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ABSTRACT

The updated 2009 edition of the spectroscopic database GEISA (Gestion et Etude des
Informations Spectroscopiques Atmosphériques; Management and Study of Atmospheric
Spectroscopic Information) is described in this paper. GEISA is a computer-accessible
system comprising three independent sub-databases devoted, respectively, to: line
parameters, infrared and ultraviolet/visible absorption cross-sections, microphysical
and optical properties of atmospheric aerosols. In this edition, 50 molecules are involved
in the line parameters sub-database, including 111 isotopologues, for a total of 3,807,997
entries, in the spectral range from 10~° to 35,877.031 cm~ .

The successful performances of the new generation of hyperspectral sounders depend
ultimately on the accuracy to which the spectroscopic parameters of the optically active
atmospheric gases are known, since they constitute an essential input to the forward
radiative transfer models that are used to interpret their observations. Currently, GEISA is
involved in activities related to the assessment of the capabilities of IASI (Infrared
Atmospheric Sounding Interferometer; http://smsc.cnes.fr/IASI/index.htm) on board the
METOP European satellite through the GEISA/IASI database derived from GEISA. Since the
Metop-A (http://www.eumetsat.int) launch (19 October 2006), GEISA is the reference
spectroscopic database for the validation of the level-1 IASI data. Also, GEISA is involved
in planetary research, i.e., modeling of Titan's atmosphere, in the comparison with
observations performed by Voyager, or by ground-based telescopes, and by the instru-
ments on board the Cassini-Huygens mission.

GEISA, continuously developed and maintained at LMD (Laboratoire de Météorologie
Dynamique, France) since 1976, is implemented on the IPSL/CNRS (France) “Ether”
Products and Services Centre WEB site (http://ether.ipsl.jussieu.fr), where all archived
spectroscopic data can be handled through general and user friendly associated manage-
ment software facilities. More than 350 researchers are registered for on line use of GEISA.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction’

Spectroscopic remote sensing is an indispensable tool of
modern meteorology. It is used to investigate climate change
and provide an improved understanding of the different
phenomena driving an atmospheric system in order to
predict its past and future evolution. In particular, spectrally
highly resolved radiances measured by powerful observa-
tional techniques such as ground-, aircraft-, balloon-, or
satellite-based sensors enable global monitoring of atmo-
spheres, provide a wealth of information about its actual
state. The corresponding sensors have been improved sig-
nificantly in recent years. Currently, there are many satellite-
based instruments recording high quality spectra in order to
understand the atmospheric state in great detail. Planetary
examples include the recent Mars Express (http://www.
esa.int/SPECIALS/Mars_Express/index.html), Venus Express
(http://www.esa.int/esaMI/Venus_Express/) and Cassini—
Huygens missions (http://www.esa.int/SPECIALS/Cassini-
Huygens/index.html), studying the terrestrial planets and
Jupiter, Saturn and Titan, respectively. Numerous space-
based missions continually provide a very large number of
spectral observations which produce new revelations in
planetology.

For remote sensing of astronomical objects, an essential
prerequisite is high accuracy forward radiative transfer
modeling. This in turn requires extensive knowledge of both
the fundamental spectroscopic parameters of atmospheric
constituents and the equations governing the propagation of

! Acronyms used in the text are documented in Appendix A.

radiation through the atmosphere. Numerous physical phe-
nomenon that influence the radiative transfer of a planet
can be discerned and often measured from the variation of
specific spectral features. As a consequence, spectroscopy is
at the root of modern planetology, enabling us to determine
the physical properties of planets remotely. Generally,
forward models used in such studies are generated from
line-by-line codes. Their accuracy is affected in many ways,
and uncertainty in the spectroscopic information is one of
the greatest impacts.

During second half of the 20th century, the synergy
between the simultaneous development of new technologies
(high speed processing with computers, high-resolution
laboratory facilities, quantum-mechanical treatment in
theoretical spectroscopy, etc.), provided the means to
interpret a multitude of long-path atmospheric transmis-
sions by performing radiance calculations for numerous
scenarios. As a result, the first standardized spectroscopic
database, the so-called “AFGL tape”, oriented towards the
Earth’s atmosphere, was initiated in 1973, at Air Force
Geophysics Laboratory USA, by McClatchey et al. [1] and
Garing and McClatchey [2]. This early database was
limited to the strongest infrared absorbers (H,O, CO,,
03, N>0, CO, CHy, and O,) in the terrestrial atmosphere. It
contained approximately 100,000 transitions.

In 1976, the ARA group at LMD (http://ara.abct.Imd.
polytechnique.fr) initiated a similar effort with the develop-
ment of GEISA [3-8]. The initial emphasis of GEISA and
HITRAN varied somewhat because HITRAN was focused on
the terrestrial atmosphere while GEISA was oriented towards
planetary atmospheres (in particular to support the Voyager
mission to the giant planets). The GEISA archive included the
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same seven atmospheric absorbers as in HITRAN, with a
dozen additional species such as: NHs, PHs, C;Hy, GeHy, C3Hg,
C,H,, HGN, HCOOH, C3Hy, as well as molecules such as: NO,
SO,, NO,. There are other notable differences:

e a specific major initial task of GEISA has been to
develop software so that users of the database could
easily perform various kinds of extractions for their
own applications in atmospheric physics and molecu-
lar spectroscopy;

e since the very first edition of GEISA, any isotopologue
of a species having symmetry properties different from
that of the main isotopologue (e.g., CH3D and CHy,,
CoHD and C;H;) was entered as an independent
molecular species; its line intensities were given for
a 100% sample rather than scaling by standard isotopic
abundances (as for '?CH4 and '>CH,).

The ARA group has continued to develop and maintain
GEISA for over three decades, responding to incorporate
new species and improve the completeness and accuracies
of the spectroscopic parameters. Since quality of its refer-
ence information strongly impacts applications of planetary
radiative transfer, there is an acute and constant demand for
validated, operational and interactive public spectroscopic
databases that are comprehensive and trustworthy. In its
present structure, GEISA is a computer accessible database
system, which, as described previously [5-9], delivers the
necessary data to interpret the terrestrial and planetary
atmospheric observations. GEISA comprises three inde-
pendent sub-databases devoted, respectively, to (a) line
parameters, (b) infrared and ultraviolet absorption cross-
sections, and (c) microphysical and optical properties of
atmospheric aerosols. It is used on-line by more than 300
laboratories for studies in atmospheric physics, astronomy
and astrophysics, and planetology.

The role of molecular spectroscopy in modern atmo-
spheric research has entered a new phase with the advent
of highly sophisticated spectroscopic instruments and
computers. The launch of high spectral resolution vertical
infrared sounders like AIRS (http://www-airs.jpl.nasa.gov/)
on board EOS (http://eospso.gsfc.nasa.gov/)-Aqua (http://
aqua.nasa.gov/) since May 2002, or IASI (http://smsc.cnes.
fr/IASI/index.htm) on board the European polar satellite
Metop-A (http://www.eumetsat.int/Home/Main/Satellites/
Metop/index.htm?l=en; http://www.esa.int/export/esaLP/
LPMetop.html) since October 2006, have opened promis-
ing perspectives for remote sensing applications as the
improvement of temperature and water vapor profile
retrieval, cloud and surface characteristics retrieval, or
retrievals of greenhouse gases (CO, and CH,4 for example)
and of various chemical species. The January 2009 launch
of the GOSAT satellite (http://www.gosat.nies.go.jp/index_e.
html) is another noteworthy event. The main aim of this
mission is to measure the column amounts and profiles of
the concentration of CO, and CH4 over the globe.

Since the launch of Metop-A, GEISA has been declared
as the reference basis by the international working group
(ISSWG) in charge of the IASI hyperspectral sounder,
through the GEISA/IASI database [10] which was derived
from GEISA, as a sub-set for selected molecules, within

the 599-3001 cm~! spectral range. GEISA/IASI is cur-
rently and routinely used for the validation of the level-
1 IASI data, using the 4A radiative transfer model [11,12];
4A/LMD; 4A/OP co-developed by LMD and Noveltis,
http://www.noveltis.fr/, with the support of CNES).

The contents of each of the three sections of GEISA in
its 2009 edition (hereafter GEISA-09) will be described in
this paper. Recommendations on the quality of spectro-
scopic line parameters required (from the conclusions of
experts involved in atmospheric and planetary science)
will also be summarized.

GEISA is freely accessible from Ether, the CNRS/CNES/
IPSL Products and Services Center, website (http://ether.
ipsl.jussieu.fr/).

It should be noted that other well known spectroscopic
data compilations are available including:

e HITRAN (former “AFGL tape”) for atmospheric and
planetary remote sensing (see Ref. [13] for 2004 and
2008 Editions);

e MIPAS [14] specifically tied to satellite experiments in
the Earth’s atmosphere;

e BEAMCAT, for millimeter and submillimeter wave
propagation in the Earth’s atmosphere [15];

e the JPL Catalog of microwave to sub-millimeter transi-
tions [16] which contains, for the most part, rotational
transitions of a few hundred molecules which can or
may be observed in the atmospheres of Earth or other
planets to molecules occurring in the Inter StellarMe-
dium (ISM) or in CircumStellar Envelopes (CSE) of late
type stars. A small, but probably increasing number of
entries contain infrared transitions;

e the CDMS Catalog [17] which also contains mostly
rotational transitions of molecules important for the
ISM or CDEs. Naturally, some of the molecules are also
of relevance for Earth’s atmosphere or that of other
planets. Furthermore, a number of entries deal with
infrared transitions of such molecules. Selected exam-
ples are low-lying vibrational modes of Cz and C30, or
selected bands of CH*, C,H, or CH5CCH.

2. Line parameters GEISA-09 sub-database description
2.1. General overview

In the significant 2009 update described below, the
GEISA-09 sub-database of line parameters archives, at the
reference temperature of 296 K, the spectral properties of 50
molecular species (111 isotopologues) corresponding to a
total of 3,807,997 entries in the spectral range from 10~
to 35,877.031cm~' (10" to 0.28 um). This represents
an increase of 8 molecular species, 14 isotopologues and
2,139,626 entries since the GEISA-03 [8,9] edition. This 28%
increase in entries is mainly due to: extension of spectral
ranges (i.e., CO,, N0, etc.), addition of new vibrational
bands and isotopologues (i.e., SO,, etc.), more sophisticated
theoretical and/or experimental determination of the spec-
troscopic parameters (i.e., CO,, HNOs;, H,CO, CoH,, HCN,
C4H,, SFg, etc.), and new archived molecular species (see
Table 1 for details). The newly archived molecular species
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Table 1

Contents of the GEISA-09 sub-database on line parameters. Details per molecule of the 2009 evolution of GEISA content since its 2003 edition. Reference

temperature is 296 K.

Mol. ID GEISA-03 GEISA-09 Refs.
Spectral range (cm~!) # lines Intensity exponent Spectral range (cm~!) # lines Intensity exponent
Max. Min. Max. Min.
H,0 1 0.007-22,656.465 58,726 —18 -31 0.007-25,232.004 67,789 -18 -33 [20-31]
CO, 2 436.123-9648.007 76,826 —18 —-41 5.891-12,784.053 413,619 -18 —42 [32-69]
03 3 0.026-4060.783 319,248 -19 -30 0.026-6395.379 389,378 -19 -30 [70-97]
N,O0 4 0.838-5131.249 26,681 -17 -27 0.838-7796.633 50,633 -17 -25 [98-102]
co 5 3.414-8464.882 13,515 —18 -77 3.414-8464.882 13,515 -18 -77 No update
CH,4 6 0.010-9199.285 216,196 —18 -33 0.001-9199.284 240,991 —18 —38 [103-126]
0, 7 1075-15,927.806 6290 -23 -50 1075-15,927.230 6428 -23 -50 [127-137]
NO 8 3x107°-9273.214 99,123 -19 -84 1075--9273.214 105,079 -19 -94 [133-139]
SO, 9 0.017-4092.948 38,853 -19 -27 0.017-4092.948 68,728 -19 -28 [140-166]
NO, 10 0.498-3074.366 104,224 —18 -27 0.498-3074.152 104,223 -18 -27 [167-168]
NH; 11 0.058-5294.502 29,082 —18 -38 0.058-5294.501 29,082 -18 -38 [169-170]
PH3 12 17.805-2478.765 11,740 —18 -27 17.805-3601.652 20,421 -18 =27 [171-178]
HNO; 13 0.035-1769.982 171,504 -19 -26 0.012-1769.982 669,988 -19 -27 [179-195]
OH 14 0.005-35,877.030 42,866 -16 -84 0.005-35,877.031 42,866 -16 -84 No update
HF 15 41.110-11,535.570 107 -16 -25 41.111-11,535.570 107 -16 -25 No update
HCl 16 20.240-13,457.841 533 -18 -25 20.240-13,457.841 533 -18 -25 No update
HBR 17 16.231-9758.565 1294 -18 -32 16.231-9758.564 1294 -18 -32 No update
HI 18 12.509-8487.305 806 -19 -29 12.509-8487.305 806 -19 -29 No update
CLO 19 0.015-1207.639 7230 -20 -29 0.015-1207.639 7230 -20 -29 No update
0ocCs 20 0.381-4118.004 24,922 -17 -27 0.381-4199.671 33,809 -17 -27 [196-210]
H,CO 21 3x107%-2998.527 2701 -19 -37 3 x1075-3099.958 37,050 -19 -37 [211-216]
C,He 22 725.603-2977.926 14,981 -20 =27 706.601-3000.486 27,644 -20 -29 [217-236]
CHsD 23 7.760-3306.810 35,518 -22 -29 7.7602-6510.326 49,237 -22 -29 [237-245]
CyH, 24 604.774-4225.435 3115 -17 -26 604.774-9889.038 11,340 -17 -27 [246-255]
CoHy 25 701.203-3242.172 12,978 -19 -25 701.203-3242.172 18,378 -19 -36 [256-260]
GEH4 26 1937.37-2224.570 824 —18 =21 1937.371-224.570 824 -18 =21 No update
HCN 27 2.870-18,407.973 2550 —18 -27 0.006-17,581.010 82,042 -18 -33 [261-292]
C3Hg 28 700.015-799.930 8983 -21 -23 700.015-799.930 8983 -21 -23 [293-298]
C3N, 29 203.955-2181.690 2577 -19 -23 203.955-2181.690 2577 -19 -23 [299-301]
C4H, 30 190.588-654.425 1405 -19 -23 191.635-730.235 119,480 -18 -23 [302-315]
HGN 31 474.293-690.860 2027 -19 -23 463.604-759.989 179,347 -19 -23 [316-319]
HOCl 32 0.0236-3799.682 17,862 -19 =27 0.0236-3799.682 17,862 -19 -27 No update
N, 33 1992.63-2625.497 120 -27 -33 1992.63-2625.497 120 -27 -33 [320-322]
CH3Cl 34 674.143-3172.927 18,344 -19 -31 674.143-3172.927 18,344 -19 -31 [323-324]
H,0, 35 0.043-1499.486 100,781 -19 -28 0.043-1730.371 126,983 -19 -28 [325-327]
H,S 36 2.985-4256.547 20,788 —18 -25 2.985-4256.547 20,788 -18 -25 [328-331]
HCOOH 37 1060.96-1161.251 3388 -19 -21 10.018-1889.334 62,684 -19 -25 [332-342]
COF, 38 725.005-2001.348 83,750 -19 -23 725.005-2001.348 83,750 -19 -23 No update
SFe 39 940.424-952.238 11,520 -19 =21 588.488-975.787 92,398 -19 -23 [343-348]
C3Hy 40 290.274-359.995 3390 -20 —22 288.913-673.479 19,001 -19 -23 [349-357]
HO, 41 0.173-3675.818 38,804 -19 -25 0.173-3675.819 38,804 -19 -25 No update
CIONO, 42 763.641-792.488 32,199 =21 -24 0.636-797.741 356,899 -21 =27 [358-362]
CH3BR 43 - 794.403-1705.612 36,911 -20 -26 [363-377]
CH3;0H 44 - 0.019-1407.206 19,897 -19 -34 [378-389]
NO+ 45 - 1634.83-2530.462 1206 -18 -80 [390-391]
HNC 46 - 0.217-4814.904 5619 -17 —24 [392-401]
CeHe 47 - 642.427-705.262 9797 -20 -23 [402-405]
CHD 48 - 416.785-3421.864 15,512 -22 -28 [406-409]
CF4 49 - 594.581-1312.647 60,033 -19 -23 [410-420]
CH;CN 50 - 890.052-1650.000 171,172 -19 -37 [428-432]
Total # lines: Total # lines:
1,668,371 3,807,997

Note: “No update” in the Refs. column indicates that the contents in GEISA-09 and GEISA-03 are identical.

are: CHsBr, CH30H, NO™*, HNC, CgHg, CoHD, CF,4, and CH3CN.
As stated above, the molecules included in GEISA-09 (and
since the database creation), are constituents, not only of
the atmospheres of Earth (major permanent and trace
molecules), but also of other planets (such as: CoHy, GeHy,
C3H8, C2N2, C4H2, HC3N, st, HCOOH and C3H4, mainly for

giant planets). The evolution of the GEISA line parameters
sub-database, since 1975, is presented in Fig. 1.

The parameters of each spectral line or molecular
vibrational-rotational transition are stored in the new
“standard format” for GEISA and GEISA/IASI as described
in Ref. [10], with some newly introduced technical
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Fig. 1. Evolution of the GEISA line parameters sub-database since 1975. The year identifications are on the X-axis. The evolution of the number of lines is
displayed as histograms (green color) with corresponding scale given on the right Y-axis. The total number of molecules and isotopes, included in each
atlas, are color coded, as red and purple curves, respectively, with corresponding scale on the left Y-axis.

modifications, i.e., extended format field for quantum
identifications for the lower and upper states of the
transition, for self-broadened half-width and air-induced
pressure shift of the line transition, corresponding,
respectively, to fields of format symbols: E; (i=1-4), M
and N; former fields identified as P (accuracy indices for
wavenumber, intensity and half-width) and Q (indices for
lookup of references for wavenumber, intensity and half-
width) have been removed. See Appendix B for details.
Evolution of the contents of GEISA-09 since the 2003
edition of GEISA (hereafter GEISA-03) is summarized in
Table 1. Individual GEISA-09 molecule names and their
corresponding identification codes (ID codes defined for
the GEISA management software) are in the first two
columns of the Table. The following columns give succes-
sively for GEISA-03 and for GEISA-09: the spectral range
(em™1), the number of entries, the exponents of the
maximum and minimum intensity values (expressed
in cm~!/(molecule cm~2) at 296 K), for each molecule,
and finally the 2009 update references. The spectroscopic
line parameters of 31 of the 42 molecules included in
GEISA-03 have been updated. The parameters of 11 mole-
cules, i.e., CO, OH, HF, HCl, HBr, HI, CIO, GeH,4, HOCI, COF,,
and HO,, are kept unchanged as in GEISA-03. The details of
the GEISA-09 sub-database on line parameters are given in
Table 2. The items listed in columns 3-6 for each molecular
species, given in column 1, are: the number of lines, the
intensity average in cm molecule~! (different expression
for cm~!/(molecule cm~2)), the average half-width at half-
maximum (HWHM in cm~!atm~1), the present isotopo-
logue identification codes (see Table 2 of Ref. [7] for
isotopic species code identifications and complementary
information, in Appendix C, for new isotopic and molecular
species in GEISA-09); for each isotopic species listed in

column 6, are given in columns 7-11: the number of lines
with associated minimum and maximum wavenumbers
(em~1) and intensities (in cm molecule~1).

Table 3 summarizes the differences between the
GEISA-09 and the HITRAN 2008 (hereafter HITRAN-08)
[13] databases in terms of the number of lines, bands, and
isotopologues. An example of quantitative comparison
between H,O intensity values in GEISA-09 and HITRAN-08
is given in Fig. 2. In the spectral range 1400-2100 cm™ !,
5626 transitions with common quantum identification in
both databases and with intensity values larger than
10~23 cm~!/(molecule cm~2), are involved in this compar-
ison. One can notice that 8% of the strong lines (intensities
greater or equal 1072°cm~'/(molecule cm~2)) exhibit
differences greater that 5%. Evaluations of impact on atmo-
spheric radiative transfer modeling, using HITRAN or GEISA,
are presented, for instance, in Jacquinet-Husson et al. [8],
Matricardi [18] Newman [19]. It may be noted that the
previous updates of HITRAN and GEISA databases have been
finalized at nearly the same time, and include very similar
data sources for many molecules. Because of its origin,
certain molecules, mainly related with planetary atmo-
spheres (especially those of the giant planets) are specific
to GEISA, such as: GEH4, C3H8, C2N2, C4H2, C3H4, HC3N, HNC,
CsHg, and CoHD. On the other hand, species HOBr and O are
HITRAN specific, and in HITRAN CHs3D and C,HD are
considered isotopologues of methane and acetylene, but
they are independent molecules in GEISA (see Sections 1
and 2). In Table 3, molecular species formulae are listed in
column 1 and their identification codes for database man-
agements in column 2. For each molecular species and for
each data base, the number of bands, isotopologues and
lines, are given in columns 3, 4 and 5, respectively. The
related minimum and maximum of the spectral range
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Table 2
The GEISA-09 sub-database on line parameters. Spectral and intensity ranges per molecule and isotopologue.

Mol. ID # lines Intensity HWHM average Isot. # lines Minimum Maximum Minimum intensity Maximum intensity
average (ecm~'atm~') ID wavenumber wavenumber (cm molecule 1) (cm molecule 1)
(cm molecule 1) (cm™1) (em™1)
H,0 1 67,789 1.088x10° 2! 0.0699 161 41,147 0.401 25,224.909 9.400 x 10733 2.654x 10718
81 8360 6.785 14,362.151 2.005 x 10~28 5.390 x 10~
171 5468 6.471 13,909.783 2,671 x 103! 9.830 x 10~%2
162 11,980 0.007 13,900.444 1.240 x 10732 2.700 x 10~22
182 659 1173.772 3824.717 2.033x10~%7 5.083 x 10726
172 175 1234.235 1598.7655 2.033x10~%7 9.319x 10~%7
CO, 2 413,619 2.724x10°22  0.0704 626 165,181 345.936 12,784.052 1.000 x 1073 3.520x 107 '8
636 66,657 433.190 12,462.048 1.000 x 103° 3.740 x 10-2°
628 110,136 5.891 11,422.648 1.000 x 103 6.870 x 10~ 2!
627 19,064 10.600 8270.099 1.000 x 103 1.260 x 10~2!
638 39,007 449.686 6744.160 1.000 x 103 7.810x 10~
637 2741 580.856 6768.643 1.000 x 1073 1.400 x 10-23
828 10,045 484.297 8162.742 1.000 x 1073 1.330x10°23
728 493 626.438 5031.885 1.009 x 10~28 2.500 x 10724
838 295 2115.684 2276.481 4.870 x 10~42 3.289 x 10724
03 3 389378 5.247x10°2*  0.0698 666 233,132 0.026 6395.379 3.904 x 10~%° 4.060 x 10~2°
668 44,302 0.921 2767.874 4.692 x 10728 7.760 x 10~
686 24,886 1.177 2739.289 9.970 x 10~%° 7.560 x 10~
667 58,171 0.289 820.380 5.135x 103! 5.356 x 10~%°
676 28,887 0.213 822.795 1.433x10°3! 5.827 x 1072
N,O 4 50633 1.254x10° %! 0.0750 446 34,468 0.838 7796.633 1.016 x 10~ 2° 1.003 x 1018
456 4466  5.028 5088.906 5.220x 10726 3.423x10°%
546 4841 4.8580 4992.236 4.720 x 1025 3.513x 102!
448 4412 541.342 4672.579 1.614x10-2° 1.930 x 10~2!
447 1778 549.367 4429.961 1.614x10-2° 4.017 x 1022
458 105 2121.770 2203.983 1.673 x10°2° 6.637 x 10724
548 108 2144.997 2226.290 1.675x10°2° 7.631 x10~24
556 455 1226.536 3415.768 1.642 x 1077 1210x 107
co 5 13515 7.543x107%2  0.0467 26 5908 3.53010 8464.882 7.880x 10778 4.460 x 101
36 4768 3.414 8180.219 3.610x 1073 4.690 x 1021
27 748 3.714 6338.061 8.190 x 10~ 4° 1.600 x 10~22
28 770 3.629 6266.577 7.610 x 10~3° 8.320 x 10~ 22
37 580 1807.871 6196.551 1.030 x 10736 1.680 x 10~24
38 741 3.462 6123.294 2.580 x 10~4° 8.700 x 1024
CHy4 6 240991 8225x10°% 0.0521 211 212,115 0.010 9155.326 1117 x 1073 2.099 x 10~ 1°
311 28,876 0.032 6069.084 4.936 x 10734 2317 x10~ %!
0, 7 6428 3.885x 10726 0.0430 66 1431 0.000 15,927.230 9.808 x 10! 8.762 x 10~ 24
67 4326 0.000 14,536.515 8.513 x 10~°! 3.439%x10°%
68 671 1.572 15,851.213 1.186 x 10~3° 1.727 x 10-28
NO 8 105,079 4.625x10°%  0.0477 46 100,902 0.000 9273.214 1.451x10°%° 1.188 x10~2°
48 679 1601.909 2038.846 4190 x 10728 1390 x 10~22
56 699 1609.585 2060.462 4.430x 10728 2.550 x 10~ 22
S0, 9 68728 5.850x10°22  0.0090 626 57,963 0.017 4092.948 1.020x 1028 4.851x102°
646 10,765 1060.196 2500.400 4.980 x 1024 4.493 x 1023
NO, 10 104,223 5.980x10722  0.0742 646 104,223 0.498 3074.153 4.240x 10728 1.302x10° 1
NH3 11 29,082 1.639x10°2! 0.0827 411 27,992 0.0582 5293.578 8.086 x 10~ 3° 4.585x 10 1°
511 1090 0375 5179.786 5.460 x 10~2° 1.992 x 102!
PH3 12 20421 1.367x10°2! 0.0648 131 20421 17.805 3601.652 1.849 x 10~ 28 2.520x 107 1°
HNO; 13 669,988 1.768x10°22  0.1048 146 669,988 0.012 1769.982 3.590 x 10728 3.130x 10~ 2°
OH 14 42,866 2.806x10°2° 0.0440 61 42,711 0.005 35,877.030 1.500 x 1085 6.450 x 10~ 17
62 90 0.010 1.824 2.090 x 103! 5.780 x 10~ 2°
81 65 0.053 6.325 1.200 x 103 1.200 x 10-26
HF 15 107 6.773 x 107 1° 0.0407 19 107 41.111 11,535.570 1.110x 10-26 1.440 x 10~ 17
HCl 16 533 3.189x 1072  0.0403 15 284 20.270 13,457.841 1.090 x 10-26 5.030 x 10~ 1°
17 249 20.240 10,994.721 1.010x 10~26 1.610x 1010
HBr 17 1294 4.769 x 10~21 0.0429 11 642 16.231 9757.189 1.528 x 10~32 1178 x 10~ 1°
19 652 16.236 9758.565 9.450 x 10~33 1.211x10° "
HI 18 806 1.361x10°2! 0.0500 17 806 12.5094 8487.305 1.644 x 10~3° 3.423 x102°
clo 19 7230 1.605x10722  0.0873 56 3599 0.028 1207.639 1.520x 10~2° 3.240x 102!

76 3631 0.015 1199.840 5.090 x 10~3° 1.030 x 102!
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Table 2 (continued )

2401

Mol. ID # lines Intensity HWHM average Isot. # lines Minimum Maximum Minimum intensity Maximum intensity
average (em~'atm~') ID wavenumber wavenumber (cm molecule 1) (cm molecule~1)
(cm molecule 1) (cm~1) (cm~1)
0Cs 20 33,809 3.436x1072"  0.0894 622 19,130 0.406 4199.671 8.550 x 10720 1.220x 10 '8
624 6665 0.396 4165.233 6.400 x 1027 4.720x10°2°
632 3243 0.404 4055.090 1.720 x 10~%7 1.200 x 10~2°
623 2788 509.007 4163.069 4678 x 10726 8.430x 102!
822 1626 0.380 4045.602 2,620 x 10728 2.090 x 10~2!
634 357 1972.188 2032.039 1.010x 10-% 5.240 x 1022
H,CO 21 37,050 1.175x10°2! 0.1079 126 36,120 0.000 3099.941 1.224x 10738 7.436 x 10~2°
128 367 0.034 47.486 1392 x 1073 1.332x 10722
136 563 0.037 72.744 2.424 x1073° 7.548 x 1022
CHe 22 28439 1600x 10722 0.0670 226 22,402 706.601 3000.486 5.422 x 10~2° 3.210x 10720
236 6037 725.603 918.717 1.320x 1028 1.770 x 10~ 23
CHsD 23 49237 1.903x1072°  0.0542 212 45024 7.760 6510.326 5.677 x 10~3° 5714x 103
312 4213 959.394 1694.123 2.768 x 10~%° 1398 x 10~2°
CH, 24 11,340 3.877x10°2% 0.0720 221 11,055 604.774 9889.0377 4.425x10°28 1.187 x 10718
231 285 613.536 6588.935 3.820x 10726 4942 x10°"°
CHys 25 18378 1.081x10°2! 0.0861 211 18,097 701.203 3177.173 2.764 x 10737 8.412x 1020
311 281 2947.832 3180.238 5.061 x 10~24 1.618 x 10~ 2!
GeH,; 26 824 4978 x10~2° 0.1000 411 824 1937.371 2224.570 1