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Annomavusn. B nacmosaweii pabome 6v110 npogedeHo UCCIe008aHUE CNEKMPA 8bICOKO20 pA3peuieHUs MOIeKY bl
CH;D ¢ ouanasone 6100-6530 cm™. Boiio cmodenuposaro Gonee wem 8000 sxcnepumenmanvhbix unuii 0
cnexkmpa 294 K. Takoice 6biiu nomyuenvl IMRUPUYECKIUe 3HAYEHUs IHEP2ULL HUIICHEe20 CcOCOosHUs 0T 6oee ueMm
4000 nepexo006 uz omHowlenus uHmeHcugHocmei 08yx cnekmpos. Aunanuz cnekmpa 81 K evinoanen na ocrnoge
Memooa KOMOUHAYUOHHBIX PAZHOCTNEN OCHOBHO20 COCHOSHUA, MEMOOAd O8YX MeMnepamyp u npu Ucnoab308aHUU
ab initio Oawnubix. B pesyrvmame awamuza wecmu CcocmosHuil Ovli0 HauideHo nopsadka 800 HoGbIx

KOﬂe6ameﬂbH0—6pau4(Zm€Jleblx nepexodoe.

Introduction. The present work is devoted to the 1.58 um transparency window of methane, which is a
spectral region of low opacity lying between strong absorption regions corresponding to the polyads of
vibrational states called tetradecad. This region is of particular importance for the studies of the giant planets and
Titan, Ref. [1-3]. It allows one to probe very deep into the atmospheres, down to the troposphere and even to the
surface. The quality of methane absorption coefficients used in the inference of the surface albedo is important in
all planetary simulations and strongly influences the results.

In 2010-2011 the line list of methane in the range of 6000-8000 cm’ was constructed in LiPhy
(Laboratoire Interdisciplinaire de Physique), Grenoble, France [4] for both room temperature (RT) and 81 K. In
the present work we continue the construction of the line list of CH;D for the room temperature spectrum in two
ranges that have not been studied before. Moreover, in the present work we provide a ro-vibrational analysis of
CH;D in 6180—6700 cm™ range.

Experimental details. Highly sensitive absorption spectra of the CH;D molecule (sample purity is about
98%) were recorded by differential absorption spectroscopy (DAS) in the range of 6099 - 6991 ¢cm™ in LiPhy,

Grenoble, France. The experimental conditions are presented in Table 1.
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Table 1
Experimental conditions for the region 6099 - 6991 cm™ of the infrared spectra of CH;D molecule

Spectrum Optical path length, Pressure, Temperature,
cm Torr K
[ 294 10 204
11 294 6 81

Construction of the line list. An interactive multi-line fitting program was used to reproduce the
spectrum. A Voigt function of the wavenumber was adopted for the line profile. The local baseline and three
parameters of each Voigt profile (line center, integrated absorption coefficient, HWHM of the Lorentzian
component) were fitted. The HWHM of the Gaussian component was fixed to its theoretical value for ?CH,.
Following the described procedure, we could construct two line lists in ranges 6100-6200 cm™ / 6394-6530 cm™
for RT spectrum. As a result of this step, we fitted 8067 lines. After that we combined two new line lists with
existing information from Ref. [4] and eliminated lines belonging to °CH, isotopologue. That way we prepared
a global line list for spectral range 6100-6530 cm™ for the RT spectrum. The global line list in the same region
for 81 K spectrum was done earlier in 2011, Ref. [4]. Using both global line lists for 7; =294 K and 7, = 81 K
we applied the two-temperature method described in details in Ref. [4] and obtained empirical lower state
energies for about 4500 transitions.

Assignment of the transitions. The studied range was previously discussed in Ref. [4-7]. According to
these articles, the most intensive band in the 1.58 um region is 3v, and this band is the most well studied. Other
bands (v +2vs+vg E, votvy+vg 4, 3vs Ay, vi+vy+vg E) also were partially assigned. We extended the analysis of
all mentioned bands, made some corrections and analyzed v,+v4+vs (E) band for the first time. For the
assignment we used three approaches. First, we used the ground state combination difference method. For that
we used the ground state structure of CH;D is available in Ref. [8] and ab initio predicted upper level energies,
Ref. [9], as an input to find probable combinations of transitions. After that we verified assigned lines by the
two-temperature method.

Conclusion. As a result, we fitted about 8000 lines and constructed a line list with line positions and
absolute line intensities for the RT spectrum of CH;D. Then we estimated about 4500 empirical lower state
energies by the two-temperature method. After that we extended the analysis of 81 K spectrum of 5 ro-

vibrational bands and analyzed 1 band for the first time (Fig. 1). In total, we assigned about 800 new transitions.
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Fig. 1. The whole experimental line list recorded at 81 K (open black circles) and 6 assigned ro-vibrational

bands (open colorful circles)

Poccus, Tomck, 27-30 anpensa 2021 r. Towm 1. ®u3uka



XVIII MEXXAYHAPOJHA S KOHOEPEHIIMA CTYIEHTOB, ACIITMPAHTOB 1 MOJIOJABIX YUEHBIX

72 «TEPCIIEKTUBbI PA3BUTUA ®YHAAMEHTAJIbHBIX HAVK»

This research was funded by the Russian Foundation for Basic Research, project Ne 20-32-90004, and
French Embassy grant, “Ostrogradski”.

REFERENCES

1. De Bergh C., Lutz B.L., Owen T., Brault J., Chauville J. Monodeuterated methane in the outer solar system.
II-Its detection on Uranus at 1.6 microns // The Astrophysical Journal, — 1986. —no. 311. — P. 501-510.

2. De Bergh C., Lutz B. L., Owen T., Maillard J. Monodeuterated methane in the outer solar system. IV. Its
detection and abundance on Neptune // The Astrophysical Journal. — 1990. — no. 355. — P. 661-666.

3. DeBergh C, Lutz B. L., Owen T., Brault J., Chauville J. Monodeuterated methane in the outer solar system.
III. Its abundance on Titan // The Astrophysical Journal. — 1998. — no. 329. — P. 951-955.

4. Wang L., Kassi S., Liu A. W., Hu S.M., Campargue, A. The 1.58 um transparency window of methane
(6165-6750 cm'): Empirical line list and temperature dependence between 80 and 296 K // Journal of
Quantitative Spectroscopy and Radiative Transfer. — 2011. —no. 112(6). — P. 937-951.

5. Ulenikov O.N., Bekhtereva E.S., Albert S., Bauerecker S., Hollenstein H., Quack M. High resolution
infrared spectroscopy and global vibrational analysis for the CH;D and CHD; isotopomers of methane //
Molecular Physics. —2010. —no. 108(7-9). — P. 1209-1240.

6. Lutz B.L., De Bergh C., Maillard J.P. Monodeuterated methane in the outer solar system. I Spectroscopic
analysis of the bands at 1.55 and 1.95 microns // The Astrophysical Journal. — 1983. —no. 273. — P. 397-409.

7. Boussin C., Lutz B.L., De Bergh C., Hamdouni A. Line intensities and self-broadening coefficients for the
3v2 band of monodeuterated methane // Journal of Quantitative Spectroscopy and Radiative Transfer. —
1998. —no. 60(4). — P. 501-514.

8. Ulenikov O.N., Onopenko G.A., Tyabaeva N.E., Schroderus J., Alanko, S. On the rotational analysis of the ground
vibrational state of CH;D molecule // Journal of molecular spectroscopy. — 1999. —no. 193(2). — P. 249-259.

9. Rey M, Nikitin A.V., Tyuterev V.G. First principles intensity calculations of the methane rovibrational spectra in
the infrared up to 9300 cm ' // Physical Chemistry Chemical Physics. —2013. —no. 15(25). — P. 10049-10061.

Poccus, Tomck, 27-30 anpensa 2021 r. Towm 1. ®u3uka



