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Aunomauun. B nacmosweu pabome npeoCmMagiAIOMCs pe3yabmamvl  UCCACO08AHUS  KONeDAMeabHO-
spawamenvuvix cnekmpog monexyawl C2HD; 6 ouanazone 1100 — 1400 cm™. Dxcnepumenmanvuvie chexmpol
ovLu 3apecucmpuposansl 8 Texnuueckom Yuusepcumeme bpaynsetiea (I'epmanus) ¢ paspewenuem 0,0021 cm
!, Ha ocnoee KOMOUHAWUOHHBIX PAZHOCMEN, NOYYEHHbIX U3 AHAMU3A NOJOC Vs U Vi, VAYYULEHbl Napamempol
OCHOBHO20 KoaebamenvbHozco cocmosanus. Hoevlii HaAOOp CneKmpoCKONU4ecKux napamempos, Ho380J Ul
udenmuuyuposamsv 6 s3xcnepumenmanviom cnekmpe oxono 1900 nepexo0os nonocwl viz. Auanuz noaocwvl vz
NoO360J51em MaK JHce HAUMmU KOMOUHAYUOHHBIE NONOCHL 2Vip, V7 + Vi U V4 + Vi, npossraowuecs 6 cnekmpe

nocnowerus 3a cuem CUullbHblxX pe30HAHCHbIX 83aUMO0eucmauil.

Introduction. One of the most important problems of physical chemistry and chemical physics is the
problem of precise determination of intramolecular potential energy surface (PES) of a molecule. Knowledge of
a correct PES is the key point in solving the Schrodinger equation of a molecule, which gives one a possibility to
determine a correct set of the corresponding molecular Hamiltonian’s eigenfunctions. In turn, knowledge of
correct eigenfunctions allows one to tackle numerous both purely scientific and applied problems in physical
chemistry, astrophysics, planetology, atmospheric and environmental sciences, etc. For the determination of
molecular PES, one needs a large amount of experimentally recorded and analyzed ro-vibrational bands. It
should be noted that the larger number of experimental data, the more precise results one can expect.

Information about rotational structures of different ro-vibrational bands can be obtained from the analysis
of ro-vibrational spectra. Assignment of spectral lines allows one to receive information about lower and upper
states between which a transition is possible. Therefore, recording and analyzing molecular experimental spectra
can provide us with the information about energies of the studied molecule. The values of energy levels, in turn,

are determined by internal physical properties of a molecule. Consequently, finding out the energy levels, one
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can determine the exact values of interatomic distances, vibrational frequencies, force constants, dissociation
energies, and other quantities characterizing the internal properties of polyatomic molecule.

Ethylene molecule, which is broadly discussed in the scientific environment, is an important object of
study from the fundamental as well as applied point of view. It should be noted that the study of this molecule is
timely due to a number of reasons. Firstly, ethylene is a leading product, which is used for the production of
almost half of all organic compounds. Many of these compounds are released into the atmosphere by chemical
and petrochemical industrial enterprises, which leads to the generation of ozone and formation of a global
climate [1, 2]. Secondly, ethylene is one of the most important objects of research in astrophysics, physics and
chemistry of the planets in the solar system (in particular, it was found in the atmospheres of the giant planets
and their satellites) [3]. Thirdly, ethylene acts as a hormone in plants, and, for that reason, may be used to
accelerate the ripening of fruits. In addition, ethylene molecule can be considered as a good model for solving
problems of physical chemistry, such as the determination of potential hypersurfaces of many organic molecules
or the study of the chemical reactions kinetics.

Ethylene molecule has been actively researched for many years. However, a complete study of this
molecule, in particular, determination of its potential surface, is impossible without examination of all its
isotopologues. This work is devoted to the consideration of one of the ethylene isotopologues, C;HDj3, in the
region of 1100-1400 cm™.

Experimental details. The Fourier transform infrared spectra of C,HDs3; have been recorded in the
wavenumber range from 1100 to 1400 cm! with a Brucker IFS 120 FTIR spectrometer (in the Braunschweig
Infrared Laboratory, Braunschweig, Germany) in combination with a stainless steel White cell. Two spectra have
been used for the present analysis. The first spectrum was recorded with the sample pressure of 1 mbar, the
optical path length of 4 m, and scan numbers of 350 (Fig. 1). Experimental conditions for the second spectrum
are as follows: 5 mbar, 24 m, and 300 scans. The experimental resolution was 0.0021 cm! for all spectra.

Assignment of transitions. Symmetry group of C;HD3 molecule is isomorphic to the Cy point symmetry
group, which has only two irreducible representations (4’ and 4"). As the consequence, the A'<— A' bands are
the hybrid bands, and transitions of both a and b — types are allowed in such bands. In the A4''<— A' bands only
c-type transitions are allowed. Four bands are located in the investigated region: the vi» (4") fundamental band

and the 2vio (4"), v7 + vio (4"), and v4 + vi9 (4") combinational bands.
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Fig. 1. Experimental spectrum of molecule C:HDj3 in the region of the vi> band. P = 1 mbar, | = 4 m
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The fundamental band v, is the most intensive one as compared to other bands in the investigated region.
Different bands cannot be assigned without strong local resonance interactions of Coriolis and/or Fermi types.
This happens due to borrowing of intensities from adjacent bands. Consequently, analysis of strong intensive vi»
band will enable us to determine other combination bands in the target region.

Assignment of transitions was made on the basis of the Ground State Combination Differences (GSCD)
method. The ground state rotational energies have been calculated with the parameters from [4]. It should be
mentioned, that parameters from [4] have been obtained on the basis of only c-type from the vs band. This means
that parameters from [4] cannot be considered as good enough for other types of transitions. In our case, it was
found out that the differences between the experimental GSCD and the ones calculated with the parameters from
[4] were increased with the increasing of the value J for />40 (see Fig. 2, for illustration). This indicates that the
set of parameters of ground state can be improved. A combination of differences obtained for the vi» band (a and
b — type transitions) and spectroscopic data of the vs band (c - type) [4] were used for improving the ground
vibrational state parameters. A new set of parameters enables one to make analysis of any type of transitions. As
a result, about 1900 transitions with maximum values of upper quantum numbers J"* = 52 and K,”* = 13 have

been assigned to the vi» band.
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Fig. 2.Dependence of ground state combinational differences on quantum number J for K, = 0
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