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I. Introduction

The spectroscopic study of short-lived molecules, free radicals, and
molecular ions is interesting and important for many research fields because
these transient species exist extensively as interstellar molecules and
intermediates in plasma and various processes of chemical reactions. Moreover,
the results of the high-resolution spectroscopy for those species with unpaired
electron(s) in gas phase are always challenges to the up-to-date molecular
rovibronic theory.
I. Microwave spectrum of the HCCS(DCCS) radical in the vibronic excited states
of the X*I1: electronic state

The linear HCCS radical (X*II:) is a potential interstellar molecule.
For interest of molecular theory, the Renner-Teller effect exists in the
bending-vibrationally excited states. In the present study, the pure rotational
transitions of HCCS and its deuterated species (DCCS) in the various low-lying
vibronic excited states of the two bending modes were observed in the glow
discharge of the gas mixture of CS: and C:Hz2(C:D:). The parameters of the
effective vibronic Hamiltonian were determined by the analysis of the rotational
transition frequencies for the various vibronic states. The effective molecular
constants for the *3 vibronic states of the two bending modes can not be
understood by the up-to-date Renner-Teller theory for single bending mode.
This indicated that some vibronic couplings between the two bending vibrations
have not considered so far.
Reference:!E . BREE_. 5 FHERAFHRSES. 1B07 (1994, BELK)
Il. Theoretical study on the Renner-Teller effect of tetra-atomic molecules

The theory of Renner-Teller effect for single bending mode has been
applied successfully to many triatomic radicals and has been expected to be
hold for even larger polyatomic molecules. In the present study, the up-to-date
theory for the Renner-Teller effect of a tetra-atomic molecule was checked in a
straightforward and physically clear approach, and they found that the low-lying
vibronic 3 states in the two different bending vibrations were linked by a
cross interaction term in the vibronic Hamiltonian for a tetra-atomic molecule,
which has been thought to link only the vibronic states of A (vs+vs)=2 so far.
A new kind of resonance was predicted to happen when a newly introduced
parameter r becomes near unity, which may be the reason why the effective
molecular constants for the vibronic °3 states were so different and irregular
in HCCS and DCCS. Studies on the vibronic structure of the *IT radicals, like
HCCS, are expected to verify this effect and to determine the parameter of the

cross tern.
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Reference: /& 4. HHEEZ. 2 FHELEHNHRS. 1 D17 (1995, BIK)
IV. Microwave spectrum of the CsS molecule in the bending-vibrationally excited
states

The linear CsS molecule (X'X), detected first in the dark molecular
cloud in 1987, is one of the important members of the sulfur-bearing carbon-
chain interstellar molecules. No spectroscopic study on the bending-
vibrationally excited states of C:S have been reported previously. 1In the
present study, the pure rotational spectrum of €3S in the vs=1,2,3, and 4 and
va=1 vibrational states was observed in the glow discharge of the CS: gas.
About 400 rotational transition frequencies were least-squares fitted to
determine the molecular constants including higher-order rotational-vibrational
coupling. Among them, the constant ¢*, the dependence of l-type doubling
constant ¢ on vibrational angular momentum, was determined experimentally for
the first time. The obtained value of ¢* was a thousand times greater than the
theoretical estimate given by Watson's expression, but the order of magnitude
of the experimental value can be understood by an analogy with a slightly-
asymmetric-top molecule. Furthermore, the sign and magnitude of y::, the
dependence of the rotational constant B+ on vibrational angular momentun,
which remained a bothered problem previously, was explained by a symmetric-
top-like molecular model.

This work has been published in ‘Journal of Molecular Spectroscopy”
(Vol.169,92(1995))
V. Microwave spectra of the isotopomers of the HCS® and its substitution
structure

The linear HCS™ molecule ion(X'ZX), detected first in the interstellar
medium in 1981, is always referred to in models of the gas-phase chemistry of
interstellar clouds. However, no experimental data on the isotopomers of HCS®
have been reported before. In the present study, the pure rotational spectra of
DCS*, H'’CS*, and HC®‘S"* were observed, respectively, in the glow discharge of
the gas mixture of HzS(D:S) and CO('°C0). The molecular constants were
accurately determined and the substitution bond lengths were then derived for
HCS™. It was shown that the relation of rs=(r.+r.)/2 for the substitution,
experimental, and equilibrium bond lengths of diatomic molecules is also hold
approximately in this triatomic molecule. The observation of the isotopomers of
HCS® in the interstellar medium is expected by the guide of the present
laboratory measurement, which is interesting for the study of the chemical
fractionation effect in space.

This work has been published in “The Astrophysical Journal (Lefters)”
(Vol.451,L93(1995)).
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VI. Microwave spectrum of the FS: radical in the Xra” ground electronic state

The FS: radical, an asymmetric-top molecule with (s symmetry, is an
important intermediate in the fluorination reaction of sulfur-containing
compounds. After the first evidence of the presence of FS: by mass
spectrometric detection in 1991, the spectroscopic.study was only limited to the
laser-induced fluorescence (LIF) probing in the optical range. In the present
study, the rotational transitions of FS: (XZA'), both a-~type and b-type, with
fine and hyperfine structure were observed for the first time with microwave
spectroscopy in the glow discharge of the SFs gas. About 450 transition lines
were analyzed to obtain the rotational constants, the centrifugal distortion
constants, the spin-rotation interaction constants with the centrifugal
distortion corrections, and the hyperfine interaction constants. Especially,
the parameters for the off-diagonal terms of the fine and hyperfine coupling
were determined in good precision because accidental near degeneracy happened
in some local states which are mixed strongly by the off-diagonal term of the
spin-rotation interaction, and induced some “forbidden” transitions observed.
From the hyperfine interaction constants, the spin density on the fluorine atom
of FS: was derived to be 5.2%. From the intensity ratio of the a-type and b-
type transitions, the chemical bond moments of FS: were estimated. Moreover,
the behavior of the FS: radical in comparison with the ones of other fluo-
sulfides in the microwave spectra may lead to a further comprehension for
the chemical reactions in the SFe-gas discharge systen.

The paper is prepared to submit to “The Journal of Chemical Physics”
References:Q.Zhuo et al.,].Chem.Phys.100,6113(1994);]J.Mol.Spectrosc.165,433(1994)
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