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Line-Shape Parameters for Water Vapor in the 3.2-17.76 um Region.

The focus of this theoretical study is to update the molecular line shape
parameters in the HITRAN compilation for water and methane in the spectral regions
important for AIRS, TES and HIRDLS. In the second year, we continued the
calculations of the collision-broadened half-width and collision-induced line shift of
water vapor lines in the 3.2-17.76 um region. The water vapor transitions in the region
563-3125 cm™ for the principal isotopologue of water vapor and transitions with J<18
(5442 transitions) were extracted from the HITRAN database. The data were separated
into the different vibrational bands, which are listed in Table 1 along with the number of
transitions for the band in the selected wavenumber region. From these files the
rotational quantum numbers were extracted to create lists to use in the CRB calculations.

The calculations for nitrogen-broadening of water vapor were redone using an
improved intermolecular potential. Six transitions were chosen for which there are
multiple measurements [1-9] and for which the calculations were too high for two lines,
too low for two lines, and in agreement for the last two transitions. The potential
parameters were adjusted to give a good fit of all the lines. The parameters are exn, Onn,

eon, and oon. For the starting values the heteronuclear atom-atom parameters used are
derived from homonuclear-atom-atom parameters obtained by Bouanich [10] using the
combination rules [11]. The final values correspond to a 10% lowering of €on, a 10%
increase in epn, a 3.9% decrease in opn, and no change in oon. These potential

parameters were then further refined for transitions in the v, band the final values are



presented in Table 2. Note, a full least-squares minimization was not thought worthwhile
until the work of Ref. 12 is completed. For oxygen broadening of H,'°O there are not
multiple measurements to allow fitting to an average. A similar procedure to that used
for H,O-N, with some of the data from Ref. 13 was done. The best fit was obtained by
lowering ogo by 10% of the combination rule value. The other atom-atom parameters
(eno, €00, O00) are the combination rule values.

For each vibrational band calculations were made at 225 and 296 K for the H,O-
Nz and H,O-O; systems. The half-width and line shift for air as the perturbing gas were

obtained assuming binary collisions and Dalton’s law

X : [1]

This was done for both temperatures of the study.

The data files for each band for nitrogen and oxygen as the perturbing gas were
taken at each temperature and Eq. (1) applied to determine the air-broadened half-width
and line shift at 225 K and 296 K. These data were then used to determine the

temperature dependence of the air-broadened half-widths via the usual power law form

Y(T) = 7(Ty) {TT‘)} , 2

where the reference temperature Ty is usually taken as 296K but is not restricted to that
value.
The CRB half-width data were compared to the water vapor databases of line

shape parameters (12). Comparisons were made between measurement and calculation



for cases where multiple measurements and single measurements exist for the same ro-
vibrational transition. The results of the comparisons are given in Tables 3-5 for each
vibrational band studied and for N,-, O,-, and air broadening of water vapor, respectively.
Note that for many of the bands there are no measured data. In general the agreement
between measurement and calculation is quite good especially considering the results of
an intercomparison of measured half-widths recently published (12). The average
percent difference between the measured and calculated half-widths is -1.97, 2.6, and -
1.55 for N,-, O,-, and air-broadening of water vapor, respectively. While these numbers
are good it should be realized they contain cancellation, when there are a large number of
comparisons the standard deviations are in general between 5 and 10 percent.

In addition, plots were made comparing the CRB calculated value of the half-
width with measurements for each ro-vibrational transition where two or more
measurements were made. A note here about the databases, often there are pairs of
measured data for a particular ro-vibrational transition however one will be for the
principal isotopologue and the other for one of the other isotopologues. Thus, there are a
number of plots with only one measured point and the CRB point.

Self-broadening calculations have been made employing the real components of
the Robert-Bonamy formalism. This in effect neglects the vibrational dephasing terms.
Hence the calculations neglect vibrational dependence at this stage. The list of transitions
in this region was used to extract the set of unique rotational transitions. This yielded
3096 transitions for which calculations were made for self-broadening of water vapor in
the (000)€(000) and (010)<(000) bands. Note, these calculations only employed the

real terms of the intermolecular potential and the atom-atom potential expanded to 4



order via the method of Labani et al. [14] The calculations were made at 296 K for the
transitions for both bands.

These data have been collected into data files and given to Dr. Larry Rothman to
be merged later with the measured half-widths for addition to the HITRAN database.
These data are also available on the web site of the author
(www.uml.edu/faculty/Robert Gamache).

The calculations of nitrogen-broadened half-widths of methane have begun. Test
calculations were made for a number of transitions and the results confirmed the codes
work properly. We are currently getting better wavefunctions to start making the
necessary calculations. We are also working on the codes to make complex Robert-
Bonamy calculations for self-broadening of water vapor.

A manuscript of the work on N,-, Oz-,and air-broadening of water vapor in the
3.2-17.76 um region is in progress and a paper on this work will be delivered at the 2004

HITRAN meeting in June.
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Table 1.  Number of H,'°O transitions in the 3.2 to 17.76 um region

vi'va'vy’ ‘ Vi v vs” ‘ # lines ‘
000 000 506
010 010 144
010 000 1885
020 010 872
100 010 532
030 020 382
001 010 484
020 000 326
030 010 146
100 000 90
001 000 75




Table 2.

Values of the heteronuclear atom-atom Lennard-Jones (6-12) parameters

for the collision pairs considered in this work

Atomic pair o/Angstrom e/kp (°K)
H-N 2.99 20.46
O-N 3.148 43.9

H-O 2.565 24.13
0-0O 3.010 51.73




Table 3. Comparison of the CRB calculations with measurement for N,-broadening of

water vapor transitions in the 3.2 to 17.76 um region at 296 K.

V1’V2’V3’ ‘ V1”V2”V3” ‘ H20'N2 ‘ ‘ ‘
NExp=1 NExp>1
# lines % error # lines % error

000 000 160 7.04 10 5.97
010 010 2 17.93

010 000 570 -1.76 371 -5.31
020 010 90 -5.24 6 -15.82
100 010 15 -8.15

030 020

001 010 27 -0.70

020 000

030 010

100 000

001 000




Table 4. Comparison of the CRB calculations with measurement for O,-broadening of

water vapor transitions in the 3.2 to 17.76 um region at 296 K.

V1’V2’V3’ ‘ V1”V2”V3” ‘ H20-02 ‘ ‘ ‘
NExp=1 NExp>1
# lines % error # lines % error
000 000 1 6.59
010 010
010 000 349 1.82 24 15.75
020 010 3 -12.92
100 010
030 020
001 010
020 000
030 010
100 000
001 000

10



Table 5  Comparison of the CRB calculations with measurement for air broadening of

water vapor transitions in the 3.2 to 17.76 um region at 296 K.

vi'va'vs | VitV | H,0-air | | |
NExp=1 NExp>1
# lines % error # lines % error

000 000 124 8.84 117 8.86
010 010 1 31.32

010 000 285 1.04 1441 -3.57
020 010 111 -3.85 8 -15.21
100 010 13 -1.52

030 020

001 010 27 -2.36

020 000 9 1.09 2 -1.42
030 010

100 000 1 -0.37

001 000

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


