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Abstract—Steric and electronic structure of the methyl phenyl sulfide molecule was studied by nonempirical
guantum-chemical methods. The calculations were performed by the B3LYP and MP2 procedures with
account taken of electronic correlation using extended 6-311++G(3d,p) basis sets. The use of a balanced
method and basis set alowed us to avoid discrepancy between the experimental and calculated data reported
by other authors. The results confirmed coplanar orientation of the C—S—C fragment and the benzene ring,

which follows from most experimental studies.

Despite numerous studies of methyl phenyl sulfide
by various physicochemical methods and theoretical
methods based on both semiempirical and nonem-
pirical calculations, some problems concerning steric
and electronic structure of its molecule till remain
unsolved.
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Most experimental studies revealed the presence of
two conformers, planar and orthogonal. The planar
conformer is likely to be the most stable. Various
experimental procedures give different populations of
one or another conformer. According to the estimates
on the basis of photoelectron spectra [1], the fraction
of a planar conformer is about 90%. An analogous
conclusion was drawn by Schweig and Thon [2] who
studied temperature dependence of the photoelectron
spectrum of methyl phenyl sulfide in the range from
20 to 500°C. The authors estimated the fraction of
the planar conformer at ~79% (20°C). Analysis of the
'H and 3C NMR spectra of PhSMe in the nematic
phase and of the data of UV and microwave spectros-
copy [3] gives a 50-85% fraction of the planar form.

A similar value (86%) was obtained by Ratovskii and
co-workers [4-6] by analysis of the IR and UV

spectra. Velino et al. [7] examined the microwave
spectra of methyl phenyl sulfide and reveadled the
presence of the planar conformer as the only one. The
results of 3C NMR study of the effect of substituents
in the para position on the conformation of the
methylsulfanyl group [8, 9] revealed a dependence
of the predominant conformer on electronic properties
of the substituent: donor substituents increase the
fraction of the orthogonal isomer, while acceptor
groups favor the planar structure. Despite different
estimates of the population of the orthogonal con-
former, obtained by different methods, al these prefer
the planar conformer as the most energetically favor-
able. The data of gas electronography obtained by
Zaripov [10] are an exception. The author concluded
that the methyl phenyl sulfide molecule is essentially
nonplanar: the Cy2SCqp angle is 45+10°.

The results of quantum-chemical calculations are
characterized by greater discrepancies concerning the
most favorable conformer of methyl phenyl sulfide.
Semiempirical calculations (AM, PM3) and nonem-
pirical methods with the use of STO-3G and STO-3G*
basis sets [11], as well as BLYP, B3LYP, and B3P86
calculations, predict greater stability of the planar con-
former [12, 13]. MNDO and nonempirical Hartree-
Fock approximations with D95*, 6-31G*, 6-31G™",
6-31++G™*, and 6-311G** basis sets together with
Moeller—Plesset calculations (MP2, MP3, MP4) with
account taken of electronic correlation give preference
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to the orthogonal conformer [12, 13]. Bzhezovskii
et al. [13] believe that the different results obtained
in the Hartree-Fock and Moeller—Plesset approxima-
tions, on the one hand, and by the DFT methods, on
the other, could not be explained in terms of the
geometric parameters but originate from different
ways of consideration of electronic correlation, which
should affect determination of stationary points on the
potential function for internal rotation in molecules
characterized by a low rotation barrier. We believe
that the main factor resonsible for the observed dif-
ference in the theoretical results is insufficient size of
the basis set and disagreement between the calculation
procedure and the basis set used. For example, most
calculations by Bzhezovskii et al. [12, 13] were per-
formed with the 6-31G" or 6-31G™* basis set. No cal-
culations in a more extended than 6-311G"™* basis set
have been reported, though this basis set is insufficient
for molecules containing 3rd Period elements.

Attempts [12, 13] to meet a compromise between
the method and the basis set frequently rested on
computation time, so that no optimal relation between
the calculation procedure and the basis set was found.
While analyzing molecules with alow rotation barrier,
such an imbalance could lead to improper results. In
order to elucidate the effect of the method and basis
set on the position of stationary points for methyl
phenyl sulfide and estimate how the results obtained
with an extended basis set correlate with the experi-
mental data, we performed calculations using the
6-311++G(3d,p) basis set with and without account
taken of electronic correlation. For comparison, we
also used the 6-311G(2d,p) basis set including 2d
functions. The potentials of internal rotation about the
Cq2—S bond were determined through a step of

10 deg with full optimization of the other parameters.
The results are given in table.

Apart from the effect of the basis set on the shape
of the potential curve, we examined the effect of the
solvent by the Onsager method [14]. The results are
shown in figure. All methods considering electronic
correlation showed a surprising consistency. Our
estimates indicated that the planar structure of methyl
phenyl sulfide is preferred. The opposite results were
obtained in the Hartree-Fock approximation, accord-
ing to which the orthogonal conformer is more
favorable. This contradicts both theoretical (B3LYP
and MP2) and experimental data. It should be noted
that inclusion of d, 2d, or 3d orbitals exerts no
appreciable effect on the shape of the potentia curve;
nevertheless, d functions should necessarily be taken
into account while studying molecules containing
3rd Period elements. One more important thing is
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Methods and basis sets used in the calculation of dipole
moments for media with different dielectric constants

. a Dielectric

No. Method/basis set Heae D constant &

1 HF/6-311++G(3d,p) 1.48 1

2 B3LYP/6-311G(2d,p) 1.34 1

3 B3LY P/6-311++G(d,p) 1.39 1

4 B3LY P/6-311++G(3d,p) 2.08 35.9

5 B3LY P/6-311++G(3d,p) 191 7.32

6 B3LY P/6-311++G(3d,p) 1.59 2.23

7 B3LY P/6-311++G(3df,p) 131 1

8 MP2/6-311++G(3d,p) 1.46 1

® N = 131 D [15].

consideration of diffuse functions, which was clearly
neglected by Bzhezovskii et al. [12, 13]. Imbalance
between the calculation procedure and the basis set
and neglect of diffuse functions could lead to a con-
siderable disagreement between the theoretical and
experimental data.

Cdculations by the DFT and MP2 methods re-
vealed a second minimum on the potential curve for
internal rotation about the Cg.—S bond, which is
located in the range from 80 to 100°. In keeping with
the generaly accepted views, conformation of methyl
phenyl sulfide is determined by two main factors:
p,m conjugation between the sulfur atom and the
aromatic fragment and steric interaction between the
methyl protons and ortho-protons of the benzene ring.
Presumably, the latter factor should not be significant,
for the barrier to rotation of the methyl group is much
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Potential curves for internal rotation about the Cy,2—S bond
in methyl phenyl sulfide, calculated by different methods
using different basis sets for media with different dielectric
constants. The numbers of the curves correspond to the
method/basis set numbers in table; black circles refer to
the results of MP2/6-311++G(3df,p) calculations.
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lower than the barrier to rotation about the Cy2—S
bond. Steric strains caused by rotation about the
Cq2—S bond should readily be compensated by rotar
tion of the CH; group. Therefore, the main factor
responsible for mutual arrangement of the aromatic
ring and methylsulfanyl group is p,m conjugation
between the sulfur atom and the aromatic fragment.
However, it is difficult to explain the appearance of
the second energy minimum on the basis of classica
views on the structure of lone electron pair on the
sulfur atom and mechanism of p,m conjugation
between the sulfur atom and the aromatic ring. Expan-
sion of the potential function for interna rotation
about the Cy2—S bond into a Fourier series shows
that the first three terms of the series give the main
contribution. The fact that conformations of the
methyl phenyl sulfide molecule with the methyl group
turned through angles of 0 and 180° with respect to
the aromatic ring are indistinguishable leads to
domination of the first, second, and sixth terms of
the Fourier series. The latter term is responsible for
appearance of energy minima a 30 and 90° and
an energy maximum at about 60°. Comparison of the
experimental dipole moment of methyl phenyl sulfide
with those calculated with the use of various basis
sets shows a good reproducibility with most of the
latter (see table). The best agreement was achieved
with the B3LYP/6-311++G(3df,p) basis set.
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