R18 1799

137. 9P18 1752

139. 9R14 1799

141. 10R22 1799

142. 10R20 1437

142. 10R22 1752

143. 9R14 1799

145. 9R14 1437

146. 9R08 1437

147. 10R36 1437

147.0 9P24 1799

147.845 9P24 1483

148.5 9P24 1805

150. 9P10 1752,6949

153.0 9P08 1799

159.0 9P24 1799

164. 9R18 1799

165. 9R18 1437

165. 10P24 1437

166. 10P24 1752,6949

166.0 9P32 1799

168. 9R22 1799

169. 9R22 1437

175. 10R06 1799

176. 10R32 1799

177.0 9R12 1799

178. 9P12 1752,6949

178. 9R12 1437

178. 10R32 1437

179. 9P22 1437

180. 9P46 1459

183. 9R14 1799

185. 9R14 1437

194.0 9R08 1799

197.940 9P24 1665

198. 9R20 1799



©2001 CRC Press LLC

Aminomethane (Methylamine) – CH3NH2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

199.0 9R20 1752

201. 9R12 1799

203. 9P34 1752,6949

208. 9R12 1799

218. 9P24 1805

218.749 9P24 1752

219.0 9P32 1799

220. 9P32 1437

221. 10R20 1437

226. 9P14 1752

243.0 9P24 1799

244.890 9P24 1752

245. 9P34 1752,6949

246. 10P12 1437

250.000 9P22 1752

250.138 9P24 1665

251. 9R22 1437

251.180 9P24 1752

254. 10R40 1437

267.0 9P40 1799

268. 9R12 1799

270. 9R18 1437

271. 9R12 1437

281. 9R14 1752

283. 9P46 1437

288. 9R04 1459

314.847 9R04 1483

347. 10R20 1799

349. 10R18 1437

349.937 10R20 1665

351. 9P46 1437

377. 9P18 1752

387. 9P34 1752,6949

600. 9P40 1752,6949
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Table 3.4.64
Nitromethane – CH3NO2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

311. 10P16 1682
318. 10P18 1682
340. 9P08 1682
344. 10P20 1682
344. 10P22 1682
351. 10P20 1682
376. 9P06 1682
378. 10P22 1682
398. 9R36 1682
414. 9R04 1682
424. 10P24 1682
426. 9R22 1682
450. 9R34 1682
454. 10P26 1682
470. 9P14 1682
472. 9R08 1682
487. 9R06 1682
487. 9R12 1682
489. 10P28 1682
514. 9P28 1682
524. 9R28 1682
530. 9R16 1682
550. 10P30 1682
552. 9P06 1682
564. 10P30 1682
594. 9R28 1682
598. 9R16 1682
620. 9R18 1682
631. 10P32 1682
634. 9R30 1682
646. 9R18 1682
656. 9R20 1682
673. 9R30 1682
675. 9R14 1682
697. 9R30 1682
717. 9R14 1682
735. 10P34 1682
778. 9R40 1682
780. 9R32 1682
809. 10P40 1682
841. 9R10 1682
845. 9R42 1682
869. 10P36 1682
973. 9P08 1682
1001. 9R26 1682
1070. 9R34 1682
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Table 3.4.65
Methoxymethane (Dimethyl Ether) – CH3OCH3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

209.3 9R22 1686

220.3 9R32 1686

304.3 9R40 1686

338.9 9R22 1686

375. 10P20 1799

378.2 10P34 1686

441.3 10P08 1686

461. 10P34 1799

480. 10P34 1799

492. 10P34 1799

495. 10P12 1799

496.5 10P20 1686

497.4 9R26 1686

511.9 10P52 1686

520. 10P12 1799

526.3 10P12 1686

530.7 9R28 1686

564.7 10P16 1686

934.2 10P20 1686

64505 9R34 1686

Table 3.4.66
Deuterooxymethanol – CH3OD

Wavelength
( m)

Uncertainty
( m) Comments References

42.6 6971,7145 1844

46.7 7140 1844

48.775 6971,7155 1844

50.2 6971,7153 1844

51.4 6970,7151 1844

51.9 6970,7161 1844

53.219 6971,7154 1844

53.3 7143 1844

54.8 6970,7171 1844

55.3 6971,7169 1844

58.3 6970,7163 1844

58.9 6971,7141 1844

60.622 6970,7155 1844

61.674 6971,7164 1844

62.133 6971,7160 1844
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Deuterooxymethanol – CH3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References

62.544 69717161 1844

65.3 6971,7162 1844

68.865 6971,7156 1844

69.6 6971,7158 1844

70.142 6971,7167 1844

73.691 6971,7160 1844

76.381 6970,7142 1844

77.442 6970,7167 1844

80.0 ±0.16 5240,5241,5242 1397,1436

81.9 ±0.40 5237,5238,5239 1451

85.2 6970,7168 1844

85.760 6971,7165 1844

87.222 6971,7144 1844

88.8 6971,7152 1844

89.6 ±0.44 5234,5235,5236 1451

92.2 6971,7138 1844

92.738 6971,7170 1844

95.341 6970,7156 1844

101.378 6971,7158 1844

101.6 ±0.50 5231,5232,5233 1436,1440,1451

103.12463 ±1.8e-05 5228,5229,5230 1397,1480,1483

106. ±2.1 5219,5220,5221 1436

106. ±2.1 5222,5223,5224 1436

106.857 6971,7148 1844

108.4 6971,7172 1844

110. ±1.1 5225,5226,5227 1433,1436

110.7 ±0.54 5216,5217,5218 1436,1451

112.912 6971,7166 1844

113.8 ±0.56 5213,5214,5215 1451

117.22707 ±2.2e-05 5210,5211,5212 1397,1480,1483

117.4 6970,7165 1844

118.1 6971,7157 1844

125.842 6971,7150 1844

126.208 6971,7146 1844

128.0 ±0.26 5208,5209 1397

134.0 ±0.54 5205,5206,5207 1425,1436,1440

135. ±1.4 5202,5203,5204 1367

136. ±1.4 5199,5200,5201 1425,1436

137. ±2.7 5196,5197,5198 1436

141. ±2.8 5193,5194,5195 1436

141.3 6971,7145 1844

145.6 ±0.71 5187,5188,5189 1451

145.66171 ±2.2e-05 5190,5191,5192 1370,1433
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Deuterooxymethanol – CH3OD—continued
Wavelength

( m)
Uncertainty

( m) Comments References

148.5 6971,7165 1844

152.366 6971,7149 1844

168.1 ±0.34 5185,5186 1397

169. ±3.4 5182,5183,5184 1436

173.754 6971,7136 1844

173.785 6971,7139 1844

179.0 ±0.36 5179,5180,5181 1397,1437

182. ±3.6 5176,5177,5178 1436

182.1 ±0.89 5174,5175 1451

186. ±3.7 5171,5172,5173 1436

204.6 6971,7137 1844

207.179 6971,7147 1844

212. ±2.1 5168,5169,5170 1436,1440

215.37246 ±3.2e-05 5165,5166,5167 1370,1433

224. ±4.5 5162,5163,5164 1436

225. ±2.3 5159,5160,5161 1436,1440

229. ±1.1 5156,5157,5158 1367

234. ±1.1 5153,5154,5155 1451

238. ±1.2 5150,5151,5152 1451

238. ±2.4 5147,5148,5149 1436,1440

241. ±1.2 5144,5145,5146 1436,1451

279.4 ±0.56 5141,5142,5143 1397,1436

280. ±1.4 5138,5139,5140 1451

294.81098 ±2.9e-05 5135,5136,5137 1370,1433

305.72611 ±3.1e-05 5132,5133,5134 1370,1433

320.O ±0.64 5130,5131 1397

330. ±1.6 5127,5128,5129 1367

352.5 ±0.71 5125,5126 1397

417. ±2.0 5122,5123,5124 1367

498.0 ±1.0 5120,5121 1397

Table 3.4.67
Methanol (Methyl Alcohol) – CH3OH(a)

Wavelength
( m)

Uncertainty
( m) Comments References

48.283 6970,7255 1855

48.4 6970,7187 1833

49.2 6970,7186 1833

52.0 6970,7190 1833

57.4 7254 1855

71.280 6971,7184 1833



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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71.290 6971,7188 1833

75.616 6970,7184 1833

77.394 6970,7188 1833

80. ±2.4 4711,4712,4713,4714 1414,1416,1418,

1419,1420,1427,

1428,1429,1473

80.6 ±0.39 4707,4708,4709,4710 1414,1416,1418,

1419,1427,1428,

1429,1473,1475

85.600931 ±4.3e-05 4703,4704,4705,4706 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,

1481

86.239385 ±4.3e-05 4699,4700,4701,4702 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

92.543913 ±4.6e-05 4695,4696,4697,4698 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

92.664287 ±4.6e-05 4691,4692,4693,4694 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

96.522395 ±1.5e-05 4688,4689,4690 1397,1414,14161418,

1419,1427,1428,

1429,1455,1473

97.518534 ±4.9e-05 4684,4685,4686,4687 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

98. ±2.9 4680,4681,4682,4683 1414,1416,1418,

1419,1427,1428,

1429,1471,1473

100.80647 ±5.0e-05 4676,4677,4678,4679 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

102.061 6971,7256 1855

104.3 7257 1855

111.704 6971,7258 1855

113.73188 ±5.7e-05 4672,4673,4674,4675 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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117.95948 ±5.9e-05 4668,4669,4670,4671 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

118.117 6971,7185 1833

118.83409 ±2.4e-05 4664,4665,4666,4667 1397,1414,1416,

1418,1419,1427,

1428,1455,1469,1473

121. ±2.8 4660,4661,4662,4663 1414,1416,1418,

1419,1427,1428,

1429,1471,1473

129.5497 ±0.00013 4656,4657,4658,4659 1414,1433,1416,1418

1419,1427,1428,

1429,1473

130.6 7256 1855

133.1196 ±0.00013 4653,4654,4655 1397,1414,1416,

1418,1419,1427,

1428,1429,1473

145.5 ±0.71 4649,4650,4651,4652 1414,1416,1418,

1419,1427,1428,

1429,1473

151.25369 ±7.6e-05 4645,4646,4647,4648 1414,1453,1416,

1418,1419,1427,

1428,1429,1473,1481

152. ±3.0 4641,4642,4643,4644 1414,1416,14181419,

1427,1428,1429,

1436,1473

159.2 ±0.78 4637,4638,4639,4640 1414,1416,1418,

1419,1427,1428,

1429,1473,1475,

159.67569 ±8.0e-05 4633,4634,4635,4636 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

163.03353 ±4.6e-05 4629,4630,4631,4632 1414,1416,1418,

1419,1427,1428,

1429,1455,1459,

1473

164.0 ±0.80 4625,4626,4627,4628 1414,1416,1418,1419

1427,1428,1429,1473

164.5076 ±0.00016 4621,4622,4623,4624 1414,1416,14181419,

1427,1428,1429,

1471,1473



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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164.56421 ±8.2e-05 4617,4618,4619,4620 1414,1416,14181419,

1427,1428,1453,

1473,1429,1481

164.60038 ±8.2e-05 4613,4614,4615,4616 1375,1414,

1416,1418,1419,

1427,1428,1429,

1453,1473,1481

164.69747 ±8.2e-05 4609,4610,4611,4612 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

164.7832 ±0.00016 4605,4606,4607,4608 1375,1414,1416,

1418,1419,1427,

1428,1429,1473,1481

167.58700 ±8.4e-05 4601,4602,4603,4604 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

170.57637 ±4.8e-05 4597,4598,4599,4600 1397,1414,1416,

1418,1419,1427,

1428,1429,1455,1473

171.3 ±0.84 4593,4594,4595,4596 1414,1416,1418,

1419,1427,1428,

1429,1469,1473,1475

176. ±3.5 4589,4590,4591,4592 1414,1416,14181419,

1427,1428,1429,

1436,1473

178. ±3.6 4585,4586,4587,4588 1436,1414,1416,

1418,1419,1427,

1428,1429,1473

179.72791 ±9.0e-05 4581,4582,4583,4584 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

180.4 ±0.36 4578,4579,4580 1397,1414,1416,

1418,1419,1427,

1428,1429,1473

185.50040 ±9.3e-05 4574,4575,4576,4577 1375,1414,14161418,

1419,1427,1428,

1429,1453,1473,1481

185.9 ±0.37 4571,4572,4573 1397,1414,1416,

1418,1419,1427,

1428,1429,1473



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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186.04219 ±9.3e-05 4567,4568,4569,4570 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

190.72590 ±9.5e-05 4563,4564,4565,4566 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

191.5 ±0.38 4560,4561,4562 1397,1414,1416,

1418,1419,1427,

1428,1429,1473

191.61960 ±9.6e-05 4557,4558,4559 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

193.14158 ±9.7e-05 4553,4554,4555,4556 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

194.06320 ±9.7e-05 4549,4550,4551,4552 1414,1416,1418,

1419,1427,1428,1429

1453,1473,1481

198.66433 ±9.9e-05 4545,4546,4547,4548 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

202.40 ±0.051 4542,4543,4544 1375,1414,1416,

1418,1419,1427,

1428,1429,1473

205. ±1.0 4540,4541 1414,1416,1418,

1419,1427,1428,

1429,1473

206.90 ±0.062 4536,4537,4538,4539 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

208. ±2.1 4534,4535 1414,1416,1418,

1419,1427,1428,

1429,1473

209.9302 ±0.00010 4530,4531,4532,4533 1414,1416,

1418,1419,1427,

1428,1429,1473,1481

211.2629 ±0.00011 4526,4527,4528,4529 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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211.3148 ±0.00011 4523,4524,4525 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

213.4625 ±0.00011 4519,4520,4521,4522 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

214.35 ±0.064 4515,4516,4517,4518 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

218.22 ±0.065 4511,4512,4513,4514 1414,1416,1418,1419

1427,1428,1473,1429

223.50 ±0.056 4508,4509,4510 1375,1414,1416,

1418,1419,1427,

1428,14291473

225.5159 ±0.00011 4504,4505,4506,4507 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

232.7 ±0.47 4501,4502,4503 1397,1414,1416,1418

1419,1427,1428,1429

1473

232.7884 ±0.00012 4497,4498,4499,4500 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

232.93906 ±9.1e-05 4494,4495,4496 1397,1414,14161418,

1419,1427,1428,

1429,1455,1473

237.60 ±0.048 4491,4492,4493 1375,1414,1416,

1418,1419,1427,

1428,1429,1473

242.4727 ±0.00012 4487,4488,4489,4490 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

242.5 ±0.49 4484,4485,4486 1397,1414,1416,

1418,1419,1427,

1428,1429,1473

242.79 ±0.024 4480,4481,4482,4483 1414,1416,1418,

1419,1427,1428,

1429,1473,1474



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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250.7813 ±0.00010 4476,4477,4478,4479 1414,1416,1418,

1419,1427,1428,

1429,1455,1459,1473

251. ±2.8 4472,4473,4474,4475 1414,1416,1418,

1419,1427,1428,

1429,1471,1472,1473

251.1398 ±0.00010 4468,4469,4470,4471 1414,14161418,1419,

1427,1428,1429,

1455,1459,1473

251.4324 ±0.00013 4464,4465,4466,4467 1414,1416,1418,1419

1427,1428,1429,

1453,1473,1481

253.5530 ±0.00013 4457,4458,4459,4460 1375,1414,14161418,

1419,1427,1428,

1429,1453,1473,1481

253.60 ±0.051 4461,4462,4463 1375,1414,1416,

1418,1419,1427,

1428,1429,1473

261. ±5.2 4453,4454,4455,4456 1414,1416,1418,

1419,1427,1428,

1429,1436,1473

263.70 ±0.053 4450,4451,4452 1375,1414,1416,

1418,1419,1427,

1428,1429,1473

264.5359 ±0.00013 4446,4447,4448,4449 1375,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

267.4432 ±0.00013 4443,4444,4445 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

270. ±1.3 4439,4440,4441,4442 1414,1416,1418,

1419,1427,1428,

1429,1473

274. ±2.7 4435,4436,4437,4438 1414,1416,1418,

1419,1427,1428,

1429,1471,1473

278.8048 ±0.00014 4431,4432,4433,4434 1375,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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280.9341 ±0.00014 4427,4428,4429,4430 1375,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

286. ±2.9 4423,4424,4425,4426 1414,1416,1418,

1419,1427,1428,

1429,1471,1473

290.62 ±0.087 4420,4421,4422 1414,1416,1418,

1419,1427,1428,

1429,1473

292.1415 ±0.00015 4416,4417,4418,4419 1375,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

292.50 ±0.050 4413,4414,4415 1375,1414,1416,

1418,1419,1427,

1428,1429,1473

293.8217 ±0.00015 4409,4410,4411,4412 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481

301.9943 ±0.00015 4405,4406,4407,4408 1414,1416,1418,

14191427,1428,

1429,1453,1473,1481

311.2 ±0.62 4402,4403,4404 1397,1414,1416,

1418,1419,1427,

1428,1429,1473

346.4875 ±0.00017 4398,4399,4400,4401 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

369.1137 ±0.00023 4395,4396,4397 1375,1414,1416,

1418,1419,1427,

1428,1429,1455,1473

386.3392 ±0.00019 4391,4392,4393,4394 1414,1416,1418,

14191427,1428,1429,

1453,1473,1481

390.1 ±0.78 4387,4388,4389,4390 1414,1416,1418,

1419,1427,1428,

1429,1473,1475

392.0687 ±0.00026 4383,4384,4385,4386 1375,1469,1414,

1416,1418,1419,

1427,1428,1429,

1455,1473



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References
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416.5223 ±0.00042 4379,4380,4381,4382 1414,1471,1416,

1418,1419,1427,

1428,1429,1473

418.0827 ±0.00021 4375,4376,4377,4378 1375,1414,1416,

1418,1419,1427,

1428,14291453,

1473,1481

453.697 6971,7189 1833

469.0233 ±0.00037 4371,4372,4373,4374 1414,1416,1418,

1419,1427,1428,

1429,1459,1473

486.1 ±0.97 4367,4368,4369,4370 1414,1416,1418,

1419,1427,1428,

1429,1455,1475,1473

495. ±2.9 4363,4364,4365,4366 1414,1416,1418,

1419,1427,1428,

1429,1453,1471,

1473,1481

570.5687 ±0.00055 4360,4361,4362 1375,1414,1416,1418

1419,1427,1428,

1429,1455,1473

602.4870 ±0.00030 4356,4357,4358,4359 1397,1414,1416,

1418,1419,1427,

1428,14291453,

1473,1481

614.2851 ±0.00031 4352,4353,4354,4355 1397,1414,1416,

1418,1419,1427,

1428,1429,1453,

1473,1481

624.4301 ±0.00031 4348,4349,4350,4351 1397,1414,1416,

1418,1419,1427,

1428,14291453,

1473,1481

694. ±2.8 4344,4345,4346,4347 1414,1416,1418,

1419,1427,1428,

1429,1471,1473

694.1893 ±0.00035 4340,4341,4342,4343 1414,1416,1418,

1419,1427,1428,

1429,14531473,1481

695.3499 ±0.00035 4336,4337,4338,4339 1414,1416,1418,

1419,1427,1428,

1429,1453,1473,1481



Methanol (Methyl Alcohol) – CH3OH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

©2001 CRC Press LLC

699.4226 ±0.00084 4333,4334,4335 1375,1414,1416,

1418,1419,1427,

1428,1429,1455,1473

1223.858 ±0.0024 4329–4332 1414,1416,1418,

1419,1427,1428,

1429,1470,1473,

1480,1483

(a) See, also, references 1851–1853.

Table 3.4.68
Methanol (Methyl Alcohol) – 13CH3OH(a)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

34.790 10R22 1415

41.9 10P16 1415

44.00869 10R54 1856

44.92678 10R52 1856

46.92769 10SR17 1856

49.1 10R34 1856

50.48388 10SR11 1856

54.2 9R16 1828

58.8 9R40 1828

60.0 10R14 1707

63.096 9P12 1415

70.0 10SR19 1856

70.00 9P43 1707

71.70 9P32 1707

71.75232 10R06 1856

72.0 10R40 1707

77.489 10R26 1415

80.1809 10SR15 1856

80.3 10P34 1706

80.7375 10SR21 1856



Methanol (Methyl Alcohol) – 13CH3OH(a)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

©2001 CRC Press LLC

81.010 9P20 1707

81.72535 10R06 1856

83.82088 10R50 1856

85.317 9P22 1415

85.79 10R28 1415

86.112 9P10 1415

87.900 9P08 1415

88.73787 9P44 1856

89.00 9P44 1707

95.24 9P32 1707

98.0 9P28 1706

101.3 9R40 1706

103.00 9P24 1707

103.481 9P22 1415

103.586 10R26 1415

105.07 9P10 1707

105.147 10R18 1415

106.7 9R40 1828

107.8 9R20 1706

110.432 10R18 1415

110.50965 10R46 1856

110.9 10R46 1706

112.5 10SR17 1856

113.4 9P06 1706

113.60 9P30 1707

115.00 9P22 1415

115.823 10R16 1415

117.92 9P26 1707

118.013 9P22 1415

118.3846 9R32 1828

121.20 10R28 1415

122.0 10R02 1707

122.402 9P20 1803

122.885 10R30 1803

123.26 10P16 1415

125.9 10R42 1856

126.2243 10R28 1828

127.1 10R06 1856

128.9 10SR17 1856

133.7 10P12 1706

140.9 10P30 1706

142.1 9R32 1828

145.8727 10R44 1856



Methanol (Methyl Alcohol) – 13CH3OH(a)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References
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146.097 9P10 1415

146.61175 10R38 1856

147.97 9P30 1415

148.590 10R16 1417

149.272 9P22 1415

152.076 10R16 1417

155.0 10P08 1706

155.5 9R40 1828

156.6020 10R02 1828

157.929 9P12 1415

160.93747 10R46 1856

160.937765 10R46 1856

166.28 9P12 1707

168.84 9P40 1415

171.758 10R18 1415

176.3 9R24 1828

181.20 10P16 1706

184.4 9R22 1828

188.7859 9R30 1828

188.96 9P26 1707

190.3 9P04 1706

194.8 9R24 1828

198.79 10R30 1707

203.25239 10R44 1856

203.636 10R16 1415

203.96 9P20 1707

205.00 9P06 1707

208.412 9P10 1415

214.3 10P28 1706

216.5 9R32 1706

222.8 10R02 1706

230.40086 9HP20 1856

230.75554 9HP20 1856

236.530 9P10 1692

237.523 9P12 1415

238.523 9P12 1415

240.1 10R06 1706

247.4 10P10 1706

249.1 9P26 1706

253.50 10R20 1707

255.2 9R08 1828

268.572 10R16 1415

268.6 10R18 1706



Methanol (Methyl Alcohol) – 13CH3OH(a)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References
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269.9 10R14 1706

275.61 10R26 1707

280.218 10R16 1417

280.240 10R16 1417

281.0 9P32 1706

282.96 10R20 1707

291.62 9P36 1415

294.04 10R20 1707

306.500 9P20 1706

307.07 10R26 1707

307.780 9P22 1415

311.1 10P28 1706

313.65018 10R14 1856

319.7 10R14 1706

320.4 10R20 1706

321.3633 10R30 1828

325.17 9P36 1415

328.9 9P38 1706

332.603 10R16 1417

334.6 10R40 1706

338.964 9P22 1415

339.90 10R36 1706

340.00 10R32 1707

356.4 9R22 1828

358.92 9P40 1415

392.4634 10P16 1828

398.3 9R08 1828

400.1 9R20 1706

420.0230 10R02 1828

425.8 9P26 1706

452.4 9R36 1706

461.385 9P12 1415

496.3 10R16 1706

496.40 9P30 1706

629.844 9P12 1415

784.4 9P36 1706

(a) See, also, reference 1853.
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Table 3.4.69
Methanol (Methyl Alcohol) – CH318OH(a)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

34.60 9P30 1741

35.00 10R36 1741

40.00 10P26 1741

43.70 9P30 1741

48.40 10R38 1741

49.50 9P16 1741

52.70 10R36 1741

53.60 10R30 1741

65.55 9P22 1741

69.90 10R12 1741

77.65 9P18 1741

78.20 10R24 1741

87.65 9R06 1741

90.97 10P42 1741

92.60 9P34 1741

93.40 9P22 1741

98.65 10R10 1741

99.14 9P30 1741

104.60 9P22 1741

109.3 10R04 1741

111.60 10P06 1741

114.20 9P32 1741

115.70 9P36 1741

115.80 9P40 1741

119.84 9P26 1741

123.85 9P34 1741

123.90 9P30 1741

127.77 10R30 1741

131.69 9R30 1741

134.60 9P30 1741

142.43 9P32 1741

142.80 10R26 1741

143.64 9P40 1741

144.18 10R16 1741

149.00 9P30 1741

151.65 9P22 1741

153.54 9P36 1741

165.10 9P10 1741

170.10 10P24 1741

170.18 9R26 1741

176.45 10R04 1741



Methanol (Methyl Alcohol) – CH318OH(a)—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

©2001 CRC Press LLC

179.80 9P18 1741

181.10 10R30 1741

181.20 9P32 1741

181.60 10R06 1741

182.19 9P14 1741

183.36 10P26 1741

184.80 10P24 1741

191.04 9P42 1741

193.25 9P16 1741

193.55 10R18 1741

199.90 10R26 1741

203.80 10P06 1741

206.60 9P20 1741

214.20 9P14 1741

215.80 9P06 1741

218.70 9P30 1741

219.80 10R20 1741

219.90 10R20 1741

220.27 10R18 1741

221.86 9P30 1741

222.50 9P26 1741

227.00 10P10 1741

229.40 9P44 1741

230.70 9P10 1741

232.65 10P06 1741

241.50 10P10 1741

241.75 10P06 1741

242.47 9P22 1741

251.90 9P32 1741

262.40 9P28 1741

268.30 9R38 1741

277.00 9P44 1741

284.15 9R10 1741

284.50 10R06 1741

284.90 9P30 1741

285.25 10R04 1741

294.30 9P06 1741

300.60 10R20 1741

307.20 9P42 1741

327.50 9P32 1741

342.80 10P42 1741



Methanol (Methyl Alcohol) – CH318OH(a)—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References
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359.20 9P10 1741

362.65 10R20 1741

363.86 10R20 1741

364.30 10R18 1741

364.50 9P34 1741

382.88 10R18 1741

407.50 10P26 1741

434.95 10R16 1741

438.10 9P38 1741

465.50 9P18 1741

465.70 9R34 1741

482.12 9P14 1741

505.80 9P42 1741

506.25 9P36 1741

546.80 10R36 1741

555.75 10R20 1741

621.70 9R08 1741

653.22 9P14 1741

(a) See, also, reference 1850.
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Table 3.4.70
Methyl Mercaptan – CH3SH

Wavelength
( m)

Uncertainty
( m) Comments References

116. ±2.3 5848,5849,5850 1435

117. ±2.3 5845,5846,5847 1435

124. ±2.5 5842,5843,5844 1435

127. ±2.5 5839,5840,5841 1435

128. ±2.6 5836,5837,5838 1435

147. ±2.9 5833,5834,5835 1435

161. ±3.2 5830,5831,5832 1435

185. ±3.7 5827,5828,5829 1435

205. ±4.1 5824,5825,5826 1435

224. ±4.5 5821,5822,5823 1435

234. ±4.7 5818,5819,5820 1435

262. ±5.2 5815,5816,5817 1435

298. ±6.0 5812,5813,5814 1435

316. ±6.3 5809,5810,5811 1435

319. ±6.4 5806,5807,5808 1435

324. ±6.5 5803,5804,5805 1435

341. ±6.8 5800,5801,5802 1435

351. ±7.0 5797,5798,5799 1435

370. ±7.4 5794,5795,5796 1435

379. ±7.6 5791,5792,5793 1435

384. ±7.7 5788,5789,5790 1435

403. ±8.1 5785,5786,5787 1435

456. ±9.1 5782,5783,5784 1435
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Table 3.4.71
Chlorine Dioxide – ClO2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

176. C18O2 laser 681

196. C18O2 laser 681

204. C18O2 laser 681

207. 9R20 1008

215. 10R32 1008

216 C18O2 laser 681

233. 10R08 1008

247. 10R30 1008

255. 9R18 1008

264. 10R24 1008

264. 9R24 1008

285. 10R20 1008

300. 9R12 1008

337. 9R26 1008

340. 9R40 1008

380. 9R22 1008

409. 10P20 1008

418. 10R08 1008

459.886 10R24 1008

509.859 9R36 1008

525. 9R36 1008

775. 9R14 1008

914.721 9R14 1008

914.735 9R14 1008

914.755 9R14 1008

914.780 9R14 1008

949.685 10P16 1008

1134.113 10P16 1008

1310.748 10P14 1008

1827.424 10P20 1008
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Table 3.4.72
Carbonyl Fluoride – COF2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

297.09 10P40 1798

301.37 10R54 1798

304.35 10R52 1798

305.24 10R50 1798

312.91 10P38 1798

335.85 N2O laser 1798

339. 10R08 1658

345.50 N2O laser 1798

354.63 N2O laser 1798

357. 10P32 1658

358.111 10P32 1824

369.62 sequence band 1798

379.242 10R40 1765

379.59 N2O laser 1798

384.916 10R16 1824

390.780 10R38 1765

393.33 10R32 1798

402.915 10P06 1765

424.13 N2O laser 1798

430.91 N2O laser 1798

437. 10P22 1658

440. 10P36 1658

444.745 10P36 1765

478.072 10P24 1765

485.27 10P22 1798

488.11 10P24 1798

505.829 10P22 1765

509.44 10R10 1798

516.382 10R08 1765

527. 10R22 1658

538.415 10P16 1765

539.10 N2O laser 1798

552.94 N2O laser 1798

572.51 10R12 1798

601.67 N2O laser 1798

640.35 10R18 1798
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Carbonyl Fluoride – COF2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

650.70 N2O laser 1798

665.70 N2O laser 1798

765.42 N2O laser 1798

799.17 N2O laser 1798

817.50 N2O laser 1798

837.27 10R14 1798

839.40 10R18 1798

867.27 N2O laser 1798

1079.38 10P10 1798

1135.070 10R14 1765

1184.38 10P10 1798

1191.563 10P32 1700

1650.312 10P06 1765

1891.062 10R08 1765

1900. 10R08 1659

Table 3.4.73
Methanal (Formaldehyde) – COH2

Wavelength
( m)

Uncertainty
( m) Comments References

101.9 6929 1734

119.6 6929 1734

122.8 6929 1734

125.9 6929 1734

155.1 6929 1734

157.6 6929 1734

159.5 6929 1734

163.8 6929 1734

170.2 6929 1734

184.4 6929 1734
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Table 3.4.74
Deuterohydrocyanic Acid (Deuterium Cyanide) – DCN

Wavelength
( m)

Uncertainty
( m) Comments References

181.788 1477

189.9490 ±0.00038 2129,2130 1373,1423,1447,1791

190.0090 ±0.00038 2127,2128 1373,1423,1447,1791

194.7027 ±0.00039 2125,2126 1373,1423,14471792

194.7644 ±0.00039 2123,2124 1373,1423,1447,1792

204.3872 ±0.00041 2122 1373,1423,1447,1792

Table 3.4.75
Dideuteromethanic Acid (Dideutero Formic Acid) – DCOOD

Wavelength
( m)

Uncertainty
( m) Comments References

218.0 ±0.44 3438–3441 1384,1403

241.2 ±0.48 3434–3437 1384,1403

266.1 ±0.53 3430–3433 1384,1403

276.1 ±0.55 3426–3429 1384,1403

283.1 ±0.57 3422–3425 1384,1403

298.0 ±0.60 3418–3421 1384,1403

304.0832 ±0.00030 3414–3417 1384,1403

310.0 ±0.62 3410–3413 1384,1403

323.1 ±0.65 3406–3409 1384,1403

325.2 ±0.65 3402–3405 1384,1403

335.7087 ±0.00034 3398–3401 1384,1403

350.2 ±0.70 3394–3397 1384,1403

351.9 ±0.70 3390–3393 1384,1403

366.9 ±0.73 3386–3389 1384,1403

380.5654 ±0.00038 3382–3385 1384,1403

389.9070 ±0.00039 3378–3381 1384,1403

395.1488 ±0.00040 3374–3377 1384,1403

396.0 ±0.79 3370–3373 1384,1403

397.1 ±0.79 3366–3369 1384,1403

414.1 ±0.83 3362–3365 1384,1403

415.2 ±0.83 3358–3361 1384,1403

425.2 ±0.85 3354–3357 1384,1403

442.8 ±0.89 3350–3353 1384,1403

452.2 ±0.90 3346–3349 1384,1403

457.3410 ±0.00046 3342–3345 1384,1403

469.2 ±0.94 3338–3341 1384,1403

478.9 ±0.96 3334–3337 1384,1403

491.8906 ±0.00049 3330–3333 1384,1403

508. ±1.0 3326–3329 1384,1403



©2001 CRC Press LLC

Dideuteromethanic Acid – DCOOD—continued
Wavelength

( m)
Uncertainty

( m) Comments References

508.7911 ±0.00051 3322–3325 1384,1403

514.9507 ±0.00051 3318–3321 1384,1403

526.4856 ±0.00053 3314–3317 1384,1403

527.2146 ±0.00053 3310–3313 1384,1403

561.2939 ±0.00056 3306–3309 1384,1403

567.8683 ±0.00057 3302–3305 1384,1403

591.6157 ±0.00059 3298–3301 1384,1403

593. ±1.2 3294–3297 1384,1403

645. ±1.3 3290–3293 1384,1403

666. ±1.3 3286–3289 1384,1403

726.9203 ±0.00073 3282–3285 1384,1403

737. ±1.5 3278–3281 1384,1403

761.7617 ±0.00076 3274–3277 1384,1403

779.8744 ±0.00078 3270–3273 1384,1403

789.4203 ±0.00079 3266–3269 1384,1403

795. ±1.6 3262–3265 1384,1403

812. ±1.6 3258–3261 1384,1403

835. ±1.7 3254–3257 1384,1403

843.2369 ±0.00084 3250–3253 1384,1403

877.5481 ±0.00088 3246–3249 1384,1403

927.9814 ±0.00093 3242–3245 1384,1403

935.0095 ±0.00094 3238–3241 1384,1403

936.6023 ±0.00094 3234–3237 1384,1403

998.5140 ±0.0010 3230–3233 1384,1403

1009.409 ±0.0010 3226–3229 1384,1403

1070.231 ±0.0011 3222–3225 1384,1403

1158. ±2.3 3218–3221 1384,1403

1281.649 ±0.0013 3214–3217 1384,1403
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Table 3.4.76
Deuteromethanic Acid (Deutero Formic Acid) – DCOOH

Wavelength
( m)

Uncertainty
( m) Comments References

265.1 ±0.53 3211,3212,3213 1403

272.0 ±0.54 3208,3209,3210 1403

312.0 ±0.62 3205,3206,3207 1403

328.4570 ±0.00033 3202,3203,3204 1403

341.8 ±0.68 3199,3200,3201 1403

362.1 ±0.72 3196,3197,3198 1403

365.2 ±0.73 3193,3194,3195 1403

433.2 ±0.87 3190,3191,3192 1403

433.2353 ±0.00043 3187,3188,3189 1403

466.5461 ±0.00047 3184,3185,3186 1403

479.9040 ±0.00048 3181,3182,3183 1403

639.1282 ±0.00064 3178,3179,3180 1403

647.3485 ±0.00065 3175,3176,3177 1403

697.4552 ±0.00070 3172,3173,3174 1403

710. ±1.4 3169,3170,3171 1403

713.1056 ±0.00071 3166,3167,3168 1403

752.7485 ±0.00075 3163,3164,3165 1403

971.8064 ±0.00097 3160,3161,3162 1403

1047.579 ±0.0010 3157,3158,3159 1403

1237.966 ±0.0012 3154,3155,3156 1403

Table 3.4.77
Dideuteromethanal (Dideuteroformaldehyde) – D2CO

Wavelength
( m)

Uncertainty
( m) Comments References

233. ±1.1 2570–2573 1380,1382

244. ±4.9 2566–2569 1382,1438,1439

245. ±1.2 2562–2565 1380,1382

245. ±4.9 2559,2560,2561 1382,1438,1439

256. ±5.1 2556,2557,2558 1382,1438,1439

279. ±1.4 2552–2555 1380,1382

294. ±5.9 2549,2550,2551 1382,1438,1439

320. ±6.4 2545–2548 1382,1438,1439

324. ±6.5 2541–2544 1382,1438,1439

341. ±6.8 2538,2539,2540 1382,1438,1439

346. ±6.9 2535,2536,2537 1382,1438,1439

733.5740 ±0.00073 2531–2534 1380,1382

752.6808 ±0.00075 2527–2530 1380,1382
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Table 3.4.78
Deuterium Oxide (Heavy Water) – D2O

Wavelength
( m)

Uncertainty
( m) Comments References

33.896 6929 1713

35.090 6929 1713

36.319 6929 1713

36.524 6929 1713

37.791 6929 1713

40.994 6929 1713

56.845 6929 1713

71.965 6929 1713

72.429 6929 1713

72.748 6929 1455

73.337 6929 1713

74.545 6929 1713

76.305 6929 1713

84.111 6929 1713

84.279 6929 1793
94.52 ±0.46 2103–2106,6941 1368,1393

107.720 6929 1455

112.6 ±0.55 2097–2100 1368,1393

171.670 6929 1794

Table 3.4.79
Deuterated Formyl Fluoride – DFCO

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

124. 9R12 684

144. 9R16 684

164. 9R12 684

198. C18O2 laser 684

354. C18O2 laser 684

358. C18O2 laser 684

384. 9R12 684

384. 10P20 684

450. 9P12 684

514. 10P16 684

569. C18O2 laser 684

608. C18O2 laser 684
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Deuterated Formyl Fluoride – DFCO—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

664. C18O2 laser 684

750. 9P20 684

788. C18O2 laser 684

906. 13C18O2 laser 684

1005. C18O2 laser 684

2216. C18O2 laser 684

Table 3.4.80
Cyanogen Fluoride – FCN

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

308. C18O2 laser 681

988. 9R28 1729

Table 3.4.81
Hydrogen Bromide – HBr Laser

Wavelength
( m)

Uncertainty
( m) Comments References

20.360 6929 1183

20.896 6929 1183

20.949 6929 1183

21.501 6929 1183

21.546 6929 1183

22.136 6929 1183

22.226 6929 1183

22.855 6929 1183

23.436 6929 1183

29.786 6929 1183

30.445 6929 1183

30.948 6929 1183

31.368 6929 1183

31.849 6929 1183

32.469 6929 1183

32.799 6929 1183

33.409 6929 1183

40.526 6929 1183
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Table 3.4.82
Fluoropropyne (Propargyl Fluoride) – HCCCH2F

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

623. 9P24 1729

1006. 9P32 1729

1547. 9P18 1729

Table 3.4.83
Propynal – HCCCHO

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

148. 10P18 681

156. 10P22 681

366. 10P26 681

516. 10P14 681

Table 3.4.84
Fluoroacetylene – HCCF

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

590. C18O2 laser 681

1028. 9R18 681

Table 3.4.85
Hydrogen Chloride (Hydrochloric Acid) – HCl

Wavelength
( m)

Uncertainty
( m) Comments References

20.346 6929 1255

20.411 6929 1255

20.999 6929 1255

21.047 6929 1255

21.156 6929 1255

21.813 6929 1255

21.971 6929 1255

22.651 6929 1255

22.864 6929 1255
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Hydrogen Chloride (Hydrochloric Acid) – HCl—continued
Wavelength

( m)
Uncertainty

( m) Comments References

23.571 6929 1255

23.849 6929 1255

24.318 6929 1255

24.583 6929 1255

24.618 6929 1255

24.937 6929 1255

25.704 6929 1255

26.146 6929 1255

26.247 6929 1183

27.508 6929 1183

Table 3.4.86
Hydrocyanic Acid (Hydrogen Cyanide) – HCN

Wavelength
( m)

Uncertainty
( m) Comments References

71.899 6929 1445

73.101 6929 1445

76.093 6929 1445

77.001 6929 1445

81.554 6929 1445

96.401 6929 1445

98.693 6929 1445

101.257 6929 1445

110.240 6929 1445

112.066 6929 1445

113.311 6929 1445

116.132 6929 1445

126.164 6929 1447

128.629 ±0.0063 2120,2121,6929 1422,1441,

1445–1449

130.839 6929 1447

134.933 6929 1445

138.768 6929 1445

165.150 6929 1445

201.059 6929 1445

211.00 ±0.017 2118,2119,6929 1422,1441,

1445–1449

222.949 6929 1445
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Hydrocyanic Acid (Hydrogen Cyanide) – HCN—continued
Wavelength

( m)
Uncertainty

( m) Comments References

284.000 6929 1796

309.714 6929 1796.

309.7140 ±0.00031 2117,6929 1422,1441,1445,

1447–49,1796

310.8870 ±0.00031 2115,2116,6929 1422,1441,1445,

1447–49,1797

335.1831 ±0.00034 2114,6929 1422,1441,1445,

1447–49,1796

336.5578 ±0.00034 2112,2113,6929 1422,1441,1445,

1447–49,1797

372.5282 ±0.00037 2111,6929 1422,1441,1445,

1447–49,1796

Table 3.4.87
Deuterooxymethanic Acid (Deuteroxy Formic Acid) – HCOOD
Wavelength

( m)
Uncertainty

( m) Comments References

240.0 ±0.48 3150–153 1384,1403

291.9 ±0.58 3146–3149 1384,1403

304.1 ±0.61 3142–3145 1384,1403

324.1 ±0.65 3138–3141 1384,1403

325.9 ±0.65 3134–3137 1384,1403

339.9 ±0.68 3130–3133 1384,1403

347.0 ±0.69 3126–3129 1384,1403

351.0 ±0.70 3122–3125 1384,1403

351.9 ±0.70 3118–3121 1384,1403

353.1 ±0.71 3110–3113 1384,1403

353.1 ±0.71 3114–3117 1384,1403

355.2 ±0.71 3106–3109 1384,1403

356.0 ±0.71 3102–3105 1384,1403

358.2 ±0.72 3098–3101 1384,1403

361.2 ±0.72 3094–3097 1384,1403

369.9678 ±0.00037 3090–3093 1384,1403

372.0 ±0.74 3082–3085 1384,1403

372.0 ±0.74 3086–3089 1384,1403

373.8 ±0.75 3078–3081 1384,1403

387.8 ±0.78 3074–3077 1384,1403

391.6886 ±0.00039 3070–3073 1384,1403

392.9 ±0.79 3066–3069 1384,1403

395.0 ±0.79 3058–3061 1384,1403
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Deuterooxymethanic Acid – HCOOD—continued
Wavelength

( m)
Uncertainty

( m) Comments References

395.0 ±0.79 3062–3065 1384,1403

395.7124 ±0.00040 3054–3057 1384,1403

398.1 ±0.80 3050–3053 1384,1403

411.2 ±0.82 3046–3049 1384,1403

417.0 ±0.83 3042–3045 1384,1403

429.6898 ±0.00043 3038–3041 1384,1403

430.4380 ±0.00043 3034–3037 1384,1403

433.2 ±0.87 3030–3033 1384,1403

446.8 ±0.89 3026–3029 1384,1403

450.1 ±0.90 3022–3025 1384,1403

450.9799 ±0.00045 3018–3021 1384,1403

461.2610 ±0.00046 3014–3017 1384,1403

472.1 ±0.94 3010–3013 1384,1403

472.9 ±0.95 3006–3009 1384,1403

477.4 ±0.95 3002–3005 1384,1403

493.1562 ±0.00049 2998–3001 1384,1403

498.0 ±1.0 2994–2997 1384,1403

513.7572 ±0.00051 2934–2937 1384,1403

531. ±1.1 2990–2993 1384,1403

567.1065 ±0.00057 2986–2989 1384,1403

582.5536 ±0.00058 2982–2985 1384,1403

590. ±1.2 2978–2981 1384,1403

594. ±1.2 2974–2977 1384,1403

630.1661 ±0.00063 2970–2973 1384,1403

657. ±1.3 2966–2969 1384,1403

660. ±1.3 2962–2965 1384,1403

668. ±1.3 2958–2961 1384,1403

689.9981 ±0.00069 2954–2957 1384,1403

692. ±1.4 2950–2953 1384,1403

695.6720 ±0.00070 2946–2949 1384,1403

727.9491 ±0.00073 2942–2945 1384,1403

733. ±1.5 2938–2941 1384,1403

819. ±1.6 2930–2933 1384,1403

826. ±1.7 2926–2929 1384,1403

919.9355 ±0.00092 2922–2925 1384,1403

926.2087 ±0.00093 2918–2921 1384,1403

986.3125 ±0.00099 2914–2917 1384,1403

1157.318 ±0.0012 2910–2913 1384,1403

1161.676 ±0.0012 2906–2909 1384,1403

1541.750 ±0.0015 2902–2905 1384,1403

1730.833 ±0.0017 2898–2901 1384,1403
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Table 3.4.88
Methanoic Acid (Formic Acid) – HCOOH

Wavelength
( m)

Uncertainty
( m) Comments References

133.9 ±0.27 2876–2879 1366,1381,1384,

1438,1439

196.5 ±0.39 2872–2875 1366,1381,1384,

1438,1439

254.5 ±0.51 2868–2871 1366,1381,1384,

1400,1403,1438,1439

278.5 ±0.56 2864–2867 1366,1381,1384,

1400,1403,1438,1439

302.2781 ±0.00030 2860–2863 1366,1379,1381,

1384,1403,1438,1439

309.5 ±0.62 2857–2859 1366,1381,1384,

1438,1439

311.554 ±0.0015 2853–2856 1366,1381,1384,

1400,1403,1406,

1438,1439

319.9 ±0.64 2849–2852 1366,1381,1384,

1403,1438,1439

336.3 ±0.67 2845–2848 1366,1381,1384,

1400,1403,1438,1439

359.9 ±0.72 2841–2844 1366,1381,1384,

1403,1438,1439

393.6311 ±0.00016 2837–2840 1366,1381,1379,

1384,1434,1438,1439

394.2 ±0.79 2833–2836 1366,1381,1384,

1400,1438,1439

404.0 ±0.81 2829–2832 1366,1381,1384,

1403,1438,1439

405.0 ±0.81 2825–2828 1366,1381,1384,

1403,1400,1438,1439

405.5848 ±0.00039 2821–2824 1366,1381,1384,

1403,1438,1439,

1480,1483

418.1 ±0.84 2817–2820 1366,1381,1384,

1403,1438,1439

418.6129 ±0.00042 2813–2816 1366,1379,1381,

1384,1403,1438,1439

420.3911 ±0.00042 2809–2812 1366,1381,1384,

1403,1438,1439

432.1094 ±0.00043 2805–2808 1366,1381,1384,

1403,1438,1439
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Methanoic Acid (Formic Acid) – HCOOH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

432.6313 ±0.00013 2801–2804 1366,1381,1384,

1403,1434,1438,1439

432.6665 ±0.00043 2797–2800 1366,1381,1384,

1403,1438,1439

437.4510 ±0.00044 2793–2796 1366,1381,1384,

1403,1438,1439

444.8 ±0.89 2789–2792 1366,1381,1384,

1403,1438,1439

445.8996 ±0.00045 2785–2788 1366,1381,1384,

1403,1438,1439

446.5054 ±0.00031 2781–2784 1366,1381,1384,

1403,1400,1438,1439

446.8730 ±0.00045 2777–2780 1366,1381,1384,

1403,1438,1439

458.5229 ±0.00069 2773–2776 1366,1379,1381,

1384,1403,1438,1439

513.0022 ±0.00077 2769–2772 1366,1379,1381,

1384,1403,1438,1439

513.0157 ±0.00051 2765–2768 1366,1381,1384,

1403,1438,1439

515.1695 ±0.00052 2761–2764 1366,1381,1384,

1403,1438,1439

533.6783 ±0.00053 2757–2760 1366,1381,1384,

1403,1438,1439

533.7006 ±0.00053 2753–2756 1366,1381,1384,

1403,1438,1439

534.6 6971,6994 1830

535. ±1.1 2745–2748 1366,1381,1384,

1400,1438,1439

535. ±1.1 2749–2752 1366,1381,1384,

1400,1438,1439

580.3872 ±0.00058 2741–2744 1366,1381,1384,

1438,1439

580.8010 ±0.00058 2737–2740 1366,1381,1384,

1403,1438,1439

666.4 6971,6995 1830

669.531 ±0.0010 2733–2736 1366,1379,1381,

1384,1403,1438,1439

705. ±1.4 2729–2732 1366,1381,1384,

1403,1438,1439

742.572 ±0.0015 2725–2728 1366,1379,1381,

1384,1403,1438,1439
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Methanoic Acid (Formic Acid) – HCOOH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

744.050 ±0.0015 2721–2724 1366,1379,1381,

1384,1403,1438,1439

760. ±15 2717–2720 1366,1381,1384,1438

1439,1459

786.1617 ±0.00079 2713–2716 1366,1381,1384,

1438,1439,1459

786.9419 ±0.00079 2709–2712 1366,1381,1384,

1403,1438,1439

789.8396 ±0.00079 2705–2708 1366,1381,1384,

1403,1438,1439

930. ±19 2697–2700 1366,1381,1384,

1438,1483

930. ±19 2701–2704 1366,1381,1384,

1438,1439,1480,1483

1213.362 ±0.0012 2693–2696 1366,1381,1384,

1403,1438,1439

Table 3.4.89
Methanoic Acid (Formic Acid) – H13COOH

Wavelength
( m)

Uncertainty
( m) Comments References

185.3 6971,7058 1841

231.7 6971,7072 1841

232.2 6971,6996 1830

255.7 6971,7070 1841

258.4 6971,7071 1841

260. ±1.3 2895–2897 1384

292.4 6971,7080 1841

311.1 6971,7080 1841

313. ±1.5 2892–2894 1384

351.0 6971,7078 1841

366.5 69701,7076 1841

393.5 6971,7074 1841

418.1 6971,7080 1841

448.5 6970,7062 1841

448.5335 ±0.00045 2889–2891 1384

458.0 6971,7075 1841

464.8 6970,7062 1841

480. ±2.4 2886–2888 1384

513.1 6971,7061 1841

536.1 6971,7073 1841

536.7 6971,7065 1841
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Methanoic Acid (Formic Acid) – H13COOH—continued
Wavelength

( m)
Uncertainty

( m) Comments References

537.2 6971,6997 1830

572.5 6970,7059 1841

613.4 6971,7065 1841

613.8 6971,6997 1830

638.1 6971,7064 1841

639.4 6971,6998 1830

669.4 6971,7068 1841

740.1 6971,7079 1841

743.3 6970,7077 1841

745.8 6971,7063 1841

746.6 6971,6999 1830

788.9192 ±0.00079 2883–2885 1384

789.0 6971,7069 1841

830.2 6971,7067 1841

1030.378 ±0.0010 2880–2882 1384

1030.5 6971,7060 1841

1219.9 6970,7066 1841

Table 3.4.90
Deuteromethanal (Deuteroformaldehyde) – HDCO

Wavelength
( m)

Uncertainty
( m) Comments References

152.000 6940 1382

155.000 6939 1382

194.352 9P08 1382

195.0 ±0.96 2523–2526,6933 1380

196.0 ±0.96 2519–2522 1380

331.088 6937 1382

405.486 6938 1382

Table 3.4.91
Hydrogen Fluoride (Hydrofluoric Acid) – HF

Wavelength
( m)

Uncertainty
( m) Comments References

20.134 6929 1618

20.351 6929 1618

20.939 6929 1618

21.699 6929 1618

21.789 6929 1618
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Table 3.4.92
Methanal (Formaldehyde) – H2CO

Wavelength
( m)

Uncertainty
( m) Comments References

101.9 6929 1734

119.6 6929 1734

122.8 6929 1734

125.9 6929 1734

155.1 6929 1734

157.6 6929 1734

159.5 6929 1734

163.8 6929 1734

170.2 6929 1734

184.4 6929 1734

Table 3.4.93
Trioxane (Cyclic Trimer Of Formaldehyde) – (H2CO)3

Wavelength
( m)

Uncertainty
( m) Comments References

376.3 6971,7124 1834

384. ±1.9 6519–6521 1380

384.8 6971,7117 1834

391.6 6971,7134 1834

414.4 6971,7125 1834

419.9 6971,7127 1834

433. ±2.1 6516–6518 1380

439.7 6971,7133 1834

446.7 6971,7126 1834

453.3 6971,7128 1834

460. ±2.3 6513–6515 1380

482.8 6971,7129 1834

492.6 6971,7128 1834

512. ±2.5 6510–6512 1380

559.2 6971,7120 1834

619. ±3.0 6507–6509 1380

648.2 6971,7132 1834

662.9 6971,7122 1834

680. ±3.3 6504,6505,6506 1380

695.3 6971,7123 1834

696. ±3.4 6501,6502,6503 1380

712. ±3.5 6498,6499,6500 1380

729.6 6971,7123 1834

730.4 6971,7115 1834
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Trioxane (Cyclic Trimer Of Formaldehyde) – (H2CO)3—continued
Wavelength

( m)
Uncertainty

( m) Comments References

731.1 6971,7135 1834

750. ±3.7 6495–6497 1380

789.5 6971,7118 1834

815. ±4.0 6492–6494 1380

815.3 6971,7131 1834

815.3 6971,7135 1834

837.3 6971,7119 1834

889.9 6971,7116 1834

890. ±4.4 6489–6491 1380

891. ±4.4 6486–6488 1380

948.4 6971,7123 1834

948.9247 ±0.00095 6483–6485 1380

949.2 6971,7121 1834

1058. 6971,7130 1834

1139.2 6971,7117 1834

1139.2 6971,7121 1834

Table 3.4.94
Water – H2O

Wavelength
( m)

Uncertainty
( m) Comments References

23.359 6929 1713

26.666 6929 1713

27.9707534 ±2.5e-07 2093,2094,6929 1368,1369,1407

27.971 6929 1369

28.054 6929 1713

28.273 6929 1713

28.356 6929 1713

32.929 6929 1713

33.029 ±0.0033 2092 1368

33.033 6929 1713

35.000 6929 1713

35.841 6929 1713

36.619 6929 1713

37.859 6929 1713

38.094 6929 1713

39.698 6929 1713

40.629 6929 1713

45.523 6929 1713
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Water – H2O—continued
Wavelength

( m)
Uncertainty

( m) Comments References

47.244 ±0.0047 2090,2091 1368

47.251 6929 1713

47.46315 ±9.5e-05 2089,6929 1368,1383

47.687 ±0.0048 2087,2088,6929 1368

47.693 6929 1383

48.677 6929 1383

53.609 6929 1383

55.077 6929 1383

55.088 ±0.0055 2085,2086,6929 1368

57.660 6929 1383

67.177 6929 1383

73.401 ±0.0073 2083,2084,6929 1368

73.402 6929 1383

78.443 6929 1407

78.443327 ±2.4e-05 2081,2082,6929 1368,1455

79.091 6929 1455

79.09101 ±2.4e-05 2079,2080,6929 1368,1455

89.775 6929 1455

115.32 ±0.012 2077,2078,6929 1368

115.420 6929 1455

118.5910 ±0.00012 2075,2076 1350,1368,1457

120.08 6929 1350

220.2279 ±0.00022 2073,2074,6929 1368,1457

791.06 6929 1746

Table 3.4.95
Hydrogen Sulfide – H2S

Wavelength
( m)

Uncertainty
( m) Comments References

33.47 6929 1753

33.64 6929 1753

49.62 6929 1753

52.40 6929 1753

56.84 6929 1753

60.29 6929 1753

61.50 6929 1753

73.52 6929 1753

80.50 6929 1753
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Hydrogen Sulfide – H2S—continued
Wavelength

( m)
Uncertainty

( m) Comments References

83.43 6929 1753

87.47 6929 1753

92.00 6929 1753

96.38 6929 1753

103.3 6929 1753

108.8 6929 1753

116.8 6929 1753

126.2 6929 1753

129.1 6929 1753

130.8 6929 1753

135.5 6929 1753

140.6 6929 1753

162.4 6929 1753

192.9 6929 1753

225.3 6929 1753

Table 3.4.96
Trideuteroammonia (Fully Deuterated Ammonia) – ND3

Wavelength
( m)

Uncertainty
( m) Comments References

86.90 ±1.7 2515–2518 1437

Table 3.4.97
Dideuterohydrazine – ND2ND2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

115.0 10P16 1770

134.0 10P18 1770

159.5 9P36 1770

217.0 10R14 1770

244.0 10P22 1770

249.0 9P22 1770

252.0 10R36 1770

275.0 10R12 1770

278.0 10P38 1770
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Dideuterohydrazine – ND2ND2—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

285.0 10R38 1770

285.5 10P38 1770

286.0 10P32 1770

290.0 10R08 1770

293.0 9P14 1770

296.0 10P32 1770

301.0 10R24 1770

311.0 10P30 1770

354.5 10P32 1770

386.5 10R18 1770

389.0 10P22 1770

434.0 9P14 1770

454.0 10R40 1770

533.0 10P38 1770

552.0 10R12 1770

587.5 10P34 1770

641.0 10P38 1770

658.5 9P22 1770

699.0 10R12 1770

724.0 10R30 1770

Table 3.4.98
Deuteroammonia – NH2D

Wavelength
( m)

Uncertainty
( m) Comments References

85.90 ±1.7 2503–2506 1437

107.8 ±2.2 2499–2502 1437

113.1 ±2.3 2495–2498 1437

123.9 ±2.5 2491–2494 1437
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Table 3.4.99
Ammonia – NH3

Wavelength
( m)

Uncertainty
( m) Comments References

21.46 6929 1206

22.54 6929 1206

22.71 6929 1206

23.68 6929 1206

23.86 6929 1206

24.92 6929 1206

25.12 6929 1206

26.27 6929 1206

30.69 6929 1206

31.47 6929 1206

31.92 6929 1206

32.13 6929 1206

81.480 ±0.020 2385–2390,2395–2397 1393,1461,1462,1463

1464,1484

81.500 ±0.049 2391–2394 1376,1393,1461,1462

1463,1464,1469,1484

87.093 ±0.022 2376–2384 1393,1461,1462,1463

1464,1484

87.41 ±0.43 2372–2375 1393,1461,1462,1463

1464,1484

88.059 ±0.018 2368–2371 1393,1461,1462,1463

1464,1484

90.934 ±0.025 2365–2367 1393,1461,1462,1463

1464,1484

92.876 ±0.026 2361–2364 1393,1461,1462,1463

1464,1484

94.447 ±0.026 2352–2360 1393,1461,1462,1463

1464,1484

96.674 ±0.028 2337–2351 1393,1461,1462,1463

1464,1484

105.35 ±0.034 2325–2336 1393,1461,1462,1463

1464,1484

112.22 ±0.038 2322–2324 1393,1461,1462,1463

1464,1479,1484

114.29 ±0.040 2318–2321 1393,1461,1462,1463

1464,1479,1484

116.27 ±0.041 2312–2317 1393,1461,1462,1463

1464,1484

119.02 ±0.042 2303–2311 1393,1461,1462,1463

1464,1484



©2001 CRC Press LLC

Ammonia – NH3—continued
Wavelength

( m)
Uncertainty

( m) Comments References

147.15 ±0.065 2299–2302 1393,1437,1461,1462

1463,1464,1484

151.49 ±0.068 2285–2298 1393,1461,1462,1463

1464,1484

155.28 ±0.071 2267–2284 1393,1461,1462,1463

1464,1484

215.01 ±0.14 2264–2266 1393,1461,1462,1463

1464,1484

218.28 ±0.14 2258–2263 1393,1461,1462,1463

1464,1484

223.91 ±0.15 2246–2257 1393,1461,1462,1463

1464,1484

225.07 ±0.15 2242–2245 1393,1461,1462,1463

1464,1484

250.06 ±0.19 2236–2241 1393,1461,1462,1463

1464,1484

257.13 ±0.20 2233–2235 1393,1461,1462,1463

1464,1484

263.40 ±0.053 2229–2232 1376,1393,1461,

1462,1463,1464,

1469,1484

263.44 ±0.21 2222–2228 1393,1461,1462,1463

1464,1484

268.82 ±0.22 2213–2221 1393,1461,1462,1463

1464,1484

273.36 ±0.22 220–2209 1393,1461,1462,1463

1464,1484

276.79 ±0.23 2204–2206,2210–2212 1393,1461,1462,1463

1464,1484

279.32 ±0.23 2195–2203 1393,1461,1462,1463

1464,1484

288.51 ±0.25 2189–2194 1393,1461,1462,1463

1464,1484

289.35 ±0.25 2180–2182 1393,1461,1462,1463

1464,1484

289.35 ±0.25 2183–2188 1393,1461,1462,1463

1464,1484

290.2 ±1.4 2176–2179 1393,1461,1462,1463

1464,1484

290.44 ±0.25 2172–2175 1393,1461,1462,1463

1464,1484

290.95 ±0.25 2159–2171 1393,1461,1462,1463

1464,1484
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Ammonia – NH3—continued
Wavelength

( m)
Uncertainty

( m) Comments References

301.3 ±0.27 2155–2158 1393,1461,1462,1463

1464,1484

306.3 ±0.28 2152–2154 1393,1461,1462,1463

1464,1484

309.5 ±0.29 2149–2151 1393,1461,1462,1463

1464,1484

404.7 ±0.45 2139–2148 1393,1461,1462,1463

1464,1484

Table 3.4.100
Ammonia – 15NH3

Wavelength
( m)

Uncertainty
( m) Comments References

111.9 ±0.55 2487–2490 1390

152.9 ±0.31 2483–2486 1390,1476,1477

218.0 ±1.1 2479–2482 1390

375.0 ±1.8 2475–2478 1390,1476

Table 3.4.101
Hydrazine – NH2NH2

Wavelength
( m)

Uncertainty
( m) Comments References

73.07 7002 1831

89.5 7000 1831

93.04 7034 1847

93.5 7001 1831

98.0 7020 1847

102.0 7003 1831

106.18 7035 1847

106.19 7021 1847

113.93 7025 1847

114.2 7029 1847

120.62 7028 1847

136.79 7027 1847

155.2 6971,6979 1825

157.58 7031 1847

157.8 6970,6987 1825

160.6 6970,6979 1825
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Hydrazine – NH2NH2—continued
Wavelength

( m)
Uncertainty

( m) Comments References

161.28 7024 1847

163.4 6971,6981 1825

165.0 7004 1831

165.3 6971,6973 1825

178.6 6970,6976 1825

181.92643 ±5.5e-05 4326–4328 1480,1483

192.9072 ±0.00035 4323–4325 1398,1480,1483

206.8 6970,6980 1825

209.5 6971,6977 1825

209.8 6971,6977 1825

210.21 7032 1847

213.3 6970,6981 1825

218.84 7023 1847

220.6 6971,6977 1825

227.1 6971,6989 1825

232.74 7026 1847

233.8 6971,6985 1825

233.9157 ±0.00019 4320–4322 1398,1480,1483

234.0 ±0.47 4318,4319 1398

234.12 7005 1831

234.36 7006 1831

235.1 6971,6993 1825

235.2 6971,6992 1825

241.6 7030 1847

246.5 ±0.49 4316,4317 1398

250.5 ±0.50 4314,4315 1398

251.9 6970,6975 1825

257.5 7022 1847

262.0 ±0.52 4312,4313 1398

262.1 6970,6972 1825

264.8 6971,6974 1825

264.8014 ±0.00024 4309,4310,4311 1398,1480,1483

265.0 ±0.53 4307,4308 1398

271.5 ±0.54 4305,4306 1398

278.2 6970,6991 1825

283.8 6971,6976 1825

286.5 6970,6988 1825

287.4 6971,6977 1825

287.96 7033 1847

288.4 6971,6978 1825

301.1 6971,6985 1825

301.2754 ±0.00045 4302,4303,4304 1398,1480,1483

301.3 6971,6982 1825
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Hydrazine – NH2NH2—continued
Wavelength

( m)
Uncertainty

( m) Comments References

311.0747 ±0.00031 4299–4301 1398,1480,1483

319.4 6971,6986 1825

327.0 ±0.65 4297,4298 1398

331.5 ±0.66 4295,4296 1398

331.6694 ±0.00036 4292–4294 1398,1480,1483

335.1 6971,6984 1825

336.0 ±0.67 4290,4291 1398

339.4 7019 1847

368.862 ±0.0023 4288,4289 1398,1480,1483

372.5 ±0.75 4286,4287 1398

373.0 ±0.75 4284,4285 1398

394.0 6971,6974 1825

402.8 6971,6976 1825

419.7 6971,6983 1825

428.9 6970,6986 1825

435.7718 ±0.00031 4281–4283 1398,1480,1483

461.0718 ±0.00069 4278–4280 1398,1480,1483

461.2 6970,6988 1825

483.5 ±0.97 4276,4277 1398

527.8730 ±0.00090 4273–4275 1480,1483

533.5 6971,6990 1825

533.655 ±0.0048 4271,4272 1480,1398,1483

669.3 6970,6978 1825

721. ±1.4 4269,4270 1398

734.1616 ±0.00088 4266–4268 1480,1483

795. ±1.6 4264,4265 1398

802. ±1.6 4262,4263 1398

1007. ±2.0 4260,4261 1398

Table 3.4.102
Hydroxylamine – NH2OH

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

277. 9R24 1768

290. 9P12 1768

292.
13CO2 laser 1768

545. C18O2 1768

659. C18O2 1768
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Table 3.4.103
Ozone – O3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

121.00 9P14 1474

149.20 9P06 1798

163.61 9P40 1474

171.50 9P30 1474

217.83 9P30 1798

313.60 9P30 1798

489.038 9R32 1798

Table 3.4.104
Carbonyl Sulfide – OCS

Wavelength
( m)

Uncertainty
( m) Comments References

123.0 6929 1753

132.0 6929 1753

378.4 ±0.76 2131–2134,6935 1436

Table 3.4.105
Phosphine – PH3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

83.77 10R34 1777

104.00 9R14 1777

135.94 9R12 1777

194.00 10P42 1777
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Table 3.4.106
Silicon Tetrafluoride – SiF4

Wavelength
( m)

Uncertainty
( m) Comments References

24.78 1972,1973 1219

25.31 1972,1974 1219

25.36 1972,1975 1219

25.40 1972,1976 1219

25.67 1972,1977,1978 1219

25.68 1972,1979 1219

25.77 1972,198 1219

25.79 1972,1981 1219

26.01 1972,198 1219

26.14 1972,1983 1219

Table 3.4.107
Trifluorosilane (Silyl Fluoride) – SiHF3

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

149.0 C18O2 laser 1787

301.0 10R14 1787

322.5 10R32 1787

330.0
13CO2 laser 1787

334.0 10R12 1787

345.0 9P32 1787

355.5
13CO2 laser 1787

361.5 9P34 1787

412.0
13CO2 laser 1787

436.5 10R30 1787

439.0
13CO2 laser 1787

455.5 10R28 1787

465.0 10R16 1787

487.0 C18O2 laser 1787

488.0
13CO2 laser 1787

498.5 10R20 1787

523.5 C18O2 laser 1787
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Table 3.4.108
Difluorosilane – SiH2F2

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

169.0 C18O2 laser 1787

175.5 9P20 1787

184.5
13CO2 laser 1787

190.5 C18O2 laser 1787

192.0
13CO2 laser 1787

193.0 C18O2 laser 1787

195.5 10R28 1787

261.5 C18O2 laser 1787

263.0
13CO2 laser 1787

317.5 C18O2 laser 1787

330.0 10P22 1787

343.0 10R14 1787

352.5
13CO2 laser 1787

355.0 C18O2 laser 1787

375.5 C18O2 laser 1787

443.0
13CO2 laser 1787

471.0 10R20 1787

494.0 10R18 1787

613.0 10R22 1787

1053.0
13CO2 laser 1787

Table 3.4.109
Fluorosilane – SiH3F

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

187.0 10R10 1788

221.0 10R36 1788

236.0 10R06 1788

264.5 10R26 1788

280.5 10R38 1788

330.0 10R06 1788

340.0 10R22 1788

343.5 10R14 1788

369.0 10R16 1788

516.0 10R20 1788
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Fluorosilane – SiH3F—continued
Wavelength

( m)
Uncertainty

( m)
CO2  laser
pump l ine References

622.0
13CO2 laser 1788

689.0
13CO2 laser 1788

1014. 10R30 1788

1056.
13CO2 laser 1788

1058.
13CO2 laser 1788

1286. 10R32 1788

Table 3.4.110
Sulfur Dioxide – SO2

Wavelength
( m)

Uncertainty
( m) Comments References

128.1 6934 812

139.60 6932 1426

140.78 6929 1795

140.88 6929 1795

140.89 ±0.042 2137,2138 1395,1411,1426,1468

142.00 6929 1426

142.1 6934 812

146.2 6932 812

149.7 6934 812

150.00 6929 1426

151.19 6929 1795

151.31 6929 1795

159.5 6930 811

165.2 6933 812

169.6 6930 812

171.4 6930 812

180.0 6931 812

182.0 6934 811

192.71 6929 1795

192.72 ±0.058 2135,2136 1395,1411,1426,1468

193.1 6931 812

205.3 6932 812

206.40 6929 1426

208.0 6932 811

215.33 6929 1795

258.0 6930 811

282.1 6930 812

312.1 6931 811

349.1 6931 812
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Table 3.4.111
Sulfur Dioxide – SO2  (isotopically substituted)

Wavelength
( m)

Uncertainty
( m)

CO2  laser
pump l ine References

134.2 9P10 1791

148.2 9P16 1653

166.8 9R18 1652

174.7 9R24 1652

184.1 9R22 1652

185.1 9R20 1652

192.0 9P10 1652

194.5 9R20 1652

208.8 9R18 1652

215.3 9P16 1652

218.2 9P32 1652

221.2 9R30 1652

232.9 9R30 1652

279.9 9P10 1652

298.9 9R20 1652

471.8 9R18 1653

505.0 9R24 1652

525.3 9R30 1652

570.3 9R16 1652

1570.2 9R16 1652
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Section 3.5
COMMERCIAL GAS LASERS

Commercial gas laser types, mode of operation (cw or pulsed), wavelengths, and
representative outputs are given in Table 3.5.1. The data were compiled from recent (1997–
1999) laser buyers' guides and manufacturers' literature and may not be the only lasers
available commercially nor may the lasers still be manufactured. Wavelengths enclosed in
brackets denote the extremes of a group of discrete laser lines.  

Further Reading

Eden, J. G., Ed., Selected Papers on Gas Laser Technology,  SPIE Milestone Series Vol.
159, SPIE Optical Engineering Press, Bellingham, WA (2000).

Hecht, J., The Laser Guidebook (second edition), McGraw-Hill, New York (1992).

Laser Focus World Buyers Guide, Pennwalt Publishing Company, Tulsa, OK.

Table 3.5.1
Commercial Gas Lasers

Laser Type Operation Wavelength(s )  ( m) Output

Helium-neon (He-Ne) cw 0.5435 0.1–3 mW

cw 0.5941 0.5–7 mW

cw 0.6119 0.5–7 mW

cw 0.6328 0.5–50 mW

cw 1.152 1–13 mW

cw 1.523 0.5–1 mW

cw 3.391 1–40 mW

Helium-cadmium (He-Cd) cw 0.325 1–100 mW

cw  0.4416 10–200 mW

Helium-silver (He-Ag+) cw 0.2243 1 mW

pulsed 0.2243 0.1 J

Helium-gold (He-Au+) cw [0.282–0.292] 3 mW

pulsed [0.282–0.292] 0.3 J

Iodine (I) pulsed 1.315 ≤ 1–3 J

Neon-copper (Ne-Cu+) cw [0.248–0.270] 3 mW

pulsed [0.248–0.270] 0.3 J
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Table 3.5.1—continued
Commercial Gas Lasers

Laser Type Operation Wavelength(s )  ( m) Output

Xenon-helium (Xe-He) cw 2–4 1–600 mW

pulsed 2–4 0.5 J

Molecular Lasers:

Carbon dioxide (CO2)(a)
cw 10.6 1 W–10 kW

pulsed 10.6 (other lines from 9.2 to 11.4 ) 100 mJ–3 kJ

Carbon monoxide (CO) cw, pulsed several lines between 5 and 7 1–35 W

Nitrogen (N2) pulsed 0.3371 0.1–10 mJ

Nitrous oxide (N2O) cw 10.65 (other lines 10.3 to 11.1) 15 W

pulsed 10.65 (other lines 10.3 to 11.1) 1 mJ

Metal Vapor Lasers:

Copper (Cu) cw 0.5105, 0.5782 100 W

pulsed 0.5105, 0.5782 1–20 mJ

Gold (Au) cw 0.628 2 W

pulsed 0.628 0.2–0.6 mJ

Ion Lasers:

Neon (Ne+) cw 0.3324 (other lines–0.3345, 0.3378,

0.3392, 0.3713, 0.373)

1 W

Argon (Ar+) cw, pulsed 0.4880, 0.5145 (other lines–0.351,

0.4545, 0.4579, 0.4765, 0.4965,

0.5017, 0.5287)

5 mW–50 W

Krypton (Kr+) cw, pulsed 0.6471 (other lines–0.3375,

0.3564,0.4762, 0.5208, 0.5309,

0.5682, 0.6764, 0.7525, 0.7993 )

0.1–6 W

Argon-Krypton (Ar+-Kr+) cw many lines between 0.34–0.80 1–3 W

several lines between 0.458–0.676 0.2–10 W

Xenon (Xe3+) pulsed 0.5395 0.6 J
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Table 3.5.1—continued
Commercial Gas Lasers

Laser Type Operation Wavelength(s )  ( m) Output

Excimer Lasers:

Fluorine (F2) pulsed 0.157 1–60 mJ

Argon fluoride (ArF) pulsed 0.193 3–700 mJ

Krypton chloride (KrCl) pulsed 0.222 0.3–1.2 J

Krypton fluoride (KrF) pulsed 0.248 5 mJ–2 J

Xenon chloride (XeCl) pulsed 0.308 0.1–0.3 J

Xenon fluoride (XeF) pulsed 0.351 2 mJ–0.5 J

Chemical Lasers:

Hydrogen fluoride (HF) cw 2.6-3.0 2–1000 W

pulsed 50 mJ–3 J

Deuterium fluoride (DF) cw 3.6-4.0 1–100 W

pulsed 3.6-4.0 30 mJ–3 J

Far Infrared Lasers:

Methanol (CH3OH) pulsed, cw 37.9, 70.5, 96.5, 118, 571, 699

other lines from 37 to 1224

< 1 W

Methyl fluoride (CH3F) pulsed, cw  496, 1222 < 1 W

Other molecules(b) cw lines from ~40 to 1000 0.1–1 W

pulsed lines from ~40 to 1200 ≤ 750 mJ

(a) Operating configurations include axial gas flow (20 W–5 kW), transverse gas flow (500 W–
15 kW), sealed tube (3 W–100 W), TEA (tranverse excited, atmospheric pressure), and
waveguide (0.1–50 W).

(b) Methanol (fully deuterated) (CD3OD):  41.0, 184, 229, 255 µm.
Methylamine (CH3NH2):  147.8 µm, other lines from 100 to 351 µm.
Methyl iodide  (fully deuterated) (CD3I):  461, 520 µm; other lines from 272 to 1550 µm.
Formic acid (HCOOH):  432.6 µm, other lines from 134 to 1213 µm.
Difluoromethane (CH2F2):  375, 889, 1018 µm.



©2001 CRC Press LLC

Section 3.6
COMMENTS

    1. Measured wavelengths were taken from Wiese, W. L., Smith, M. W., and
Glennon, B. M., Natl. Stand. Ref. Data Ser. Natl. Bur. Stand., NSRDS-NBS4
(1966).

    2. Harrison, G. R., MIT Wavelength Tables, John Wiley & Sons, New York (1952).
    3. As an impurity in a pulsed discharge in Ne at 1.5 torr; D = 25 mm; E/p = 140

V/cm torr.
    4. Pulsed; as an impurity in 3.5 torr of He; optimum H pressure 0.01 torr; D = 7

mm.
    5. Wavelength and spectral assignments were taken from Risberg, P., Ark. Fys., 10,

583-606 (1956).
    6. Resonance line.
    7. Excitation results from the reaction NaI (hν)→ Na(3p 2P0) + I(5p5 2P3/2).
    8. Selective excitation occurs via the two-body recombination reaction; Na+ + H- →

Na(4s 2S1/2) + H.
    9– Pulsed; operates in an ASE mode following photodissociation of NaI with the fifth
      10. harmonic of a Q-switched Nd/YAG laser at 0.2128 µm; NaI in a cell at 600 °C

with 10 torr of Ar; NaI density 1.1 ± 0.3 x 1015 cm-3. Also with ArF laser
pumping (193 nm) of NaI or NaBr heated in an oven at temperatures up to 1000
°C, generally operated at 500-700 °C which corresponds to 10-4 -  5  x 10 -1 torr
vapor pressure; no buffer gas used.

   11. Pulsed; NaI in a cell at 600 °C with 10 torr of Ar.
   12. Pulsed; 0.001-0.003 torr of Na with 1-10 torr of H; D = 12 mm.
   13. Pulsed; 0.001-0.003 torr of Na with 1-10 torr of H; D = 12 mm.
   14. Wavelengths and spectral assignments taken from Risberg, P., Ark. Fys., 10, 583-

606 (1956).
   15. Both components of this doublet probably oscillate, although this is not made clear

in Reference 350.
   16. Unclear whether both components of doublet were observed in Reference 350.
   17. Unclear whether both components were observed.
   18. Weak line in competition with the 15.97-µm transition.
   19. Tube bore apparently 12 mm.
   20. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700 °C without buffer gas.
   21. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700 °C without buffer gas.
   22. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700 °C without buffer gas.
   23. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700 °C without buffer gas.
   24. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700°C without buffer gas.
   25. Pulsed; 0.1 torr of K with 3-5 torr of H.
   26. Pulsed; pumped with an ArF laser (193 nm) using KI or KBr heated in a cell to

500-700°C without buffer gas; 0.1 torr of K with 3-5 torr of H.
   27. Pulsed; K vapor excited with a Q-switched ruby laser (694.3 nm); also as for

1.177-µm line.
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   28. Pulsed; K vapor excited with a Q-switched ruby laser (694.3 nm); also as for
1.177-µm line.

   29. Pulsed; K vapor discharge in a heat pipe at 370°C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.31 nm).

   30. Pulsed; K vapor discharge in a heat pipe at 370 °C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.31 nm).

   31. Pulsed; K vapor discharge in a heat pipe at 370°C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.31 nm).

   32. Pulsed; K vapor discharge in a heat pipe at 370 °C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.3) nm).

   33. Pulsed; K vapor discharge in a heat pipe at 370°C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.31 nm).

   34. Pulsed; K vapor discharge in a heat pipe at 370°C (1 torr vapor pressure) pumped
with a flashlamp pumped coumarin dye laser (534.31 nm).

   35. Wavelengths taken from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,
Natl. Bur. Stand. U.S. Monogr., 145 (1) (1975). It is not clear whether one or both
of these fine-structure components were observed in Reference 350.

   36. It is not clear whether one or both of these fine-structure components were observed
in Reference 350.

   37. Unless otherwise indicated, wavelengths and spectral assignments are taken from
data in Johansson, L., Ark. Fys., 20, 135-146 (1961).

   38. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   39. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   40. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   41. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   42. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   43. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   44. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   45. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   46. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   47. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   48. Pulsed; Rb vapor in a cell at about 400 °C with a He buffer, pumped with a Q-
switched ruby laser.

   49. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   50. Pulsed; RbI or RbBr heated to 500-700 °C in a cell without buffer gas, pumped
with an ArF laser (193 nm).

   51. Mean value for hyperfine structure components.
   52. Wavelength and spectral assignments are taken from data in Johansson, L., J. Opt.

Soc. Am., 52, 441-447 (1962).
   53. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
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   54. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   55. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   56. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   57. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   58. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   59. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   60. Pulsed; Cs vapor excited by a 765.8-nm nitrobenzene Raman laser; absence of He

required
   61. Pulsed; Cs vapor excited by a 765.8-nm nitrobenzene Raman laser; absence of He

required; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   62. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   63. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   64. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   65. Pulsed; Cs vapor excited with a Q-switched 1.06-µm laser.
   66. Pulsed; Cs vapor excited with 694.3, 765.8, 740–900 nm or 1.06-µm laser pulses;

He buffer required
   67. CW; vapor pressure of Cs at 175 °C optically pumped with a He lamp at 388.9

nm; D = 10 mm.
   68. Pulsed; Cs vapor excited with a Q-switched 1.06-µm laser.
   69. Pulsed; Cs vapor excited with a Q-switched 1.06-µm laser.
   70. Pulsed; CsI or CsBr in a cell at 500-700 °C excited with an ArF laser (193 nm).
   71. CW; vapor pressure of Cs at 175 °C optically pumped with a He lamp at 388.9

nm; D = 10 mm.
   72. Measured wavelengths from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,

Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).
   73. Very strong self-terminating lines; gain can be greater than 42 dBm -1.
   74. Excitation believed to involve recombination of electrons with metal ions which are

formed by election impact and charge-transfer during the current pulse.
   75. Pulsed; short rise-time high-voltage single, double-, or multiple-pulse excitation of

various Cu compounds or of Cu vapor at high temperature.
   76. Pulsed; short rise-time high-voltage pulsed excitation of Cu iodide at moderately

high temperature (600 °C), vapor pressure 1-10 torr; D = 9 mm.
   77. Pulsed; short rise-time high-voltage single-, double-, or multiple-pulse excitation of

various Cu compounds or of Cu vapor at high temperature; see text for further
details.

   78. Pulsed; lases in the afterglow of a slotted Cu hollow-cathode discharge, He or Ne
buffer at 8-20 torr used.

   79. Pulsed; lases in the afterglow of a slotted Cu hollow-cathode discharge, He or Ne
buffer at 8-20 torr used

   80– Pulsed; lases in the afterglow of a discharge in a slotted Ag hollow-cathode; He or
     81. Ne buffer at 8-20 torr used; excitation by ion-electron recombination appears. likely;

also in a segmented transversely excited device incorporating recombining silver
plasmas in a few torr of He.

   82. Pulsed; lases both during current pulse and in the afterglow of a discharge in a
slotted Ag hollow-cathode; He or Ne buffer at 8-20 torr used.

   83. Wavelengths and spectral assignments taken from Ehrhardt, J. C. and Davis, S. P.,
J. Opt. Soc. Am., 61, 1342-1349 (1971).

   84– Pulsed; Au-coated tube filled with 10 torr of Ne self-heated by repetitive high volt-
     85. age short-pulse excitation; D = 16mm, however, optimum buffer pressure 25 torr of

Ne or 30 torr of He; also operates with Ar or Xe buffer; D = 16.
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   86. No neutral Be laser transitions have been observed to date, three Be laser
transitions listed by Beck et al. as neutral transitions are in fact singly ionized Be
lines. Reference 1758.

   87. Wavelengths and spectral assignments taken from Risberg, G., Ark. Fys., 28, 381-
395 (1965).

   88. The wavelength resolution in Reference 136 was not great enough to determine
whether one or both these fine-structure components at 3.6789254 or 3.6789565
µm were oscillating.

   89. Mean calculated wavelength of fine-structure components.
   90– Three possible assignments, slightly outside the stated error limits of the measured
     91. wavelength reported in Reference 136, are 7p 3P2 →  6s 3S1 at 3.8670358 µm, 7p

3P1 →  6s 3S1 at 3.8681427 µm, 7p 3P0 →  6s 3S1 at 3.868638 µm.
   92. Lines at 0.9218, 0.9244, 1.0952, and 1.0915 listed as neutral Mg lines in

Reference 1758 are singly ionized Mg laser lines.
   93. Pulsed; in a segmented, transversely excited device incorporating recombining Mg

plasmas in a few torr of He.
   94. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
   95. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
   96. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
   97. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
   98. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
   99. CW; in Mg vapor above 450 °C in He, Ne, or Ar; D = 10 mm.
 100. Unless otherwise indicated, wavelengths and spectral assignments are taken from

Risberg, G., Ark. Fys., 37, 231-249 (1968).
 101. Excitation of these transitions is believed to involve the absorption of a 249-nm

photon by a Ca quasimolecule which gives some allowed character to the otherwise
nonallowed 4s2 1S0 →  4s 6p 1P01 resonance absorption at 239.856 nm.

 102. Measured wavelength from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,
Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).

 103. When excited with short rise-time high-voltage pulses, this line can have a gain in
excess of 300 dBm -1.

 104. Pulsed; Ca vapor with 0-1000 torr of noble gas in a heat-pipe oven at about 1200 K
(Ca density about 5 x 1018  atoms cm-3), excited with a KrF laser (249 nm).

 105. Pulsed; Ca vapor with 0-1000 torr of noble gas in a heat-pipe oven at about 1200 K
(Ca density about 5 x 1018  atoms cm-3, excited with a KrF laser (249 nm).

 106. Pulsed; in a hollow-cathode discharge with a DC trickle ionizing discharge;
optimum buffer gas pressure ~25 m torr of Xe.

 107. Short rise-time high-voltage pulsed excitation of Ca vapor at 460 °C with 3 torr of
He in small-bore tubes; also CW in a 7:1:1 He-Ne-H2 mixture at 1 torr with Ca
vapor at temperatures from 590-650 °C; D = 4 mm.

 108. Measured wavelength from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,
Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).

 109. The gain of this line when excited by short rise-time high-voltage pulses can be as
great as 300 dBm-1.

 110. Pulsed; in a hollow-cathode discharge operated with a preionizing DC current, 18-
85 mtorr of Xe buffer.

 111. Pulsed; in a self-heated discharge tube containing pieces of Sr, optimum with 80
torr of He; D = 7 or 10 mm.

 112. Pulsed; in a self-heated discharge tube containing pieces of Sr, optimum with 80
torr of He; D = 7 or 10 mm.
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 113. Pulsed; in a self-heated discharge tube containing pieces of Sr, optimum with 80
torr of He; D = 7 or 10 mm; also CW in ~ 10-2 torr of Ca vapor in a tube at ~ 600
°C with 0.1-5 torr of H.

 114. Wavelengths and spectral assignments are taken from Natl. Stand. Ref. Data Ser.
Natl. Bur. Stand., NSRDS-NBS 34, Vol. 3 (1955), Russel, H. N. and Moore, C.
E., J. Res. Natl. Bur. Stand., 55, 299-306 (1955).

 115. Lines which operate in an ASE mode.
 116. A gain of 65 dBm-1 has been reported for this line. Reference 146.
 117. A gain of 40 dBm-1 has been reported for this line. Reference 146.
 118. Optically pumped in a Ba-Tl-Ar mixture by the following pair-absorption process:

Ba (6s2 1S0) + Tl (6p 2P01/2) + hν (386.7 nm) → Ba (6p 1P01) + Tl(6p 2P03/2).
Reference 708.

 119– Two additional assignments are within the experimental error of the reported laser
   120. wavelength: 6d 1D2 →  6p' 1F03 at 2.9235303 µm and 6d' 3P1 →  4f3F02 at

2.9236192 µm. The assignment given in the table has been suggested as the one
most likely to be correct as it terminates on a metastable level in common with
many other Ba-I laser lines.

 121. Assignment suggested by C. C. Davis.
 122. No energy level combination corresponding to these wavelengths could be found by

searching Atomic Energy Levels, Vol. 3.
 123. Note: Lines at 2.5924 and 2.9057 µm listed as neutral Ba lines in Reference 1758

are singly ionized Ba transitions.
 124. Pulsed; in a hollow-cathode discharge with a sustainer DC discharge, optimum

with 60 mtorr of Xe or 800-1000 torr of He; also in a discharge tube at 710-900 °C
with 0.4 torr He, 0.1 to Ne, or 0.04-0.1 torr Xe; D = 2.8 cm

 125. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 126. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm; also optically pumped

 127. Pulsed; in a self-heated high repetition frequency (5-8 kHz) discharge in Ba vapor
with 10-15 torr of Ne; D = 4 mm.

 128. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 129. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 130. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 131. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 132. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 133. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 134. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 135. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 136. Pulsed; in a self-heated high repetition frequency (5-8kHz) discharge in Ba vapor
with 10-15 torr of Ne; D = 4 mm.

 137. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.
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 138. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 139. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 140. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 141. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 142. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 143. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 144. Pulsed; in Ba vapor in a tube at 500-850 °C with He, Ne, Ar, or H at 1-3 torr D =
5-10 mm.

 145. Wavelength and spectral assignments taken from Johansson, I. and Contreras, R.,
Ark. Fys., 37, 513-520 (1967).

 146. Pulsed; in a segmented transversely excited device incorporating recombining Zn
plasmas in a few torr of He.

 147. Pulsed; in a segmented transversely excited device incorporating recombining Zn
plasmas in a few torr of He.

 148. Wavelength and spectral assignment taken from data in Burns, K. and Adams, K.
B., J. Opt. Soc. Am., 46, 94-99 (1956).

 149. For those lines observed by Dubrovin et al., the optimum buffer gas pressures were
low in the case of lines lasing in the rising edge of the current pulse and were 6 to 8
torr for the afterglow lines; the optimum Cd pressure was ~ 0.1 torr. Reference 152.

 150. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 151– Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
   152. in a furnace; D = 15 mm; lases only in the afterglow; also lases in a recombining

plasma produced by vaporization of a Cd target with 1.06- or 10.6-µm laser
radiation; 5 torr of He buffer used.

 153– Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
   154. in a furnace; D = 15 mm; lases only in the afterglow; also lases in a recombining

plasma produced by vaporization of a Cd target with 1.06- or 10.6-µm laser
radiation; 5 torr of He buffer used.

 155. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 156. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 157. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 158. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 159. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 160. Pulsed; 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated in
a furnace; D = 15 mm; lases in rising edge of current pulse.

 161. Pulsed; 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated in
a furnace; D = 15 mm; lases in rising edge of current pulse.

 162. Pulsed; lases in a recombining plasma produced by vaporization of a Cd target with
1.06- or 10.6-µ m laser radiation; 5 torr of He buffer used.
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 163– Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
   164. in a furnace; D = 15 mm; lases only in the afterglow; also lases in a recombining

plasma produced by vaporization of a Cd target with 1.06- or 10.6-µm laser
tradiation; 5 torr of He buffer used.

 165. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases only in the afterglow.

 166. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 167. Pulsed; in 0.001-0.3 torr of Cd with 0.1-20 torr of He or Ne; discharge tube heated
in a furnace; D = 15 mm; lases in rising edge of current pulse.

 168. Pulsed; by dissociation of 0.04 torr of Cd(CH3)2 in 1.3 torr of He in a transversely
excited double-discharge laser.

 169. Pulsed; by dissociation of 0.04 torr of Cd(CH3)2 in 1.3 torr of He in a transversely
excited double-discharge laser.

 170. Measured wavelength from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,
Natl. Bur. Stand. (U.S.) Monogr., 145 (1) (1975).

 171– The excitation of the 6d 3D, 7p 3P0, 8s 3S, 6d 1D2, and 7p 1P01 levels following
   172. optical pumping with 266-nm radiation involves dissociation of electronically

excited Hg2 molecules produced by the absorption of two pump photons. Reference
156.

 173– Excitation of the 7s 3S1 level when pulsed optical pumping with 266-nm radiation
   174. is used probably involves a collisional reaction between two excited Hg dimers.

Hg*2 + Hg*2 →  Hg (7s 3S1) + 3Hg. Reference 156.
 175. May be a Hg-II line.
 176. Measured wavelength from Plyler, E. K., Blaine, L. R., and Tidwell, E. D., J.

Res. Natl. Bur. Stand., 55, 279-284 (1955).
 177. Assignment as given in Reference 161.
 178. The position of the 6p' 1P01 is not very accurately known.
 179. Several additional assignments are possible for this transition; these other

possibilities involve transitions between higher lying states than the ones listed
here.

 180. A line at 3.34 µm reported in Reference 167 and assigned to Hg-I is a neutral Kr
line.

 181. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 182. Pulsed; in a ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 183. Pulsed; in a ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 184. Pulsed; in a ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 185. Pulsed; in a ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 186. CW; optically pumped with a Hg lamp, in 10 to 120 torr of N (optimum 25 torr);
D = 3 mm; also as for the 0.365-µm line above.

 187. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 188. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 189. Pulsed; in 0.001 torr of Hg with 0.8-1.2 torr of He; D = 15 mm.
 190. Pulsed; in 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm.
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 191. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 192. Pulsed; 0.001 torr of Hg with 0.2 torr of Ar; D = 5 mm.
 193. Pulsed; in a mixture of Hg and Ar; D = 5 mm.
 194. Pulsed; 0.001 torr of Hg with 0.8-1.2 torr of He; D = 15 mm.
 195. Pulsed; 0.001 torr of Hg with 0.2 torr of Ar; 0 = 5 mm.
 196. Pulsed; 0.001 torr of Hg with 0.8 torr of Ar or 1.2 torr of He; D = 15 mm.
 197. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with

the 266-nm fourth harmonic of a Nd/YAG laser.
 198. Pulsed; 0.001 torr of Hg with 0.8-1.2 torr of He; D = 15 mm.
 199. Pulsed; in 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm; in an ASE

mode following excitation of Hg vapor in a cell at 570 °C with the 266-nm fourth
harmonic of a Nd/YAG laser.

 200. Pulsed; in an ASE mode following excitation of Hg vapor in a cell at 570 °C with
the 266-nm fourth harmonic of a Nd/YAG laser.

 201. CW; 0.09-0.12 torr of Hg with 0.1-1.0 torr of He, Ne, Kr, or Ar; D = 6-8 mm.
 202. Pulsed; 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm.
 203. Pulsed; 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm.
 204. Pulsed; 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm.
 205. Pulsed; in 0.09-0.12 torr of Hg with 0.005-0.05 torr of He; D = 6 mm.
 206. Pulsed; in 0.09-0.3 torr of Hg with 0.005-0.1 torr of He, Ne, Kr, or air; D = 6 mm.
 207. CW; in 0.09-0.3 torr of Hg with 0.005-0.1 torr of He, Ne, Kr, or air; D = 6 mm.
 208. Pulsed; in 0.3 torr of Hg with 0.25 torr of Kr; D = 8 mm.
 209. Pulsed; in 0.3 torr of Hg with 0.25 torr of Kr; D = 8 mm.
 210. Pulsed; by dissociation of 60 torr of Hg(CH3)2 with 2.4 torr of He in a transversely

excited double-discharge laser.
 211. Pulsed; in 0.3 torr of Hg with 0.25 torr of Kr; D = 8 mm; may have been at

6.4887747 µm.
 212. Pulsed; in 0.3 torr of Hg with 0.25 torr of Kr; D = 8 mm; may have been at

6.477439 µm.
 213. A search of spectroscopic data on neutral revealed no likely assignment for this

transition. Its positive identification as a neutral atomic B transition therefore
remains uncertain.

 214. Pulsed; in discharges in mixtures containing about 10 torr of He with about 0.025
torr of B-containing compounds such as B2H6, H3B CO, B5H9, or BBr3; lases in
afterglow.

 215. Wavelengths and spectral assignments taken from data in Johansson, I. and Litzen,
U., Ark. Fys., 34, 573-587 (1966).

 216. Resonance transition. At the operating temperature some dissociation of GaI3 into
GaI occurs and the latter species may be the predominant one directly
photodissociated to yield Ga 5s 2S1/2 atoms.

 217. Pulsed; by dissociation of GaI3 with an ArF laser (193 nm); operates with 5-20 torr
of GaI3 with 300 torr of Ar at 160-210 °C

 218. Pulsed; by dissociation of GaI3 with an ArF laser (193 nm); operates with 5-20 torr
of GaI3 with 300 torr of Ar at 160-210 °C

 219. Pulsed; by dissociation of 70 torr of Ga(CH3)3 with 2.8 torr of He in a transversely
excited double-discharge laser.

 220. Pulsed; by dissociation of 70 torr of Ga(CH3)3 with 2.8 torr of He in a transversely
excited double-discharge laser.

 221. Pulsed; by dissociation of 70 torr of Ga(CH3)3 with 22.8 torr of He in a
transversely excited double-discharge laser.
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 222. Wavelengths and spectral assignments taken from data in Johansson, I. and Litzen,
U., Ark. Fys., 34, 573-587 (1966).

 223. Pulsed; in an ASE mode following dissociation of InI in a cell at temperatures from
200-600 °C with an ArF laser (193 nm); optimum operating temperature 330 °C.

 224. Pulsed; in an ASE mode following dissociation of InI in a cell at temperatures from
200-600 °C with an ArF laser (193 nm); optimum operating temperature 330 °C;
far stronger than 0.4101745 µm line

 225. Pulsed; in a segmented transversely excited device incorporating recombining In
plasmas in a few torr of He.

 226. Pulsed; in a segmented transversely excited device incorporating recombining In
plasmas in a few torr of He.

 227. Pulsed; in a segmented transversely excited device incorporating recombining In
plasmas in a few torr of He.

 228. Pulsed; by dissociation of 70 torr of In(CH3)3 with 2.8 torr of He in a transversely
excited double-discharge laser.

 229. Pulsed; by dissociation of 50 torr of In(CH3)3 with 2.8 torr of He in a transversely
excited double-discharge laser.

 230. Resonance line, measured wavelength from Meggers, W. F., Corliss, C. H., and
Scribner, B. F., Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).

 231. Measured wavelength and assignment from Seguie, J., C. R. Acad. Sci. Ser. B,
263B, 147-150 (1966).

 232. Excitation follows dissociation of an exciplex such as (Tl-Hg); optimum operating
conditions 0.01 torr Tl(~ 600 °C) with 400 torr Hg(~325 °C).

 233. Lines at 0.5152, 0.5949, and 0.6950 µm listed as neutral Tl lines in Reference
1758 are ionized Tl laser lines.

 234. Pulsed; by dissociation of 0.001-0.5 torr of Tl I vapor with an ArF laser (193 nm).
 235– Pulsed; short rise-time high-voltage excitation of more than 0.01 torr of Tl with
   236. several torr of Ne or He; D = 1.3, 2.0, or 3 mm, or of Tl I at 370-440 °C with

added He, Ne, Ar, or Xe; D = 1.3 mm; also, in a Tl-Hg or Tl-Cd-Ar mixture
excited with a N laser; D = 12 mm.

 237. Pulsed; by dissociation of 120 torr of Tl(CH3)3 with 6 torr of He in a transversely
excited, double-discharge laser.

 238. Pulsed; by dissociation of 120 torr of Tl(CH3)3 with 6 torr of He in a transversely
excited, double-discharge laser, but with 60 torr of Tl(CH3)3 and 2.4 torr of He.

 239. Pulsed; by dissociation of 120 torr of Tl(CH3)3 with 6 torr of He in a transversely
excited, double-discharge laser, but with 60 torr of Tl (CH3)3 and 2.4 torr of He.

 240. Wavelengths and spectral assignment taken from data in Moore, C. E., Natl.
Stand. Ref. Dat. Ser. U.S. Natl. Bur. Stand., NSRDS-NBS3 (1975), St. 3.

 241– The excitation mechanism for these transitions observed in He-CO and Ne-CO dis-
   242. charges was originally thought to be due to dissociative excitation transfer

involving He or Ne metastables, e.g., CO + Ne* (1s5 or 1s3)  →  C' + O + Ne.
However, other work has indicated that, in fact, their excitation mechanism
involves collisional-radiative ion-electron recombination, namely, C+ + 2e  →  C' +
e. Reference 191, 192.

 243. Pulsed; in a mixture of CO2 and Ne at 4 torr; D = 15 mm.
 244. Pulsed; in a mixture of CO2 and Ne at 4 torr; D = 15 mm and also in a mixture of

0.05 torr of CO with 2-16 torr of He, optimum 5 torr of He; D = 7 mm.
 245. Pulsed; in a mixture of CO2 and Ne at 4 torr; D = 15 mm and also in a mixture of

0.05 torr of CO with 2-16 torr of He, optimum 5 torr of He; D = 7 mm and also in
a mixture of CO2 and He; D = 16 mm.
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 246. Pulsed; in a mixture of 0.05 torr of CO with 2-16 torr of He, optimum 5 torr; D =
7 mm; also in CO2 with He; D = 16 mm.

 247. CW; in 0.01 torr of CO or CO2 with 2 torr of He; D = 5 mm.
 248. Pulsed; in a mixture of CO2 and He; D = 16 mm.
 249. CW; in 0.01 torr of CO or CO2 with 2 torr of He; D = 5 mm; also pulsed in OCS

and several other organic gases; also nuclear pumped by the reaction 10B(n,
alpha)7Li in He-CO and He-CO2 mixtures

 250. CW; in 0.02 torr of CO with 1 torr of He; D = 10 mm.
 251. CW; in 0.02 torr of CO with 1 torr of He; D = 10 mm.
 252. CW; in 0.02 torr of CO with 1 torr of He; D = 10 mm.
 253. CW; in 0.02 torr of CO with 1 torr of He; D = 10 mm.
 254. Measured wavelengths and spectral assignments taken from Moore, C. E., Natl.

Stand. Ref. Data Ser. Natl. Bur. Stand., NSRDS-NBS 3 (1975), St. 2.
 255. CW; 0.03 torr of SiCl4 with 0.5 torr of Ne; D = 6 mm.
 256. CW; in 0.04 torr of SiCl4 with 0.5 torr of Ne; D = 6 mm.
 257. CW; in 0.03-0.05 torr of SiCl4 with 1-5 torr of Ne; D = 6 mm.
 258. Calculated wavelengths and spectral assignments from Andrew, K. I. and Meissner,

K. W., J. Opt. Soc. Am., 49, 146-161 (1959).
 259. The lower level of this transition is incorrectly designated 3P01 in Atomic Energy

Levels, Vol. 2.
 260. Pulsed; by dissociation of 40 torr of GaCl4 with 0.4 torr of He in a transversely

excited double-discharge laser.
 261. Pulsed; by dissociation of 40 torr of GaCl4 with 0.4 torr of He in a transversely

excited double-discharge laser.
 262. Measured wavelength.
 263. This assignment is by no means certain; this could be an ionized tin transition; it

may be the same line as one at 0.657926 µm reported in M.I.T. Wavelength
Tables. Reference 658.

 264. Pulsed; in SnCl4 vapor at room temperature; D = 5.6 mm; also in Sn vapor at
0.001-0.1 torr; D = 7 mm.

 265. Pulsed; in a transversely excited pin laser with 0.05-3 torr of SnCl4 with 85-250
torr of He; lases in afterglow.

 266. Pulsed; in a segmented, transversely excited device incorporating recombining tin
plasmas in a few torr of He.

 267. Pulsed; by dissociation of 50 torr of SnCl4 with 2 torr of He in a transversely
excited double-discharge laser

 268. Wavelengths and spectral assignments are taken from data in Wood, D. R. and
Andrew, K. C., J. Opt. Soc. Am., 58, 818-829 (1968). Level designations
according to Atomic Energy Levels are in parentheses.

 269. The vapor pressure of lead can be deduced from Honig, R. E., R.C.A. Rev., 18,
195-204 (1957).

 270. A single-pass gain of 600 dB m-1 has been reported for this line. Reference 206.
 271– Appears the most likely assignment for this line; however, there are several other
   272. possible ones, namely, 5f1/2[7/2]4 →  6d1/2[5/2]03(5f 3F4 →  6d 3F03) at 1.53148

µm 5f1/2[7/2]3 →  6d1/2[5/2]03(5f 3F3 →  6d 3F03) at 1.53276 µm and 5f1/2[5/2]2
→ 6d1/2[5/2]03(5f 3F2 →  6d 3F03) at 1.53310 µm. The laser wavelength reported
in Reference 383 is 1.532 µm.

 273. Transient laser line requiring fast rise-time high-voltage pulsed excitation; in vapor
pressure of Pb at a temperature of 800-900 °C with a He, Ne, or Ar buffer; D = 2
mm.
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 274. Pulsed; transient laser line requiring fast rise-time high-voltage pulsed excitation;
in vapor pressure of Pb at a temperature of 800-900 °C with a He, Ne, or Ar buffer;
D = 2 mm.

 275. Pulsed; transient laser line requiring fast rise-time high-voltage pulsed excitation;
in vapor pressure of Pb at a temperature of 800-900 °C with a He, Ne, or Ar buffer;
D = 2 mm.

 276. Transient laser line requiring fast rise-time high-voltage pulsed excitation; in 0.2-
2.0 torr vapor pressure of Pb with 3 torr of He; D = 10 mm.

 277. Pulsed; in Pb vapor in a heated tube at 1400 °C; D = 5-10 mm.
 278. Pulsed; in a segmented, transversely excited device incorporating recombining Pb

plasmas in a few torr of He. May have been at 1.3152769 µm.
 279. Pulsed; in a segmented, transversely excited device incorporating recombining Pb

plasmas in a few torr of He. May have been at 1.3103722 µm.
 280. Pulsed; in a segmeted, transversely excited device incorporating recombining Pb

plasmas in a few torr of He.
 281. Pulsed; by dissociation of 0.5 torr of Pb(CH3)4 with 15 torr of He in a transversely

excited double-discharge laser.
 282. Pulsed; by dissociation of 0.5 torr of Pb(CH3)4 with 15 torr of He in a transversely

excited double-discharge laser.
 283. Pulsed; by dissociation of 0.06 torr of Pb(CH3)4 with 0.6 torr of He in a

transversely excited double-discharge laser.
 284. Wavelengths and spectral assignments taken from data in Moore, C. E., Natl.

Stand. Ref. Data Ser. Natl. Bur. Stand., NSRDS-NBS 3(1975), St. 5.
 285. There is doubt about the accuracy of the determination of the wavelength of this

line and the assignment here to neutral N is probably dubious.
 286. Tentative assignment made by C. C. Davis under the assumption that the reported

wavelength is accurate.
 287– Excitation mechanism for this transition in a Ne-N or He-N discharge was original-
   288. ly thought to be due to dissociative excitation transfer involving He or Ne meta-

stables, e.g., N2 + Ne* (1s5 or 1s3) →N' + N + Ne. However, recent work has
indicated that in fact the excitation involves collisional-radiative ion-electron
recombination, namely, N+ + 2e  →  N' + e. References 191, 192.

 289. Alternative assignment suggested by C. C. Davis.
 290– This line, first observed and assigned by Sutton, is reported by him at a measured
   291. wavelength which agrees very well with the calculated wavelength of his

assignment based on energy level values for NI reported in Atomic Energy Levels,
Vol. 1. However, in view of the revision of the NI energy level scheme reported by
Moore. Sutton's assignment is incorrect. The assignment given here is suggested
by C. C. Davis on the basis of Reference 219.

 292. A possible assignment for this line suggested by C. C. Davis is 4s 4P1/2 →  3p at
1.454855 µm.

 293. A possible assignment for this line, suggested by C. C. Davis is 4p 4D03/2 →  4s
2P1/2 at 3.7972035 µm.

 294. A possible assignment for this line, suggested by C. C. Davis is 4p 4S03/2 →  3d
4P5/2 at 3.816051 µm.

 295. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
 296. Pulsed; in a theta pinch discharge in 1 torr of N; D = 25 mm.
 297. Pulsed; in a theta pinch discharge in 1 torr of N; D = 25 mm.
 298. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
 299. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
 300. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
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 301. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
 302. Pulsed; in a Hg-N mixture at 0.001-0.02 torr; D = 3 mm.
 303. Pulsed; in a mixture of N and He at about 4 torr; D = 15 mm.
 304. Pulsed; 0.2-0.7 torr of N with 3 torr of He or 0.15 torr of N only; D = 15 mm; also

quasi-CW when nuclear pumped using 75-375 torr of a Ne-N2 mixture with
<0.001 torr of N2; D = 2.5 cm.

 305. Pulsed; in 0.3 torr of N with 12 torr of He; D = 11 mm.
 306. Pulsed; in a mixture of N and He at 4 torr; D = 15 mm.
 307. Pulsed; in a mixture of N and He at 4 torr; D = 15 mm.
 308. CW; in 0.02-0.2 torr of N or nitrous oxide with 0.01-0.1 torr of O, H, He, or Ne;

D = 3 mm; or in a mixture of N and He at 5 torr; D = 15 mm.
 309. CW; in 0.02-0.2 torr of N or nitrous oxide with 0.01-0.1 torr of O, H, He, or Ne;

D = 3 mm; or in a mixture of N and He at 5 torr; D = 15 mm, also quasi-CW in a
nuclear pumped 75-175 torr Ne-N2 mixture with <0.01 torr of N2; D = 2.5 cm.

 310. Pulsed; in 0.2 torr of N with 100 torr of He in a transversely excited pin laser.
 311. Line, first observed and assigned by Sutton (Reference 219), is reported by him at a

measured wavelength that agrees very well with the calculated wavelength of his
assignment based on energy level values for NI reported in Atomic energy Levels ,
Vol. 1. However, in view of the revision of the NI energy level values reported by
Moore above, Sutton's assignment is incorrect. The assignment given here was
suggested by C. C. Davis.

 312. Pulsed; in 0.2 torr of N with 100 torr of He in a transversely excited pin laser;
Reference contains an incorrect wavelength and/or transition assignment; may be at
1.0643981 µm.

 313. Pulsed; in 0.2 torr of N with 100 torr of He in a transversely excited pin laser;
Reference contains an incorrect wavelength and/or transition assignment; may be at
1.0623177 µm.

 314. Pulsed; in 0.7 torr of N or in 0.15 of N with 3 torr of He; D = 15 mm (or 75
mm?).

 315. CW; in 0.03 torr of nitric or nitrous oxide with 2 torr of He or 1 torr of Ne; D = 5
mm.

 316. Pulsed; in 0.2-0.7 torr of N or 0.15 torr of N with 3 torr of He; D = 15 mm (or 75
mm?).

 317. CW; in 0.03 torr of nitric or nitrous oxide with 2 torr of He or 1 torr of Ne.
 318. Pulsed; in 0.2-0.7 torr of N with 3 torr of He; D = 15 mm (or 75 mm?).
 319. Pulsed; in 0.15 torr of N with 3 torr of He or in 0.2-0.7 torr of N only; D = 15 mm

(or 75 mm?).
 320. Wavelengths and spectral assignments taken from data in Martin, W. C., J. Opt.

Soc. Am., 49, 1071-1085 (1959).
 321. Probably an ionized P line.
 322. Assigned by C. C. Davis the assignment given in Reference 184, namely, 5s 2P1/2

→ 4p at 2.0596346 µm, is substantially outside the error of the measured
wavelength. Reference 221.

 323. A line at 0.784563 µm listed in Reference 244 as a neutral transition is a singly
ionized P transition.

 324. Pulsed; in 0.04 torr of P; D = 3 mm.
 325. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He; D = 9 mm.
 326. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;

D = 9 mm.
 327. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;

D = 9 mm.
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 328. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;
D = 9 mm.

 329. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;
D = 9 mm.

 330. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;
D = 9 mm.

 331. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;
D = 9 mm.

 332. Pulsed; P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow; D
= 9 mm.

 333. Pulsed; in P vapor at 0.02-0.1 torr with 0.2-3.5 torr of He or Ne, lases in afterglow;
D = 9 mm.

 334. Reference 222 lists only the second of these two assignments, however, the
accuracy of the wavelength reported there is not sufficiently great to rule out the
other possible assignment.

 335. Wavelength reported in Reference 222 is 1.42 ± 0.01 µm, so this may be the
transition immediately below whose laser wavelength was accurately measured.
Reference 175.

 336. Wavelength reported in Reference 222 is 1.80 ± 0.01, so this may be the transition
immediately above whose laser wavelength was accurately measured. Reference
175.

 337. Several additional assignments are possible for this line; these other possibilities
involve transitions between higher-lying energy levels than the ones listed.

 338. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 8 torr
of He or Ne; D = 8 mm.

 339. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 4 torr
of He or Ne; D = 8 mm.

 340. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 4 torr
of He or Ne; D = 8 mm.

 341. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 6 torr
of He or 4 torr of Ne; D = 8 mm, also following dissociation of 0.04 torr of AsCl3
with 1.6 torr of He in a double-discharge transversely excited laser.

 342. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 6 torr
of He or 4 torr of Ne; D = 8 mm, also following dissociation of 0.04 torr of AsCl3
with 1.6 torr of He in a double-discharge transversely excited laser.

 343. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 4 torr
of He or Ne; D = 8 mm.

 344. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 8 torr
of He or Ne, and also with 1.4 torr of added Ar; D = 8 mm.

 345. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 346. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 347. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 8 torr
of added He; D = 8 mm.

 348. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 349. Pulsed; double-pulse excitation of Ar vapor at a pressure about 1 mtorr with 8 torr
of added He or 4 torr of Ne; D = 8 mm.

 350. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.
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 351. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 352. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 353. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 354. Pulsed; by dissociation of 0.04 torr of AsCl3 with 1.6 torr of He in a double-
discharge, transversely excited laser.

 355. Pulsed; by dissociation of 50 torr of Sb (CH3)3 with 1.5 torr of He in a
transversely excited double-discharge laser. (First pulse originally intended for
preionization, but in fact serves to dissociate metal complex. Second pulse excites
metal atoms.

 356. Mean value of hyperfine component wavelengths listed by Meggers, W. F.,
Corliss, C. H., and Scribner, B. F., Natl. Bur. Stand. (U.S.) Monogr., 145(1)
(1975).

 357. This is a transient laser line; optical pumping results following absorption of XeCl
laser photons on the bismuth resonance transition at 306.8 nm.

 358. A line at 0.475 µm listed in Reference 386 is not included as a neutral Bi laser
line. This line was generated by stimulated Raman scattering of the 308-nm pump
radiation.

 359– Pulsed; in an ASE mode in Bi vapor in a self-heated discharge tube with added He,
   360. Ne, or Ar; optimum with 32 torr of Ne; D = 8 or 40 mm; also by optically

pumping Bi atoms at densities between 1016  and 1017  cm-3 with a XeCl laser (λ
~ 308 nm).

 361. Pulsed; by dissociation of 60 torr of Bi(CH3)3 with 2.4 torr of He in a transversely
excited, double-discharge laser.

 362. Calculated wavelengths and spectral assignments from data in Davis, D. S. and
Andrew, K. L., J. Opt. Soc. Am., 68, 206-235 (1978); Davis, D. S., Andrew, K.
L., and Verges, L., J. Opt. Soc. Am., 28, 235-242 (1978).

 363. Several different assignments are possible for this line; these other possibilities
involve transitions between higher-lying levels than the ones listed here.

 364– Pulsed; by dissociation of 90 torr of VCl4 with 2.3 torr of He in a transversely
   365. excited double-discharge laser.
 366– This is the electric-dipole-forbidden and electric-quadrupole-allowed auroral line of
   367. atomic O which becomes weakly electric-dipole-allowed by virtue of a collision

complex such as Ar-O(1S0). This complex may be weakly bound, as in the case of
Xe-O(1S0), in which case this laser transition might equally well be referred to as a
molecular laser transition.

 368– This is the O-I triplet, as shown in Reference 228. The quartet oscillation is due to
   369. the large Doppler width of the line (caused by excitation and dissociation of O

molecules) and radiation trapping at the line center causing gain to occur only in
the wings of the line.

 370. Tunitskii and Cherkasov have some reservations about the definite assignment of
this laser line they observed to O I. Reference 190.

 371. Mean value of wavelength of fine structure components.
 372. Laser oscillation could have been occurring on several components of this

transition, but were not capable of being separately resolved. Reference 236.
 373. Pulsed; 5-15 torr of O with several atmospheres of Ar, Kr, or Xe or 0.1-10 torr of

N2O with several atmospheres of Ar; excited in each case with a high-energy
electron beam.

 374– CW; in approximately 0.01-0.04 torr of O with 0.35 torr of Ne, 1.4 torr of Ar, CO
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   375.  or CO2, or He; D = 7 mm; as an impurity in Br with He or Ne, also in NO and in
pure O at 0.1-2 torr; D = 10 mm; also in a transversely excited pin laser in 2 torr of
O with 80 torr of He.

 376– CW; in approximately 0.01-0.04 torr of O with 0.35 torr of Ne, 1.4 torr of Ar, CO
   377. or CO2, or He; D = 7 mm; as an impurity in Br with He or Ne, also in NO and in

pure O at 0.1-2 torr; D = 10 mm; also in a transversely excited pin laser in 2 torr of
O with 80 torr of He.

 378– CW; in approximately 0.01-0.04 torr of O with 0.35 torr of Ne, 1.4 torr of Ar, CO
   379. or CO2, or He; D = 7 mm; as an impurity in Br with He or Ne, also in NO and in

pure O at 0.1-2 torr; D = 10 mm; also in a transversely excited pin laser in 2 torr of
O with 80 torr of He.

 380– CW; in approximately 0.01-0.04 torr of O with 0.35 torr of Ne, 1.4 torr of Ar, CO
   381. or CO2, or He; D = 7 mm; as an impurity in Br with He or Ne, also in NO and in

pure O at 0.1-2 torr; D = 10 mm; also in a transversely excited pin laser in 2 torr of
O with 80 torr of He.

 382. Pulsed; in CO2 and Ne at 4 torr; D = 15 mm.
 383. Pulsed; in a transversely excited pin laser in 2 torr of O with 80 torr of He.
 384. CW; 0.08 torr of O with 0.5-1.0 torr of He or Ne (probably D = 5 or 7 mm).
 385. CW; 0.08 torr of O with 0.5-1.0 torr of He or Ne (probably D = 5 or 7 mm), and

also in 0.03-0.3 torr of O with several millitorr of water vapor; D=15 mm.
 386. CW; 0.08 torr of O with 0.5-1.0 torr of He or Ne (probably D = 5 or 7 mm).
 387. Pulsed; in pure O; D=15mm(or 75 mm?).
 388. CW; 0.08 torr of O with 0.5-1.0 torr of He or Ne (probably D = 5 or 7 mm).
 389. Pulsed; in pure O; D = 15 mm (or 75 mm?).
 390. CW; 0.08 torr of O with 0.5-1.0 torr of He or Ne (probably D = 5 or 7 mm ).
 391. This transition is electric-dipole-forbidden, electric-quadrupole-allowed.
 392. Measured wavelengths and spectral assignments are from Jacobsson, L. R., Ark.

Fys., 34, 19-31 (1966).
 393. The 4f 3F4 and 4f 3F3 levels are separated by only 0.006 cm-1, so these two

possible assignments lie within a Doppler width of each other.
 394. Incorrectly assigned in Reference 242, assignment here made by present author.
 395. Lines listed in previous compilations at 0.516032 and 0.521962 µm are ionized

sulfur lines. References 244, 659, 660.
 396. Pulsed; by photodissociation of OCS with a Kr*2 laser (146 nm); optimum mix

was 1.5 torr OCS, 25 torr SF6and 25 torr N2.
 397. CW; 0.03 torr of SF6 or 0.03 torr of SF6 with 2 torr of He; also in H2S with He,

Ne, or air; D = 5 mm.
 398. CW; 0.03 torr of SF6 or 0.03 torr of SF6 with 2 torr of He; also in H2S with He,

Ne, or air; D = 5 mm.
 399. Pulsed; in 0.2-0.8 torr of SF6, CS2, SO2, H2S, or OCS with 1-10 torr of He;

optimum with 0.4 torr of SF6 and 5 torr of He; D = 2.5 cm.
 400. Pulsed; in 5 torr of He containing <0.1 torr of SF6.
 401. Pulsed; in 5 torr of He containing <0.1 torr of SF6.
 402. Pulsed; in a low-pressure discharge in SO2 at about 0.1 torr with or without added

He.
 403. Pulsed; in 5 torr of He containing <0.1 torr of SF6.
 404. Pulsed; in a low-pressure discharge in SO2 at about 0.1 torr with or without added

He.
 405. This transition is electric-dipole-forbidden; because ∆s ≠ 0, it becomes electric-

quadrupole-allowed through deviations from true LS coupling.
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 406. CO buffer used to quench any population in the Se(3P1) or (1D2) lower laser levels
produced either by direct photolysis or by quenching of higher-lying levels.

 407. Pulsed; by photodissociation of carbonyl selenide with a Xe*2 laser (172 nm);
operating mixture 1 torr of OCSe with 50 torr of CO.

 408. Pulsed; by photodissociation of carbonyl selenide with a Xe*2 laser (172 nm);
operating mixture 1 torr of OCSe with 50 torr of CO.

 409. Pulsed; by dissociation of 80 torr of Se(CH3)2 with 2.0 torr of He in a transversely
excited double-discharge laser.

 410– Spectral assignments and calculated wavelengths are from data in Morillon, C. and
   411. Verges, J., Phys. Scripta, 12, 129-144 (1975).
 412– Although Chou and Cool assigned this transition to Te I, they inadvertently listed
   413. a spectral assignment of Te II fairly close to the measured wavelength. The

transition listed here is given by C. C. Davis as the likely correct assignment; its
wavelength agrees very well with the measured wavelength given in Reference 155
and involves low-lying levels.

 414. Pulsed; Te I at a temperature of 125-250 °C with 0.1-0.25 torr of Ne; D = 6 mm.
 415. Pulsed; 0.001-0.002 torr of Tel with 0.2 torr of Ne; D = 3 mm.
 416. CW; in a Te I-Ne mixture.
 417. Pulsed; by dissociation of 60 torr of Te(CH3)2 with 1.6 torr of He in a transversely

excited double-discharge laser; Reference contains an incorrect wavelength and/or
transition assignment.

 418. Pulsed; by dissociation of 40 torr of Te(CH3)2 with 1.0 torr of He in a transversely
excited double-discharge laser; Reference contains an incorrect wavelength and/or
transition assignment.

 419. Pulsed; by dissociation of 40 torr of Te(CH3)2 with 1.0 torr of He in a transversely
excited double-discharge laser; Reference contains an incorrect wavelength and/or
transition assignment.

 420. Calculated wavelengths and spectral assignments taken from data in Sugar, J.,
Meggers, W. F., and Cams, P., J. Res. Natl. Bur. Stand., 77A, 1-43 (1973).

 421. Difficult laser line to excite; wavelength not measured very accurately in Reference
246; spectral assignments seem likely to be correct, however, as it involves low-
lying levels, and calculated wavelength is in good agreement with experimental
values.

 422. Assignment suggested by C. C. Davis.
 423. Where a level designation is given with a prime, it is to indicate that this is the

second-lowest energy level with this designation and has a different core
configuration.

 424. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 425. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr or Ar.

 426. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 427. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 428. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 429. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.01 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 430. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.01 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.
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 431. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.08 torr of Ar.

 432. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 433. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 434. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 435. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 436. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 437. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 438. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 439. Pulsed; in Tm vapor above 800 °C (Tm vapor pressure ~ 0.1 torr) with 2.5 torr of
He, 1.5 torr of Ne, or 0.8 torr of Ar.

 440. Measured wavelengths and spectral assignments are taken from Liden, K., The arc
spectrum of fluorine, Ark., Fys., 1, 229-267 (1949).

 441. Measured wavelength from Reference 155, ± 0.004 µm.
 442– Reference 254 reports 20 unidentified lines, believed to be from atomic F, at wave-
   443. lengths between 1.5900 and 9.3462 µm, but lists no actual wavelengths. For

further details of the F laser, see the text of CRC Handbook of Laser Science and
Technology, Vol. II,, section 1.

 444. Pulsed; in a 100:1 He-NF3 or He-F2 mixture at pressures from 0.25-5 atm excited
in a TEA laser.

 445. Pulsed; in a vacuum UV photopreionized TEA laser with a 50:1 He-F2 mixture at
160-1600 torr.

 446. Pulsed; in a 100:1 He-NF3 or He-F2 mixture at pressures from 0.25-5 atm excited
in a TEA laser.

 447. Pulsed; in a 100:1 He-NF3 mixture at optimum pressures from 100-150 torr in a
transversely excited pin laser.

 448. Pulsed; in flowing CF4, SF6, or C2F6 at 0.03-0.1 torr with 2-10 torr He; D = 25
mm; also in 0.05 torr of HF with 0.3 torr of He; He essential with HF; also in a
vacuum-UV photopreionized TEA laser with a 50:1 He-F2 mixture at 160-1600
torr.

 449. Pulsed; in flowing CF4, SF6, or C2F6 at 0.03-0.1 torr with 2-10 torr He; D = 25
mm; also in 0.05 torr of HF with 0.3 torr of He; He essential with HF; also in a
vacuum-UV photopreionized TEA laser with a 50:1 He-F2 mixture at 160-1600
torr.

 450. Pulsed; in flowing CF4, SF6, or C2F6 at 0.03-0.1 torr with 2-10 torr He; D = 25
mm; also in 0.05 torr of HF with 0.3 torr of He; He essential with HF; also in a
vacuum-UV photopreionized TEA laser with a 50:1 He-F2 mixture at 160-1600
torr.

 451. Pulsed; in a 100:1 He-NF3 or He-F2 mixture at high pressure, with optimum ~1.1
atom, excited in a TEA laser.

 452. Pulsed; in a flowing He or He/Ar mixture at 5 torr containing a small amount of F.
 453. Pulsed; in a vacuum-UV photopreionized TEA laser with 50:1 He-F2-mixture at

160-1600 torr.
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 454. Pulsed; in a double-discharge TEA laser with a 0.1% F in He mixture at 0.5-2
atm.

 455. Pulsed; in a double-discharge TEA laser with a 0.1% F in He mixture at 2.5 atm.
 456. Pulsed; in a 100:1 He-F2 mixture at 10-50 torr; D = 6 mm.
 457. Pulsed; in a double-discharge TEA laser with a 0.1% F in He mixture at 1-3 atm.
 458. Pulsed; in a vacuum-UV photopreionized TEA laser with 50:1 He-F2-mixture at

160-1600 torr.
 459. Pulsed; in a 100:1 He-F2 mixture at 1-5 torr; D = 6 mm; also in a vacuum UV

photopreionized TEA laser with a 50:1 He-F2 mixture at 160-1600 torr.
 460. Pulsed; in 0.05 of HF with 0.3 torr of He; D = 10 cm; also in a 100:1 He-F2

mixture at 1-5 torr; D = 6 cm, or excited in a TEA laser.
 461. Pulsed; in a mixture of UF6 and He or WF6 and He in a transversely excited

double-discharge pin laser.
 462. Measured wavelengths and spectral assignments are taken from Radziemski, L. J.,

Jr. and Kaufman, V., J. Opt. Soc. Am., 59, 429-443 (1969); and Humphreys, C. S.
and Paul, E., Jr., J. Opt. Soc. Am., 62, 432-439 (1972).

 463. The upper level of this laser transition appears to be excited selectively by
excitation transfer from the 4s state of Ar I. Reference 264.

 464. Lines at 1.589, 2.499, 2.535, 2.602, 2.784, and 3.801 µm observed to oscillate
CW in discharge through He-Freon (CCl2F2) mixtures are also possibly Cl-I lines.
Reference 261.

 465. CW; in Cl at 0.01-0.08 torr with 0.3-3 torr of He or Ne; D = 6 mm; also in Freon
at 0.001 torr with 0.8 torr of Ne; D = 7 mm.

 466. Pulsed; in 0.3 torr of HCl with 0.1 torr of He or Ne; D = 14 mm.
 467. Pulsed; in Cl at 0.01-0.08 torr with 0.3-3 torr of He or Ne; D = 6 mm; also in

Freon at 0.001 torr of Ne; D = 7 mm; pulsed; in 0.3 torr of HCl with 0.1 torr of He
or Ne; D = 14 mm.

 468. CW; in a mixture of Freon (CCl2F2) and He at 3.3 torr.
 469. CW; in 0.1 torr of Cl or in HCl or 0.3 torr of silicon tetrachloride with 0.1 torr of

He or Ne
 470. CW; in 0.1 torr of Cl or in HCl or 0.3 torr of silicon tetrachloride with 0.1 torr of

He or Ne
 471. Pulsed; in 0.3 torr of HCl with 0.1 torr of He or Ne; D = 14 mm, or CW in 0.09

torr of Cl with 1.5-7.2 torr of He; D = 25 mm.
 472. CW; in 0.09 torr of Cl with 2.1 torr of Ar; D = 25 mm.
 473. Pulsed; in 0.6 torr of Cl with 17-30 torr of He; D = 25 mm.
 474. Pulsed; in 0.6 torr of Cl with 17-30 torr of He; D = 25 mm.
 475. Unless otherwise indicated, measured wavelength and spectral assignments are

taken from Humphreys, C. J. and Paul, E., Jr., J. Opt. Soc. Am., 62 432-439
(1972).

 476. Calculated vacuum wavelength from Tech, J. L., J. Res. Natl. Bur. Stand. 67A,
505-554 (1963).

 477. Magnetic dipole transition.
 478. Lines near 0.8446 µm originally thought to be Br lines are in fact O lines.

References 196, 228.
 479. CW; in a 14:1 CBrF3-He mixture at 2.8 torr; also pulsed in a 1:100 Br-He

mixture at 51 torr; D = 10 mm.
 480. CW; in 0.3 torr of hydrogen bromide; D = 12 mm.
 481. CW; in 0.3 torr of hydrogen bromide; D = 12 mm.
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 482. Pulsed; by flash photolysis of IBr at 0.5-5 torr; D = 8 mm; also by flash photolysis
of CF3Br, optimum pressure about 40 torr; D = 7 mm, and as a result of the
chemical reaction: I(5p5 2P01/2) + Br2 - > IBr + Br(4p5 2P01/2).

 483. CW; in 0.3 torr of hydrogen bromide; D = 12 mm.
 484. Unless otherwise indicated, calculated wavelengths and spectral assignments are

taken from data in Minnhagen, L., Ark. Fys., 21, 415-478 (1962).
 485. This line may be an ionized I transition.
 486. Magnetic dipole transition. For further discussion of laser systems based on this

transition, see the text of CRC Handbook of Laser Science and Technology, Vol.
II, section 1.

 487. This assignment is quite likely to be correct, although Reference 400 lists others.
For example, a possible alternative assignment is 8p[2]05/2 → 7s[2]3/2 at
1.5533932 µm.

 488. Measured wavelength and spectral assignment from Humphreys, C. J. and Paul, E.,
Jr., J. Opt. Soc. Am., 62, 432-439 (1972).

 489. Strongest transitions in CW gas discharge excitation.
 490. Pulsed; in 0.1 torr of I with a few torr of He; D = 5 mm.
 491. Pulsed; in 0.1 torr of I with a few torr of He; D = 5 mm.
 492. Pulsed; in 0.1 torr of I with a few torr of He; D = 5 mm.
 493. Pulsed; in 0.1 torr of I with a few torr of He; D = 5 mm.
 494– Pulsed; by flash photolysis of tens of torr of various I-containing organic
   495. compounds, such as CF3I, CH3I, C3F7I, with or without a noble gas buffer; D is

not critical; also in 0.18 torr of CF3I with 70 torr of N in a vacuum-UV
photopreionized TEA laser also operates CW as a result of a chemical reaction and
with optical pumping.

 496. Pulsed; in 0.3 torr of HI; D = 14 mm.
 497. CW; in 0.05 torr of CH2I2 with or without added Ar; D ~ 12 mm.
 498. CW; in 0.3 torr of HI with 0.3 torr of Ne; D = 14 mm.
 499. CW; in HI; D = 12 mm or in 0.5 torr of I with 10 torr of He; D = 12.7 mm.
 500. CW; in I vapor, CH3I, CF3I, or HI, with added He, Ar or Xe; optimum 0.5 torr of

I with 5 torr of He; D = 2-8 cm.
 501. CW; in HI or I vapor with or without added He; D = 13 mm.
 502. CW; in I, CH3I, CF3I, or HI, with added Helium, Ar, or Xe; optimum 0.4 torr of

I with 5 torr of He; D = 2-8 cm.
 503. CW; in 0.05 torr of CH2I2 with added Ar; Ar was essential to obtain laser action;

D ~ 12 mm.
 504. CW; in I vapor, CH3I, CF3I, or HI, with added He, Ar, or Xe; optimum, 0.4 torr

of I with 5 torr of He; D = 2-8 cm.
 505. CW; in I vapor, CH3I, CF3, I, or HI, with added He, Ar, or Xe; optimum 0.4 torr

of I with 5 torr of He; D = 2-8 cm.
 506. CW; in I vapor; CH3I, CF3, I, or HI, with added He, Ar, or Xe; optimum 0.4 torr

of I with 5 torr of He; D = 2-8 cm.
 507. CW; in I vapor, CH3I, CF3, I, or HI, with added He, Ar, or Xe; optimum 0.4 torr

of I with 5 torr of He; D = 2-8 cm.
 508. CW; in I vapor, CH3I, CF3, I, or HI, with added He, Ar, or Xe; optimum 0.4 torr

of I with 5 torr of He; D = 2-8 mm.
 509. CW; in I vapor, CH3I, CF3, I, or HI, with added He, Ar, or Xe; optimum 0.4 torr

of I with 5 torr of He; D = 2-8 mm.
 510. Measured and calculated vacuum wavelengths and spectral assignments are from

Wyart, J. F. and Cams, P., Phys. Scripta, 20, 43-59 (1979).
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 511. A line at 2.7087 µm reported in References 196, 197 is in fact an YbII line at
2.4377 µm.

 512. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 513. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 514. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 515. Pulsed; in 0.001-1 torr of Yb vapor with from 0.01-760 torr of noble gas buffer -
usually He; D = 7 mm.

 516. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 517. Pulsed; in 0.001-1 torr of Yb vapor with from 0.01-760 torr of noble gas buffer -
usually He; D = 7 mm.

 518. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 519. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 520. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 521. Pulsed; in Yb vapor above 500 °C with 2.5 torr of He, 1.5 torr Ne, or 0.8 torr of
Ar.

 522. Measured wavelengths and spectral assignments are from Catalan, M. A., Meggers,
W. F., and Garcia-Riquelme, O., J. Res. Natl. Bur. Stand., 68A, 9-59 (1964).

 523. Oscillation has been reported on six hyperfine components of this line. Reference
407.

 524– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   525. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 526– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   527. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 528. Pulsed; short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a
temperature of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm.

 529. Pulsed; short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a
temperature of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm.

 530. Pulsed; short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a
temperature of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm.

 531. Pulsed; short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a
temperature of 1100-1300 °C with 1-2 torr of He or Ne; D = 10 mm.

 532– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   533. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 534– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   535. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.
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 536– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   537. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 538– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   539. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 540 Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   541. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 542– Short rise-time high-voltage pulsed excitation of 0.1-2.0 torr of Mn (at a tempera-
   543. ture of 1100-1300 °C) with 1-2 torr of He or Ne; D = 10 mm; also by single- or

double-pulse excitation of MnCl2 at 700-800 °C with up to 120 torr of Ne, 80 torr
of He, or 20 torr of Xe; optimum is about 15 torr of Ne; D = 16 mm.

 544. Measured wavelength from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,
Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).

 545. Alternative two-electron transition assignment is z 3I05 → e 5D4 at 6.8544324
µm. Measured wavelength of laser transition in Reference 155 was 6.847 µm.

 546. Several additional assignments are possible for this line; these other possibilities
involve transitions between higher-lying levels than the ones listed here. Measured
wavelength in Reference 155 was 8.490 µm.

 547. Pulsed; Fe atoms at a density of ~1014  atoms cm-3; produced by flash photolysis
of Fe(CO)5 in an Ar buffer or by a discharge through 0.1 torr of Fe(CO)5 with 50
torr of Ne, optically pumped with a KrF laser (248 nm).

 548. Pulsed; Fe atoms at a density of ~1014  atoms cm-3; produced by flash photolysis
of Fe(CO)5 in an Ar buffer or by a discharge through 0.1 torr of Fe(CO)5 with 50
torr of Ne, optically pumped with a KrF laser (248 nm).

 549. Pulsed; Fe atoms at a density of ~1014  atoms cm-3; produced by flash photolysis
of Fe(CO)5 in an Ar buffer or by a discharge through 0.1 torr of Fe(CO)5 with 50
torr of Ne, optically pumped with a KrF laser (248 nm).

 550. Pulsed; Fe atoms at a density of ~1014  atoms cm-3; produced by flash photolysis
of Fe(CO)5 in an Ar buffer or by a discharge through 0.1 torr of Fe(CO)5 with 50
torr of Ne, optically pumped with a KrF laser (248 nm).

 551. Pulsed; short rise-time high-voltage pulsed excitation of Fe vapor in a tube at 1680
°C with 1.5-3.5 torr of Ne; D = 16 mm.

 552. Pulsed; by dissociation of 0.08 torr of Fe(CO)5 with 2 torr of He in a transversely
excited double-discharge laser.

 553. Pulsed; by dissociation of 0.08 torr of Fe(CO)5 with 2 torr of He in a transversely
excited double-discharge laser.

 554– Measured laser wavelength in Reference 417 was 1.3968 µm. This is probably the
   555. unidentified transition at the wavelength listed above reported by Fisher, R. A.,

Knopf, W. C., Jr., and Kinney, F. E., Astrophys. J., 130, 683-687 (1959).
However, two nearby assigned transitions are e 3D2 →  y 1F03 at 1.3984294 µm
and g 3D2 →  w 3D01 at 1.3987469 µm.

 556. Pulsed; in Ni vapor produced by sputtering in a slotted hollow-cathode discharge.
 557. Pulsed; by dissociation of 80 torr of Ni(CO)4 with 2 torr of He in a transversely

excited double-discharge laser.
 558. Assignment suggested by C. C. Davis; involves low-lying levels and calculated

wavelength is within reported error of measured wavelength in Reference 196.
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 559. Closest calculated line is 5d 6s2 5F04 →  5d(6P)6s 7F3 at 2.049928 µm.
 560. Closest calculated line is 31893.7803 →  29006. 022 at 3.536368 µm.
 561. Pulsed; in Sm vapor at about 0.1 torr with He, Ne, or Ar.
 562. Pulsed; in Sm vapor at about 0.1 torr with He, Ne, or Ar.
 563. Pulsed; in Sm vapor at about 0.1 torr with He, Ne, or Ar.
 564. Pulsed; in Sm vapor about 0.1 torr with He, Ne, or Ar.
 565. Pulsed; in Sm vapor about 0.1 torr with He, Ne, or Ar.
 566. Pulsed; in Sm vapor about 0.1 torr with He, Ne, or Ar.
 567. Pulsed; in Sm vapor about 0.1 torr with He, Ne, or Ar.
 568. Pulsed; in Sm vapor about 0.1 torr with He, Ne, or Ar.
 569. Measured wavelengths from Meggers, W. F., Corliss, C. H., and Scribner, B. F.,

Natl. Bur. Stand. (U.S.) Monogr., 145(1) (1975).
 570. Measured wavelength from Reference 420.
 571. Pulsed; operates in a true superfluorescent mode.
 572. Pulsed; operates in a true superfluorescent mode.
 573. Pulsed; operates in a true superfluorescent mode following two-photon excitation of

7.5 torr of Eu vapor.
 574. Pulsed; operates in a true superfluorescent mode following two-photon excitation of

7.5 torr of Eu vapor.
 575. Pulsed; operates in a true superfluorescent mode following two-photon excitation of

7.5 torr of Eu vapor.
 576. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar; also in a self-heated

repetitively pulsed discharge with Eu and 15-25 torr of He; D = 1.1 or 2 cm.
 577. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 578. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 579. Pulsed; in about 0.1 torr of Eu vapor with He, Ne or Ar.
 580. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 581. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 582. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 583. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 584. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 585. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 586. Pulsed; in about 0.1 torr of Eu vapor with He, Ne, or Ar.
 587. Unless otherwise stated, indicated wavelengths and spectral assignments are taken

from data in Martin, W. C., J. Res. Natl. Bur. Stand., 64, 19-28 (1960).
 588– It is not clear whether one or both lines near 0.7067 µm were observed in Reference
   589. 422. The excitation mechanism proposed for these transition involves a two-body

recombination process H- (1s 1S0) + He+ (1s 2S1/2) →  H (1s 2S1/2) + He(1s 3s
3S1).

 590. This is a self-terminating laser transition.
 591. The trace of argon or nitrogen is to depopulate the metastable He 2s 3S1 level from

which the 4p3P lower laser level is otherwise excited by electron impact.
 592. Measured wavelength from Reference 433.
 593. Pulsed; in a 8:7 He/H2 mix at 12.5 torr in a hollow-cathode discharge.
 594. Pulsed; in a 8:7 He/H2 mix at 12.5 torr in a hollow-cathode discharge.
 595. CW; in 0.4 torr of He; D = 6 mm.
 596. CW; in 0.4 torr of He; D = 6 mm.
 597. Short rise-time, high-voltage pulsed excitation of 2.7 torr of He; D = 1.3 mm;

operates in an ASE mode; also following pulsed excitation of 65 torr of He/NH3
mixture containing 18% NH3 in a transversely excited pin laser.

 598. CW; in 8.0 torr of He with a trace of Ar or N; D = 7 mm.
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 599. CW; in 0.2-0.4 torr of He; D = 15 mm.
 600. CW; in 0.2-0.4 torr of He; D = 15 mm.
 601. CW; in 0.2-0.4 torr of He; D = 15 mm.
 602. Pulsed; in 0.5 torr of He; D = 75 mm or CW in 0.1 torr of He; D = 60 mm.
 603. CW; in 0.1 torr of He; D = 60 mm.
 604. Except where indicated, wavelengths are calculated from accurate energy level

values given by Kaufmann, V. and Minnhagen, L., J. Opt. Soc. Am., 62, 92-95
(1972).

 605. Measured wavelengths from Burns, K., Adams, K. B., and Longwell, J., J. Opt.
Soc. Am., 40, 339-344 (1950).

 606– Although oscillation between the Ne-3s2 and 2p levels is normally observed only
in

 607. a He-Ne mixture, it has been reported to have been observed on the 0.5941- and
0.6120-µm lines under pulsed conditions in pure Ne. In view of the excitation used
and nonobservation of the 0.6328-µm line, it is likely that the two lines mentioned
above should have been identified as the 0.5945- and 0.6143-µm transient laser
lines. Reference 212.

 608. This line appears in Reference 185, but no mention of it appears to have been
made.

 609. Measured wavelengths and classifications from Humphreys, C. J. and Kostkowski,
H. J., J. Res. Natl. Bur. Stand., 49, 73-84 (1952).

 610. Measured wavelengths and assignments from Hepner, G., Ann. de Phys., 13. (6),
744-750 (1961).

 611. Originally measured with low precision and not correctly identified in Reference
556.  

 612– Originally assigned to 4d'[3/2]01 →  4p'[3/2]2 (4s'1 →  3p4) in Reference 195; how-
   613. ever, this assignment has a wavelength of 2.4395241 µm. Either the reported

wavelength or assignment given in Reference 195 must be incorrect. The
assignment given here was suggested by C. C. Davis on the assumption that the
reported wavelength, 2.864 µm, is correct.  

 614. Both of these lines were observed. However, it is uncertain whether one or both
were observed in oscillation in References 195, 559, 564.

 615. Preferred assignment of the two alternates.
 616. This transition was not observed and was incorrectly reported previously. However,

it is possible that this is the transition observed at 7.400 µm in References 432 and
previously unidentified. References 195, 432, 564, 659.

 617. This is the most likely transition to give the 13.76-µm line; selective excitation of
the Ne-7s'[1/2]01 state occurs via excitation transfer from He-2p 1P01 atoms.
References 471, 564.

 618– This transition is reported in Reference 458 where its wavelength is given as
   619. 1.3912 µm. This wavelength does not correspond to the transition assigned, nor to

any Ne 2p →  2s transition. Either the wavelength reported is incorrect, or the line
was not observed at all, or some other unidentified transition of Ne or an impurity
was observed. Reference 528.

 620. Assignment given in Reference 555 seems unlikely to be correct, this is a no-parity
change electric-dipole forbidden transition.

 621– Several previous compilations of the neutral gas laser lines contain incorrect entries
   626.  corresponding to data taken from the work of Faust et al. In some early work of

these latter authors, several lines were incorrectly or ambiguously assigned and in
many cases more than one measured wavelength for the same transition was
reported. These ambiguities were clearly indicated in Reference 559 and partially
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eliminated in Reference 570. Excitation transfer is responsible for the selective
excitation of the Ne 5s2, 3s2, and 2s2-4 levels via excited He atoms in the He
1P1,He* 1S0, and He* 23S1 states, respectively. The 1/D gain relationship (under
optimum discharge conditions exhibited by laser transitions from the Ne-3s2 and
2s2 levels in the He-Ne l aser) is due to the populations of these levels following
the concentration of He 21S0 and 23S1 metastables which follows a 1/D
relationship. The 1/D gain relationship is not due to Ne-1s metastables, as stated
throughout the laser review and book literature. This can be deduced from an
analysis of the results of White and Gordon (see Labuda). The same 1/D gain
relationship is also shown by the 0.4416- and 0.3250-µm laser lines in the He-Cd
ion laser. The upper levels of these lines are also selectively excited (in a Penning
reaction) by helium metastable (He* 23S1) atoms. References 195, 468, 559, 564,
570, 659

 627. Transient line requiring short rise-time high voltage, high current pulses. In 3 torr
of neon; D=5 mm in a longitudinal discharge system. In a transverse discharge
system, 30-35 torr of neon with interelectrode separations of 2.5-10 cm.

 628. CW. In a 7:1 3He-20Ne mixture at 1 torr; D=4mm.
 629. Transient line observed in a pulsed He-Ne mixture requiring trace of argon to

destroy Ne-1s metastables. Total pressures 1-200 mtorr; D=3 mm.
 630. CW. In a 5:1 He-Ne mixture at 3.6 torr-mm. Need to suppress high gain. 3.39 µm

(3s2→ 3p4) line and strong 0.6328 µm (3s2→ 2p4) line.
 631. The Ne 3s2 level is selectively excited mainly by He 21S0 metastables in an

endothermic excitation transfer reaction.
 632. Transient line requiring short rise-time, high voltage, high current pulses. In about

0.3 torr of neon, D=5 mm and pulse current of 120 A.
 633. CW. In a 5:1 He-Ne mixture at 3.6 torr-mm. Need to suppress high gain 3.39 µm

line and the strong 0.6328 µm line.
 634. CW. In a 5:1 He-Ne mixture at 3.6 torr-mm; need to suppress high gain 3.39 µm

line and the strong 0.6328 µm line
 635. Transient line requiring short rise time, high-voltage, high-current pulses; in about

0.3 torr of Ne; D = 5 mm and pulse current of 120 A.
 636. Pulsed; in an ASE mode; D = 1.3 mm; optimum Ne pressure ~ 2 torr.
 637. CW; in a 5:1 He-Ne mixture at 3.6 torr-mm, need to suppress 3.39 and 0.6328 µm

lines.
 638– CW; strongest of the 3s2 →  2p lines; observed in a 5:1 He-Ne mixture at 3.6 torr-
   639. mm; the He-Ne mixture ratio and pressure depend on the bore of the discharge tube;

the Ne-3s3 level is selectively excited mainly by He 21S00 metastables in an
endothermic excitation transfer reaction, as well by direct electron impact; also CW
nuclear-pumped by the reaction 3He(n,p) 3H; threshold flux 2 x 1011  n cm-2 s-1..

 640– CW; strongest of the 3s2 →  2p lines; observed in a 5:1 He-Ne mixture at 3.6 torr-
   641. mm; the He-Ne mixture ratio and pressure depend on the bore of the discharge tube;

the Ne-3s3 level is selectively excited mainly by He 21S0 metastables in an
endothermic excitation transfer reaction, as well by direct electron impact; also CW
nuclear-pumped by the reaction 3He(n,p) 3H; threshold flux 2 x 101011  n cm-2 s-
1; need to suppress the 3.39 and the 0.6328-µm lines.

 642– CW; strongest of the 3s2 →  2p lines; observed in a 5:1 He-Ne mixture at 3.6 torr-
   644. mm; the He-Ne mixture ratio and pressure depend on the bore of the discharge tube;

the Ne-3s3 level is selectively excited mainly by He 21S0 metastables in an
endothermic excitation transfer reaction, as well by direct electron impact; also CW
nuclear-pumped by the reaction 3He(n,p) 3H; threshold flux 2 x 1011  n cm-2 s-1.
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needed to suppress the 0.6328-µm line by the use of a prism or an unstable optical
cavity and a discharge current more than optimal for the 0.6328-µm line.

 645– CW; strongest of the 3s2 →  2p lines; observed in a 5:1 He-Ne mixture at 3.6 torr-
   646. mm; the He-Ne mixture ratio and pressure depend on the bore of the discharge tube;

the Ne-3s3 level is selectively excited mainly by He 21S0 metastables in an
endothermic excitation transfer reaction, as well by direct electron impact; also CW
nuclear-pumped by the reaction 3He(n,p) 3H; threshold flux 2 x 1011  n cm-2 s-1;
needed to suppress the 3.39 and the 0.6328-µm lines.

 647. In an ASE mode following fast rise-time high-voltage pulsed excitation of 0.2 torr
of Ne; D = 6 mm.

 648. In an ASE mode following fast rise-time high-voltage pulsed excitation of 3 torr of
Ne; D = 6 mm.

 649. Pulsed; in an ASE mode; D = 1.3, 5, 6, or 6.5 mm; optimum pressure 2-4 torr of
Ne, depending on tube diameter.

 650. In an ASE mode following fast rise-time high-voltage pulsed excitation of 3 torr of
Ne; D = 6 mm.

 651. CW; observed in a very long discharge tube.
 652. CW; observed in a very long discharge tube.
 653. Pulsed; observed in a hollow-cathode discharge in a Ne-H2 mixture; need to

suppress oscillation on other 2s →  2p transitions.
 654. Pulsed; observed in a hollow-cathode discharge in a Ne-H2 mixture; need to

suppress oscillation on other 2s →  2p transitions.
 655. CW; observed in a very long discharge tube.
 656. CW; in a He-Ne mixture, 0.15 torr partial pressure of Ne and 2.8 torr to tal

pressure, D probably 5-10 mm; the gain on this transition is only a few tenths of a
percent per meter even with oscillation suppressed on competing transitions.

 657. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.
 658. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.
 659. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.; also observed in hollow-

cathode discharge in pure Ne and in a mixture of Ne and H; H destroys the Ne-1s
metastables.

 660. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.; also observed in hollow-
cathode discharge in pure Ne and in a mixture of Ne and H; H destroys the Ne-1s
metastables.

 661. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.
 662– CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm. Lasing was also observed
    664. in hollow-cathode discharge in pure Ne and in a mixture of Ne and H; H destroys

the Ne-1s metastables.
 665. CW; in a glow discharge in pure Ne, optimum pD is less than 0.5 torr-mm, He

suppresses oscillation; observed also in hollow-cathode discharges in pure Ne and a
Ne-H mixture.

 666. CW; in a He-Ne mixture.
 667. CW; in a He-Ne mixture.
 668. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm; observed also in hollow-

cathode discharges in pure Ne and in mixtures of Ne and H and Ne and O.
 669. CW; observed in a very long discharge tube, also in a hollow-cathode discharge in

a mixture of Ne and H.
 670. CW; in a He-Ne mixture.
 671. CW; in a He-Ne mixture in glow and hollow-cathode discharges.
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 672– CW; strongest of the 2s →  2p lines; in a 10:1 He-Ne mixture at about 11 torr-mm;
   673. the Ne-2s levels are selectively excited mainly by He 23S1 metastables in an

exothermic excitation transfer reaction, as well as by direct electron impact;
observed also in hollow-cathode discharges in pure Ne and mixtures of Ne and H
and Ne and O.

 674. CW; observed in a very long laser, also in a hollow-cathode discharge in a mixture
of Ne and H.

 675. Pulsed, via optical pumping by a He lamp; 0.2 torr of Ne, 3-4 torr of He, D = 5.2
mm.

 676. Pulsed, via optical pumping by a He lamp; 0.2 torr of Ne, 3-4 torr of He, D = 5.2
mm.

 677. Pulsed, in a hollow-cathode discharge in a mixture of Ne and H.
 678. CW; observed in a very long laser, also in a hollow-cathode discharge in a mixture

of Ne and H.
 679. CW; observed in a very long laser, also in a hollow-cathode discharge in a mixture

of Ne and H.
 680. CW; observed in a very long discharge in a He-Ne mixture.
 681. CW; in 0.7-torr He with 0.07-torr Ne; D = 9 mm; also in a hollow-cathode

discharge in a mixture of Ne and H.
 682. Pulsed, in a hollow-cathode discharge in a mixture of Ne and H.
 683. CW.
 684. CW.
 685. CW.
 686. CW.
 687. CW.
 688. CW.
 689. CW; in a 10:1 He to Ne mixture at 10 torr; D = 5 mm.
 690. CW; in a 10:1 He to Ne mixture at 10 torr; D = 5 mm.
 691. CW; in a 10:1 He to Ne mixture at 10 torr; D = 5 mm.
 692. CW; in a 10:1 He to Ne mixture at 10 torr; D = 5 mm.
 693. CW; in a 10:1 He to Ne mixture at 10 torr; D = 5 mm.
 694. CW; in a 10:1 He to Ne mixture a 10 torr; D = 5 mm.
 695. CW; in a 10:1 He-Ne mixture at a pD of 7-14 torr-mm.
 696. Pulsed; via optical pumping by a He lamp; 0.2 torr of Ne, 3-4 torr of He, D = 5.2

mm.
 697. CW; observed in a very long discharge in a He-Ne mixture.
 698. CW; observed in a very long discharge in a He-Ne mixture.
 699. CW.
 700. CW.
 701. CW; in a 10:1 or 100:1 He-Ne mixture at a pD of about 8 torr-mm.
 702. CW; in a 10:1 He-Ne mixture at a pD of about 8 torr-mm.
 703. CW; in a 10:1 He-Ne mixture at a pD of about 8 torr-mm.
 704. CW; in a 100:1 He-Ne mixture at a pD of about 8 torr-mm.
 705. CW; in a 10:1 or 100:1 He-Ne mixture at a pD of about 8 torr-mm.
 706. CW; in a 10:1 or 100:1 He-Ne mixture at a pD of about 8 torr-mm.
 707. CW; in a He-Ne mixture; oscillation is due to cascading from the high-gain 3.39-

µm (3s2 →  3p4) line; also in pure Ne in a 10-m long discharge tube at 0.01-0.05
torr; D = 10 mm.

 708. CW; in a He-Ne mixture; oscillation is due to cascade transitions from the well
populated Ne-3s levels.
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 709. CW; in a He-Ne mixture; oscillation is due to cascading from the high-gain 3.39-
µm (3s2 →  3p4) line; also in pure Ne in a 10-m long discharge tube at 0.01-0.05
torr; D = 10 mm; also in pure Ne at 0.01-0.05 torr; D = 10 mm.

 710. CW; in a He-Ne mixture; oscillation is due to cascade transitions from the well
populated Ne-3s levels.

 711. CW; observed in a very long discharge tube.
 712. CW; in a He-Ne mixture; oscillation is due to cascade transitions from the well-

populated Ne-3s levels; but also oscillates in 250 mtorr of pure Ne in an 8-m long,
10-mm bore discharge tube.

 713. CW; in pure Ne at 0.05 torr; He suppresses oscillation by selectively populating
the 2s4 lower laser level.

 714. CW; observed in a very long discharge in pure Ne or a He-Ne mixture.
 715. CW; in a He-Ne mixture, also in pure Ne; oscillation due to cascading through the

high-gain 3s2 →  3p4 transition at 3.39 µm.
 716. CW; in a 5:1 He-Ne mixture, total pressure 0.6 torr; D = 8 mm.
 717. CW; in a 13:1 He-Ne mixture at a total pressure of 0.86 torr in a long discharge

tube; D = 22 mm.
 718. CW; in pure Ne at 0.15 torr; D = 15 mm.
 719. CW; in a He-Ne mixture in cascade from the well-populated Ne-3p levels.
 720. CW; in a He-Ne mixture, over ranges 0.01-0.2 torr of Ne 0.00-1.0 torr of Helium;

D = 10 mm.
 721. CW; in a long discharge tube, in He-Ne mixture in pure Ne; D = 10 mm.
 722. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 723. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 724. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; 0 =

10 mm.
 725. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; 0 =

10 mm.
 726. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; 0 =

10 mm.
 727. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 728. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 729. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 730. CW; in a 12:1 He-Ne mixture at a total pressure of 0.65 torr; D = 10 mm; requires

wavelength selection to suppress ASE mode operation of the 3.39-µm line.
 731. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 732. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 733. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =

10 mm.
 734. CW; in He-Ne mixtures in ratios from 10:1 to 5:1 at total pressures between 0.3-

0.5 torr; D = 15 mm.
 735. CW; in He-Ne mixtures in ratios from 10:1 to 5:1 at total pressures between 0.3-

0.5 torr; D = 15 mm.
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 736. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne; 0.00-1.0 torr of He; D =
10 mm.

 737. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne; 0.00-1.0 torr of He; D =
10 mm.

 738. CW; in a 5:1 He-Ne mixture at pD of 3.6 torr-mm; the Ne-3s2 level is selectively
excited mainly by excitation transfer from He 21S0 metastables in an endothermic
reaction, as well as by direct electron impact from the ground state.

 739– CW; in a 5:1 He-Ne mixture at pD of 3.6 torr-mm; the Ne-3s2 level is selectively
   740. excited from He 21S0 metastables in an endothermic react ion, as well as by direct

electron impact from the ground state;  also in 3 torr of pure Ne with high-voltage
fast-pulse excitation; D = 6 mm; this line exhibits very gain.

 741. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =
10 mm; also in an ASE mode following high-voltage fast-pulse excitation of 3 torr
of pure Ne; D = 6 mm.

 742. CW; in He-Ne mixtures in ratios from 10:1 to 5:1 at pressures from 0.3-0.5 torr; D
= 15 mm; also in an ASE mode following high-voltage fast-pulse excitation of 3
torr of pure Ne; D = 6 mm.

 743. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =
10 mm.

 744. CW; in He-Ne mixtures in ratios from 10:1 to 5:1 at pressures from 0.3-0.5 torr; D
= 15 mm.

 745. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =
10 mm.

 746. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0.00-1.0 torr of He; D =
10 mm.

 747. CW; in a 12:1 He-Ne mixture at a total pressure of 0.65 torr; D = 10 mm; requires
wavelength selection to suppress ASE mode operation of the 3.39-µm line.

 748. CW; in 0.3 torr of pure Ne; D = 15 mm.
 749. CW; in pure Ne at 0.3 torr or from 0.5-0.6 torr; D = 15 mm.
 750. CW; in pure Ne at 0.3 torr or from 0.5-0.6, torr or in a He-Ne mixture in ratios

from 10:1 to 5:1 at total pressures from 0.3-0.5 torr; D = 15 mm.
 751. CW; in pure Ne at 0.3 torr or from 0.5-0.6, torr or in a He-Ne mixture in ratios

from 10:1 to 5:1 at total pressures from 0.3-0.5 torr; D = 15 mm.
 752. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm. also in an ASE mode following high-voltage fast-pulse excitation of 3 torr of
pure Ne; D = 6 mm; Reference 525 contains an incorrect wavelength and/or
transition assignment.

 753. CW; in pure Ne at 0.3 torr or from 0.5-0.6 torr or in a He-Ne mixture in ratios
from 10:1 to 5:1 at total pressures from 0.3-0.5 torr; D = 15 mm.

 754. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 755. CW; in a He-Ne mixture having He to Ne ratios from 10:1 to 5:1 at 0.3 torr; D =
15 mm.

 756. CW; in pure Ne at pressures of 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in
ratios from 10:1 to 5:1 at total pressures from 0.3-0.5 torr; D = 15 mm.

 757. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3- 0.5 torr;
D = 15 mm.

 758. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3- 0.5 torr;
D = 15 mm.

 759. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3- 0.5 torr;
D = 15 mm.
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 760. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3- 0.5 torr;
D = 15 mm.

 761. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from
10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.

 762. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from
10:1 to 5:1 at 0.5 torr; D = 15 mm.

 763. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 764. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at 0.5 torr; D = 15 mm.
 765. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 766. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 767. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 768. CW; in a He-Ne mixture with 0.15 torr of Ne and 0.3 torr of He; D = 15 mm.
 769. CW; in a He-Ne mixture with 0.15 torr of Ne and 0.3 torr of He.
 770. CW; in a He-Ne mixture at 0.15 torr of Ne, 0.3 torr of He; D = 15 mm.
 771. CW; in a He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3- 0.5 torr;

D = 15 mm.
 772. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from

10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.
 773. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 774. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 775. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 776. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 777. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 778. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 779. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 780. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 781. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from

10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.
 782. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 783. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from

10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.
 784. CW; in He-Ne mixture in ratios from 10:1 to 5:1 at pressures from 0.3-0. 5 torr; D

= 15 mm.
 785. CW; in He-Ne mixtures in ratios from 10:1 to 5:1 at pressures from 0.3-0.5 torr D

= 15 mm.
 786. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
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 787. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 788. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from
10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.

 789. CW; in pure Ne at 0.3 or from 0.5-0.6 torr or in a He-Ne mixture in ratios from
10:1 to 5:1 at pressures from 0.3-0.5 torr; D = 15 mm.

 790. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 791. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 792. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 793. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 794. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 795. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 796. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-torr of He; D = 10 mm.
 797. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He, D = 10

mm.
 798 CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 799. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 800. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0- 1.0 torr of He; D
= 10 mm.

 801. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0- 1.0 torr of He; D = 10
mm CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0- 1.0 torr of He; D
= 10 mm.

 802. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 803. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 804. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 805. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 806. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 807. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 808. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 809. CW: in A He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 810. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 811. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.
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 812. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 813. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 814. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 815. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 816. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 817. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 818. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10
mm.

 819. CW; in pure Ne at 0.05 torr, D = 21 mm.
 820. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 821. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 822. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 823. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 824. CW; in a He-Ne mixture over ranges 0.01-0.2 torr of Ne, 0-1.0 torr of He; D = 10

mm.
 825. CW; in pure Ne at 0.05 torr, D = 21 mm.
 826. CW; in pure Ne at 0.05 torr, D = 21 mm.
 827. CW; in pure Ne at 0.05 torr, D = 21 mm.
 828. CW; in pure Ne at 0.05 torr, D = 21 mm.
 829. CW; in pure Ne at 0.05 torr, D = 21 mm.
 830. CW; in pure Ne at 0.02 torr, D = 47 mm.
 831. CW; in pure Ne at 0.05 torr, D = 21 mm.
 832. CW; in He-Ne mixture, 0.05 torr of Ne with 0.1 torr of He; D = 21 mm.
 833. CW; in He-Ne mixture, 0.05 torr of Ne with 0.1 torr of He; D = 21 mm.
 834. CW; in pure Ne at 0.02 torr, D = 47 mm.
 835. CW; in He-Ne mixture, 0.03 torr of Ne with 0.07 torr of He; D = 21 mm.
 836. CW; in pure Ne at 0.035 torr, D = 34 mm.
 837. CW; in pure Ne at 0.02 torr, D = 47 mm.
 838. CW; in pure Ne at 0.035 torr, D = 34 mm.
 839. CW; in pure Ne at 0.035 torr, D = 34 mm.
 840. CW; in pure Ne at 0.035 torr, D = 34 mm.
 841. CW; in pure Ne at 0.035 torr, D = 34 mm.
 842. CW; in pure Ne at 0.01 torr; D = 47 mm.
 843. CW; in pure Ne at 0.01 torr; D = 47 mm.
 844. CW; in pure Ne at 0.01 torr; D = 47 mm.
 845. CW; in pure Ne at 0.01 torr; D = 47 mm.
 846. CW; in pure Ne at 0.01 torr; D = 47 mm.
 847. CW; in pure Ne at 0.01 torr; D = 47 mm.
 848. Wavelengths and spectral assigments are from data in Minnhagen, L., J. Opt. Soc.

Am., 63, 1185-1198 (1973) and Norlen, G., Phys. Scripta, 8, 249- 268 (1973).
 849. Possibly the same as the Ar-I line at 1.21397 µm.
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 850. Possibly the same as the Ar-I line at 1.27023 µm.
 851. This is a very strong line in a high-pressure He-Ar TEA laser. The assignment

listed, rather than an alternate listed previously in the literature, was confirmed by
Dauger and Stafsudd in line competition experiments. Reference 598.

 852. The assignment listed, rather than an alternate listed previously in the literature
was confirmed by Dauger and Stafsudd in line competition experiments. Reference
598.

 853. Preferred assignment.
 854– An alternate assignment of 5d [7/2]03 →  4f[9/2]4 (5d'4 → 4V4) at 5.1203927 µm
   856. listed in previous compilations of neutral argon transitions has been eliminated; it

is considerably outside the reported error of the measured wavelength 5.1218±10-4.

µm. Reference 559.
 857– Lines listed in previous compilations at 0.8780, 1.0935, and 1.8167 µm have been
   859. omitted. The first of these is an Ar-II line, the second is almost certainly an Ar-II

line, but is listed here under miscellaneous and unidentified possible neutral laser
transitions, and the third line is a neutral Kr line. Unidentified laser lines observed
in a pulsed Ar-Hg discharge at 1.222, 1.246, and 1.276 µm have been listed as
unidentified neutral Hg transitions. References 162, 244, 659, 660, 662.

 860. Transient line requiring short rise-time, high-voltage, high-current pulses.
 861. Transient line as above. Observed in an Ar-Ne (He) discharge; favors very low Ar

pressure.
 862. Pulsed; in a high-pressure (>1 atm) He-Ar mixture excited in a vacuum UV photo-

preionized TEA laser.
 863. Pulsed; in a high-pressure (>1 atm) He-Ar mixture excited in a vacuum UV photo-

preionized TEA laser.
 864. Pulsed; in a high-pressure (>1 atm) He-Ar mixture excited in a vacuum UV photo-

preionized TEA laser.
 865. Pulsed; in a high-pressure (>1 atm) He-Ar mixture excited in a vacuum UV photo-

preionized TEA laser.
 866. Pulsed; in a mixture of Ar and He above 200 torr; D = 11 mm.
 867. Pulsed; observed in an ASE mode in argon at 0.03 torr; D = 3 mm; also in a

pulsed hollow-cathode laser with a 1:75 Ar-He mixture, optimum pressure 30 torr;
also as for 0.9123-µm line.

 868. Pulsed; observed in an ASE mode in argon at 0.03 torr; D = 3 mm; also as for
0.9123-µm line.

 869. Pulsed; observed in an ASE mode in Ar at 0.03 torr; D = 3 mm; also in a pulsed
hollow-cathode laser with a 1:75 Ar-He mixture, optimum pressure 30 torr; also as
for 0.9123-µm line; also in pure Ar or Ar-He mixtures in a transversely excited pin
laser.

 870. Pulsed; in a mixture of Ar and He above 200 torr; D = 11 mm.
 871. CW; in Ar at 0.25 torr; D = 2.2 mm.
 872. Pulsed; in an ASE mode in Ar at 0.04 torr; D = 7 mm.
 873. Pulsed; in a Cu hollow-cathode laser with a 1:75 Ar-He mixture; optimum pressure

30 torr.
 874. CW; in Ar at 0.05 torr; 0 = 7 mm.
 875. Pulsed; in 5 torr Ar with 3 torr SF6 in a transversely excited pin laser.
 876. CW; in 2.5 torr of Ar; D = 7 mm; also pulsed in pure Ar or Ar-SF6 mix ture at

low pressures, up to 5 torr; in transversely excited lasers and in a hollow-cathode
laser with a 1:75 Ar-He mixture, optimum pressure 30 torr.

 877. CW; in 0.035 torr of Ar; D = 7 mm; also in low pressure Ar or Ar-SF6.mixtures
in transversely excited lasers or in high-pressure (>1 atm) He-Ar.
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 878. Mixtures excited in a vacuum-UV photopreionized TEA laser; also nuclear pumped
by the reaction 3He (n,p)3H in a 9:1 3He-Ar mixture at pressures from 200-700
torr; D = 2 cm; ref 520 contains an incorrect wavelength and/or transition
assignment.

 879. CW; in 0.035 torr of Ar; D = 7 mm; also pulsed, in a Cu hollow-cathode laser
with a 1:75 Ar-He mixture; optimum pressure 30 torr.

 880. CW; in 0.012 torr of Ar; also pulsed in a Cu hollow-cathode laser with a 1:75 Ar-
He mixture; optimum pressure 30 torr.

 881. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 882. CW; in 0.018 torr of Ar; also pulsed in 5.0 torr of Ar plus 3 torr of SF6 in  a

transversely excited pin laser.
 883. CW; in 0.01-0.05 torr of Ar; D = 10 mm; also enhanced by the addition of Cl to

an Ar-He mixture; also pulsed in a Cu hollow-cathode laser with a 1:75 Ar-He
mixture; optimum pressure 30 torr.

 884. CW; in 0.01-0.05 torr of Ar; D = 10 mm; also pulsed in 5.0 torr of Ar plus 3 torr
of SF6 in a transversely excited pin laser.

 885. CW; in 0.01-0.05 torr of Ar; D = 10 mm; enhanced by the addition of Cl to an Ar-
He mixture; also pulsed in pure Ar at low-pressure (<1 torr) or a high-pressure He-
Ar mixture (>1 atm) excited in a vacuum UV photopreionized laser.

 886. CW; in 0.01-0.5 torr of Ar; D = 10 mm.
 887. CW; in 0.01-0.5 torr of Ar; D = 10 mm.
 888. CW; in 0.01-0.5 torr of Ar; D = 10 mm.
 889. CW; in 0.01-0.5 torr of Ar; D = 10 mm.
 890. CW; in 0.01-0.5 torr of Ar; D = 10 mm.
 891. CW; in 0.02 torr of Ar with 0.2 torr of He; D = 15 mm.
 892. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 893. Pulsed; in 0.008-0.014 torr of Ar; D = 4 mm.
 894. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 895. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 896. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 897. CW; in 0.09 torr of Ar with 3 torr of He.
 898. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 899. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 900. CW.
 901. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 902. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 903. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 904. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 905. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 906. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 907. Pulsed; in 0.008-0.014 torr of Ar; D = 4 mm.
 908. Pulsed; in 0.008-0.014 torr of Ar; D = 4 mm.
 909. Pulsed; in 0.01-0.015 torr of Ar; D = 8 mm.
 910. Pulsed; in 0.008-0.014 torr or Ar; D = 4 mm.
 911. CW; in 0.06 torr of Ar; D = 15 mm.
 912. CW; in 0.02 torr of Ar with 0.2 torr of He; D = 15 mm.
 913. CW; in 0.01-0.05 torr or Ar; D = 10 mm.
 914. CW; in 0.01-0.05 torr or Ar; D = 10 mm.
 915. Pulsed; in 0.008-0.014 torr of Ar; D = 4 mm.
 916. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 917. CW; in 0.06 torr of Ar; D = 15 mm.
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 918. CW; in 0.05 torr of Ar; D = 15 mm.
 919. CW; in 0.05 torr of Ar; D = 15 mm.
 920. CW; in 0.02 torr of Ar with 0.2 torr of He; D = 15 mm; also pulsed in a 9:3 He-Ar

mixture at 100 torr in a transversely excited pin laser.
 921. CW; in 0.05 torr of Ar; D = 15 mm.
 922. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 923. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 924. CW; in 0.02 torr of Ar with 0.2 torr of He; D = 15 mm.
 925. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 926. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 927. CW; in 0.05 torr of Ar; D = 10 mm.
 928. Pulsed; in a 7:3 He-Ar mixture at 100 torr in a transversely excited pin laser.
 929. CW; in 0.05 torr of Ar; D = 10 mm.
 930. CW; in 0.05 torr of Ar; D = 10 mm.
 931. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 932. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 933. CW; in 0.01-0.05 torr of Ar; D = 10 mm.
 934. CW; in 0.05 torr of Ar; D = 10 mm.
 935. CW; in 0.05 torr of Ar; D = 10 mm.
 936. CW; in 0.05 torr of Ar; D = 10 mm.
 937– Unless otherwise indicated, wavelengths and spectral assignment are taken from

data
 938. on 86Kr in Kaufman, V. and Humphreys, C. J., J. Opt. Soc. Am., 59, 1614-1628

(1969). Although 86Kr represents only 17.4% of natural isotopic abundance Kr, it
is the spectral lines of this isotope that have been selected as wavelength standards
by the International Astronomical Union and the International Committee of
Weights and Measures.

 939– This assignment suggested by C. Davis as being much more likely to be correct
   940. than the two alternative assignments involving higher-lying levels listed by

Linford. It is also closer to the measured wavelength. Reference 602.
 941– Calculated wavelength taken from data in Moore, C. E., Natl. Stand. Ref. Data.
   942. Ser. Natl Bur. Stand., NSRDS-NBS 35, 2 (1971).
 943– The existence of this laser transition is doubtful; it is probably the Xe transition at
   945. 5.5755 µm; Xe had been used in the same laser tube. Pulsed; in 0.01-0.015 torr of

Kr; D = 8 mm.
 946. Transient line requiring short rise-time, high-voltage, high-current pulses; in about

0.1 torr of Kr; D = 3 mm; peak current 1000 A.
 947. Pulsed; in a 7 atm He-Kr mixture excited in a vacuum-UV photopreionized TEA

laser.
 948. Pulsed; in an ASE mode in 0.04 torr of Kr; D = 7 mm.
 949. Pulsed; in an ASE mode in 0.06 torr of Kr; D = 7 mm.
 950. Pulsed; in an ASE mode in 0.03 torr of Kr; D = 7 mm.
 951. Pulsed; in an ASE mode in 0.08 torr of Kr; D = 7 mm.
 952. Pulsed; in an ASE mode in 0.2 torr of Kr; D = 7 mm.
 953. Pulsed; in an ASE mode in 0.01-0.015 torr of Kr; D = 2 or 4 mm.
 954. Pulsed; in an ASE mode in 0.01-0.015 torr of Kr; D = 2 or 4 mm.
 955. Pulsed; in an ASE mode in 0.07 torr of Kr; D = 7 mm.
 956. Pulsed; in an ASE mode in 0.08 torr of Kr; D = 7 mm.
 957. CW; in 0.05 torr of Kr; D = 7 mm.
 958. CW; in 0.07 torr of Kr; D = 7 mm.
 959. CW; in 0.015 torr of Kr; D = 9 mm.
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 960. CW; in 0.07 torr of Kr; D = 7 mm.
 961. CW; in 0.035 torr of Kr; D = 7 mm; Reference 429 contains an incorrect

wavelength and/or transition assignment.
 962. CW; in 0.035 torr of Kr; 0 = 7 mm.
 963. CW; in 0.035 torr of Kr; D = 7 mm.
 964. Pulsed; in 0.008-0.014 torr of Kr; D = 4 mm.
 965. CW.
 966. CW; in an ASE mode in 1.0 torr of Kr; D = 7 mm; also pulsed in a 93:7 He-Kr

mixture at 760 torr in a transversely excited pin laser; also nuclear pumped by the
reaction 3He(n,p)3H.

 967. CW; in 0.02 torr of Kr; D = 10 mm.
 968. CW; in 0.02 torr of Kr; D = 10 mm.
 969. CW; in 0.02 torr of Kr; D = 10 mm.
 970. CW; in 0.02 torr of Kr; D = 10 mm.
 971. CW; in 0.02 torr of Kr; D = 10 mm.
 972. CW; in 0.02 torr of Kr; D = 10 mm.
 973. CW; in 0.02 torr of Kr; D = 10 mm.
 974. CW; in 0.03 torr of Kr; D = 15 mm; also pulsed in a 93:7 He-Kr mixture at 760

torr in a transversely excited pin laser.
 975. CW; in 0.02 torr of Kr; D = 10 mm.
 976. CW; in 0.02 torr of Kr; D = 10 mm; Reference 559 contains an incorrect

wavelength and/or transition assignment
 977. CW; in 0.02 torr of Kr; D = 10 mm.
 978. CW; in 0.02 torr of Kr; D = 10 mm.
 979. CW; in 0.02 torr of Kr; D = 10 mm.
 980. Pulsed; in 0.01-0.015 torr of Kr; D = 8 mm.
 981. Pulsed; in 0.01-0.015 torr of Kr; D = 8 mm.
 982. Pulsed; in 0.01-0.015 torr of Kr; D = 8 mm.
 983. Pulsed; in 0.01-0.015 torr of Kr; D = 8 mm.
 984. CW; in 0.02 torr of Kr; D = 10 mm.
 985. CW; in 0.02 torr of Kr; D = 10 mm.
 986. CW; in 0.02 torr of Kr; D = 10 mm.
 987. CW; in 0.02 torr of Kr; D = 10 mm.
 988. CW; in pure Kr at 0.02 torr or a Kr-He mixture with 0.02 torr of Kr and 0.2 torr of

He; D = 15 mm.
 989. CW; in pure Kr at 0.02 torr of a Kr-He mixture with 0.02 torr of Kr and 0.2 torr of

He; D = 15 mm.
 990. CW; in 0.02 torr of Kr; D = 10 mm.
 991. CW; in 0.02 torr of Kr; D = 10 mm.
 992. CW; in 0.02 torr of Kr; D = 10 mm.
 993. CW; in 0.03 torr of Kr; D = 15 mm.
 994. CW; in 0.03 torr of Kr; D = 15 mm.
 995. CW; in 0.02 torr of Kr; D = 10 mm.
 996. CW; in pure Kr at 0.02 torr or in a Kr-He mixture with 0.02 torr of Kr and 0.2 torr

of He; D = 15 mm.
 997– Unless otherwise indicated, measured and calculated wavelengths are taken from
   999. data on 136Xe in Humphreys, C. J. and Paul, E., Jr., J. Opt. Soc. Am., 60, 1302-

1310 (1970). 136Xe is the heaviest isotope of Xe and the  measured wavelengths for
this isotope are the most accurately measured. In any case, the isotope shift in Xe is
extremely small, e.g., 1500 kHz (2.10-8 µm) between the 134Xe-136Xe transitions
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at 2.03 µm. Thus, the wavelength values given in the table probably only differ in
the eighth decimal place between the various isotopes. Reference 626.

1000. Wavelength measured in Reference 609.
1001. May be an ionized Xe transition. Reference 244.
1002. Calculated wavelength from data in Moore, C. E., Natl. Stand. Ref. Data. Ser.

Natl. Bur. Stand., NSRDS-NBS 35, 3 (1971).
1003. This line was observed in Reference 627, but was incorrectly reported there as the

transition at 3.507 µm. This latter transition is rarely, or only weakly observed in
high-pressure transversely excited He-Xe lasers. References 627, 632.

1004. This line was observed in Reference 627, but was incorrectly reported there as the
transition at 3.507 µm. This latter transition is rarely, or only weakly observed in
high-pressure transversely excited He-Xe lasers. References 627, 632.

1005. Vacuum wavelength measured in Reference 601.
1006. Lines at 6.384 and 8.191 µm included by Willett in one compilation of neutral Xe

laser transitions, but omitted in a second, are not included here. These lines were
apparently only mentioned in a U.S. Goverment contract report and never reported
in the literature.

1007. Pulsed; in a 7 atm He-Xe mixture in a vacuum-UV photopreionized TEA laser.
1008. Transient line which operates in an ASE mode in short rise-time, high-voltage,

high-current pulsed discharges; in 0.04 torr of Xe; D = 7 mm.
1009. Transient line which operates in an ASE mode as above; in 0.12 torr of Xe; D = 7

mm.
1010. Pulsed; in 0.2-0.4 torr of Xe; also in a 7 atm He-Xe or a 1 atm Ar-Xe mixture in a

vacuum-UV photopreionized TEA laser.
1011. Pulsed; in 0.001-0.02 torr of Xe; D = 2.7-4.0 mm.
1012. Pulsed in 0.001-0.02 torr of Xe; D = 2.7-4.0 mm.
1013. Pulsed; in an ASE mode in 0.04 torr of Xe; D = 7 mm.
1014. Pulsed; in an ASE mode in 0.1 torr of Xe; D = 7 mm.
1015– Pulsed; in ASE mode in 0.15 torr of Xe; D = 7 mm; also CW in 0.03-0.1 torr of
  1016. Xe; D = 4 or 7 mm; also pulsed in a 1 atm He-Xe or Ar-Xe mixture in a vacuum-

UV photopreionized TEA laser or in a high-pressure Ar-Xe mixture excited in a E-
beam ionizer-sustainer mode laser.

1017– CW; operates in an ASE mode even in short discharge tubes; the gain in a 5-mm
  1019. bore tube is more than 45 dBm-1; in a few mtorr of Xe or in a 100:1 He-Xe

mixture at a total pressure of about 10 torr; D = 5 mm. To avoid cataphoretic
effects in a He-Xe mixture rf-excitation is necessary; clean-up of xenon is a problem;
also pulsed in high-pressure (~1 atm) He-Xe, Ar-Xe, or Ne-Xe mixtures in a
vacuum-UV photopreionized TEA laser; pulsed in a Cu hollow-cathode discharge;
also pulsed, nuclear-pumped by the reaction 3He(n,p)3H; D = 10 mm.

1020. CW; in 0.01-0.04 torr of Xe, He also added to about 1 torr; D = 7 mm.
1021. CW; in 0.03-0.1 torr of Xe; D = 4 or 7 mm.
1022. Pulsed; in 0.005-0.011 torr of Xe; D = 4 mm.
1023. CW; in 0.01-0.04 torr of Xe, He also added to about 1 torr; D = 7 mm; also

pulsed in a high-pressure Ar-Xe mixture containing <5% Xe excited in a E-beam
ionizer-sustainer mode

1024. CW; in 0.01-0.04 torr of Xe, He also added to about 1 torr; D = 7 mm; also in
high-pressure Ar-Xe or He-Xe mixtures containing <5% Xe excited in E-beam
ionizer-sustainer and other types of pulsed transversely excited lasers

1025. CW; in 0.01-0.04 torr of Xe, He also added to about 1 torr; D = 7 mm.
1026. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1027. Pulsed; in 0.005-0.011 torr of Xe; D = 4 mm.
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1028. CW; in 0.01-0.04 torr of Xe, He also added to about 1 torr; D = 7 mm.
1029. CW; in a 250:1 He-Xe mixture in an rf-discharge at about 0.4 torr; D = 11 mm.
1030. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1031. CW; in 0.01-0.04 torr of Xe, He added to 1 torr; D = 7 mm; also weakly in a

pulsed high pressure Ar-Xe Mixture with <1% Xe excited in an E-beam ionizer-
sustainer laser.

1032. CW; in pure Xe at 0.01-0.06 torr or in 0.015 torr of Xe with 0.3 torr of He; D = 15
mm.

1033. CW; in 0.01-0.04 torr of Xe, He added to 1 torr; D = 7 mm; also pulsed in a high
repetition rate transversely excited He-Xe mixture containing <1% Xe or in a high-
pressure He-Xe mixture excited in an E-beam ionizer-sustainer laser.

1034. Reference 627 contains an incorrect wavelength and/or transition assignment.
1035– CW; operates in ASE mode in short discharge tubes, gain as high as 400 dBm-1 in
  1037. a 0.75-mm bore tube operates in a few tens of mtorr of Xe and with He to about 10

torr with D = 5 mm; clean-up of Xe is a problem; also pulsed in a high-pressure
He-Xe mixture containing <1% Xe excited in an E-beam ionizer-sustainer laser or
nuclear pumped by the reaction 3He(n,p)3H in a 10-mm bore tube or in a 200 torr
20:1 He-Xe mixture in a neutron activated 235U lined tube; D = 19 mm.

1038. CW; in 0.01-0.04 torr of Xe, He added to 1.0 torr; D = 7 mm.
1039. CW; in 0.02 torr of Xe; D=7 mm. also pulsed in high-pressure He-Xe mixture

with ~5% Xe excited in E-beam ionizer-sustainer and various other transversely
excited lasers; also nuclear pumped by the reaction ^3He(n,p)3H in a 10-mm bore
tube.

1040. CW; in 0.01-0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1041. CW; in 0.01-0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1042. CW; in 0.01-0.4 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1043. CW; in 0.01-0.4 torr of Xe, He added up to 1.0 torr; D = 7mm.
1044. CW; in 0.01-0.4 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1045. CW; in 0.01-0.06 torr of Xe or in 0.015 torr of Xe with 0.3 torr of He; D = 15

mm; also pulsed in a high-pressure, high repetition rate TEA laser with a 200:1
He-Xe mixture at 300 torr.

1046. CW; in 0.01-0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1047. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15 mm.
1048. CW; in 0.01-0.04 torr of Xe, He added to give total pressure of 1 torr; D = 7 mm,

or in pure Xenon at 0.01-0.06 torr; D = 15 mm.
1049. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15 mm.
1050. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15. mm.
1051. CW; in 0.01-0.04 torr of Xe, He added to give total pressure of 1 torr; D = 7 mm,

or in pure Xenon at 0.01-0.06 torr; D = 15 mm.
1052. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1053. CW; in pure Xe at 0.01-0.06 torr or in 0.015 torr of Xe with 0.3 torr of He; D = 15

mm; lasing is more easily achieved if the 3.507-µm line is suppressed
1054. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15 mm.
1055. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15 mm.
1056. CW; in 0.01-0.04 torr of Xe, He added up to 1 torr; D = 7 mm.
1057. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1058. CW; in 0.01-0.06 torr of Xe or 0.015 torr Xe with 0.3 torr of He; D = 15 mm.
1059. CW; in 0.015 torr of Xe with 0.3 torr of He; D = 15 mm.
1060. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1061. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
1062. CW; in 0.01-0.06 torr of Xe; D = 15 mm.
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1063. CW; in 0.015 torr of Xe with 0.3 torr of He; D = 15 mm.
1064. CW; in 0.01-0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1065. CW; in 0.01-0.06 torr of Xe or 0.015 torr of Xe with 0.3 torr of He; D = 15 mm.
1066. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1067. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1068. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1069. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1070. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1071. CW; in 0.01–0.04 torr of Xe, He added up to 1.0 torr; D = 7 mm.
1072. CW; in a 100:1 He-Xe mixture at 35 mtorr of Xe or in a 3:1 Kr-Xe mixture at 15-

20 mtorr of Xe; D = 6 mm.
1073. Collisions with He required for laser oscillation.
1074. Excited by Penning collisions with metastable He.
1075. Collisions with He,Ne required for laser oscillation.
1076. Excited by charge-exchange collisions with ground-state ion of He.
1077. Collisions with Ne required for laser oscillation.
1078. Excited by charge-exchange collisions with ground-state ion of He.
1079. Collisions with Ne,He required for laser oscillation.
1080. Excited by charge-exchange collisions with ground-state ion of Ne.
1081. See more complete discussion following the tables in the CRC Handbook of Laser

Science and Technology, Vol. II, Gas Lasers, section 2.
1082. Laser oscillation observed only in the afterglow of the discharge pulse.
1083. Continuous oscillation reported.
1084. Ion obtained by dissociation of molecular compound.
1085. Error in classification or wavelength.
1086. Gain measured.
1087. Hollow-cathode excitation.
1088. Hyperfine structure investigated.
1089. Identification of line given or discussed.
1090. Power output reported.
1091. Superradiant operation reported.
1092. Unique or unusual excitation method.
1093. Existence of line discussed.
1094. Accurate wavelength measurement
1095. Or 1.091527 µm line and transition; Spectroscopic Reference: Mg II (1046).
1096. Or 1.091423 µm line and transition; Spectroscopic Reference: Mg II (1046).
1097. Spectroscopic Reference: Mg II (1046).
1098. Spectroscopic Reference: Mg II (1046).
1099. Spectroscopic Reference: Ca II (1166).
1100. Spectroscopic Reference: Ca II (1166).
1101. Spectroscopic Reference: Ca II (1166).
1102. Spectroscopic Reference: Ca II (1166).
1103. Spectroscopic Reference: Ca II (1166).
1104. Spectroscopic Reference: Ca II (1166).
1105. Strong or characteristic laser line in pure gas.
1106. Reference 1849 changes previous data.
1107. Or 0.819223 µm line and transition.
1108. Or 0.819233 µm line and transition.
1109. Classification or ionization state uncertain.
1110. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1111. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
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1112. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099); strong or
characteristic laser line in pure gas.

1113. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1114. Spectroscopic Reference: Zn II (1145).
1115. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1116. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099); strong or

characteristic laser line in pure gas.
1117. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1118. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1119. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1120. Spectroscopic Reference: Zn II (1145); wavelength from Harrison (1099.
1121. Spectroscopic Reference: Zn II (1145).
1122. Spectroscopic Reference: Zn II (1145).
1123. Strong or characteristic laser line in pure gas.
1124. Strong or characteristic laser line in pure gas.
1125. Strong or characteristic laser line in pure gas.
1126. Strong or characteristic laser line in pure gas.
1127. Strong or characteristic laser line in pure gas.
1128. Classification or ionization state uncertain
1129. Classification or ionization state uncertain
1130. Wavelength from Harrison, Reference 1099.
1131. Classification or ionization state uncertain.
1132. Classification or ionization state uncertain.
1133. Wavelength from Harrison, Reference 1099; strong or characteristic laser line in

pure gas.
1134. Wavelength from Harrison, Reference 1099; strong or characteristic laser line in

pure gas.
1135. Strong or characteristic laser line in pure gas; wavelength from Reference 1165.
1136. Wavelength from Harrison, Reference 1099; strong or characteristic laser line in

pure gas.
1137. Wavelength from Harrison, Reference 1099.
1138. Wavelength from Harrison, Reference 1099.
1139. Wavelength from Harrison, Reference 1099; strong or characteristic laser line in

pure gas.
1140. Wavelength from Harrison, Reference 1099.
1141. Wavelength from Harrison, Reference 1099.
1142. Wavelength from Harrison, Reference 1099.
1143. Wavelength from Harrison, Reference 1099.
1144. Wavelength from Harrison, Reference 1099.
1145. Wavelength from Harrison, Reference 1099.
1146. Spectroscopic Reference: C III (1038).
1147. Spectroscopic Reference: C III (1038).
1148. Spectroscopic Reference: C IV (1048); wavelength in vacuum.
1149. Spectroscopic Reference: C IV (1048); wavelength in vacuum.
1150. Spectroscopic Reference: Si II (294).
1151. Spectroscopic Reference: Si II (294).
1152. Spectroscopic Reference: Si II (294).
1153. Spectroscopic Reference: Si III (324).
1154. Spectroscopic Reference: Si III (324).
1155. Spectroscopic Reference: Si IV (323); classification or ionization state uncertain; [cf.

Ar].
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1156. Spectroscopic Reference: Ge II (295).
1157. Spectroscopic Reference: Ge II (295).
1158. Wavelength from Harrison Reference 1099; classification or ionization state

uncertain.
1159. Wavelength from Harrison, Reference 1099.
1160. Wavelength from Harrison, Reference 1099.
1161. Wavelength from Harrison, Reference 1099.
1162. Wavelength from Harrison, Reference 1099.
1163. Wavelength from Harrison, Reference 1099.
1164. Wavelength from Harrison, Reference 1099.
1165. Wavelength from Harrison, Reference 1099.
1166. Spectroscopic Reference: N II (1170).
1167. Spectroscopic Reference: N II (1170).
1168. Spectroscopic Reference: N II (1170).
1169. Spectroscopic Reference: N II (1170).
1170. Spectroscopic Reference: N II (1170).
1171. Spectroscopic Reference: N II (1170).
1172. Spectroscopic Reference: N II (1170).
1173. Spectroscopic Reference: N II (1170); strong or characteristic laser line in pure gas.
1174. Spectroscopic Reference: N II (1170).
1175. Spectroscopic Reference: N II (1170).
1176. Spectroscopic Reference: N IV (902).
1177. Spectroscopic Reference: N IV (902).
1178. Spectroscopic Reference: P II (992); strong or characteristic laser line in pure gas.
1179. Spectroscopic Reference: P II (992).
1180. Spectroscopic Reference: P II (992); strong or characteristic laser line in pure gas.
1181. Spectroscopic Reference: P II (992).
1182. Spectroscopic Reference: P II (992).
1183. Spectroscopic Reference: P II (992).
1184. Spectroscopic Reference: (981).
1185. Spectroscopic Reference: (981).
1186. Spectroscopic Reference: (981).
1187. Spectroscopic Reference: (981).
1188. Spectroscopic Reference: (981).
1189. Spectroscopic Reference: (981).
1190. Spectroscopic Reference: (981).
1191. Spectroscopic Reference: (981).
1192. Spectroscopic Reference: (981).
1193. Strong or characteristic laser line in pure gas.
1194. Spectroscopic Reference: O IV (1130).
1195. Spectroscopic Reference: O IV (1130); or 0.338121 µm line and transition.
1196. Spectroscopic Reference: O IV (1130); or 0.338130 µm line and transition
1197. Spectroscopic Reference: O IV (1130).
1198. Strong or characteristic laser line in pure gas.
1199. Strong or characteristic laser line in pure gas.
1200. Strong or characteristic laser line in pure gas.
1201. Strong or characteristic laser line in pure gas.
1202. Strong or characteristic laser line in pure gas.
1203. Strong or characteristic laser line in pure gas.
1204. Strong or characteristic laser line in pure gas.
1205. Classification or ionization state uncertain.



©2001 CRC Press LLC

1206. Strong or characteristic laser line in pure gas.
1207. Reference 1156 changes previous data.
1208. Classification or ionization state uncertain.
1209. Classification or ionization state uncertain.
1210. Classification or ionization state uncertain.
1211. Classification or ionization state uncertain.
1212. Strong or characteristic laser line in pure gas.
1213. Strong or characteristic laser line in pure gas.
1214. Strong or characteristic laser line in pure gas.
1215. Strong or characteristic laser line in pure gas.
1216. Strong or characteristic laser line in pure gas.
1217. Strong or characteristic laser line in pure gas.
1218. Strong or characteristic laser line in pure gas.
1219. Strong or characteristic laser line in pure gas.
1220. Strong or characteristic laser line in pure gas.
1221. Strong or characteristic laser line in pure gas.
1222. Or 0.527127 µm line and transition.
1223. Or 0.527115 µm line and transition.
1224. Or 0.552244 µm line and transition.
1225. Or 0.552266 µm line and transition.
1226. Strong or characteristic laser line in pure gas.
1227. Strong or characteristic laser line in pure gas.
1228. Spectroscopic Reference: Te II (904).
1229. Spectroscopic Reference: Te II (904); wavelength from Reference 904.
1230. Spectroscopic Reference: Te II (904); wavelength from Reference 904.
1231. Spectroscopic Reference: Te II (904).
1232. Spectroscopic Reference: Te II (904); Classification or ionization state uncertain.
1233. Spectroscopic Reference: Te II (904).
1234. Spectroscopic Reference: Te II (904).
1235. Spectroscopic Reference: Te II (904); Classification or ionization state uncertain.
1236. Spectroscopic Reference: Te II (904).
1237. Spectroscopic Reference: Te II (904).
1238. Spectroscopic Reference: Te II (904).
1239. Spectroscopic Reference: Te II (904).
1240. Spectroscopic Reference: Te II (904).
1241. Spectroscopic Reference: Te II (904).
1242. Spectroscopic Reference: Te II (904).
1243. Spectroscopic Reference: Te II (904).
1244. Spectroscopic Reference: Te II (904).
1245. Spectroscopic Reference: Te II (904).
1246. Spectroscopic Reference: Te II (904).
1247. Spectroscopic Reference: Te II (904).
1248. Spectroscopic Reference: Te II (904).
1249. Spectroscopic Reference: Te II (904).
1250. Spectroscopic Reference: Te II (904).
1251. Spectroscopic Reference: Te II (904).
1252. Spectroscopic Reference: Te II (904).
1253. Spectroscopic Reference: Te II (904).
1254. Spectroscopic Reference: Te II (904).
1255. Spectroscopic Reference: Te II (904).
1256. Spectroscopic Reference: Te II (904).
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1257. Spectroscopic Reference: Te II (904).
1258. Spectroscopic Reference: Te II (904).
1259. Spectroscopic Reference: Te II (904).
1260. Spectroscopic Reference: Te II (904).
1261. Spectroscopic Reference: F III (1022).
1262. Spectroscopic Reference: F III (1022).
1263. Spectroscopic Reference: F III (1022).
1264. Spectroscopic Reference: F II (1024).
1265. Spectroscopic Reference: F II (1024).
1266. Classification or ionization state uncertain.
1267. Classification or ionization state uncertain.
1268. Classification or ionization state uncertain.
1269. Spectroscopic Reference: Br II (1043).
1270. Spectroscopic Reference: Br II (1043).
1271. Spectroscopic Reference: Br II (1043).
1272. Spectroscopic Reference: Br II (1043).
1273. Spectroscopic Reference: Br II (1043).
1274. Spectroscopic Reference: Br II (1043).
1275. Spectroscopic Reference: Br II (1043).
1276. Spectroscopic Reference: I II (993).
1277. Classification or ionization state uncertain.
1278. Classification or ionization state uncertain.
1279. Classification or ionization state uncertain.
1280. Classification or ionization state uncertain.
1281. Spectroscopic Reference: I II (993).
1282. Classification or ionization state uncertain.
1283. Classification or ionization state uncertain.
1284. Spectroscopic Reference: I II (993).
1285. Spectroscopic Reference: I II (993).
1286. Spectroscopic Reference: I II (993).
1287. Spectroscopic Reference: I II (993); strong or characteristic laser line in pure gas.
1288. Spectroscopic Reference: I II (993).
1289. Spectroscopic Reference: I II (993).
1290. Spectroscopic Reference: I II (993); strong or characteristic laser line in pure gas.
1291. Spectroscopic Reference: I II (993); strong or characteristic laser line in pure gas.
1292. Spectroscopic Reference: I II (993).
1293. Spectroscopic Reference: I II (993); strong or characteristic laser line in pure gas.
1294. Spectroscopic Reference: I II (993).
1295. Spectroscopic Reference: I II (993).
1296. Spectroscopic Reference: I II (993).
1297. Spectroscopic Reference: I II (993).
1298. Spectroscopic Reference: I II (993).
1299. Spectroscopic Reference: I II (993); strong or characteristic laser line in pure gas.
1300. Spectroscopic Reference: I II (993).
1301. Spectroscopic Reference: I II (993).
1302. Spectroscopic Reference: I II (993).
1303. Spectroscopic Reference: I II (993).
1304. Spectroscopic Reference: I II (993).
1305. Spectroscopic Reference: I II (993).
1306. Spectroscopic Reference: I II (993).
1307. Spectroscopic Reference: I II (993).
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1308. Spectroscopic Reference: I II (993).
1309. Spectroscopic Reference: I II (993).
1310. Spectroscopic Reference: I II (993).
1311. Spectroscopic Reference: I II (993).
1312. Classification or ionization state of iodine IV uncertain.
1313. Classification or ionization state of iodine IV uncertain.
1314. Wavelength from Reference 1759.
1315. Wavelength from Reference 1759.
1316. Classification or ionization state uncertain.
1317. Classification or ionization state uncertain.
1318. Classification or ionization state uncertain.
1319. Reference 989 changes previous data.
1320. Reference 222 changes previous data.
1321. Spectroscopic Reference: Ne II (993).
1322. Spectroscopic Reference: Ne II (993); strong or characteristic laser line in pure gas.
1323. Spectroscopic Reference: Ne II (993).
1324. Spectroscopic Reference: Ne II (993).
1325. Spectroscopic Reference: Ne II (993); strong or characteristic laser line in pure gas.
1326. Spectroscopic Reference: Ne II (993); strong or characteristic laser line in pure gas.
1327. Spectroscopic Reference: Ne II (993); strong or characteristic laser line in pure gas.
1328. Spectroscopic Reference: Ne II (993).
1329. Spectroscopic Reference: Ne II (993); strong or characteristic laser line in pure gas.
1330. Classification or ionization state uncertain; vacuum wavelength.
1331. Wavelength from Harrison (Reference 1099).
1332. Strong or characteristic laser line in pure gas.
1333. Spectroscopic Reference: Ar II (1005).
1334. Strong or characteristic laser line in pure gas. Wavelength from Harrison (Reference

141).
1335. Existence of this laser line may be in doubt; classification or ionization state

uncertain.
1336. cf. Si IV; Classification or ionization state uncertain.
1337. Strong or characteristic laser line in pure gas; wavelength from Reference 1759.
1338. Spectroscopic Reference: Ar II (1005).
1339. Spectroscopic Reference: Ar II (1005).
1340. Spectroscopic Reference: Ar II (1005).
1341. Spectroscopic Reference: Ar II (1005).
1342. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1343. Spectroscopic Reference: Ar II (1005).
1344. Spectroscopic Reference: Ar II (1005).
1345. Spectroscopic Reference: Ar II (1005).
1346. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1347. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1348. Spectroscopic Reference: Ar II (1005).
1349. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1350. Existence of this laser line may be in doubt; classification or ionization state

uncertain.
1351. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1352. Spectroscopic Reference: Ar II (1005).
1353. Spectroscopic Reference: Ar II (1005).
1354. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1355. Spectroscopic Reference: Ar II (1005).
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1356. Spectroscopic Reference: Ar II (1005).
1357. Existence of this laser line may be in doubt; classification or ionization state

uncertain.
1358. Spectroscopic Reference: Ar II (1005).
1359. Spectroscopic Reference: Ar II (1005).
1360. Spectroscopic Reference: Ar II (1005).
1361. Spectroscopic Reference: Ar II (1005).
1362. Spectroscopic Reference: Ar II (1005); strong or characteristic laser line in pure gas.
1363. Classification or ionization state uncertain.
1364. Classification or ionization state uncertain.
1365. Classification or ionization state uncertain.
1366. Strong or characteristic laser line in pure gas.
1367. Strong or characteristic laser line in pure gas.
1368. Spectroscopic Reference: Kr II (1007).
1369. Strong or characteristic laser line in pure gas.
1370. Strong or characteristic laser line in pure gas.
1371. Spectroscopic Reference: Kr II (1007).
1372. Spectroscopic Reference: Kr II (1007).
1373. Spectroscopic Reference: Kr II (1007).
1374. Spectroscopic Reference: Kr II (1007).
1375. Spectroscopic Reference: Kr II (1007).
1376. Spectroscopic Reference: Kr II (1007).
1377. Spectroscopic Reference: Kr II (1007).
1378. Spectroscopic Reference: Kr II (1007); cf. C III, Xe IV.
1379. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1380. Spectroscopic Reference: Kr II (1007).
1381. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1382. Spectroscopic Reference: Kr II (1007).
1383. Spectroscopic Reference: Kr II (1007).
1384. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1385. Spectroscopic Reference: Kr II (1007).
1386. Spectroscopic Reference: Kr II (1007).
1387. Spectroscopic Reference: Kr II (1007); wavelength from Reference 1157.
1388. Spectroscopic Reference: Kr II (1007).
1389. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1390. Spectroscopic Reference: Kr II (1007).
1391. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1392. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1393. Spectroscopic Reference: Kr II (1007).
1394. Or Kr II 0.593529 µm line and transition.
1395. Or Kr III 0.593506 µm line and transition; spectroscopic Reference: Kr II (1007).
1396. Or Kr II 0.603811 µm line and transition
1397. Or Kr III 0.603716 µm line and transition; spectroscopic Reference: Kr II (1007).
1398. Existence of this laser line may be in doubt.
1399. Spectroscopic Reference: Kr II (1007).
1400. Wavelength from Reference (162).
1401. Spectroscopic Reference: Kr II (1007).
1402. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1403. Spectroscopic Reference: Kr II (1007).
1404. Spectroscopic Reference: Kr II (1007).
1405. Or Kr II 0.660275 line and transition.
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1406. Or Kr III 0.660293 line and transition; spectroscopic Reference: Kr II (1007).
1407. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1408. Spectroscopic Reference: Kr II (1007).
1409. Spectroscopic Reference: Kr II (1007).
1410. Spectroscopic Reference: Kr II (1007); strong or characteristic laser line in pure gas.
1411. Spectroscopic Reference: Kr II (1007).
1412. Spectroscopic Reference: Kr II (1007).
1413. Spectroscopic Reference: Kr II (1007).
1414. Spectroscopic Reference: Kr II (1007); classification or ionization state uncertain.
1415. Spectroscopic Reference: Kr II (1007).
1416. Classification or ionization state uncertain.
1417. Spectroscopic Reference: Kr II (1007).
1418. Spectroscopic Reference: Kr II (1007).
1419. Spectroscopic Reference: Kr II (1007).
1420. Spectroscopic Reference: Kr II (1007).
1421. Classification or ionization state uncertain.
1422. Classification or ionization state uncertain.
1423. Strong or characteristic laser line in pure gas; classification or ionization state

uncertain.
1424. Strong or characteristic laser line in pure gas; classification or ionization state

uncertain.
1425. Classification or ionization state uncertain.
1426. Strong or characteristic laser line in pure gas.
1427. Strong or characteristic laser line in pure gas.
1428. Strong or characteristic laser line in pure gas.
1429. Classification or ionization state uncertain.
1430. Strong or characteristic laser line in pure gas.
1431. Or 0.384186 µm line and transition.
1432. Or 0.384152 µm line and transition.
1433. Classification or ionization state uncertain.
1434. Or 0.399255 µm line and transition.
1435. Or 0.399285 µm line and transition.
1436. Strong or characteristic laser line in pure gas.
1437. Strong or characteristic laser line in pure gas.
1438. Strong or characteristic laser line in pure gas.
1439. Strong or characteristic laser line in pure gas.
1440. Strong or characteristic laser line in pure gas.
1441. [cf. C III]
1442. Classification or ionization state uncertain; [cf. C III, Kr II].
1443. Classification or ionization state uncertain; [cf. C III, Kr II].
1444. Strong or characteristic laser line in pure gas; wavelength from Reference 163.
1445. Strong or characteristic laser line in pure gas; wavelength from Reference 163.
1446. Strong or characteristic laser line in pure gas; wavelength from Reference 163.
1447. Strong or characteristic laser line in pure gas.
1448. Wavelength from Reference (163).
1449. Strong or characteristic laser line in pure gas; wavelength from Reference (163).
1450. Strong or characteristic laser line in pure gas.
1451. Strong or characteristic laser line in pure gas; wavelength from Reference (163).
1452. Strong or characteristic laser line in pure gas; wavelength from Reference (163).
1453. Strong or characteristic laser line in pure gas.
1454. Strong or characteristic laser line in pure gas.
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1455. Strong or characteristic laser line in pure gas.
1456. Classification or ionization state uncertain.
1457. Classification or ionization state uncertain.
1458. Classification or ionization state uncertain.
1459. Classification or ionization state uncertain.
1460. Spectroscopic Reference: Eu II (285).
1461. Spectroscopic Reference: Eu II (285).
1462. Spectroscopic Reference: Eu II (285).
1463. Spectroscopic Reference: Eu II (285).
1464. Spectroscopic Reference: Eu II (285).
1465. Spectroscopic Reference: Eu II (285).
1466. Spectroscopic Reference: Yb II (236).
1467. Spectroscopic Reference: Yb II (236).
1468. Spectroscopic Reference: Yb II (236).
1469. Spectroscopic Reference: Yb II (236).
1470. Spectroscopic Reference: Yb II (236); classification or ionization state uncertain.
1471. Spectroscopic Reference: Yb II (236).
1472. Electron-beam pumping (800 keV, 60 ns) of reagent grade Ar at pressures of 20 to

68 atm. Reference 1.
1473. Collisional processes in dense, electron beam-excited rare gases are reviewed.

Reference 40.
1474. Spectral and temporal characteristics of high-current density (1.7 kA/cm2) electron

beam-excited argon at 0.2 to 65 atm. Reference 51.
1475. Microwave- and condensed discharge-excited emission continua of the rare gases

were investigated with Reference to photodetection methods, order separation, and
wavelength standards in the VUV. Reference 62.

1476. First rare gas-halide exciplex system found to lase after the advent of the rare gas
lasers. Reference 2.

1477. ArCl exhibits predissociation as do KrCl and XeBr and is therefore an inefficient
lasing material. Reference 13.

1478. Fast discharge excitation (80 to 110 kV, 2.5 ns rise time) of Cl2 to Ar to He
(1:15:84%) at atmospheric pressure produces a 10-ns pulse of energy ~ 0.2 mJ.
Reference 23.

1479. Axial e-beam excitation (2 MeV, 55 kA, 55 ns) of 5-torr F2 in Ar at ~ 2 atm
produces a 55-ns pulse of energy 92 J with the peak power of 1.6 GW. Reference
35.

1480. UV-preionized transverse electric discharge (25 kV, 10 J, 40 ns) excitation of F2 to
Ar to He (0.3:30:69.7%) at a pressure; ~2 atm produces a 20- to 25-ns pulse with
peak energy of 60 mJ and intrinsic efficiency of ~1%. Reference 37.

1481. This system once appeared to be an attractive candidate for high-energy storage
short-pulse laser applications, e.g., thermonuclear fusion. Excitation mechanisms,
kinetic processes, and collisionally stimulated emission in Group VI elements are
examined. References 39, 41, 42, 43.

1482. A theoretical expression for the emission-rate coefficient of ArO is developed,
interatomic potentials and transition moments are discussed, and a theory is given
which explains the main features of O(1S) collision-induced emission in rare gases.
References 44, 45.

1483. Vacuum UV photolysis of 2 torr N2O in 12 to 41 atm Ar utilizing 192-nm Ar
excimer radiation produced O(1S0) at high densities. The gain profile and
stimulated emission cross section near 558 nm were determined. Reference 46.
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1484– Optical pumping by a dye laser (540 < λ < 580 nm) of ~ 2 torr Bi2 in 10 torr Ar at
  1485. 1400 K produces a dense output spectra covering the entire region between 660 and

710 nm. Μultiline output power up to 350 mW observed with several watts
pumping power. Reference 49.

1486. Optical pumping (Ar2*, 514.5 nm) of Bi2 to Bi to Ar (6:22:10-55 torr) exhibits an
optimum operating temperature of 1300 K. Reference 48.

1487. Electron-beam excitation (235 keV, 5A/cm2, 50 mJ/cm3) of 1 to 3 torr Br2 in ~2
atm Ar produced maximum energy of 17 mJ with an efficiency ~0.1%. Reference
50.

1488. Discharge pumping (11 kV/cm, 25 A/cm2) in a high-energy electron beam of 0.4%
Br2 in Ar at 4 atm produced >200-ns pulses with energy 10 µJ. Reference 52.

1489. Longitudinal electron-beam excitation of 2 torr Cl2 in ~12 atm He yielded 96 mJ
with an efficiency ~0.4%. Reference 55.

1490– Fluorescence and laser emission were observed utilizing coaxial electron beam (600
  1491. keV, 5 kA, 2 ns) excitation of Cl2 to F2 to Ne (0.025:0.025:99.5%) at 20 torr.

Simultaneous fluorescing of F2 (158 nm) and Cl2 (258 nm) with similar band
intensities occurred. Reference 56.

1492– Photodissociation and predissociation by flash photolysis (15 to 18 kV, 117 to 2.5
  1493. kV) of the parent molecules HCN, ClCN, BrCN, ICN,(CN)2, CH3CN, CF3CN,

and C2F5CN in Ar diluent. Methyl isocyanide to Ar (1:99%) at 50 torr produces
the most intense emission. Not all lines are observed with each species. Reference
57.

1494. Open discharge, electrical explosion of W wire pumping (50 kV, 60 kJ) of
(CN)2C4F8 to Ar (5:95%) at 200 torr produced 70 mJ. Reference 58.

1495. Observed in a pulsed (25 pps) discharge (80 A peak) in a 1.17-m long, 10-mm I.D.
tube. Reference 59.

1496. ± 10-5 µm.
1497– Superradiant 1.5-ns 6-W pulses produced in 0.05 x 1.2 x 120-cm tube containing
  1498. research grade CO (60 torr) with a high-current, Blumlein-circuit, parallel-plate

discharge. Reference 60.
1499. Electron-beam excitation (0.5 MeV, 10 kA, 3 ns) of 0.1 to 10.0 torr CO in 0.5 to 3

atm He. This laser may exhibit an efficiency approaching 12.7%.
1500. Electron-beam excitation (1.9 MeV, 400 J, 50 ns) with magnetic field guidance

(4.5 kG) of 10 torr F2 in 10.2 atm He produced a 33-ns pulse of energy 0.25 J/cm2

with a peak power of 7.6 MW/cm2 and 2.6% efficiency. Reference 63.
1501. Electron-beam pumping (850 keV, 20 kA, 300 ns) in a 3-KG field of 1 to 4 torr F2

in 2 atm He produced a maximum energy of 22 mJ. Reference 64.
1502. UV-preionized (20 kV, 10 J, 300 ns) fast-discharge pumping (35, 40 ns) produced

power output with marked sensitivity toward oxygen impurity. Reference 65.
1503. Electron-beam excitation (600 kV, 10 kA) of hydrogen isotopes at a pressure of ~ 8

torr in a liquid nitrogen-cooled stainless tube. Reference 66.
1504. Optimum conditions in a TEA H and D laser, 0.1 torr and 5-kV discharge voltage

produced 0.5 mJ. Reference 67.
1505. Additional observations made with the same apparatus. Reference 68.
1506. Observed in a pulsed discharge in a 1-m long, 12- x 3-mm tube. Maximum power

output is several hundred kilowatts in a 1-ns pulse. Reference 69.
1507. Observed in a pulsed discharge in a 1.2-m long, 12- x 0.4-mm tube; pressure, 20

to 150 torr H2; maximum power output, 1.5 kW in a 2-ns pulse. Reference 70.
1508. Observed in a pulsed discharge in a 1.02-m long, 7-mm I.D. tube; pressure, 3 torr

H2. Reference 71.
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1509. Observed in a pulsed (20 pps) discharge in a 1.45-m long, 15-mm I.D. tube; in H2
or H2 - D2 mixtures, pressure 3 torr. References 72, 74.

1510. Electron-beam excitation (600 kV, 10 kA) of hydrogen isotopes at a pressure of ~ 8
torr in a liquid nitrogen-cooled stainless tube. Reference 66.

1511. Additional observations made with the same apparatus. Reference 68.
1512. Electron-beam excitation (600 kV, 10 kA) of hydrogen isotopes at a pressure of ~ 8

torr in a liquid nitrogen-cooled stainless tube. Reference 66.
1513. Additional observations made with the same apparatus. Reference 68.
1514. Observed in a pulsed (20 pps) discharge in a 1.45-m long, 15-mm I.D. tube; in H2

or H2 - D2 mixtures, pressure 3 torr. References 72, 74.
1515. Electron-beam excitation (600 kV, 10 kA) of hydrogen isotopes at a pressure of ~ 8

torr in a liquid nitrogen-cooled stainless tube. Reference 66.
1516. Additional observations made with the same apparatus. Reference 68.
1517. Observed in a pulsed (20 pps) discharge in a 1.45-m long, 15-mm I.D. tube; in H2

or H2 - D2 mixtures, pressure 3 torr. References 72,74.
1518. Electron-beam sustained discharge pumping (25 kV, 2.5 A/cm2, 800 ns) of HgBr

to CCl4 to Ar (0.2:05:99.3%) at ~ 2 atm produces ~ 1 mJ in an unoptimized
system. Reference 75.

1519– Electron-beam excitation (240 kV, and 100 A/cm2, 150 ns) of a mixture of HBr to
  1520. Hg to Xe to Ar (0.8:2.0:10.8:86.4%) at an Ar density of 3 amagats produced

501.8-nm radiation of 3.2-mJ energy in a 60-ns pulse resulting in a peak power of
50 kW and an efficiency of 0.25%. Reference 76.

1521. HgBr81 transition.
1522. HgBr79 transition.
1523. Optical pumping (ArF*, 193 nm) on the photodissociation of HgBr2 at a vapor

pressure of 50 torr produced 0.25 mJ.
1524. UV-preionized transverse-electric-discharge photodissociation of HgBr2 in N2 to He

(100:900 torr) produced 7.5 mJ with an efficiency of 0.1%.
1525. First report of electron-beam excitation of CCl4 to Hg to Xe to Ar

(1.1:2.1:11.1:85.7%) at an Ar density of 3 amagats on the 557.6-nm line produced
138 kW with an efficiency of 0.5%. Reference 80.

1526. Electron-beam (300 kV, 2 A/cm2, 400 ns) controlled discharge pumping (2.2 kV,
2.5 kA) of Ar to Hg to Cl2 (0.7:0.5:98%) at ~ 2 atm lased with 0.1 mJ energy and
an efficiency of 0.01%. Reference 81.

1527. UV-preionized transverse-discharge-initiated predissociation of HgCl2 to N2 to He
(1:10:89%) resulted in an order of magnitude improvement in efficiency and output
producing 6 J in a 50-ns pulse with an efficiency of 0.05%. Reference 78.

1528. Photolyic predissociation (Xe2, 172 nm) of HgCl2 in He at 200 torr produces
emission on the (0,22) and (1,23) lines of the B →  X transition. Reference 82.

1529– UV-preionized discharge (6 J in 50 cm3, 50 ns) dissociation of HgI2 (1 to 10 torr)
  1530. in He (350 to 1000 torr) produces maximal energy of 0.3 mJ in a mixture of HgI2

to N2 to He (1:10:89%). Energy output was an order of magnitude less without the
nitrogen. The spectrum consists of six lines which are correlated to the (0,15) and
(0,17) vibrational bands. References 78,79.

1531. Electron-beam pumping (1 MeV, 20 kA, 20 ns) of 30 torr CF3I in Ar at 10 atm
produced 36 mJ in a 10-ns pulse corresponding to a peak power of 3.6 MW.
Reference 85.

1532. Electron-beam pumping of HI, CF3I, or CH3I in Ar at ~ 4 atm produced lasing on
eight vibrational bands; maximum energy obtained for 8 torr HI in Ar at 5.3 atm
was 1 J in a 40-ns pulse corresponding to a peak power of 25 MW. Reference 86.
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1533. Exploding W wire (45 kV, 6 kJ, 5 µs) photoexcitation of 5 torr I2 in 1.5 atm SF6
produces a 5-µs pulse with an energy of 0.4 J and an overall efficiency of 0.1%.
Reference 87.

1534. Optical pumping at 531.9 nm (Nd to YAG laser, 190-ns pulse) of I2 in a Brewster
cell exhibits pumping threshold of a few microjoules. Reference 88.

1535. Optical pumping at 530.6 nm (Nd to YAG laser, 190-ns pulse) of I2 in a Brewster
cell exhibits pumping threshold of a few microjoules Reference 88.

1536. CW-optical pumping at 514.5 nm (Ar+ laser, 1 to 4 W) of I2 vapor in a room-
temperature 50-cm cell produces a maximum of 3 mW average power in ~ 50 µs
pulses with a maximum conversion efficiency of 0.14%. Reference 89.

1537. CW-oscillation produced by Ar+ laser pumping at 514.5 nm yields up to 250 mW
with a pump power of 3 W. CW-oscillation in the spectral ranges 625.8 to 814.4
and 976.6 to 1217 nm should be possible with suitable mirrors. Reference 90.

1538. Optical pumping in the wavelength range 593.1 to 597.2 nm by a dye laser (1 to 2
kW, 1 µs) of I2 in a 70-cm glass tube produced 20 to 40 W in a 0.2- to 0.6-µs
pulse. At 125 °C an output power of 150 W is produced. Reference 91.

1539. Superfluorescent emission is produced via pumping with a broad-band dye laser
over the range 515 to 583 nm. Threshold pump intensity is ~10.µJ at 532 nm.
Rotational assignment is tentative. Reference 92.

1540. First demonstration of electron-beam pumping (600 keV, 760 J, 50 ns) of a mixture
of Cl2 to Kr to Ar (0.15:2.96.95%) at 4.5 atm produces 50 mJ in a ~ 30-ns pulse.
Reference 93.

1541. Discharge pumping (80 to 110 kV) of mixtures of Cl2 to Kr to He(1.0:10.89%) at
~ 1 atm produced superfluorescent lasing with 1.3 mJ in a 10-ns pulse
corresponding to a peak power of 60 kW. Reference 23.

1542. Discharge excitation of mixtures of HCl to Kr to He (0.15:10:89.85%) at 3.3 atm
produced 100 mJ per pulse. Reference 36.

1543– Ab initio configuration interaction calculations were performed; the main emission
  1544. band corresponds to the III1/2 →  I1/2 ionic to covalent transition, while emission

features at 220 and 275 nm are assigned to the IV1/2 →  I1/2 and II3/2 →  I3/2
transitions, respectively. Reference 96.

1545– Axial electron-beam excitation (2 MeV, 55 kA, 55 ns) of a mixture of F2 to Kr to
  1546. Ar (0.3:7.1: 92.6%) produced 108 J of energy in a ~55-ns pulse corresponding to a

peak power of ~ 1.96 W and an intrinsic efficiency of ~ 3%.
1547. Fast-discharge pumping (5 to 20 kV, 10 ns) of NF3 to Kr to He (0.1:1.0:98.9%) at

1 to 4 atm produced 6 to 8 mJ in a ~100-ns pulse with an intrinsic efficiency of
0.4%. Reference 98.

1548. Electron-beam controlled-discharge pumping (350 kV, 2.2 kA, 100 ns) of a mixture
of F2 to Kr to Ar (0.1:2.1:97.9%) at 1 atm produced a maximum of 6.0 mJ energy
in a 90-ns pulse corresponding to >100 kW and an efficiency of 0.2%. Reference
99.

1549– Electron-beam excitation (250 keV, 12 A/cm2, 0.5–1.0 µs) of a mixture F2 to Kr
  1550. to Ar (0.2:4.0:95.8%) at 1.7 atm and a volume of 8.5 l produced 102 J with an

efficiency of 9%. An accurate computer code is developed which explains the main
features of the electron beam-produced KrF radiation. Reference 100.

1551. Discharge-pumping of F2 to Kr to Ar (0.7:4.2:95.1%) produces 10 W of average
power at a pulse rate of 1 kHz with an efficiency of 0.13%. Reference 101.

1552. An ultra-high spectral brightness KrF laser with a pulse energy of ~ 60 mJ and
spectral width of 150 ± 30 MHz is tunable over 2 cm-1 and has beam divergence of
50 µrad. Reference 102.
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1553. First report of coherent oscillation in Kr2 with a 10-ns pulse. The 147.0-nm
resonance line of Xe impurity is a prominent absorptive feature in the spectrum.
Threshold pressure for oscillation is ~ 250 psi. Reference 73.

1554. The physics of electron beam-excited rare gases at high densities is reviewed in
Reference 40.

1555. Measurements were made of conversion reaction coefficients for the three-body
conversion reactions of Kr and Xe to their molecular ions, Kr+

2 and Xe+
2,  in

electron afterglow plasmas. Reference 103.
1556. An early dynamic model of high-pressure rare gas excimer lasers is given. Reference

84.
1557. Electron-beam excitation (1 MeV, 50 ns, 2 x 10 cm) of 5 torr O2 in 25 atm Kr

produces an optimum output of 5 to 10 mJ in a 100-ns pulse corresponding to a
peak power output of ~ 100 kW. Reference 39.

1558. The metastable 3P2 state of Kr strongly resembles Rb in its chemical properties.
Reference 2.

1559. Electrical-discharge (23 kV) in a 240- x 10- x 5-mm channel containing 70 torr of
N2 produces a 1-ns pulse of energy 0.4 mJ and a peak power of 400 kW with no
mirror. High-resolution Czerny-Turner spectrograph employed. Reference 104.

1560. Discharge pumping (50 kV) of 0.5 to 1 torr N2 in 2.5 to 11 mm I.D., 30- to 120-
mm pyrex tubes at liquid air temperature. Reference 105.

1561. Observed in a pulsed discharge (several hundred amperes) in a 2.25-m, 15-mm I.D.
tube containing 0.15 torr N2 and 0.5 torr Ne. Reference 107.

1562. Observed in a pulsed discharge (several hundred amperes) in a 2.25-m, 15-mm I.D.
tube containing 0.15 torr N2 and 0.5 torr Ne. Reference 128.

1563. Observed in a pulsed (15 pps) discharge at pressure of 1 torr. Reference 108.
1564. Preionized discharge excitation (60 kV) of N2 to He (1:99%) at 3 to 11 atm

produced superradiant power of 400 kW. Reference 112.
1565. Electron-beam excitation (200 keV, 3kA, 50 ns) of 0.02 to 0.2% N2 in He at 0.5 to

7 atm. Reference 127.
1566. Spark-preionized discharge excitation (30 kV, 27 J, 15 ns) of 1 torr N2 in 2.6 atm.

He produces a 6-ns pulse with energy 3 mJ and peak power of 0.5 MW. Reference
114.

1567. Electron-beam pumping (900 kV, 14 kA, 20 ns) of 10 torr N2 in 7 atm He
produces a 15-ns pulse of energy 0.27 J/l, power 0.5 MW, and an efficiency of
1.9%. Reference 115.

1568. Optical pumping with the continuous Ar+ - laser in the range 458 to 488 nm of
Na2 in a heat pipe produces continuous oscillation with an output power of up to 3
mW. Reference 117.

1569– Nd to YAG 473-nm radiation focused through antireflection windows into a stain-
  1570. less steel pipe at 605 °C containing Na2 to Na in a He buffer at 30 torr produces an

average superfluorescent pulse energy of ~0.13 µJ with an intrinsic efficiency of ~
0.07%. Reference 118.

1571. A-band laser lines excited by 659-nm lines of apparatus in Comment 1569
produces only 2.4 nJ due to nonoptimum output coupling and losses at the Na
vapor-fogged windows. Reference 118.

1572. Line-tunable laser action is observed via frequency-doubled dye laser pumping of 1
to 10 torr S2. Transitions corresponding to (3-0) to (7-0) were excited; intrinsic
efficiency is ~ 2%. Reference 120.

1573. Vibronic transitions of S2 are given. Reference 121.
1574. Photolysis of ~ 30 torr COS in 100 torr Xe diluent produced specific energy output

of 0.5 mJ/cm3. Reference 122.
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1575. CW-optical pumping with the 476.5-nm Ar laser line of Te2 vapor in a heat pipe
at 1000 K produces CW-output having maximum multiline power output of 20
mW with a pump power of 1 W. Reference 48.

1576. Electron-beam pumping (433 keV, 36 J, 50 ns) of 0.10 to 4% analytical grade Br2
in Xe at 500 to 1500 torr produced peak power of 200 W. Reference 123.

1577. Electrical-discharge pumping (26 kV, ~ 100 kW, ~ 35 ns) of HBr to Xe to He
(0.1:5:94.9%) at 3.3 atm overcomes the problem of Xe2

+ absorption and produces
60 mJ per pulse. Simultaneous lasing of Br2 at 291.3 nm is observed. Reference
124.

1578. Electron-beam pumping (300 keV, 14 A/cm2, 1.2 µs) of HCl to Xe to Ne
(0.07:1.0:98.93%) at 4 atm produces 3.0 J/ l with an efficiency of 5%. Reference 3.

1579. UV-preionized-discharge pumped HCl to Xe to He (0.2:3.0:96.8%) at 2.7 atm
produced maximum output energy of 1110 mJ in a 30 ns pulse with an efficiency of
>0.8%. Reference 4.

1580. Electric-discharge excitation (48 kV, 150 kA) of HCl to Xe to He (0.2:5.0:94.8%)
at ~ 3.3 atm produces peak energy of 180 mJ in a ~ 30 ns pulse and is amenable to
continuous operation. Reference 36.

1581. Fast-discharge Blumlein-type circuit electrical discharge with preionization (20 to
33 kV, ~ 1 kA, 8 ns) of NF3 to Xe to He (1.2:97.6%) at 750 torr produced a 4-ns
pulse of energy 100 mJ corresponding to peak power of 25 MW. Reference 7.

1582. UV-preionized discharge-pumped (25 kV, 10 J, 40 ns) NF3 to Xe to He
(0.3:1.0:98.7%) at ~ 2 atm produced 65 mJ. Reference 37.

1583– Electron-beam pumping (at 1 MeV, 20 kA, and 20 ns) of a ratio NF3 to Xe to Ar
  1584. (0.36:10.0:89.4%) at 1.7 atm produces a 10-ns pulse of 5 mJ corresponding to 500

kW with an efficiency >1%. Coaxial excitation produced a 100-ns pulse of 80 mJ
with an efficiency of 3%. Reference 8.

1585. Electron-beam excitation of F2 to Xe to Ar (0.1:0.3:99.6%) at <4 atm produces 6
kW. Reference 9.

1586. Photodissociation (Xe2*, 172 nm, 105 W/cm2) of ~ 2 torr XeF2 in Xe at 6 atm
produces output on the 353- and 483-nm bands of slightly more than 1 mJ.
Reference 10.

1587. Electron-beam pumping (1 MeV, 20 kA, 8 ns) of NF3 to Xe to Ar
(0.17:0.33:99.5%) at 5.9 atm produced a 20-ns pulse with peak power of 5 kW.
Reference 11.

1588. Pulsed electron-beam pumping (1 MeV, 50 kA, 50 ns) of 10 torr O2 in 12 atm Xe
produces a 60-ns pulse of energy ~ 10 mJ corresponding to a peak power of ~ 80
kW. Reference 39.

1589. Open high-current discharge (45 kV, 20 µs) optical pumping (130 < λ < 145 nm)
of 3.5 torr N2O in Xe at 0.7 atm at a temperature of 170 °K produced 10 µJ/cm3 in
a 4- to 5-µs pulse. Reference 14.

1590. First report of laser action on liquified Xe by electron-beam pumping (300 A/cm2)
produces peak power of ~ 1 kW on a line near 176 nm. Reference 15.

1591. First report of lasing on high pressure (1 to 30 atm) gaseous Xe using electron-
beam excitation (0.6 MeV, 7 kA, 2 ns) showed a threshold pressure of 13.6 atm
and produced a 3-ns pulse with an intrinsic efficiency of ~ 20%. Reference 20.

1592. First observation of lasing produced via e-beam-excited Ar/Kr/NF3 (4 torr, 400
torr, 6 to 8 atm) yields ~ 10 kW in a 25-ns pulse. Reference 129.

1593. First observation of laser action produced from e-beam-excited Ar/Xe/CCl4 (4 to 9
atm, 100 to 750 torr, 0.5 to 10 torr). Peak laser power measured to be ~ 2 kW.
Reference 21.
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1594. Gain was measured on the blue-green band of Xe2Cl and its characteristics were
shown to be similar to those of the XeF(C →  A) transition. Reference 22.

1595– First observation of optical gain for trivalent rare earth molecular vapors. A purified
  1596. sample of NdCl3/AlCl3 in a Brewster-angle quartz cell at ~ 350 °C is excited by a

pulsed dye laser (587.2 nm, ~ 1.5 torr). The existence of optical gain, etching,
impurities, and Schlieren effects prevent demonstration of laser oscillation.
Reference 24.

1597. Fluorescence decays were studied using the vapor-phase chelate 2,2,2,6-tetramethyl-
3,5-heptanedione.

1598– A double Brewster-angle quartz cell containing TbCl3/AlCl3 (55.8 mg/354.8 mg)
  1599. starting materials was situated in a cylindrical oven. The driver, a 15- to 20-mJ

KrF* laser directed axially along the cell, produced excited-state densities of ~ 10J l
sustained for ~ 10 µs. Reference 26.

1600. Stimulated emission from POPOP [p-phenylene-bis (5-phenyl-2-oxazole)] has been
observed under electron beam excitation in a mixture involving a 4 to 5 atm argon
buffer.

1601. The values of P(N) given here represent the calculated mean values of closely
spaced spin doublets P1 (J - 1/2) and P2 (J + 1/2) which were not resolved in the
experiment. Reference 58.

1602. Observed during flash photolysis of (CN)2, CF3CN, BrCN, or C2F5CN in up to
50 torr of Ar. All transitions listed here are in the ground electronic state.
Electronic transitions give rise to laser lines in the 1- to 2-µm region. Reference 58.

1603– Observed in a supersonic flow laser using an electric-discharge-excited CO-He-O2
  1604. mixture. The transition frequencies are calculated from the best spectroscopic data

available. A similar output extending to 2.35 µm has also been reported for a CS2-
O2 chemical laser. However, the reported spectrum is inconsistent with the well
established spectroscopic data on CO. References 1293, 1304, 1315.

1605. Observed in an electron-beam-controlled discharge in CO-N2-He mixtures cooled to
100 K. The transition frequencies are calculated from the best spectroscopic data
available. References 1304, 1324.

1606. Observed during flash photolysis of CS2-O2 mixtures. Reference 1176.
1607. Observed in a liquid-nitrogen cooled longitudinal discharge in CO-N2-He

mixtures. Reference 1187.
1608. Observed in a liquid-nitrogen cooled longitudinal discharge in CO-He-O2 mixtures

with Q-switching. Reference 1198.
1609. Observed in a pulsed longitudinal discharge in CO. Reference 1209.
1610– Observed in a CW discharge in CO-N2 mixtures with a tube jacket cooled to either
  1611. -78 °C or 15 °C. A multiline CW output of 25 W has been reported for a water-

cooled tube using a He-CO-N2-Hg-Xe mixture. A multiline pulsed output of 5 J
has been reported for a transverse discharge tube using a CO-N2-He mixture at -20
°C. References 1230, 1241, 1247.

1612– Observed in a liquid-nitrogen-cooled longitudinal discharge in CO-N2-O2-He mix-
  1614. tures. A multiline peak output power of 7.7 kW and a greater number of laser lines

were obtained in Q-switched operation. In CW mode, a multiline output of 70 W
has been obtained with the addition of Xe. A discharge excited, supersonic
expansion CO-He-O2 laser has produced a 940 W CW output with a similar
output spectrum. An output energy of 1600 J per pulse has been reported for an
electron-beam sustained discharge CO-N2 laser. Reference 1248, 1249, 1251, 1252.

1615. The transition frequencies given are either calculated values (eight digits) or
observed values (nine digits) based on the best data available. Reference 1304.
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1616. Observed in a CW longitudinal discharge in C13O-N-Xe-He mixtures cooled to -
78 °C. The frequencies and wavelengths are calculated from best available values of
Dunham coefficients. References 1253, 1254.

1617. Observed in a pulsed longitudinal discharge in H2-Br2 mixtures. Reference 1255.
1618. Observed in a pulsed transverse discharge in H2-Br2-He mixtures. A maximum

energy of 550 mJ per pulse has been obtained by using a mixture of H2, Br2, Ar,
and benzene. References 1256, 1257.

1619. Observed in a pulsed longitudinal discharge in H2-Br2 mixtures. Reference 1255.
1620. Observed in a pulsed transverse discharge in H2-Br2-He mixtures. A maximum

energy of 550 mJ per pulse has been obtained by using a mixture of H2, Br2, Ar,
and benzene. References 1256, 1257.

1621. Observed in a pulsed transverse discharge in D2-Br2-He mixtures; peak output
power ~6 kW. Frequencies and wavelengths are calculated from spectroscopic data.
References 1256, 1258.

1622. Observed in a pulsed longitudinal discharge in D2-Br2 mixtures. Reference 1255.
1623. Observed in a pulsed transverse discharge in D2-Br2-He mixtures; peak output

power ~6 kW. Frequencies and wavelengths are calculated from spectroscopic data.
References 1256, 1258.

1624. Observed in a pulsed longitudinal discharge in D2-Br2 mixtures. Reference 1255.
1625. Observed in a pulsed transverse discharge in H2-Cl2-He mixtures; peak output

power ~2.4 kW. Frequencies and wavelengths for the v = 1 → 0 band are taken
from absorption spectroscopy. Reference 1256, 1259, 1260.

1626. Observed during a flash initiated reaction of H2 and Cl2. References 1262, 1263.
1627. Observed in a pulsed longitudinal discharge in H2-Cl2 mixtures. Reference 1255.
1628. Observed in a pulsed longitudinal discharge in H2-Cl2 or H2-NOCl mixtures.

Reference 1264.
1629. Observed in a pulsed transverse discharge in H2-ICl-He mixtures. Frequencies and

wavelengths are calculated from spectroscopic data. References 1256, 1259.
1630. Observed in a pulsed longitudinal discharge in H2-Cl2 mixtures. Reference 1255.
1631. Observed in a pulsed transverse discharge in H2-Cl2-He mixtures; peak output

power ~2.4 kW. Frequencies and wavelengths for the v = 1 → 0 band are taken
from absorption spectroscopy. References 1256, 1259, 1260.

1632. Observed in a pulsed transverse discharge in D2-Cl2-He mixtures; peak output
power ~5 kW. Frequencies and wavelengths for the v = 1 → 0 band are taken from
absorption spectroscopy. References 1256, 1265.

1633. Observed in a pulsed longitudinal discharge in D2-Cl2 mixtures. Reference 1255.
1634. Observed during a flash initiated reaction of D2 and Cl2 mixtures. Reference 1263.
1635. Observed in a pulsed transverse discharge in D2-Cl2-He mixtures; peak output

power ~5 kW. Frequencies and wavelengths for the v = 1 → 0 band are taken from
absorption spectroscopy. References 1256, 1265.

1636. Observed in a pulsed longitudinal discharge in D2-Cl2 mixtures. Reference 1255.
1637. The laser wavelengths and frequencies are either taken or calculated from absorption

spectroscopy. Reference 1266.
1638. Observed in a pulsed transverse discharge in H2-SF6 mixtures. References 1267,

1268.
1639. Observed in a pulsed longitudinal discharge in H2-SF6 mixtures. Reference 1269.
1640. Observed during flash photolysis of H2-F2-He mixtures. Reference 1270.
1641. Observed in a continuous mixing flow of arc-heated N2, SF6, and H2, with

supersonic expansion. A maximum output power of 12.4 kW was obtained in a
system using He, F2, and H2. References 1271, 1273.
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1642– Observed in pulsed longitudinal discharge in H2 - Freon mixtures. A similar spect-
  1643. rum was observed in a transverse discharge laser using He-SF6-H2 mixtures. 25 A

maximum output energy of 4.2 kJ per pulse was obtained by electron-beam
excitation of F2-O2-H2 mixtures. References 1256,1274, 1275.

1644. Frequency accurately measured against a CO laser line. Reference 1276.
1645. Observed in HF optically pumped by a pulsed HF laser. Reference 1277.
1646. Observed during flash photolysis of IF5-H2 mixtures. Reference 1278.
1647. Observed during flash photolysis of H2-F2 mixtures. Reference 1279.
1648. Observed in a pulsed transverse discharge in HI-He-SF6 (or SO2F2) mixtures.

Reference 1280.
1649. Observed during flash photolysis of N2F4-CD4 mixtures. Reference 1281.
1650. Observed in a pulsed longitudinal discharge in D2-SF6-He mixtures. Reference

1282.
1651. Observed in a continuous mixing flow of arc-heated N2, SF6, and D2, with

supersonic expansion. A maximum output power of 340 W was obtained.
References 1271, 1282.

1652. Observed in a pulsed transverse discharge in He-SF6-D2 mixtures. Output power
~24 kW. Reference 1256.

1653. Observed in a pulsed longitudinal discharge in D2-Freon mixtures. Reference 1274.
1654. Observed in Br2-NO-He mixtures during flash photolysis of Br2. NO molecules are

vibrationally excited by energy transfer from electronically excited Br atoms.
Reference 1284.

1655. Observed in a pulsed longitudinal discharge in NOCl-He mixtures. Reference 1285.
1656. Observed during flash photolysis of NOCl-He mixtures. Output power 10 W.

References 1286, 1287.
1657. Transition, P(J-1/2).
1658. The subscript 1 refers to the F1 component of the spin doublet which is expected to

dominate over the F2 component. For F1 components, J = K + 1/2. Reference 58.
1659. Observed during flash photolysis of O3-H2 mixtures. Reference 1288.
1660. Observed in a pulsed transverse discharge in O3-H2 mixtures. Reference 1289.
1661– Observed in pulsed transverse discharge in CO2-N2-He mixtures which is simul-
  1662. taneously stimulated by the output from a separate CO2 laser operating on 000 2 →

020 1 or 000 2 →  100 1 sequence band. Frequencies and wavelengths are calculated
from spectroscopic data. References 1294, 1295.

1663. Observed in Br2-CO2-He mixtures during flash photolysis of Br2. CO2 molecules
are excited by energy transfer from electronically excited Br atoms. Frequencies and
wavelengths are calculated from spectroscopic data. References 1295, 1296.

1664. Observed in a longitudinal discharge in He-N2-CO2 mixtures following Q-switched
oscillation near 10.6 µm. Reference 1297.

1665. All wavelengths and frequencies given are calculated from accurately determined
molecular constants. Reference 1298.

1666. Observed in a continuous longitudinal discharge in a He-N2-CO2 mixture.
Reference 1299.

1667– Observed in a continuous longitudinal discharge in CO2. A continuous output
  1668. power of 27.2 kW has been reported for a transverse-flow, transverse-discharge He-

N2-CO2 laser, and a quasicontinuous output of 60 kW has been reported for an N2-
CO2 gas dynamic laser. In the pulse mode, an output power of 3 GW has been
obtained from a UV preionized transverse discharge laser, while a 2-TW output
beam has been produced by an electron-beam controlled transverse discharge laser.
References 1300–1303.
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1669. Observed in a longitudinal-discharge He-N2-CO2 laser with an intracavity hot CO2
cell. Reference 1306.

1670. Observed in a longitudinal-discharge He-N2-CO2 laser with an intracavity CO2
absorption cell. Reference 1307.

1671. Observed in a pulsed longitudinal discharge of CO2. Reference 1308.
1672. Observed in a pulsed longitudinal discharge in cryogenically cooled CO2-N2-He

mixtures which are also irradiated by a 10.6 µm beam from a TEA laser. Reference
1309. Frequencies and wavelengths are based on absorption spectroscopy. Reference
1310.

1673. Observed in a pulsed longitudinal discharge in cryogenically cooled CO2-HBr-Ar
mixtures cooled to -80 ºC which are optically pumped by the outputs from a pulsed
HBr and a pulsed (10- or 9-µm) laser. Reference 1311. Frequencies and
wavelengths are based on absorption spectroscopy. Reference 1310.

1674. Observed in C12O16O18 optically pumped by the output from an HF laser.
Reference 1312.

1675. Observed in a longitudinal discharge in a mixture of C12O16O18-N2-Xe-He-H2.
Reference 1298.

1676. Observed in C12O2
18 optically pumped by the output from an HF laser. Reference

1312.
1677. Observed in a longitudinal discharge in a mixture of C12O2

18-N2-Xe-He-H2 cooled
to -60 °C. References 1298, 1313.

1678. Observed in a longitudinal-discharge C12O2
18 -N2-Xe-He laser with an intracavity

hot C12O2
18  cell. Reference 1237.

1679. Observed in a longitudinal discharge in a mixture of C13O216 -N2-Xe-He-H2.
Reference 1298,1313.

1680– Observed in a longitudinal-discharge C13O216 -N2-Xe-He laser with an intracavity
  1681. hot C13O216 -cell. Reference 1238.
1682. Observed in a longitudinal discharge in a mixture of C13O2

18 -N2-Xe-He-H2
cooled to -60 °C. References 1298, 1313.

1683. Observed in a longitudinal discharge in a mixture of C14O216 -N2-Xe-He-H2.
Reference 1298.

1684. Observed in a longitudinal discharge in a mixture of C14O2
18 -N2-Xe-He-H2.

Reference 1298.
1685. Observed in a longitudinal discharge in a mixture of C14O2

18 -N2-Xe-He-H2.
Reference 1298.

1686. Observed in a pulsed longitudinal discharge in COS-He mixtures. Reference 1316.
1687. Observed in COS and COS-CO mixtures optically pumped by a frequency doubled

CO2 laser. The frequencies and wavelengths are calculated from existing
spectroscopic data. References 1317, 1318, 1338.

1688. Observed in a pulsed longitudinal discharge in COS-He mixtures. Reference 1319.
1689. Observed in COS optically pumped by a 9.57 µm CO2 laser. Reference 1320.
1690. Observed in C13OS-CO mixtures optically pumped by a frequency doubled CO2

laser. Reference 1317.
1691. Observed in C13OS optically pumped by a CO laser. References 1336, 1337.
1692. Wavelength given is from a group of unresolved laser lines.
1693. Observed in CS2 optically pumped by the second harmonic of the 9.2-µm CO2

R(30) laser line. Reference 1317.
1694. Observed in optically pumped CO-CS2 mixtures. A frequency-doubled TEA CO2

laser is used to excite CO molecules which in turn transfer energy to CS2.
Reference 1322.
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1695. Observed in continuously flowing mixtures of preexcited N2 and CS2. Reference
1323.

1696. Observed in an electron-beam-stabilized electric discharge in He-CO-CS2 mixtures.
Reference 1324.

1697. Observed in C13S2 vapor optically pumped by a pulsed HF laser. References
1325,1326.

1698. Observed in an electron-beam-stabilized electric discharge in mixtures of He-CO-
CS2. Reference 1323.

1699– Observed in Br2-HCN-He mixtures during flash photolysis of Br2. HCN molecules
  1700. are vibrationally excited by energy transfer from electronically excited Br atoms.

Reference 1327.
1701. Actual line at this location may be in question. Reference 1329.
1702. Observed in a pulsed longitudinal discharge in H2O vapor. Reference 1328.
1703. Observed in Br2-H2O-He mixtures during flash photolysis of Br2. H2O molecules

are vibrationally excited by energy transfer from electronically excited Br atoms.
Reference 1284.

1704. Observed in a pulsed longitudinal discharge in H2O-He mixtures. References
1329,1330.

1705. Observed in a pulsed transverse discharge in H2O-He mixtures. Reference 1331.
1706. All values of frequencies and wavelengths given are calculated from accurately

determined molecular constants. Reference 1335.
1707. Observed in a continuous longitudinal discharge in N2O-N2-He mixtures.

Reference 1335.
1708. Observed in a continuous longitudinal discharge in N2O-N2 mixtures. Reference

1334.
1709. Observed in a pulsed radio-frequency discharge in N2O-N2 mixtures. Reference

1333.
1710. Observed in a pulsed transverse discharge in N2O-He mixtures; output power ~6

kW. Reference 1331.
1711. Observed in a continuous longitudinal discharge in N2O-N2-He mixtures.

Reference 1332.
1712. Observed in continuous flowing mixtures of N2O and discharge-excited N2.

Reference 1177.
1713. Observed in a pulsed discharge in N2O. Reference 1178.
1714. Observed in a CW, longitudinal-discharge, N2O-N2-He laser with an intracavity

hot N2O cell. Reference 1179.
1715. Observed in isotopic N2O gas optically pumped by a pulsed HF laser.
1716. Observed in isotopic N2O gas optically pumped by a pulsed HF laser.
1717. Observed in isotopic N2O gas optically pumped by a pulsed HF laser.
1718. Observed in NOCl at 220 K when optically pumped by various 10.7-µm lines of a

TEA CO2 laser. References 1180,1181.
1719. The CO2 laser transition = 10P(26).
1720. The CO2 laser transition = 10P(28).
1721. The CO2 laser transition = 10P(30).
1722. The CO2 laser transition = 10P(34).
1723. The CO2 laser transition = 10P(36).
1724. The CO2 laser transition = 10P(38).
1725. The CO2 laser transition = 10P(40).
1726. The CO2 laser transition = 10P(42).
1727. The CO2 laser transition = 10P(44).
1728. The CO2 laser transition = 10P(34).
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1729. Observed in NSF between 220 and 250 K when optically pumped by various 9.7-
µm lines of a TEA CO2 laser. Reference 1239.

1730. The CO2 laser transition = 9P40.
1731. The CO2 laser transition = 9P36.
1732. The CO2 laser transition = 9P46.
1733. The CO2 laser transition = 9P48.
1734. The CO2 laser transition = 9P36.
1735. The CO2 laser transition = 9P44.
1736. The CO2 laser transition = 9P36.
1737. The CO2 laser transition = 9P44.
1738. The CO2 laser transition = 9P46.
1739. The CO2 laser transition = 9P42.
1740. The CO2 laser transition = 9P42.
1741. The CO2 laser transition = 9P40.
1742. The CO2 laser transition = 9P36.
1743. Observed in a longitudinal discharge in CO2-N2-He-BCl3 mixtures. However, this

result is yet to be corroborated. The results of a subsequent study cast strong
doubts to the claim that these emission lines are associated with the BCl3
molecule. References 1182, 1183 .

1744. Observed in a pulsed longitudinal discharge in H2-C2H2-He mixtures. Reference
1184.

1745. Observed in CO-C2H2 mixtures in which CO is optically pumped by a frequency-
doubled CO2 TEA laser. References 1317, 1185.

1746. Observed in electron beam-controlled discharges in CO-C2H2 mixtures. Reference
1186.

1747. Observed in C2D2 optically pumped in the 9.4-µm R-branch of the ν4 + ν5 band
by a high-pressure continuously tunable CO2 laser. The transition frequencies
given are either observed values (4 digits) or calculated values (5 digits). References
1240, 1242.

1748. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(12) .

1749. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(24) .

1750. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(24) .

1751. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(36) .

1752. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(12) .

1753. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(20) .

1754. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(20) .

1755. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(14) .

1756. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(14) .

1757. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = R(14) .

1758. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(38) .
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1759. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(38) .

1760. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(38) .

1761. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(38) .

1762. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(26) .

1763. Observed in C2D2 optically pumped by a TEA CO2 laser in the 9-µm band. The
CO2 laser transition = P(26) .

1764. Observed in COF2 optically pumped by a CO laser. References 1336, 1337.
1765. Wavelength is approximate.
1766. Observed in optically pumped N14H3-N2 mixtures. The pump source is the 9.22

µm, R(30) line of a transverse-discharge, pulsed CO2. laser which excites the
sR(5,0) transition of the 0  → ν2 band of N14H3. Reference 1189.

1767. Observed in optically pumped N14H3-N2 mixtures. The pump source is the 9.22
µm, R(30) line of a transverse-discharge, pulsed CO2 laser which excites the

sR(5,0) transition of the 0 → ν2 and of N14H3. Reference 1190.
1768. Wavelengths and frequencies of all positively identified transitions are based on the

absorption spectrum.
1769. Observed in NH3 optically pumped by the 10.33 µm, R(8) line of a pulsed,

transverse-discharge CO2 laser. Reference 1181.
1770. Observed in NH3-He mixtures optically pumped by the 9.22 µm, R(30) line of a

pulsed, transverse-discharge CO2 laser. Wavelengths and frequencies of all
positively identified transitions are based on the absorption spectrum. Reference
1191.

1771. Observed in NH3-N2 mixtures optically pumped by the 9.22 µm, R(30) line of a
pulsed, transverse-discharge CO2 laser; maximum conversion efficiency = 20%.
Reference 1192.

1772. Wavelengths and frequencies of all positively identified transitions are based on the
absorption spectrum.

1773. Observed in NH3 optically pumped by the 10.29 µm, R(14) line of a pulsed,
transverse-discharge CO2 laser. The absorbing transition in NH3 is the aR(1,1) line
of the 0 → ν2 band. References 1193, 1194, 1195.

1774. Observed in NH3 optically pumped by the 9.22 µm, R(30) line of a transverse-
discharge, pulsed CO2 laser. Reference 1195.

1777. Observed in NH3 optically pumped by two pulsed transverse-discharge CO2 lasers,
one of which is tuned to the 10.72 µm P(32) line and the other to the 9.59 µm
P(32) line. Reference 1196.

1778. Observed in NH3 optically pumped by the 9.22 µm, R(30) line of a transverse-
discharge, pulsed CO2 laser. Peak output powers of up to 1 MW and energy
conversion efficiencies of up to 10 % have been reported. References 1193, 1194,
1195, 1197.

1779. Observed in NH3 optically pumped by the 9.29 µm, R(16) line of a transverse-
discharge, pulsed CO2 laser. The absorbing transition in NH3 is the aR(6,0) line of
the 0 → ν2 band. Reference 1199.

1781. Observed in NH3 optically pumped by the 9.29 µm, R(16) line of a transverse-
discharge, pulsed CO2 laser. The absorbing transition in NH3 is the aR(6,0) line of
the 0 → ν2 band. References 1193, 1194, 1199, 1200.
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1782. Peak output powers of up to 1 MW and energy conversion efficiencies of up to 28%
have been reported.

1783. Observed in NH3 optically pumped simultaneously by the 10.29 µm, R(14) line of

a TEA C12O2 laser and the 9.94  µm, P(14) line of a TEA C13O2 laser. Reference
1203.

1784. Observed in NH3 optically pumped simultaneously by the 10.74 µm, P(34) line
and the 10.57  µm, P(18) line of TEA CO2 lasers. References 1203, 1204.

1785. Observed in NH3 optically pumped simultaneously by the 9.89 µm, P(8) line of a

TEA C13O2 laser and the 9.59 µm, P(24) line of a TEA C12O2 laser. Reference
1203.

1786. Observed in NH3 optically pumped simultaneously by the 9.68 µm, P(34) line and
the 10.63  µm, P(24) line of TEA CO2 lasers. Reference 1203.

1787. Observed in NH3 optically pumped simultaneously by the 9.34 µm, R(8) line and
the 10.63  µm, P(24) line of TEA CO2 lasers. Reference 1205.

1788. Observed in a pulsed longitudinal discharge in NH3. Reference 1206.
1789. Observed in a pulsed longitudinal discharge in NH3. References 1207, 1208.
1790. Wavelengths and frequencies of all positively identified transitions are based on the

absorption spectrum. Reference 1210.
1791. Observed in NH3 optically pumped by a TEA CO2 laser operating in the 9.5-µm

sequence band. Reference 1243.
1792. Observed in NH3 optically pumped by a high-pressure, continuously tunable CO2

laser. Reference 1244.
1793. Observed in 15NH3 optically pumped by the P(6) line of the 3 – 2 band of a pulsed

HF laser. Reference 1211.
1794. Observed in 12CF4 at ~155 K when optically pumped by one of the 9.4-µm P(J)

lines of a TEA 12C16O2 laser, where J = 4 to 12. Reference 1181.
1795. Observed in 12CF4 at ~155 K when optically pumped by one of the 9.4-µm P(J)

lines of a TEA 12C16O2 laser, where J = 4 to 14. Reference 1212.
1796. Observed in 12CF4 at ~155 K when optically pumped by one of the 9.4-µm P(J)

lines of a TEA 12C16O2 laser, where J = 4 to 10. Reference 1213.
1797. Observed in 12CF4 at 100 to 200 K when optically pumped by one of the 9.3-µm

P(J) lines of a TEA 12C16O2 laser, where J = 4 to 12. Reference 1181.
1798. Observed in 12CF4 at 100 to 200 K when optically pumped by one of the 9.3-µm

P(J) lines of a TEA 12C16O2 laser, where J = 10 to 24. Reference 1213.
1799. Observed in 12CF4 at 100 to 200 K when optically pumped by one of the 9.3-µm

P(J) lines of a TEA 12C16O2 laser, where J = 4 to 12. Reference 1212.
1800. Observed in 12CF4 at ~ 155 K when optically pumped by one of the 9.4-µm P(J)

lines of a TEA 12C18O2 laser, where J = 18 to 32. References 1213, 1488.
1801. Observed in 12CF4 at ~155 K when optically pumped by one of the 9.3-µm P(J)

lines of a TEA 12C16O2 laser, where J = 10 to 22. Reference 1181.
1802– Observed in 12CF4 at 100 to 200 K when optically pumped by one of the 9.3-µm
  1803. P(J) lines of a TEA 12C16O2 laser, where J = 12, which excites the R+(29) line of

the ν2 + ν4 band of 12CF4. An output energy of 65 mJ per pulse at an energy
conversion efficiency of ~3% has been reported. References 1180, 1202, 1212.

1804. (J) of CO2 = 10.
1805. (J) of CO2 = 8 .
1807. (J) of CO2 = 6,24.
1808. (J) of CO2 = 32.
1809. (J) of CO2 = 20.
1810. (J) of CO2 = 4 .
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1811. (J) of CO2 = 18.
1812. (J) of CO2 = 16.
1813. (J) of CO2 = 16.
1814. (J) of CO2 = 10.
1815. (J) of CO2 = 8 .
1816. (J) of CO2 = 6 .
1817. (J) of CO2 = 26.
1818. (J) of CO2 = 6 .
1819. (J) of CO2 = 18.
1820. (J) of CO2 = 4 .
1821. (J) of CO2 = 22.
1822. (J) of CO2 = 12.
1823. (J) of CO2 = 18.
1824. (J) of CO2 = 18.
1825. (J) of CO2 = 14.
1826. (J) of CO2 = 4 .
1827. (J) of CO2 = 22.
1828. (J) of CO2 = 24.
1829. (J) of CO2 = 24.
1830. (J) of CO2 = 28.
1831. (J) of CO2 = 20.
1832. (J) of CO2 = 6 .
1833. (J) of CO2 = 26.
1834. (J) of CO2 = 26.
1835. (J) of CO2 = 8 .
1836. (J) of CO2 = 18.
1837. (J) of CO2 = 10.
1838. (J) of CO2 = 10.
1839. (J) of CO2 = 14.
1840. (J) of CO2 = 12.
1841. (J) of CO2 = 28.
1842. (J) of CO2 = 8 .
1843. (J) of CO2 = 14.
1844. (J) of CO2 = 14.
1845. (J) of CO2 = 4 .
1846. Observed in 13CF4 optically pumped by one of the 9.3-µm R(J) lines of a TEA

12C16O2 laser, where J = 2 to 18 References 1216, 1217.
1847. Observed in 13CF4 optically pumped by one of the 9.4-µm P(J) 12C16O2 laser

lines, where J = 8 to 12. Reference 1213.
1848. Observed in 13CF4 optically pumped by one of the 9.4-µm P(J) 12C16O2 laser

lines, where J = 4 to 18. References 1216, 1217.
1849. Observed in 13CF4 optically pumped by one of the 9.3-µm R(J) lines of a TEA

12C16O2 laser, where J = 6 to 8. Reference 1213.
1850. Observed in 13CF4 optically pumped by one of the 9.4-µm P(J) 12C18O2 laser

lines, where J = 28 to 30. Reference 1213.
1851. Observed in 13CF4 optically pumped by one of the 9.4-µm P(J) 12C18O2 laser

lines, where J = 28 to 30. Reference 1488.
1852. (J) of CO2 = (8).
1853. (J) of CO2 = (8).
1854. (J) of CO2 = (6).
1855. (J) of CO2 = (6).
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1856. (J) of CO2 = (10).
1857. (J) of CO2 = (6).
1858. (J) of CO2 = (8).
1859. (J) of CO2 = (8).
1860. (J) of CO2 = (4).
1861. (J) of CO2 = (4).
1862. (J) of CO2 = (6).
1863. (J) of CO2 = (8).
1864. (J) of CO2 = (30).
1865. (J) of CO2 = (2)
1866. (J) of CO2 = (28).
1867. (J) of CO2 = (28).
1868. (J) of CO2 = (18).
1869. (J) of CO2 = (14).
1870. (J) of CO2 = (12).
1871. (J) of CO2 = (4).
1872. (J) of CO2 = (28).
1873. (J) of CO2 = (28).
1874. (J) of CO2 = (28).
1875. (J) of CO2 = (12).
1876. (J) of CO2 = (6).
1877. (J) of CO2 = (12).
1878. (J) of CO2 = (14).
1879. (J) of CO2 = (8).
1880. (J) of CO2 = (30).
1881. (J) of CO2 = (12).
1882. (J) of CO2 = (30).
1883. (J) of CO2 = (18).
1884. (J) of CO2 = (4).
1885. (J) of CO2 = (10).
1886. (J) of CO2 = (12).
1887. (J) of CO2 = (14).
1888. Observed in 14CF4 optically pumped by one of the 9.4-µm P(J) lines of a TEA

12C16O2 laser, where J = 4 to 20. References 1216, 1217.
1889. Observed in 14CF4 optically pumped by one of the 9.3-µm R(J) lines of a

12C16O2 laser, where J = 2 to 24. References 1216, 1217.
1890. Observed in 14CF4 optically pumped by one of the 9.4-µm P(J) lines of a

12C18O2 laser, where J = 24 to 30. Reference 1488.
1891. (J) of CO2 = (16).
1892. (J) of CO2 = (4).
1893. (J) of CO2 = (22).
1894. (J) of CO2 = (12).
1895. (J) of CO2 = (20).
1896. (J) of CO2 = (2).
1897. (J) of CO2 = (18).
1898. (J) of CO2 = (10).
1899. (J) of CO2 = (10).
1900. (J) of CO2 = (24).
1901. (J) of CO2 = (14).
1902. (J) of CO2 = (24).
1903. (J) of CO2 = (10).



©2001 CRC Press LLC

1904. (J) of CO2 = (6).
1905. (J) of CO2 = (6).
1906. (J) of CO2 = (26).
1907. (J) of CO2 = (18).
1908. (J) of CO2 = (14).
1909. (J) of CO2 = (6).
1910. (J) of CO2 = (10).
1911. (J) of CO2 = (22).
1912. (J) of CO2 = (6).
1913. (J) of CO2 = (14).
1914. (J) of CO2 = (18).
1915. (J) of CO2 = (14).
1916. (J) of CO2 = (28).
1917. (J) of CO2 = (8).
1918. (J) of CO2 = (30).
1919. (J) of CO2 = (26).
1920. (J) of CO2 = (8).
1921. (J) of CO2 = (30).
1922. (J) of CO2 = (30).
1923. (J) of CO2 = (14).
1924. (J) of CO2 = (4).
1925. (J) of CO2 = (16).
1926. (J) of CO2 = (20).
1927. (J) of CO2 = (6).
1928. (J) of CO2 = (6).
1929. (J) of CO2 = (20).
1930. (J) of CO2 = (10).
1931. Observed in CF3I at 170 K when optically pumped by various 9.6-µm lines of a

TEA CO2 laser. Reference 1181.
1932. (J) of CO2 = 9P(36).
1933. (J) of CO2 = 9P(34).
1934. (J) of CO2 = 9P(30).
1935. Observed in CH3F optically pumped simultaneously by the 9.5-µm P(14) and the

9.6-µm P(30) lines of CO2 TEA lasers. Reference 1218.
1936. Observed in perchloryl fluoride (FClO3) cooled to 160 K and optically  pumped by

a TEA CO2 laser operating in the 10.2-µm R branch.  Reference 1245.
1937. (J) of CO2 = 10R(22).
1938. (J) of CO2 = 10R(34).
1939. (J) of CO2 = 10R(40).
1940. (J) of CO2 = 10R(26).
1941. (J) of CO2 = 10R(30).
1942. (J) of CO2 = 10R(38).
1943. (J) of CO2 = 10R(42).
1944. (J) of CO2 = 10R(36).
1945. (J) of CO2 = 10R(22).
1946. (J) of CO2 = 10R(30).
1947. (J) of CO2 = 10R(34).
1948. (J) of CO2 = 10R(36).
1949. (J) of CO2 = 10R(38).
1950. (J) of CO2 = 10R(32).
1951. (J) of CO2 = 10R(32).
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1952. (J) of CO2 = 10R(28).
1953. (J) of CO2 = 10R(34).
1954. (J) of CO2 = 10R(42).
1955. (J) of CO2 = 10R(34).
1956. (J) of CO2 = 10R(36).
1957. (J) of CO2 = 10R(34).
1958. (J) of CO2 = 10R(26).
1959. (J) of CO2 = 10R(40).
1960. (J) of CO2 = 10R(38).
1961. (J) of CO2 = 10R(34).
1962. (J) of CO2 = 10R(32).
1963. (J) of CO2 = 10R(42).
1964. (J) of CO2 = 10R(28).
1965. (J) of CO2 = 10R(26).
1966. (J) of CO2 = 10R(20).
1967. (J) of CO2 = 10R(20).
1968. (J) of CO2 = 10R(36).
1969. (J) of CO2 = 10R(32).
1970. A group of lines. Observed in HCOOH vapor when optically pumped by the P(5)

line of the v = 3 →  2 band of a pulsed HF laser. References 1325, 1326.
1971. Wavelength is from a group of unresolved laser lines.
1972. Observed in SiF4 when cooled to 125 K and optically pumped by various 9.6-µm

lines of a TEA CO2 laser. Reference 1219.
1973. (J) of CO2 = P(8).
1974. (J) of CO2 = P(18).
1975. (J) of CO2 = P(24).
1976. (J) of CO2 = P(20).
1977. (J) of CO2 = P(24).
1978. (J) of CO2 = P(34).
1979. (J) of CO2 = P(18).
1980. (J) of CO2 = P(26).
1981. (J) of CO2 = P(18).
1982. (J) of CO2 = P(30).
1983. (J) of CO2 = P(18).
1984. Observed in CO-SiH4 mixtures in which CO is optically pumped by a frequency-

doubled CO2 TEA laser. Reference 1186.
1985. Observed in C2H4 optically pumped by one of the 10.3-µm R(J) lines (identified in

the remarks column) of a TEA CO2 laser. Reference 1194.
1986. (J) of CO2 = R(10).
1987. (J) of CO2 = R(16).
1988. Observed in CH3CCH (propyne, methylacetylene) when cooled to 180 K and

optically pumped by various 10.4-µm lines of a TEA CO2 laser. Reference 1246.
1989. The CO2 laser line = 10P14.
1990. The CO2 laser line = 10R4.
1991. The CO2 laser line = 10R16.
1992. The CO2 laser line = 10P14.
1993. The CO2 laser line = 10P14.
1994. The CO2 laser line = 10R16.
1995. Observed in SF6 optically pumped simultaneously by 10.5-µm P(12) and P(14)

lines of a TEA CO2 laser.  Reference 1221.
1996. For line assignments see Reference 1441.
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1997. Output power: 0.1 mW.
1998. For line assignments see Reference 1441.
1999. Output power: 1 mW.
2000. For line assignments see Reference 1452.
2001. Output power: 1e-07 mW.
2002. For line assignments see Reference 1452.
2003. Output power: 1e-06 mW.
2004. For line assignments see Reference 1452.
2005. Output power: 1e-06 mW.
2006. For line assignments see Reference 1452.
2007. Output power: 1e-06 mW.
2008. For line assignments see Reference 1452.
2009. Output power: 1e-08 mW.
2010. For line assignments see Reference 1452.
2011. Output power: 1e-06 mW.
2012. For line assignments see Reference 1452.
2013. Output power: 1e-05 mW.
2014. For line assignments see Reference 1452.
2015. Output power: 1e-07 mW.
2016. For line assignments see Reference 1452.
2017. For line assignments see Reference 1452.
2018. Output power: 1e-07 mW.
2019. For line assignments see Reference 1452.
2020. For line assignments see Reference 1452.
2021. Output power: 0.0001 mW.
2022. For line assignments see Reference 1452.
2023. Output power: 1e-06 mW.
2024. For line assignments see Reference 1452.
2025. Output power: 0.0001 mW.
2026. For line assignments see Reference 1452.
2027. Output power: 0.001 mW.
2028. For line assignments see Reference 1452.
2029. Output power: 0.001 mW.
2030. For line assignments see Reference 1452.
2031. Output power: 1e-07 mW.
2032. For line assignments see Reference 1452.
2033. Output power: 1e-07 mW.
2034. For line assignments see Reference 1452.
2035. For line assignments see Reference 1452.
2036. Output power: 0.0001 mW.
2037. For line assignments see Reference 1452.
2038. Output power: 0.0001 mW.
2039. For line assignments see Reference 1452.
2040. For line assignments see Reference 1452.
2041. For line assignments see Reference 1452.
2042. For line assignments see Reference 1452.
2043. For line assignments see Reference 1452.
2044. For line assignments see Reference 1452.
2045. For line assignments see Reference 1452.
2046. For line assignments see References 586, 1452, 1854.
2047. For line assignments see References 586, 1452, 1854.
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2048. For line assignments see References 586, 1452, 1854.
2049. For line assignments see References 586, 1452, 1854.
2050. For line assignments see References 586, 1452, 1854.
2051. For line assignments see References 586, 1452, 1854.
2052. For line assignments see References 586, 1452, 1854.
2053. For line assignments see References 586, 1452, 1854.
2054. For line assignments see References 586, 1452, 1854.
2055. For line assignments see References 586, 1452, 1854.
2056. For line assignments see References 586, 1452, 1854.
2057. For line assignments see References 586, 1452, 1854.
2058. For line assignments see References 586, 1452, 1854.
2059. For line assignments see References 586, 1452, 1854.
2060. For line assignments see References 586, 1452, 1854.
2061. For line assignments see References 586, 1452, 1854.
2062. For line assignments see References 586, 1452, 1854.
2063. For line assignments see Reference 1452.
2064. For line assignments see Reference 1452.
2065. For line assignments see Reference 1452.
2066. For line assignments see Reference 1452.
2067. For line assignments see Reference 1452.
2068. For line assignments see Reference 1452.
2069. For line assignments see Reference 1452.
2070. For line assignments see Reference 1452.
2071. For line assignments see Reference 1452.
2072. For line assignments see Reference 1452.
2073. Output power: 0.01 mW; laser has a Lamb dip.
2074. For line assignments see Reference 1368.
2075. For line assignments see Reference 1368.
2076. Output power: 0.1 mW; laser has a Lamb dip.
2077. For line assignments see Reference 1368.
2078. Output power: 0.001 mW.
2079. For line assignments see Reference 1368.
2080. Output power: 10 mW; laser has a Lamb dip.
2081. For line assignments see Reference 1368.
2082. Output power: 10 mW; laser has a Lamb dip.
2083. For line assignments see Reference 1368.
2084. Output power: 0.001 mW.
2085. For line assignments see Reference 1368.
2086. Output power: 0.001 mW.
2087. For line assignments see Reference 1368.
2088. Output power: 0.1 mW.
2089. For line assignments see Reference 1368.
2090. For line assignments see Reference 1368.
2091. Output power: 0.01 mW; laser has a Lamb dip.
2092. For line assignments see Reference 1368.
2093. For line assignments see Reference 1363.
2094. Output power: 100 mW; laser has a Lamb dip.
2095. For line assignments see References 1368, 1393.
2096. Laser has a Lamb dip.
2097. For line assignments see References 1368, 1393.
2098. Output power: 10 mW.
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2099. -39 MHz offset from center of 9.32 µm CO2 sequence band pump laser; R17
transition; perpendicular polarization.

2100. Threshold pump power: 1000 mW.
2101. For line assignments see References 1368, 1393.
2102. Output power: 10 mW; Laser has a Lamb dip.
2103. For line assignments see References 1368, 1393.
2104. Output power: 0.1 mW.
2105. -39 MHz offset from center of 9.32 µm CO2 Sequence band pump laser; R17

transition; parallel polarization.
2106. Threshold pump power: 1000 mW.
2107. For line assignments see References 1368, 1393.
2108. Output power: 10 mW; laser has a Lamb dip.
2109. For line assignments see References 1368, 1393.
2110. Output power: 10 mW; laser has a Lamb dip.
2111. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2112. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2113. Output power: 200 mW.
2114. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2115. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2116. Output power: 1 mW.
2117. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2118. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2119. Output power: 0.1 mW.
2120. For line assignments see References 1422, 1441, 1445, 1447, 1448, 1449.
2121. Output power: 0.1 mW.
2122. For line assignments see References 1423, 1447.
2123. For line assignments see References 1423, 1447.
2124. Output power: 100 mW.
2125. For line assignments see References 1423, 1447.
2126. Output power: 200 mW.
2127. For line assignments see References 1423, 1447.
2128. Output power: 100 mW.
2129. For line assignments see References 1423, 1447.
2130. Output power: 200 mW.
2131. For line assignments see Reference 1436.
2132. Output power: 0.02 mW.
2133. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
2134. Threshold pump power: 5000 mW.
2135. For line assignments see References 1426, 1468.
2136. Output power: 0.1 mW.
2137. For line assignments see References 1426, 1468.
2138. Output power: 1 mW.
2139. For line assignments see References 1393, 1461–1464.
2140. 20.6 kV/cm Stark field 10.09 µm CO2 pump laser; R48 transition; either parallel

or perpendicular polarization.
2141. Threshold pump power: 10000 mW.
2142. For line assignments see References 1393, 1461–1464.
2143. 24.5 kV/cm Stark field 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2144. Threshold pump power: 10000 mW.
2145. For line assignments see References 1393, 1461–1464.
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2146. Output power: 2 mW.
2147. 7.7 kV/cm Stark field 10.73 µm N2O pump laser; P08 transition; either parallel or

perpendicular polarization.
2148. Threshold pump power: 1000 mW.
2149. For line assignments see References 1393, 1461–1464.
2150. 12.3 kV/cm Stark field 9.22 µm CO2 pump laser; R30 transition; either parallel or

perpendicular polarization.
2151. Threshold pump power: 10000 mW.
2152. For line assignments see References 1393, 1461–1464.
2153. 21.0 kV/cm Stark field 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
2154. Threshold pump power: 10000 mW.
2155. For line assignments see References 1393, 1461–1464.
2156. Output power: 0.1 mW.
2157. 14.2 kV/cm Stark field 10.35 µm CO2 pump laser; R06 transition; either parallel

or perpendicular polarization.
2158. Threshold pump power: 10000 mW.
2159. For line assignments see References 1393, 1461–1464.
2160. 42.2 kV/cm Stark field 9.55 µm CO2 pump laser; P20 transition; either parallel or

perpendicular polarization.
2161. Threshold pump power: 10000 mW.
2162. For line assignments see References 1393, 1461–1464.
2163. 47.5 kV/cm Stark field 9.57 µm CO2 pump laser; P22 transition; either parallel or

perpendicular polarization.
2164. Threshold pump power: 10000 mW.
2165. For line assignments see References 1393, 1461–1464.
2166. Output power: 0.005 mW  
2167. 12.4 kV/cm Stark field 10.72 µm CO2 pump laser; P32.
2168. Threshold pump power: 10000 mW.
2169. For line assignments see References 1393, 1461–1464.
2170. 46.5 kV/cm Stark field 10.35 mm N2O pump laser; R34 transition; either parallel

or perpendicular polarization.
2171. Threshold pump power: 1000 mW.
2172. For line assignments see References 1393, 1461–1464.
2173. Output power: 2 mW.
2174. 8.5 kV/cm Stark field 9.22 µm CO2 pump laser; R30 transition; either parallel or

perpendicular polarization.
2175. Threshold pump power: 10000 mW 2176. For line assignments see References

1393, 1461–1464.
2177. Output power: 0.05 mW.
2178. -130 MHz offset from center of 9.56 µm CO2 sequence band pump laser; P17

transition; perpendicular polarization.
2179. Threshold pump power: 1000 mW.
2180. For line assignments see References 1393, 1461–1464.
2181. 38.2 kV/cm Stark field 9.73 µm CO2 pump laser; P40 transition; either parallel or

perpendicular polarization.
2182. Threshold pump power: 10000 mW.
2183. For line assignments see References 1393, 1461–1464.
2184. 45.4 kV/cm Stark field 10.33 µm CO2 pump laser; R08 transition; either parallel

or perpendicular polarization.
2185. Threshold pump power: 10000 mW.
2186. For line assignments see References 1393, 1461–1464.
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2187. 55.3 kV/cm Stark field 10.35 µm CO2 pump laser; R06 transition; either parallel
or perpendicular polarization.

2188. Threshold pump power: 10000 mW.
2189. For line assignments see References 1393, 1461–1464.
2190. 21.6 kV/cm Stark field 10.37 µm CO2 pump laser; R04 transition; either parallel

or perpendicular polarization.
2191. Threshold pump power: 10000 mW.  
2192. For line assignments see References 1393, 1461–1464.
2193. 15.2 kV/cm Stark field 10.38 µm N2O pump laser; R31 transition; perpendicular

polarization.
2194. Threshold pump power: 1000 mW.  
2195. For line assignments see References 1393, 1461–1464.
2196. 34.7 kV/cm Stark field 10.33 µm CO2 pump laser; R08 transition; either parallel

or perpendicular polarization.
2197. Threshold pump power: 10000 mW.
2198. For line assignments see References 1393, 1461–1464.
2199. 31.3 kV/cm Stark field 10.35 µm CO2 pump laser; R06 transition; either parallel

or perpendicular polarization.
2200. Threshold pump power: 10000 mW.
2201. For line assignments see References 1393, 1461–1464.
2202. 53.6 kV/cm Stark field 10.35 µm N2O pump laser; R34 transition; either parallel

or perpendicular polarization.
2203. Threshold pump power: 1000 mW.
2204. For line assignments see References 1393, 1461–1464.
2205. 17.0 kV/cm Stark field 10.35 µm N2O pump laser; R34 transition; either parallel

or perpendicular polarization.
2206. Threshold pump power: 1000 mW.
2207. For line assignments see References 1393, 1461–1464.
2208. 14.6 kV/cm Stark field 10.35 µm CO2 pump laser; R06 transition; either parallel

or perpendicular polarization.
2209. Threshold pump power: 10000 mW.
2210. For line assignments see References 1393, 1461–1464.
2211. 47.0 kV/cm Stark field 10.36 µm N2O pump laser; R33 transition; parallel

polarization.
2212. Threshold pump power: 1000 mW.  
2213. For line assignments see References 1393, 1461–1464.
2214. 40.1 kV/cm Stark field 10.35 µm N2O pump laser; R34 transition; perpendicular

polarization.
2215. Threshold pump power: 1000 mW.  
2216. For line assignments see References 1393, 1461–1464.
2217. 10.8 kV/cm Stark field 10.37 µm N2O pump laser; R32 transition; either parallel

or perpendicular polarization.
2218. Threshold pump power: 1000 mW.
2219. For line assignments see References 1393, 1461–1464.
2220. 54.3 kV/cm Stark field 10.38 µm N2O pump laser; R31 transition; perpendicular

polarization.
2221. Threshold pump power: 1000 mW.  
2222. For line assignments see References 1393, 1461–1464.
2223. 28.0 kV/cm Stark field 10.38 µm CO2 pump laser; R02 transition; perpendicular

polarization.
2224. Threshold pump power: 10000 mW.  
2225. For line assignments see References 1393, 1461–1464.
2226. Output power: 0.005 mW.  
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2227. 8.4 kV/cm Stark field 10.37 µm N2O pump laser; R32 transition; either parallel or
perpendicular polarization.

2228. Threshold pump power: 200 mW.
2229. For line assignments see References 1393, 1461–1464.
2230. Output power: 0.5 mW.       
2231. 10.78 µm N2O pump laser; P13 transition; parallel polarization.
2232. Threshold pump power: 50 mW.   
2233. For line assignments see References 1393, 1461–1464.
2234. 20.3 kV/cm Stark field 10.39 µm N2O pump laser; R29 transition; perpendicular

polarization.
2235. Threshold pump power: 1000 mW.  
2236. For line assignments see References 1393, 1461–1464.
2237. 15.8 kV/cm Stark field 10.39 µm N2O pump laser; R29 transition; perpendicular

polarization.
2238. Threshold pump power: 1000 mW.
2239. For line assignments see References 1393, 1461–1464.
2240. 52.4 kV/cm Stark field 10.41 µm N2O pump laser; R27 transition; parallel

polarization.
2241. Threshold pump power: 1000 mW.
2242. For line assignments see References 1393, 1461–1464.
2243. Output power: 0.1 mW.  
2244. 21.3 kV/cm Stark field 10.44 µm N2O pump laser; R23 transition; parallel

polarization.
2245. Threshold pump power: 1000 mW.
2246. For line assignments see References 1393, 1461–1464.
2247. 26.3 kV/cm Stark field 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
2248. Threshold pump power: 10000 mW.
2249. For line assignments see References 1393, 1461–1464 .
2250. 48.8 kV/cm Stark field 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2251. Threshold pump power: 10000 mW.
2252. For line assignments see References 1393, 1461–1464.
2253. 47.3 kV/cm Stark field 10.72 µm N2O pump laser; P07 transition; either parallel

or perpendicular polarization.
2254. Threshold pump power: 1000 mW.
2255. For line assignments see References 1393, 1461–1464.
2256. 56.7 kV/cm Stark field 10.74 µm N2O pump laser; P09 transition; either parallel

or perpendicular polarization.
2257. Threshold pump power: 1000 mW.
2258. For line assignments see References 1393, 1461–1464.
2259. 42.1 kV/cm Stark field 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2260. Threshold pump power: 10000 mW.
2261. For line assignments see References 1393, 1461–1464.
2262. 34.3 kV/cm Stark field 10.72 µm N2O pump laser; P07 transition; either parallel

or perpendicular polarization.
2263.  Threshold pump power: 1000 mW.
2264.  For line assignments see References 1393, 1461–1464.
2265. 37.7 kV/cm Stark field 10.71 µm N2O pump laser; P06 transition; either parallel

or perpendicular polarization.
2266.  Threshold pump power: 1000 mW.
2267. For line assignments see References 1393, 1461–1464.



©2001 CRC Press LLC

2268. 15.4 kV/cm Stark field; 9.22 µm CO2 pump laser; R30 transition; parallel
polarization.

2269. Threshold pump power: 10000 mW.
2270. For line assignments see References 1393, 1461–1464.
2271. 26.3 kV/cm Stark field; 9.69 µm CO2 pump laser; P36 transition; either parallel or

perpendicular polarization.
2272. Threshold pump power: 10000 mW.
2273. For line assignments see References 1393, 1461–1464.
2274. 66.7 kV/cm Stark field; 9.71 µm CO2 pump laser; P38 transition; either parallel or

perpendicular polarization.
2275. Threshold pump power: 10000 mW.
2276. For line assignments see References 1393, 1461–1464.
2277. 24.4 kV/cm Stark field; 10.74 µm CO2 pump laser; P34 transition; either parallel

or perpendicular polarization.
2278. Threshold pump power: 10000 mW.
2279. For line assignments see References 1393, 1461–1464.
2280. 22.6 kV/cm Stark field; 10.73 µm N2O pump laser; P08 transition; perpendicular

polarization.
2281. Threshold pump power: 1000 mW.
2282. For line assignments see References 1393, 1461–1464.
2283. 68.6 kV/cm Stark field; 10.75 µm N2O pump laser; P10 transition; either parallel

or perpendicular polarization.
2284. Threshold pump power: 1000 mW.
2285. For line assignments see References 1393, 1461–1464.
2286. 62.0 kV/cm Stark field; 9.68 µm CO2 pump laser; P34 transition; either parallel or

perpendicular polarization.
2287. Threshold pump power: 10000 mW.
2288. For line assignments see References 1393, 1461–1464.
2289. Output power: 2 mW.
2290. 12.4 kV/cm Stark field; 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2291. Threshold pump power: 10000 mW.
2292. For line assignments see References 1393, 1461–1464.
2293. 22.3 kV/cm Stark field; 10.71 µm N2O pump laser; P06 transition; either parallel

or perpendicular polarization.
2294. Threshold pump power: 1000 mW.
2295. For line assignments see References 1393, 1461–1464.
2296. Output power: 0.1 mW.
2297. 16.0 kV/cm Stark field; 10.72 µm N2O pump laser; P07 transition; either parallel

or perpendicular polarization.
2298. Threshold pump power: 1000 mW.
2299. For line assignments see References 1393, 1461–1464.
2300. Output power: 0.1 mW; cascade transition
2301. 0.0 kV/cm Stark field; 9.22 µm CO2 pump laser; R30 transition; parallel

polarization.
2302. Threshold pump power: 10000 mW.
2303. For line assignments see References 1393, 1461–1464.
2304. 27.1 kV/cm Stark field; 9.52 µm CO2 pump laser; P16 transition; parallel

polarization.
2305. Threshold pump power: 10000 mW.
2306. For line assignments see References 1393, 1461–1464.
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2307. 48.7 kV/cm Stark field; 9.54 µm CO2 pump laser; P18 transition; parallel
polarization.

2308. Threshold pump power: 10000 mW.
2309. For line assignments see References 1393, 1461–1464.
2310. 21.8 kV/cm Stark field; 10.74 µm N2O pump laser; P09 transition; perpendicular

polarization.
2311. Threshold pump power: 1000 mW.
2312. For line assignments see References 1393, 1461–1464.
2313. 52.7 kV/cm Stark field; 10.71 µm N2O pump laser; P06 transition; perpendicular

polarization.
2314. Threshold pump power: 1000 mW.
2315. For line assignments see References 1393, 1461–1464.
2316. 58.0 kV/cm Stark field; 10.73 µm N2O pump laser; P08 transition; either parallel

or perpendicular polarization.
2317. Threshold pump power: 1000 mW.
2318. For line assignments see References 1393, 1461–1464.
2319. Output power: 2 mW.
2320. 21.0 kV/cm Stark field; 9.49 µm CO2 pump laser; P12 transition; Unspecified

polarization.
2321. Threshold pump power: 10000 mW.
2322. For line assignments see References 1393, 1461–1464.
2323. 46.6 kV/cm Stark field; 9.47 µm CO2 pump laser; P10 transition; parallel

polarization.
2324. Threshold pump power: 10000 mW.
2325. For line assignments see References 1393, 1461–1464.
2326. 38.2 kV/cm Stark field; 9.73 µm CO2 pump laser; P40 transition; either parallel or

perpendicular polarization.
2327. Threshold pump power: 10000 mW.
2328. For line assignments see References 1393, 1461–1464.
2329. 45.4 kV/cm Stark field; 10.33 µm CO2 pump laser; R08 transition; either parallel

or perpendicular polarization.
2330. Threshold pump power: 10000 mW.
2331. For line assignments see References 1393, 1461–1464.
2332. 55.3 kV/cm Stark field; 10.35 µm CO2 pump laser; R06 transition; either parallel

or perpendicular polarization.
2333. Threshold pump power: 10000 mW.
2334. For line assignments see References 1393, 1461–1464.
2335. 42.1 kV/cm Stark field; 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2336. Threshold pump power: 10000 mW.
2337. For line assignments see References 1393, 1461–1464.
2338. 22.0 kV/cm Stark field; 9.35 µm CO2 pump laser; R06 transition; either parallel or

perpendicular polarization.
2339. Threshold pump power: 10000 mW.
2340. For line assignments see References 1393, 1461–1464.
2341. 34.9 kV/cm Stark field; 9.37 µm CO2 pump laser; R04 transition; either parallel or

perpendicular polarization.
2342. Threshold pump power: 10000 mW.
2343. For line assignments see References 1393, 1461–1464.
2344. 19.5 kV/cm Stark field; 10.76 µm CO2 pump laser; P36 transition; either parallel

or perpendicular polarization.



©2001 CRC Press LLC

2345. Threshold pump power: 10000 mW.
2346. For line assignments see References 1393, 1461–1464.
2347. 39.4 kV/cm Stark field; 10.75 µm N2O pump laser; P10 transition; either parallel

or perpendicular polarization.
2348. Threshold pump power: 1000 mW.
2349. For line assignments see References 1393, 1461–1464.
2350. 45.1 kV/cm Stark field; 10.77 µm N2O pump laser; P12 transition; either parallel

or perpendicular polarization.
2351. Threshold pump power: 1000 mW.
2352. For line assignments see References 1393, 1461–1464.
2353. 47.9 kV/cm Stark field; 9.33 µm CO2 pump laser; R10 transition; either parallel or

perpendicular polarization.
2354. Threshold pump power: 10000 mW.
2355. For line assignments see References 1393, 1461–1464.
2356. 19.1 kV/cm Stark field; 9.34 µm CO2 pump laser; R08 transition; either parallel or

perpendicular polarization.
2357. Threshold pump power: 10000 mW.
2358. For line assignments see References 1393, 1461–1464.
2359. 37.9 kV/cm Stark field; 10.72 µm CO2 pump laser; P32 transition; either parallel

or perpendicular polarization.
2360. Threshold pump power: 10000 mW.
2361. For line assignments see References 1393, 1461–1464.
2362. Output power: 0.1 mW.
2363. 8.8 kV/cm Stark field; 10.70 µm CO2 pump laser; P30 transition; either parallel or

perpendicular polarization.
2364. Threshold pump power: 10000 mW.
2365. For line assignments see References 1393, 1461–1464.
2366. 49.5 kV/cm Stark field; 9.29 µm CO2 pump laser; R16 transition; either parallel or

perpendicular polarization.
2367. Threshold pump power: 10000 mW.
2368. For line assignments see References 1393, 1461–1464.
2369. Output power: 2 mW.
2370. 7.1 kV/cm Stark field; 10.35 µm CO2 pump laser; R06 transition; either parallel or

perpendicular polarization.
2371. Threshold pump power: 10000 mW.
2372. For line assignments see References 1393, 1461–1464.
2373. Output power: 1 mW.
2374. -130 MHz offset from center of 9.56 µm CO2. Sequence band pump laser; P17

transition; parallel polarization.
2375. Threshold pump power: 1000 mW.
2376. For line assignments see References 1393, 1461–1464.
2377. 42.2 kV/cm Stark field; 9.55 µm CO2 pump laser; P20 transition; either parallel or

perpendicular polarization.
2378. Threshold pump power: 10000 mW.
2379. For line assignments see References 1393, 1461–1464.
2380. 47.5 kV/cm Stark field; 9.57 µm CO2 pump laser; P22 transition; either parallel or

perpendicular polarization.
2381. Threshold pump power: 10000 mW.
2382. For line assignments see References 1393, 1461–1464.
2383. 12.3 kV/cm Stark field; 10.72 µm CO2 pump laser; P32 transition; perpendicular

polarization.
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2384. Threshold pump power: 10000 mW.
2385. For line assignments see References 1393, 1461–1464.
2386. 53.7 kV/cm Stark field; 9.19 µm CO2 pump laser; R36 transition; parallel

polarization.
2387. Threshold pump power: 10000 mW.
2388. For line assignments see References 1393, 1461–1464.
2389. 39.8 kV/cm Stark field; 9.21 µm CO2 pump laser; R32 transition; parallel

polarization.
2390. Threshold pump power: 10000 mW.
2391. For line assignments see References 1393, 1461–1464.
2392. Output power: 50 mW.
2393. 10.78 µm N2O pump laser; P13 transition; perpendicular polarization.
2394. Threshold pump power: 20 mW.
2395. For line assignments see References 1393, 1461–1464.
2396. 15.6 kV/cm Stark field; 10.77 µm N2O pump laser; P12 transition; perpendicular

polarization.
2397. Threshold pump power: 1000 mW.
2398. For line assignments see References 1393, 1461–1464.
2399. 67.2 kV/cm Stark field; 9.17 µm CO2 pump laser; R42 transition; either parallel or

perpendicular polarization.
2400. Threshold pump power: 10000 mW.
2401. For line assignments see References 1393, 1461–1464.
2402. 34.6 kV/cm Stark field; 9.18 µm CO2 pump laser; R38 transition; either parallel or

perpendicular polarization.
2403. Threshold pump power: 10000 mW.
2404. For line assignments see References 1393, 1461–1464.
2405. Output power: 0.005 mW.
2406. 18.9 kV/cm Stark field; 10.74 µm CO2 pump laser; P34 transition; either parallel

or perpendicular polarization.
2407. Threshold pump power: 10000 mW.
2408. For line assignments see References 1393, 1461–1464.
2409. 31.3 kV/cm Stark field; 10.73 µm N2O pump laser; P08 transition; perpendicular

polarization.
2410. Threshold pump power: 1000 mW.
2411. For line assignments see References 1393, 1461–1464.
2412. 62.8 kV/cm Stark field; 10.75 µm N2O pump laser; P10 transition; either parallel

or perpendicular polarization.
2413. Threshold pump power: 1000 mW.
2414. For line assignments see References 1393, 1461–1464.
2415. Output power: 0.005 mW.
2416. 10.2 kV/cm Stark field; 10.71 µm N2O pump laser; P06 transition; either parallel

or perpendicular polarization.
2417. Threshold pump power: 1000 mW.
2418. For line assignments see References 1393, 1461–1464.
2419. 26.7 kV/cm Stark field; 10.72 µm CO2 pump laser; P32 transition; perpendicular

polarization.
2420. Threshold pump power: 10000 mW.
2421. For line assignments see References 1393, 1461–1464.
2422. Output power: 0.1 mW.
2423. 0.0 kV/cm Stark field; 9.22 µm CO2 pump laser; R30 transition; parallel

polarization.
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2424. Threshold pump power: 2000 mW.
2425. For line assignments see References 1393, 1461–1464.
2426. 12.3 kV/cm Stark field; 9.22 µm CO2 pump laser; R30 transition; either parallel or

perpendicular polarization.
2427. Threshold pump power: 10000 mW.
2428. For line assignments see References 1393, 1461–1464.
2429. 28.8 kV/cm Stark field; 10.37 µm CO2 pump laser; R04 transition; either parallel

or perpendicular polarization.
2430. Threshold pump power: 10000 mW.
2431. For line assignments see References 1393, 1461–1464.
2432. 33.1 kV/cm Stark field; 10.35 µm N2O pump laser; R34 transition; perpendicular

polarization.
2433. Threshold pump power: 1000 mW.
2434. For line assignments see References 1393, 1461–1464.
2435. Output power: 2 mW.
2436. 8.5 kV/cm Stark field; 9.22 µm CO2 pump laser; R30 transition; either parallel or

perpendicular polarization.
2437. Threshold pump power: 10000 mW.
2438. For line assignments see References 1393, 1461–1464.
2439. 45.0 kV/cm Stark field; 10.35 µm N2O pump laser; R34 transition; perpendicular

polarization.
2440. Threshold pump power: 1000 mW.
2441. For line assignments see References 1393, 1461–1464.
2442. 31.1 kV/cm Stark field; 10.37 µm N2O pump laser; R32 transition; perpendicular

polarization.
2443. Threshold pump power: 1000 mW.
2444. For line assignments see References 1393, 1461–1464.
2445. 17.2 kV/cm Stark field; 10.36 µm N2O pump laser; R33 transition; either parallel

or perpendicular polarization.
2446. Threshold pump power: 1000 mW.
2447. For line assignments see References 1393, 1461–1464.
2448. 41.3 kV/cm Stark field; 10.36 µm N2O pump laser; R33 transition; perpendicular

polarization.
2449. Threshold pump power: 1000 mW.
2450. For line assignments see References 1393, 1461–1464.
2451. 40.2 kV/cm Stark field; 10.38 µm N2O pump laser; R31 transition; perpendicular

polarization.
2452. Threshold pump power: 1000 mW.
2453. For line assignments see References 1393, 1461–1464.
2454. 21.6 kV/cm Stark field; 10.37 µm CO2 pump laser; R04 transition; either parallel

or perpendicular polarization.
2455. Threshold pump power: 10000 mW.
2456. For line assignments see References 1393, 1461–1464.
2457. 48.1 kV/cm Stark field; 10.38 µm CO2 pump laser; R02 transition; perpendicular

polarization.
2458. Threshold pump power: 10000 mW.
2459. For line assignments see References 1393, 1461–1464.
2460. 15.2 kV/cm Stark field; 10.38 µm N2O pump laser; R31 transition; perpendicular

polarization.
2461. Threshold pump power: 1000 mW.
2462. For line assignments see References 1393, 1461–1464.
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2463. Output power: 2 mW.
2464. 7.0 kV/cm Stark field; 10.79 µm N2O pump laser; P14 transition; either parallel or

perpendicular polarization.
2465. Threshold pump power: 1000 mW.
2466. For line assignments see References 1393, 1461–1464.
2467. 25.2 kV/cm Stark field; 10.38 µm CO2 pump laser; R02 transition; perpendicular

polarization.
2468. Threshold pump power: 10000 mW.
2469. For line assignments see References 1393, 1461–1464.
2470. 16.0 kV/cm Stark field; 10.38 µm N2O pump laser; R30 transition; perpendicular

polarization.
2471. Threshold pump power: 1000 mW.
2472. For line assignments see References 1393, 1461–1464.
2473. 11.4 kV/cm Stark field; 10.38 µm N2O pump laser; R30 transition; perpendicular

polarization.
2474. Threshold pump power: 1000 mW.
2475. For line assignments see Reference 1390.
2476. Output power: 5 mW.
2477. 10.11 µm CO2 pump laser; R42 transition; parallel polarization.
2478. Threshold pump power: 1000 mW.
2479. For line assignments see Reference 1390.
2480. Output power: 0.002 mW.
2481. 10.78 µm CO2 sequence band pump laser; P35 transition; perpendicular

polarization.
2482. Threshold pump power: 1000 mW.
2483. For line assignments see Reference 1390.
2484. Output power: 200 mW.
2485. 10.78 µm CO2 pump laser; R18 transition; unspecified polarization.
2486. Threshold pump power: 10 mW.
2487. For line assignments see Reference 1390.
2488. Output power: 0.002 mW.
2489. 10.73 µm CO2 sequence band pump laser; P31 transition; perpendicular

polarization.
2490. Threshold pump power: 1000 mW.
2491. For line assignments see Reference 1437.
2492. Output power: 0.05 mW.
2493. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
2494. Threshold pump power: 2000 mW.
2495. For line assignments see Reference 1437.
2496. Output power: 0.05 mW.
2497. 10.81 µm CO2 pump laser; P40 transition; parallel polarization.
2498. Threshold pump power: 2000 mW.
2499. For line assignments see Reference 1437.
2500. Output power: 0.02 mW.
2501. 10.21 µm CO2 pump laser; R26 transition; perpendicular polarization.
2502. Threshold pump power: 10000 mW.
2503. For line assignments see Reference 1437.
2504. Output power: 0.1 mW.
2505. 10.81 µm CO2 pump laser; P40 transition; parallel polarization.
2506. Threshold pump power: 500 mW.
2507. For line assignments see Reference 1437.
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2508. Output power: 0.05 mW.
2509. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
2510. Threshold pump power: 2000 mW.
2511. For line assignments see Reference 1437.
2512. Output power: 0.05 mW.
2513. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
2514. Threshold pump power: 5000 mW.
2515. For line assignment see Reference 1437.
2516. Output power: 0.05 mW.
2517. 9.17 µm CO2 pump laser; R40 transition; parallel polarization.
2518. Threshold pump power: 2000 mW.
2519. For line assignments see Reference 1382.
2520. Output power: 0.05 mW.
2521. 9.46 µm CO2 pump laser; P08 transition; unspecified polarization.
2522. Threshold pump power: 1000 mW.
2523. For line assignments see Reference 1382.
2524. Output power: 0.05 mW.
2525. 9.24 µm CO2 pump laser; R26 transition; unspecified polarization.
2526. Threshold pump power: 1000 mW.
2527. For line assignments see Reference 1382.
2528. Output power: 0.05 mW.
2529. 9.21 µm CO2 pump laser; R32 transition; unspecified polarization.
2530. Threshold pump power: 1000 mW.
2531. For line assignments see Reference 1382.
2532. Output power: 0.05 mW.
2533. 9.66 µm CO2 pump laser; P32 transition; unspecified polarization.
2534. Threshold pump power: 1000 mW.
2535. For line assignments see Reference 1382.
2536. Output power: 0.01 mW; cascade transition.
2537. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
2538. For line assignments see Reference 1382.
2539. Output power: 0.01 mW; cascade transition.
2540. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
2541. For line assignments see Reference 1382.
2542. Output power: 0.1 mW.
2543. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
2544. Threshold pump power: 1000 mW.
2545. For line assignments see Reference 1382.
2546. Output power: 0.1 mW.
2547. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
2548. Threshold pump power: 2000 mW.
2549. For line assignments see Reference 1382.
2550. Output power: 0.01 mW; cascade transition.
2551. 10.48 µm CO2 pump laser; P08 transition; parallel polarization.
2552. For line assignments see Reference 1382.
2553. Output power: 0.05 mW.
2554. 10.48 µm CO2 pump laser; P08 transition; unspecified polarization.
2555. Threshold pump power: 1000 mW.
2556. For line assignments see Reference 1382.
2557. Output power: 0.01 mW; cascade transition.
2558. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
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2559. For line assignments see Reference 1382.
2560. Output power: 0.01 mW; cascade transition.
2561. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
2562. For line assignments see Reference 1382.
2563. Output power: 0.2 mW.
2564. 9.25 µm CO2 pump laser; R24 transition; unspecified polarization.
2565. Threshold pump power: 1000 mW.
2566. For line assignments see Reference 1382.
2567. Output power: 0.05 mW.
2568. 10.55 µm CO2 pump laser; P16 transition; perpendicular polarization.
2569. Threshold pump power: 2000 mW.
2570. For line assignments see Reference 1382.
2571. Output power: 0.05 mW.
2572. 9.31 µm CO2 pump laser; R14 transition; unspecified polarization.
2573. Threshold pump power: 1000 mW.
2574. For line assignments see Reference 1431.
2575. Output power: 20 mW.
2576. CO2 pump laser; unspecified polarization.
2577. Threshold pump power: 10000 mW.
2578. For line assignments see Reference 1431.
2578. For line assignments see Reference 1431.
2579. Output power: 50 mW.
2580. CO2 pump laser; unspecified polarization.
2581. Threshold pump power: 10000 mW.
2582. For line assignments see Reference 1431.
2583. Output power: 50 mW.
2584. CO2 pump laser; unspecified polarization.
2585. Threshold pump power: 10000 mW.
2586. For line assignments see Reference 1431.
2587. Output power: 50 mW.
2588. CO2 pump laser; unspecified polarization.
2589. Threshold pump power: 10000 mW.
2590. For line assignments see Reference 1431.
2591. Output power: 50 mW.
2592. CO2 pump laser; unspecified polarization.
2593. Threshold pump power: 10000 mW.
2594. For line assignments see Reference 1431.
2595. Output power: 100 mW.
2596. CO2 pump laser; unspecified polarization.
2597. Threshold pump power: 10000 mW.
2598. For line assignments see Reference 1431.
2599. Output power: 100 mW.
2600. CO2 pump laser; unspecified polarization.
2601. Threshold pump power: 10000 mW.
2602. For line assignments see Reference 1431.
2603. Output power: 20 mW.
2604. CO2 pump laser; unspecified polarization.
2605. Threshold pump power: 10000 mW.
2606. For line assignments see References 1363, 1374, 1377, 1393.
2607. Output power: 1 mW.



©2001 CRC Press LLC

2608. +30 MHz offset from center of 9.54 µm CO2 Sequence band pump laser; P15
transition; perpendicular polarization.

2609. Threshold pump power: 1000 mW.
2610. For line assignments see References 1363, 1374, 1377, 1393.
2611. Output power: 2 mW.
2612. +44 MHz offset from center of 9.55 µm CO2 pump laser; P20 transition;

perpendicular polarization.
2613. Threshold pump power: 500 mW.
2614. For line assignments see References 1363, 1374, 1377, 1393.
2615. Output power: 1 mW.
2616. -50 MHz offset from center of 9.55 µm CO2 pump laser; P20 transition;

perpendicular polarization.
2617. For line assignments see References 1363, 1374, 1377, 1393.
2618. Output power: 10 mW.
2619. -50 MHz offset from center of 9.84 µm CO2 pump laser; P50 transition; parallel

polarization.
2620. Threshold pump power: 1000 mW.
2621. For line assignments see References 1363, 1374, 1377, 1393.
2622. Output power: 0.1 mW.
2623. +25 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
2624. Threshold pump power: 5000 mW.
2625. For line assignments see References 1363, 1374, 1377, 1393.
2626. Output power: 10 mW.
2627. 0 MHz offset from center of 10.17 µm CO2 pump laser; R32 transition; parallel

polarization.
2628. Threshold pump power: 5000 mW.
2629. For line assignments see References 1377, 1460.
2630. Output power: 1 mW.
2631. -26 MHz offset from center of 9.66 µm CO2 pump laser; P32 transition; parallel

polarization.
2632. Threshold pump power: 10000 mW.
2633. For line assignments see Reference 1472.
2634. Output power: 0.01 mW.
2635. 10.88 µm CO2 pump laser; P46 transition; unspecified polarization.
2636. Threshold pump power: 10000 mW.
2637. For line assignments see Reference 1472.
2638. Output power: 0.001 mW.
2639.  9.19  µm CO2 pump laser; R36 transition; unspecified polarization.
2640. Threshold pump power: 10000 mW.
2641. For line assignments see Reference 1472.
2642. Output power: 0.01 mW.
2643. 10.67 µm CO2 pump laser; P28 transition; unspecified polarization.
2644. Threshold pump power: 10000 mW.
2645. For line assignments see Reference 1472.
2646. Output power: 0.01 mW.
2647. 10.09 µm CO2 pump laser; R48 transition; perpendicular polarization.
2648. Threshold pump power: 10000 mW.
2649. For line assignments see Reference 1472.
2650. Output power: 0.01 mW.
2651. 9.68 µm CO2 pump laser; P34 transition; unspecified polarization.
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2652. Threshold pump power: 10000 mW.
2653. For line assignments see Reference 1472.
2654. Output power: 0.01 mW.
2655. 10.94 µm CO2 pump laser; P50 transition; perpendicular polarization.
2656. Threshold pump power: 10000 mW.
2657. For line assignments see Reference 1472.
2658. Output power: 0.01 mW.
2659. 10.48 µm CO2 pump laser; P08 transition; unspecified polarization.
2660. Threshold pump power: 10000 mW.
2661. For line assignments see Reference 1472.
2662. Output power: 0.01 mW.
2663. 9.86 µm CO2 pump laser; P52 transition; parallel polarization.
2664. Threshold pump power: 10000 mW.
2665. For line assignments see Reference 1472.
2666. Output power: 1 mW.
2667. 9.33 µm CO2 pump laser; R10 transition; parallel polarization.
2668. Threshold pump power: 10000 mW.
2669. For line assignments see Reference 1472.
2670. Output power: 0.01 mW.
2671. 10.88 µm CO2 pump laser; P46 transition; parallel polarization.
2672. Threshold pump power: 10000 mW.
2673. For line assignments see Reference 1472.
2674. Output power: 2 mW.
2675. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
2676. Threshold pump power: 10000 mW.
2677. For line assignments see Reference 1472.
2678. Output power: 0.1 mW.
2679. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
2680. Threshold pump power: 10000 mW.
2681. For line assignments see Reference 1472.
2682. Output power: 0.01 mW.
2683. 9.62 µm CO2 pump laser; P28 transition; unspecified polarization.
2684. Threshold pump power: 10000 mW.
2685. For line assignments see Reference 1472.
2686. Output power: 0.01 mW.
2687. 10.35 µm CO2 pump laser; R06 transition; unspecified polarization.
2688. Threshold pump power: 10000 mW.
2689. For line assignments see Reference 1472.
2690. Output power: 0.01 mW.
2691. 10.49 µm CO2 pump laser; P10 transition; parallel polarization.
2692. Threshold pump power: 10000 mW.
2693. For line assignments see References 1366, 1381, 1384, 1439.
2694. Output power: 0.1 mW.
2695. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
2696. Threshold pump power: 2000 mW.
2697. For line assignments see References 1366, 1381, 1384, 1439.
2698. Output power: 0.001 mW.
2699. 10.29 µm CO2 pump laser; R14 transition; unspecified polarization.
2700. Threshold pump power: 1000 mW.
2701. For line assignments see References 1366, 1381, 1384, 1439.
2702. Output power: 0.001 mW.
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2703.  10.17  µm CO2 pump laser; R32 transition; unspecified polarization.
2704. Threshold pump power: 1000 mW.
2705. For line assignments see References 1366, 1381, 1384, 1439.
2706. Output power: 0.1 mW.
2707. 9.19 µm CO2 pump laser; R36 transition; parallel polarization.
2708. Threshold pump power: 2000 mW.
2709. For line assignments see References 1366, 1381, 1384, 1439.
2710. Output power: 0.2 mW.
2711.  9.21  µm CO2 pump laser; R32 transition; parallel polarization.
2712. Threshold pump power: 2000 mW.
2713. For line assignments see References 1366, 1381, 1384, 1439.
2714. Output power: 0.05 mW.
2715. 9.17 µm CO2 pump laser; R40 transition; unspecified polarization.
2716. Threshold pump power: 500 mW.
2717. For line assignments see References 1366, 1381, 1384, 1439.
2718. Output power: 0.0005 mW.
2719.  9.25  µm CO2 pump laser; R24 transition; unspecified polarization.
2720. Threshold pump power: 2000 mW.
2721. For line assignments see References 1366, 1381, 1384, 1439.
2722. Output power: 0.2 mW.
2723. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
2724. Threshold pump power: 1000 mW.
2725. For line assignments see References 1366, 1381, 1384, 1439.
2726. Output power: 0.5 mW.
2727. 9.17 µm CO2 pump laser; R40 transition; parallel polarization.
2728. Threshold pump power: 200 mW.
2729. For line assignments see References 1366, 1381, 1384, 1438.
2730. Output power: 0.1 mW.
2731. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
2732. Threshold pump power: 2000 mW.
2733. For line assignments see References 1366, 1381, 1384, 1438.
2734. Output power: 0.2 mW.
2735. 9.22 mum CO2 pump laser; R30 transition; parallel polarization.
2736. Threshold pump power: 1000 mW.
2737. For line assignments see References 1366, 1381, 1384, 1438.
2738. Output power: 1 mW.
2739. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
2740. Threshold pump power: 2000 mW.
2741. For line assignments see References 1366, 1381, 1384, 1438.
2742. Output power: 0.05 mW.
2743. 9.26 µm CO2 pump laser; R22 transition; unspecified polarization.
2744. Threshold pump power: 2000 mW.
2745. For line assignments see References 1366, 1381, 1384, 1438.
2746. Output power: 0.2 mW.
2747. 9.25 µm CO2 pump laser; R24 transition; unspecified polarization.
2748. Threshold pump power: 2000 mW.
2749. For line assignments see References 1366, 1381, 1384, 1438.
2750. Output power: 0.02 mW.
2751. 9.54 µm CO2 pump laser; P18 transition; unspecified polarization.
2752. Threshold pump power: 2000 mW.
2753. For line assignments see References 1366, 1381, 1384, 1438.
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2754. Output power: 1 mW.
2755. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
2756. Threshold pump power: 2000 mW.
2757. For line assignments see References 1366, 1381, 1384, 1438.
2758. Output power: 1 mW.
2759. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
2760. Threshold pump power: 2000 mW.
2761. For line assignments see References 1366, 1381, 1384, 1438.
2762. Output power: 1 mW.
2763. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
2764. Threshold pump power: 2000 mW.
2765. For line assignments see References 1366, 1381, 1384, 1438.
2766. Output power: 5 mW.
2767. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
2768. Threshold pump power: 2000 mW.
2769. For line assignments see References 1366, 1381, 1384, 1438.
2770. Output power: 1 mW.
2771. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
2772. Threshold pump power: 500 mW.
2773. For line assignments see References 1366, 1381, 1384, 1438.
2774. Output power: 0.5 mW.
2775. 9.18 µm CO2 pump laser; R38 transition; perpendicular polarization.
2776. Threshold pump power: 500 mW.
2777. For line assignments see References 1366, 1381, 1384, 1438.
2778. Output power: 0.2 mW.
2779. 9.29 µm CO2 pump laser; R16 transition; parallel polarization.
2780. Threshold pump power: 2000 mW.
2781. For line assignments see References 1366, 1381, 1384, 1438.
2782. Output power: 0.1 mW.
2783. 9.26 µm CO2 pump laser; R22 transition; unspecified polarization.
2784. Threshold pump power: 2000 mW.
2785. For line assignments see References 1366, 1381, 1384, 1438.
2786. Output power: 0.2 mW.
2787. 9.27 µm CO2 pump laser; R20 transition; parallel polarization.
2788. Threshold pump power: 2000 mW.
2789. For line assignments see References 1366, 1381, 1384, 1438.
2790. Output power: 0.2 mW.
2791. 10.53 µm CO2 pump laser; P14 transition; perpendicular polarization.
2792. Threshold pump power: 2000 mW.
2793. For line assignments see References 1366, 1381, 1384, 1438.
2794. Output power: 0.2 mW.
2795. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
2796. Threshold pump power: 2000 mW.
2797. For line assignments see References 1366, 1381, 1384, 1438.
2798. Output power: 2 mW.
2799. 9.27 µm CO2 pump laser; R20 transition; parallel polarization.
2800. Threshold pump power: 2000 mW.
2801. For line assignments see References 1366, 1381, 1384, 1438.
2802. Output power: 2 mW.
2803. 9.27 µm CO2 pump laser; R20 transition; parallel polarization.
2804. Threshold pump power: 1000 mW.
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2805. For line assignments see References 1366, 1381, 1384, 1438.
2806. Output power: 1 mW.
2807. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
2808. Threshold pump power: 2000 mW.
2809. For line assignments see References 1366, 1381, 1384, 1438.
2810. Output power: 0.2 mW.
2811. 9.34 µm CO2 pump laser; P08 transition; parallel polarization.
2812. Threshold pump power: 2000 mW.
2813. For line assignments see References 1366, 1381, 1384, 1438.
2814. Output power: 2 mW.
2815. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
2816. Threshold pump power: 500 mW.
2817. For line assignments see References 1366, 1381, 1384, 1438.
2818. Output power: 0.05 mW.
2819. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
2820. Threshold pump power: 2000 mW.
2821. For line assignments see References 1366, 1381, 1384, 1438.
2822. Output power: 1 mW.
2823. 9.28 µm CO2 pump laser; R18 transition; parallel polarization.
2824. Threshold pump power: 500 mW.
2825. For line assignments see References 1366, 1381, 1384, 1438.
2826. Output power: 0.2 mW.
2827. 9.60 µm CO2 pump laser; P26 transition; parallel polarization.
2828. Threshold pump power: 2000 mW.
2829. For line assignments see References 1366, 1381, 1384, 1438.
2830. Output power: 0.2 mW.
2831. 10.11 µm CO2 pump laser; R42 transition; perpendicular polarization.
2832. Threshold pump power: 2000 mW.
2833. For line assignments see References 1366, 1381, 1384, 1438.
2834. Output power: 2 mW.
2835. 9.29 µm CO2 pump laser; P16 transition; unspecified polarization.
2836. Threshold pump power: 2000 mW.
2837. For line assignments see References 1366, 1381, 1384, 1438.
2838. Output power: 2 mW.
2839. 9.28 µm CO2 pump laser; R18 transition; parallel polarization.
2840. Threshold pump power: 1000 mW.
2841. For line assignments see References 1366, 1381, 1384, 1438.
2842. Output power: 0.1 mW.
2843. 9.20 µm CO2 pump laser; R34 transition; parallel polarization.
2844. Threshold pump power: 2000 mW.
2845. For line assignments see References 1366, 1381, 1384, 1438.
2846. Output power: 0.2 mW.
2847. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
2848. Threshold pump power: 2000 mW.
2849. For line assignments see References 1366, 1381, 1384, 1438.
2850. Output power: 0.02 mW.
2851. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
2852. Threshold pump power: 2000 mW.
2853. For line assignments see References 1366, 1381, 1384, 1438.
2854. Output power: 0.5 mW.
2855. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
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2856. Threshold pump power: 2000 mW.
2857. For line assignments see References 1366, 1381, 1384, 1438.
2858. Output power: 0.01 mW; cascade transition.
2859. 9.37 µm CO2 pump laser; R04 transition; parallel polarization.
2860. For line assignments see References 1366, 1381, 1384, 1438.
2861. Output power: 5 mW.
2862. 9.37 µm CO2 pump laser; R04 transition; parallel polarization.
2863. Threshold pump power: 500 mW.
2864. For line assignments see References 1366, 1381, 1384, 1439.
2865. Output power: 0.2 mW.
2866. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
2867. Threshold pump power: 2000 mW.
2868. For line assignments see References 1366, 1381, 1384, 1439.
2869. Output power: 0.2 mW.
2870. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
2871. Threshold pump power: 2000 mW.
2872. For line assignments see References 1366, 1381, 1384, 1439.
2873. Output power: 0.02 mW.
2874. 9.26 µm CO2 pump laser; R22 transition; perpendicular polarization.
2875. Threshold pump power: 10000 mW.
2876. For line assignments see References 1366, 1381, 1384, 1439.
2877. Output power: 0.05 mW.
2878. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
2879. Threshold pump power: 2000 mW.
2880. Output power: 0.05 mW.
2881. 9.22 µm CO2 pump laser; R30 transition; unspecified polarization.
2882. Threshold pump power: 2000 mW.
2883. Output power: 0.2 mW.
2884. 9.49 µm CO2 pump laser; P12 transition; unspecified polarization.
2885. Threshold pump power: 2000 mW.
2886. Output power: 0.05 mW.
2887. 10.09 µm CO2 pump laser; R46 transition; unspecified polarization.
2888. Threshold pump power: 2000 mW.
2889. Output power: 0.2 mW.
2890. 9.26 µm CO2 pump laser; R22 transition; unspecified polarization.
2891. Threshold pump power: 2000 mW.
2892. Output power: 0.05 mW.
2893. 9.44 µm CO2 pump laser; P06 transition; unspecified polarization.
2894. Threshold pump power: 2000 mW.
2895. Output power: 0.05 mW.
2896. 9.52 µm CO2 pump laser; P16 transition; unspecified polarization.
2897. Threshold pump power: 2000 mW.
2898. For line assignments see Reference 1384 (pump).
2899. Output power: 0.2 mW.
2900. 10.22 µm CO2 pump laser; 824 transition; parallel polarization.
2901. Threshold pump power: 2000 mW.
2902. For line assignments see Reference 1384 (pump).
2903. Output power: 0.2 mW.
2904. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
2905. Threshold pump power: 2000 mW.
2906. For line assignments see Reference 1384 (pump).
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2907. Output power: 0.1 mW.
2908. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
2909. Threshold pump power: 2000 mW.
2910. For line assignments see Reference 1384 (pump).
2911. Output power: 0.05 mW.
2912. 10.14 µm CO2 pump laser; R38 transition; perpendicular polarization.
2913. Threshold pump power: 2000 mW.
2914. For line assignments see Reference 1384 (pump).
2915. Output power: 0.5 mW.
2916. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
2917. Threshold pump power: 2000 mW.
2918. For line assignments see Reference 1384 (pump).
2919. Output power: 10 mW.
2920. 10.29 µm CO2 pump laser; R14 transition; perpendicular polarization.
2921. Threshold pump power: 2000 mW.
2922. For line assignments see Reference 1384 (pump).
2923. Output power: 10 mW.
2924. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
2925. Threshold pump power: 2000 mW.
2926. For line assignments see Reference 1384 (pump).
2927. Output power: 0.1 mW.
2928. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
2929. Threshold pump power: 2000 mW.
2930. For line assignments see Reference 1384 (pump).
2931. Output power: 0.002 mW.
2932. 10.76 µm CO2 pump laser; P36 transition; parallel polarization.
2933. Threshold pump power: 2000 mW.
2934. For line assignments see Reference 1384 (pump).
2935. Output power: 0.05 mW.
2936. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
2937. Threshold pump power: 2000 mW.
2938. For line assignments see Reference 1384 (pump).
2939. Output power: 0.1 mW.
2940. 10.15 µm CO2 pump laser; R36 transition; parallel polarization.
2941. Threshold pump power: 2000 mW.
2942. For line assignments see Reference 1384 (pump).
2943. Output power: 0.2 mW.
2944. 10.11 µm CO2 pump laser; R42 transition; parallel polarization.
2945. Threshold pump power: 2000 mW.
2946. For line assignments see Reference 1384 (pump).
2947. Output power: 0.5 mW.
2948. 10.15 µm CO2 pump laser; R36 transition; parallel polarization.
2949. Threshold pump power: 2000 mW.
2950. For line assignments see Reference 1384 (pump).
2951. Output power: 0.05 mW.
2952. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
2953. Threshold pump power: 2000 mW.
2954. For line assignments see Reference 1384 (pump).
2955. Output power: 2 mW.
2956. 10.21 µm CO2 pump laser; R26 transition; parallel polarization.
2957. Threshold pump power: 2000 mW.
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2958. For line assignments see Reference 1384 (pump).
2959. Output power: 0.1 mW.
2960. 9.17 µm CO2 pump laser; R40 transition; parallel polarization.
2961. Threshold pump power: 2000 mW.
2962. For line assignments see Reference 1384 (pump).
2963. Output power: 0.05 mW.
2964. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
2965. Threshold pump power: 2000 mW.
2966. For line assignments see Reference 1384 (pump).
2967. Output power: 0.05 mW.
2968. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
2969. Threshold pump power: 2000 mW.
2970. For line assignments see Reference 1384 (pump).
2971. Output power: 0.5 mW.
2972. 10.32 µm CO2 pump laser; R10 transition; perpendicular polarization.
2973. Threshold pump power: 2000 mW.
2974. For line assignments see Reference 1384 (pump).
2975. Output power: 0.1 mW.
2976. 9.22 µm CO2 pump laser; R30 transition; perpendicular polarization.
2977. Threshold pump power: 2000 mW.
2978. For line assignments see Reference 1384 (pump).
2979. Output power: 0.1 mW.
2980. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
2981. Threshold pump power: 2000 mW.
2982. For line assignments see Reference 1384 (pump).
2983. Output power: 0.2 mW.
2984. 9.54 µm CO2 pump laser; P18 transition; perpendicular polarization.
2985. Threshold pump power: 2000 mW.
2986. For line assignments see Reference 1384 (pump).
2987. Output power: 1 mW.
2988. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
2989. Threshold pump power: 2000 mW.
2990. For line assignments see Reference 1384 (pump).
2991. Output power: 0.02 mW.
2992. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
2993. Threshold pump power: 2000 mW.
2994. For line assignments see Reference 1384 (pump).
2995. Output power: 0.05 mW.
2996. 9.77 µm CO2 pump laser; P44 transition; parallel polarization.
2997. Threshold pump power: 2000 mW.
2998. For line assignments see Reference 1384 (pump).
2999. Output power: 0.2 mW.
3000. 10.13 µm CO2 pump laser; R40 transition; parallel polarization.
3001. Threshold pump power: 2000 mW.
3002. For line assignments see Reference 1384 (pump).
3003. Output power: 0.02 mW.
3004. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
3005. Threshold pump power: 2000 mW.
3006. For line assignments see Reference 1384 (pump).
3007. Output power: 0.1 mW.
3008. 9.18 µm CO2 pump laser; R38 transition; perpendicular polarization.
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3009. Threshold pump power: 2000 mW.
3010. For line assignments see Reference 1384 (pump).
3011. Output power: 1 mW.
3012. 10.55 µm CO2 pump laser; P16 transition; parallel polarization.
3013. Threshold pump power: 2000 mW.
3014. For line assignments see Reference 1384 (pump).
3015. Output power: 10 mW.
3016. 10.55 µm CO2 pump laser; P16 transition; parallel polarization.
3017. Threshold pump power: 2000 mW.
3018. For line assignments see Reference 1384 (pump).
3019. Output power: 0.5 mW.
3020. 10.51 µm CO2 pump laser; P12 transition; perpendicular polarization.
3021. Threshold pump power: 2000 mW.
3022. For line assignments see Reference 1384 (pump).
3023. Output power: 0.1 mW.
3024. 10.21 µm CO2 pump laser; R26 transition; perpendicular polarization.
3025. Threshold pump power: 2000 mW.
3026. For line assignments see Reference 1384 (pump).
3027. Output power: 0.002 mW.  
3028. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
3029. Threshold pump power: 2000 mW.
3030. For line assignments see Reference 1384 (pump).
3031. Output power: 0.02 mW.
3032. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
3033. Threshold pump power: 2000 mW.
3034. For line assignments see Reference 1384 (pump).
3035. Output power: 1 mW.
3036. 10.46 µm CO2 pump laser; P06 transition; parallel polarization.
3037. Threshold pump power: 2000 mW.
3038. For line assignments see Reference 1384 (pump).
3039. Output power: 1 mW.
3040. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
3041. Threshold pump power: 2000 mW.
3042. For line assignments see Reference 1384 (pump).
3043. Output power: 1 mW.
3044. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
3045. Threshold pump power: 2000 mW.
3046. For line assignments see Reference 1384 (pump).
3047. Output power: 0.1 mW.
3048. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
3049. Threshold pump power: 2000 mW.
3050. For line assignments see Reference 1384 (pump).
3051. Output power: 0.05 mW.
3052. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
3053. Threshold pump power: 2000 mW.
3054. For line assignments see Reference 1384 (pump).
3055. Output power: 2 mW.
3056. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
3057. Threshold pump power: 2000 mW.
3058. For line assignments see Reference 1384 (pump).
3059. Output power: 0.1 mW.
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3060. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
3061. Threshold pump power: 2000 mW.
3062. For line assignments see Reference 1384 (pump).
3063. Output power: 0.1 mW.
3064. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
3065. Threshold pump power: 2000 mW.
3066. For line assignments see Reference 1384 (pump).
3067. Output power: 0.2 mW.
3068. 9.29 µm CO2 pump laser; R16 transition; parallel polarization.
3069. Threshold pump power: 2000 mW.
3070. For line assignments see Reference 1384 (pump).
3071. Output power: 0.2 mW.
3072. 10.14 µm CO2 pump laser; R38 transition; perpendicular polarization.
3073. Threshold pump power: 2000 mW.
3074. For line assignments see Reference 1384 (pump).
3075. Output power: 0.2 mW.
3076. 10.37 µm CO2 pump laser; R04 transition; perpendicular polarization.
3077. Threshold pump power: 2000 mW.
3078. For line assignments see Reference 1384 (pump).
3079. Output power: 0.01 mW.
3080. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
3081. Threshold pump power: 2000 mW.
3082. For line assignments see Reference 1384 (pump).
3083. Output power: 0.05 mW.
3084. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
3085. Threshold pump power: 2000 mW.
3086. For line assignments see Reference 1384 (pump).
3087. Output power: 0.1 mW.
3088. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
3089. Threshold pump power: 2000 mW.
3090. For line assignments see Reference 1384 (pump).
3091. Output power: 1 mW.
3092. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
3093. Threshold pump power: 2000 mW.
3094. For line assignments see Reference 1384 (pump).
3095. Output power: 0.5 mW.
3096. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
3097. Threshold pump power: 2000 mW.
3098. For line assignments see Reference 1384 (pump).
3099. Output power: 0.005 mW.  
3100. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
3101. Threshold pump power: 2000 mW.
3102. For line assignments see Reference 1384 (pump).
3103. Output power: 0.2 mW.
3104. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
3105. Threshold pump power: 2000 mW.
3106. For line assignments see Reference 1384 (pump).
3107. Output power: 0.2 mW.
3108. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
3109. Threshold pump power: 2000 mW.
3110. For line assignments see Reference 1384 (pump).
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3111. Output power: 0.5 mW.
3112. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
3113. Threshold pump power: 2000 mW.
3114. For line assignments see Reference 1384 (pump).
3115. Output power: 2 mW.
3116. 10.35 µm CO2 pump laser; R06 transition; parallel polarization.
3117. Threshold pump power: 2000 mW.
3118. For line assignments see Reference 1384 (pump).
3119. Output power: 0.2 mW.
3120. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
3121. Threshold pump power: 2000 mW.
3122. For line assignments see Reference 1384 (pump).
3123. Output power: 0.1 mW.
3124. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
3125. Threshold pump power: 2000 mW.
3126. For line assignments see Reference 1384 (pump).
3127. Output power: 0.1 mW.
3128. 10.33 µm CO2 pump laser; R08 transition; perpendicular polarization.
3129. Threshold pump power: 2000 mW.
3130. For line assignments see Reference 1384 (pump).
3131. Output power: 0.2 mW.
3132. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
3133. Threshold pump power: 2000 mW.
3134. For line assignments see Reference 1384 (pump).
3135. Output power: 0.05 mW.
3136. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
3137. Threshold pump power: 2000 mW.
3138. For line assignments see Reference 1384 (pump).
3139. Output power: 0.05 mW.
3140. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
3141. Threshold pump power: 2000 mW.
3142. For line assignments see Reference 1384 (pump).
3143. Output power: 0.05 mW.
3144. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
3145. Threshold pump power: 2000 mW.
3146. For line assignments see Reference 1384 (pump).
3147. Output power: 0.5 mW.
3148. 10.72 µm CO2 pump laser; P32 transition; parallel polarization.
3149. Threshold pump power: 2000 mW.
3150. For line assignments see Reference 1384 (pump).
3151. Output power: 0.2 mW.
3152. 10.29 µm CO2 pump laser; R14 transition; perpendicular polarization.
3153. Threshold pump power: 2000 mW.
3154. Output power: 0.05 mW.
3155. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
3156. Threshold pump power: 2000 mW.
3157. Output power: 0.5 mW.
3158. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
3159. Threshold pump power: 2000 mW.
3160. Output power: 0.05 mW.
3161. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
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3162. Threshold pump power: 2000 mW.
3163. Output power: 1 mW.
3164. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
3165. Threshold pump power: 2000 mW.
3166. Output power: 2 mW.
3167. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
3168. Threshold pump power: 2000 mW.
3169. Output power: 0.01 mW.
3170. 10.46 µm CO2 pump laser; P06 transition; perpendicular polarization.
3171. Threshold pump power: 2000 mW.
3172. Output power: 0.2 mW.
3173. 10.15 µm CO2 pump laser; R36 transition; parallel polarization.
3174. Threshold pump power: 2000 mW.
3175. Output power: 0.02 mW.
3176. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
3177. Threshold pump power: 2000 mW.
3178. Output power: 1 mW.
3179. 10.48 µm CO2 pump laser; P08 transition; perpendicular polarization.
3180. Threshold pump power: 2000 mW.
3181. Output power: 1 mW.
3182. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
3183. Threshold pump power: 2000 mW.
3184. Output power: 0.5 mW.
3185. 10.53 µm CO2 pump laser; P14 transition; perpendicular polarization.
3186. Threshold pump power: 2000 mW.
3187. Output power: 0.5 mW.
3188. 10.29 µm CO2 pump laser; R14 transition; perpendicular polarization.
3189. Threshold pump power: 2000 mW.
3190. Output power: 0.02 mW.
3191. 10.55 µm CO2 pump laser; P16 transition; parallel polarization.
3192. Threshold pump power: 2000 mW.
3193. Output power: 0.02 mW.
3194. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
3195. Threshold pump power: 2000 mW.
3196. Output power: 0.1 mW.
3197. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
3198. Threshold pump power: 2000 mW.
3199. Output power: 0.1 mW.
3200. 10.27 µm CO2 pump laser; R16 transition; perpendicular polarization.
3201. Threshold pump power: 2000 mW.
3202. Output power: 1 mW.
3203. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
3204. Threshold pump power: 2000 mW.
3205. Output power: 0.1 mW.
3206. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
3207. Threshold pump power: 2000 mW.
3208. Output power: 0.2 mW.
3209. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
3210. Threshold pump power: 2000 mW.
3211. Output power: 0.01 mW.
3212. 10.25 µm CO2 pump laser; R20 transition; perpendicular polarization.
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3213. Threshold pump power: 2000 mW.
3214. For line assignments see Reference 1384 (pump).
3215. Output power: 0.05 mW.
3216.  9.71  µm CO2 pump laser; P38 transition; parallel polarization.
3217. Threshold pump power: 2000 mW.
3218. For line assignments see Reference 1384 (pump).
3219. Output power: 0.02 mW.
3220. 10.48 µm CO2 pump laser; P08 transition; parallel polarization.
3221. Threshold pump power: 2000 mW.
3222. For line assignments see Reference 1384 (pump).
3223. Output power: 0.005 mW.
3224. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
3225. Threshold pump power: 2000 mW.
3226. For line assignments see Reference 1384 (pump).
3227. Output power: 1 mW.
3228. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
3229. Threshold pump power: 2000 mW.
3230. For line assignments see Reference 1384 (pump).
3231. Output power: 0.2 mW.
3232. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
3233. Threshold pump power: 2000 mW.
3234. For line assignments see Reference 1384 (pump).
3235. Output power: 0.05 mW.
3236. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
3237. Threshold pump power: 2000 mW.
3238. For line assignments see Reference 1384 (pump).
3239. Output power: 1 mW.
3240.  9.52  µm CO2 pump laser; P16 transition; parallel polarization.
3241. Threshold pump power: 2000 mW.
3242. For line assignments see Reference 1384 (pump).
3243. Output power: 0.1 mW.
3244. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
3245. Threshold pump power: 2000 mW.
3246. For line assignments see Reference 1384 (pump).
3247. Output power: 2 mW.
3248. 10 .65 µm CO2 pump laser; P26 transition; parallel polarization.
3249. Threshold pump power: 2000 mW.
3250. For line assignments see Reference 1384 (pump).
3251. Output power: 0.01 mW.
3252. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
3253. Threshold pump power: 2000 mW.
3254. For line assignments see Reference 1384 (pump).
3255. Output power: 0.05 mW.
3256. 10.25 µm CO2  pump laser; R20 transition; parallel polarization.
3257. Threshold pump power: 2000 mW.
3258. For line assignments see Reference 1384 (pump).
3259. Output power: 0.2 mW.
3260. 10.44 µm CO2  pump laser; P04 transition; parallel polarization.
3261. Threshold pump power: 2000 mW.
3262. For line assignments see Reference 1384 (pump).
3263. Output power: 0.02 mW.
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3264. 10.44 µm CO2  pump laser; P04 transition; parallel polarization.
3265. Threshold pump power: 2000 mW.
3266. For line assignments see Reference 1384 (pump).
3267. Output power: 2 mW.
3268. 10.25 µm CO2  pump laser; R20 transition; parallel polarization.
3269. Threshold pump power: 2000 mW.
3270. For line assignments see Reference 1384 (pump).
3271. Output power: 0.05 mW.
3272. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
3273. Threshold pump power: 2000 mW.
3274. For line assignments see Reference 1384 (pump).
3275. Output power: 0.1 mW.
3276. 10.49 µm CO2  pump laser; P10 transition; perpendicular polarization.
3277. Threshold pump power: 2000 mW.
3278. For line assignments see Reference 1384 (pump).
3279. Output power: 0.02 mW.
3280. 10.44 µm CO2  pump laser; P04 transition; parallel polarization.
3281. Threshold pump power: 2000 mW.
3282. For line assignments see Reference 1384 (pump).
3283. Output power: 0.5 mW.
3284. 10.49 µm CO2 pump laser; P10 transition; perpendicular polarization.
3285. Threshold pump power: 2000 mW.
3286. For line assignments see Reference 1384 (pump).
3287. Output power: 0.1 mW.
3288. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
3289. Threshold pump power: 2000 mW.
3290. For line assignments see Reference 1384 (pump).
3291. Output power: 0.05 mW.
3292. 10.22 µm CO2 pump laser; R24 transition; unspecified polarization.
3293. Threshold pump power: 2000 mW.
3294. For line assignments see Reference 1384 (pump).
3295. Output power: 0.2 mW.
3296. 10.57 µm CO2 pump laser; P18 transition; perpendicular polarization.
3297. Threshold pump power: 2000 mW.
3298. For line assignments see Reference 1384 (pump).
3299. Output power: 1 mW.
3300. 10.21 µm CO2 pump laser; R26 transition; parallel polarization.
3301. Threshold pump power: 2000 mW.
3302. For line assignments see Reference 1384 (pump).
3303. Output power: 5 mW.
3304. 10.21 µm CO2 pump laser; R26 transition; parallel polarization.
3305. Threshold pump power: 2000 mW.
3306. For line assignments see Reference 1384 (pump).
3307. Output power: 2 mW.
3308. 10.59 µm CO2 pump laser; P20 transition; perpendicular polarization.
3309. Threshold pump power: 2000 mW.
3310. For line assignments see Reference 1384 (pump).
3311. Output power: 2 mW.
3312. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
3313. Threshold pump power: 2000 mW.
3314. For line assignments see Reference 1384 (pump).
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3315. Output power: 2 mW.
3316. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
3317. Threshold pump power: 2000 mW.
3318. For line assignments see Reference 1384 (pump).
3319. Output power: 2 mW.
3320. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
3321. Threshold pump power: 2000 mW.
3322. For line assignments see Reference 1384 (pump).
3323. Output power: 1 mW.
3324. 10.48 µm CO2 pump laser; P08 transition; perpendicular polarization.
3325. Threshold pump power: 2000 mW.
3326. For line assignments see Reference 1384 (pump).
3327. Output power: 0.01 mW.
3328. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
3329. Threshold pump power: 2000 mW.
3330. For line assignments see Reference 1384 (pump).
3331. Output power: 1 mW.
3332. 10.48 µm CO2 pump laser; P08 transition; perpendicular polarization.
3333. Threshold pump power: 2000 mW.
3334. For line assignments see Reference 1384 (pump).
3335. Output power: 0.02 mW.
3336. 10.37 µm CO2 pump laser; R04 transition; parallel polarization.
3337. Threshold pump power: 2000 mW.
3338. For line assignments see Reference 1384 (pump).
3339. Output power: 0.1 mW.
3340. 10.51 µm CO2 pump laser; P12 transition; perpendicular polarization.
3341. Threshold pump power: 2000 mW.
3342. For line assignments see Reference 1384 (pump).
3343. Output power: 0.2 mW.
3344. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
3345. Threshold pump power: 2000 mW.
3346. For line assignments see Reference 1384 (pump).
3347. Output power: 0.1 mW.
3348. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
3349. Threshold pump power: 2000 mW.
3350. For line assignments see Reference 1384 (pump).
3351. Output power: 0.05 mW.
3352. 10.53 µm CO2 pump laser; P14 transition; perpendicular polarization.
3353. Threshold pump power: 2000 mW.
3354. For line assignments see Reference 1384 (pump).
3355. Output power: 0.5 mW.
3356. 10.57 µm CO2 pump laser; P18 transition; perpendicular polarization.
3357. Threshold pump power: 2000 mW.
3358. For line assignments see Reference 1384 (pump).
3359. Output power: 0.1 mW.
3360. 10.29 µm CO2 pump laser; P14 transition; parallel polarization.
3361. Threshold pump power: 2000 mW.
3362. For line assignments see Reference 1384 (pump).
3363. Output power: 0.2 mW.
3364. 10.86 µm CO2 pump laser; P44 transition; parallel polarization.
3365. Threshold pump power: 2000 mW.



©2001 CRC Press LLC

3366. For line assignments see Reference 1384 (pump).
3367. Output power: 0.5 mW.
3368. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
3369. Threshold pump power: 2000 mW.
3370. For line assignments see Reference 1384 (pump).
3371. Output power: 1 mW.
3372. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
3373. Threshold pump power: 2000 mW.
3374. For line assignments see Reference 1384 (pump).
3375. Output power: 1 mW.
3376. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
3377. Threshold pump power: 2000 mW.
3378. For line assignments see Reference 1384 (pump).
3379. Output power: 1 mW.
3380. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
3381. Threshold pump power: 2000 mW.
3382. For line assignments see Reference 1384 (pump).
3383. Output power: 10 mW.
3384. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
3385. Threshold pump power: 2000 mW.
3386. For line assignments see Reference 1384 (pump).
3387. Output power: 0.1 mW.
3388. 9.37 µm CO2 pump laser; R04 transition; parallel polarization.
3389. Threshold pump power: 2000 mW.
3390. For line assignments see Reference 1384 (pump).
3391. Output power: 1 mW.
3392. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
3393. Threshold pump power: 2000 mW.
3394. For line assignments see Reference 1384 (pump).
3395. Output power: 1 mW.
3396. 10.13 µm CO2 pump laser; R40 transition; parallel polarization.
3397. Threshold pump power: 2000 mW.
3398. For line assignments see Reference 1384 (pump).
3399. Output power: 0.5 mW.
3400. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
3401. Threshold pump power: 2000 mW.
3402. For line assignments see Reference 1384 (pump).
3403. Output power: 0.02 mW.
3404. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
3405. Threshold pump power: 2000 mW.
3406. For line assignments see Reference 1384 (pump).
3407. Output power: 0.5 mW.
3408. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
3409. Threshold pump power: 2000 mW.
3410. For line assignments see Reference 1384 (pump).
3411. Output power: 2 mW.
3412. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
3413. Threshold pump power: 2000 mW.
3414. For line assignments see Reference 1384 (pump).
3415. Output power: 5 mW.
3416. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
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3417. Threshold pump power: 2000 mW.
3418. For line assignments see Reference 1384 (pump).
3419. Output power: 0.2 mW.
3420. 10.35 µm CO2 pump laser; R06 transition; parallel polarization.
3421. Threshold pump power: 2000 mW.
3422. For line assignments see Reference 1384 (pump).
3423. Output power: 0.2 mW.
3424. 9.29 µm CO2 pump laser; R16 transition; parallel polarization.
3425. Threshold pump power: 2000 mW.
3426. For line assignments see Reference 1384 (pump).
3427. Output power: 0.5 mW.
3428. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
3429. Threshold pump power: 2000 mW.
3430. For line assignments see Reference 1384 (pump).
3431. Output power: 0.2 mW.
3432. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
3433. Threshold pump power: 2000 mW.
3434. For line assignments see Reference 1384 (pump).
3435. Output power: 0.1 mW.
3436. 10.15 µm CO2 pump laser; R36 transition; parallel polarization.
3437. Threshold pump power: 2000 mW.
3438. For line assignments see Reference 1384 (pump).
3439. Output power: 5 mW.
3440. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
3441. Threshold pump power: 2000 mW.
3442. For line assignments see Reference 1385.
3443. Output power: 2 mW.
3444. +20 MHz offset from center of 9.60 µm CO2 pump laser; P26 transition;

perpendicular polarization.
3445. Threshold pump power: 10000 mW.
3446. For line assignments see Reference 1385.
3447. Output power: 0.5 mW.
3448. -50 MHz offset from center of 9.71 mm CO2 pump laser; P38 transition; parallel

polarization.
3449. Threshold pump power: 20000 mW.
3450. For line assignments see Reference 1385.
3451. Output power: 10 mW.
3452. -30 MHz offset from center of 9.32 µm CO2 pump laser; R12 transition; parallel

polarization.
3453. Threshold pump power: 2000 mW.
3454. For line assignments see Reference 1385.
3455. Output power: 1 mW.
3456. +30 MHz offset from center of 9.86 µm CO2 pump laser; P52 transition; parallel

polarization.
3457. Threshold pump power: 5000 mW.
3458. For line assignments see Reference 1385.
3459. Output power: 0.02 mW.
3460. +5 MHz offset from center of 10.21 µm CO2 pump laser; R26 transition; parallel

polarization.
3461. Threshold pump power: 50000 mW.
3462. For line assignments see Reference 1385.
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3463. Output power: 0.05 mW.
3464. 0 MHz offset from center of 10.07 µm CO2 pump laser; R52 transition;

perpendicular polarization.
3465. Threshold pump power: 5000 mW.
3466. For line assignments see Reference 1385.
3467. Output power: 0.02 mW.
3468. -25 MHz offset from center of 9.17 µm CO2 pump laser; R42 transition;

perpendicular polarization.
3469. Threshold pump power: 2000 mW.
3470. For line assignments see Reference 1385.
3471. Output power: 0.2 mW.
3472. +50 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition;

perpendicular polarization.
3473. Threshold pump power: 20000 mW.
3474. For line assignments see Reference 1385.
3475. Output power: 10 mW.
3476. -5 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition; parallel

polarization.
3477. Threshold pump power: 2000 mW.
3478. For line assignments see Reference 1385.
3479. Output power: 50 mW.
3480. +40 MHz offset from center of 9.75 µm CO2 pump laser; P42 transition;

perpendicular polarization.
3481. Threshold pump power: 1000 mW.
3482. For line assignments see Reference 1385.
3483. Output power: 0.5 mW.
3484. -50 MHz offset from center of 10.97 µm CO2 pump laser; P19 transition; parallel

polarization.
3485. Threshold pump power: 2000 mW.
3486. For line assignments see Reference 1385.
3487. Output power: 0.2 mW.
3488. -35 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition;

perpendicular polarization.
3489. Threshold pump power: 20000 mW.
3490. For line assignments see Reference 1385.
3491. Cascade transition.
3492. +45 MHz offset from center of 9.31 µm CO2 pump laser; R14 transition; parallel

polarization.
3493. Threshold pump power: 5000 mW.
3494. For line assignments see Reference 1385.
3495. Output power: 0.05 mW.
3496. +10 MHz offset from center of 9.19 µm CO2 pump laser; R36 transition; parallel

polarization.
3497. Threshold pump power: 5000 mW.
3498. For line assignments see Reference 1385.
3499. Output power: 2 mW.
3500. +45 MHz offset from center of 9.31 µm CO2 pump laser; R14 transition; parallel

polarization.
3501. Threshold pump power: 5000 mW.
3502. For line assignments see Reference 1385.
3503. Output power: 0.5 mW.
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3504. -35 MHz offset from center of 10.59 µm CO2 pump laser; P20 transition;
perpendicular polarization.

3505. Threshold pump power: 10000 mW.
3506. For line assignments see Reference 1385.
3507. Output power: 0.05 mW.
3508. -20 MHz offset from center of 10.74 µm CO2 pump laser; P34 transition; parallel

polarization.
3509. Threshold pump power: 20000 mW.
3510. For line assignments see Reference 1385.
3511. Output power: 1 mW.
3512. -30 MHz offset from center of 10.49 µm CO2 pump laser; P10 transition; parallel

polarization.
3513. Threshold pump power: 10000 mW.
3514. For line assignments see Reference 1385.
3515. Output power: 0.1 mW.
3516. -10 MHz offset from center of 9.38 µm CO2 pump laser; R02 transition;

perpendicular polarization.
3517. Threshold pump power: 2000 mW.
3518. For line assignments see Reference 1385.
3519. Output power: 0.1 mW.
3520. +50 MHz offset from center of 9.81 µm CO2 pump laser; P48 transition; parallel

polarization.
3521. Threshold pump power: 5000 mW.
3522. For line assignments see Reference 1388.
3523. Output power: 1 mW.
3524. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
3525. Threshold pump power: 2000 mW.
3526. For line assignments see Reference 1388.
3527. Output power: 1 mW.
3528. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
3529. Threshold pump power: 2000 mW.
3530. For line assignments see Reference 1388.
3531. Output power: 1 mW.
3532. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
3533. Threshold pump power: 2000 mW.
3534. For line assignments see Reference 1388.
3535. Output power: 2 mW.
3536. -35 MHz offset from center of 9.62 µm CO2 pump laser; P28 transition; unspecified

polarization.
3537. Threshold pump power: 1000 mW.
3538. For line assignments see Reference 1388.
3539. Output power: 0.1 mW.
3540. 9.44 µm CO2 pump laser; P06 transition; perpendicular polarization.
3541. Threshold pump power: 2000 mW.
3542. For line assignments see Reference 1388.
3543. Output power: 1 mW.
3544. 9.44 µm CO2 pump laser; P06 transition; perpendicular polarization.
3545. Threshold pump power: 2000 mW.
3546. For line assignments see Reference 1388.
3547. Output power: 1 mW.
3548. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
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3549. Threshold pump power: 2000 mW.
3550. For line assignments see Reference 1388.
3551. Output power: 1 mW.
3552. 9.69 µm CO2 pump laser; P36 transition; perpendicular polarization.
3553. Threshold pump power: 2000 mW.
3554. For line assignments see Reference 1388.
3555. Output power: 10 mW.
3556. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
3557. Threshold pump power: 2000 mW.
3558. For line assignments see Reference 1388.
3559. Output power: 10 mW.
3560. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
3561. Threshold pump power: 2000 mW.
3562. For line assignments see Reference 1388.
3563. Output power: 10 mW.
3564. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
3565. Threshold pump power: 2000 mW.
3566. For line assignments see Reference 1388.
3567. Output power: 10 mW.
3568. 9.20 µm CO2 pump laser; R34 transition; parallel polarization.
3569. Threshold pump power: 2000 mW.
3570. For line assignments see Reference 1388.
3571. Output power: 0.1 mW.
3572. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
3573. Threshold pump power: 2000 mW.
3574. For line assignments see Reference 1388.
3575. Output power: 10 mW.
3576. 9.59 µm CO2 pump laser; P24 transition; perpendicular polarization.
3577. Threshold pump power: 2000 mW.
3578. For line assignments see Reference 1388.
3579. Output power: 0.1 mW.
3580. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
3581. Threshold pump power: 2000 mW.
3582. For line assignments see Reference 1388.
3583. Output power: 0.1 mW.
3584. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
3585. Threshold pump power: 2000 mW.
3586. For line assignments see Reference 1388.
3587. Output power: 0.1 mW.
3588. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
3589. Threshold pump power: 2000 mW.
3590. For line assignments see Reference 1388.
3591. Output power: 1 mW.
3592. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
3593. Threshold pump power: 2000 mW.
3594. For line assignments see Reference 1388.
3595. Output power: 1 mW.
3596. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
3597. Threshold pump power: 2000 mW.
3598. For line assignments see Reference 1388.
3599. Output power: 0.1 mW.
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3600. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
3601. Threshold pump power: 2000 mW.
3602. For line assignments see References 1392 (pump), 1394.
3603. Output power: 0.005 mW.
3604. 9.16 µm CO2 pump laser; R44 transition; either parallel or perpendicular

polarization.
3605. Threshold pump power: 5000 mW.
3606. For line assignments see References 1392 (pump), 1394.
3607. Output power: 0.5 mW.
3608. 9.43 µm CO2 pump laser; P04 transition; perpendicular polarization.
3609. Threshold pump power: 10000 mW.
3610. For line assignments see References 1393 (pump), 1394.
3611. Output power: 0.5 mW.
3612. 9.47 µm CO2 pump laser; P10 transition; perpendicular polarization.
3613. Threshold pump power: 10000 mW.
3614. For line assignments see References 1393 (pump), 1394.
3615. Output power: 0.2 mW.
3616. 9.16 µm CO2 pump laser; R44 transition; parallel polarization.
3617. Threshold pump power: 5000 mW.
3618. For line assignments see References 1393 (pump), 1394.
3619. Output power: 0.1 mW.
3620. 9.15 µm CO2 pump laser; R46 transition; either parallel or perpendicular

polarization.
3621. Threshold pump power: 5000 mW.
3622. For line assignments see References 1393 (pump), 1394.
3623. Output power: 0.02 mW.
3624. 9.23 µm CO2 pump laser; R28 transition; either parallel or perpendicular

polarization.
3625. Threshold pump power: 10000 mW.
3626. For line assignments see References 1393 (pump), 1394.
3627. Output power: 0.1 mW.
3628. 9.17 µm CO2 pump laser; R42 transition; parallel polarization.
3629. Threshold pump power: 10000 mW.
3630. For line assignments see References 1393 (pump), 1394.
3631. Output power: 0.1 mW.
3632. 9.23 µm CO2 pump laser; R28 transition; perpendicular polarization.
3633. Threshold pump power: 2000 mW.
3634. For line assignments see References 1393 (pump), 1394.
3635. Output power: 0.5 mW.
3636. 9.35 µm CO2 pump laser; R06 transition; perpendicular polarization.
3637. Threshold pump power: 10000 mW.
3638. For line assignments see References 1393 (pump), 1394.
3639. Output power: 0.2 mW.
3640. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
3641. Threshold pump power: 10000 mW.
3642. For line assignments see References 1393 (pump), 1394.
3643. Output power: 0.5 mW.
3644. 9.35 µm CO2 pump laser; R06 transition; perpendicular polarization.
3645. Threshold pump power: 2000 mW.
3646. For line assignments see References 1393 (pump), 1394.
3647. Output power: 0.01 mW.
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3648. 9.32 µm CO2 pump laser; R12 transition; parallel polarization.
3649. Threshold pump power: 2000 mW.
3650. For line assignments see References 1393 (pump), 1394.
3651. Output power: 1 mW.
3652. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
3653. Threshold pump power: 10000 mW.
3654. For line assignments see References 1393 (pump), 1394.
3655. Output power: 1 mW.
3656. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
3657. Threshold pump power: 10000 mW.
3658. For line assignments see References 1393 (pump), 1394.
3659. Output power: 0.1 mW.
3660. 9.19 µm CO2 pump laser; R36 transition; parallel polarization.
3661. Threshold pump power: 10000 mW.
3662. For line assignments see References 1393 (pump), 1394.
3663. Output power: 0.02 mW.
3664. 9.46 µm CO2 pump laser; P08 transition; parallel polarization.
3665. Threshold pump power: 10000 mW.
3666. For line assignments see References 1393 (pump), 1394.
3667. Output power: 0.02 mW.
3668. 9.31 µm CO2 pump laser; R14 transition; perpendicular polarization.
3669. Threshold pump power: 2000 mW.
3670. For line assignments see References 1393 (pump), 1394.
3671. Output power: 0.02 mW.
3672. 9.19 µm CO2 pump laser; R36 transition; parallel polarization.
3673. Threshold pump power: 10000 mW.
3674. For line assignments see References 1393 (pump), 1394.
3675. Output power: 0.01 mW.
3676. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
3677. Threshold pump power: 20000 mW.
3678. For line assignments see References 1393 (pump), 1394.
3679. Output power: 2 mW.
3680. 9.43 µm CO2 pump laser; P04 transition; parallel polarization.
3681. Threshold pump power: 10000 mW.
3682. For line assignments see References 1393 (pump), 1394.
3683. Output power: 10 mW.
3684. 9.20 µm CO2 pump laser; R34 transition; parallel polarization.
3685. Threshold pump power: 10000 mW.
3686. For line assignments see References 1393 (pump), 1394.
3687. Output power: 0.5 mW.
3688. 9.47 µm CO2 pump laser; P10 transition; perpendicular polarization.
3689. Threshold pump power: 10000 mW.
3690. For line assignments see References 1393 (pump), 1394.
3691. Output power: 0.1 mW.
3692. 9.26 µm CO2 pump laser; R22 transition; perpendicular polarization.
3693. Threshold pump power: 20000 mW.
3694. For line assignments see References 1393 (pump), 1394.
3695. Output power: 0.2 mW.
3696. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
3697. Threshold pump power: 10000 mW.
3698. For line assignments see References 1393 (pump), 1394.
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3699. Output power: 2 mW.
3700. 9.59 µm CO2 pump laser; P24 transition; perpendicular polarization.
3701. Threshold pump power: 10000 mW.
3702. For line assignments see References 1393 (pump), 1394.
3703. Output power: 10 mW.
3704. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
3705. Threshold pump power: 2000 mW.
3706. For line assignments see References 1393 (pump), 1394.
3707. Output power: 10 mW.
3708. 9.35 µm CO2 pump laser; 906 transition; parallel polarization.
3709. Threshold pump power: 2000 mW.
3710. For line assignments see References 1393 (pump), 1394.
3711. Output power: 5 mW.
3712. 9.21 µm CO2 pump laser; R32 transition; parallel polarization.
3713. Threshold pump power: 10000 mW.
3714. For line assignments see References 1393 (pump), 1394.
3715. Output power: 0.5 mW.
3716. 9.17 µm CO2 pump laser; R42 transition; perpendicular polarization.
3717. Threshold pump power: 10000 mW.
3718. For line assignments see References 1393 (pump), 1394.
3719. Output power: 0.01 mW.
3720. 9.54 µm CO2 pump laser; P18 transition; perpendicular polarization.
3721. Threshold pump power: 20000 mW.
3722. For line assignments see References 1393 (pump), 1394.
3723. Output power: 200 mW.
3724. 9.20 µm CO2 pump laser; R34 transition; perpendicular polarization.
3725. Threshold pump power: 10000 mW.
3726. For line assignments see References 1393 (pump), 1394.
3727. Output power: 0.5 mW.
3728. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
3729. Threshold pump power: 2000 mW.
3730. For line assignments see References 1392 (pump), 1394.
3731. Output power: 0.02 mW.
3732. 9.32 µm CO2 pump laser; R12 transition; perpendicular polarization.
3733. Threshold pump power: 2000 mW.
3734. For line assignments see References 1392 (pump), 1394.
3735. Output power: 0.5 mW.
3736. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
3737. Threshold pump power: 20000 mW.
3738. For line assignments see References 1392 (pump), 1394.
3739. Output power: 1 mW.
3740. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
3741. Threshold pump power: 10000 mW.
3742. For line assignments see References 1392 (pump), 1394.
3743. Output power: 200 mW.
3744. 9.21 µm CO2 pump laser; R32 transition; perpendicular polarization.
3745. Threshold pump power: 10000 mW.
3746. For line assignments see References 1392 (pump), 1394.
3747. Output power: 1 mW.
3748. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
3749. Threshold pump power: 2000 mW.
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3750. For line assignments see References 1392 (pump), 1394.
3751. Output power: 50 mW.
3752. 9.27 µm CO2 pump laser; R20 transition; parallel polarization.
3753. Threshold pump power: 2000 mW.
3754. For line assignments see References 1392 (pump), 1394.
3755. Output power: 0.01 mW.
3756. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
3757. Threshold pump power: 20000 mW.
3758. For line assignments see References 1392 (pump), 1394.
3759. Output power: 20 mW.
3760. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
3761. Threshold pump power: 10000 mW.
3762. For line assignments see References 1392 (pump), 1394.
3763. Output power: 5 mW.
3764. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
3765. Threshold pump power: 10000 mW.
3766. For line assignments see References 1392 (pump), 1394.
3767. Output power: 1 mW.
3768. 9.57 µm CO2 pump laser; P22 transition; perpendicular polarization.
3769. Threshold pump power: 10000 mW.
3770. For line assignments see References 1392 (pump), 1394.
3771. Output power: 10 mW.
3772. 9.26 µm CO2 pump laser; R22 transition; perpendicular polarization.
3773. Threshold pump power: 2000 mW.
3774. For line assignments see References 1392 (pump), 1394.
3775. Output power: 0.01 mW.
3776. 9.46 µm CO2 pump laser; P08 transition; parallel polarization.
3777. Threshold pump power: 10000 mW.
3778. For line assignments see References 1392 (pump), 1394.
3779. Output power: 100 mW.
3780. 9.27 µm CO2 pump laser; R20 transition; perpendicular polarization.
3781. Threshold pump power: 20000 mW.
3782. For line assignments see References 1392 (pump), 1394.
3783. Output power: 2 mW.
3784. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
3785. Threshold pump power: 10000 mW.
3786. For line assignments see References 1392 (pump), 1394.
3787. Output power: 0.2 mW.
3788. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
3789. Threshold pump power: 20000 mW.
3790. For line assignments see References 1392 (pump), 1394.
3791. Output power: 0.05 mW.
3792. 9.32 µm CO2 pump laser; R12 transition; perpendicular polarization.
3793. Threshold pump power: 2000 mW.
3794. Output power: 0.1 mW.
3795. 10.65 µm CO2 pump laser; P26 transition; unspecified polarization.
3796. Threshold pump power: 10000 mW.
3797. Output power: 0.5 mW.
3798. 10.46 µm CO2 pump laser; P06 transition; unspecified polarization.
3799. Threshold pump power: 2000 mW.
3800. Output power: 0.5 mW.
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3801. 10.26 µm CO2 pump laser; R18 transition; unspecified polarization.  
3802. Threshold pump power: 2000 mW.
3803. Output power: 0.5 mW.
3804. 10.30 µm CO2 pump laser; R12 transition; unspecified polarization.  
3805. Threshold pump power: 2000 mW.
3806. Output power: 0.2 mW.
3807. 10.37 µm CO2 pump laser; R04 transition; unspecified polarization.
3808. Threshold pump power: 2000 mW.
3809. Output power: 0.5 mW.
3810. 10.55 µm CO2 pump laser; P16 transition; unspecified polarization.
3811. Threshold pump power: 2000 mW.
3812. Output power: 0.2 mW.
3813. 10.15 µm CO2 pump laser; R36 transition; unspecified polarization.
3814. Threshold pump power: 2000 mW.
3815. Output power: 2 mW.
3816. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
3817. Threshold pump power: 2000 mW.
3818. For line assignments see Reference 1450.
3819. Output power: 1 mW.
3820. 0 MHz offset from center of 10.67 µm CO2 pump laser; P28 transition; parallel

polarization.
3821. Threshold pump power: 20000 mW.
3822. For line assignments see Reference 1450.
3823. Output power: 2 mW.
3824. 0 MHz offset from center of 10.44 µm CO2 pump laser; P04 transition; parallel

polarization.
3825. Threshold pump power: 5000 mW.
3826. For line assignments see Reference 1450.
3827. Output power: 5 mW.
3828. -30 MHz offset from center of 10.37 µm CO2 pump laser; R04 transition;

perpendicular polarization.
3829. Threshold pump power: 10000 mW.
3830. For line assignments see Reference 1450.
3831. Output power: 10 mW.
3832. -35 MHz offset from center of 10.09 mm CO2 pump laser; R46 transition; parallel

polarization.
3833. Threshold pump power: 5000 mW.
3834. For line assignments see Reference 1450.
3835. Cascade transition
3836. -15 MHz offset from center of 10.29 mm CO2 pump laser; R14 transition;

perpendicular polarization.
3837. Threshold pump power: 10000 mW.
3838. For line assignments see Reference 1450.
3839. Output power: 2 mW.
3840. +5 MHz offset from center of 10.53 mm CO2 pump laser; P14 transition;

perpendicular polarization.
3841. Threshold pump power: 10000 mW.
3842. For line assignments see Reference 1450.
3843. Output power: 2 mW.
3844. -15 MHz offset from center of 10.29 µm CO2 pump laser; R14 transition;

perpendicular polarization.
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3845. Threshold pump power: 10000 mW.
3846. For line assignments see Reference 1450.
3847. Output power: 20 mW.
3848. +45 MHz offset from center of 10.38 µm CO2 pump laser; R02 transition; parallel

polarization.
3849. Threshold pump power: 10000 mW.
3850. For line assignments see Reference 1450.
3851. Output power: 5 mW.
3852. +10 MHz offset from center of 10.32 µm CO2 pump laser; R10 transition; parallel

polarization.
3853. Threshold pump power: 20000 mW.
3854. For line assignments see Reference 1450.
3855. 10.49 mm CO2 pump laser; P10 transition; unspecified polarization.
3856. For line assignments see Reference 1450.
3857. Output power: 5 mW.
3858. +10 MHz offset from center of 10.67 mm CO2 pump laser; P28 transition; parallel

polarization.
3859. Threshold pump power: 20000 mW.
3860. For line assignments see Reference 1450.
3861. Output power: 5 mW.
3862. 0 MHz offset from center of 9.90 µm CO2 pump laser; P56 transition; parallel

polarization.
3863. Threshold pump power: 10000 mW.
3864. For line assignments see Reference 1450.
3865. Output power: 5 mW.
3866. +25 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
3867. Threshold pump power: 5000 mW.
3868. For line assignments see Reference 1450.
3869. Cascade transition.
3870. -5 MHz offset from center of 10.79 µm CO2 pump laser; P38 transition;

unspecified polarization.
3871. Threshold pump power: 2000 mW.
3872. For line assignments see Reference 1450.
3873. Output power: 10 mW.
3874. -5 MHz offset from center of 10.79 µm CO2 pump laser; P38 transition; parallel

polarization.
3875. Threshold pump power: 2000 mW.
3876. For line assignments see Reference 1450.
3877. Output power: 1 mW.
3878. +45 MHz offset from center of 10.81 µm CO2 pump laser; P40 transition;

perpendicular polarization.
3879. Threshold pump power: 5000 mW.
3880. Output power: 1 mW.
3881. 0 MHz offset from center of 10.49 mm CO2 pump laser; P10 transition; parallel

polarization.
3882. Threshold pump power: 50000 mW.
3883. Output power: 20 mW.
3884. +25 MHz offset from center of 10.25 µm CO2 pump laser; R20 transition;

perpendicular polarization.
3885. Threshold pump power: 10000 mW.
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3886. Output power: 0.02 mW.
3887. 0 MHz offset from center of 10.61 µm CO2 pump laser; P22 transition;

perpendicular polarization.
3888. Threshold pump power: 10000 mW.
3889. Output power: 0.002 mW.
3890. +20 MHz offset from center of 10.55 µm CO2 pump laser; P16 transition; parallel

polarization.
3891. Threshold pump power: 50000 mW.
3892. Output power: 10 mW.
3893. +20 MHz offset from center of 10.17 µm CO2 pump laser; R32 transition; parallel

polarization.
3894. Threshold pump power: 5000 mW.
3895. Output power: 5 mW.
3896. -5 MHz offset from center of 10.63 µm CO2 pump laser; P24 transition; parallel

polarization.
3897. Threshold pump power: 20000 mW.
3898. Output power: 2 mW.
3899. +30 MHz offset from center of 10.11 µm CO2 pump laser; R42 transition; parallel

polarization.
3900. Threshold pump power: 5000 mW.
3901. Output power: 0.01 mW.
3902. +50 MHz offset from center of 10.21 µm CO2 pump laser; R26 transition; parallel

polarization.
3903. Threshold pump power: 50000 mW.
3904. Output power: 0.5 mW.
3905. +10 MHz offset from center of 10.65 µm CO2 pump laser; P26 transition; parallel

polarization.
3906. Threshold pump power: 20000 mW.
3907. Output power: 0.01 mW.
3908. -40 MHz offset from center of 9.62 µm CO2 pump laser; P28 transition; parallel

polarization.
3909. Threshold pump power: 50000 mW.
3910. Output power: 5 mW.
3911. +50 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition;

perpendicular polarization.
3912. Threshold pump power: 10000 mW.
3913. Output power: 2 mW.
3914. +25 MHz offset from center of 9.54 µm CO2 pump laser; P18 transition;

perpendicular polarization.
3915. Threshold pump power: 20000 mW.
3916. Output power: 0.01 mW.
3917. +35 MHz offset from center of 10.48 µm CO2 pump laser; P08 transition; parallel

polarization.
3918. Threshold pump power: 50000 mW.
3919. Output power: 0.5 mW.
3920. 0 MHz offset from center of 10.35 µm CO2 pump laser; R06 transition;

perpendicular polarization.
3921. Threshold pump power: 10000 mW.
3922. Output power: 0.5 mW.
3923. +50 MHz offset from center of 10.08 µm CO2 pump laser; R50 transition;

perpendicular polarization.
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3924. Threshold pump power: 2000 mW.
3925. Output power: 1 mW.
3926. +10 MHz offset from center of 10.59 µm CO2 pump laser; P20 transition; parallel

polarization.
3927. Threshold pump power: 10000 mW.
3928. Output power: 0.02 mW.
3929. +30 MHz offset from center of 10.30 µm CO2 pump laser; R12 transition;

perpendicular polarization.
3930. Threshold pump power: 10000 mW.
3931. Output power: 1 mW.
3932. -40 MHz offset from center of 10.19 µm CO2 pump laser; R28 transition; parallel

polarization.
3933. Threshold pump power: 20000 mW.
3934. Output power: 0.01 mW.
3935. 0 MHz offset from center of 10.07 µm CO2 pump laser; R52 transition; parallel

polarization.
3936. Threshold pump power: 10000 mW.
3937. Output power: 1 mW.
3938. -40 MHz offset from center of 9.62 µm CO2 pump laser; P28 transition; parallel

polarization.
3939. Threshold pump power: 10000 mW.
3940. For line assignments see Reference 1439.
3941. Output power: 0.05 mW.
3942. 9.22 µm CO2 pump laser; R30 transition; parallel polarization.  
3943. Threshold pump power: 2000 mW.
3944. For line assignments see Reference 1401.
3945. Output power: 0.02 mW.
3946. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
3947. Threshold pump power: 10000 mW.
3948. For line assignments see Reference 1401.
3949. Output power: 0.05 mW.
3950. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
3951. Threshold pump power: 2000 mW.
3952. For line assignments see Reference 1401.
3953. Output power: 0.05 mW.
3954. 9.28 µm CO2 pump laser; R18 transition; parallel polarization.
3955. Threshold pump power: 2000 mW.
3956. For line assignments see Reference 1401.
3957. Output power: 0.05 mW.
3958. 9.54 µm CO2 pump laser; P18 transition; perpendicular polarization.
3959. Threshold pump power: 2000 mW.
3960. For line assignments see Reference 1439.
3961. Output power: 0.05 mW.
3962. 10.38 µm CO2 pump laser; R02 transition; parallel polarization.
3963. Threshold pump power: 200 mW.
3964. For line assignments see Reference 1439.
3965. Output power: 0.05 mW.
3966. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
3967. Threshold pump power: 1000 mW.
3968. For line assignments see Reference 1439.
3969. Output power: 0.005 mW.
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3970. 9.69 µm CO2 pump laser; P36 transition; perpendicular polarization.
3971. Threshold pump power: 5000 mW.
3972. For line assignments see Reference 1439.
3973. Output power: 0.05 mW.
3974. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
3975. Threshold pump power: 2000 mW.
3976. For line assignments see Reference 1439.
3977. Output power: 0.05 mW.
3978. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
3979. Threshold pump power: 1000 mW.
3980. For line assignments see Reference 1442.
3981. Output power: 0.02 mW.
3982. -31 MHz offset from center of 10.76 µm CO2 pump laser; P36 transition;

unspecified polarization.
3983. Threshold pump power: 10000 mW.
3984. For line assignments see Reference 1442.
3985. Output power: 0.02 mW.
3986. -31 MHz offset from center of 10.76 mm CO2 pump laser; P36 transition;

unspecified polarization.
3987. Threshold pump power: 10000 mW.
3988. For line assignments see Reference 1442.
3989. Output power: 0.02 mW.
3990. +17 MHz offset from center of 10.74 mm CO2 pump laser; P34 transition;

unspecified polarization.
3991. Threshold pump power: 10000 mW.
3992. For line assignments see Reference 1442.
3993. Output power: 0.02 mW.
3994. 10.76 µm CO2 pump laser; P36 transition; unspecified polarization.
3995. Threshold pump power: 10000 mW.
3996. For line assignments see Reference 1442.
3997. Output power: 0.05 mW.
3998. +12 MHz offset from center of 10.74 mm CO2 pump laser; P34 transition;

unspecified polarization.
3999. Threshold pump power: 10000 mW.
4000. For line assignments see Reference 1442.
4001. Output power: 0.1 mW.
4002. +28 MHz offset from center of 10.84 µm CO2 pump laser; P42 transition;

unspecified polarization.
4003. Threshold pump power: 5000 mW.
4004. For line assignments see Reference 1442.
4005. Output power: 0.1 mW.
4006. +10 MHz offset from center of 10.70 µm CO2 pump laser; P30 transition;

unspecified polarization.
4007. Threshold pump power: 20000 mW.
4008. For line assignments see Reference 1442.
4009. Output power: 0.02 mW.
4010. -22 MHz offset from center of 10.74 µm CO2 pump laser; P34 transition;

unspecified polarization.
4011. Threshold pump power: 10000 mW.
4012. For line assignments see Reference 1442.
4013. Output power: 0.2 mW.
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4014. -13 MHz offset from center of 10.84 µm CO2 pump laser; P42 transition;
unspecified polarization.

4015. Threshold pump power: 5000 mW.
4016. For line assignments see Reference 1442.
4017. Output power: 0.05 mW.
4018. +35 MHz offset from center of 10.76 µm CO2 pump laser; P36 transition;

unspecified polarization.
4019. Threshold pump power: 10000 mW.
4020. For line assignments see Reference 1442.
4021. Output power: 0.05 mW.
4022. +33 MHz offset from center of 10.72 µm CO2 pump laser; P32 transition;

unspecified polarization.
4023. Threshold pump power: 10000 mW.
4024. For line assignments see Reference 1419.
4025. Output power: 10 mW.
4026. +25 MHz offset from center of 10.72 µm CO2 pump laser; P32 transition; parallel

polarization.
4027. Threshold pump power: 5000 mW.
4028. For line assignments see Reference 1419.
4029. Output power: 5 mW.
4030. +5 MHz offset from center of 10.78 µm CO2 pump laser; P38 transition; parallel

polarization.
4031. Threshold pump power: 20000 mW.
4032. For line assignments see Reference 1419.
4033. Output power: 0.1 mW.
4034. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
4035. Threshold pump power: 2000 mW.
4036. For line assignments see Reference 1419.
4037. Output power: 0.5 mW.
4038. +25 MHz offset from center of 10.61 µm CO2 pump laser; P22 transition; parallel

polarization.
4039. Threshold pump power: 20000 mW.
4040. For line assignments see Reference 1419.
4041. Output power: 1 mW.
4042. +20 MHz offset from center of 10.67 µm CO2 pump laser; P28 transition; parallel

polarization.
4043. Threshold pump power: 20000 mW.
4044. For line assignments see Reference 1419.
4045. Output power: 0.2 mW.
4046. +20 MHz offset from center of 9.44 µm CO2 pump laser; P06 transition; parallel

polarization.
4047. Threshold pump power: 20000 mW.
4048. For line assignments see Reference 1419.
4049. Output power: 0.1 mW.
4050. 0 MHz offset from center of 9.42 µm CO2 pump laser; P04 transition; parallel

polarization.
4051. Threshold pump power: 5000 mW.
4052. For line assignments see Reference 1419.
4053. Output power: 1 mW.
4054. -30 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
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4055. Threshold pump power: 50000 mW.
4056. For line assignments see Reference 1419.
4057. Output power: 2 mW.
4058. -30 MHz offset from center of 10.55 µm CO2 pump laser; P16 transition; parallel

polarization.
4059. For line assignments see Reference 1419.
4060. Output power: 0.002 mW.
4061. +10 MHz offset from center of 10.65 µm CO2 pump laser; P26 transition; parallel

polarization.
4062. Threshold pump power: 10000 mW.
4063. For line assignments see Reference 1419.
4064. Output power: 5 mW.
4065. 0 MHz offset from center of 10.76 µm CO2 pump laser; P36 transition; parallel

polarization.
4066. Threshold pump power: 20000 mW.
4067. For line assignments see Reference 1419.
4068. Output power: 0.1 mW.
4069. -25 MHz offset from center of 9.42 µm CO2 pump laser; P04 transition; parallel

polarization.
4070. Threshold pump power: 5000 mW.
4071. For line assignments see Reference 1419.
4072. Output power: 0.5 mW.
4073. +30 MHz offset from center of 10.53 µm CO2 pump laser; P14 transition; parallel

polarization.
4074. Threshold pump power: 50000 mW.
4075. For line assignments see Reference 1419.
4076. Output power: 10 mW.
4077. 0 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition; parallel

polarization.
4078. Threshold pump power: 10000 mW.
4079. For line assignments see Reference 1409.
4080. Output power: 0.02 mW.
4081. +10 MHz offset from center of 9.60 µm CO2 pump laser; P26 transition; parallel

polarization.
4082. Threshold pump power: 50000 mW.
4083. For line assignments see Reference 1409.
4084. Output power: 0.2 mW.
4085. 0 MHz offset from center of 10.47 µm CO2 pump laser; P08 transition;

perpendicular polarization.
4086. Threshold pump power: 50000 mW.
4087. For line assignments see Reference 1409.
4088. Cascade transition.
4089. 0 MHz offset from center of 10.57 µm CO2 pump laser; P18 transition; parallel

polarization.
4090. Threshold pump power: 1000 mW.
4091. For line assignments see Reference 1409.
4092. Output power: 20 mW.
4093. 0 MHz offset from center of 10.57 µm CO2 pump laser; P18 transition; parallel

polarization.
4094. Threshold pump power: 1000 mW.
4095. For line assignments see Reference 1409.
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4096. Output power: 0.02 mW.
4097. +5 MHz offset from center of 9.30 µm CO2 pump laser; R14 transition; parallel

polarization.
4098. Threshold pump power: 20000 mW.
4099. For line assignments see Reference 1409.
4100. Output power: 2 mW.
4101. +25 MHz offset from center of 10.84 µm CO2 pump laser; P42 transition; parallel

polarization.
4102. Threshold pump power: 10000 mW.
4103. For line assignments see Reference 1409.
4104. Output power: 5 mW.
4105. +5 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition; parallel

polarization.
4106. Threshold pump power: 10000 mW.
4107. For line assignments see Reference 1401.
4108. Output power: 0.1 mW.
4109. 9.33 µm CO2 pump laser; R10 transition; parallel polarization.
4110. Threshold pump power: 2000 mW.
4111. For line assignments see Reference 1401.
4112. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
4113. Threshold pump power: 2000 mW.
4114. For line assignments see Reference 1401.
4115. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
4116. Threshold pump power: 2000 mW.
4117. For line assignments see Reference 1401.
4118. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
4119. Threshold pump power: 2000 mW.
4120. For line assignments see Reference 1401.
4121. Output power: 1 mW.
4122. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
4123. Threshold pump power: 2000 mW.
4124. For line assignments see Reference 1401.
4125. Output power: 10 mW.
4126. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
4127. Threshold pump power: 2000 mW.
4128. For line assignments see Reference 1401.
4129. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
4130. Threshold pump power: 2000 mW.
4131. For line assignments see Reference 1401.
4132. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
4133. Threshold pump power: 2000 mW.
4134. For line assignments see Reference 1401.
4135. 10.48 µm CO2 pump laser; P08 transition; parallel polarization.
4136. Threshold pump power: 2000 mW.
4137. For line assignments see Reference 1401.
4138. Output power: 1 mW.
4139. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
4140. Threshold pump power: 2000 mW.
4141. For line assignments see Reference 1401.
4142. Output power: 1 mW.
4143. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
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4144. Threshold pump power: 2000 mW.
4145. For line assignments see Reference 1401.
4146. Output power: 0.1 mW.
4147. 9.27 µm CO2 pump laser; R20 transition; parallel polarization.
4148. Threshold pump power: 2000 mW.
4149. For line assignments see Reference 1401.
4150. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
4151. Threshold pump power: 2000 mW.
4152. For line assignments see Reference 1401.
4153. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
4154. Threshold pump power: 2000 mW.
4155. For line assignments see Reference 1401.
4156. 10.49 µm CO2 pump laser; P10 transition; parallel polarization.
4157. Threshold pump power: 2000 mW.
4158. For line assignments see Reference 1401.
4159. 10.88 µm CO2 pump laser; P46 transition; parallel polarization.
4160. Threshold pump power: 2000 mW.
4161. For line assignments see Reference 1401.
4162. 10.55 µm CO2 pump laser; P16 transition; perpendicular polarization.
4163. Threshold pump power: 2000 mW.
4164. For line assignments see Reference 1401.
4165. 10.26 µm CO2 pump laser; R18 transition; perpendicular polarization.
4166. Threshold pump power: 2000 mW.
4167. For line assignments see Reference 1401.
4168. Output power: 10 mW.
4169. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
4170. Threshold pump power: 2000 mW.
4171. For line assignments see Reference 1401.
4172. Output power: 10 mW.
4173. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
4174. Threshold pump power: 2000 mW.
4175. For line assignments see Reference 1401.
4176. 10.76 µm CO2 pump laser; P36 transition; parallel polarization.
4177. Threshold pump power: 2000 mW.
4178. For line assignments see Reference 1401.
4179. 10.76 µm CO2 pump laser; P36 transition; parallel polarization.
4180. Threshold pump power: 2000 mW.
4181. For line assignments see Reference 1401.
4182. Output power: 0.1 mW.
4183. 9.35 µm CO2 pump laser; R06 transition; perpendicular polarization.
4184. Threshold pump power: 2000 mW.
4185. For line assignments see Reference 1401.
4186. 10.79 µm CO2 pump laser; P38 transition; parallel polarization.
4187. Threshold pump power: 2000 mW.
4188. For line assignments see Reference 1401.
4189. Output power: 10 mW.
4190. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
4191. Threshold pump power: 2000 mW.
4192. For line assignments see Reference 1401.
4193. Output power: 1 mW.
4194. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
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4195. Threshold pump power: 2000 mW.
4196. For line assignments see Reference 1401.
4197. Output power: 10 mW.
4198. 9.32 µm CO2 pump laser; R12 transition; perpendicular polarization.
4199. Threshold pump power: 2000 mW.
4200. For line assignments see Reference 1401.
4201. Output power: 10 mW.
4202. 9.21 µm CO2 pump laser; R32 transition; perpendicular polarization.
4203. Threshold pump power: 2000 mW.
4204. For line assignments see Reference 1401.
4205. Output power: 0.1 mW.
4206. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
4207. Threshold pump power: 2000 mW.
4208. For line assignments see Reference 1401.
4209. Output power: 0.01 mW.
4210. 9.60 µm CO2 pump laser; P26 transition; parallel polarization.
4211. Threshold pump power: 2000 mW.
4212. For line assignments see Reference 1401.
4213. Output power: 1 mW.
4214. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
4215. Threshold pump power: 2000 mW.
4216. For line assignments see Reference 1401.
4217. Output power: 0.1 mW.
4218. 9.49 µm CO2 pump laser; P12 transition; perpendicular polarization.
4219. Threshold pump power: 2000 mW.
4220. For line assignments see Reference 1388 (pump).
4221. Output power: 1 mW.
4222. 10.51 µm CO2 pump laser; P12 transition; unspecified polarization.  
4223. Threshold pump power: 1000 mW.
4224. For line assignments see Reference 1388 (pump).
4225. Output power: 5 mW.
4226. 10.49 µm CO2 pump laser; P10 transition; unspecified polarization.  
4227. Threshold pump power: 1000 mW.
4228. For line assignments see References 1444, 1456.
4229. 9.20 µm CO2 pump laser; R34 transition; unspecified polarization.
4230. Threshold pump power: 10000 mW.
4231. For line assignments see References 1444, 1456.
4232. 9.27 µm CO2 pump laser; R20 transition; unspecified polarization.
4233. Threshold pump power: 10000 mW.
4234. For line assignments see References 1444, 1456.
4235. 9.17 µm CO2 pump laser; R40 transition; unspecified polarization.
4236. Threshold pump power: 10000 mW.
4237. For line assignments see References 1444, 1456.
4238. 9.18 µm CO2 pump laser; R38 transition; unspecified polarization.
4239. Threshold pump power: 10000 mW.
4240. For line assignments see References 1444, 1456.
4241. 9.29 µm CO2 pump laser; R16 transition; unspecified polarization.
4242. Threshold pump power: 10000 mW.
4243. For line assignments see References 1444, 1456.
4244. 9.20 µm CO2 pump laser; R34 transition; unspecified polarization.
4245. Threshold pump power: 10000 mW.
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4246. For line assignments see References 1444, 1456.
4247. 9.23 µm CO2 pump laser; R28 transition; unspecified polarization.
4248. Threshold pump power: 10000 mW.
4249. For line assignments see References 1444, 1456.
4250. 9.32 µm CO2 pump laser; R12 transition; unspecified polarization.
4251. Threshold pump power: 10000 mW.
4252. For line assignments see References 1444, 1456.
4253. Output power: 0.02 mW.
4254. 9.33 µm CO2 pump laser; R10 transition; unspecified polarization.
4255. Threshold pump power: 5000 mW.
4256. For line assignments see References 1444, 1456.
4257. Output power: 0.1 mW.
4258. 9.34 µm CO2 pump laser; R08 transition; unspecified polarization.
4259. Threshold pump power: 5000 mW.
4260. Output power: 0.1 mW.
4261. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
4262. Output power: 0.1 mW.
4263. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
4264. Output power: 0.1 mW.
4265. 10.72 µm CO2 pump laser; P32 transition; perpendicular polarization.
4266. Output power: 0.01 mW.
4267. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
4268. Threshold pump power: 1000 mW.
4269. Output power: 0.1 mW.
4270. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
4271. Output power: 1 mW.
4272. 10.33 µm CO2 pump laser; R08 transition; perpendicular polarization.
4273. Output power: 0.01 mW.
4274. 9.49 µm CO2 pump laser; P12 transition; unspecified polarization.
4275. Threshold pump power: 1000 mW.
4276. Output power: 1 mW.
4277. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
4278. Output power: 0.1 mW.
4279. 10.55 µm CO2 pump laser; P16 transition; perpendicular polarization.
4280. Threshold pump power: 1000 mW.
4281. Output power: 1 mW.
4282. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
4283. Threshold pump power: 2000 mW.
4284. Output power: 0.1 mW.
4285. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
4286. Output power: 0.01 mW.
4287. 10.57 µm CO2 pump laser; P18 transition; perpendicular polarization.
4288. Output power: 0.1 mW.
4289. 9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
4290. Output power: 0.1 mW.
4291. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
4292. Output power: 0.1 mW.
4293. 9.49 µm CO2 pump laser; P12 transition; perpendicular polarization.
4294. Threshold pump power: 2000 mW.
4295. Output power: 0.01 mW.
4296. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
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4297. Output power: 0.1 mW.
4298. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
4299. Output power: 1 mW.
4300. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
4301. Threshold pump power: 1000 mW.
4302. Output power: 1 mW.
4303. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
4304. Threshold pump power: 1000 mW.
4305. Output power: 0.01 mW.
4306. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
4307. Output power: 0.01 mW.
4308. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
4309. Output power: 1 mW.
4310. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
4311. Threshold pump power: 1000 mW.
4312. Output power: 0.01 mW.
4313. 10.67 µm CO2 pump laser; P28 transition; perpendicular polarization.
4314. Output power: 0.1 mW.
4315. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
4316. Output power: 0.1 mW.
4317. 10.46 µm CO2 pump laser; P06 transition; parallel polarization.
4318. Output power: 1 mW.
4319. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
4320. Output power: 0.1 mW.
4321. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
4322. Threshold pump power: 200 mW.
4323. Output power: 1 mW.
4324. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
4325. Threshold pump power: 500 mW.
4326. Output power: 0.01 mW.
4327. 10.46 µm CO2 pump laser; P06 transition; parallel polarization.
4328. Threshold pump power: 1000 mW.
4329. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4330. Output power: 0.1 mW.
4331. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
4332. Threshold pump power: 2000 mW.
4333. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4334. Output power: 0.1 mW.
4335. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
4336. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4337. Output power: 0.02 mW.
4338. 0 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition; parallel

polarization.
4339. Threshold pump power: 10000 mW.
4340. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4341. Output power: 0.05 mW.
4342. 0 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition; parallel

polarization.
4343. Threshold pump power: 10000 mW.
4344. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4345. Output power: 0.01 mW.
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4346. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4347. Threshold pump power: 2000 mW.
4348. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4349. Output power: 0.01 mW.
4350. 9.71 µm CO2 pump laser; P38 transition; unspecified polarization.
4351. Threshold pump power: 10000 mW.
4352. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4353. Output power: 0.02 mW.
4354. 0 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition; parallel

polarization.
4355. Threshold pump power: 10000 mW.
4356. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4357. Output power: 0.1 mW.
4358. 0 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition; parallel

polarization.
4359. Threshold pump power: 10000 mW.
4360. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4361. Output power: 2 mW.
4362. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
4363. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4364. Output power: 0.01 mW.
4365. 10.37 µm CO2 pump laser; R04 transition; perpendicular polarization.
4366. Threshold pump power: 2000 mW.
4367. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4368. Output power: 5 mW.
4369. 9.68 µm CO2 Sequence band pump laser; P31 transition; unspecified polarization.
4370. Threshold pump power: 2000 mW.
4371. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4372. Output power: 0.2 mW.
4373. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
4374. Threshold pump power: 1000 mW.
4375. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4376. Output power: 1 mW; cascade transition.
4377. 9.69 µm CO2 pump laser; P36 transition; perpendicular polarization.
4378. Threshold pump power: 10000 mW.
4379. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4380. Output power: 0.01 mW.
4381. -15 MHz offset from center of 9.50 µm CO2 pump laser; P14 transition; unspecified

polarization.
4382. Threshold pump power: 1000 mW.
4383. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4384. Output power: 5 mW.
4385. 9.69 µm CO2 pump laser; P36 transition; perpendicular polarization.
4386. Threshold pump power: 200 mW.
4387. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4388. Output power: 0.5 mW.
4389. 9.52 µm CO2 sequence band pump laser; P13 transition; unspecified polarization.
4390. Threshold pump power: 2000 mW.
4391. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4392. Output power: 0.05 mW.
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4393. -15 MHz offset from center of 9.50 µm CO2 pump laser; P14 transition; parallel
polarization.

4394. Threshold pump power: 10000 mW.
4395. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4396. Output power: 2 mW.
4397. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
4398. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4399. Output power: 0.05 mW.
4400. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
4401. Threshold pump power: 10000 mW.
4402. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4403. Output power: 0.2 mW.
4404. 9.59 µm CO2 pump laser; P24 transition; perpendicular polarization.
4405. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4406. Output power: 0.05 mW.
4407. -15 MHz offset from center of 9.50 µm CO2 pump laser; P14 transition;

perpendicular polarization.
4408. Threshold pump power: 10000 mW.
4409. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4410. Output power: 1 mW.
4411. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
4412. Threshold pump power: 10000 mW.
4413. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4414. Output power: 0.1 mW.
4415. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
4416. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4417. Output power: 0.1 mW.
4418. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
4419. Threshold pump power: 10000 mW.
4420. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4421. -5 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition;

perpendicular polarization.
4422. Threshold pump power: 10000 mW.
4423. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4424. Output power: 1 mW.
4425. 10.09 µm CO2 pump laser; R48 transition; unspecified polarization.
4426. Threshold pump power: 500 mW.
4427. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4428. Output power: 0.05 mW.
4429. +5 MHz offset from center of 9.28 µm CO2 pump laser; R18 transition; parallel

polarization.
4430. Threshold pump power: 10000 mW.
4431. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4432. Output power: 0.1 mW.
4433. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
4434. Threshold pump power: 10000 mW.
4435. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4436. Output power: 0.05 mW.
4437. 10.10 µm CO2 pump laser; R46 transition; unspecified polarization.
4438. Threshold pump power: 10000 mW.
4439. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
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4440. Output power: 0.05 mW.
4441. 9.66 µm CO2 pump laser; P32 transition; unspecified polarization.
4442. Threshold pump power: 20000 mW.
4443. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4444. -10 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition;

perpendicular polarization.
4445. Threshold pump power: 10000 mW.
4446. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4447. Output power: 1 mW.
4448. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
4449. Threshold pump power: 10000 mW.
4450. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4451. Output power: 1 mW.
4452. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
4453. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4454. Output power: 0.1 mW.
4455. 9.38 µm CO2 pump laser; R02 transition; perpendicular polarization.
4456. Threshold pump power: 1000 mW.
4457. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4458. Output power: 1 mW.
4459. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
4460. Threshold pump power: 10000 mW.
4461. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4462. Output power: 0.5 mW.
4463. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
4464. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4465. Output power: 0.05 mW.
4466. +5 MHz offset from center of 9.28 µm CO2 pump laser; R18 transition; parallel

polarization.
4467. Threshold pump power: 10000 mW.
4468. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4469. Output power: 0.5 mW.
4470. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
4471. Threshold pump power: 500 mW.
4472. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4473. Output power: 0.01 mW.
4474. 10.11 µm CO2 pump laser; R44 transition; unspecified polarization.
4475. Threshold pump power: 5000 mW.
4476. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4477. Output power: 0.2 mW.
4478. 1O.16 µm CO2 pump laser; R3 transition; unspecified polarization.
4479. Threshold pump power: 5000 mW.
4480. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4481. Output power: 2 mW.
4482. -45 MHz offset from center of 10.17 µm CO2 pump laser; R32 transition; parallel

polarization.
4483. Threshold pump power: 20000 mW.
4484. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4485. Output power: 1 mW.
4486. 9.20 µm CO2 pump laser; R transition; parallel polarization.
4487. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
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4488. Output power: 0.2 mW.
4489. -10 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
4490. Threshold pump power: 10000 mW.
4491. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4492. Output power: 0.5 mW.
4493. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
4494. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4495. Output power: 0.05 mW.
4496. 9.33 µm CO2 pump laser; R10 transition; parallel polarization.
4497. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4498. Output power: 0.02 mW.
4499. +15 MHz offset from center of 9.26 µm CO2 pump laser; R22 transition; parallel

polarization.
4500. Threshold pump power: 10000 mW.
4501. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4502. Output power: 0.2 mW.
4503. 9.20 µm CO2 pump laser; R transition; parallel polarization.
4504. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4505. Output power: 0.02 mW.
4506. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
4507. Threshold pump power: 10000 mW.
4508. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4509. Output power: 1 mW.
4510. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
4511. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4512. Output power: 0.002 mW.
4513. -20 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition; parallel

polarization.
4514. Threshold pump power: 10000 mW.
4515. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4516. Output power: 0.002 mW.
4517. -20 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition; parallel

polarization.
4518. Threshold pump power: 10000 mW.
4519. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4520. Output power: 0.1 mW.
4521. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
4522. Threshold pump power: 10000 mW.
4523. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4524. -5 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4525. Threshold pump power: 10000 mW.
4526. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4527. Output power: 0.2 mW.
4528. 10.37 µm CO2 pump laser; R04 transition; parallel polarization.
4529. Threshold pump power: 2000 mW.
4530. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4531. Output power: 0.05 mW.
4532. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
4533. Threshold pump power: 10000 mW.
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4534. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4535. +140 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition; either

parallel or perpendicular polarization.
4536. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4537. Output power: 0.005 mW.
4538. -5 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4539. Threshold pump power: 10000 mW.
4540. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4541. +120 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition; either

parallel or perpendicular polarization.
4542. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4543. Output power: 1 mW.
4544. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
4545. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4546. Output power: 0.5 mW.
4547. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
4548. Threshold pump power: 10000 mW.
4549. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4550. Output power: 0.1 mW.
4551. 9.31 µm CO2 pump laser; R14 transition; perpendicular polarization.
4552. Threshold pump power: 2000 mW.
4553. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4554. Output power: 0.1 mW.
4555. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
4556. Threshold pump power: 10000 mW.
4557. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4558. -15 MHz offset from center of 10.32 µm CO2 pump laser; R10 transition; parallel

polarization.
4559. Threshold pump power: 10000 mW.
4560. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4561. Output power: 0.1 mW.
4562. 9.20 µm CO2 pump laser; R transition; parallel polarization.
4563. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4564. Output power: 0.1 mW.
4565. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
4566. Threshold pump power: 10000 mW.
4567. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4568. Output power: 0.2 mW.
4569. +5 MHz offset from center of 9.28 µm CO2 pump laser; R18 transition; parallel

polarization.
4570. Threshold pump power: 10000 mW.
4571. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4572. Output power: 0.2 mW.
4573. 9.20 µm CO2 pump laser; R transition; parallel polarization.
4574. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4575. Output power: 0.2 mW.
4576. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
4577. Threshold pump power: 10000 mW.
4578. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4579. Output power: 1 mW.
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4580. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
4581. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4582. Output power: 0.2 mW.
4583. 10.37 µm CO2 pump laser; R04 transition; parallel polarization.
4584. Threshold pump power: 10000 mW.
4585. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4586. Output power: 0.005 mW.
4587. 10.38 µm CO2 pump laser; R02 transition; parallel polarization.
4588. Threshold pump power: 2000 mW.
4589. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4590. Output power: 0.1 mW.
4591. 9.38 µm CO2 pump laser; R02 transition; perpendicular polarization.
4592. Threshold pump power: 1000 mW.
4593. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4594. Output power: 0.5 mW.
4595. 9.59 µm CO2 Sequence band pump laser; P21 transition; unspecified polarization.
4596. Threshold pump power: 2000 mW.
4597. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4598. Output power: 10 mW.
4599. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
4600. Threshold pump power: 200 mW.
4601. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4602. Output power: 0.1 mW.
4603. 10.13 µm CO2 pump laser; R40 transition; parallel polarization.
4604. Threshold pump power: 10000 mW.
4605. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4606. Output power: 10 mW.
4607. 9.33 µm CO2 pump laser; R10 transition; perpendicular polarization.
4608. Threshold pump power: 1000 mW.
4609. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4610. Output power: 0.1 mW.
4611. 10 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition;

perpendicular polarization.
4612. Threshold pump power: 10000 mW.
4613. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4614. Output power: 1 mW.
4615. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
4616. Threshold pump power: 10000 mW.
4617. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4618. Output power: 0.2 mW.
4619. 9.50 µm CO2 pump laser; P14 transition; perpendicular polarization.
4620. Threshold pump power: 10000 mW.
4621. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4622. Output power: 0.05 mW.
4623. 9.50 µm CO2 pump laser; P14 transition; unspecified polarization.
4624. Threshold pump power: 2000 mW.
4625. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4626. Output power: 0.5 mW.
4627. 10.09 µm CO2 pump laser; R48 transition; parallel polarization.
4628. Threshold pump power: 20000 mW.
4629. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
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4630. Output power: 1 mW.
4631. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
4632. Threshold pump power: 500 mW.
4633. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4634. Output power: 1 mW.
4635. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
4636. Threshold pump power: 10000 mW.
4637. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4638. Output power: 1 mW.
4639. 9.68 µm CO2 Sequence band pump laser; P31 transition; unspecified polarization.
4640. Threshold pump power: 2000 mW.
4641. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4642. Output power: 0.1 mW.
4643. 9.38 µm CO2 pump laser; R02 transition; perpendicular polarization.
4644. Threshold pump power: 500 mW.
4645. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4646. Output power: 1 mW.
4647. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
4648. Threshold pump power: 10000 mW.
4649. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4650. Output power: 2 mW.
4651. -45 MHz offset from center of 10.17 µm CO2 pump laser; R32 transition;

perpendicular polarization.
4652. Threshold pump power: 20000 mW.
4653. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4654. Output power: 1 mW.
4655. 0 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition; parallel

polarization.
4656. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4657. Output power: 0.1 mW.
4658. -10 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
4659. Threshold pump power: 1000 mW.
4660. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4661. Output power: 0.01 mW.
4662. 10.11 µm CO2 pump laser; R44 transition; unspecified polarization.
4663. Threshold pump power: 10000 mW.
4664. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4665. Output power: 20 mW.
4666. 9.69 µm CO2 pump laser; P36 transition; unspecified polarization.
4667. Threshold pump power: 200 mW.
4668. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4669. Output power: 0.2 mW.
4670. -15 MHz offset from center of 9.50 µm CO2 pump laser; P14 transition; parallel

polarization.
4671. Threshold pump power: 10000 mW.
4672. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4673. Output power: 0.02 mW.
4674. 9.34 µm CO2 pump laser; R08 transition; perpendicular polarization.
4675. Threshold pump power: 10000 mW.
4676. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
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4677. Output power: 0.2 mW.
4678. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
4679. Threshold pump power: 10000 mW.
4680. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4681. Output power: 0.05 mW.
4682. 10.13 µm CO2 pump laser; R40 transition; unspecified polarization.
4683. Threshold pump power: 10000 mW.
4684. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4685. Output power: 0.2 mW.
4686. 0 MHz offset from center of 10.13 µm CO2 pump laser; R40 transition;

perpendicular polarization.
4687. Threshold pump power: 10000 mW.
4688. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4689. Output power: 20 mW.
4690. 9.33 µm CO2 pump laser; R10 transition; parallel polarization.
4691. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4692. Output power: 0.02 mW.
4693. -10 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
4694. Threshold pump power: 10000 mW.
4695. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4696. Output power: 0.1 mW.
4697. 0 MHz offset from center of 9.59 µm CO2 pump laser; P24 transition; parallel

polarization.
4698. Threshold pump power: 10000 mW.
4699. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4700. Output power: 0.02 mW.
4701. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
4702. Threshold pump power: 10000 mW.
4703. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4704. Output power: 0.002 mW.
4705. -10 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
4706. Threshold pump power: 10000 mW.
4707. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4708. Output power: 10 mW.
4709. 9.59 µm CO2 sequence band pump laser; P21 transition; unspecified polarization.
4710. Threshold pump power: 2000 mW.
4711. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4712. Output power: 0.1 mW.
4713. 9.68 µm CO2 pump laser; P34 transition; unspecified polarization.
4714. Threshold pump power: 1000 mW.
4715. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4716. Output power: 0.2 mW.
4717. 0 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition; parallel

polarization.
4718. Threshold pump power: 10000 mW.
4719. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4720. Output power: 0.1 mW.
4721. 9.28 µm CO2 pump laser; R08 transition; parallel polarization.
4722. Threshold pump power: 10000 mW.
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4723. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4724. Output power: 0.002 mW.
4725. -10 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
4726. Threshold pump power: 10000 mW.
4727. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4728. Output power: 50 mW.
4729. +26 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition;

perpendicular polarization.
4730. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4731. Output power: 0.1 mW.
4732. 0 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition;

perpendicular polarization.
4733. Threshold pump power: 10000 mW.
4734. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4735. Output power: 0.01 mW.
4736.  9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
4737. Threshold pump power: 10000 mW.
4738. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4739. Output power: 0.5 mW.
4740.  9.68 µm CO2 pump laser; P34 transition; unspecified polarization.
4741. Threshold pump power: 1000 mW.
4742. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4743. Output power: 0.2 mW.
4744. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
4745. Threshold pump power: 10000 mW.
4746. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4747. Output power: 0.05 mW.
4748.  9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
4749. Threshold pump power: 10000 mW.
4750. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4751. Output power: 0.01 mW.
4752. -10 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
4753. Threshold pump power: 10000 mW.
4754. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4755. Output power: 0.02 mW.
4756. -10 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition;

perpendicular polarization.
4757. Threshold pump power: 10000 mW.
4758. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4759. Output power: 2 mW.
4760. +23 MHz offset from center of 10.15 µm CO2 pump laser; R36 transition;

perpendicular polarization.
4761. Threshold pump power: 20000 mW.
4762. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4763. -10 MHz offset from center of 10.16 µm CO2 pump laser; R34 transition; parallel

polarization.
4764. Threshold pump power: 10000 mW.
4765. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4766. Output power: 2 mW.
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4767. +23 MHz offset from center of 10.15 µm CO2 pump laser; R36 transition;
unspecified polarization.

4768. Threshold pump power: 20000 mW.
4769. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4770. Output power: 0.1 mW.
4771. +38 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition;

unspecified polarization.
4772. Threshold pump power: 1000 mW.
4773. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4774. Output power: 10 mW.
4775. -16 MHz offset from center of 9.66 µm CO2 pump laser; P32 transition; parallel

polarization.
4776. Threshold pump power: 1000 mW.
4777. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4778. Output power: 1 mW.
4779. 10 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition;

perpendicular polarization.
4780. Threshold pump power: 1000 mW.
4781. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4782. Output power: 1 mW.
4783. -16 MHz offset from center of 9.66 µm CO2 pump laser; P32 transition; unspecified

polarization.
4784. Threshold pump power: 1000 mW.
4785. For line assignments see References 1414, 1416, 1418, 1419, 1427, 1428, 1473.
4786. Output power: 0.002 mW.
4787. 9.50 µm CO2 pump laser; P14 transition; unspecified polarization.
4788. Threshold pump power: 10000 mW.
4789. For line assignments see References 1415, 1417.  
4790. +25 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4791. Threshold pump power: 10000 mW.
4792. For line assignments see References 1415, 1417.
4793. Output power: 2 mW.
4794. -20 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition;

perpendicular polarization.
4795. Threshold pump power: 10000 mW.
4796. For line assignments see References 1415, 1417.
4797. +35 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition;

perpendicular polarization.
4798. Threshold pump power: 10000 mW.
4799. For line assignments see References 1415, 1417.
4800. +15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition; parallel

polarization.
4801. Threshold pump power: 10000 mW.
4802. For line assignments see References 1415, 1417.
4803. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4804. For line assignments see References 1415, 1417.
4805. -20 MHz offset from center of 9.69 µm CO2 pump laser; P36 transition; parallel

polarization.
4806. Threshold pump power: 10000 mW.
4807. For line assignments see References 1415, 1417.
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4808. Output power: 0.5 mW.
4809. -15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition; parallel

polarization.
4810. Threshold pump power: 10000 mW.
4811. For line assignments see References 1415, 1417.
4812. -20 MHz offset from center of 9.69 µm CO2 pump laser; P36 transition; parallel

polarization.
4813. Threshold pump power: 10000 mW.
4814. For line assignments see References 1415, 1417.
4815. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4816. For line assignments see References 1415, 1417.
4817. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4818. For line assignments see References 1415, 1417.
4819. Output power: 0.5 mW.
4820. +20 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition; parallel

polarization.
4821. Threshold pump power: 10000 mW.
4822. For line assignments see References 1415, 1417.
4823. Output power: 2 mW.
4824. -20 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4825. Threshold pump power: 10000 mW.
4826. For line assignments see References 1415, 1417.
4827. +25 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4828. Threshold pump power: 10000 mW.
4829. For line assignments see References 1415, 1417.
4830. 9.49 µm CO2 pump laser; P10 transition; unspecified polarization.
4831. For line assignments see References 1415, 1417.
4832. +25 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition; either

parallel or perpendicular polarization.
4833. Threshold pump power: 10000 mW.
4834. For line assignments see References 1415, 1417.
4835. Output power: 2 mW.
4836. +20 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition; either

parallel or perpendicular polarization.
4837. Threshold pump power: 10000 mW.
4838. For line assignments see References 1415, 1417.
4839. Output power: 1 mW.
4840. +25 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition;

perpendicular polarization.
4841. Threshold pump power: 10000 mW.
4842. For line assignments see References 1415, 1417.
4843. +35 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
4844. Threshold pump power: 10000 mW.
4845. For line assignments see References 1415, 1417.
4846. Output power: 1 mW.
4847. -20 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4848. Threshold pump power: 10000 mW.
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4849. For line assignments see References 1415, 1417.
4850. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4851. For line assignments see References 1415, 1417.
4852. Output power: 0.1 mW.
4853. +15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition;

perpendicular polarization.
4854. Threshold pump power: 10000 mW.
4855. For line assignments see References 1415, 1417.
4856. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
4857. For line assignments see References 1415, 1417.
4858. -25 MHz offset from center of 9.64 µm CO2 pump laser; P30 transition;

perpendicular polarization.
4859. Threshold pump power: 10 W.
4860. For line assignments see References 1415, 1417.
4861. +25 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition;

perpendicular polarization.
4862. Threshold pump power: 10000 mW.
4863. For line assignments see References 1415, 1417.
4864. +40 MHz offset from center of 10.55 µm CO2 pump laser; P16 transition; parallel

polarization.
4865. Threshold pump power: 10000 mW.
4866. For line assignments see References 1415, 1417.
4867. -5 MHz offset from center of 10.19 µm CO2 pump laser; R28 transition; parallel

polarization.
4868. Threshold pump power: 10000 mW.
4869. For line assignments see References 1415, 1417.
4870. Output power: 2 mW.
4871. -15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition;

perpendicular polarization.
4872. Threshold pump power: 10000 mW.
4873. For line assignments see References 1415, 1417.
4874. Output power: 1 mW.
4875. +20 MHz offset from center of 10.27 µm CO2 pump laser; R16 transition; parallel

polarization.
4876. Threshold pump power: 10000 mW.
4877. For line assignments see References 1415, 1417.
4878. Output power: 2 mW.
4879. +25 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition; either

parallel or perpendicular polarization.
4880. Threshold pump power: 10000 mW.
4881. For line assignments see References 1415, 1417.
4882. Output power: 1 mW.
4883. +25 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition; either

parallel or perpendicular polarization.
4884. Threshold pump power: 10000 mW.
4885. For line assignments see References 1415, 1417.
4886. +40 MHz offset from center of 10.21 µm CO2 pump laser; R26 transition; either

parallel or perpendicular polarization.
4887. Threshold pump power: 10000 mW.
4888. For line assignments see References 1415, 1417.
4889. Output power: 1 mW.
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4890. +15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition; parallel
polarization.

4891. Threshold pump power: 10000 mW.
4892. For line assignments see References 1415, 1417.
4893. 9.46 µm CO2 pump laser; P08 transition; perpendicular polarization.
4894. Threshold pump power: 10000 mW.
4895. For line assignments see References 1415, 1417.
4896. +25 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition; parallel

polarization.
4897. Threshold pump power: 10000 mW.
4898. For line assignments see References 1415, 1417.
4899. -5 MHz offset from center of 10.19 µm CO2 pump laser; R28 transition;

perpendicular polarization.
4900. Threshold pump power: 10000 mW.
4901. For line assignments see References 1415, 1417.
4902. Output power: 1 mW.
4903. -15 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition; parallel

polarization.
4904. Threshold pump power: 10000 mW.
4905. For line assignments see References 1415, 1417.
4906. +40 MHz offset from center of 10.21 µm CO2 pump laser; R26 transition; parallel

polarization.
4907. Threshold pump power: 10000 mW.
4908. For line assignments see References 1415, 1417.
4909. +25 MHz offset from center of 9.49 µm CO2 pump laser; P12 transition; parallel

polarization.
4910. Threshold pump power: 10000 mW.
4911. For line assignments see References 1415, 1417.
4912. -10 MHz offset from center of 10.55 µm CO2 pump laser; P16 transition;

perpendicular polarization.
4913. Threshold pump power: 10000 mW.
4914. For line assignments see References 1415, 1417.
4915. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
4916. Threshold pump power: 10000 mW.
4917. Output power: 0.05 mW.
4918. 9.54 µm CO2 pump laser; P18 transition; parallel polarization.
4919. Threshold pump power: 20000 mW.
4920. Output power: 0.02 mW.
4921. 9.25 µm CO2 pump laser; R24 transition; perpendicular polarization.
4922. Threshold pump power: 20000 mW.
4923. Output power: 1 mW.
4924. 9.60 µm CO2 pump laser; P26 transition; parallel polarization.
4925. Threshold pump power: 20000 mW.
4926. Output power: 0.2 mW.
4927. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
4928. Threshold pump power: 10000 mW.
4929. Output power: 0.005 mW.
4930. 10.88 µm CO2 pump laser; P46 transition; unspecified polarization.
4931. Threshold pump power: 2000 mW.
4932. Output power: 0.5 mW.
4933. 9.60 µm CO2 pump laser; P26 transition; parallel polarization.
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4934. Threshold pump power: 20000 mW.
4935. Output power: 0.5 mW.
4936. 9.79 µm CO2 pump laser; P46 transition; perpendicular polarization.
4937. Threshold pump power: 2000 mW.
4938. Output power: 0.1 mW.
4939. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
4940. Threshold pump power: 20000 mW.
4941. Output power: 0.005 mW.
4942. 10.76 µm CO2 pump laser; P36 transition; perpendicular polarization.
4943. Threshold pump power: 10000 mW.
4944. Output power: 0.02 mW.
4945. 9.34 µm CO2 pump laser; R08 transition; perpendicular polarization.
4946. Threshold pump power: 10000 mW.
4947. Output power: 0.05 mW.
4948. 9.54 µm CO2 pump laser; P18 transition; parallel polarization.
4949. Threshold pump power: 2000 mW.
4950. Output power: 0.2 mW.
4951. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
4952. Threshold pump power: 10000 mW.
4953. Output power: 0.1 mW.
4954. 10.88 µm CO2 pump laser; P46 transition; parallel polarization.
4955. Threshold pump power: 2000 mW.
4956. Output power: 1 mW.
4957. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
4958. Threshold pump power: 20000 mW.
4959. Output power: 0.5 mW.
4960. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
4961. Threshold pump power: 10000 mW.
4962. Output power: 0.5 mW.
4963. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
4964. Threshold pump power: 10000 mW.
4965. Output power: 0.5 mW.
4966. 10.16 µm CO2 pump laser; R34 transition; unspecified polarization.
4967. Threshold pump power: 10000 mW.
4968. Output power: 0.5 mW.
4969. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
4970. Threshold pump power: 10000 mW.
4971. Output power: 0.01 mW.
4972. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
4973. Threshold pump power: 20000 mW.
4974. Output power: 1 mW.
4975. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
4976. Threshold pump power: 20000 mW.
4977. Output power: 0.5 mW.
4978. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
4979. Threshold pump power: 10000 mW.
4980. Output power: 0.02 mW.
4981. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
4982. Threshold pump power: 10000 mW.
4983. Output power: 1 mW.
4984. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
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4985. Threshold pump power: 20000 mW.
4986. Output power: 0.1 mW.
4987. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
4988. Threshold pump power: 20000 mW.
4989. Output power: 0.5 mW.
4990. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
4991. Threshold pump power: 10000 mW.
4992. Output power: 1 mW.
4993. 10.74 µm CO2 pump laser; P34 transition; perpendicular polarization.
4994. Threshold pump power: 10000 mW.
4995. Output power: 0.5 mW.
4996. 9.79 µm CO2 pump laser; P46 transition; perpendicular polarization.
4997. Threshold pump power: 10000 mW.
4998. Output power: 0.05 mW.
4999. 10.76 µm CO2 pump laser; P36 transition; parallel polarization.
5000. Threshold pump power: 10000 mW.
5001. Output power: 0.2 mW.
5002. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
5003. Threshold pump power: 20000 mW.
5004. Output power: 0.02 mW.
5005. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
5006. Threshold pump power: 20000 mW.
5007. Output power: 0.05 mW.
5008. 9.29 µm CO2 pump laser; R16 transition; parallel polarization.
5009. Threshold pump power: 20000 mW.
5010. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
5011. Threshold pump power: 20000 mW.
5012. Output power: 0.5 mW.
5013. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
5014. Threshold pump power: 10000 mW.
5015. Output power: 0.02 mW.
5016. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
5017. Threshold pump power: 10000 mW.
5018. Output power: 0.02 mW.
5019. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
5020. Threshold pump power: 20000 mW.
5021. Output power: 0.5 mW.
5022. 9.69 µm CO2 pump laser; P36 transition; parallel polarization.
5023. Threshold pump power: 10000 mW.
5024. Output power: 0.02 mW.
5025. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
5026. Threshold pump power: 20000 mW.
5027. Output power: 0.5 mW.
5028. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
5029. Threshold pump power: 20000 mW.
5030. Output power: 1 mW.
5031. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
5032. Threshold pump power: 10000 mW.
5033. Output power: 0.05 mW.
5034. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
5035. Threshold pump power: 20000 mW.
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5036. Output power: 0.2 mW.
5037. 9.49 µm CO2 pump laser; P12 transition; perpendicular polarization.
5038. Threshold pump power: 10000 mW.
5039. Output power: 0.01 mW.
5040. 09.26 µm CO2 pump laser; R22 transition; parallel polarization.
5041. Threshold pump power: 20000 mW.
5042. Output power: 0.5 mW.
5043. 9.54 µm CO2 pump laser; P18 transition; parallel polarization.
5044. Threshold pump power: 10000 mW.
5045. Output power: 0.5 mW.
5046. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
5047. Threshold pump power: 20000 mW.
5048. Output power: 0.05 mW.
5049. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
5050. Threshold pump power: 10000 mW.
5051. Output power: 0.002 mW.
5052. 10.70 µm CO2 pump laser; P30 transition; perpendicular polarization.
5053. Threshold pump power: 20000 mW.
5054. Output power: 1 mW.
5055. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5056. Threshold pump power: 20000 mW.
5057. Output power: 0.2 mW.
5058. 9.25 µm CO2 pump laser; R24 transition; parallel polarization.
5059. Threshold pump power: 20000 mW.
5060. Output power: 2 mW.
5061. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5062. Threshold pump power: 20000 mW.
5063. Output power: 0.5 mW.
5064. 10.65 µm CO2 pump laser; P26 transition; perpendicular polarization.
5065. Threshold pump power: 20000 mW.
5066. Output power: 0.05 mW.
5067. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
5068. Threshold pump power: 20000 mW.
5069. Output power: 0.02 mW.
5070. 10.76 µm CO2 pump laser; P36 transition; parallel polarization.
5071. Threshold pump power: 10000 mW.
5072. Output power: 0.02 mW.
5073. 9.55 µm CO2 pump laser; P20 transition; perpendicular polarization.
5074. Threshold pump power: 20000 mW.
5075. Output power: 0.05 mW.
5076. 9.34 µm CO2 pump laser; R08 transition; perpendicular polarization.
5077. Threshold pump power: 10000 mW.
5078. Output power: 0.2 mW.
5079. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
5080. Threshold pump power: 20000 mW.
5081. Output power: 0.1 mW.
5082. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
5083. Threshold pump power: 20000 mW.
5084. Output power: 2 mW.
5085. 10.74 µm CO2 pump laser; P34 transition; parallel polarization.
5086. Threshold pump power: 10000 mW.
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5087. Output power: 0.05 mW.
5088. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
5089. Threshold pump power: 20000 mW.
5090. Output power: 1 mW.
5091. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
5092. Threshold pump power: 10000 mW.
5093. Output power: 0.05 mW.
5094. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
5095. Threshold pump power: 20000 mW.
5096. Output power: 0.5 mW.
5097. 9.49 µm CO2 pump laser; P12 transition; parallel polarization.
5098. Threshold pump power: 10000 mW.
5099. Output power: 0.1 mW.
5100. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
5101. Threshold pump power: 20000 mW.
5102. Output power: 0.2 mW.
5103.  9.54 µm CO2 pump laser; P18 transition; parallel polarization.
5104. Threshold pump power: 20000 mW.
5105. Output power: 0.2 mW.
5106. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
5107. Threshold pump power: 20000 mW.
5108. Output power: 0.1 mW.
5109. 9.73 µm CO2 pump laser; P40 transition; perpendicular polarization.
5110. Threshold pump power: 10000 mW.
5111. Output power: 0.2 mW.
5112. 9.54 µm CO2 pump laser; P18 transition; perpendicular polarization.
5113. Threshold pump power: 20000 mW.
5114. Output power: 0.1 mW.
5115. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
5116. Threshold pump power: 20000 mW.
5117. Output power: 0.02 mW.
5118. 9.71 µm CO2 pump laser; P38 transition; perpendicular polarization.
5119. Threshold pump power: 10000 mW.
5120. Output power: 0.1 mW.
5121. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
5122. Output power: 0.2 mW.
5123. 9.44 µm CO2 pump laser; P06 transition; perpendicular polarization.
5124. Threshold pump power: 2000 mW.
5125. Output power: 0.1 mW.
5126. 9.64 µm CO2 pump laser; P30 transition; perpendicular polarization.
5127. Output power: 0.2 mW.
5128. 9.37 µm CO2 pump laser; R04 transition; perpendicular polarization.
5129. Threshold pump power: 2000 mW.
5130. Output power: 0.1 mW.
5131. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
5132. Output power: 10 mW.
5133. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
5134. Threshold pump power: 2000 mW.
5135. Output power: 10 mW.
5136. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
5137. Threshold pump power: 2000 mW.
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5138. Output power: 0.005 mW.
5139. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
5140. Threshold pump power: 5000 mW.
5141. Output power: 0.1 mW.
5142. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
5143. Threshold pump power: 2000 mW.
5144. Output power: 0.05 mW.
5145. 10.10 µm CO2 pump laser; R44 transition; parallel polarization.
5146. Threshold pump power: 2000 mW.
5147. Output power: 0.1 mW.
5148. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5149. Threshold pump power: 5000 mW.
5150. Output power: 0.005 mW.
5151. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5152. Threshold pump power: 5000 mW.
5153. Output power: 0.01 mW.
5154. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5155. Threshold pump power: 5000 mW.
5156. Output power: 0.5 mW.
5157. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
5158. Threshold pump power: 2000 mW.
5159. Output power: 0.5 mW.
5160. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
5161. Threshold pump power: 5000 mW.
5162. Output power: 0.02 mW.
5163. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
5164. Threshold pump power: 10000 mW.
5165. Output power: 0.1 mW.
5166. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5167. Threshold pump power: 2000 mW.
5168. Output power: 1 mW.
5169. 9.37 µm CO2 pump laser; R04 transition; parallel polarization.
5170. Threshold pump power: 5000 mW.
5171. Output power: 0.02 mW.
5172. 10.23 µm CO2 pump laser; R28 transition; parallel polarization.
5173. Threshold pump power: 5000 mW.
5174. 9.44 µm CO2 pump laser; P06 transition; unspecified polarization.
5175. Threshold pump power: 5000 mW.
5176. Output power: 0.02 mW.
5177. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
5178. Threshold pump power: 5000 mW.
5179. Output power: 0.5 mW.
5180. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
5181. Threshold pump power: 2000 mW.
5182. Output power: 0.05 mW.
5183. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
5184. Threshold pump power: 5000 mW.
5185. Output power: 0.1 mW.
5186. 9.64 µm CO2 pump laser; P30 transition; perpendicular polarization.
5187. Output power: 0.005 mW.
5188. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
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5189. Threshold pump power: 5000 mW.
5190. Output power: 0.1 mW.
5191. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
5192. Threshold pump power: 2000 mW.
5193. Output power: 0.02 mW.
5194. 10.11 µm CO2 pump laser; R42 transition; perpendicular polarization.
5195. Threshold pump power: 2000 mW.
5196. Output power: 0.05 mW.
5197. 10.23 µm CO2 pump laser; R22 transition; parallel polarization.
5198. Threshold pump power: 5000 mW.
5199. Output power: 0.05 mW.
5200. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
5201. Threshold pump power: 2000 mW.
5202. Output power: 0.2 mW.
5203. 9.44 µm CO2 pump laser; P06 transition; perpendicular polarization.
5204. Threshold pump power: 2000 mW.
5205. Output power: 2 mW.
5206. 9.47 µm CO2 pump laser; P10 transition; either parallel or perpendicular

polarization.
5207. Threshold pump power: 5000 mW.
5208. Output power: 0.2 mW.
5209. 9.57 µm CO2 pump laser; P22 transition; perpendicular polarization.
5210. Output power: 20 mW.
5211. 9.60 µm CO2 pump laser; P26 transition; parallel polarization.
5212. Threshold pump power: 1000 mW.
5213. Output power: 0.01 mW.
5214. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
5215. Threshold pump power: 5000 mW.
5216. Output power: 0.05 mW.
5217. 9.66 µm CO2 pump laser; P32 transition; either parallel or perpendicular

polarization.
5218. Threshold pump power: 5000 mW.
5219. Output power: 0.02 mW.
5220. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
5221. Threshold pump power: 5000 mW.
5222. Output power: 0.05 mW.
5223. 9.38 µm CO2 pump laser; R02 transition; parallel polarization.
5224. Threshold pump power: 2000 mW.
5225. Output power: 0.1 mW.
5226. 10.11 µm CO2 pump laser; R44 transition; parallel polarization.
5227. Threshold pump power: 1000 mW.
5228. Output power: 10 mW.
5229. 9.64 µm CO2 pump laser; P30 transition; perpendicular polarization.
5230. Threshold pump power: 500 mW.
5231. Output power: 1 mW.
5232. 9.60 µm CO2 pump laser; P26 transition; either parallel or perpendicular

polarization.
5233. Threshold pump power: 2000 mW.
5234. Output power: 1 mW.
5235.  9.64 µm CO2 pump laser; transition; parallel polarization.
5236. Threshold pump power: 5000 mW.
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5237. Output power: 1 mW.
5238.  9.64 µm CO2 pump laser; P30 transition; perpendicular polarization.
5239. Threshold pump power: 5000 mW.
5240. Output power: 1 mW.
5241.  9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
5242. Threshold pump power: 2000 mW.
5243. Output power: 0.2 mW.
5244.  9.29 µm CO2 pump laser; R16 transition; parallel polarization.
5245. Threshold pump power: 5000 mW.
5246. Output power: 0.1 mW.
5247.  9.35 µm CO2 pump laser; R06 transition; unspecified polarization.
5248. Threshold pump power: 5000 mW.
5249. Output power: 1 mW.
5250.  9.34 µm CO2 pump laser; R08 transition; perpendicular polarization.
5251. Threshold pump power: 1000 mW.
5252. Output power: 0.5 mW.
5253.  9.34 µm CO2 pump laser; R08 transition; unspecified polarization.
5254. Threshold pump power: 2000 mW.
5255. Output power: 0.5 mW.
5256. 9.64 µm CO2 pump laser; P30 transition; unspecified polarization.
5257. Threshold pump power: 2000 mW.
5258. Output power: 0.2 mW.
5259. 9.44 µm CO2 pump laser; P06 transition; unspecified polarization.
5260. Threshold pump power: 2000 mW.
5261. Output power: 0.5 mW.
5262. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
5263. Threshold pump power: 2000 mW.
5264. Output power: 2 mW.
5265. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
5266. Threshold pump power: 2000 mW.
5267. Output power: 0.5 mW.
5268. 10.57 µm CO2 pump laser; P18 transition; unspecified polarization.
5269. Threshold pump power: 2000 mW.
5270. Output power: 0.2 mW.
5271. 19.55 µm CO2 pump laser; P20 transition; unspecified polarization.
5272. Threshold pump power: 2000 mW.
5273. Output power: 2 mW.
5274. 10.25 µm CO2 pump laser; R20 transition; unspecified polarization.
5275. Threshold pump power: 2000 mW.
5276. Output power: 2 mW.
5277. 10.57 µm CO2 pump laser; P18 transition; unspecified polarization.
5278. Threshold pump power: 2000 mW.
5279. Output power: 0.5 mW.
5280. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
5281. Threshold pump power: 2000 mW.
5282. Output power: 0.5 mW.
5283. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
5284. Threshold pump power: 2000 mW.
5285. Output power: 0.5 mW.
5286. 9.28 µm CO2 pump laser; R18 transition; unspecified polarization.
5287. Threshold pump power: 2000 mW.
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5288. Output power: 0.1 mW.
5289. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
5290. Threshold pump power: 2000 mW.
5291. Output power: 0.1 mW.
5292. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
5293. Threshold pump power: 2000 mW.
5294. Output power: 0.2 mW.
5295.  9.49 µm CO2 pump laser; P12 transition; parallel polarization.
5296. Threshold pump power: 2000 mW.
5297. Output power: 0.1 mW.
5298.  9.27 µm CO2 pump laser; R20 transition; parallel polarization.
5299. Threshold pump power: 2000 mW.
5300. Output power: 5 mW.
5301.  10.26 µm CO2 pump laser; R18 transition; parallel polarization.
5302. Threshold pump power: 2000 mW.
5303. Output power: 0.01 mW.
5304.  9.64 µm CO2 pump laser; P30 transition; parallel polarization.
5305. Threshold pump power: 2000 mW.
5306. Output power: 0.1 mW.
5307.  10.57 µm CO2 pump laser; P18 transition; parallel polarization.
5308. Threshold pump power: 2000 mW.
5309. Output power: 0.1 mW.
5310.  9.24 µm CO2 pump laser; R26 transition; parallel polarization.
5311. Threshold pump power: 2000 mW.
5312. Output power: 0.05 mW.
5313. 10.59 µm CO2 pump laser; P20 transition; perpendicular polarization.
5314. Threshold pump power: 2000 mW.
5315. Output power: 0.1 mW.
5316. 9.46 µm CO2 pump laser; P08 transition; parallel polarization.
5317. Threshold pump power: 2000 mW.
5318. Output power: 1 mW.
5319. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
5320. Threshold pump power: 2000 mW.
5321. Output power: 0.5 mW.
5322. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
5323. Threshold pump power: 2000 mW.
5324. Output power: 1 mW.
5325. 9.47 µm CO2 pump laser; P10 transition; parallel polarization.
5326. Threshold pump power: 2000 mW.
5327. Output power: 0.1 mW.
5328. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5329. Threshold pump power: 2000 mW.
5330. Output power: 0.02 mW.
5331. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
5332. Threshold pump power: 2000 mW.
5333. Output power: 1 mW.
5334. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
5335. Threshold pump power: 2000 mW.
5336. Output power: 1 mW.
5337. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
5338. Threshold pump power: 2000 mW.
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5339. Output power: 0.1 mW.
5340. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
5341. Threshold pump power: 2000 mW.
5342. Output power: 1 mW.
5343. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
5344. Threshold pump power: 2000 mW.
5345. Output power: 0.5 mW.
5346. 9.21 µm CO2 pump laser; R32 transition; parallel polarization.
5347. Threshold pump power: 2000 mW.
5348. Output power: 2 mW.
5349. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
5350. Threshold pump power: 2000 mW.
5351. Output power: 5 mW.
5352. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5353. Threshold pump power: 2000 mW.
5354. Output power: 0.2 mW.
5355. 9.57 µm CO2 pump laser; P22 transition; perpendicular polarization.
5356. Threshold pump power: 2000 mW.
5357. Output power: 0.1 mW.
5358. 10.84 µm CO2 pump laser; P42 transition; parallel polarization.
5359. Threshold pump power: 2000 mW.
5360. Output power: 0.1 mW.
5361. 9.46 µm CO2 pump laser; P08 transition; parallel polarization.
5362. Threshold pump power: 2000 mW.
5363. Output power: 0.1 mW.
5364. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5365. Threshold pump power: 2000 mW.
5366. Output power: 1 mW.
5367. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
5368. Threshold pump power: 2000 mW.
5369. Output power: 0.1 mW.
5370. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
5371. Threshold pump power: 2000 mW.
5372. Output power: 0.5 mW.
5373. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
5374. Threshold pump power: 2000 mW.
5375. Output power: 0.02 mW.
5376. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
5377. Threshold pump power: 2000 mW.
5378. Output power: 0.02 mW.
5379. 9.29 µm CO2 pump laser; R16 transition; parallel polarization.
5380. Threshold pump power: 2000 mW.
5381. Output power: 0.2 mW.
5382. 9.54 µm CO2 pump laser; P18 transition; parallel polarization.
5383. Threshold pump power: 2000 mW.
5384. Output power: 0.001 mW.
5385. 9.62 µm CO2 pump laser; P28 transition; perpendicular polarization.
5386. Threshold pump power: 2000 mW.
5387. Output power: 0.5 mW.
5388. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
5389. Threshold pump power: 2000 mW.
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5390. Output power: 0.5 mW.
5391. 10.17 µm CO2 pump laser; R32 transition; perpendicular polarization.
5392. Threshold pump power: 2000 mW.
5393. Output power: 5 mW.
5394. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
5395. Threshold pump power: 2000 mW.
5396. Output power: 0.1 mW.
5397. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
5398. Threshold pump power: 2000 mW.
5399. Output power: 0.2 mW.
5400. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
5401. Threshold pump power: 2000 mW.
5402. Output power: 0.05 mW.
5403. 9.20 µm CO2 pump laser; R34 transition; perpendicular polarization.
5404. Threshold pump power: 2000 mW.
5405. Output power: 0.2 mW.
5406. 9.16 µm CO2 pump laser; R44 transition; parallel polarization.
5407. Threshold pump power: 2000 mW.
5408. Output power: 0.5 mW.
5409. 10.19 µm CO2 pump laser; R28 transition; parallel polarization.
5410. Threshold pump power: 2000 mW.
5411. Output power: 0.5 mW.
5412. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
5413. Threshold pump power: 2000 mW.
5414. Output power: 0.01 mW.
5415. 9.64 µm CO2 pump laser; P30 transition; perpendicular polarization.
5416. Threshold pump power: 2000 mW.
5417. Output power: 2 mW.
5418. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
5419. Threshold pump power: 2000 mW.
5420. Output power: 0.2 mW.
5421. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
5422. Threshold pump power: 2000 mW.
5423. Output power: 0.2 mW.
5424. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
5425. Threshold pump power: 2000 mW.
5426. Output power: 0.1 mW.
5427. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
5428. Threshold pump power: 2000 mW.
5429. Output power: 1 mW.
5430. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5431. Threshold pump power: 2000 mW.
5432. Output power: 0.1 mW.
5433. 10.18 µm CO2 pump laser; R30 transition; perpendicular polarization.
5434. Threshold pump power: 2000 mW.
5435. Output power: 0.5 mW.
5436. 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
5437. Threshold pump power: 2000 mW.
5438. Output power: 0.1 mW.
5439. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5440. Threshold pump power: 2000 mW.
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5441. Output power: 0.02 mW.
5442. 9.21 µm CO2 pump laser; R32 transition; perpendicular polarization.
5443. Threshold pump power: 2000 mW.
5444. Output power: 0.1 mW.
5445. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
5446. Threshold pump power: 2000 mW.
5447. Output power: 0.05 mW.
5448. 9.29 µm CO2 pump laser; R16 transition; perpendicular polarization.
5449. Threshold pump power: 2000 mW.
5450. Output power: 0.5 mW.
5451. 10.19 µm CO2 pump laser; R28 transition; perpendicular polarization.
5452. Threshold pump power: 2000 mW.
5453. Output power: 0.05 mW.
5454. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
5455. Threshold pump power: 2000 mW.
5456. Output power: 0.02 mW.
5457. 9.35 µm CO2 pump laser; R06 transition; parallel polarization.
5458. Threshold pump power: 2000 mW.
5459. Output power: 0.1 mW.
5460. 9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
5461. Threshold pump power: 2000 mW.
5462. Output power: 0.5 mW.
5463. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5464. Threshold pump power: 2000 mW.
5465. Output power: 0.1 mW.
5466. 10.57 µm CO2 pump laser; P18 transition; perpendicular polarization.
5467. Threshold pump power: 2000 mW.
5468. Output power: 5 mW.
5469. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
5470. Threshold pump power: 2000 mW.
5471. Output power: 2 mW.
5472. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
5473. Threshold pump power: 2000 mW.
5474. Output power: 0.2 mW.
5475. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
5476. Threshold pump power: 2000 mW.
5477. Output power: 0.1 mW.
5478. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
5479. Threshold pump power: 2000 mW.
5480. Output power: 0.1 mW.
5481. 9.24 µm CO2 pump laser; R26 transition; parallel polarization.
5482. Threshold pump power: 2000 mW.
5483. Output power: 1 mW.
5484. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
5485. Threshold pump power: 2000 mW.
5486. Output power: 0.1 mW.
5487. 9.50 µm CO2 pump laser; P14 transition; parallel polarization.
5488. Threshold pump power: 2000 mW.
5489. Output power: 0.1 mW.
5490. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
5491. Threshold pump power: 2000 mW.
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5492. Output power: 0.2 mW.
5493. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
5494. Threshold pump power: 2000 mW.
5495. Output power: 0.5 mW.
5496. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5497. Threshold pump power: 2000 mW.
5498. Output power: 1 mW.
5499. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
5500. Threshold pump power: 2000 mW.
5501. Output power: 0.5 mW.
5502. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
5503. Threshold pump power: 2000 mW.
5504. Output power: 0.01 mW.
5505. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
5506. Threshold pump power: 2000 mW.
5507. Output power: 0.1 mW.
5508. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
5509. Threshold pump power: 2000 mW.
5510. Output power: 0.5 mW.
5511. 9.20 µm CO2 pump laser; R34 transition; parallel polarization.
5512. Threshold pump power: 2000 mW.
5513. Output power: 0.01 mW.
5514. 9.46 µm CO2 pump laser; P08 transition; perpendicular polarization.
5515. Threshold pump power: 2000 mW.
5516. Output power: 0.1 mW.
5517. 9.44 µm CO2 pump laser; P06 transition; parallel polarization.
5518. Threshold pump power: 2000 mW.
5519. Output power: 0.01 mW.
5520. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
5521. Threshold pump power: 2000 mW.
5522. 10.72 µm CO2 pump laser; P52 transition; unspecified polarization.
5523. Output power: 0.1 mW.
5524. 9.73 µm CO2 pump laser; P40 transition; parallel polarization.
5525. Threshold pump power: 2000 mW.
5526. Output power: 0.1 mW.
5527. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5528. Threshold pump power: 2000 mW.
5529. 10.84 µm CO2 pump laser; P42 transition; unspecified polarization.
5530. Output power: 0.2 mW.
5531. 9.34 µm CO2 pump laser; R08 transition; perpendicular polarization.
5532. Threshold pump power: 2000 mW.
5533. 9.31 µm CO2 pump laser; R14 transition; unspecified polarization.
5534. Output power: 0.01 mW.
5535. 10.16 µm CO2 pump laser; R34 transition; perpendicular polarization.
5536. Threshold pump power: 2000 mW.
5537. Output power: 0.5 mW.
5538. 9.31 µm CO2 pump laser; R14 transition; perpendicular polarization.
5539. Threshold pump power: 2000 mW.
5540. Output power: 0.5 mW.
5541. 9.23 µm CO2 pump laser; R28 transition; parallel polarization.
5542. Threshold pump power: 2000 mW.
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5543. Output power: 0.1 mW.
5544. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
5545. Threshold pump power: 2000 mW.
5546. 10.29 µm CO2 pump laser; R14 transition; unspecified polarization.
5547. 10.17 µm CO2 pump laser; R32 transition; unspecified polarization.
5548. Output power: 0.001 mW.
5549. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5550. Threshold pump power: 2000 mW.
5551. Output power: 0.001 mW.
5552. 10.16 µm CO2 pump laser; R34 transition; perpendicular polarization.
5553. Threshold pump power: 2000 mW.
5554. 10.49 µm CO2 pump laser; P10 transition; unspecified polarization.
5555. Output power: 0.01 mW.
5556. 10.16 µm CO2 pump laser; R34 transition; perpendicular polarization.
5557. Threshold pump power: 2000 mW.
5558. Output power: 0.01 mW.
5559. 10.27 µm CO2 pump laser; R16 transition; perpendicular polarization.
5560. Threshold pump power: 2000 mW.
5561. Output power: 0.1 mW.
5562. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
5563. Threshold pump power: 2000 mW.
5564. Output power: 0.1 mW.
5565. 10.72 µm CO2 pump laser; P32 transition; parallel polarization.
5566. Threshold pump power: 2000 mW.
5567. Output power: 0.1 mW.
5568. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
5569. Threshold pump power: 2000 mW.
5570. 10.18 µm CO2 pump laser; R30 transition; unspecified polarization.
5571. Output power: 1 mW.
5572.  9.20 µm CO2 pump laser; R34 transition; parallel polarization.
5573. Threshold pump power: 2000 mW.
5574. 9.23 µm CO2 pump laser; R28 transition; perpendicular polarization.
5575. Threshold pump power: 2000 mW.
5576. Output power: 1 mW.
5577.  9.20 µm CO2 pump laser; R34 transition; perpendicular polarization.
5578. Threshold pump power: 2000 mW.
5579. Output power: 1 mW.
5580.  9.23 µm CO2 pump laser; R28 transition; perpendicular polarization.
5581. Threshold pump power: 2000 mW.
5582. Output power: 1 mW.
5583. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
5584. Threshold pump power: 2000 mW.
5585. Output power: 0.1 mW.
5586. 10.33 µm CO2 pump laser; R08 transition; perpendicular polarization.
5587. Threshold pump power: 2000 mW.
5588. Output power: 1 mW.
5589. 10.26 µm CO2 pump laser; R18 transition; perpendicular polarization.
5590. Threshold pump power: 2000 mW.
5591. 10.33 µm CO2 pump laser; R08 transition; parallel polarization.
5592. Threshold pump power: 2000 mW.
5593. Output power: 0.1 mW.
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5594. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
5595. Threshold pump power: 2000 mW.
5596. Output power: 0.1 mW.
5597. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5598. Threshold pump power: 2000 mW.
5599. Output power: 0.1 mW.
5600. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
5601. Threshold pump power: 2000 mW.
5602. For line assignments see Reference 1425.
5603. Output power: 0.1 mW.
5604. -20 MHz offset from center of 10.26 µm CO2 pump laser; R18 transition;

unspecified polarization.
5605. Threshold pump power: 2000 mW.
5606. For line assignments see Reference 1425.
5607. Output power: 1 mW.
5608. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
5609. Threshold pump power: 10000 mW.
5610. For line assignments see Reference 1425.
5611. Output power: 1 mW.
5612. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
5613. Threshold pump power: 10000 mW.
5614. For line assignments see Reference 1425.
5615. Output power: 1 mW; laser has a Lamb dip.
5616. 10.30 µm CO2 pump laser; R12 transition; perpendicular polarization.
5617. Threshold pump power: 1000 mW.
5618. For line assignments see Reference 1425.
5619. Output power: 0.5 mW.
5620. 10.27 µm CO2 pump laser; R16 transition; unspecified polarization.
5621. Threshold pump power: 10000 mW.
5622. For line assignments see Reference 1425.
5623. Output power: 1 mW; laser has a Lamb dip.
5624. 10.37 µm CO2 pump laser; R04 transition; perpendicular polarization.
5625. Threshold pump power: 1000 mW.
5626. For line assignments see Reference 1425.
5627. 10.32 µm CO2 pump laser; R10 transition; perpendicular polarization.
5628. Threshold pump power: 1000 mW.
5629. For line assignments see Reference 1425.
5630. Output power: 1 mW; laser has a Lamb dip.
5631. 10.22 µm CO2 pump laser; R24 transition; perpendicular polarization.
5632. Threshold pump power: 1000 mW.
5633. For line assignments see Reference 1425.
5634. 10.15 µm CO2 pump laser; R36 transition; perpendicular polarization.
5635. Threshold pump power: 1000 mW.
5636. For line assignments see Reference 1425.
5637. 10.32 µm CO2 pump laser; R10 transition; perpendicular polarization.
5638. Threshold pump power: 1000 mW.
5639. For line assignments see Reference 1425.
5640. Output power: 1 mW; laser has a Lamb dip.
5641. 10.22 µm CO2 pump laser; R24 transition; perpendicular polarization.
5642. Threshold pump power: 1000 mW.
5643. For line assignments see Reference 1425.
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5644. Output power: 0.05 mW.
5645. 10.23 µm CO2 pump laser; R22 transition; unspecified polarization.
5646. Threshold pump power: 10000 mW.
5647. For line assignments see Reference 1425.
5648. Output power: 0.1 mW.
5649. 10.18 µm CO2 pump laser; R30 transition; unspecified polarization.
5650. Threshold pump power: 10000 mW.
5651. For line assignments see Reference 1425.
5652. Output power: 0.2 mW.
5653. 10.21 µm CO2 pump laser; R26 transition; unspecified polarization.
5654. Threshold pump power: 10000 mW.
5655. For line assignments see Reference 1425.
5656. Output power: 2 mW.
5657. 10.49 µm CO2 pump laser; P10 transition; unspecified polarization.
5658. Threshold pump power: 10000 mW.
5659. For line assignments see Reference 1425.
5660. 10.26 µm CO2 pump laser; R18 transition; perpendicular polarization.
5661. Threshold pump power: 1000 mW.
5662. For line assignments see Reference 1425.
5663. Output power: 5 mW.
5664. 10.19 µm CO2 pump laser; R28 transition; unspecified polarization.
5665. Threshold pump power: 10000 mW.
5666. For line assignments see References 1364, 1377.
5667. Output power: 1 mW.
5668. 0 MHz offset from center of 10.88 µm CO2 pump laser; P46 transition; parallel

polarization.
5669. Threshold pump power: 10000 mW.
5670. For line assignments see References 1364, 1377.
5671. Output power: 0.02 mW.
5672. -15 MHz offset from center of 9.27 µm CO2 pump laser; R20 transition;

perpendicular polarization.
5673. Threshold pump power: 50000 mW.
5674. For line assignments see References 1364, 1377.
5675. Output power: 0.05 mW.
5676.  +45 MHz offset from center of 9.47 µm CO2 pump laser; P10 transition; parallel

polarization.
5677. Threshold pump power: 20000 mW.
5678. For line assignments see References 1364, 1377.
5679. Output power: 0.2 mW.
5680. +40 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition;

perpendicular polarization.
5681. Threshold pump power: 10000 mW.
5682. For line assignments see References 1364, 1377.
5683. Output power: 0.05 mW.
5684. -40 MHz offset from center of 9.46 µm CO2 pump laser; P08 transition; parallel

polarization.
5685. Threshold pump power: 5000 mW.
5686. For line assignments see References 1364, 1377.
5687. Output power: 0.02 mW.
5688. -20 MHz offset from center of 9.31 µm CO2 pump laser; R14 transition;

perpendicular polarization.
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5689. Threshold pump power: 20000 mW.
5690. For line assignments see References 1364, 1377.
5691. Output power: 0.1 mW.
5692. -10 MHz offset from center of 9.52 µm CO2 pump laser; P16 transition; parallel

polarization.
5693. Threshold pump power: 20000 mW.
5694. For line assignments see References 1364, 1377.
5695. Output power: 0.001 mW.
5696. 9.52 µm CO2 pump laser; P16 transition; unspecified polarization.
5697. Threshold pump power: 2000 mW.
5698. For line assignments see References 1364, 1377.
5699. Output power: 0.2 mW.
5700. +35 MHz offset from center of 9.34 µm CO2 pump laser; R08 transition;

perpendicular polarization.
5701. Threshold pump power: 5000 mW.
5702. For line assignments see References 1364, 1377 (pump).
5703. Output power: 1 mW.
5704. -40 MHz offset from center of 10.72 µm CO2 pump laser; P32 transition; parallel

polarization.
5705. Threshold pump power: 10000 mW.
5706. For line assignments see References 1364, 1377 (pump).
5707. Output power: 0.1 mW.
5708. -15 MHz offset from center of 9.20 µm CO2 pump laser; R34 transition; parallel

polarization.
5709. Threshold pump power: 10000 mW.
5710. For line assignments see References 1364, 1377 (pump).
5711. Output power: 0.2 mW.
5712. -15 MHz offset from center of 9.64 µm CO2 pump laser; P30 transition; parallel

polarization.
5713. Threshold pump power: 20000 mW.
5714. For line assignments see References 1364, 1377 (pump).
5715. Output power: 0.2 mW.
5716. +40 MHz offset from center of 9.34 µm CO2 pump laser; R08 transition; parallel

polarization.
5717. Threshold pump power: 20000 mW.
5718. For line assignments see References 1364, 1377 (pump).
5719. Output power: 0.1 mW; cascade transition.
5720. -10 MHz offset from center of 9.44 µm CO2 pump laser; P06 transition;

perpendicular polarization.
5721. Threshold pump power: 5000 mW.
5722. For line assignments see References 1364, 1377.
5723. Output power: 5 mW.
5724. -10 MHz offset from center of 9.44 µm CO2 pump laser; P06 transition;

perpendicular polarization.
5725. Threshold pump power: 1000 mW.
5726. For line assignments see References 1364, 1377.
5727. Output power: 0.1 mW; cascade transition.
5728. 0 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition;

perpendicular polarization.
5729. Threshold pump power: 5000 mW.
5730. For line assignments see References 1364, 1377.
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5731. Output power: 0.5 mW; cascade transition.
5732. 0 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition;

perpendicular polarization.
5733. Threshold pump power: 5000 mW.
5734. For line assignments see References 1364, 1377.
5735. Output power: 1 mW.
5736. 0 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition;

perpendicular polarization.
5737. Threshold pump power: 2000 mW.
5738. For line assignments see References 1364, 1377.
5739. Output power: 0.1 mW; cascade transition.
5740. 0 MHz offset from center of 9.29 µm CO2 pump laser; R16 transition;

perpendicular polarization.
5741. Threshold pump power: 5000 mW.
5742. For line assignments see References 1364, 1377.
5743. Output power: 0.1 mW.
5744. -15 MHz offset from center of 10.57 µm CO2 pump laser; P18 transition; parallel

polarization.
5745. Threshold pump power: 10000 mW.
5746. For line assignments see References 1364, 1377.
5747. Output power: 0.02 mW.
5748. +15 MHz offset from center of 9.60 µm CO2 pump laser; P26 transition;

perpendicular polarization.
5749. Threshold pump power: 10000 mW.
5750. For line assignments see References 1364, 1377.
5751. Output power: 0.005 mW.
5752. +30 MHz offset from center of 9.57 µm CO2 pump laser; P22 transition; parallel

polarization.
5753. Threshold pump power: 50000 mW.
5754. For line assignments see References 1364, 1377.
5755. Output power: 0.5 mW.
5756. +15 MHz offset from center of 9.32 µm CO2 pump laser; R12 transition;

perpendicular polarization.
5757. Threshold pump power: 10000 mW.
5758. For line assignments see References 1364, 1377.
5759. Output power: 0.002 mW.
5760. -15 MHz offset from center of 9.79 µm CO2 pump laser; P46 transition; parallel

polarization.
5761. Threshold pump power: 20000 mW.
5762. For line assignments see References 1364, 1377.
5763. Output power: 0.2 mW.
5764. -30 MHz offset from center of 10.59 µm CO2 pump laser; P20 transition;

unspecified polarization.
5765. Threshold pump power: 1000 mW.
5766. For line assignments see References 1364, 1377.
5767. Output power: 0.5 mW.
5768. -10 MHz offset from center of 9.52 µm CO2 pump laser; P16 transition; parallel

polarization.
5769. Threshold pump power: 10000 mW.
5770. For line assignments see References 1364, 1377.
5771. Output power: 0.1 mW; cascade transition.
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5772. +50 MHz offset from center of 9.84 µm CO2 pump laser; P50 transition; parallel
polarization.

5773. Threshold pump power: 2000 mW.
5774. For line assignments see References 1364, 1377.
5775. Output power: 0.5 mW.
5776. +50 MHz offset from center of 9.84 µm CO2 pump laser; P50 transition; parallel

polarization.
5777. Threshold pump power: 2000 mW.
5778. For line assignments see References 1364, 1377.
5779. Output power: 0.02 mW.
5780. -20 MHz offset from center of 9.68 µm CO2 pump laser; P34 transition;

perpendicular polarization.
5781. Threshold pump power: 10000 mW.
5782. Output power: 0.05 mW.
5783. 9.77 µm CO2 pump laser; P44 transition; parallel polarization.
5784. Threshold pump power: 5000 mW.
5785. Output power: 0.05 mW.
5786. 9.49 µm CO2 pump laser; P12 transition; perpendicular polarization.
5787. Threshold pump power: 5000 mW.
5788. Output power: 0.1 mW.
5789. 9.52 µm CO2 pump laser; P16 transition; parallel polarization.
5790. Threshold pump power: 5000 mW.
5791. Output power: 0.1 mW.
5792. 9.57 µm CO2 pump laser; P22 transition; parallel polarization.
5793. Threshold pump power: 2000 mW.
5794. Output power: 0.05 mW.
5795. 1O.16 µm CO2 pump laser; R3 transition; parallel polarization.
5796. Threshold pump power: 10000 mW.
5797. Output power: 0.1 mW.
5798. 9.23 µm CO2 pump laser; R28 transition; perpendicular polarization.
5799. Threshold pump power: 5000 mW.
5800. Output power: 0.005 mW.
5801. 9.52 µm CO2 pump laser; P16 transition; perpendicular polarization.
5802. Threshold pump power: 10000 mW.
5803. Output power: 0.02 mW.
5804. 10.27 µm CO2 pump laser; R16 transition; perpendicular polarization.
5805. Threshold pump power: 10000 mW.
5806. Output power: 0.1 mW.
5807. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
5808. Threshold pump power: 5000 mW.
5809. Output power: 0.005 mW.
5810. 9.77 µm CO2 pump laser; P44 transition; unspecified polarization.
5811. Threshold pump power: 20000 mW.
5812. Output power: 0.05 mW.
5813. 9.64 µm CO2 pump laser; P30 transition; parallel polarization.
5814. Threshold pump power: 5000 mW.
5815. Output power: 0.02 mW.
5816. 9.71 µm CO2 pump laser; P38 transition; parallel polarization.
5817. Threshold pump power: 10000 mW.
5818. Output power: 0.005 mW.
5819. 10.16 µm CO2 pump laser; R34 transition; perpendicular polarization.
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5820. Threshold pump power: 10000 mW.
5821. Output power: 0.005 mW.
5822. 9.77 µm CO2 pump laser; P44 transition; parallel polarization.
5823. Threshold pump power: 10000 mW.
5824. Output power: 0.02 mW.
5825. 9.28 µm CO2 pump laser; R18 transition; parallel polarization.
5826. Threshold pump power: 5000 mW.
5827. Output power: 0.1 mW.
5828. 9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
5829. Threshold pump power: 2000 mW.
5830. Output power: 0.02 mW.
5831. 9.22 µm CO2 pump laser; R30 transition; parallel polarization.
5832. Threshold pump power: 10000 mW.
5833. Output power: 0.005 mW.
5834. 10.16 µm CO2 pump laser; R34 transition; unspecified polarization.
5835. Threshold pump power: 20000 mW.
5836. Output power: 0.005 mW.
5837. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
5838. Threshold pump power: 5000 mW.
5839. Output power: 0.005 mW.
5840. 9.54 µm CO2 pump laser; P18 transition; perpendicular polarization.
5841. Threshold pump power: 10000 mW.
5842. Output power: 0.02 mW.
5843. 10.22 µm CO2 pump laser; R24 transition; either parallel or perpendicular

polarization.
5844. Threshold pump power: 10000 mW.
5845. Output power: 0.005 mW.
5846. 10.16 µm CO2 pump laser; R34 transition; parallel polarization.
5847. Threshold pump power: 5000 mW.
5848. Output power: 0.005 mW.
5849. 9.20 µm CO2 pump laser; R34 transition; parallel polarization.
5850. Threshold pump power: 10000 mW.
5851. Output power: 0.002 mW.
5852. 10.15 µm CO2 pump laser; R36 transition; unspecified polarization.
5853. Threshold pump power: 5000 mW.
5854. Output power: 0.002 mW.
5855. 10.21 µm CO2 pump laser; R26 transition; unspecified polarization.
5856. Threshold pump power: 2000 mW.
5857. Output power: 0.0005 mW.
5858. 10.89 µm CO2 pump laser; P46 transition; unspecified polarization.
5859. Threshold pump power: 1000 mW.
5860. Output power: 0.002 mW.
5861. 9.59 µm CO2 pump laser; P24 transition; unspecified polarization.
5862. Threshold pump power: 2000 mW.
5863. Output power: 0.01 mW.
5864. 9.54 µm CO2 pump laser; P18 transition; unspecified polarization.   
5865. Threshold pump power: 5000 mW.
5866. Output power: 0.0005 mW.
5867. 9.57 µm CO2 pump laser; P22 transition; unspecified polarization.   
5868. Threshold pump power: 5000 mW.
5869. Output power: 0.002 mW.
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5870. 10.46 µm CO2 pump laser; P06 transition; unspecified polarization.  
5871. Threshold pump power: 2000 mW.
5872. Output power: 1 mW.  
5873. 9.55 µm CO2 pump laser; P20 transition; parallel polarization.
5874. Threshold pump power: 500 mW.
5875. Output power: 0.02 mW.
5876. 10.79 µm CO2 pump laser; P38 transition; unspecified polarization.  
5877. Threshold pump power: 1000 mW.
5878. Output power: 0.01 mW.
5879. 10.55 µm CO2 pump laser; P16 transition; unspecified polarization.  
5880. Threshold pump power: 1000 mW.
5881. Output power: 0.0001 mW.
5882. 10.37 µm CO2 pump laser; R04 transition; unspecified polarization.  
5883. Threshold pump power: 5000 mW.
5884. Output power: 0.001 mW.   
5885. 9.52 µm CO2 pump laser; P16 transition; unspecified polarization.   
5886. Threshold pump power: 5000 mW.    
5887. Output power: 0.0005 mW.          
5888. 10.74 µm CO2 pump laser; P34 transition; unspecified polarization.  
5889. Threshold pump power: 5000 mW.    
5890. Output power: 1 mW.     
5891. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
5892. Threshold pump power: 2000 mW.    
5893. Output power: 5e-05 mW.
5894. 9.47 µm CO2 pump laser; P10 transition; unspecified polarization.
5895. Threshold pump power: 5000 mW.
5896. Output power: 0.001 mW.
5897. 10.26 µm CO2 pump laser; R18 transition; unspecified polarization.
5898. Threshold pump power: 5000 mW.
5899. Output power: 0.01 mW.
5900. 10.55 µm CO2 pump laser; P16 transition; unspecified polarization.
5901. Threshold pump power: 1000 mW.
5902. Output power: 0.002 mW.
5903. 10.20 µm CO2 pump laser; R28 transition; unspecified polarization.
5904. Threshold pump power: 5000 mW.
5905. Output power: 0.5 mW.
5906. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
5907. Threshold pump power: 1000 mW.
5908. For line assignments see References 1387, 1388, 1465.
5909. Output power: 0.1 mW.
5910. 10.53 µm CO2 pump laser; P14 transition; unspecified polarization.
5911. Threshold pump power: 1000 mW.
5912. For line assignments see Reference 1389 (pump).
5913. Output power: 5 mW.
5914. 9.68 µm CO2 pump laser; P34 transition; perpendicular polarization.
5915. Threshold pump power: 10000 mW.
5916. For line assignments see Reference 1389 (pump).
5917. Output power: 1 mW.
5918. 10.16 µm CO2 pump laser; R34 transition; unspecified polarization.
5919. Threshold pump power: 2000 mW.
5920. For line assignments see Reference 1389 (pump).
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5921. Output power: 10 mW.
5922. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
5923. Threshold pump power: 10000 mW.
5924. For line assignments see Reference 1389 (pump).
5925. Output power: 2 mW.
5926. 9.62 µm CO2 pump laser; P28 transition; perpendicular polarization.
5927. Threshold pump power: 10000 mW.
5928. For line assignments see Reference 1389 (pump).
5929. Output power: 0.1 mW.
5930. 10.22 µm CO2 pump laser; R24 transition; unspecified polarization.
5931. Threshold pump power: 2000 mW.
5932. For line assignments see Reference 1389 (pump).
5933. Output power: 10 mW.
5934. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
5935. Threshold pump power: 10000 mW.
5936. For line assignments see Reference 1389 (pump).
5937. Output power: 5 mW.
5938. 10.29 µm CO2 pump laser; R14 transition; parallel polarization.
5939. Threshold pump power: 10000 mW.
5940. For line assignments see Reference 1389 (pump).
5941. Output power: 5 mW.
5942. 10.14 µm CO2 pump laser; R38 transition; perpendicular polarization.
5943. Threshold pump power: 10000 mW.
5944. For line assignments see Reference 1389 (pump).
5945. Output power: 0.1 mW.
5946. 9.55 µm CO2 pump laser; P20 transition; unspecified polarization.
5947. Threshold pump power: 2000 mW.
5948. For line assignments see Reference 1389 (pump).
5949. Output power: 0.2 mW.
5950. 10.37 µm CO2 pump laser; R04 transition; unspecified polarization.
5951. Threshold pump power: 2000 mW.
5952. For line assignments see Reference 1389 (pump).
5953. Output power: 0.1 mW.
5954. 9.37 µm CO2 pump laser; R04 transition; unspecified polarization.
5955. Threshold pump power: 2000 mW.
5956. For line assignments see Reference 1389 (pump).
5957. Output power: 1 mW.
5958. 9.34 µm CO2 pump laser; R08 transition; unspecified polarization.
5959. Threshold pump power: 2000 mW.
5960. For line assignments see References 1387, 1388, 1465.
5961. Output power: 0.1 mW.
5962. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
5963. For line assignments see References 1387, 1388, 1465.
5964. Output power: 0.1 mW.
5965. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
5966. For line assignments see References 1387, 1388, 1465.
5967. Output power: 0.1 mW.
5968. 10.61 µm CO2 pump laser; P22 transition; parallel polarization.
5969. For line assignments see References 1387, 1388, 1465.
5970. Output power: 1 mW.
5971. 10.51 µm CO2 pump laser; P12 transition; unspecified polarization.
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5972. Threshold pump power: 1000 mW.
5973. For line assignments see References 1387, 1388, 1465.
5974. Output power: 0.001 mW.
5975. 10.49 µm CO2 pump laser; P10 transition; unspecified polarization.
5976. Threshold pump power: 2000 mW.
5977. For line assignments see References 1387, 1388, 1465.
5978. Output power: 0.2 mW.
5979. 10.49 µm CO2 pump laser; P10 transition; perpendicular polarization.
5980. Threshold pump power: 2000 mW.
5981. For line assignments see References 1387, 1388, 1465.
5982. Output power: 0.1 mW.
5983. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
5984. Threshold pump power: 2000 mW.
5985. For line assignments see References 1387, 1388, 1465.
5986. Output power: 0.1 mW.
5987. 10.63 µm CO2 pump laser; P24 transition; unspecified polarization.
5988. Threshold pump power: 1000 mW.
5989. For line assignments see References 1387, 1388, 1465.
5990. Output power: 1 mW.
5991. 10.53 µm CO2 pump laser; P14 transition; perpendicular polarization.
5992. Threshold pump power: 2000 mW.
5993. For line assignments see References 1387, 1388, 1465.
5994. Output power: 0.01 mW.
5995. 10.55 µm CO2 pump laser; P16 transition; unspecified polarization.
5996. Threshold pump power: 5000 mW.
5997. For line assignments see References 1387, 1388, 1465.
5998. Output power: 0.1 mW.
5999. 10.25 µm CO2 pump laser; R20 transition; parallel polarization. Pump power:

2000 mW.
6000. For line assignments see References 1387, 1388, 1465.
6001. Output power: 0.1 mW.
6002. 10.70 µm CO2 pump laser; P30 transition; parallel polarization.
6003. For line assignments see References 1387, 1388, 1465.
6004. Output power: 0.1 mW.
6005. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
6006. Threshold pump power: 2000 mW.
6007. For line assignments see References 1387, 1388, 1465.
6008. Output power: 1 mW.
6009. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
6010. Threshold pump power: 2000 mW.
6011. For line assignments see References 1387, 1388, 1465.
6012. Output power: 0.1 mW.
6013. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
6014. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6015. Output power: 0.5 mW.
6016. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
6017. Threshold pump power: 2000 mW.
6018. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6019. Output power: 0.2 mW.
6020. 10.65 µm CO2 pump laser; P26 transition; parallel polarization.
6021. Threshold pump power: 2000 mW.
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6022. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6023. Output power: 0.5 mW.
6024. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
6025. Threshold pump power: 2000 mW.
6026. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6027. Output power: 0.2 mW.
6028. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
6029. Threshold pump power: 2000 mW.
6030. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6031. Output power: 0.2 mW.
6032. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
6033. Threshold pump power: 2000 mW.
6034. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6035. Output power: 0.05 mW.
6036. 10.37 µm CO2 pump laser; R04 transition; parallel polarization.
6037. Threshold pump power: 1000 mW.
6038. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6039. Output power: 0.5 mW.
6040. 10.55 µm CO2 pump laser; P16 transition; perpendicular polarization.
6041. Threshold pump power: 2000 mW.
6042. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6043. Output power: 0.1 mW.
6044. 10.38 µm CO2 pump laser; R02 transition; perpendicular polarization.
6045. Threshold pump power: 1000 mW.
6046 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6047. Output power: 5 mW.
6048. 10.49 µm CO2 pump laser; P10 transition; perpendicular polarization.
6049. Threshold pump power: 2000 mW.
6050. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6051. Output power: 0.2 mW.
6052. 10.17 µm CO2 pump laser; P32 transition; perpendicular polarization.
6053. Threshold pump power: 2000 mW.
6054. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6055. Output power: 0.1 mW.
6056. 9.62 µm CO2 pump laser; P28 transition; parallel polarization.
6057. Threshold pump power: 2000 mW.
6058. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6059. Output power: 0.1 mW.
6060. 10.26 µm CO2 pump laser; R18 transition; perpendicular polarization.
6061. Threshold pump power: 2000 mW.
6062. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6063. Output power: 0.2 mW.
6064. 10.49 µm CO2 pump laser; P10 transition; perpendicular polarization.
6065. Threshold pump power: 2000 mW.
6066. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6067. Output power: 0.02 mW.
6068. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
6069. Threshold pump power: 2000 mW.
6070. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6071. Output power: 0.05 mW.
6072. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
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6073. Threshold pump power: 2000 mW.
6074. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6075. Output power: 0.2 mW.
6076. 10.29 µm CO2 pump laser; P14 transition; parallel polarization.
6077. Threshold pump power: 2000 mW.
6078. 79Br81Br mixed 51%, 49%, for line assignments see Reference 1424.
6079. Output power: 0.02 mW.
6080. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
6081. Threshold pump power: 2000 mW.
6082. 79Br81Br mixed 51%, 49%, for line assignments see Reference 1424.
6083. Output power: 0.2 mW.
6084. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
6085. Threshold pump power: 2000 mW.
6086. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6087. Output power: 0.005 mW.
6088. 10.32 µm CO2 pump laser; R10 transition; parallel polarization.
6089. Threshold pump power: 2000 mW.
6090. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6091. Output power: 0.05 mW.
6092. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
6093. Threshold pump power: 2000 mW.
6094. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6095. Output power: 1 mW.
6096. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
6097. Threshold pump power: 2000 mW.
6098. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6099. Output power: 2 mW.
6100. 10.27 µm CO2 pump laser; R16 transition; parallel polarization.
6101. Threshold pump power: 2000 mW.
6102. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6103. Output power: 2 mW.
6104. 10.57 µm CO2 pump laser; P18 transition; parallel polarization.
6105. Threshold pump power: 2000 mW.
6106 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6107. Output power: 0.02 mW.
6108. 10.21 µm CO2 pump laser; R26 transition; perpendicular polarization.
6109. Threshold pump power: 2000 mW.
6110. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6111. Output power: 1 mW.
6112. 10.21 µm CO2 pump laser; R26 transition; perpendicular polarization.
6113. Threshold pump power: 2000 mW.
6114. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6115. Output power: 0.5 mW.
6116. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
6117. Threshold pump power: 2000 mW.
6118. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6119. Output power: 0.1 mW.
6120. 10.18 µm CO2 pump laser; R30 transition; parallel polarization.
6121. Threshold pump power: 2000 mW.
6122. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6123. Output power: 0.05 mW.
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6124. 10.72 µm CO2 pump laser; P32 transition; perpendicular polarization.
6125. Threshold pump power: 2000 mW.
6126. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6127. Output power: 0.2 mW.
6128. 10.81 µm CO2 pump laser; P40 transition; perpendicular polarization.
6129. Threshold pump power: 1000 mW.
6130. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6131. Output power: 0.2 mW.
6132. 10.13 µm CO2 pump laser; R40 transition; perpendicular polarization.
6133. Threshold pump power: 1000 mW.
6134. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6135. Output power: 0.1 mW.
6136. 10.14 µm CO2 pump laser; R38 transition; parallel polarization.
6137. Threshold pump power: 1000 mW.
6138. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6139. Output power: 0.5 mW.
6140. 10.55 µm CO2 pump laser; P16 transition; parallel polarization.
6141. Threshold pump power: 2000 mW.
6142. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6143. Output power: 0.2 mW.
6144. 10.65 µm CO2 pump laser; P26 transition; perpendicular polarization.
6145. Threshold pump power: 2000 mW.
6146. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6147. Output power: 0.2 mW.
6148. 10.61 µm CO2 pump laser; P22 transition; perpendicular polarization.
6149. Threshold pump power: 2000 mW.
6150. 779Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6151. Output power: 0.2 mW.
6152. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
6153. Threshold pump power: 2000 mW.
6154. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6155. Output power: 0.2 mW.
6156. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
6157. Threshold pump power: 2000 mW.
6158. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6159. Output power: 0.005 mW.
6160. 10.22 µm CO2 pump laser; R24 transition; parallel polarization.
6161. Threshold pump power: 2000 mW.
6162. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6163. Output power: 0.2 mW.
6164. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
6165. Threshold pump power: 2000 mW.
6166. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6167. Output power: 0.02 mW.
6168. 10.17 µm CO2 pump laser; R32 transition; parallel polarization.
6169. Threshold pump power: 2000 mW.
6170. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6171. Output power: 0.1 mW.
6172. 10.23 µm CO2 pump laser; R22 transition; perpendicular polarization.
6173. Threshold pump power: 2000 mW.
6174. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
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6175. Output power: 0.02 mW.
6176. 10.21 µm CO2 pump laser; R26 transition; parallel polarization.
6177. Threshold pump power: 2000 mW.
6178. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6179. Output power: 0.02 mW.
6180. 9.68 µm CO2 pump laser; P34 transition; parallel polarization.
6181. Threshold pump power: 2000 mW.
6182. 79Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6183. Output power: 0.01 mW.
6184. 10.67 µm CO2 pump laser; P28 transition; parallel polarization.
6185. Threshold pump power: 2000 mW.
6186. 779Br81Br mixed 51%, 49%; for line assignments see Reference 1424.
6187. Output power: 0.05 mW.
6188. 10.25 µm CO2 pump laser; R20 transition; perpendicular polarization.
6189. Threshold pump power: 2000 mW.
6190. 79Br81Br mixed 51%, 49%;.For line assignments see Reference 1424.
6191. Output power: 0.05 mW.
6192. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
6193. Threshold pump power: 2000 mW.
6194. For line assignments see Reference 1437.
6195. Output power: 0.05 mW.
6196. 9.79 µm CO2 pump laser; P46 transition; parallel polarization.
6197. Threshold pump power: 5000 mW.
6198. For line assignments see Reference 1437.
6199. Output power: 0.1 mW.
6200. 10.26 µm CO2 pump laser; R18 transition; parallel polarization.
6201. Threshold pump power: 5000 mW.
6202. For line assignments see Reference 1437.
6203. Output power: 0.02 mW.
6204. 9.37 µm CO2 pump laser; R04 transition; unspecified polarization.
6205. Threshold pump power: 1000 mW.
6206. For line assignments see Reference 1437.
6207. Output power: 0.01 mW.
6208. 9.37 µm CO2 pump laser; R04 transition; unspecified polarization.
6209. Threshold pump power: 2000 mW.
6210. For line assignments see Reference 1437.
6211. Output power: 0.1 mW.
6212 9.79 µm CO2 pump laser; P46 transition; perpendicular polarization.
6213. Threshold pump power: 2000 mW.
6214. For line assignments see Reference 1437.
6215. Output power: 0.02 mW.
6216. 9.32 µm CO2 pump laser; R12 transition; perpendicular polarization.
6217. Threshold pump power: 5000 mW.
6218. For line assignments see Reference 1437.
6219. Output power: 0.05 mW.
6220. 9.28 µm CO2 pump laser; R18 transition; perpendicular polarization.
6221. Threshold pump power: 5000 mW.
6222. For line assignments see Reference 1437.
6223. Output power: 0.1 mW.
6224. 10.13 µm CO2 pump laser; R40 transition; parallel polarization.
6225. Threshold pump power: 2000 mW.
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6226. For line assignments see Reference 1437.
6227. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
6228. For line assignments see Reference 1437.
6229. Output power: 0.05 mW.
6230. 9.26 µm CO2 pump laser; R22 transition; perpendicular polarization.
6231. Threshold pump power: 10000 mW.
6232. For line assignments see Reference 1437.
6233. Output power: 0.05 mW.
6234. 10.51 µm CO2 pump laser; P12 transition; parallel polarization.
6235. Threshold pump power: 10000 mW.
6236. For line assignments see Reference 1437.
6237. Output power: 0.02 mW.
6238. 10.25 µm CO2 pump laser; R20 transition; parallel polarization.
6239. Threshold pump power: 10000 mW.
6240. For line assignments see Reference 1437.
6241. Output power: 0.02 mW.
6242 9.66 µm CO2 pump laser; P32 transition; parallel polarization.
6243. Threshold pump power: 10000 mW.
6244. For line assignments see Reference 1437.
6245. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
6246. For line assignments see Reference 1437.
6247. 9.59 µm CO2 pump laser; P24 transition; parallel polarization.
6248. For line assignments see Reference 1437.
6249. Output power: 0.05 mW.
6250. 9.31 µm CO2 pump laser; R14 transition; perpendicular polarization.
6251. Threshold pump power: 5000 mW.
6252. For line assignments see Reference 1437.
6253. Output power: 0.0001 mW.
6254. 9.79 µm CO2 pump laser; P46 transition; unspecified polarization.
6255. Threshold pump power: 2000 mW.
6256. For line assignments see Reference 1437.
6257. Output power: 0.02 mW.
6258 9.57 µm CO2 pump laser; P22 transition; perpendicular polarization.
6259. Threshold pump power: 5000 mW.
6260. For line assignments see Reference 1437.
6261. Output power: 0.1 mW.
6262. 10.17 µm CO2 pump laser; R32 transition; perpendicular polarization.
6263. Threshold pump power: 2000 mW.
6264. For line assignments see Reference 1437.
6265. Output power: 0.1 mW.
6266. 9.32 µm CO2 pump laser; R12 transition; parallel polarization.
6267. Threshold pump power: 2000 mW.
6268. For line assignments see Reference 1437.
6269. Output power: 0.1 mW.
6270. 9.26 µm CO2 pump laser; R22 transition; parallel polarization.
6271. Threshold pump power: 5000 mW.
6272. For line assignments see Reference 1437.
6273. Output power: 0.02 mW.
6274. 9.66 µm CO2 pump laser; P32 transition; perpendicular polarization.
6275. Threshold pump power: 5000 mW.
6276. For line assignments see Reference 1437.
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6277. Output power: 0.02 mW.
6278. 10.63 µm CO2 pump laser; P24 transition; unspecified polarization.
6279. Threshold pump power: 20000 mW.
6280. For line assignments see Reference 1437.
6281. Output power: 0.1 mW.
6282 9.28 µm CO2 pump laser; R18 transition; parallel polarization.
6283. Threshold pump power: 2000 mW.
6284. For line assignments see Reference 1437.
6285. Output power: 10 mW.
6286. 9.59 µm CO2 pump laser; P24 transition; perpendicular polarization.
6287. Threshold pump power: 2000 mW.
6288. For line assignments see Reference 1437.
6289. Output power: 0.02 mW.
6290. 10.15 µm CO2 pump laser; R36 transition; parallel polarization.
6291. Threshold pump power: 5000 mW.
6292. For line assignments see Reference 1437.
6293. Output power: 0.02 mW.
6294. 9.34 µm CO2 pump laser; R08 transition; parallel polarization.
6295. Threshold pump power: 5000 mW.
6296. For line assignments see Reference 1437.
6297. Output power: 0.05 mW.
6298. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
6299. Threshold pump power: 5000 mW.
6300. For line assignments see Reference 1437.
6301. Output power: 0.02 mW.
6302. 10.25 µm CO2 pump laser; R20 transition; perpendicular polarization.
6303. Threshold pump power: 5000 mW.
6304. For line assignments see Reference 1437.
6305. Output power: 0.05 mW.
6306. 10.30 µm CO2 pump laser; R12 transition; parallel polarization.
6307. Threshold pump power: 5000 mW.
6308. For line assignments see Reference 1437.
6309. Output power: 0.02 mW.
6310. 10.35 µm CO2 pump laser; R06 transition; perpendicular polarization.
6311. Threshold pump power: 5000 mW.
6312. For line assignments see Reference 1437.
6313. Output power: 0.02 mW.
6314. 10.63 µm CO2 pump laser; P24 transition; parallel polarization.
6315. Threshold pump power: 10000 mW.
6316. For line assignments see Reference 1437.
6317. Output power: 0.02 mW.
6318. 9.46 µm CO2 pump laser; P08 transition; perpendicular polarization.
6319. Threshold pump power: 5000 mW.
6320. For line assignments see Reference 1437.
6321. Output power: 0.05 mW.
6322. 9.77 µm CO2 pump laser; P44 transition; parallel polarization.
6323. Threshold pump power: 2000 mW.
6324. For line assignments see Reference 1437.
6325. Output power: 0.02 mW.
6326. 9.31 µm CO2 pump laser; R14 transition; parallel polarization.
6327. Threshold pump power: 5000 mW.
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6328. For line assignments see Reference 1377.
6329. Output power: 1 mW.
6330. -15 MHz offset from center of 10.86 µm CO2 pump laser; P44 transition; parallel

polarization.
6331. Threshold pump power: 2000 mW.
6332. For line assignments see Reference 1377.
6333. Output power: 0.5 mW.
6334. -20 MHz offset from center of 9.46 µm CO2 pump laser; P08 transition; parallel

polarization.
6335. Threshold pump power: 10000 mW.
6336. For line assignments see Reference 1377.
6337. Output power: 0.5 mW.
6338. 0 MHz offset from center of 9.73 µm CO2 pump laser; P40 transition; parallel

polarization.
6339. Threshold pump power: 20000 mW.
6340. For line assignments see Reference 1377.
6341. Output power: 10 mW.
6342. 0 MHz offset from center of 10.53 µm CO2 pump laser; P14 transition; parallel

polarization.
6343. For line assignments see Reference 1377.
6344. Output power: 0.005 mW.
6345. -15 MHz offset from center of 9.55 µm CO2 pump laser; P20 transition; parallel

polarization.
6346. Threshold pump power: 10000 mW.
6347. For line assignments see Reference 1377.
6348. Output power: 0.5 mW.
6349. +25 MHz offset from center of 9.54 µm CO2 pump laser; P18 transition; parallel

polarization.
6350. Threshold pump power: 50000 mW.
6351. For line assignments see Reference 1377.
6352. Output power: 0.005 mW.
6353. 0 MHz offset from center of 9.44 µm CO2 pump laser; P06 transition; parallel

polarization.
6354. Threshold pump power: 10000 mW.
6355. For line assignments see Reference 1377.
6356. Output power: 0.005 mW.
6357. +35 MHz offset from center of 9.32 µm CO2 pump laser; R12 transition; parallel

polarization.
6358. Threshold pump power: 20000 mW.
6359. For line assignments see Reference 1377.
6360. Output power: 0.01 mW.
6361. +35 MHz offset from center of 9.18 µm CO2 pump laser; R38 transition; parallel

polarization.
6362. Threshold pump power: 10000 mW.
6363. Output power: 0.0005 mW.
6364. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
6365. Threshold pump power: 2000 mW.
6366. Output power: 5e-05 mW.
6367. 10.65 µm CO2 pump laser; P26 transition; unspecified polarization.
6368. Threshold pump power: 5000 mW.
6369. Output power: 0.0001 mW.
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6370. 10.68 µm CO2 pump laser; P28 transition; unspecified polarization.
6371. Threshold pump power: 5000 mW.
6372. Output power: 0.0001 mW.
6373. 10.30 µm CO2 pump laser; R12 transition; unspecified polarization.
6374. Threshold pump power: 10000 mW.
6375. Output power: 0.0001 mW.
6376. 10.26 µm CO2 pump laser; R18 transition; unspecified polarization.
6377. Threshold pump power: 5000 mW.
6378. Output power: 0.0001 mW.
6379. 10.13 µm CO2 pump laser; R40 transition; unspecified polarization.
6380. Threshold pump power: 5000 mW.
6381. Output power: 0.0001 mW.
6382. 10.12 µm CO2 pump laser; R42 transition; unspecified polarization.
6383. Threshold pump power: 2000 mW.
6384. Output power: 5e-05 mW.
6385. 10.55 µm CO2 pump laser; P16 transition; unspecified polarization.
6386. Threshold pump power: 5000 mW.
6387. Output power: 5e-05 mW.
6388. 10.84 µm CO2 pump laser; P42 transition; unspecified polarization.
6389. Threshold pump power: 5000 mW.
6390. Output power: 0.0001 mW.
6391. 10.35 µm CO2 pump laser; R06 transition; unspecified polarization.
6392. Threshold pump power: 5000 mW.
6393. Output power: 0.0001 mW.
6394. 10.30 µm CO2 pump laser; R12 transition; unspecified polarization.
6395. Threshold pump power: 10000 mW.
6396. Output power: 0.1 mW.
6397. 10.59 µm CO2 pump laser; P20 transition; parallel polarization.
6398. Output power: 0.1 mW.
6399. 10.51 µm CO2 pump laser; P12 transition; perpendicular polarization.
6400. Output power: 0.001 mW.
6401. 10.29 µm CO2 pump laser; R14 transition; unspecified polarization.
6402. Threshold pump power: 2000 mW.
6403. Output power: 0.1 mW.
6404. 10.27 µm CO2 pump laser; R16 transition; perpendicular polarization.
6405. Output power: 0.1 mW.
6406. 10.53 µm CO2 pump laser; P14 transition; parallel polarization.
6407. Output power: 5e-05 mW.
6408. 9.32 µm CO2 pump laser; R12 transition; unspecified polarization.
6409. Threshold pump power: 10000 mW.
6410. Output power: 5e-05 mW.
6411. 10.48 µm CO2 pump laser; P08 transition; unspecified polarization.
6412. Threshold pump power: 5000 mW.
6413. Output power: 0.1 mW.
6414. 10.63 µm CO2 pump laser; P24 transition; perpendicular polarization.
6415. Output power: 0.01 mW.
6416. 9.47 µm CO2 pump laser; P10 transition; unspecified polarization.
6417. Threshold pump power: 5000 mW.
6418. Output power: 0.001 mW.
6419. 9.46 µm CO2 pump laser; P08 transition; unspecified polarization.
6420. Threshold pump power: 2000 mW.
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6421. Output power: 0.002 mW.
6422. 9.33 µm CO2 pump laser; R10 transition; unspecified polarization.
6423. Threshold pump power: 2000 mW.
6424. Output power: 0.01 mW.
6425. 9.62 µm CO2 pump laser; P28 transition; unspecified polarization.
6426. Threshold pump power: 2000 mW.
6427. Output power: 0.002 mW.
6428. 9.64 µm CO2 pump laser; P30 transition; unspecified polarization.
6429. Threshold pump power: 2000 mW.
6430. Output power: 0.001 mW.
6431. 9.29 µm CO2 pump laser; R16 transition; unspecified polarization.
6432. Threshold pump power: 5000 mW.
6433. Output power: 0.001 mW.
6434. 9.57 µm CO2 pump laser; P22 transition; unspecified polarization.
6435. Threshold pump power: 2000 mW.
6436. Output power: 0.01 mW.
6437. 9.69 µm CO2 pump laser; P36 transition; unspecified polarization.
6438. Threshold pump power: 1000 mW.
6439. Output power: 0.01 mW.
6440. 9.37 µm CO2 pump laser; R04 transition; unspecified polarization.
6441. Threshold pump power: 2000 mW.
6442. Output power: 0.01 mW.
6443. 9.25 µm CO2 pump laser; R24 transition; unspecified polarization.
6444. Threshold pump power: 1000 mW.
6445. Output power: 0.005 mW.
6446 9.25 µm CO2 pump laser; R24 transition; unspecified polarization.
6447. Threshold pump power: 2000 mW.
6448. Output power: 0.001 mW.
6449. 9.26 µm CO2 pump laser; R22 transition; unspecified polarization.
6450. Threshold pump power: 2000 mW.
6451. Output power: 0.01 mW.
6452. 9.22 µm CO2 pump laser; R30 transition; unspecified polarization.
6453. Threshold pump power: 1000 mW.
6454. Output power: 0.0005 mW.
6455. 9.68 µm CO2 pump laser; P34 transition; unspecified polarization.
6456. Threshold pump power: 5000 mW.
6457. Output power: 0.002 mW.
6458. 9.29 µm CO2 pump laser; R16 transition; unspecified polarization.
6459. Threshold pump power: 5000 mW.
6460. Output power: 0.01 mW.
6461. 9.54 µm CO2 pump laser; P18 transition; unspecified polarization.
6462. Threshold pump power: 2000 mW.
6463. Output power: 0.1 mW.
6464. 10.20 µm CO2 pump laser; R28 transition; unspecified polarization.
6465. Threshold pump power: 10000 mW.
6466. 10.14 µm CO2 pump laser; R38 transition; unspecified polarization.
6467. Threshold pump power: 10000 mW.
6468. Output power: 0.01 mW.
6469. 10.18 µm CO2 pump laser; R30 transition; unspecified polarization.
6470. Threshold pump power: 10000 mW.
6471. Output power: 0.1 mW.
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6472. 10.18 µm CO2 pump laser; R30 transition; unspecified polarization.
6473. Threshold pump power: 10000 mW.
6474. Output power: 0.1 mW.
6475. 10.59 µm CO2 pump laser; P20 transition; unspecified polarization.
6476. Threshold pump power: 1000 mW.
6477. Output power: 0.1 mW.
6478. 10.59 µm CO2 pump laser; P20 transition; unspecified polarization.
6479. Threshold pump power: 1000 mW.
6480. Output power: 0.01 mW.
6481. 9.66 µm CO2 pump laser; P32 transition; unspecified polarization.
6482. Threshold pump power: 10000 mW.
6483. Output power: 0.05 mW.
6484. 9.25 µm CO2 pump laser; R24 transition; unspecified polarization.
6485. Threshold pump power: 1000 mW.
6486. Output power: 0.05 mW.
6487. 9.27 µm CO2 pump laser; R20 transition; unspecified polarization.
6488. Threshold pump power: 1000 mW.
6489. Output power: 0.05 mW.
6490. 9.24 µm CO2 pump laser; R26 transition; unspecified polarization.
6491. Threshold pump power: 1000 mW.
6492. Output power: 0.05 mW.
6493. 9.66 µm CO2 pump laser; P32 transition; unspecified polarization.
6494. Threshold pump power: 1000 mW.
6495. Output power: 0.05 mW.
6496. 10.57 µm CO2 pump laser; P18 transition; unspecified polarization.
6497. Threshold pump power: 1000 mW.
6498. Output power: 0.05 mW.
6499. 9.21 µm CO2 pump laser; R32 transition; unspecified polarization.
6500. Threshold pump power: 1000 mW.
6501. Output power: 0.05 mW.
6502. 9.29 µm CO2 pump laser; R16 transition; unspecified polarization.
6503. Threshold pump power: 1000 mW.
6504. Output power: 0.05 mW.
6505. 10.74 µm CO2 pump laser; P34 transition; unspecified polarization.
6506. Threshold pump power: 1000 mW.
6507. Output power: 0.05 mW.
6508. 10.23 µm CO2 pump laser; R22 transition; unspecified polarization.
6509. Threshold pump power: 1000 mW.
6510. Output power: 0.05 mW.
6511. 10.81 µm CO2 pump laser; P40 transition; unspecified polarization.
6512. Threshold pump power: 1000 mW.
6513. Output power: 0.05 mW.
6514. 9.27 µm CO2 pump laser; R22 transition; unspecified polarization.
6515. Threshold pump power: 1000 mW.
6516. Output power: 0.05 mW.
6517. 10.86 µm CO2 pump laser; P44 transition; unspecified polarization.
6518. Threshold pump power: 1000 mW.
6519. Output power: 0.05 mW.
6520. 9.22 µm CO2 pump laser; R30 transition; unspecified polarization.
6521. Threshold pump power: 1000 mW.
6522. It is not clear if one or both components of the doublet were observed.
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6523. Pulsed. Recombination in segmented plasma excitation recombination device.
6524. Pulsed. Photodissociation of LiI by ArF laser at 193 nm.
6525. Pulsed. Dye laser excitation of sodium vapor.
6526. Pulsed. Dye laser excitation of sodium vapor.
6527. Pulsed. Dye laser excitation of sodium vapor.
6528. CW. Optical pumping of rubidium vapor by dye laser.
6529. CW. Optical pumping of rubidium vapor by dye laser.
6530. Pulsed, recombination laser in segmented plasma excitation recombination device.
6531. Pulsed, recombination laser in segmented plasma excitation recombination device.
6532. Pulsed, recombination laser in segmented plasma excitation recombination device.
6533. Pulsed, recombination laser in segmented plasma excitation recombination device.
6534. Pulsed, recombination laser in segmented plasma excitation recombination device.
6535. Pulsed, recombination laser in segmented plasma excitation recombination device.
6536. Pulsed, recombination laser in segmented plasma excitation recombination device.
6537. Pulsed, longitudinal discharge in Ba vapor with He or Ne buffer.
6538. Pulsed, longitudinal discharge in Ba vapor with He or Ne buffer.
6539. Pulsed, longitudinal discharge in Ba vapor with He or Ne buffer.
6540. Pulsed. Photodissociation of ZnI2 with KrF laser at 248 nm.
6541. Pulsed. Photodissociation of ZnI2 with KrF laser at 248 nm.
6542. Pulsed. Photodissociation of CdI2 with KrF laser at 248 nm.
6543. Pulsed. Photodissociation of CdI2 with KrF laser at 248 nm.
6544. Pulsed. Photodissociation of HgBr2 by ArF laser at 193 nm.
6545. Pulsed. Recombination laser in segmented plasma excitation recombination device.
6546. Pulsed. Recombination laser in segmented plasma excitation recombination device.
6547. Pulsed. Afterglow in a hollow cathode discharge in CO2.

6548. Pulsed. Afterglow in a hollow cathode discharge in CO2.
6549. Pulsed. Afterglow in a hollow cathode discharge in CO2.
6550. Pulsed. Photodissociation of GeI4 by ArF laser at 193 nm.
6551. Pulsed. Photodissociation of SnI2 by ArF laser at 193 nm.
6552. Pulsed. Hollow cathode discharge in N2.
6553. Pulsed. Hollow cathode discharge in N2.
6554. Pulsed. Hollow cathode discharge in N2..

6555. Pulsed. Hollow cathode discharge in N2.
6556. Pulsed. Photodissociation of SbI3 by ArF laser at 193 nm.
6557. Pulsed. Recombination in afterglow of hollow cathode discharge in He and Ar.
6558. These two lines were generated in a pulsed longitudinal discharge in Tm vapor

with noble gas buffer gas.
6559. Pulsed. Optical excitation of Tm vapor by fourth harmonic of Nd:YAG laser at 266

nm.
6560. Pulsed. Afterglow in hollow cathode discharge in Cl2.
6561. Pulsed. Afterglow in hollow cathode discharge in Cl2.
6562. Pulsed. Afterglow in hollow cathode discharge in Br2..

6563. Pulsed. Afterglow in hollow cathode discharge in Br2.
6564. Pulsed. Afterglow in hollow cathode discharge in Br2..

6565. Pulsed. Afterglow in hollow cathode discharge in Br2.
6566. Pulsed. Afterglow in hollow cathode discharge in Br2.
6567. 0.58525 µm line was previously observed only in low pressure discharge. Reference

450.
6568. Pulsed, Quasi-cw operation in high pressured He : Ne : Kr(Ar) mixture pumped by

electron beam.
6569. Pulsed. Longitudinal discharge.
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6570. Pulsed. Longitudinal discharge.
6571. Pulsed. Longitudinal discharge.
6572. Pulsed. Longitudinal discharge.
6573. Pulsed. Longitudinal discharge.
6574. Pulsed. Longitudinal discharge.
6575. Pulsed. Longitudinal discharge.
6576. Pulsed. Longitudinal discharge.
6577. Pulsed. Longitudinal discharge.
6578. Pulsed. Longitudinal discharge.
6579. Pulsed. Longitudinal discharge.
6580. Pulsed. Longitudinal discharge.
6581. Pulsed. Longitudinal discharge.
6582. Pulsed. Longitudinal discharge.
6583. Previously observed in pulsed operation only (see Reference 1507).
6584. Accuracy of measurement ± 0.1 nm.
6586. Previously observed in pulsed operation only (see Reference 1507).
6587. Accuracy of measurement ± 0.1 nm.
6588. Classification or ionization state uncertain.
6589. Previously observed in pulsed operation only (see Reference 1507).
6590. Wavelength from Reference 1585.
6591. Classification or ionization state uncertain.
6592. Previously observed in pulsed operation only (see Reference 1507).
6593. Wavelength from Reference 1585.
6594. Wavelength from Reference 1595.
6595. Classification or ionization state uncertain.
6596. The excited states of this molecule have been shown (Reference 1595) to obey

Hund's case (c) coupling and, therefore, the lasing transition is properly denoted as
shown.

6597. Similar results were obtained for Kr2 (145 nm) and Xe2 (172 nm).
6598– This laser has been tuned over the 124–128 nm region in a coaxial electron beam
  6599. pumping configuration. A maximum output power of 16 MW was obtained at 126

nm.
6600– CW oscillation on the A →  X band of Bi2 was obtained by pumping several ind-
  6602. ividual vibrational-rotational lines of the A → X band with various single mode

lines from an Ar+ laser. The pump lines, ranging in wavelength from 472.69 to
514.53 nm, correspond to the excitation of A(O+

u) vibrational levels from v' = 16
to 34. Power conversion efficiencies up to 15% were measured for broadband laser
emission and up to 2.5% for a single line. Pump thresholds as low as 40 mW for a
single line were observed.

6603– Laser transition first reported by B. Wellegehausen, D. Friede, G. Steger. Optically
  6604. pumped continuous Bi2 and Te2 lasers, Opt. Commun., 26, 391 (1978); also see

W. P. West and H. P. Broida, Optically pumped vapor phase Bi2 laser, Chem.
Phys., 56, 283-285 (1978).

6605– Lasing observed upon exciting 1.5 to 22.3 Torr of bromine vapor with frequency-
  6606. doubled Nd:YAG (532 nm) radiation. The pump wavelength could be scanned over

~ 0.1 nm with an intracavity etalon. Although not published, it appears that output
wavelengths as long as ~ 3.5 µm are possible with this system.

6607. λpump = 531.903 nm.
6608– Lasing was obtained in gas mixture composed of 2.7 bar He, 2 mb HBr and 2 mb
  6609. NF3 that was excited by a UV-preionized transverse discharge 54 cm in length.

This same device was also used in observing stimulated emission in ClF and IF.
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Strongest emission occurred at 354.5 nm but a much weaker line was also observed
at 354.2 nm. The output coupling was 30%.

6610– Lasing obtained by two color excitation of C2 in a (C2H2:Ar; T = 4.2 K) matrix.
   6611.The first photon (ν = 17658 cm-1) pumped the A1πu → X1Σ+

g(6,0) transition and
the second (ν = 19632 cm-1) excited the d3 πg → a3πu (1,1) line.

6612. Lasing was observed upon photodissociating CdBr2 (in the presence of 5 to 500
Torr of Ar buffer) at 193 nm (ArF laser). Strongest emission was observed at 811
nm with weaker features at 813 and 816 nm.

6613– By photodissociating CdI2 (natural abundance) and 114CdI2 with an ArF laser, las-
  6615. ing was observed at several wavelengths in the vicinity of 655 nm. For natural

abundance CdI2, strongest lasing occurred on two closely spaced lines at 655.0 and
655.3 nm. With 114CdI2, however, the spectrum changes dramatically and now
consists of two transitions of nearly equal intensity at 655.3 and 657.1 nm. The
laser output energy quadruples when using the isotopically enriched salt. Neither
laser spectrum was rotationally resolved but the strongest features in the 114CdI
spectrum were attributed to B →  X, v' = 0-2 →  v'' = 61, 62 transitions.

6616. Experiments in Reference 1530 also photodissociated CdI2 with an ArF laser,
demonstrating lasing in the red and blue (475 nm) from CdI. Both laser transitions
were attributed to B2Σ+

1/2 →  X2Σ+
1/2.

6617– Lasing was observed in a transverse discharge of 50 cm excitation length and con-
  6618. taining He, N2 and CdI2 or 114CdI2 vapor. Natural abundance CdI2 yielded over

30 distinguishable lines between 655 and 660 nm. References 1531, 1623.
6619. Injection locking experiments with a 114CdI discharge laser showed that the slave

oscillator could be completely locked over the 655 to 660 nm region with injected
intensities of 5 W cm-2. Reference 1533.

6620– Mixtures of Ne (< 20 bar), 10 mb F2, and 10 mb Cl2 were excited by an e-beam in
  6621. a coaxial diode. Strongest lasing was observed from two lines of nearly equal

intensity at 284.4 and 284.9 nm. Weaker transitions were also observed at 286.0
and in the 282 to 283.5 nm region. The e-beam excitation pulse width was 3 ns.

6622– Lasing at 284.4 nm (and very weak emission at 284.0 nm) was obtained in 3.3 bar
  6623. He/2.7 mb Cl2/4 mb F2 mixtures excited in a UV-preionized transverse discharge

having an active length of 54 cm. Other halogen donors (CllF and NF3) and the
substitution of Ne for He also successfully yielded lasing but the results were less
satisfactory than those obtained with the He/Cl2/F2 mixtures.

6624. Observed following two-photon excitation of H2 at 193 nm with a tunable (∆ν ~ 5
cm-1) ArF laser. The two-photon transition is E, F 1Σ+

g →X1Σ+
g.

6625. Transition observed upon pumping the Q(3) transition of the E, F 1Σ+
g (0,2) band

(ν  = 103282 cm-1) in ~20 Torr of H2.
6626. Transition observed upon pumping the Q(2) transition of the E, F 1Σ+

g (0,2) band
(ν = 103328 cm-1) in 20 Torr of H2.

6627. Transition observed at high (>600 Torr) H2 pressure.
6628. Lasing from the Hg3 trimer was observed in the blue-green by photodissociating

HgBr2 with an F2 (λ = 158 nm) laser. Peak output occurred at 495 nm and the
small signal gain coefficient was estimated to be 0.4% cm-1.

6629. ~ 2 µs pulses of stimulated emission on the B →  X band of HgBr were obtained by
exploding a 0.1 mm diameter tungsten wire (50 cm in length) in HgBr2 vapor.
Specific output energies as large as 15 J l-1 were obtained. References 1537, 1538.

6630– Lasing on the B →  X band of HgBr radicals was demonstrated by first dissociating
  6633. HgBr2 (in a discharge) to obtain HgBr(X) molecules and subsequently pumping

the B → X absorption band (peaking at ~ 350 nm, FWHM ~ 60 nm) with a
frequency-tripled Nd:YAG (355 nm) or XeF (351 nm) laser. The energy and photon
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conversion efficiencies were measured to be 22 ± 1% and 33%, respectively.
Recently, excited state (B2Σ ) absorption in the near-UV (350 nm) was shown to be
the obstacle to long pulse operation of HgBr when pumped in this manner.
Previously, this blue-green laser had been excited by e-beam and transverse
discharge (see CRC Handbook of Laser Science and Technology, Vol. II, for
References). Also, lasing has been obtained by photodissociating HgBr2 with a
laser (ArF) of λ <200 nm.

6634– Isotopically enriched HgBr2 salts (i.e., 200Hg81Br2, 200Hg79Br2 and Hg79Br2)
  6635. were shown to significantly improve the efficiencies of both the HgBr (B →  X)

photodissociation and discharge-pumped lasers. Improvements in output energy
ranging from 15 to 25% were reported. References 1541, 1542.

6636– By adding ~ 7.5 Torr of SF6 to the mixture of Ne, N2, and HgBr2 (or HgCl2)
  6637. vapor (1.8 atm Ne, 100 Torr N2, 6.3 Torr HgBr2 vapor), the blue-green output

energy increased by 50% Similar improvement (40%) was observed for the HgCl
laser. Reference 1543.

6638. Simultaneous multi-wavelength operation of the mercury-halide lasers (HgI, HgBr,
and HgCl) has been achieved by intense optical pumping or with a fast transverse
discharge. References 1544, 1545.

6639– Lasing on the B →  X band of HgCl was obtained by photodissociating HgCl2
  6640. vapor with the broadband optical radiation from a high current surface discharge

(estimated brightness temperature of 2.5 x 104 K). The HgCl2 vapor partial
pressure was ~1 Torr and the buffer consisted of Ar/H2 in the ratio 1:1.5 at a total
pressure of 2.5 atm. Output energies as high as 2.1 J (or 7.6 J l-1) were extracted in
pulses ~ 3 to 7.6 µs in duration.

6,641– Oscillation in the violet was obtained from the HgI radicals when HgI2 vapor was
  6642. photodissociated by the incoherent radiation from a surface discharge (brightness

temperature ~2.5 X 104 K). Energies up to 0.5 J (for a specific output energy of ~
0.6 J l-1) were obtained in ~ 3.5 µs pulses.

6643– Transverse pumping of I2/SF6(or Ar) mixtures (0.2 Torr I2, ~1 atm buffer) by an
  6644. ArF laser yielded strong lasing at 342 nm (cf. Reference 1549). An output energy of

230 mJ was reported which corresponds to an energy conversion efficiency of 30%
or a photon conversion efficiency exceeding 50%.

6645– Single pulse energies of 13J in 13 µs pulses (~ 10 J l-1 volumetric energy extract-
  6647. ion) were obtained by pumping 2 to 4 Torr I2 and 1.5 to 3 atm of buffer (CF4 or

SF6) with radiation from an exploding wire. Strongest lasing was observed on the
(v',v'') = (1,14) and (2,15) transitions of the D' →  A' band and, while the overall
efficiency was ~ 1%, the quantum efficiency was estimated to be 11%. Also, the
blackbody color temperature was 30 X 103 K. Reference 1550.

6648– Improved output energies of 27 J/pulse and 13 µs in duration (18 J/l specific output
  6649. energy) were obtained in CF4/I2 gas mixtures by broadband optical pumping. The

efficiency, defined as the output energy normalized to the energy stored in the
capacitors, was 0.27%. Reference 1551.

6650– Operation of this UV laser at a pulse repetition frequency of 0.5 Hz was achieved by
  6651. photoexciting mixtures composed of 3 to 5 Torr I2 and 1 to 2 atm of

perfluoromethane with quartz flashlamps. Output energies of 10 to 50 mJ in 3 to 5
µs FWHM pulses were obtained. Reference 1553.

6652– Originally attributed to a 3∏2g→ 3∏2u transition, this laser has now been clearly
  6653. shown by J. Tellinghuisen, Chem. Phys. Lett., 49, 485 (1977), to be assigned D'

→ A' where D' is the lowest-lying excited state in the first tier of ion pair (I+I-)
states of the molecule.
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6654. Other References for this laser system may be found in Section 3.1 of the Handbook
of Laser Science and Technology, Vol. II.

6655– Gain was observed over the indicated spectral region in the blue-green in e-beam
  6656. pumped Ar (or Ne)/0.3% HI gas mixtures. The rare gas buffer pressure was 5930

Torr and the peak small signal gain coefficient was measured to be ~ 1.1% cm-1 at
506 nm. The electronic transition involved has not yet been positively identified.
In Ar, the FWHM of the gain spectrum is 13 nm.

6657– Lasing was observed in ~ 40 ns pulses on several transitions of theB →  X band of
  6660. I2 when iodine vapor was pumped by the focussed radiation from a copper vapor

laser (λ = 510.6 and 578.2 nm). Characteristic doublets arising from P and R
transitions and J' = 24, 30, 52, and 81 were observed. The strongest vibronic
bands were (v',v'') = (14,44), (14,48), (14,49), (16,47), (16,51), and (16,52).
Excitation of the upper laser level occurred most efficiently via the v'' = 0, J'' = 51
and v'' = 1, J'' = 31 ground state levels which were pumped by the 578.2 nm Cu
vapor laser line. The maximum conversion efficiency (into all lines) was ~ 1% for a
yellow input power of 0.7 W.

6661– Transient gain was observed in Ar/5 Torr ICl mixtures pumped by a relativistic
  6662. electron beam having an excitation length of 50 cm. Maximum gain of 0.3 to 0.7%

cm-1 was measured at 431.3 nm and amplification was observed from 430.8 to
432.8 nm.

6663– Optical gain as high as 1.3% cm-1 was observed at 431.3 nm in a transverse dis-
  6664. charge having an excitation length of 100 cm. Amplification (Γ0 exceeding 0.4%

cm-1) of a dye laser probe was observed over the range 430 to 437 nm in
He/CF3I/CCl4 discharges.

6665– Laser oscillation was realized in transverse discharges (UV-preionized) in He/NF3/
  6666. CF3I gas mixtures; the 490.7 nm line was also observed by electron beam

pumping in Reference 1527. The maximum instantaneous power measured to date
is 140 kW or an energy per pulse of ~ 2 mJ.

6667– 100 mJ, 4 µs pulseswere obtained in the blue-green by pumping the Ar/NF3/CF3I
  6668. mixtures (Ar:NF3:CF3I = 1870:2:1) with the VUV radiation produced by an

exploding tungsten wire. A total of nine lasing transitions were observed— two
near 485 nm and the remainder in the vicinity of 491 nm.

6669– Gaseous mixtures of CF3I, NF2 and He were optically pumped by a pulsed dye
  6674. laser to yield lasing on various ro-vibrational transitions of the IF(B →  X) band.

NF2 radicals were produced by the pyrolysis of N2F4 at 170 °C. Subsequently, 10
ns pulses from a quadrupled Nd-glass laser (λ = 264 nm) photodissociated the NF2
species to generate free F atoms. IF molecules in the ground (X) state were then
formed by the reaction of F with CF3I. The B3 Pi+0 → X1Σ+ lines selected for dye
laser pumping were the P(20) and R(27) transitions of the v' = 5 → v'' = 0
vibrational band at 478.84 nm. Lasing occurred on a variety of B →  X transitions,
depending upon the He buffer pressure. For 3 < pHe} < 30 Torr, lasing originated
solely from v' = 5 states and the terminal vibrational levels were v'' = 11, 15, and
16. The rotational lines observed were (as indicated above) R(18), R(27), P(20),
and P(29). For He pressures above ~ 70 Torr, lasing was also observed from v' = 0
and 1 states. Transitions recorded were the P(14) - P(40) and R(14) - R(37) lines of
the v' = 0 →  v'' = 4 to 6 vibrational bands. When pHe= 1000 Torr, only the (v',
v'') = (0,4), (0,5), and (0,6) transitions were observed to lase.

6675– CW oscillation on a series of ro-vibronic lines of the IF(B →  X) band, originating
  6676. from v' = 2 to 5, was observed when the molecule was pumped by a ring dye laser

(~ 150 mW). For the indicated laser transitions, the pump was tuned to the R(17),
R(18), P(32), or R(36) lines of the v' = 3 → v'' = 0 band. Lasing was observed
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only from the (v', J') level excited directly by the dye laser and oscillation could
not be obtained for gas pressures in excess of 1.6 Torr.

6677– Pulsed lasing was reported from v' = 1 to 6 levels of the IF(B) state which were
  6679. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 1 → v'' = 0 transition at 516.64 nm (P(6) or R(15))
or 517.17 nm (P(17) or R(26)). IF molecules in the X state were formed by reacting
I2 and F2 in the presence of He buffer. For these transitions, the He partial pressure
was maintained between 8.0 and 20.0 Torr.

6680– Pulsed lasing was reported from v' = 1 to 6 levels of the IF(B) state which were
  6682. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 2 → v'' = 0 transition at 506.34 nm (P(10) or
R(18)) or 506.71 nm (P(17) or R(25)). IF molecules in the X state were formed by
reacting I2 and F2 in the presence of He buffer. For these transitions, the He partial
pressure was maintained between 8.0 and 20.0 Torr.

6683– Pulsed lasing was reported from the v' = 1 to 6 levels of the IF(B) state which were
  6685. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 3 → v'' = 0 transition at 496.40 nm (P(9) or R(17))
or 497.15 nm (P(22) or R(30)). IF molecules in the X state were formed by reacting
I2 and F2 in the presence of He buffer. For these transitions, the He partial pressure
was maintained between 8.0 and 20.0 Torr.

6686– Pulsed lasing was reported fromthe v' = 1 to 6 levels of the IF(B) state which were
  6688. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 5 → v'' = 0 transition at 478.21 nm (P(8) or R(15))
or 479.45 nm (P(28) or R(35)) or 480.63 nm (P(39) or R(46)). IF molecules in the
X state were formed by reacting I2 and F2 in the presence of He buffer. For these
transitions, the He partial pressure was maintained between 8.0 and 20.0 Torr.

6689– Pulsed lasing was reported from the v' = 1 to 6 levels of the IF(B) state which were
  6691. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 6 → v'' = 0 transition at 470.14 nm (P(13) or
R(20)) or 470.44 nm (P(19) or R(25)) or 471.38 nm (P(30) or R(37)). IF molecules
in the X state were formed by reacting I2 and F2 in the presence of He buffer. For
these transitions, the He partial pressure was maintained between 8.0 and 20.0
Torr.

6692– Pulsed lasing was reported from the v' = 1 to 6 levels of the IF(B) state which were
  6694. excited by a flashlamp-pumped dye laser. The transitions indicated were observed

to lase upon pumping the v' = 4 → v'' = 0 transition at 487.27 nm (P(14) or
R(21)) or 488.51 nm (P(31) or R(3)) or 489.50 nm (P(39) or R(4)). IF molecules
in the X state were formed by reacting I2 and F2 in the presence of He buffer. For
these transitions, the He partial pressure was maintained between 8.0 and 20.0
Torr.

6695. The indicated transitions were observed to lase upon pumping the v' = 4 → v'' = 0
transitions at 487.33 (P(18) or 487.21 nm (R(22). Furthermore, the He partial
pressure was ~ 0.7 Torr.

6696– This line was reported by Davis and Hanko (Reference 1570) in 1980 who were the
  6697. first to observe lasing on the B →  X band of IF under optical pumping. Ground

state IF molecules, produced chemically by the reaction of I2 with F2, were excited
in a longitudinal configuration by a broadband dye laser. The B → X transitions
pumped were (2,0), (3,0) and (4,0) and the small signal gain coefficient was
estimated to be 1.8% cm-1.
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6698. The He partial pressure was ~ 0.7 Torr (low pressure regime of Reference 1569) but
the pump laser was tuned to the v' = 1 → v'' = 0 transition at 516.77 (R(15)),
516.92 (R(26)), 517.08 nm (R(19)), 517.23 nm (R(27)), or 517.53 nm (P(22)).

6699. v' = 4 → v'' = 0 line pumped at 478.47 nm (R(19)); helium partial pressure ~ 0.7
Torr.

6700. Pump transition: v' = 2 → v'' = 0 at 506.17 nm (R(11)), 506.29 nm (R(17)), or
507.02 nm (R(27)); pHe ~ 0.7 Torr.

6701. Transition pumped by the dye laser was v' = 3 → v'' = 0 at 496.29 nm (R(12)),
497.14 nm (P(21)) or 497.39 nm (P(24)) and the He pressure was again 0.7 Torr.

6702– Lasing was demonstrated by pumping the (v', v'') = (5, 1) band of the B → X
  6703. transition of the dimer with the 647.1 nm line of the Kr+ ion laser. The

wavelengths given above have a stated accuracy (cf. Reference 1524) of ± 0.2 nm.
Lasing occurred only at low temperatures (600 K, which corresponds to a K2 vapor
pressure of 4 X 10-3 mb).

6704– Rare gas polycrystals (~ 1 cm3 in volume) excited by a relativistic, 3 ns FWHM
  6705. electron beam. Excited state densities estimated to be 5x1018  cm-3 and a gain

coefficient of 50 cm-1 were obtained yielding ~ 107 W of peak power at 145 nm.
See also the entries for Ar2 and Xe2.

6706– 6.6 MW of peak power ( pressure of 15 atm) was obtained at 146 nm by exciting
  6707. Kr with a coaxial electron beam (700 kV). Spectral widths as small as 0.1 nm were

obtained at 145.7 nm (and peak output power = 3.5 MW) with an intracavity
MgF2 prism.

6708– Optical pumping of the KrCl excimer laser was achieved by exploding a tungsten
  6709. wire in a mixture of 0.5 atm Kr and 6 Torr Cl2. With 6% output coupling at 223

nm, >1 µ J of output energy was obtained in ~ 1 µs (FWHM) pulses for 380 Torr
Kr/6 Torr Cl2 mixtures. For earlier work on this laser, the reader is referred to the
CRC Handbook of Laser Science and Technology, Vol. II.

6710– Mixtures of Ar, Kr, and NF3 were excited by a relativistic e-beam, producing broad
  6711. band lasing in the violet. Peak output powers of 5 kW in ~ 30 ns were obtained.

For a thorough discussion of the properties of this laser, the reader is referred to the
excellent discussion by D. L. Huestis, G. Marowsky, and F. K. Tittel in Excimer
Laser, 2nd edition, C. K. Rhodes, Ed. (Springer-Verlag, Berlin, 1984), 181.

6712– Mixtures of KrF2 and N2 (1:1000; total pressure = 2 atm) were optically pumped
  6714. by vacuum ultraviolet radiation generated by an open, high-current discharge (two

tungsten wires exploding in the gas and located ~2.5 cm from the laser's optical
axis). Output pulses ~ 1 µs in length (FWHM) were observed at 450 ± 10 nm
which is ~20 nm to the red of the peak wavelength at which lasing occurs when
Kr2F is pumped by a pulsed e-beam. (For further details, the reader is referred to
the Xe2Cl and KrCl entries and to the References given in CRC Handbook of
Laser Science and Technology, Vol. II.) Lasing was also obtained in KrF2/CF4/Kr
(1:200:800; total pressure = 2 atm) gas mixtures.

6715– Lasing was obtained by exciting about 4 Torr of 6Li vapor in a ~ 120-cm long heat
  6716. pipe oven with various lines from an argon ion laser. Oscillation was observed at

27 discrete wavelengths in the 523.7 to 588.9 nm region utilizing a ring cavity
configuration. In all cases, the molecule was pumping by exciting different
rovibronic transitions of the B1Πu → S1Σg

+ band.
6717. For these lasing transitions, the pump wavelength was 457.9 nm, corresponding to

excitation of the (v',J') = (7,8) → (v'',J'') = (1,8) line of the B → X transition.
6718. The pump wavelength was 465.8 nm [(4,11) → (0,11) line of the B → X band].
6719. λpump = 465.8 nm but the pumping transition is (5,41) → (0,41).
6720. Pump wavelength is 472.7 nm, corresponding to the (11,22) → (5,21) transition.
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6721. The Ar+ laser wavelength was 476.5 nm and the (11,31) → (4,31) transition was
excited.

6722. λ pump again = 476.5 nm which also overlaps the (11,29) → (5,30) transition.
6723. Pump wavelength is 488.0 nm: (0,41) → (0,40) transition.
6724. The Ar+ laser was tuned to 496.5 nm but the pumping and lasing transitions are

unidentified.
6725– CW oscillation at the indicated wavelengths was obtained by pumping Li vapor
  6727. (50 Torr in a heat pipe operated at 1000 °C) with individual lines from an Ar+ ion

laser. Pumping thresholds ranged from <50 to <200 mW and output powers (all
lines) were measured to be in the 1 to 15 mW region.

6728. Oscillation obtained by pumping with the 457.9 nm line of the Ar+ laser.
6729. λpump =  472.7 nm.
6730. The pump wavelength for this line was 476.5 nm.
6731. λpump = 488.0 nm.
6732– CW oscillation at the indicated wavelengths was obtained by pumping Li vapor
  6733. (50 Torr in a heat pipe operated at 1000 °C) with the 647.1 nm line of a Kr ion

laser operated at 1 W. Output power on this band (all lines) was ~ 30 mW and the
threshold pumping power was <200 mW.

6734– Lithium vapor, produced in a stainless steel heatpipe, was excited by the 578.2 nm
  6736. line from a copper vapor laser operated at a pulse repetition frequency of 5 kHz. The

Li vapor pressure was 70 Torr, corresponding to a dimer partial pressure of 5.5
Torr. Laser threshold was observed at a pump power of 10 mW and the average
laser output power was 8 mW for 190 mW of pump power. The maximum energy
conversion efficiency was measured to be 7% and the strongest transitions occurred
at 886.347 and 887.376 nm.

6737– By bottlenecking the (v',f'') = (0,0), (0,1), and (0,2) transitions of the C →  B band
  6738. at 337.1, 357.7, and 380.5 nm, respectively, lasing on the (0,3) transition was

observed. Mixtures of Ar (2000 Torr) and N2 (100 Torr) were pumped by a coaxial
e-beam of 50 cm length, yielding a violet laser pulse having a temporal width of ~
200 ns (FWHM).

6739. Longitudinal pumping of 85% Ar/15% N2 (2 atmospheres total pressure) mixtures
yielded 0.3 J/l of extracted energy in 20 ns pulses.

6740. The addition of excess Ne and He into e-beam pumped Ar/N2 mixtures resulted in
obtaining peak intensities of 56, 44, and 66 kW cm-2 at 357.7, 380.5, and 405.9
nm, respectively. Pulse lengths up to 400 ns were obtained in the violet.

6741. The addition of H2 to electron beam-pumped He/N2 mixtures efficiently quenches
the lower laser levels, leading to improved gain and output power at both
wavelengths.

6742– The (0,0) transition of the A2Σ+ → X2 Π band (Γ band) of NO was pumped with
  6743. 227 nm radiation generated by summing a frequency-doubled dye laser beam (λ ~

288.5 nm) with the fundamental of Nd:YAG (1.06 µm). The pump energy per
pulse was ~ 1.3 mJ and the pump beam was directed longitudinally into the laser
cavity. The NO pressure was 0.5 Torr.

6744. Stimulated emission on the so-called "diffuse'' band of Na2 was observed upon
exciting the 3p → 3s or (two-photon) 4d → 3s transitions of Na with an Nd:YAG-
pumped dye laser.

6745. ASE on the violet band of Na2 was observed at 436 nm by two-photon excitation
of the vapor with a dye laser operating in the 570 to 595 nm region.

6746. Na vapor was optically pumped at 350.7 nm with a Kr ion laser, yielding gain on
the excimer (bound →  free) band of Na2 in the violet (430 < λ < 452 nm). The Na
vapor pressure was typically 1 Torr.
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6747– A ring laser system pumped by a single mode Ar+ laser at 488 nm yielded the new
  6748. new laser lines. The heatpipe temperatures ranged from 650 to 850 K and buffer gas

pressures up to 150 mb were used. Also, the laser could be tuned slightly by
means of an intracavity etalon.

6749. These lines were obtained by pumping the (v',J') = (6,43) → (3,43) transition of
the B → X band with 2 W of single mode power. The output powers obtained on
individual lines ranged from 30 to 200 mW.

6750. Pump transition was (v',J') = (10,42) → (6,41) of the B1Πu → X1Σ+
g band.

6751. Line pumped was (v',J') = (9,56) → (5,55).
6752. These lines were observed by pumping the (7,98) → (2,98) transition.
6753– Lasing on the B1Πu (ν ' = 6) → X1Σ+

g (ν" = 13–15) transitions was also realized
  6754. by pumping the ground state dimers produced in a supersonic expansion.

Threshold pumping powers below 1 mW and output powers exceeding 0.6 mW
were reported in reference 1587.

6755– Na2 ground state molecules in a heat pipe oven were photopumped to the A1Σ+
u

  6757. state with a Kr ion laser operating on a single longitudinal mode (∆ν  ~ 6 MHz) at
568.188 nm with ~ 0.9 W of output power. The transition pumped was A1Σ+

u (v'
= 34, J' = 50) → X1Σ+

g (v'' = 3, J'' = 51) and lasing in all cases originated from
the pumped state (v' = 34, J' = 50) and terminated on X state vibrational levels for
which 34 < v'' < 54. Optimum Na vapor pressure was found to be ~ 0.65 Torr.

6758– Na2 laser emission over the 0.765 to 0.804 µm region was observed by pumping
  6759. sodium vapor with the 578.2 nm line from a copper vapor laser. The pump pulse

repetition frequency was 3.3 kHz and the Na vapor pressure was 6 Torr (T ~ 0.2
Torr). The maximum average output power obtained for this laser (all lines) was 10
mW which corresponds to an energy conversion efficiency of ~ 3%.

6760. This laser is a bound →  free transition and was assigned as (v' = 34, J' = 50) →
(k'',J'' = 49,51).

6761– Bound → free (excimer) laser emission, centered at about 830 nm, was obtained by
  6762. photopumping Na vapor with an N2-pumped dye laser. The emission occurs in the

827 to 832 nm region and partially resolved structure is observed. All transitions
were attributed to v' = 0.

6763– Lasing was observed in the near-infrared by pumping the 23Πu state from ground
  6764. state in the 337.0 to 342.0 nm spectral region. The Na pressure was ~ 5 Torr,

pumping threshold was ~ 70 µJ, and the divergence angle of the output radiation
was ~ 6 mr.

6765– Continuous lasing was obtained by pumping the various transitions of the C1Πu→
6766. X1Σ+

g band of the dimer with a single frequency Ar+ or Kr+ ion laser. The stated
accuracy of the wavelengths of all lasing lines is given as ± 1 nm. The length of the
heat pipe vapor zone was 15 cm. T ~ 500 °C and threshold pump powers as low as
1 mW were measured.

6767. The pump was an Ar+ ion laser having a wavelength of 351.1 nm and the
transition excited was (v',v'') = (5,11), J' = 34 → J'' = 34 (Q(34)).

6768. An Ar+ laser pumped the (6,2)R(43) transition at 333.5 nm.
6769. The Ar+ laser pump wavelength was 333.6 nm which corresponds to excitation of

the (7,2)Q(48) transition of the C1Πu → X1Σ+
g band.

6770. These lasing transitions were observed by pumping the C1Πu → X1Σ+
g

(0,6)Q(1145) transition with the 350.7 nm line from a Kr+ ion laser.
6771. Lasing was observed upon pumping the (4,1)Q(12) transition of the C1Πu →

X1Σ+
g band at 333.5 nm with a single frequency Ar+ laser.

6772. Pumping of the (1,7)P(69) transition of the C1Πu → X1Σ+
g band at 351.1 nm

with a tuned Ar+ laser resulted in lasing at this wavelength.
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6773. Pulsed oscillation on this band has also been obtained by pumping the C1Π →
X1Σ+

g transition with N2, XeF and dye lasers (cf., References 104, 105, 107).
6774– 7 Torr of rubidium vapor (corresponding to ~ 0.1 Torr of Rb dimers) and
  6776. containing sodium as an impurity (concentration unknown) was pumped by the

510.6 nm line of the copper vapor laser. Two laser lines were observed of which the
666.5 nm line was the stronger one. The observed resonance fluorescence spectrum
identified the molecule as NaRb. Although a definitive assignment was not
reported, the lasing electronic transition was believed to be D1Π (or possibly C) →
X1Σ+.

6777. (v',v'') = (3,0) to (7,0) transitions of the B → X band of S2 were pumped by a
frequency-doubled dye laser.

6778. B →  X laser transitions ranging in wavelength from ~ 370 to 490 nm were
observed upon exciting the v' = 2 → v'' = 4 line with an N2 (337.1 nm) laser.
Superfluorescence was observed on v' = 2 →  v'' = 7-11, 13-17 transitions.

6779. The B → X system (v',v'' = 4.1) was pumped by a free-running XeCl laser. The v'
= 4 state was excited directly by the excimer laser but gain was measured on the (2,
17) and (3, 18) transitions (cf. Reference 1600).

6780. The UV lines from an Ar+ laser resulted in CW oscillation on this line. The pump
wavelengths were 351.1, 351.4, 363.8, and 379.5 nm, with 90% of the overall
power contained in the 363.8 nm line.

6781– Unless indicated otherwise, all laser transitions given in this table were pumped by
  6782. exciting 80Se2 in a quartz cell with a single frequency Ar+ ion laser operating at

351.1 nm. The line excited by the pump is he (v',v'') = (11,0), P(12) transition of
the Se2 BO+

u → XO+
g band. The length of the vapor zone is ~ 7 cm and the

optimum cell temperature was ~ 380 °C.
6783. Lasing was obtained by transversely pumping the quartz cell with XeF laser (351.1

nm) radiation.
6784. For these laser lines, the pumped transition was the (13,1) R(52) line.
6785– Laser transitions in 130Te2 were pumped on BO+

u (v' = 16, J' = 37) → XO+
g (v''

  6787. L= 0, J'' = 36), and B+
u (v' = 18, J' = 173) → XO+

g (v' = 0, J'' = 172) transitions
by the 406.7 nm line of the Kr ion laser. As indicated in the table, the lasing
transitions are BO+

u (v' = 16, J' = 37) →  XO+
g (12  < v'' < 54, J'' = 36,38) or

BO+
u (v' = 18, J' = 173) →  XO+

g (24 < v'' < 55,  J'' = 172,174). The pump laser
power was 15 W and the quartz optical cell and reservoir temperatures were 700
and 570 °C, respectively. Small-signal gain coefficients were estimated to be as
large as 4% cm-1.

6788– Lasing of the AO+
u →  b1Σ+

g transition of the dimer was obtained by pumping the
  6791. LAO+

u (v' = 13, J' = 133) → XO+
g(v'' = 0, J'' = 134) transition with 0.5 W on

the 476.49 nm line of the Ar+ laser (operating single mode). Between the A →  b
and BO+

u →  b1Σ+
g transitions (latter also shown above), 13 laser lines in the 0.8

to 1.3 µ m spectral range were reported in Reference 127. All lines operated CW.
The 893 and 895 nm lines yielded output powers of 1.0 to 1.3 mW and the
threshold pumping power in each case was <140 mW. The cell and reservoir
temperatures were 700 and 650° C, respectively, and the optical cell length was 7
cm.

6792– Eleven CW laser lines between 1.059 and 1.224 µm were observed by pumping
  6794. the BO+

u (v' = 2, J' = 197) → XO+
g (v'' = 5, J'' = 198) transition at 476.49 nm or

the BO+
u (v' = 5, J' = 137) →. XO+

g (v'' = 4, J'' = 138) transition at 457.94 nm.
The maximum pump powers available were 0.5 and 0.4 W, respectively, and the
output power for each line was ~ 1.0 mW. Also, the threshold pumping powers
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were <70 and <120 mW, respectively. Other experimental parameters are given
under footnotes for the 893 and 895 nm lines.

6795. Transitions similar to those for 130Te2 but obtained with natural abundance Te2.
Once again, the pump is the 406.7 nm line of Kr2+ laser.

6796. B →  X laser transitions of 130Te128Te were obtained by pumping the molecule at
413.1 nm (Kr ion laser). The transition excited is BO+

u (v' = 14, J' = 109) →
XO+

g (v'' = 0, J'' = 110).
6797. 128Te126Te laser transitions were excited by the BO+

u (v' = 14, J '  = 115) →
XO+

g (v'' = 0, J'' = 116) transition of the dimer. The pump is the 413.1 nm line of
the Kr2+ laser.

6798. Laser transitions on the BO+
u →  XO+

g band of 128Te2 were pumped at 406.7 nm
(by a Kr2+ ion laser) which coincides with the BO+

u (v' = 16, J' = 57) → XO+
g

(v'' = 0, J'' = 56) transition.
6799. Electron beam excitation of rare gas crystals resulted in ~ 107 W of peak power

output at 172 nm. Similar experiments were carried out for Ar2 and Kr2.
6800. 400 MW of peak power was obtained by exciting Xe gas with a coaxial e-beam; the

laser was also tuned over the 170 to 176 nm interval while maintaining a peak
output power of 1 MW and a spectral width (FWHM) of 0.1 nm.

6801– Mixtures of Cl2/Xe/N2 (1:250:250; total pressure 2 atm) were photoexcited by the
  6802. radiation from an open current discharge (tungsten wire exploding in the gas

mixture ~ 1 cm from the resonator axis). The length of the active medium was 80
cm and output pulses were ~ 3 µs in length. The lasing wavelengths (520 to 530
nm) lie slightly to the red of those observed when Xe2Cl is pumped by an e-beam
(see CRC Handbook of Laser Science and Technology, Vol. II, for further
References).

6803. The addition of N2 to an electron beam-excited mixture composed of Ar, Xe, and
CCl4 yielded a threefold increase in the laser output power. The optimum N2
partial pressure was found to be 200 Torr.

6804– A high power, optically pumped XeF (B→X) laser was demonstrated by photodis-
  6805. sociating XeF2 with the VUV radiation produced by sliding (surface) discharges.

The gas mixture was composed of 450 Torr Ar, 50 Torr N2, and 12 Torr XeF2.
Eight J, 5 µs pulses were obtained, yielding an average intensity of 130 kW cm-2.

6806– Lasing at 353 nm was observed upon photodissociating KrF2/Xe/N2/Ar mixtures
  6807. (KrF2:Xe:N2:Ar = 4:6:160:1500 Torr) with the VUV radiation from an exploding

tungsten wire of 78 cm length. Output energies of 1 µ J  in 0.5 µs pulses were
reported (cf. Reference 1608).

6808– 14.5 J laser pulses were measured on the ZeF(B →  X) band when XeF2/N2/Ar gas
  6809. mixtures (XeF2:N2:Ar = 3.4:311:1000 Torr) were excited optically by two 75 cm

long exploding tungsten wires. The maximum measured instantaneous efficiency
was 0.8%. For a XeF2:N2Ar = 9.0:311:1000 Torr mixture, single pulse energies
as high as 28 J were obtained, which correspond to a specific output energy of 18 J
l-1 and a maximum efficiency of 0.55%.

6810– Mixtures of Xe and F2 (1% of each) dissolved in liquid argon were optical pumped
  6811. (transversely) at 351 nm, resulting in stimulated emission at 404 nm. The output

energy was measured to be ~ 70 µ J in a 5-ns FWHM pulse. The small-signal gain
coefficient was ~ 26% cm-1 and the spectral bandwidth of the output radiation was
~ 60cm-1.

6812– Since early work referenced in CRC Handbook of Laser Science and Technology,
  6814. Vol. II, lasing on the C →  A band of XeF in the blue-green has also been achieved

in transverse discharges. Peak gain was measured for gas mixtures consisting of 3
atm He, 3 Torr Xe and 2 Torr NF3 and lasing occurred over the ~ 470-510 nm
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region. Intracavity absorption due to several gaseous species is clearly evident in
the laser spectrum. Output energies of 50 µJ in ~ 70 ns FWHM pulses were
obtained and peak gain coefficients of 0.8 to 1.0% cm-1 were measured. References
1611, 1612.

6815– Tailoring the gas mixture so as to reduce excited state absorption has significantly
  6816. improved the performance of the e-beam pumped XeF (C →  A) laser. The use of

F2/NF3 mixtures rather than F2 as the fluorine donor alone, for example, raised the
volumetric energy extraction for the device from 2 X 10-3 J l-1 to 100 mJ l-1 (cf.
Reference 1613).

6817– The performance of the XeF (C →  A) laser (e-beam pumped) was further improved
  6819. by the addition of Kr to Ar/Xe/NF3/F2 gas mixtures. References 1515, 1614, 1615,

1616.
6820– Long pulse operation of the XeF (C →  A) laser was demonstrated by electron beam
  6821. pumping of Ar/Kr/Xe/NF3/F2 gas mixtures at moderate pump rates (~ 250

kW/cm3). One joule, 400 ns pulses were obtained at an intrinsic efficiency of 0.7%.
Reference 1516.

6822– 14.5 J blue-green pulses of 1.8 µs (FWHM) duration were obtained by photoexcit-
  6823. ing XeF2/N2/Ar gas mixtures (XeF2:N2:Ar = 3.4:311:1000 Torr) with VUV

radiation from two exploding tungsten wires. The output energy was 10 J l-1, the
maximum instantaneous efficiency was ~ 1%, and the cavity output coupling 6%.
The resonator diameter was 5.4 cm and the peak output power recorded was 8 MW
(cf. Reference 1609).

6824– A surface discharge having an active length >1 m was employed to optically pump
  6825. aXeF2/N2/Kr gas mixture (composition - XeF2:N2:Kr = 1:100:300, Ptotal = 1.1

atm). With an active length of 1.5 m, 45 J/pulse was obtained in the visible,
corresponding to a specific output energy of 5 J l-1. The optical aperture for this
laser was 10 cm, the laser pulse width was ~ 5 µs FWHM and the energy
conversion efficiency exceeded 5% (cf. Reference 1517).

6826– Lasing was obtained in a UV-preionized, transverse discharge in a mixture of Ne (2
  6827. to 3.5 atm), 10 to 15 Torr Xe, and 3.5 Torr NF3. The laser cavity was formed by

two mirrors (99.5 and 97.5% reflectivities) separated by 60 cm. Peak lasing was
observed at ~ 600 nm and the FWHM of the spectrum was ~ 20 nm. With
increasing Ne pressure, the Xe2F fluorescence spectrum shifts to the red (from
λpeak ~ 600 nm at 1 atm to 615 nm for pNe = 6 atm).

6828– Irradiating mixtures of Xe and N2O (or CO2) in liquid Ar with a relativistic e-beam
  6829. yielded lasing a 547 nm from XeO. The gain coefficient was estimated to be ~23%

cm-1 with an output coupling of 88%, 0.1 mJ of energy.
6830– Lasing on the B →  X band of ZnI was demonstrated by photodissociating ZnI2 or
  6831. 64ZnI2 with an ArF laser. The natural abundance ZnI spectrum was dominated by

lines at 602.5 and 603.1 nm whereas for 64ZnI the most intense transition was
further to the red (λ = 603.9 nm). The ZnI photodissociation laser efficiency
doubled with the use of the isotopically enriched salt.

6832. Gain on the orange ZnI band was measured in a UV-preionized, transverse
discharge having an active length of 13 or 25 cm. Peak gain was found to be ~
0.7% cm-1 at 603 nm in He/N2/ZnI2 vapor discharges. References 1521, 1522.

6833. Observed in a chemical laser with H2 injection into a flowing mixture of discharge
dissociated He-020-SF6. The maximum CW output power obtained is 56 W.
Reference 1624.

6834. Observed in a chemical laser with H2 injection into a flowing mixture of discharge
dissociated He-020-SF6. The maximum CW output power obtained is 56 W.
Reference 1645.
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6835. Observed in a pin discharge chemical laser containing SF6 and HBr. Reference
1638.

6836. Observed in a mixture of SF6,  H2S, and He excited by a longitudinal pulse
discharge. Reference 1639.

6837. The laser lines in these bands are not new. However, compared to the old list in
CRC Handbook of Laser Science and Technology, Vol. II, their frequencies are
given here with an order of magnitude improvement in precision. Reference 1640.

6838. Observed in CO2-Ne6 and CO2-Ar7 gas dynamic lasers. The output power was 6
W-cw. Reference 1642.

6839. The laser lines in these bands are not new. However, compared to the old list in
CRC Handbook of Laser Science and Technology, Vol. II, their frequencies are
given here with an order of magnitude improvement in precision. Reference 1640.

6840. Observed in a grating tuned longitudinal discharge laser. The sealed gain tube was
cooled to -60° C and contained a mixture of CO2-N2-Xe-He-H2. Reference 1640.

6841. The laser lines in these bands are not new. However, compared to the old list in
CRC Handbook of Laser Science and Technology, Vol. II, their frequencies are
given here with an order of magnitude improvement in precision. Reference 1640.

6842– Observed in a compound cavity Q-switched laser with simultaneous output in the
  6843. 0002 →  1001 sequence band. The laser cavity contains a sealed gain tube filled

with a mixture of He-N2 C13O162-Xe and an absorption cell filled with hot
C13O162. References 1643, 1644.

6844. Observed in a grating tuned longitudinal discharge laser. The sealed gain tube was
cooled to -60° C and contained a mixture of CO2-N2- Xe-He-H2. Reference 1640.

6845. These laser lines are not new. However, compared to the old list in CRC
Handbook of Laser Science and Technology, Vol. II, their frequencies are given
here with an order of magnitude improvement in precision. Reference 1640.

6846. Observed in a sealed longitudinal discharge laser using a He-N2-C13O216 -H2
mixture. Reference 1625.

6847. Observed in a CO2 laser optically pumped by a pulsed HF laser. Reference 1626.
6848. Observed in a grating tuned longitudinal discharge laser. The sealed gain tube was

cooled to -60 °C and contained a mixture of CO2-N2-Xe-He-H2. Reference 1640.
6849. Observed in a longitudinal discharge laser using a mixture of C13O2

18 -N2-Xe-He-
H2 cooled to -60 °C; see References 1298 and 1313.

6850. These lines are not new. However, compared to the old list in CRC Handbook of
Laser Science and Technology, Vol. II, their frequencies are given here with an
order of magnitude improvement in precision. Reference 1640.

6851. The laser lines in these bands are not new. However, compared to the old list in
CRC Handbook of Laser Science and Technology, Vol. II, their frequencies are
given here with an order of magnitude improvement in precision.

6852. The laser lines in these bands are not new. However, compared to the old list in
CRC Handbook of Laser Science and Technology, Vol. II, their frequencies are
given here with an order of magnitude improvement in precision. Reference 1640.

6853. The data for these lines were in error in CRC Handbook of Laser Science and
Technology, Vol. II, due to misalignments in the table.

6854. Optically pumped by 1-5J pulses from a CO2 laser operating in the 0001 →  0200
band. The CO2 lines are identified in the remarks column. Also given is the
relative polarization between the pump and the output beams. Reference 1627.

6855. Parallel polarization, R(28).
6856. Parallel polarization, P(4).
6857. Perpendicular polarization, P(14).
6858 Perpendicular polarization, P(4).
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6859. Parallel polarization, P(14).
6860. Parallel polarization, P(4).
6861. Parallel polarization, R(28).
6862 R(32).
6863. Parallel polarization, R(12).
6864. Parallel polarization, P(12).
6865. Perpendicular polarization, R(12).
6866. P(46).
6867. Parallel polarization, P(18).
6868. Parallel polarization, P(12).
6869. Parallel polarization, P(12).
6870– Optically pumped by 2 J pulses from a CO2 laser operating on the R(12 ) line of
  6871. the 0001 →  0200 band. The gas cell containing a C2D2-He mixture is cooled to

238 K and below. Reference 1628.
6872. Observed in NH3 optically pumped simultaneously by the 10.74 µm, P(34) line

and the 10.57 µm, P(18) line of TEA CO2 lasers. References 1203, 1204.
6873. Observed in cooled NH3-N2 and NH3-Ar mixtures optically pumped by a cw CO2

laser operating on the 9.22 µm, R(30) line and frequency shifted by acoustooptic
modulators. Reference 1629.

6874. Observed in a NH3-N2 mixture optically pumped by a cw CO2 laser operating on
the 9.22 µm, R(30) line and frequency shifted by acoustooptic modulator.
References 1630, 1629.

6875. Observed in NH3 optically pumped simultaneously by the 9.34 µm, R(8) line and
the 10.63 µm, P(24) line of TEA CO2 lasers. Reference 1631.

6876. Observed in NH3 optically pumped simultaneously by the 10.72 µm, P(32) line
and the 9.59 µm, P(24) line of TEA CO2 lasers. Reference 1631.

6877. Observed in a NH3-N2 mixture optically pumped simultaneously by the 9.22 µm,
R(30) line and the 9.59 µm, P(24) line of TEA CO2 lasers. Reference 1632.

6878. Observed in NH3 optically pumped by a TEA CO2 laser operating on the 9.29
µm, R(16) line. Reference 1633.

6879. Observed in NH3 optically pumped by a TEA CO2 laser operating on the 10.63
µm, P(24) line. Reference 1634.

6880. Observed in NH3 optically pumped by a TEA CO2 laser operating on the 9.57
µm, P(22) line. Reference 1634.

6881. Observed in NH3 optically pumped by a TEA CO2 laser operating on the 9.25
µm, R(24) line. Reference 1634.

6882. Observed in dry-ice cooled N15H3-N2 mixture optically pumped by a cw CO2
laser operating on the 10.11 µm, R(42) line. Reference 1629.

6883. Observed in a mixture of N15H3-N2 optically pumped by a pulsed CO2 laser
operating on the 9.33 µm, R(10) line. Reference 1635.

6884. Observed in dry-ice cooled N15H3 optically pumped by a cw CO2 laser operating
on the 9.38 µm, R(7) sequence line. Reference 1629.

6885. Observed in N15H3 optically pumped by a TEA CO2 laser operating on the 9.15
µm, R(14) line. Reference 1636.

6886. Observed in CH3CCH (propyne, methylacetylene) optically pumped by a TEA
CO2 laser operating in the 0001 →  1000 band. The specific CO2 laser lines are
identified in the comments. Reference 1637.

6887. 10P24 CO2 laser line.
6888. 10R8 CO2 laser line.
6889. 10P18 CO2 laser line.
6890. 10P14 CO2 laser line.
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6891. 10R18 CO2 laser line.
6892. 10R8 CO2 laser line.
6893. 10R32 CO2 laser line.
6894. 10P14 CO2 laser line.
6895. Excitation by third harmonic of a Nd laser (355 nm). Buffer gas: ether; temperature

of vapor: ~200ºC; pressure ~35 atm.
6896. 140 mW of CW output power was obtained by exciting silver metal vapor and He

with dual electron guns. The threshold electron beam current for laser oscillation
was 45 mA and a magnetic field (≤ 3.5 kG) confined the electron beam. The silver
vapor pressure was ~75 mtorr and the optimal magnetic field strength was ~2.8 kG.

6897. The 2s4p1Po ← 2s2 1S transition of doubly ionized carbon is resonantly pumped
by 310 Å radiation from Mn VI ions formed in a laser-produced Mn plasma. CO2
laser pulses (15 J, 50 ns) both generate the Mn plasma and trigger the vacuum arc
discharge that produces the carbon ions. Gain on the 216.3 and 217.7 nm
transitions was evident when an optical cavity was installed.

6898. Stimulated emission on the n = 3 → n = 2 (Balmer-α) transition of hydrogen was
generated in a low pressure flame by exciting the two photon 3S,D ← 1S transition
of the atom at 205 nm. Pumping threshold for the oscillator occurred at ~ 150
µJ/pulse and the red beam was visible to the eye.

6899. The 205 nm pump beam can serve to both produce H atoms by photodissociation
of H2S and pump the two photon n = 3 ← n = 1 transition. An injection-locked
ArF laser, Raman shifted in D2 (at 3 atm), produced the 5 mJ pump pulses. The
red laser output energy was increased by more than a factor of two by adding ~ 100
Torr of helium to (typically) 700 mtorr of H2S.

6900. Amplified spontaneous emission was observed when flat aluminum targets were
irradiated by a focussed ArF excimer (193 nm) laser beam. The pump energy
ranged from 450 to 600 mJ/pulse and the presence of 5x1018  –  1019  cm-3 of
background H2 was determined to be necessary for amplification. The
characteristics of the system point to photoionization, followed by recombination in
the expanding plasma as the dominant pumping processes.

6901. Upon pumping potassium dimers produced in a supersonic jet with a CW dye laser
tuned to the Q (11) transition of the K2 B1∏u (v'=8) ← X 1∑+

g (v"=0) band at
627.298 nm, lasing was observed on several B → X transitions in the red.
Strongest emission was obtained on the v'=8 → v"=16 line at 686.9 nm with a
folded, four-mirror optical cavity (output coupling of 2%). The highest power
outputs and lowest pump threshold (< 1 mW) were observed for an oven
temperature of 848 K.

6902. Amplified spontaneous emission (ASE) on several vibrational transitions of the
NaK (D → X) band was observed by pumping a mixture of Na and K vapor in a
heat pipe with the 510.6 nm line of a 10 W copper vapor laser. The green line of
the pump laser overlaps the D ← X absorption band and strong ASE on several
D1∏  → X1∑+ (v'=0 → v"=9-19) transitions was observed. Output intensity peaked
at ~ 542 nm (v'=0 → v"=14) for an oven temperature of approximately 700 K.

6903. Stimulated emission in the deep red was obtained by photoexciting mixtures of
sodium and potassium metal vapors with a tunable dye laser. The authors attribute
the pumping process to excitation of the B1∏  ← X1∑+ transition of the
heteronuclear NaK molecule, followed by collisional transfer to the K(42P) states
and culminated by photoexcitation of the K 52D and 72S states. Pumping
resonances were observed at 578.2 nm (72S ← 42P1/2), 580.2 nm (72S ← 42P3/2),
and 583.2 nm (52D ← 42P3/2).
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6904. The B' 2∆ (v'=3) ← X2∏  (v'=0), Q11  (7(1/2)) transition of NO was pumped by an
F2 laser (158 nm, 30 mJ/pulse). The mismatch between the F2 laser wavelength
and the absorption line (0.3-0.4 cm-1) was offset by Zeeman shifting NO lines into
resonance with a pulsed, 1.3 T magnetic field. For an NO pressure of 20 mb, the
NO laser output energy was measured to be 87 µJ.

6905. Amplification was observed on the indicated transitions by vaporizing a portion of
a flat nickel plate with an XeCl laser and near-resonantly exciting Ni atoms with a
time-delayed N2 laser (337 nm) pulse. The pumping laser (N2) energy fluence was
0.9 mJ/cm2 and the maximum gain coefficients recorded were 0.65 dB - cm-1 (347
nm) and 1.03 dB - cm-1 (381 nm).

6906. Stimulated emission was observed in double optical pulse experiments in which an
initial laser pulse (either N2, 337 nm, or XeCl, 308 nm) produced Ti vapor from a
flat metal target. A second laser beam (either from an N2 or pulsed dye laser), time-
delayed with respect to the first pulse by 5-50 µs, pumped the upper laser level.
The optical cavity consisted of a high reflector and an output coupler having a
reflectivity between 6 and 97%. Maximum output pulse energies (on the green line)
of 100 nJ were obtained for an output coupling of 74%, a pumping laser fluence of
0.9 mJ - cm-2, and a time delay between the two laser pulses of 20 µs. Peak
population inversions of ~ 1.5 x 1011  cm-3 were reported in Reference 25 for the
551.4 nm transition.

6907. When an Nd:YAG laser pulse (14 J) is used to produce Ti vapor from the target,
six new laser transitions are observed (431.5, 471.0, 472.3, 547.4, 551.3, and
551.45 nm) - Reference 113. With no He buffer, oscillation is observed on the
551.44, 472.3 and 471.0 nm lines but obtaining stimulated emission at the other
wavelengths requires the addition of 5 to ~ 60 Torr He. The output laser pulse
widths are ~ 3 ns (FWHM).

6908. Vanadium vapor was produced by irradiating a flat V target with a 2.2 J Nd:YAG
laser pulse. A time-delayed XeCl (308 nm) pulse photoexcites ground state V
atoms to the upper laser level (4p 4F0

7/2). The temporal width of the violet laser
output pulse is 4 ns and the peak power was measured to be ~ 1 W.

6909. Lasing was obtained by first irradiating a tantalum plate with a 2J Nd:YAG pulse
and subsequently exciting the metal vapor with KrF laser photons (248 nm, 10
mJ/pulse). Under these conditions, gain coefficients for the transitions listed above
ranged from 9 to 35% - cm-1. The maximum output power recorded (all lines) was
48 W for a He buffer gas pressure of 2.5 Torr.

6910. Stimulated emission on four transitions of the B3∑- (v'=0) → X3∑- (v") band was
observed at wavelengths in the 300-350 nm interval. Ground state SO was
generated by photodissociating SO2 with ArF laser pulses (193 nm, typically 40
mJ/pulse). Subsequent photoexcitation of the SO B3∑- (v'=0) ← X3∑- (v"=2)
transition with a frequency-doubled dye laser results in gain coefficients of 5-6%/cm
on the B → X (v'=0 → v"=8-11) transitions. Peak output power was measured to
be 1.6 W (with 30% output coupling) or single pulse energies of 8-16 nJ. The
optimal SO2 pressure was ~ 2 Torr.

6911. Flat indium targets were irradiated by a focussed excimer laser beam (ArF, 193
nm). Amplified spontaneous emission in the blue was observed with ~ 1019  cm-3

of background H2.
6912. Stimulated emission was observed in a pulsed longitudinal discharge (50 cm in

length, 3 mm dia.) in O2/He gas mixtures. Peak current was ~ 2.5 kA and the
pulse width was ~ 1 µs. Typical gas fill pressures were 5 x 10-3 - 10-2 Torr and
0.1-1 Torr of O2 and He, respectively. All of the transitions were pumped by
recombination and had previously been observed to lase by W. B. Bridges and A.
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N. Chester [Appl. Opt. 4, 573 (1965)] when the upper laser levels were pumped by
electron impact ionization.

6913. Eighteen transitions of atomic thulium were observed to lase in a pulsed discharge.
Many of the lines had been reported previously but three new transitions were
recorded when the BeO discharge tube temperature was in the 800-1250 °C range
which correlates with a thulium vapor pressure of 4 x 10-3 to 6 Torr. For all
measurements, 0.5 to 10 Torr of He was also present. Pulse widths were typically
10-15 ns FWHM (Reference 1785).

6914. In addition to the transitions indicated above, lasing was observed on the 1448 nm
line of neutral Tm when TmBr3 vapor was dissociated in a pulsed discharge (cf.
Reference 1786).

6915. A mixture of Ar and NF3 was pumped longitudinally by a 150 keV electron beam.
The beam current density was varied between 0.1 and 0.5 kA - cm-2 and the active
length of the laser was 50 cm. The optimal gas mixture was determined to be 10%
NF3 in Ar and an Ar pressure of ~ 90 Torr. Peak output power was ~ 2.5 W and
the laser pulse width was 18 ns (FWHM).

6916. Cs2 dimers produced in a heat pipe were irradiated with a pulsed 476 nm dye laser
beam which photoexcited the E 1∑+

u   ← X 1∑+
g   band of the molecule.

Predissociation of the E 1∑+
u   state resulted in lasing on the 5 2D3/2 → 6 2P1/2

line of the atom (λ = 3.01 µm). Also, collisionally induced dissociation of the E
state (i.e., Cs2* (E) + Cs (6S) → Cs2 (X 1∑+

g  ) + Cs* (7S)) populates the 7 2S1/2
state of Cs and results in stimulated emission on the 7 2S1/2 → 6 2P3/2 transition
at 1.47 µm. Peak 1.47 µm output was obtained for a pump laser wavelength of ~
477 nm while, for 3.01 µm output, the optimal pump wavelength was ~ 475 nm.
The Cs vapor pressure in the heat pipe was typically 6-10 Torr and the maximum
pulse energy obtained at 3.01 µm was 0.5 mJ. The threshold pump energy was
approximately 10 µJ/pulse.

6917. In addition to the previously reported 3 3S → 2 3P transition at 706.5 nm, lasing
was obtained at 667.8 and 728.1 nm in a pulsed discharge between two cylindrical
electrodes mounted in a coaxial configuration. The active length of the discharge
was 40 cm and discharging a capacitor (V = 1-6 kV) across the electrodes produced
100-140 A pulses that were 0.5-1 µs in duration (FWHM). The optimal He/H2 gas
mixture was found to be a total pressure of 8 Torr and a He:H2 ratio of 2:1. For a
pulse repetition frequency of 1 kHz, the energy per pulse emitted by all lines
(667.8, 706.5, and 728.1 nm) was 50 µJ and the gain was measured to be 1% -
cm-1.  The laser pulse width was 3-4 µs FWHM.

6918. Lasing was obtained on the B → X band of the heteronuclear upon optically
pumping IF molecules in the ground state that were produced by a chemical
reaction chain that was triggered by ultraviolet photolysis of NF2 radicals of 264
nm. The gas mixture was composed of CF3I, N2F4 and He and the optical cell
was heated to 170°C so as to thermally dissociate N2F4 to yield NF2. Iodine
monofluoride molecules in the ground state (X 1∑+) were produced by the reactions
following the photodissociation of NF2 (to produce F atoms). A time-delayed dye
laser pulse then pumped IF(X) to v'=5 of the B state. For He partial pressures
between 3 and 30 Torr, lasing on the B → X band of IF occurred exclusively from
the v'=5 state. For PHe = 70-100 Torr, stimulated emission was also observed from
the v'=0 and 1 levels and, in particular, lasing was recorded on the P (14) - P (40)
and R (14) - R (37) lines of the v'=0 → v"=4 - 6 bands. For He pressures above
450 Torr, lasing was also observed at 603.11, 624.93 and 648.12 nm. With 300
Torr of He in the gas mixture, the lasing spectrum was tuned with an intracavity
prism over the following bands: v'=0 → v"=3 (585 nm) 0 → 4 (605 nm), 0 → 5
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(625 nm), 0 → 6 (650 nm) and 0 → 7 (675 nm). Pulse energies of 0.2 mJ were
obtained on the v'=0 → v"=4 - 6 bands (all lines) for a pump energy of 0.2 J (1.6
µs pulse width [FWHM]).

6919. By photodissociating PbI2 at 405.8 nm, stimulated emission was observed on the
3P1 → 1D2 transition of atomic lead. The pump pulse energy and pulse width were

1 mJ and 20 ns, respectively. Maximum pulse energy at 722.9 nm was obtained for
PbI2 number densities of 1-5 x 1016 cm-3 which correspond to source temperatures

of ~ 500-540 °C. Output pulse energies of 0.4 mJ were obtained for pumping
energies of 15 mJ for a conversion efficiency of 4%.

6920. Direct photoionization.
6921. Resonance excitation followed by photoionization.
6922. Photoionization with shakeup.
6923. Photoionization then Auger decay.
6924. Collisions with photoelectrons.
6925. This laser transition reaches saturation before it achieves this gain.
6926. High-gain VUV laser.
6927. In Reference 1790 cw laser oscillation was obtained in a neon-silver vapor mixture

excited by glow discharge electon beam. Output power was 14 mW using a
nonoptimized optical cavity.

6928. In Reference 1790 cw laser oscillation was obtained in a neon-silver vapor mixture
excited by glow discharge electon beam. Output power was 60 mW using a
nonoptimized optical cavity.

6929. Electric discharge pumped.
6930. CO2 laser pump line 9R28.
6931. CO2 laser pump line 9R40.
6932. CO2 laser pump line 9R14
6933. CO2 laser pump line 9R26.
6934. CO2 laser pump line 9R18.
6935. CO2 laser pump line 9R08.
6936. CO2 laser pump line 9P08.
6937. CO2 laser pump line 10P30.
6938. CO2 laser pump line 9P16.
6939. CO2 laser pump line 10R34.
6940. CO2 laser pump line 9R22.
6941. Sequence band CO2 pump laser.
6942. CO2 laser pump line 9P40.
6943. CO2 laser pump line 9P26.
6944. CO2 laser pump line 9P32.
6945. CO2 laser pump line 9P22.
6946. CO2 laser pump line 9R04.
6947. CO2 laser pump line 9P34.
6948. CO2 laser pump line 9R12.
6949. Molecule may have been partially deuterated, i.e., CH3NHD or CH3ND2.
6950. See Reference 1819.
6951. See Reference 1818.
6952. See Reference 1815.
6953. See Reference 817.
6954. See References 1640 and 1816.
6955. See References1307 and  1816.
6956. See Reference 1307.
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6957. See Reference 1816.
6958. See Reference 18179.
6959. Observed in an electric discharge; see Reference 1255.
6960. Observed in an electric discharge; see Reference 1183.
6961. See References 1640 and 1816 for present values.
6962. See Reference 1820.
6963. See References 1335 and 1820.
6964. See Reference 1834.
6965. See Reference 1834.
6966. See References 1334 and 1820.
6967. Pulsed laser excitation at 343.6 nm; coherent emission is reported without need of

a cavity. Gas pressure ranged from 350 to 450 mtorr.
6968. Observed in an electric discharge; see Reference 1618.
6969. Observed in an electric discharge; see Reference 1713.
6970. Relative polarization: perpendicular.
6971. Relative polarization: parallel.
6972. CO2 laser pump line 9R24.
6973. CO2 laser pump line 9R12.
6974. CO2 laser pump line 10R34.
6975. CO2 laser pump line 10R28.
6976. CO2 laser pump line 10R26.
6977. CO2 laser pump line 10R24.
6978. CO2 laser pump line 10R22.
6979. CO2 laser pump line 10R20.
6980. CO2 laser pump line 10R18.
6981. CO2 laser pump line 10R16.
6982. CO2 laser pump line 10R14.
6983. CO2 laser pump line 10R12.
6984. CO2 laser pump line 10R10.
6985. CO2 laser pump line 10R08.
6986. CO2 laser pump line 10R06.
6987. CO2 laser pump line 10P12.
6988. CO2 laser pump line 10P16.
6989. CO2 laser pump line 10P30.
6990. CO2 laser pump line 10P32.
6991. CO2 laser pump line 10P34.
6992. CO2 laser pump line 10P42.
6993. CO2 laser pump line 10P56.
6994. CO2 laser pump line 9P18.
6995. CO2 laser pump line 9P14.
6996. CO2 laser pump line 9P22.
6997. CO2 laser pump line 9R18.
6998. CO2 laser pump line 9R20.
6999. CO2 laser pump line 9R24.
7000. CO2 laser pump line 10P44.
7001. CO2 laser pump line 10HP19.
7002. CO2 laser pump line 9P22.
7003. CO2 laser pump line 9P34.
7004. CO2 laser pump line 10R20.
7005. CO2 laser pump line 10R12.
7006. CO2 laser pump line 10SR11.
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7007. CO2 laser pump line 10R28.
7008. CO2 laser pump line 10R24.
7009. CO2 laser pump line 10R22.
7010. CO2 laser pump line 10R20.
7011. CO2 laser pump line 10R16.
7012. CO2 laser pump line 10R14.
7013. CO2 laser pump line 10R10.
7014. CO2 laser pump line 10P10.
7015. CO2 laser pump line 10P14.
7016. CO2 laser pump line 10P18.
7017. CO2 laser pump line 10P20.
7018. CO2 laser pump line 10P22.
7019. N2O laser pump line 10R38.
7020. N2O laser pump line 10R36.
7021. N2O laser pump line 10R25.
7022. N2O laser pump line 10R24.
7023. N2O laser pump line 10R04.
7024. N2O laser pump line 10P11.
7025. N2O laser pump line 10R15; different N2O laser frequency offset from line center.
7026. N2O laser pump line 10R15; different N2O laser frequency offset from line center.
7027. N2O laser pump line 10P16.
7028. N2O laser pump line 10P24.
7029. N2O laser pump line 10P26.
7030. N2O laser pump line 10P29.
7031. N2O laser pump line 10P30.
7032. N2O laser pump line 10P34.
7033. N2O laser pump line 10P34
7034. N2O laser pump line 10P32.
7035. N2O laser pump line 10P45.
7036. CO2 laser pump line 9R60.
7037. CO2 laser pump line 9R58.
7038. CO2 laser pump line 9R56.
7039. CO2 laser pump line 9R54.
7040. CO2 laser pump line 9R52; different laser frequency offsets.
7041. CO2 laser pump line 9R50.
7042. CO2 laser pump line 9R48.
7043. CO2 laser pump line 9SR05.
7044. CO2 laser pump line 9R02.
7045. CO2 laser pump line 9HP16.
7046. CO2 laser pump line 9R38.
7047. CO2 laser pump line 9P10.
7048. CO2 laser pump line 9P12.
7049. CO2 laser pump line 9P16.
7050. CO2 laser pump line 9P38.
7051. CO2 laser pump line 9P38.
7052. CO2 laser pump line 10R18.
7053. CO2 laser pump line 10R34.
7054. CO2 laser pump line 10P08.
7055. CO2 laser pump line 9P24.
7056. CO2 laser pump line 9P30.
7057. CO2 laser pump line 9P38.
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7058. CO2 laser pump line 9R34.
7059. CO2 laser pump line 9R32.
7060. CO2 laser pump line 9R30.
7061. CO2 laser pump line 9R28.
7062. CO2 laser pump line 9R26.
7063. CO2 laser pump line 9R24.
7064. CO2 laser pump line 9R20.
7065. CO2 laser pump line 9R18.
7066. CO2 laser pump line 9R18.
7067. CO2 laser pump line 9R10.
7068. CO2 laser pump line 9P10.
7069. CO2 laser pump line 9P12.
7070. CO2 laser pump line 9P14.
7071. CO2 laser pump line 9P16.
7072. CO2 laser pump line 9P22.
7073. CO2 laser pump line 9P24.
7074. CO2 laser pump line 9P32.
7075. CO2 laser pump line 9P40.
7076. CO2 laser pump line 9P48.
7077. CO2 laser pump line 10R46.
7078. CO2 laser pump line 10R40.
7079. CO2 laser pump line 10R36.
7080. CO2 laser pump line 10R28.
7081. CO2 laser pump line 10P08.
7082. CO2 laser pump line 10P42.
7083. CO2 laser pump line 10R22.
7084. CO2 laser pump line 10R18.
7085. CO2 laser pump line 10R16.
7086. CO2 laser pump line 10R14.
7087. CO2 laser pump line 10R12.
7088. CO2 laser pump line 10R10.
7089. CO2 laser pump line 10R08.
7090. CO2 laser pump line 10R06.
7091. CO2 laser pump line 10R04.
7092. CO2 laser pump line 10R02.
7093. CO2 laser pump line 10P06.
7094. CO2 laser pump line 10P10.
7095. CO2 laser pump line 10P12.
7096. CO2 laser pump line 10P14.
7097. CO2 laser pump line 10P18.
7098. CO2 laser pump line 10P20.
7099. CO2 laser pump line 10P22.
7100. CO2 laser pump line 10P10.
7101. CO2 laser pump line 10P12.
7102. CO2 laser pump line 10P18.
7103. CO2 laser pump line 10P30.
7104. CO2 laser pump line 10P36.
7105. CO2 laser pump line 10P22.
7106. CO2 laser pump line 10P24.
7107. CO2 laser pump line 10P16.
7108. CO2 laser pump line 10P36.
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7109. CO2 laser pump line 10P20.
7110. CO2 laser pump line 10R26.
7111. CO2 laser pump line 10R12.
7112. CO2 laser pump line 10P12.
7113. CO2 laser pump line 9R24.
7114. CO2 laser pump line 9P18.
7115. CO2 laser pump line 9R38.
7116. CO2 laser pump line 9R30.
7117. CO2 laser pump line 9R28.
7118. CO2 laser pump line 9R08.
7119. CO2 laser pump line 9P08.
7120. CO2 laser pump line 9P20.
7121. CO2 laser pump line 9P28.
7122. CO2 laser pump line 9P34.
7123. CO2 laser pump line 10R22.
7124. CO2 laser pump line 10R12.
7125. CO2 laser pump line 10R10.
7126. CO2 laser pump line 10R08.
7127. CO2 laser pump line 10R06.
7128. CO2 laser pump line 10R04.
7129. CO2 laser pump line 10P06.
7130. CO2 laser pump line 10P08.
7131. CO2 laser pump line 10P32.
7132. CO2 laser pump line 10P36.
7133. CO2 laser pump line 10P42.
7134. CO2 laser pump line 10P46.
7135. CO2 laser pump line 10P04.
7136. CO2 laser 10P pump band; resonance pump transition PP6(41).
7137. CO2 laser 10P pump band; resonance pump transition PP6(38).
7138. CO2 laser 10P pump band; resonance pump transition PP6(37).
7139. CO2 laser 10P pump band; resonance pump transition PP6(35).
7140. CO2 laser 10P pump band; resonance pump transition PP6(34).
7141. CO2 laser 10P pump band; resonance pump transition PP6(32).
7142. CO2 laser 10P pump band; resonance pump transition PP6(31).
7143. CO2 laser 10P pump band; resonance pump transition PP6(29).
7144. CO2 laser 10P pump band; resonance pump transition PP6(28).
7145. CO2 laser 10R pump band; resonance pump transition PP2(41).
7146. CO2 laser 10R pump band; resonance pump transition PP3(33).
7147. CO2 laser 10R pump band; resonance pump transition PP3(32).
7148. CO2 laser 10R pump band; resonance pump transition PP3(31).
7149. CO2 laser 10R pump band; resonance pump transition PP3(29).
7150. CO2 laser 10R pump band; resonance pump transition PP3(28).
7151. CO2 laser 10R pump band; resonance pump transition PP3(26).
7152. CO2 laser 10R pump band; resonance pump transition PP3(25).
7153. CO2 laser 10R pump band; resonance pump transition PP2(32).
7154. CO2 laser 10R pump band; resonance pump transition PP3(24).
7155. CO2 laser 10R pump band; resonance pump transition PP2(31).
7156. CO2 laser 10R pump band; resonance pump transition PP1(37).
7157. CO2 laser 9P pump band; resonance pump transition RR0(27).
7158. CO2 laser 9P pump band; resonance pump transition RR1(36).
7159. CO2 laser 9P pump band; resonance pump transition RR1(37).
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7160. CO2 laser 9P pump band; resonance pump transition RR0(29).
7161. CO2 laser 9P pump band; resonance pump transition RR0(30).
7162. CO2 laser 9P pump band; resonance pump transition RR0(32).
7163. CO2 laser 9P pump band; resonance pump transition RR1(23).
7164. CO2 laser 9P pump band; resonance pump transition RR0(33).
7165. CO2 laser 9P pump band; resonance pump transition RR0(34).
7166. CO2 laser 9P pump band; resonance pump transition RR1(35).
7167. CO2 laser 9P pump band; resonance pump transition RR1(26).
7168. CO2 laser 9P pump band; resonance pump transition RR0(36).
7169. CO2 laser 9P pump band; resonance pump transition RR0(27).
7170. CO2 laser 9P pump band; resonance pump transition RR0(37).
7171. CO2 laser 9P pump band; resonance pump transition RR1(29).
7172. CO2 laser 9P pump band; resonance pump transition RR0(39).
7173. CO2 laser 9R pump band; resonance pump transition RR3(35).
7174. CO2 laser 9R pump band; resonance pump transition RR3(36).
7175. CO2 laser 9R pump band; resonance pump transition RR3(36).
7176. CO2 laser 9R pump band; resonance pump transition RR3(37).
7177. CO2 laser 9R pump band; resonance pump transition RR3(38).
7178. CO2 laser 9R pump band; resonance pump transition RR2(29).
7179. CO2 laser 9R pump band; resonance pump transition RR3(39).
7180. CO2 laser 9R pump band; resonance pump transition RR4(30).
7181. CO2 laser 9R pump band; resonance pump transition RR3(40).
7182. CO2 laser 9R pump band; resonance pump transition RR3(41).
7183. CO2 laser 9R pump band; resonance pump transition RR4(32).
7184. CO2 laser 9R pump band; resonance pump transition RR3(42).
7185. CO2 laser 9R pump band; resonance pump transition RR4(33).
7186. CO2 laser 9R pump band; resonance pump transition RR3(44).
7187. CO2 laser 9R pump band; resonance pump transition RR4(35).
7188. CO2 laser 9R pump band; resonance pump transition RR3(45).
7189. CO2 laser 9R pump band; resonance pump transition RR4(36).
7190. CO2 laser 9R pump band; resonance pump transition RR4(39).
7191. CO2 laser 9R pump band; resonance pump transition RR6(23).
7192. CO2 laser 10P pump band; resonance pump transition RP3(39).
7193. CO2 laser 10P pump band; resonance pump transition RP3(44).
7194. CO2 laser 10R pump band; resonance pump transition RQ3(43).
7195. CO2 laser 10R pump band; resonance pump transition RR0(33).
7196. CO2 laser 10R pump band; resonance pump transition PR1(39).
7197. CO2 laser pump line 10P07.
7198. CO2 laser pump line 10P08.
7199. CO2 laser pump line 10P10.
7200. CO2 laser pump line 10P11.
7201. CO2 laser pump line 10P12.
7202. CO2 laser pump line 10P13.
7203. CO2 laser pump line 10P14.
7204. CO2 laser pump line 10P15.
7205. CO2 laser pump line 10P16.
7206. CO2 laser pump line 10P17.
7207. CO2 laser pump line 10P18.
7208. CO2 laser pump line 10P19.
7209. CO2 laser pump line 10P27.
7210. CO2 laser pump line 10P28.



©2001 CRC Press LLC

7211. CO2 laser pump line 10P29.
7212. CO2 laser pump line 10P30.
7213. CO2 laser pump line 10P31.
7214. CO2 laser pump line 10P32.
7215. CO2 laser pump line 10P33.
7216. CO2 laser pump line 10P34.
7217. CO2 laser pump line 10P35.
7218. CO2 laser pump line 10P36.
7219. CO2 laser pump line 10P37.
7220. CO2 laser pump line 10P38.
7221. CO2 laser pump line 10P39.
7222. CO2 laser pump line 10P40.
7223. CO2 laser pump line 10R13.
7224. CO2 laser pump line 10R14.
7225. CO2 laser pump line 10R15.
7226. CO2 laser pump line 10R16.
7227. CO2 laser pump line 10R17.
7228. CO2 laser pump line 10R18.
7229. CO2 laser pump line 10R19.
7230. CO2 laser pump line 10R20.
7231. CO2 laser pump line 10R21.
7232. CO2 laser pump line 10R22.
7233. CO2 laser pump line 10R23.
7234. CO2 laser pump line 10R24.
7235. CO2 laser pump line 10R25.
7236. CO2 laser pump line 10R26.
7237. CO2 laser pump line 10R27.
7238. CO2 laser pump line 10R28.
7239. CO2 laser pump line 10R29.
7240. CO2 laser pump line 10R30.
7241. CO2 laser pump line 10R31.
7242. CO2 laser pump line 10R32.
7243. CO2 laser pump line 10R33.
7244. CO2 laser pump line 10R34.
7245. CO2 laser pump line 10R35.
7246. CO2 laser pump line 10R36.
7247. CO2 laser pump line 10R37.
7248. CO2 laser pump line 10R38.
7249. CO2 laser pump line 10R39.
7250. CO2 laser pump line 10R40.
7251. CO2 laser pump line 10P09.
7252. Excitation of a mixture of FN3, B2H6, SF6, and He by a pulsed CO2 laser.
7253. Stimulated emission on the P(43) and R(70) transitions was demonstrated using

the reaction of premixed FN3 and Bi(CH3)3.The transient chemistry was thermally
initated by a pulsed CO2 laser using SF6 as a sensitizer. The peak gain was
estimated at 3.6x10 -4/cm.

7254. CO2 laser pump line 10R04.
7255. CO2 laser pump line 10R32.
7256. CO2 laser pump line 10R50.
7257. CO2 laser pump line 10R52.
7258. CO2 laser pump line 9P34.
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Section 4.1
EXTREME ULTRAVIOLET AND SOFT X-RAY LASERS

4.1.1  Introduction

Lasing in the extreme ultraviolet (EUV) and soft x-ray (SXR) regions (from 87.4 to 3.56
nm) has been achieved in highly ionized plasmas, generally produced by pulses from high-
power lasers incident on solid targets. This may involve a nanosecond prepulse to form and
ionize the plasma followed by a more intense heating pulse; the latter may vary from a much
higher energy pulse of similar time duration to a pulse of similar energy but of much shorter
time duration (e.g., picoseconds). Extreme ultraviolet lasing has also been obtained by
electric excitation of the plasma confined in a narrow capillary channel, the discharge plasma
being formed by a low-induction, high-voltage current pulse. Population inversion results
from transient electron collisional excitation from an ionic ground state into the upper laser
level or from rapid recombination as a collisionally stripped plasma cools adiabatically after
the pulse.

The highly ionized lasing media are specified by their oxidation state. The electron
configurations of the highly ionized states are similar to those of neutral atoms with the
same number of electrons. Thus Al10+, for example, which has only three electrons is
described as "Li-like" and Se24+ (with ten electrons) is described as "Ne-like". As shown in
Figure 4.1.1, lasing has been reported for one-half of the elements in the periodic table. The
wavelength ranges of laser transitions for the various types of ion species are shown in
Figure 4.1.2.

In the tables to follow, extreme ultraviolet and soft x-ray lasers are grouped by their
oxidation state. The lasing ion, transition, lasing wavelength, and reported gain are given
together with the primary references. The error in the gain numbers is generally ±10%.
Representative energy level diagrams and lasing transitions for H-like, Li-like, Ne-like, and
Ni-like lasers are shown in Figures 4.1.3–4.1.6.

Figure 4.1.1    Periodic table of the elements showing the elements (shaded) that have been
reported to exhibit laser action in the extreme ultraviolet and soft x-ray regions.
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Figure 4.1.2    Soft x-ray laser wavelengths plotted versus atomic number for various ion species
(courtesy of J. Nilsen).

Extreme ultraviolet and soft x-ray lasers included in this section are presented in the
following order:

H-like Ions Li2+, B4+, C5+, O6+, F7+, Na10+, Mg11+, Al12+ Table 4.1.1

Li-like Ions Al10+, Si11+, Cl14+, Ca17+, Cr21+ Table 4.1.2

Be-like Ions Al9+ Table 4.1.3

Ne-like Ions Si4+, S6+, Cl7+, K9+, Ca10+, Sc11+, Ti12+, V13+,
Cr14+, Fe16+, Co17+, Ni18+, Cu19+, Zn20+, Ga21+,
Ge22+, As23+, Se24+, Br25+, Rb27+, Sr28+, Y29+,
Zr30+, Nb31+, Mo32+, Ru34+, Ag37+

Table 4.1.4

Co-like Ions Yb43+, Ta46+ Table 4.1.5

Ni-like Ions Y11+, Zr12+, Nb13+, Mo14+, Pd18+, Ag19+, Cd20+,
Sn22+, Te24+, Xe26+, La29+, Ce30+, Pr31+, Nd32+,
Sm34+, Eu35+, Gd36+, Tb37+, Dy38+, Yb42+,
Ta45+, W46+, Au51+

Table 4.1.6

Pd-like Ions Xe8+ Table 4.1.7
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4.1.2  Lasing Transitions of H-Like Ions

1

2

3

4

Limit

11.08 nm

3.87 nm

0.72 nm

Figure 4.1.3   Simplified energy level diagram and H-like n=3 to n=2 and n=2 to n=1
recombination laser transitions. Transition wavelengths are shown for the element Al.

Table 4.1.1
Lasing Transitions of H-Like Ions

Ion Transition
Wavelength

(nm)      
Gain (cm-1) /
gain-length Reference

Li2+ 2→1 13.5 ≈11/≈5.5 57,62

B4+ 3→2 26.2 ≈14–19/    ≥    5 58

C5+ 3→2 18.210 4.1±0.6, 6.5 31–33

O7+ 3→2 10.243 ~3 16

F8+ 3→2 8.091 1.4 7,12

Na10+ 3→2 5.419 ≈5±1.0 4

Mg11+ 3→2 4.553 4

Al12+ 3→2 3.879 4
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4.1.3  Lasing Transitions of Li-Like Ions

5.77 nm

3.95 nm
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4s
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Limit
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Figure 4.1.4   Simplified energy level diagram and Li-like 4f-to-3d and 5f-to-3d recombination
laser transitions. Transition wavelengths are shown for the element Ca.

Table 4.1.2
Lasing Transitions of Li-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm -1) /
g a i n - l e n g t h Reference

Al10+ 4f→3d 15.466 4.5±0.5/3–4 12,17,18

Al10+ 5f→3d 10.57 3.4±0.4 12,17,18

Si11+ 4f→3d 12.989 —/≈1–2 17, 23

Si11+ 5f→3d 8.73 14

Si11+ 5f→3d 8.89 14

S13+ 5g→4f 20.65 2.5±0.7 39

Cl14+ 4f→3d  8.32 ~2.5 12

Ca17+ 4f→3d  5.77 4.3±0.9 7, 63

Ca17+ 5f→3d 3.95 63

Cr21+ 4f→3d 3.86 63

Cr21+ 5f→3d 2.64 63
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4.1.4  Lasing Transitions of Be-Like Ions

The energy level diagram for Be-like ions is similar to that in Figure 4.1.4.

Table 4.1.3
Lasing Transitions of Be-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm-1) /
g a i n - l e n g t h Reference

Al9+ 4f→3d 17.78 3.5±0.5 18

Al9+ 5d→3p 12.35 3.4±0.5 18

4.1.5  Lasing Transitions of Ne-Like Ions

Lasing of neon-like ions involves 2p53p - 2p53s transitions as shown in Figure 4.1.5. In
Table 4.1.4 below, the term 2p5 is omitted to simplify the notation. The jj coupling
designation gives the j of the L shell hole, the j of the n=3 electron, and the total J.
Experimental wavelengths of neon-like 3p→3s laser lines are compared with relativistic
multi-configurational Hartree-Fock calculations in Reference 55.

3p

J=0

(1/2,1/2) J=0

(3/2,3/2) J=0

(1/2,1/2) J=1

(3/2,1/2) J=1

18.243  nm 20.978 nm

16.867 nm

(1/2,3/2) J=2

(3/2,1/2) J=2

(3/2,3/2) J=2
(3/2,3/2) J=1

2p
6

3s2p5

20.638 nm

 22.028 nm

26.294 nm

2p5

2p5

Figure 4.1.5    Simplified energy level diagram and laser transitions for Ne-like 3p-to-3s
collisional excitation lasers. Lasing wavelengths are for the element Se.
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Table 4.1.4
Lasing Transitions of Ne-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm -1) /
g a i n - l e n g t h Reference

Si4+ 3p→3s (J=0→1) 87.4 50

S6+ 3d→3p (J=1→1) 60.1 50

S6+ 3p→3s (J=0→1) 60.8 50

Cl7+ 3p→3s (J=0→1) 52.9 46

Ar8+ 3d→3p (J=1→1) 45.1 48

Ar8+ 3p→3s (J=0→1) 46.9 15,48

Ar8+ 3p→3s (J=0→1) 46.9 >25 49

K9+ 3p→3s (J=0→1) 42.1 2.2 46

Ca10+ 3p→3s (J=0→1) 38.3 46

Sc11+ 3p→3s (J=0→1) 31.2 46

Sc11+ 3p→3s (J=0→1) 35.2 46

Ti12+ 3d→3p (J=1→1) 30.15 65

Ti12+ 3p→3s (J=0→1) 32.63 19/~9.5 37,43,47

Ti12+ 3p→3s (J=2→1) 47.22 43

Ti12+ 3p→3s (J=2→1) 50.76 43

V13+ 3p→3s (J=0→1) 26.1 45

V13+ 3p→3s (J=0→1) 30.4 45

Cr14+ 3p→3s (J=0→1) 24.02 37,43

Cr14+ 3p→3s (J=0→1) 28.55 37,43

Cr14+ 3p→3s (J=2→1) 40.22 37,43

Cr14+ 3p→3s (J=2→1) 44.07 37,43

Fe16+ 3p→3s (J=0→1) 20.42 37,43

Fe16+ 3p→3s (J=0→1) 25.49 37,43

Fe16+ 3p→3s (J=0→1) 25.5 9.2/≈16 59

Fe16+ 3p→3s (J=2→1) 34.76 37,43

Fe16+ 3p→3s (J=2→1) 38.89 37,43

Co17+ 3p→3s (J=0→1) 24.24 43

Co17+ 3p→3s (J=2→1) 31.80 43

Co17+ 3p→3s (J=2→1) 32.45 43

Co17+ 3p→3s (J=2→1) 36.73 43

Ni18+ 3p→3s (J=0→1) 23.11 42,43

Ni18+ 3p→3s (J=2→1) 29.77 42,43
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Lasing Transitions of Ne-Like Ions—continued

Ion Transi t ion
Wavelength

(nm)      
Gain (cm -1) /
g a i n - l e n g t h Reference

Ni18+ 3p→3s (J=2→1) 30.36 42,43

Ni18+ 3p→3s (J=1→1) 31.48 42,43

Ni18+ 3p→3s (J=2→1) 34.75 42,43

Cu19+ 3p→3s (J=0→1) 22.111 2.0 35,42

Cu19+ 3p→3s (J=2→1) 27.931 1.7 35,42,43

Cu19+ 3p→3s (J=2→1) 28.467 1.7 35,42,43

Cu19+ 3p→3s (J=1→1) 29.62 35,42,43

Cu19+ 3p→3s (J=2→1) 33.15 35,42,43

Zn20+ 3p→3s (J=0→1) 21.217 2.3, 40,41

4.9±0.2 39

Zn20+ 3p→3s (J=2→1) 26.232 2.0 40,41

2.3±0.6 39

Zn20+ 3p→3s (J=2→1) 26.723 2.0 40,41

2.6±0.4 39

Ga21+ 3p→3s (J=2→1) 24.670 40

Ga21+ 3p→3s (J=2→1) 25.111 40

Ge22+ 3p→3s (J=0→1) 19.606 3.1 35

Ge22+ 3p→3s (J=2→1) 23.224 4.1 35

Ge22+ 3p→3s (J=2→1) 23.626 4.1 35,44

Ge22+ 3p→3s (J=1→1) 24.732 35

Ge22+ 3p→3s (J=2→1) 28.646 35

As 23+ 3p→3s (J=2→1) 21.884 40

As 23+ 3p→3s (J=2→1) 22.256 5.4 40

Se24+ 3p→3s (J=0→1) 16.867 — 29

Se24+ 3p→3s (J=0→1) 18.243 2.6 24,25,29,34

Se24+ 3p→3s (J=2→1) 20.638 4.9 24,25,38

Se24+ 3p→3s (J=2→1) 20.978 4.9 24,25

Se24+ 3p→3s (J=1→1) 22.028 24,29

Se24+ 3p→3s (J=2→1) 26.294 24,29

Br25+ 3p→3s (J=0→1) 17.63 20

Br25+ 3p→3s (J=2→1) 19.47 20

Br25+ 3p→3s (J=2→1) 19.78 20

Br25+ 3p→3s (J=1→1) 20.79 20

Br25+ 3p→3s (J=2→1) 25.24 20

Rb27+ 3p→3s (J=0→1) 16.50 very weak 30

Rb27+ 3p→3s (J=2→1) 17.35 1.9 30
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Lasing Transitions of Ne-Like Ions—continued

Ion Transi t ion
Wavelength

(nm)      
Gain (cm -1) /
g a i n - l e n g t h Reference

Rb27+ 3p→3s (J=2→1) 17.61 1.4 30

Rb27+ 3p→3s (J=1→1) 18.52 weak 30

Rb27+ 3p→3s (J=2→1) 23.35 weak 30

Sr28+ 3p→3s (J=0→1) 15.98 28

Sr28+ 3p→3s (J=2→1) 16.41 4.4 28

Sr28+ 3p→3s (J=2→1) 16.65 4.0 28

Sr28+ 3p→3s (J=1→1) 17.51 28

Sr28+ 3p→3s (J=2→1) 22.49 28

Y29+ 3p→3s (J=2→1) 15.4985 ~10–15/20±2 24–27,61

Y29+ 3p→3s (J=2→1) 15.71 ~4.0 24,25

Y29+ 3p→3s (J=1→1) 16.490 25

Zr30+ 3p→3s (J=0→1) 11.89 20

Zr30+ 3p→3s (J=2→1) 14.66 20

Zr30+ 3p→3s (J=2→1) 14.86 20

Zr30+ 3p→3s (J=0→1) 15.040 20

Zr30+ 3p→3s (J=1→1) 15.63 21

Zr30+ 3p→3s (J=2→1) 20.96 20

Nb31+ 3p→3s (J=0→1) 11.25 20

Nb31+ 3p→3s (J=2→1) 13.86 20

Nb31+ 3p→3s (J=2→1) 14.04 20

Nb31+ 3p→3s (J=0→1) 14.590 20

Nb31+ 3p→3s (J=1→1) 14.76 20

Nb31+ 3p→3s (J=2→1) 20.25 20

Mo32+ 3p→3s (J=0→1) 10.64 4.1 19

Mo32+ 3p→3s (J=2→1) 13.10 4.2 19

Mo32+ 3p→3s (J=2→1) 13.27 2.9 19

Mo32+ 3p→3s (J=1→1) 13.94 19

Mo32+ 3p→3s (J=0→1) 14.16 19

Ru34+ 3p→3s (J=2→1) 11.7 22

Ru34+ 3p→3s (J=2→1) 11.8 22

Ag37+ 3p→3s (J=0→1) 8.156 13

Ag37+ 3p→3s (J=2→1) 9.9365 9.4±1.5/8.5±1.4 13

Ag37+ 3p→3s (J=2→1) 10.0377 6.4±2.0/8.5±1.8 13

Ag37+ 3p→3s (J=1→1) 10.508 13

Ag37+ 3p→3s (J=0→1) 12.300 13
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4.1.6  Lasing Transitions of Co-Like Ions

Lasing of cobalt-like ions involve 3d84d → 3d84p transitions similar to those in Figure
4.1.6. In the table below, the term 3d8 and the LSJ state designation are omitted to simplify
the notation.

Table 4.1.5
Lasing Transitions of Co-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm-1) /
g a i n - l e n g t h Reference

Yb
43+ 4d → 4p  5.176 0.7±0.3 5

Ta
46+ 4d → 4p  4.607 2.2±0.4 5

4.1.7  Lasing Transitions of Ni-Like Ions

Lasing of nickel-like ions involve 3d94d 1S0 → 3d94p 1P1 and 3d94f 1P1 → 3d94d
1P1  transitions. In the table below, the notation, the term 3d9 and the LSJ state designation
are omitted to simplify the notation. The jj coupling designation gives the j of the M shell
hole, the j of the n=4 electron, and the total J. Summaries of experimental wavelengths and
multi-configurational calculations of Ni-like 4d → 4p and 4f → 4d laser lines are given in
References 63 and 64.

4d3d9

3d
10

J=0

(3/2,3/2) J=0

(5/2,5/2) J=2

(5/2,5/2) J=1

(5/2,3/2) J=1

(3/2,1/2) J=1

4p

6.583 nm7.100 nm

10.039nm

10.456 nm

3d9

Figure 4.1.6   Simplified energy level diagram and laser transitions for Ni-like 4d-to-4p
collisional excitation lasers. Lasing wavelengths are for the element Eu. Lasing has also been
observed on 4f-to-4d transitions (not shown) for Zr12+ and Nb13+.
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Table 4.1.6
Lasing Transitions of Ni-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm -1) /
g a i n - l e n g t h Reference

Y11+ 4d→4p (J=0→1) 24.011 56

Zr12+ 4d→4p (J=0→1) 22.020 17 56,60

Zr12+ 4f→4d (J=1→1) 27.10 56,64

Nb13+ 4d→4p (J=0→1) 20.334 26±2/10.7±0.3 56,60

Nb13+ 4f→4d (J=1→1) 24.64 64

Mo14+ 4d→4p (J=0→1) 18.895 21/11.6±0.3 56,60

Mo14+ 4f→4d (J=1→1) 22.59 60,64

Pd18+ 4d→4p (J=0→1) 14.679 35/~12.5 54,56,66

Ag19+ 4d→4p (J=0→1) 13.892 51,56

Cd20+ 4d→4p (J=0→1) 13.166 56

Sn22+ 4d→4p (J=0→1) 11.473 21

Sn22+ 4d→4p (J=0→1) 11.910 21

Te24+ 4d→4p (J=0→1) 11.1 51

Xe26+ 4d→4p (J=0→1) 10.0 15

La29+ 4d→4p (J=0→1)  8.9 51

Ce30+ 4d→4p (J=0→1)  8.6 51

Pr31+ 4d→4p (J=0→1)  8.2 51

Nd32+ 4d→4p (J=0→1)  7.906 3.1±0.1/7.8 8,11,51

Sm34+ 4d→4p (J=0→1)  6.832 10

Sm34+ 4d→4p (J=0→1)  7.331 2.6±0.1 8,10,53

Eu35+ 4d→4p (J=0→1)  6.583 0.61±0.14 9

Eu35+ 4d→4p (J=0→1)  7.100 1.1±0.12 9

Eu35+ 4d→4p (J=0→1)  8.483 9

Eu35+ 4d→4p (J=2→1) 10.039 0.08±0.14 9

Eu35+ 4d→4p (J=1→1) 10.456 ~0.07±0.19 9

Gd36+ 4d→4p (J=0→1)  6.39 8

Gd36+ 4d→4p (J=0→1)  6.92 2.8±0.2 8

Tb37+ 4d→4p (J=0→1)  6.11 8

Tb37+ 4d→4p (J=0→1)  6.67 4.0±0.8 8
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Table 4.1.6—continued
Lasing Transitions of Ni-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm-1) /
g a i n - l e n g t h Reference

Dy38+ 4d→4p (J=0→1)  5.88 8

Dy38+ 4d→4p (J=0→1)  6.37 8

Yb42+ 4d→4p (J=0→1)  5.023 2.2±0.2 1,6

Yb42+ 4d→4p (J=0→1)  5.611 — 1,6

Yb42+ 4d→4p (J=2→1)  8.107 1

Yb42+ 4d→4p (J=1→1)  8.441 1,6

Ta
45+ 4d→4p (J=0→1)  4.483 2.3±0.2 1,3

Ta
45+ 4d→4p (J=0→1)  5.097 1,6

Ta
45+ 4d→4p (J=2→1)  7.442 1,3

Ta
45+ 4d→4p (J=1→1)  7.747 1,3

W
46+ 4d→4p (J=0→1)  4.318 1,3

W
46+ 4d→4p (J=2→1)  7.240 1,3

W
46+ 4d→4p (J=1→1)  7.535 1,3

Au51+ 4d→4p (J=0→1)  3.560 1,2

4.1.8  Lasing Transitions of Pd-Like Ions

Lasing of palladium-like ions has involved a 4d95d 1S0 → 4d95p 1P1 transition shown in

Figure 4.1.7. In the table below,  the term 4d9 and the LSJ state designation are omitted to
simplify the notation.

41.81 nm

40.02 nm

16.53 nm

4d 9

4d 9

4d 9

4d 9

4d
10

S1
0

P1
1

5f

5d

4f

5p

4d 9 P1
1

P1
1

5d P1
1

S1
0

Figure 4.1.7    Partial energy level diagram for palladium-like Xe8+ and the laser transition at
41.81 nm. Dash lines indicate the dominant collisional excitation and deexcitation channels of
the upper laser level (adapted from Reference 52).
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Table 4.1.7
Lasing Transitions of Pd-Like Ions

Ion Transi t ion
Wavelength

(nm)      
Gain (cm- 1 ) /
g a i n - l e n g t h Reference

Xe8+ 5d→5p 41.8 — / ~11 52
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Section 4.2
FREE ELECTRON LASERS

4.2.1  Introduction

Free electron lasers (FEL) provide radiation over a large wavelength range spanning six
orders of magnitude—from the ultraviolet to millimeter waves (~200 nm to ~100 mm).
They are based on a beam of high energy electrons traversing a spatially varying magnetic
field (wigglers, undulators) which cause the electrons to oscillate and emit radiation. Free
electron laser configurations include (1) oscillators with reflectors at the ends of the magnet
array, thus providing multi-pass, low-gain operation, (2) amplifiers in which electrons are
injected into an undulator in synchronism with a signal derived from a conventional laser
source, and (3) self-amplified spontaneous emission amplified by a single pass through a
wiggler.

Various types of electron accelerators are used for FELs: storage rings, rf and induction
linacs, electrostatic and pulse-line accelerators (operating in single-shot mode), power
supplies, microtrons, modulators, and ignition coils. The wavelength ranges of FELs based
on different types of accelerators are shown in Figure 4.2.1.

Free electron lasers are divided into short and long (> 0.5 mm) wavelengths because
different physical processes are involved. For the latter, higher currents and lower energy
beams are typical, space-charge effects are more important, and the dominant interaction
mechanism is often coherent Raman scattering.

Short wavelength FELs are grouped in Table 4.2.1 by accelerator and in order of
increasing wavelength. The type of FEL (amplifier or oscillator), operating wavelength or
range, electron pulse length divided by c, electron beam energy E, peak current I, number of
undulator periods N, undulator wavelength λ0, and undulator parameter parameter K =

eBλ0/2πmc2, where B is the rms undulator field strength, are included in the table. Much of
this data is from tabulations of W. B. Colson (see Further Reading); this reference also
includes FELs in design studies or under construction.

Microtron

Pulse line

Electrostatic

Modulator

Induction linac

RF linac

Storage ring
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0.1 1.0 10 100 1000 10000 100000

Wavelength ( µm)

Figure 4.2.1    Reported ranges of output wavelengths of free electron lasers for various types of
electron accelerators.
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Long wavelength FELs are also grouped by accelerator and in order of increasing
wavelength in Table 4.2.2. The type of FEL (amplifier, oscillator, or self-amplified
spontaneous emission), operating wavelength and frequency, peak power P, pulse time tp,
electron voltage V and current I, number of undulator periods N, wiggler period λw, and
wiggler parameter K = 0.0934Bwλw, where B is the wiggler amplitude in kG, and type of
wiggler (C – circular, H – helical, P – planar, T – tapered). Much of this data is from
tabulations of H.P. Freund and V. L. Granatstein (see Further Reading); this reference also
includes FELs in design studies or under construction.
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4.2.2  Short Wavelength Free Electron Lasers

Table 4.2.1
Short Wavelength Free Electron Lasers

Type  ( m)
Pulse

l e n g t h
E

(MeV) I (A) N
u

(cm) K (rms) Ref .

    Radio Frequency Linac   

oscillator 0.25 6 ps 70 100 70 0.88 0.4 1

oscillator 0.3–0.7 5 ps 155 60 67 4 0.7–1.4 41

oscillator 0.37–

0.38

8–15 ps 46 ≤200 73 1.38 — 2

oscillator 0.5 6 ps 50 100 70 0.88 0.4 1

oscillator 0.525 — 115 2.4 131 3.6 — 3

oscillator 0.63 (TH) 10 ps 68 42 78 3.8 1 4

oscillator 0.662 — 109 270 115 2.2 — 5

oscillator 1.57 — 66 2.5 131 3.6 — 6

oscillator 1.8—17.5 1–10 ps 32–58 50–80 48 4 — 7

oscillator 1.88 10 ps 68 42 78 3.8 1 4

oscillator 1.9–8.1 — 25–45 40 47 2.3 — 8

oscillator 2–6 2 ps 170 100 50 6 1.3 9

oscillator 2.2–9.6 2 ps 47 50 52 2.3 1 10

oscillator 3 3 ps 44 20 47 2.3 1 11

amplifier 3 — 38 35 80 2.5 — 12

oscillator 3–12 0.7–3  ps 22–45 10 72 3.1 0.8 13

oscillator 3–53 0.2–0.4 ps 21º50 80 38 5 1.4 14

oscillator 3.04 — 38 15 80 2.5 — 15

oscillator 4–6 10 ps 15 200 24 1 0.3 16

oscillator 4–40 — 21 500 37 2.7 — 17

oscillator 4–200 1 ps 50 50 38 6.5 1.8 42

oscillator 4.2 — 38 60 47 2.3 — 18

oscillator 4.65(1) — 33 — 34 3.4 0.5–1.5 43

oscillator 4.8 0.4 ps 48 60 40.5 2.7 1.0 52

oscillator 4.8–9.7 10 ps 31 42 58 3.4 0.43–1.6 4

oscillator 5 2 ps 40 2.7 80 3.2 1 19

oscillator 5–35 5 ps 25 50 38 6.5 1.2 20, 21

oscillator 5.5 10 ps 33.2 42 58 3.4 1 4

oscillator 6.6–7.8 2 ps 30 2.7 80 3.2 1 53

oscillator 10 4 ps 30 14 50 3 1 22

amplifier 12 5 ps 18 170 100 2 0.7 44

oscillator 12–21 5 ps 9–14 100 73 1.4 0.2 23

oscillator 15 7 ps 25 5 50 4.4 1 24

oscillator 15–65 1–5 ps 15–32 14 25 6 1 25

oscillator 15.5 15 ps 17 300 200 2 0.9 45

amplifier 16 3 ps 13.5 80 40 1.5 1 46

amplifier 16.3 16 ps 17 300 200 2 0.9 55

oscillator 18–40 10 ps 33 40 30 8 1.3–1.7 47
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Table 4.2.1—continued
Short Wavelength Free Electron Lasers

Type  ( m)
Pulse

l e n g t h
E

(MeV) I (A) N
u

(cm) K (rms) Ref .

oscillator 19.4(1) — 33 — 30 8.0 1.3–3.4 43

oscillator 20 30 ps 18 100 30 3 0.8 26

oscillator 20–110 3–5 ps 45 50 38 6.5 1.8 20, 21

oscillator 21–126 30 ps 10–19 50 32 3–12 0.01–1.5 56

oscillator 24 — 16 — 53 3.3 0.7 54

oscillator 40 30 ps 17 50 32 6 1 27

oscillator 43 10 ps 13 20 40 4 0.7 28

oscillator 47 3 ps 8 50 50 0.66 0.5 29

oscillator 80–200 15 ps 4 8 50 1 0.7 31

    Electron Storage Ring

oscillator 0.2–0.4 2.5 ps 300–750 12 2x33 10 2.4 40, 51

oscillator 0.24 6 ps 500 5 2x8 11 2 30

oscillator 0.24–

0.69

35 ps 350 6 2x33 10 1.6 32

oscillator 0.3 6 ps 500 5 2x8 11 2 33

oscillator 0.3–0.6 15 ps 800 0.1 2x10 13 4.5 49

oscillator 0.23–

0.35

160–280 ps 300 5 2x42 7.2 2 34, 35, 57

oscillator 0.35 20 ps 20 0.1 2x10 13 4 36

oscillator 0.46–

0.68

— 160–230 4 2x17 7.8 — 37

amplifier 0.5145 — 625 0.018 20 11.6 — 38

    Electrostatic Accelerator

oscillator 60 25 µs 6 2 150/2 0.1 39

oscillator 340 25 µs 6 2 42/7.1/2 0.1 39

    Smith-Purcell

oscillator 200 cw 0.04 0.001 50 300 – 50

(1)  Simultaneous two-color lasing.
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4.2.3  Long Wavelength Free Electron Lasers

Table 4.2.2
Long Wavelength Free Electron Lasers

Type
(mm)/

f (GHz)
Ppeak
(MW)

p
(ms) Vb(MV) Ib(A) w (cm) K(type) Ref .

    Electrostatic Accelerator

oscillator 1.5/206 0.73 12 1.77 7.2 2 0.67 (P) 40

oscillator 2/130–

1/260

0.29 5 2 6.25 2 0.67 12

oscillator ≤2.5/120 ≤0.015 6 6 2 7.14 7/1.0 (P) 2

oscillator 3/100 0.012 70 1.4 1.4 4.4 0.82 (P) 42

oscillator 12/26 0.001 10-30 0.4 2 3.2 0.39 (H) 1

oscillator 68/4.4 0.0035 5 0.07 0.8 4.4 0.12 (P) 3, 34

    Pulse Line Accelerator

oscillator 3/100 10 0.25 2.5 100 10 1.9 (H) 8

SASE 3/100 1 0.02 0.3 400 1 0.14 (H) 14

SASE 3/100 1 1.5x10-2 0.5 100 2 0.28 (H) 15

amplifier 3.5/85 0.25 0.02 0.45 17 0.96 0.34 (P) 5

oscillator 4/75 200 1 1 2000 4 0.3 (P) 9,14

oscillator 6.7/45 7 0.025 0.5 120 2.4 0.07 (P) 10

amplifier 8/35 60 0.025 0.75 300 3.1 0.4 (H) 6

amplifier 8/35 50 0.03 1.8 400 8 2.24 (H) 7

SASE 8/35 2.3 0.1 0.5 750 3 0.53 (H) 16

oscillator 9.4/32 0.75 0.1 0.3 50 2.3 0.64 13

oscillator 10.3/29 7 0.0025 0.5 120 2.4 0.07 (P) 14

amplifier 12.5/24 0.2 0.15 0.6 100 1.85 0.2 (H) 4

Cerenkov 16/19 ~10-4 0.01 — ~0.1 — — 35,36

oscillator 26/12 3.6 0.4 0.43 190 3.27 0.27 (C) 11

     Radio Frequency Linac

oscillator 0.4/650 — 10 40 0.2 3 1.4 (P) 19

oscillator ~2.3/~130 1.6x10-5 3x10 -6 6.85 1.5 6 4 (P) 18

oscillator 2.7/109 1 4x10 -6 9 50 6 4 (P) 17
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Table 4.2.2—continued
Long Wavelength Free Electron Lasers

Type
(mm)/

f (GHz)
Ppeak
(MW)

p
(ms) Vb(MV) Ib(A) w (cm) K(type) Ref .

   Induction Linac

amplifier 2.0/150 100 — 3.5 950 9.8 — 20
amplifier 3/9.4 150 0.005 2 170 16 3.3 (P) 26
amplifier 6/45 10 0.1 1 3000 4.5 1.3 (P) 21
oscillator 8/31 48 0.2 0.8 170 6 0.84 43
amplifier 8/35 140 0.05 3.4 800 11 3.5 (P) 22
oscillator 8/35 7 0.0025 0.5 120 2.4 0.07 (P) 14
amplifier 8/35 90 0.03 2.2 800 12 1.2 (H) 38
amplifier 8/35 80 0.03 2.2 800 12 1.2 (H) 39
SASE 8/35 40 0.03 2.2 800 12 1.2 (H) 38
amplifier 8.7/34 1000 0.01-0.02 3.5 850 9.8 — (T) 23,24
oscillator 9.7/31 31 0.2 0.8 150 6 0.84 (H) 27
amplifier 32/9.4 100 cw 1.5 450 16 1.5 (P) 25

      Modulator

amplifier 8/35 0.027 1 0.1 10 0.64 0.2 (CH) 41

oscillator 30/10 10 -5 1000 0.01 0.2 2 0.02 (P) 28
oscillator 35/8.2 10 -6 cw 0.13 0.0018 3.8 0.16 (P) 29

      Microtron

oscillator 2–3.5/

85–150

0.0015 5.5 2.3 0.35 2.5 1.4 (P) 30

     Power Supply

amplifier 30/9.9 10 -6 cw 0.05 0.01 1.9 0.03 (P) 31

oscillator 25–37/

8–12.4

2x10 -5 cw 0.12 0.18 3 28(P) 37

SASE 32–37/

8–9.3

10 -5 cw 0.04-0.08 0.01 1.9 0.03 (P) 32

     Electron Gun

SASE ~300/~1 ~50 ~0.001 <0.5 2.0 — (FF) 33

C – circular, CH – CHI wiggler, FF – folded-foil, H – helical wiggler, P – planar wiggler,
T – tapered wiggler
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Section 4.3
NUCLEAR PUMPED LASERS

4.3.1  Introduction

Nuclear pumped lasers (NPL) are gas lasers excited directly or indirectly by high energy
particles or gamma rays resulting from nuclear reactions (fission, fusion, radioisotope). This
may occur in either a reactor or a nuclear explosion, thus NPLs can be grouped into two
broad categories: reactor pumped lasers and nuclear device pumped lasers. Both types
provide direct conversion of nuclear energy into directed optical energy. Nuclear pumped
lasers have been demonstrated to operate pulsed or steady-state over a wavelength range
extending from the vacuum ultraviolet (0.17 µm) to the infrared (5.6 µm) using a variety of
gases and molecules. An example of the excitation pathways for a 3He–Ar nuclear-pumped
laser system is shown in Figure 4.3.1.

Tables 4.3.1 and 4.3.2 list performance data for reactor pumped lasers and nuclear
device-pumped lasers (published data for the latter are limited because much of the research
is classified). The lasing medium (gas or gas mixture) is given in the first column followed
by the nuclear reaction giving rise to excitation of the lasing medium and then the lasing
wavelength, threshold, and efficiency. Primary references are given in the final column. Table
4.3.1 was adapted from a table provided by G. H. Miley and E. G. Batyrbekov (private
communication).
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4.3.2  Reactor Pumped Lasers

Table 4.3.1
Reactor Pumped Lasers

Act ive
medium

Pumping
react ion

Wavelength
( m)

Threshold
(n/cm2- s )

Eff .
(%) Ref .

Ar–Xe B10 (n,α)Li7 1.73 1x1014 0.5-1 22

Ar–Xe U235(n,f)F 1.732 2x1012 1 24

Ar–Xe U235(n,f)F 2.026 2x1012 1 15

Ar–Xe U235(n,f)F 2.03 — 3.0 23

Ar–Xe U235(n,f)F 2.48 3x107 0.01 36

Ar–Xe U235(n,f)F 2.482 2x1012 1 25

Ar–Xe U235(n,f)F 2.6 3.5x1016 — 1

Ar–Xe U235(n,f)F 2.627 2x1012 1 41

CO U235(n,f)F 5.1–5.6 5x1016 ≥1 33,34

He–Ar U235(n,f)F 1.149

1.190

2.397

1016 0.1 15

He–Ar–Xe U235(n,f)F 1.73 — — 23

He–Ar–Xe U235(n,f)F 1.732

2.03

2.60

5x1013 2.2 25,42

He–Cd U235(n,f)F 0.4416

0.5337

0.5378

0.8066

0.8531

1.4300

1.6500

7x1014

6x1014

3.2x1015

6x1014

0.52

0.36

0.02

42

He–CO,
He–CO2,

Ar–CO2

B10 (n,α)Li7 1.4550 1x1015 10-2 18–20

He–Hg B10 (n,α)Li7 0.615 1x1016 10-6 9,10

He–Kr U235(n,f)F 1.78
2.52
3.07

6.2x1013 0.6 15,26

He–Ne–Ar U235(n,f)F 0.5852 1x1016 <0.01

He–Ne–Ar U235(n,f)F 0.5852 4x1015 0.16 1,6,7

He–Ne–Ar U235(n,f)F 0.5852 4x1017 0.1 42
He–Ne–H2 B10 (n,α)Li7 0.5852 1.5x1013 0.01 8

He–Ne–Kr U235(n,f)F 0.7245 1.2x1016 0.02 42

He–Xe U235(n,f)F 2.627 6x1013 1.2 15,31
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Table 4.3.1—continued
Reactor Pumped Lasers

Act ive
medium

Pumping
react ion

Wavelength
( m)

Threshold
(n/cm2- s )

Eff .
(%) Ref .

He–Xe U235(n,f)F 3.5080 3x1015 0.01 32
He–Xe–Hg–H2 U235(n,f)F 0.5461 1015 0.4 4

He–Zn U235(n,f)F 0.7479 1x1017 0.06 42
3He–Ar 3He(n,p)T 1.27

1.79

1.4x1016 0.1

1.4

16,17,37

3
3He–Ar 3He(n,p)T 1.27

1.69

1.79

9x1013 ~0.6 35

3He–Ar 3He(n,p)T 2.19, 2.52 5x1016 ≤0.1 17,30
3He–Cd 3He(n,p)T 0.4416

0.5337

0.5378

2x1014

0.3 2,3,41

3He–Cd 3He(n,p)T 1.587 7x1015 <0.1 17
3He–Kr 3He(n,p)T 2.19 5x1016 <0.1 17
3He–Kr 3He(n,p)T 2.5 5x1016 30
3He–Ne 3He(n,p)T 0.6328 2x107–1x1014 0.03 38
3He–Ne–Ar 3He(n,p)T 0.5852 1.4x1015 0.1 5
3He–Xe 3He(n,p)T 2.026

3.508

3.652

~4x1015

<0.1

0.01

17,28–30

3He–Zn 3He(n,p)T 0.7479 2.1x1015 — 11

Ne–CO,
Ne–CO2

B10 (n,α)Li7 1.4550 1x1015 10-4 18,21

Ne–Kr(Ar) U235(n,f)F 0.7032

0.7245

3x1014 0.02 5, 7

Ne–N2 B10 (n,α)Li7 0.8629

0.9393

1x1015 3x10-5 12–14

f and F denote light and heavy fission fragments emitted in the reaction of neutrons (n) with 235U;
T –  triton.
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4.3.3  Nuclear Device Pumped Lasers

Table 4.3.2
Nuclear Device Pumped Lasers

Act ive
medium

Pumping
react ion

Wavelength
( m) Reference

Xe2 gamma rays 0.17 39
Ne-Xe-NF3 gamma rays 0.353 40

HF gamma rays 2.7 39
SF6-H2 gamma rays 3 40

unknown x-rays 0.0014 43
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Section 4.4
NATURAL LASERS

Introduction

Naturally occurring maser action is frequently found in clouds of molecular gases in our
galaxy where water or other molecules amplify radiation from stars. Whereas natural masers
operating at microwave and millimeter wavelengths have been known for several decades and
now number in the hundreds (see tabulations by Elitzur and by Moran in the references
listed below under Further Reading), shorter wavelength natural lasers are much rarer. Those
discovered thus far operate at infrared wavelengths of CO2 in the mesosphere and
thermosphere of Mars and Venus and, more recently, at the submillimeter wavelengths of
hydrogen in interstellar and circumstellar sources.

Natural lasers are listed in Table 4.4.1 by the active gas molecule and the object from
which the radiation was observed. The lasing transition and wavelength (in micrometers)
and the primary reference(s) are given in the subsequent columns.

Further Reading

Clegg, A. W., and Nedoluha, G. E., Eds. Astrophysical Masers, Springer-Verlag, Berlin
(1993).

Deming, D., Espenak, F., Jennings, D., Kostiuk, T., F. Mumma, M. J., and Zipoy, D.,
Modeling of the 10-µm natural laser emission from the mesospheres of Mars and
Venus, Icarus 55, 356 (1983).

Elitzur, M., Astronomical Masers, Kluwer, New York (1992).

Moran, J. M., Maser action in nature, in Handbook of Laser Science and Technology,
Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 579.

Moran, J. M., Maser action in nature, in Handbook of Laser Science and Technology, Vol.
I: Lasers and Masers, CRC Press, Boca Raton, FL (1982), p. 483.

Mumma, M. J., Natural lasers and masers in the solar system, in Astrophysical Masers,
Clegg, A. W., and Nedoluha, G. E., Eds., Springer-Verlag, Berlin (1993), p. 455.
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Table 4.4.1
Natural Lasers

Gas – Object Transi t ion Wavelength ( m) Reference

CO2 – Venus ν3–2ν2 10.4(a) 1, 2

CO2 – Mars ν3–2ν2 10.4(a) 1–3

H – Cygnus MWC349 H10α 52.5 4

H – Cygnus MWC349 H12α 88.8 4

H – Cygnus MWC349 H15α 169.4 4

H – Cygnus MWC349 H21α 453 5

H – Cygnus MWC349 H26α 850 9

H2O – stars(b) v2=1, 110–101 456 6

H2O – (c) 642–551 636.6 7

H2O – (c) 643–550 682.7 7

H2O – VY CMa 174,13–167,10 844.9 8

H2O – S269 73–63 E1 
(d)

7-3–6-3 E2

885.4
885.5

8

H2O – S252 73–63 885.5 8

H2O – VY CMa 52,3–61,6 891.6 8

para-H2O – SFR(e) 515–422 922.0 10

ortho-H2O – SFR(e) 1029–936 933.4 11

H2O(f) 313 – 220 1635 12

CH3OH – S231 7-4–6 -4 885.4 8

CH3OH – S252 73–63 885.6 8

(a)  Predicted amplifications are very small (≤ 1.1)
(b)  VY CMa, R Leo, R Crt, RT Vir, W Hya, RX Boo, S CrB, U Her, VX Sgr, NML Cyg
(c)  Interstellar and circumstellar water
(d)  Ambiquity of the line identification
(e)  SFR – star forming regions
(f)  Various molecular clouds, star forming regions, and evolving stars
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Section 4.5
INVERSIONLESS LASERS

It is possible to extract energy from a medium even if there are more atoms in the lower
level than the upper level. Two schemes, Λ and V, have been used to obtain lasing without
inversion (LWI). In the first scheme, the optical fields have a common upper level and LWI
is achieved via a coherence between the two lower levels. In the V scheme, the fields have a
common lower level and LWI is achieved via a coherence between two upper levels. Gain
and cw laser oscillation have been observed in metal vapors using both Λ and V schemes at
wavelengths in the visible-near visible region.

Table 4.5.1 presents experiments involving either lasing or amplification in inversion-
less systems arranged in order of increasing wavelength. The lasers have been operated in a
continuous wave mode; the amplifier experiments have measured transient gain or gain on a
probe laser pulse. For each experiment, the lasing atomic species, LWI scheme, operative
transition and wavelength, and pump transition and/or wavelength are given. Primary
references to the experiments are listed in the final column.

Further Reading

Alam, S., Lasers without Inversion and Electromagnetically Induced Transparency, SPIE
Press, Bellingham, WA (1999).

Harris, S. E., Lasers without inversion: interference of lifetime-broadened resonances, Phys.
Rev. Lett. 62, 1033 (1989).

Khurgin. J. B., and Rosencher, E., Practical aspects of lasing without inversion in various
media, IEEE J. Quantum Electron. 32, 1882 (1996), and Practical aspects of optically
coupled inversionless lasers, J. Opt. Soc. Am. B 14, 1249 (1997).

Kocharovskaya, O., Amplification and lasing without inversion, Phys. Rep. 219, 175
(1992).

Kocharovskaya. O., and Mandel, P., Basic models of lasing without inversion: general form
of amplification condition and problem of self-consistency, Quantum Optics 6, 217
(1994).

Kocharovskaya. O., Kolesov, R., and Rostovtsev, Y., Lasing without inversion: a new path
to gamma-ray laser, Laser Physics 9, 745 (1999).

Scully, M. O., Zhu, S.-Y., and Gavrielides, A., Degenerate quantum-beat laser: lasing
without inversion and inversion without lasing, Phys. Rev. Lett. 62, 2813 (1989).

See, also, Papers on Atomic Coherence and Interference, Crested Butte Workshop 1993, in
Quantum Optics 6 (1994).
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Table 4.5.1
Inversionless Lasers and Amplifiers

Medium Scheme
Laser/Amplif ier

Transi t ion
Wavelength

(nm) Pump Reference

Lasers:
23Na atomic beam Λ D1:32S1/2(F=1) – 32P1/2(F=1) 589.76 D2:2S1/2(F=2 – F=1) 1
87Rb vapor,

   magnetic field

V D1:52S1/2 – 52P1/2 794 D2:(F=1 – F=2) 2

Ampli f iers :
112Cd vapor,

   magnetic field

Λ 3S1 – 3P1 479
1S0 – 3P1 (326 nm)
3P1 – 3S1 (479 nm)

3

Sm vapor,

   magnetic field

Λ 571 531 nm 4, 9

23Na vapor,

   magnetic field

Λ D1:32S1/2(F=2) – 32P1/2(F=2) 589 D1:2S1/2(F=1) – 2P1/2(F=2) 7

23Na vapor,

   magnetic field

V D1:32S1/2 – 32P1/2 589.0/589.6 589.6/589 nm 5, 6

K vapor,

   He buffer gas

* D1:4S(F=2) – 4P1/2(J=1/2) 770 D2:4S – 4P(J=3/2) 8

Ba, atomic beam **
1D2 – 1P1 821 554 nm 10

Cs vapor,

   magnetic field

V D1:(F=3,4) – (F"=3,4) 894 D2:(F=3,4) – (F'=4,5), 852 nm 11

* Four-level Raman driven amplification
** Three-level cascade system
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Section 4.6

AMPLIFICATION OF CORE-VALENCE LUMINESCENCE

In materials where the energy difference between the uppermost core level and the
conduction band is less than twice the fundamental band gap (Ec < 2Eg), a core hole may
decay by radiative recombination with a valence band electron because Auger processes are
energetically forbidden. This results in core-valence luminescence (the emission has also
been called Auger-free luminescence and cross luminescence). Core-valence luminescence has
been fobserved from several wide-band-gap alkali and alkaline earth halide crystals of the
heavier alkali (K, Rb, Cs) and alkaline earth (Sr, Ba) ions and involves an np(anion) –
n'p(cation) transition.

Excitation and emission transitions associated with core-valence luminescence are shown
schematically in the energy band diagram Figure 4.6.1. Excitation resulting in a core level
hole creates an inverted electron population with respect to the filled valence band and hence
laser action is possible. Table 4.6.1 presents results of experiments involving amplification
of core-valence luminescence following core level excitation. Experiments were performed at
room temperature using radiation from an undulator beamline at an electron storage ring.
Evidence of lasing has been based on the enhancement of the peak intensity, the sharpening
of the emission spectrum, and the shortening of the luminescence decay time.

EgEc

hν

Conduction band

Valence band

Core level

Figure 4.6.1  Energy band diagram for materials where Ec < 2 Eg showing core level excitation
and core-valence luminescence.

Further Reading

Rodnyi, P. A., Core-valence band transitions in wide-gap ionic crystals, Sov. Phys. Solid
State 34, 1053 (1992).

van Eijk, C. W. E., Cross-luminescence, J. Lumins. 60&61, 936 (1994).
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Table 4.6.1
Amplified Core-Valence Luminescence

Crystal
Exc i ta t ion
trans i t ion

Exc i ta t ion
energy

(eV)
Emis s ion
trans i t ion

Emis s ion
wave length

(nm) Ref .

BaF2 Ba(5p) – CB 36.0 F(2p)–Ba(5p) 219 1

Rb0.82Cs0.18Cl Cl(3p) – CB 15 Cl(3p)–Cs(5p) 275 2

Rb0.82Cs0.18Cl Rb(4p) – CB 36 Cl(3p)–Cs(5p) 275 2

CB – conduction band

References

1. Itoh, M., and Itoh, H., Stimulated ultraviolet emission from BaF2 under core-level excitation
with undulator radiation, Phys. Rev. B 46, 15509 (1992).

2. Mikhailik, V. B., Itoh, M., Asaka, A., Bokumoto, Y., Murakami, J., and Kamada, M.,
Amplification of impurity-associated Auger-free luminescence in mixed rubidium-caesium
chloride crystals under core-level excitation with undulator radiation, Optics Commun. 171,
71 (1999).
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APPENDIX I

LASER SAFETY

Laser products are grouped into one of four general hazard classes as shown in Table 1.
Safety measures become more restrictive  with increasing hazard class.

Table 1
Laser Hazard Classification

 Class 1 Very low power, eye-safe, output beam below maximum permissible
exposure; safe to view.

 Class 2 Low-power visible lasers only; safe for brief (<0.25 s) viewing; intentional
extended viewing is considered hazardous.

 Class 3A Medium power; safe for brief (<0.25 s) viewing; direct beam should not be
viewed with magnifying optics such as a microscope, binoculars, or telescope.

 Class 3B Medium power; not safe for brief viewing of direct beam or specular reflections;
control measures should eliminate this possibility.

 Class 4 High power; not safe for momentary viewing; potential for skin, fire, or diffuse
reflection hazard.

Potential hazards to the eye and skin from laser radiation depend on the wavelength,
exposure duration, and viewing conditions. Safety procedures are published in the American
National Standards Institute ANZI Z136 series of standards and are followed by the U.S.
Occupational Safety and Health Administration (OSHA). Information about safety standards
and procedures can be obtained from:

American National Standards Institute (ANSI)
11 West 42nd Street
New York, NY 10036
Safe Use of Lasers (Z136.1)
Safe Use of Lasers in Health Care Facilities (Z136.3)

Laser Institute of America
12424 Research Parkway, Suite 125
Orlando, FL 32826
www.laserinstitute.org/publications
LIA Laser Safety Guide (corresponds with the latest revisions of Z136.1)
LIA Guide to Medical Laser Safety

IEC
3 rue de Varembe
P.O. Box 131, CH-1211
Geneva 20, Switzerland
www.iec.ch

FDA, U.S. Department of Health and Human Services
CDRH, Office of Compliance
2098 Gaither Road
Rockville, MD 20850
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Exposure Limits

Occupational exposure limits (ELs) are referred to as maximum permissible exposures
(MPEs) by ANSI, as ELs by the World Health Organization and the International Radiation
Protection Association, and as threshold limit values (TLVs) by the American Conference of
Governmental Industrial Hygienists. All organizations recommend virtually identical
exposure limits. Exposure limits are provided for exposure durations from one nanosecond
to 8 hours and for wavelengths between 180 nm in the ultraviolet (at the extreme end of the
vacuum ultraviolet band in the UV-C) to 1 mm in the extreme infrared IR-C band (at the
edge of the microwave spectrum). Selected exposure limits for representative common lasers
are given in Tables 2 to 4. Biological effects and limits for different spectral regions are
summarized in Table 5.

Table 2
Selected Occupational Exposure Limits for Representative Lasers

Laser Wavelengths Maximum permissible exposure (MPE)

    Gas Lasers

Argon fluoride 193 nm 3.0 mJ/cm2 over 8 h

Xenon chloride 308 nm 40 mJ/cm2 over 8 h

Nitrogen 337 nm 1.0 J/cm2 over 8 h

Argon ion 488, 514.5 nm 3.2 mW/cm2 for 0.1 s; 2.5 mW/cm2 for 0.25 s
1.8 mW/cm2 for 1.0 s; 1.0 mW/cm2 for 10 s
varies for t > 10 s

Copper vapor 510, 578 nm 3.2 mW/cm2 for 0.1 s; 2.5 mW/cm2 for 0.25 s
1.8 mW/cm2 for 1.0 s; 1.0 mW/cm2 for 10 s
varies for t > 10 s

Krypton ion 568, 647 nm 3.2 mW/cm2 for 0.1 s; 2.5 mW/cm2 for 0.25 s
1.8 mW/cm2 for 1.0 s; 1.0 mW/cm2 for 10 s
varies for t > 10 s

Gold vapor 628 nm 3.2 mW/cm2 for 0.1 s; 2.5 mW/cm2 for 0.25 s
1.8 mW/cm2 for 1.0 s; 1.0 mW/cm2 for 10 s
varies for t > 10 s

Helium-neon 632.8 nm 3.2 mW/cm2 for 0.1 s; 2.5 mW/cm2 for 0.25 s
1.8 mW/cm2 for 1.0 s; 1.0 mW/cm2 for 10 s
varies for t > 10 s

Carbon monoxide ~5 mm 100 mW/cm2 for 10 s to 8 h, limited area

10 mW/cm2 for >10 s for whole-body exposure

Carbon dioxide 10.6 mm 100 mW/cm2 for 10 s to 8 h, limited area

10 mW/cm2 for >10 s for whole-body exposure

    Solid State Lasers

Doubled Nd:YAG 532 nm 0.5 mJ/cm2 for 1 ns to 18 ms

Ruby 694.3 nm 0.5 mJ/cm2 for 1 ns to 18 ms
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Table 2—continued
Selected Occupational Exposure Limits for Representative Lasers

Laser Wavelengths Maximum permissible exposure (MPE)

Diodes 850 nm (typical) 1.0 mJ/cm2 for 1 ns-18 ms

2 mW/cm2 for 10 s

Nd:YAG 1.064 mm 5.0 mJ/cm2 for 1 ns to 50 ms

No MPE for t < l ns

5 mW/cm2 for 10 s

Nd:YAG 1.334 mm 5.0 mJ/cm2 for 1 ns to 50 ms

40 mW/cm2 for 10 s

Nd:YAG 1.44 mm 0.1 J/cm2 for 1 ns to 1 ms

Holmium (pulsed) 2.1 mm 0.1 J/cm2 for 1 ns to 1 ms

Holmium/thulium 1.9–2.2 mm 100 mW/cm2 for 10 s to 8 h, limited area

10 mW/cm2 for >10 s for most of body

Not all standards/guidelines have MPEs below 200 nm.
Sources: ANSI standard Z-136.1-1993, ACGIH TLVs (1993), and IRPA (1988).
Note: To convert MPEs in mW/cm2 to mJ/cm2, multiply by exposure time t in seconds;
for example, the HeNe or argon MPE at 0.1 s is 0.32 mJ/cm2.

Table 3
Intrabeam Exposure Limits for Common cw Lasers

Laser type
Wavelength(s)

(nm)

            Exposure l imit  value
          E y e                    S k i n

Helium-Cadmium 325 1 J/cm2 for l0 – l000 s; 1
mW/cm2 for t > 1000 s

1 J/cm2 for l0 –
l03 s; 1 mW/cm2

for t > 1000 s

Nitrogen 337 1 J/cm2 for l0 – l000 s;
1 mW/cm2 for t > 1000 s

1 J/cm2 for l0 –
l03 s; 1 mW/cm2

for t > 1000 s

Helium-Cadmium 441.6 2.5 mW/cm2 for 0.25 s;
10 mJ/cm2 for 10-104 s;
W ccm-2 for > 104 s

0.2 W/cm2

Argon 488
514

2.5 mW/cm2 for 0.25 s;
10 mJ/cm2 for 10-104 s;
W ccm-2 for > 104 s

0.2 W/cm2
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Table 3—continued
Intrabeam Exposure Limits for Common cw Lasers

Laser type
Wavelength(s)

(nm)

            Exposure l imit  value
          E y e                    S k i n

Frequency doubled
   Nd:YAG

532 2.5 mW/cm2 for 0.25 s;
10 mJ/cm2 for 10-104 s;
W ccm-2 for > 104 s

0.2 W/cm2

Helium-Neon 632.8 2.5 mW/cm2 for 0.25 s;
10 mJ/cm2 for 10-104 s;
W/cm2 for > 104 s

0.2 W/cm2

Krypton 647.1 2.5 mW/cm2 for 0.25 s;
10 mJ/cm2 for 10-104 s;
W ccm-2 for > 104 s

0.2 W/cm2

Gallium arsenide
   (300 K)

905 0.8 mW/cm2 for t > 100s 0.5 W/cm2

Neodymium:YAG 1064 1.6 mW/cm2 for t >l00s l.0 W/cm2

Carbon dioxide
   (and other lasers)

10.6 µm
1.4–1000 µm

0.1 W/cm2 for t > 10 s 0.1 W/cm2

 for t > 10 s

Table 4
Intrabeam Exposure Limits for Common Pulsed Lasers

Laser type
Wavelength(s)

(nm)
Pulse

duration
    Exposure l imit value
    E y e                S k i n

Normal-pulsed
   ruby laser

694.3 ~ 1 ms 10-5 J/cm2 0.2 J/cm2

Q-switched ruby 694.3 5-100 ns 5x10-7 J/cm2 0.02 J/cm2

Rhodamine 6G
   dye laser

~500-700 0.5-20 ms 5 x 10 -7 J/cm2 0.03-0.01 J/cm2

Normal pulsed
   neodymium laser

1064 ~1 ms 5x 10-8 J/cm2 1.0 J/cm2

Q-switched
   neodymium laser

1064 5-100 ns 5 x l0-6 J/cm2 0.1 J/cm2
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Table 5
Summary of Biological Effects and Limits for Different Spectral Regions

Wavelength
region

Representative
lasers Adverse effects Symptoms

Representative
maximal levels of
exposure for a
collimated laser beam

190 nm to 315 nm ArF, KrF, XeF
  (repetitively
   pulsed)

(A) Photokeratoconjunctivitis,
normally reversible within
48 hr.

(B) Erythema (sunburn),
  normally  reversible within
  1 week.
(C) Skin cancer.
(D) Cataract of lens
  (300-315 nm).

(A) Uncontrolled blinking,
painful sensation of
"sand" in eyes,
inflammation of the
cornea and conjunctiva,
delayed in onset 6-12 hr.

(B) Reddening of skin
(after delay).

(C,D) Delayed in onset by
many years.

3 mJ/cm2 for 200 nm to
302 nm for single or
multiple pulse exposure;
0.56 t1/4 J/cm2  for 1 ns
to 10 s;1 J/cm2  for single
pulse or pulse train at 315
nm.

315 nm to 380-400 nm He-Cd, Argon Same as above, except that
threshold doses are orders of
magnitude greater.

Same as above. Some
accelerated tanning of
skin. Very low risk skin
cancer.

0.56 t1/4 J/cm2 for 1 ns to
10 s; 1 J/cm2 for 10 sec to
1000 sec ; 1 mW/cm2 for
1000-s exposure or
greater.

400 nm to 550 nm He-Cd, Argon Retinal photochemical injury
("Blue-Light Injury").
Permanent scotoma in
severe cases; some recovery
after two to six weeks.

Delayed onset of 24-48 hr.
Retinal lesion visible by
ophthalmoscope; blind-
spot (scoloma) also
develops in 24-48 hr.

10 mJ/cm2 for t = 10 s to
10,000 s;
1 µW/cm2 for t = 104 s
(2.8 hr).

Note: The expressions for exposure limits with time t raised to a fractional exponent of 1/4 or 3/4 require the use of seconds for t.

Ultrashort Pulses:  No exposure limits for subnanosecond pulses have been set; however, a conservative approach recommended by the
IEC would require the exposure in terms of irradiance (W/cm2) not to exceed the irradiance limit for a l-ns pulse.
There is some limited experimental evidence to support that approach.

Extended Sources:  The limits given above for wavelengths between 400 and 1400 nm apply strictly only low intrabeam (direct) exposure
for the eye. More lenient limits not shown apply to laser radiation exposure of the eye from extended source, scattered
radiation.
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 Table 5—continued
Summary of Biological Effects and Limits for Different Spectral Regions

Wavelength
region

Representative
lasers Adverse effects Symptoms

Representative
maximal levels of
exposure for a
collimated laser beam

400 nm to 1400 nm Argon, Ruby,
He-Ne,
Nd:YAG, GaAs

(A) Retinal thermal injury;
permanent scotoma.

(B) Thermal burns of the
skin.

Rapid appearance of
ophthalmoscopically
visible retinal lesion with
associated blind spot that
does not improve.

Rapid appearance of red
spot (erythema) at site of
exposure. Generally
healing (sometimes with
scar) within 4-6 weeks.

5 µJ/cm2 at 1064 nm or 0.5
µJ/cm2 for t = 1 ns to 18
µs at 400 nm to 700 nm;
1.8 t3/4 CA mJ/cm2 for
100 µs to 10 s;
320 CA l µW/cm2 for
700 – 1400 nm at t =
1000 s.
2 CA x 10 -2 J/cm2 for 1

ns to 100 ns; 1.1 CA t1/4;

J/cm2 for 100 ns to 10 s;
200 CA mW/cm2 for t =
10 s (small spots).

1400 nm to 1 mm HF, DF, Er, Ho,
CO, CO2

Corneal thermal burns, skin
burns.

White flaky patch from
pulsed laser near
threshold; erythema from
CW exposure to deep
burn at much higher
levels. Corneal
vacuolization.

10 mJ/cm2 for 1 ns to 100
ns (exception: @ 1.54
µm, 1 J/cm2, 1-100 ns);
0.56 t1/4 J/cm2 for 100 ns
to 10 s; 100 mW/cm2 for
t > 10 s.
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Protective Eyewear

Laser eye protection is necessary for all class 3B and 4 laser systems where exposure
above the MPE is possible. ANSI Z136.1 provides general guidance for the use of eyewear.
Figure 1 indicates the required optical density of eyewear at the laser wavelength for non-Q-
switched (curve 1) and Q-switched (curve 3) maximum output energies measured in mJ, and
for continuous wave intrabeam viewing (curve 2) and diffuse viewing (curve 4) for maximum
output powers measured in W.
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Figure 1 .  Optical density of eyewear required for pulsed and cw laser operation.
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Cain, C. P. et al., Retinal damage and laser-induced breakdown produced by ultrashort-
pulse lasers, Graefe's Arch. Clin. Exp. Ophthalmol. 234: suppl. 1, S28 (1996); Cain,
C.P. et al., Visible retinal lesions from ultrashort laser pulses in the primate eye,
Invest. Ophthalmol. 36, 879 (1995).

Duchene A. S., Lakey, J. R. A., and Repacholi, M. H., (Eds.), IRPA Guidelines on
Protection Against Non-Ionizing Radiation, New York, MacMillan (1991).  

International Commission on Non-Ionizing Radiation Protection (ICNIRP), 1996,
Guidelines on Limits for Laser Radiation of Wavelengths between 180 nm and 1000
mm, Health Physics 71, 804 (1996).
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APPENDIX II

Acronyms, Abbreviations, Initialisms, and Common Names
 for Types of Lasers, Laser Materials, Laser Structures and

Operating Configurations, and Systems Involving Lasers

A-FPSA —   anti-resonant Fabry-Perot saturable absorber

ADM —   add-drop multiplexer

AGRIN —   axial gradient index (lens)

ANSI —   American National Standards Institute (laser safety standards)

AO —   acousto-optical

AON —   all optical network

AOS —   acoustic-optic switch

AOTF —   acousto-optic tunable filter

APM —   additive pulse mode-locked (laser)

AR —   antireflection (coating)

ASE —   amplified spontaneous emission

ASRL —   anti-Stokes Raman laser

ATM —   asynchronous transfer mode

ATTA —   atom trap trace analysis (laser manipulation)

AWI —   amplification without inversion

BB —   broadband

BC —   buried crescent (laser)

BEL —   bound-electron laser

BEL —   lanthanum beryllate (laser crystal)

BER —   bit error rate

BFA —   Brillouin fiber amplifier

BFAP —   barium fluoroapatitie (laser crystal)

BGSL —   broken-gap superlattice (laser)

BH —   buried heterostructure (laser)

BIG —   bundle-integrated-guide (laser)

BOG —   buried optical guide (laser)

BRL —   Brillouin ring laser

BRS —   buried ridge structure (laser)

BS —   beamsplitter

BTRS —   buried twin-ridge structure (laser)

BVSIS —   buried V-groove substrate inner stripe

BWDM —   bandpass wavelength-division multiplexing

BYF —   barium yttrium fluoride (laser crystal)

C3 —   cleaved coupled cavity (laser)

CARS —   anti-Stokes Raman spectroscopy
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CBH —   circular buried heterostructure (laser)

CC-CDH —   current confined constricted double heterostructure (laser)

CCGSE —   concentric-circle grating surface emitting (laser)

CCL —   color center laser

CDH —   constricted double heterostructure (laser)

CEL —   correlated emission laser

CLR —   coherence laser radar

CLSM —   confocal laser scanning microscopy

CLUE —   compensated laser ultrasonic evaluation

CMBH —   capped-mesa buried-heterostructure (laser)

CMC —   coupled microcavity (laser structure)

COD —   catastrophic optical damage

COIL —   chemical oxygen-iodine laser

CPA —   chirped pulse amplification

CPM —   colliding-pulse mode-locked (laser)

CPM —   corrugation-pitch-modulated (laser)

CPM —   critical phase matching

CPS —   coherent photon seeding

CRL —   compact, rugged laser

CRLAS —   cavity ringdown laser absorption spectroscopy

CSM —   cascaded second-order-nonlinearity modelocking

CSN —   cascade second-order nonlinear-optical (process)

CSP —   channeled-substrate planar (laser)

CTH:YAG —   Cr,Tm,Ho-doped yttrium aluminum garnet (laser crystal)

CTLM —   computer tomography laser mammography

CVL —   copper vapor laser

CW —   continuous wave

D-SAM —   dispersive saturable absorber mirror

D3 —   directly doubled diode (laser system)

DASAR —   darkness amplification by stimulated absorption of radiation

DBR —   distributed Bragg reflection (laser)

DC —   direct current (continuous output)

DCFL —   double clad fiber laser

DCPBH —   double channel planar buried heterostructure (laser)

DD-WGM —   dye-doped whispering galley mode (laser)

DDS —   deep-diffuse stripe (laser)

DFB —   distributed feedback (laser)
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DFC —   distributed forward coupled (laser)

DFG —   difference-frequency generation

DFWM —   degenerate four-wave mixing

DH —   double heterostructure (laser)

DIAL —   differential absorption lidar

DLM —   diffraction limited (beam)

DOE —   diffractive optical element

DOVE —   doubly vibrationally enhanced  (four-wave mixing)

DPL —   diode-pumped laser

DPSSL —   diode-pumped solid-state laser

DR —   distributed reflector (laser)

DRSFM —   double resonant sum-frequency mixing

DS —   diffused stripe (laser)

DSF —   dispersive shifter fiber

DSM —   dynamic-single-mode (laser)

DUV —   deep ultraviolet

DWDM —   dense wavelength-division multiplexing

DWELL —   dots in a well (laser)

EAM —   electro-absorptive-modulated (laser)

EARS —   excited absorption reflection switch

ECDL —   external cavity diode laser

EDFA —   erbium-doped fiber amplifier

EEDL —   edge-emitting diode laser

EEL —   edge-emitting laser

EFA —   erbium fiber amplifier

EFISH —   electric-field-induced second harmonic (generation)

EML —   electroabsorption modulated laser

ErF —   erbium fiber (laser)

ESA —   excited state absorption

ESA-FEL —   electrostatic-accelerator based free-electron laser

ESF —   effective saturation fluence

ETDL —   energy transfer dye laser

ETU —   energy transfer upconversion (laser)

EUV —   extreme ultraviolet

excimer —   excited dimer (laser)

F-(center) —   Farbe, German word for color (laser)

FAP —   calcium fluoroapatite (laser crystal)
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FBG —   fiber Bragg grating

FCSEL —   folded cavity surface emitting laser

FD —   frequency doubled (laser)

FEDL —   flashlamp-excited dye laser

FEL —   free-electron laser

FEM —   free-electron maser

FFH —   fifth harmonic

FG-ECL —   fiber-grating external-cavity laser

FH —   fourth harmonic

FHG —   fourth harmonic generation

FIR —   far infrared

FITL —   fiber in the loop

FL —   flashlamp

FM —   frequency modulation

FOG —   fiber optic gyroscope

FP —   Fabry-Perot (resonator)

FR —   Faraday rotator

FRL —   fiber Raman laser

FROG —   frequency-resolved optical grating

FRSL —   fiber Raman soliton laser

FSFL —   frequency-shifted feedback laser

FTIR —   frustrated total internal reflection (shutter)

FTTC —   fiber to the curb

FTTH —   fiber to the home

FWHM —   full-width half-maximum

FWM —   four-wave mixing

FWPO —   four-wave parametric oscillator

GC —   grating coupled (laser)

GDD —   group delay dispersion

GDL —   gas dynamic laser

GGG —   gadolinium gallium garnet (laser crystal)

GI-POF —   graded-index plastic optical fiber

GRENOUILLE —   grating-eliminated, no-nonsence observation of

         ultrafast incident laser light e-field

GRIN —   gradient (graded) index (lens)

GRINSCH —   graded-index separate confinement heterostructure (laser)

GRM —   gradient reflectivity mirror
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GSA —   ground state absorption

GSE —   grating surface emitting (laser)

GSGG —   gadolinium scandium gallium garnet (laser crystal)

GVD —   group velocity dispersion

GVL —   gold vapor laser

HAP —   high average power (laser)

HAP —   high-average-power (laser glass)

HDL —   homodyne laser

HEL —   high enery laser

HENE —   He-Ne (gas laser)

HHG —   high-harmonic generation

HMPGI —   hybrid multiple-prism grazing-incidence (cavity)

HOE —   holographic optical element

HP —   high power

HPP —   high peak power (laser)

HR —   high reflectivity (coating)

HRO —   heteroepitaxial ridge overgrown (laser)

ICF —   inertial confinement fusion (laser)

ICL —   interband cascade laser

IFE —   inertial fusion energy

IFRA —   ignition feedback regenerative amplifier

IM —   intensity modulation

IO —   integrated optical (device)

IR —   infrared

IRED —   infrared emitting diode

ISDN —   integrated services digital network

IVB —   intervalence band (laser)

KLM —   Kerr-lens mode locking

LADAR —   laser detection and ranging

LAN —   local area network

LASD —   laser airborne depth sounder

LASER —   light amplification by stimulated emission of radiation

LASIK —   laser in-situ keratomilensis

LBU —   laser-based ultrasound

LC —   liquid crystal

LCLV —   liquid crystal light valve

LCM —   laser capture microdissection
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LD —   laser diode

LDMS —   laser desorption mass spectrometry

LDV —   laser doppler velocimeter

LEB —   laser enhanced bonding

LEC —   long external cavity (laser)

LED —   light emitting diode

LiCAF —   lithium calcium aluminum fluoride (laser crystal)

LIDAR —   light detection and ranging (light radar system)

LIF —   laser-induced fluorescence

LiSAF —   lithium scandium aluminum fluoride (laser crystal)

LISER —   laser-induced stimulated emission of radiation

LIVAR —   laser-illuminated viewing and ranging (system)

LMA —   lanthanum magnesium hexaluminate (laser crystal)

LOC —   large optical cavity (laser)

LOFT —   laser optical feedback tomography

LOLA —   laser-offset locking accessary

LSA —   laser subassembly

LTK —   laser thermal keratoplasty

LWI —   lasing without inversion

M2 —   far field beam divergence angle

M2 —   times-diffraction-limit number

MASELA —   matrix-addressable surface-emitting-laser array

MASER —   microwave amplification by stimulated emission of radiation

MCA —   monolithic crystal array

MCS —   modified channeled substrate (laser)

MDC —   mirror dispersion controlled (oscillator)

MDR —   morphology-dependent resonance (laser)

MFA —   monolithically integrated flared amplifier

MIFROG —   multipulse interferometric frequency-resolved optical grating

MIH —   monolithically integrated hybrid (laser)

MIR —   mid-infrared

ML —   multilayer (coating)

ML —   multiline

MLQD —   multiple layer quantum dot

MMI —   multi-mode interference

MO —   master oscillator

MOC —   mirco-optical component
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MOPA —   master oscillator-power amplifier

MOPFA —   master oscillator-fiber power amplifier

MOPO —   master oscillator-power oscillator

MPL —   microgun-pumped laser

MQB —   multi-quantum barrier (laser)

MQW —   multiple quantum well (laser)

MSA —   multisegment amplifier

MSL —   microgun-pumped semiconductor laser

MUG (Russian) —   molekulyarnyy usilitel i generator (molecular amplifier and oscillator)

MVL —   metal vapor laser

MWIR —   mid-wave infrared

NA —   numerical aperture (optical fiber)

NALM —   nonlinear amplifying loop mirror

NAM —   nonabsorbing mirror

NCPM —   non-critical phase matching

NDFA —   neodymium fiber amplifier

NDFWM —   nondegenerate four-wave mixing

NDPL —   nuclear device pumped laser

NDTWM —   nondegenerate two-wave mixing

NIR —   near infrared

NOLM —   nonlinear optical loop mirror

NOPC —   nonlinear optical phase conjugation

NPL —   nuclear-pumped laser

NPRO —   nonplanar ring oscillator

NYAB —   neodymiun yttrium aluminum borate (laser crystal)

OCL —   optical confinement layer

OCT —   optical coherence tomography

ODT —   optical diffraction tomography

OEIG —   optoelectronic integrated circuit

OFDM —   optical frequency division multiplexing

OKG —   optical Kerr gate

OLA —   optical power-limiting amplifier

OLED —   organic light-emitting diode

OPA —   optical parametric amplifier

OPAL —   optical parametric amplifier laser

OPC —   optical phase conjugation

OPG —   optical parametric generator
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OPL —   optical power limiter

OPO —   optical parametric oscillator

OPOL —   optical parametric oscillator laser

OPPO —   optical parametric power oscillator

OPS —   optically pumped semiconductor (laser)

OSL —   organic semiconductor laser

OTDR —   optical time-domain reflectrometry

OVCSEL —   organic vertical cavity surface-emitting laser

PASER —   pion amplification by stimulated emission of radiation

PBC —   p-type buried crescent (laser)

PBC —   planar buried crescent (laser)

PBH —   planar buried heterostructure (laser)

PC —   phase conjugation

PC —   Pockels cell

PCM —   phase conjugation mirror

PCPA —   parametric chirped pulse amplification

PCR —   phase conjugate resonator

PCR —   polarization-coupled resonator

PCSEL —   planar cavity surface-emitting laser

PDFFA —   praseodymium-doped fluoride fiber amplifier

PDL —   photonic delay line

PDT —   photodynamic therapy

PELA —   peripheral excimer-laser angioplasty

PESO —   piezoelectrically induced strain-optic (modulator)

PIC —   photonic intregated circuit

PIFI —   polarization insensitive fiber isolator

PIL —   photolylic iodine laser

PINSCH —   periodic-index separate-confinement heterostructure (laser)

PIV —   particle image velocimetry

PLC —   planar lightwave circuit

PM —   phase modulator

PM —   polarization maintaining (optical fiber)

PMD —   polarization mode dispersion

POF —   polymer optical fiber

POFA —   polymer optical fiber amplifier

PON —   passive optical network (system)

POWA —   planar optical waveguide amplifier
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PRF —   pulse repetition frequency

PRFA —   praseodymium fiber amplifier

PRK —   photorefractive keratectomy

PTK —   phototherapeutic keratectomy (laser process)

Q —   quality factor (laser cavity)

QB —   quantum box (laser)

QC —   quantum cascade (laser)

QCL —   quantum cascade laser

QCW —   quasi-continuous wave

QD —   quantum dot (laser)

QF —   quantum film (laser)

QMAD —   quiet multiaxial mode doubling

QPL —   quantum parallel laser

QPM —   quasi-phase match

QW —   quantum well (laser)

QW —   quantum wire (laser)

QWH —   quantum well heterostructure (laser)

QWL —   quantum well laser

QWR —   quantum well ridge (laser)

QWS —   quantum well structure (laser )

R-SEED —   resistor-biased self-electro-optic effect device

RCLED —   resonant cavity light-emitting diode

REDF —   rare-earth doped fiber

RFA —   Raman fiber amplifier

RGH —   rare gas halide (laser)

RLG —   ring laser gyroscope

RMI —   resonant holographic interferometry

ROW —   resonant optical waveguide (diode laser array)

RPL —   reactor pumped laser

RS —   Raman-shifted (laser)

RSA —   reverse saturable absorption (molecules, material)

RW —   ridge waveguide (laser structure)

S-SEED —   symmetric self-electro-optic effect device

SA —   saturable absorber

SAR —   synthetic aperture radar (optical processing)

SASE —   self-amplified spontaneous emission

SBL —   space based laser
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SBR —   saturable Bragg reflector

SBR —   selective buried ridge (laser structure)

SBS —   stimulated Brillouin scattering (amplifier)

SCH —   separate carrier heterostructure (laser)

SCH —   separate confinement heterostructure (laser)

SCL —   semiconductor laser

SCLA —   semiconductor laser amplifier

SD-FROG —   self-diffraction frequency-resolved optical grating

SDL —   semiconductor diode laser

SDWL —   simultaneous dual wavelength lasing

SE —   stimulated emission

SEA —   surface-emitting (laser) array

SEED —   self-electrooptic effect device

SEL —   surface-emitting laser

SELD —   surface-emitting laser diode

SELDA —   surface-emitting laser diode array

SFD —   self-frequency doubled (laser)

SFG —   sum frequency generation

SFM —   sum frequency mixing

SGDBR —   sample-grating distributed-Bragg-reflector

SH —   second harmonic

SHG —   second harmonic generation

SLA —   semiconductor laser amplifier

SLM —   single longitudinal mode

SLM —   spatial light modulator

SLQD —   single layer quantum dot

SLS —   strained layer superlattice (laser structure)

SM —   submillimeter (laser)

SOA —   semiconductor optical amplifier

SOI —   silicon-on-insulator (waveguide structure)

SONET —   synchronous optical network

SP —   self phase (modulation)

SPAM —   self phase and amplitude modulation

SP-APM —   stretched-pulse additive pulse mode-locked (laser)

SPL —   short pulse laser

SPM —   self-phase modulation

SPML —   synchronously-pumped mode-locked (laser)
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SPPO —   synchronously pumped parametric oscillator

SQW —   single quantum well (laser)

SRFEL —   storage ring free-electron laser

SRS —   stimulated Raman scattering (amplifier)

SSD —   smoothing by spectral dispersive

SSL —   serpentine superlattice (laser structure)

SSM —   single spatial mode

STF —   soliton transmission fiber

SXPL —   soft x-ray projection lithography

SXR —   soft x-ray

S–FAP —   strontium fluoroapatite (laser crystal)

S–VAP —   strontium vanadium fluoroapatite (laser crystal)

T-ray —   tetrahertz ray ( 0.1–3 THz)

T2QWL —   type II quantum well laser

T3 —   table-top-terawatt (laser)

TADPOLE —   temporal analysis by dispersing a pair of light E-fields

TAL —   thin active layer (laser)

TAPS —   tapered stripe (laser structure)

TCL —   taper coupled laser

TCL —   twin-channel laser

TCSM —   twin-channel substrate mesa (laser)

TDL —   tunable diode laser

TDM —   time-division multiplexing

TEA —   tranverse excited atmospheric pressure (laser)
TEMoo —   lowest order or fundamental tranverse mode

TFR —   tightly folded resonator (laser)

TG-FROG —   transient-grating frequency-resolved optical grating

TH —   third harmonic

THG —   third harmonic generation

TIE —   tunable interdigital electrode (DBR laser)

TII —   time-integrated interferometry

TILDAS —   tunable infrared laser differential absorption spectroscopy

TJS —   transverse junction stripe (laser structure)

TMI —   two-mode interference

TOAD —   terahertz optical asymmetric demultiplexer

TOPAS —   traveling-wave optical parametric amplifier of superfluorescence

TOPG —   traveling-wave optical parametric generator
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TPFM —   two-photon fluorescence microscopy

TREEFROG —   twin-recovery of electric-field components by use of FROG

TRI —   time-resolved interferometry

TRS —   twin-ridge structure (laser)

TSL —   tilted superlattice

TTT —   transpupillary thermotherapy

TTW-SLA —   traveling-wave semiconductor laser amplifier

TW —   traveling wave

TWM —   three-wave mixing

TWM —   two-wave mixing

UCL —   upconversion laser

UFL —   upconversion fiber laser

UV —   ultraviolet

UVA —   ultraviolet (320—400 nm; CIE 315—400 nm)

UVB —   ultraviolet (280—320 nm; CIE 280—315 nm)

UVC —   ultraviolet (200—280 nm; CIE 100—280 nm)

VCSEL —   vertical cavity surface-emitting laser

VECOD —   vertical-coupled quantum dot (laser)

VECSEL —   vertical-external-cavity surface-emitting laser

VLAP —   visual laser prostatectomy

VLD —   visible laser diode

VPBS —   variable polarization beamsplitter

VSAL —   very-small-aperture laser

VSIS —   V-channeled substrate inner stripe (laser)

VSQW —   variable-strained quantum well (laser)

VUV —   vacuum ultraviolet

WAN —   wide area network

WDM —   wavelength-division multiplexing

WDM-OS —   wavelength-division multiplexing optical switch

WG —   waveguide (optical)

WGM —   whispering galley mode (laser)

WGR —   waveguide grating router

WSOL —   wavelength selective optical logic

XDL —   times diffraction limit

XFEL —   x-ray free-electron laser

XM —   cross modulation

XPM —   cross phase modulation
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XRL —   x-ray laser

XUV —   extreme ultraviolet

YAB —   yttrium aluminum borate (laser crystal)

YAG —   yttrium aluminum garnet (laser crystal)

YALO —   yttrium aluminate (laser crystal)

YAP —   yttrium aluminum perovskite (laser crystal))

YBF —   yttrium barium fluoride (laser crystal)

YDFA —   ytterbium-doped fiber amplifier

YGG —   yttrium gallium garnet (laser crystal)

YLF —   lithium yttrium fluoride (laser crystal)

YSAG —   yttrium scandium aluminum (laser crystal)

YSGG —   yttrium scandium gallium (laser crystal)

YSO —   yttrium silicon oxide, yttrium orthosilicate (laser crystal)

YVO —   yttrium vanadate (laser crystal)

Z-laser —   zone laser (self-focusing)

ZBLAN —   Zr-Ba-La-Al-Na fluorozirconate (laser glass)

*For a more complete  list of abbreviations, acronyms, initialisms, and minerological or common
names for laser materials, see Appendix 2 of the Handbook of Laser Science and Technology:
Supplement 2 – Optical Materials, CRC Press, Boca Raton, FL (1995).
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APPENDIX III

Electron Configurations of Neutral Atoms in the Ground State

Atomic
number Element

K
n=1

s

L
n=2
s   p

M
n=3

s  p  d

N
n=4

s  p  d  f

O
n=5

s  p  d  f

P
n=6

s  p  d

Q
n=7

s

1 H 1
2 He 2
3 Li 2 1
4 Be 2 2
5 B 2 2  1
6 C 2 2  2
7 N 2 2  3
8 O 2 2  4
9 F 2 2  5

10 Ne 2 2  6
11 Na 2 2  6 1
12 Mg 2 2  6 2
13 Al 2 2  6 2  1

`14 Si 2 2  6 2  2
15 P 2 2  6 2  3
16 S 2 2  6 2  4
17 Cl 2 2  6 2  5
18 Ar 2 2  6 2  6
19 K 2 2  6 2  6 1
20 Ca 2 2  6 2  6 2
21 Sc 2 2  6 2  6  1 2
22 Ti 2 2  6 2  6  2 2
23 V 2 2  6 2  6  3 2
24 Cr 2 2  6 2  6  4 1
25 Mn 2 2  6 2  6  5 2
26 Fe 2 2  6 2  6  6 2
27 Co 2 2  6 2  6  7 2
28 Ni 2 2  6 2  6  8 2
29 Cu 2 2  6 2  6  10 1
30 Zn 2 2  6 2  6  10 2
31 Ga 2 2  6 2  6  10 2  1
32 Ge 2 2  6 2  6  10 2  2
33 As 2 2  6 2  6  10 2  3
34 Se 2 2  6 2  6  10 2  4
35 Br 2 2  6 2  6  10 2  5
36 Kr 2 2  6 2  6  10 2  6
37 Rb 2 2  6 2  6  10 2  6 1
38 Sr 2 2  6 2  6  10 2  6 2
39 Y 2 2  6 2  6  10 2  6  1 2
40 Zr 2 2  6 2  6  10 2  6  2 2
41 Nb 2 2  6 2  6  10 2  6  4 1
42 Mo 2 2  6 2  6  10 2  6  5 1
43 Tc 2 2  6 2  6  10 2  6  5 2
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Electron Configurations of Neutral Atoms in the Ground State

Atomic
number Element

K
n=1

s

L
n=2
s   p

M
n=3
s  p  d

N
n=4

s  p  d  f

O
n=5

s  p  d  f

P
n=6

s  p  d

Q
n=7

s

44 Ru 2 2  6 2  6  10 2  6  7 1
45 Rh 2 2  6 2  6  10 2  6  8 1
46 Pd 2 2  6 2  6  10 2  6  10 1
47 Ag 2 2  6 2  6  10 2  6  10 1
48 Cd 2 2  6 2  6  10 2  6  10 2
49 In 2 2  6 2  6  10 2  6  10 2  1
50 Sn 2 2  6 2  6  10 2  6  10 2  2
51 Sb 2 2  6 2  6  10 2  6  10 2  3
52 Te 2 2  6 2  6  10 2  6  10 2  4
53 I 2 2  6 2  6  10 2  6  10 2  5
54 Xe 2 2  6 2  6  10 2  6  10 2  6
55 Cs 2 2  6 2  6  10 2  6  10 2  6 1
56 Ba 2 2  6 2  6  10 2  6  10 2  6 2
57 La 2 2  6 2  6  10 2  6  10 2  6  1 2
58 Ce 2 2  6 2  6  10 2  6  10  1 2  6  1 2
59 Pr 2 2  6 2  6  10 2  6  10  3 2  6 2
60 Nd 2 2  6 2  6  10 2  6  10  4 2  6 2
61 Pm 2 2  6 2  6  10 2  6  10  5 2  6 2
62 Sm 2 2  6 2  6  10 2  6  10  6 2  6 2
63 Eu 2 2  6 2  6  10 2  6  10  7 2  6 2
64 Gd 2 2  6 2  6  10 2  6  10  7 2  6  1 2
65 Tb 2 2  6 2  6  10 2  6  10  9 2  6 2
66 Dy 2 2  6 2  6  10 2  6  10  10 2  6 2
67 Ho 2 2  6 2  6  10 2  6  10  11 2  6 2
68 Er 2 2  6 2  6  10 2  6  10  12 2  6 2
69 Tm 2 2  6 2  6  10 2  6  10  13 2  6 2
70 Yb 2 2  6 2  6  10 2  6  10  14 2  6 2
71 Lu 2 2  6 2  6  10 2  6  10  14 2  6  1 2
72 Hf 2 2  6 2  6  10 2  6  10  14 2  6  2 2
73 Ta 2 2  6 2  6  10 2  6  10  14 2  6  3 2
74 W 2 2  6 2  6  10 2  6  10  14 2  6  4 2
75 Re 2 2  6 2  6  10 2  6  10  14 2  6  5 2
76 Os 2 2  6 2  6  10 2  6  10  14 2  6  6 2
77 Ir 2 2  6 2  6  10 2  6  10  14 2  6  7 2
78 Pt 2 2  6 2  6  10 2  6  10  14 2  6  9 1
79 Au 2 2  6 2  6  10 2  6  10  14 2  6  10 1
80 Hg 2 2  6 2  6  10 2  6  10  14 2  6  10 2
81 Tl 2 2  6 2  6  10 2  6  10  14 2  6  10 2  1
82 Pb 2 2  6 2  6  10 2  6  10  14 2  6  10 2  2
83 Bi 2 2  6 2  6  10 2  6  10  14 2  6  10 2  3
84 Po 2 2  6 2  6  10 2  6  10  14 2  6  10 2  4
85 At 2 2  6 2  6  10 2  6  10  14 2  6  10 2  5
86 Rn 2 2  6 2  6  10 2  6  10  14 2  6  10 2  6
87 Fr 2 2  6 2  6  10 2  6  10  14 2  6  10 2  6 1
88 Ra 2  6 2  6  10 2  6  10  14 2  6  10 2  6 2
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Electron Configurations of Neutral Atoms in the Ground State

Atomic
number Element

K
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s
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s   p

M
n=3
s  p  d
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s  p  d  f

O
n=5

s  p  d  f

P
n=6

s  p  d

Q
n=7

s

89 Ac 2 2  6 2  6  10 2  6  10  14 2  6  10 2  6  1 2
90 Th 2 2  6 2  6  10 2  6  10  14 2  6  10 2  6  2 2
91 Pa 2 2  6 2  6  10 2  6  10  14 2  6  10   2 2  6  1 2
92 U 2 2  6 2  6  10 2  6  10  14 2  6  10   3 2  6  1 2
93 Np 2 2  6 2  6  10 2  6  10  14 2  6  10   4 2  6  1 2
94 Pu 2 2  6 2  6  10 2  6  10  14 2  6  10   6 2  6 2
95 Am 2 2  6 2  6  10 2  6  10  14 2  6  10   7 2  6 2
96 Cm 2 2  6 2  6  10 2  6  10  14 2  6  10   7 2  6  1 2
97 Bk 2 2  6 2  6  10 2  6  10  14 2  6  10   9 2  6 2
98 Cf 2 2  6 2  6  10 2  6  10  14 2  6  10  10 2  6 2
99 Es 2 2  6 2  6  10 2  6  10  14 2  6  10  11 2  6 2

100 Fm 2 2  6 2  6  10 2  6  10  14 2  6  10  12 2  6 2
101 Md 2 2  6 2  6  10 2  6  10  14 2  6  10  13 2  6 2
102 No 2 2  6 2  6  10 2  6  10  14 2  6  10  14 2  6 2
103 Lr 2 2  6 2  6  10 2  6  10  14 2  6  10  14 2  6  1 2
104 Rf 2 2  6 2  6  10 2  6  10  14 2  6  10  14 2  6  2 2

Reference: CRC Handbook of Chemistry and Physics, Lide, D., Ed., CRC Press, Boca Raton, FL.
(1999).
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APPENDIX IV

Fundamental Physical Constants

Quantity Symbol Value

speed of light in vacuum c 299 792 458 m/s

permeability of vacuum, 4πx10-7 µ0 1.256 637 061 4x10-6 N/A2

permittivity of vacuum, 1/µ0c2 ε0 8.854 187 817x10-12 F/m

Planck constant h 6.626 075 5x10-34 J s

elementary charge e 1.602 177 33x10-19 C

magnetic flux quantum, h/2e Φ0 2.067 834 61x10-15 Wb

electron mass me 9.109 389 7x10-31 kg

proton mass mp 1.672 623 1x10-27 kg

fine structure constant, µ0ce2/2h α 7.297 353 08x10-3

inverse fine-structure constant 1/α 137.035 989 5

Rydberg constant, mecα2/2h Ry, R∞ 10 973 731.534 m-1

Bohr radius, α/4πR∞ a0 0.529 177 249x10-10 m

Hartree energy, e2/4πε0a0 = 2R∞hc Eh 4.359 748 2x10-18 J

    in eV, Eh/e 27.211 396 1 eV

Compton wavelength, h/mec λC 2.426 310 58x10-12 m

classical electron radius, α2a0 re 2.817 940 92x10-15 m

Bohr magneton, eh/4πme µB 9.274 015 4x10-24 J/T

nuclear magneton, eh/4πmp µN 5.050 786 6x10-27 J/T

electron magnetic moment µe 9.284 770 1x10-24 J/T

magnetic moment anomaly, µe/ µB – 1 ae 1.159 653 193x10-3

electron g factor, 2(1 + ae) gµ 2.002 319 304 386

proton gyromagnetic ratio γ p 2.675 221 28x108 s-1T -1

Avogadro constant NA 6.022 136 7x1023 mol -1

Boltzmann constant, R/NA k 1.380 658x10 -23 J/K

Faraday constant, NAe F 96 485.309 C/mol

molar gas constant R 8.314 510 J/mol K

Stefan-Boltzmann constant s 5.670 51x10 -8 W/m2 K4

References:
Cohen, E. R., and Taylor, B. N., The 1986 adjustment of the fundamental physical constants,
      Rev. Mod. Phys. 59, 1121 (1987).
Taylor, B. N., and Cohen, E. R., Recommended values of the fundamental physical constants:
      a status report, J. Res. Natl. Inst. Stand. Technol. 95, 497 (1990).

See, also, NIST Web site: physics.nist.gov/constants.
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CONVERSION FACTORS FOR SPECTROSCOPISTS

Energy
E (joule)

Frequency
ν  (hertz)

Wavelength
λ (nanometer)

Wavenumber
σ (centimeter)-1

Electron volt
 eV (volt)

Temperature
T (kelvin)

E E = hν E = hc/λ E = hcσ E = 108 eV/c E = kT

1 J 1.5092 x 1033 1.9864 x 10-16 5.0341 x 1022 6.2415 x 1018 7.2429 x 1022

6.6261 x 10-34 1 Hz 2.9979 x 1017 3.3356x 10 -11 4.1357 x 10-15 4.7992 x 10-11

1.9864 x 10-16 2,9979 x 1017 1 nm 107 1239.8 1.4388 x 107

1.9864 x 10-23 2.9979 x 1010 107 1 cm-1 1.2398 x 10-4 1.4388

1.6022 x 10-19 2.4180 x 1014 1239.8 8065.5 1 eV 11,604

1.3807 x 10-23 2.0837 x 1010 1.4388 x 107 0.69504 8.6174 x 10-5 1 K

NOTE:  The unit at the top of a column applies to all values below; all values on the same line of the table are equal.

Other conversions:
1 cm-1 = 1 kayser = 104 angstrom (Å) = 1.331 x 10-13 atomic mass unit = 2.426 x 10-10 electron mass unit

1 cm-1 ≈ 1.44 K ≈ 30 GHz ≈ 1.24 x 10-4 eV ≈ 2 x 10-16 erg ≈ 1 tesla  (g = 2)

1 hartree = 27.2116 eV = 4.35975 x 10-18 joule

1 bohr = 0.52918 angstrom (Å)
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