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Abstract

The infrared (3200—30 cm ~ ') spectra of gaseous and solid and the Raman spectra of liquid (3200 — 30 cm ~ '), with
quantitative depolarization values, and solid vinyldichlorosilane, CH,=CHSiHCl,, have been recorded. Both the gauche
and the cis conformers have been identified in the fluid phases. Variable temperature (105—150°C) studies of the infrared
spectra of the sample dissolved in liquid krypton have been carried out. From these data the enthalpy difference has
been determined to be 20+ 5 cm ~! (235 4 59 J mol ~!) with the gauche conformer the more stable rotamer. It was
not possible to obtain a single conformer in the solid even with repeated annealing of the sample. The experimental
enthalpy difference is in agreement with the prediction from MP2/6-311 4+ G(2d,2p) ab initio calculations with full
electron correlation. However, when smaller basis sets, i.e. 6-31G(d) and 6-311 4+ G(d,p) were utilized the cis conformer
was predicted to be the more stable form. Complete vibrational assignments are proposed for both conformers based
on infrared contours, relative infrared and Raman intensities, depolarization values and group frequencies, which are
supported by normal coordinate calculations utilizing the force constants from ab initio MP2/6-31G(d) calculations.
From the frequencies of the Si—H stretches, the Si—H bond distance of 1.474 A has been determined for both the gauche
and the cis conformers. Complete equilibrium geometries have been determined for both rotamers by ab initio
calculations employing the 6-31G(d), 6-311 + G(d,p) and 6-311 + (2d,2p) basis sets at level of Hartree—Fock (RHF)
and/or Moller—Plesset to the second order (MP2) with full electron correlation. The potential energy terms for the
conformer interconversion have been obtained from the MP2/6-31G(d) calculations. The results are discussed and
compared with those obtained for some similar molecules. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Vinyldichlorosilane, CH,=CHSiHCl,, is of sci-
entific interest because of its importance in indus-
try. It has been utilized as a reactant for a wide
variety of materials [1-5] and it has been the
subject of a vibrational study [6] and theoretical
and thermodynamical calculations [7]. In the vi-
brational analysis of vinyldichlorosilane, it was
concluded [6] that the molecule exists in two
stable conformers, gauche and cis, in the liquid
phase with an enthalpy difference of 98 + 10
cm~! (1.174+0.12 kJ mol~!) with the gauche
conformer the more stable rotamer. Recently, we
reported [8] the vibrational and conformational
stability of chlorocyclopropylsilane ¢-C;HSiH,Cl,
for which the more stable conformer has been
identified to be the cis rotamer. This study [8] was
carried out to obtain data for comparison with
the conformational stability of chlorovinylsilane
[9] molecule, which was determined to be stable
by 78 + 11 cm ~"' (0.93 + 0.13 kJ mol — "), but with
the gauche conformation the more stable form.
This experimental result [9] was found to be con-
sistent with the predictions from ab initio calcula-
tions. In a recent study [10], the vibrational
spectrum and conformational stability of
dichlorocyclopropylsilane was carried out and it
was concluded that this molecule exists in the
gauche and cis conformations in the fluid phases
where the gauche conformer is the more stable
rotamer by 99+7 cm ' (1.18 +0.08 kJ mol ")
in xenon solution. This experimental result was
also supported by ab initio calculations utilizing
different basis sets. Therefore, we initiated the
current study of vinyldichlorosilane for the com-
parison of its stability to that of dichlorocyclo-
propylsilane because the bonding of the vinyl
group is frequently compared with that of the
cyclopropyl group.

We have recorded the infrared and Raman
spectra of the fluid and solid phases of
dichlorovinylsilane. = Additionally, we have
recorded variable temperature studies of the in-
frared spectra of the sample dissolved in liquid
krypton. We have also carried out ab initio calcu-
lations employing a variety of basis sets up to

6-311 + G(2d,2p) at the level of restricted
Hartree—Fock (RHF) and/or Moller—Plesset to
the second order (MP2) with full electron correla-
tion to obtain complete equilibrium geometries.
The harmonic force constants, vibrational fre-
quencies, infrared and Raman intensities and con-
formational stabilities have also been obtained
from MP2/6-31G(d) ab initio calculations. The
results of these vibrational and theoretical studies
are reported herein.

2. Experimental

The vinyldichlorosilane sample was prepared by
the reaction of vinyl silane with excess of tin
tetrachloride at room temperature for 18 h. The
sample was first purified by trap to trap distilla-
tion at reduced pressure and then followed by
further purification with a low-temperature and
low-pressure fractionation column.

The mid-infrared spectra of the gas and solid
(Fig. 1) were obtained from 3200 to 300 cm ~! on
a Perkin—Elmer model 2000 Fourier transform
spectrometer equipped with a Ge/Csl beamsplitter
and a DTGS detector. The gas was contained in a
10-cm cell fitted with CsI windows. The spectrum
was obtained at a resolution of 0.5 cm ~! from 64
co-added scans of the sample and reference and
the interferograms transformed with boxcar trun-
cation function. The spectrum of the solid was
obtained by condensing the sample onto a boiling
liquid nitrogen cooled Csl plate contained in an
evacuated cell equipped with Csl windows, and
256 scans were collected for both the reference
and sample interferograms at 1 cm ! resolution
and then transformed with boxcar truncation
function.

The mid-infrared spectra of the sample dis-
solved in liquified krypton as a function of tem-
perature were recorded on a Bruker model IFS 66
Fourier transform spectrometer equipped with a
Globar source, a Ge/KBr beamsplitter and a
DTGS detector. In all cases, 100 interferograms
were collected at 1.0 cm ! resolution, averaged
and transformed with a boxcar truncation func-
tion. For these studies, a specially designed
cryostat cell was used. It consisted of a copper cell
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with a path length of 4 cm with wedged silicon
windows sealed to the cell with indium gaskets.
The copper cell was enclosed in an evacuated
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Fig. 1. Mid-infrared spectra of vinyldichlorosilane (A) gas (B)
amorphous solid (C) annealed solid.
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Fig. 2. Far infrared spectra of vinyldichlorosilane (A) gas (B)
amorphous solid (C) annealed solid. Sharp bands marked with
asterisks are due to HCI impurity on spectrum of the gas.

chamber fitted with KBr windows. The tempera-
ture was maintained with boiling liquid nitrogen
and monitored with two Pt thermoresistors. The
complete cell was connected to a pressure mani-
fold, allowing the filling and evacuation of the
system. After cooling to the desired temperature,
a small amount of the compound was con-
densed into the cell. Next, the system was pres-
surized with the noble gas, which immediately
started to condense in the cell, allowing the
compound to dissolve.

The far infrared spectrum of the gas (Fig. 2A)
was recorded with a Bomem model DA3.002
Fourier transform spectrometer equipped with a
vacuum bench, a 6.25 pm Mylar beamsplitter,
and a liquid helium cooled Ge bolometer with a
wedged sapphire filter and polyethylene window.
The spectra were obtained from a sample con-
tained in a 1 m folded path cell equipped with
mirrors coated with gold, and fitted with
polyethylene windows with an effective resolu-
tion of 0.10 cm~'. To remove traces of water,
an activated 3 A molecular sieve was used to
dry the sample. Interferograms of the sample
and reference were recorded 512 times at a reso-
lution of 0.10 cm~' and transformed with a
boxcar truncation function. The spectra of the
solids (Fig. 2B and C were obtained with a
Perkin—Elmer  model 2000 spectrometer
equipped with a metal grid beamsplitter and a
DTGS detector.

The Raman spectra were recorded on a SPEX
model 1403 spectrophotometer equipped with a
Spectra-Physics model 164 argon ion laser oper-
ating on the 514.5 nm line. The laser power
used was 0.5 W with a spectral bandpass of 3
cm ! The spectrum of the liquid was recorded
with the sample sealed in a Pyrex glass capillary
held in a Miller—Harney apparatus [11]. Depo-
larization measurements were obtained for the
liquid sample using a standard Ednalite 35 mm
camera polarizer with 38 mm of free aperture
affixed to the SPEX instrument. Depolarization
ratio measurements were checked by measuring
the state of polarization of the Raman bands of
CCl, immediately before depolarization measure-
ments were made on the liquid sample. The
measurements of the Raman frequencies are ex-
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pected to be accurate to +2 cm~! and typical

spectra are shown in Fig. 3. All of the observed
bands in both the infrared and Raman spectra,
along with the proposed assignments, are listed in
Table 1.

3. Ab Initio calculations

The LCAO-MO-SCF ab initio calculations
were performed with the Gaussian-94 program
[12] using Gaussian-type basis functions. The en-
ergy minima with respect to nuclear coordinates
were obtained by the spontaneous relaxation of
all the geometric parameters consistent with the
symmetry restrictions using the gradient method
of Pulay [13]. The structural optimization for the
gauche and the cis conformers were carried out
with initial parameters taken from those of
chlorovinylsilane [9]. The 6-31G(d), 6-311+
G(d,p) and 6-311 + G(2d,2p) basis sets were em-
ployed at the level of restricted Hartree—Fock
and/or Moller—Plesset (MP2) by the perturbation
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Fig. 3. Raman spectra of vinyldichlorosilane (A) liquid (B)
annealed solid.

methods to second order with full electron corre-
lation and the determined structural parameters
are listed in Table 2.

We have carried out normal coordinate analysis
of vinyldichlorosilane. The force fields in Carte-
sian coordinates were calculated by the Gaussian-
94 program [12] with the MP2/6-31G(d) basis set.
The internal coordinates (Fig. 4) were used to
calculate the G and B matrices utilizing the struc-
tural parameters given in Table 2. Using the B
matrix [14], the force field in Cartesian coordi-
nates was converted to a force field in internal
coordinates, and the pure ab initio vibrational
frequencies were reproduced. The force constants
for both the gauche and cis conformers can be
obtained from the authors. Subsequently, scaling
factors of 0.9 for stretching and bending and 1.0
for the torsional coordinates, and the geometric
average of scaling factors for interaction force
constants were used to obtain the fixed scaled
force field and resultant wavenumbers. A set of
symmetry coordinates was used (Table 3) to de-
termine the corresponding potential energy distri-
butions (P.E.D.). A comparison between the
observed and calculated frequencies of
vinyldichlorosilane along with the calculated in-
frared intensities, Raman activities, depolarization
ratios and P.E.D. are given in Table 4.

Raman and infrared spectra for vinyldichlorosi-
lane were calculated using the predicted frequen-
cies, scattering activities and infrared intensities
determined from the ab initio calculations. The
Gaussian-94 program [12] with the option of cal-
culating the polarizability derivatives [RHF/6-
31G(d)] was used. The evaluation of the Raman
activity by using the analytical gradient methods
has been developed [15,16]. The activity S; can be
expressed as:

S; = g,(45q; +757)

where g; is the degeneracy of the vibrational mode
J» @; is the derivative of the isotropic polanizabil-
ity, and f; is that of the anisotropic polarizability.
The Raman scattering cross-sections, 0g;/082,
which are proportional to the Raman intensities,
can be calculated from the scattering activities
and the predicted frequencies for each normal
mode using the relationship [17,18]:
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da; (2'r* (vo—v)* h s
0Q  \ 45 e hev; | \8z2cv, 4
Pl T

where v, is the exciting frequency, v; is the vibra-
tional frequency of the jth normal mode, /4, ¢ and
k are universal constants, and S, is the corre-
sponding Raman scattering activity. To obtain
the polarized Raman scattering cross-section, the
polarizabilities are incorporated into by S; by
S/[(1 — p;)/(1 + p;)] where p;, is the depolarization
ratio of the jth normal mode. The Raman scatter-
ing cross-sections and calculated fixed scaled fre-

Table 2
Structural parameters®, rotational constants, dipole moments

1963

quencies were used together with a Lorentzian
line shape function to obtain the calculated spec-
trum. The predicted Raman spectra of the pure
cis and gauche conformers are shown in Fig. 5C
and D, respectively. The predicted Raman spec-
trum of the mixture of the two conformers with a
AH value of 20 cm ! (experimental value, see
conformational stability) is shown in Fig. 5B
which should be compared with the experimental
spectrum of the liquid (Fig. 5A). The predicted
intensities for the C=C stretch, the CH, deforma-
tion, and CH bend are much smaller than the

and energy for vinyldichlorosilane

Parameter RHF/6-31G(d) MP2/6-31G(d) MP2/6-311+G(d,p) MP2/6-311+G(2d,2p)
Gauche Cis Gauche Cis Gauche Cis Gauche Cis

rSiH 1.461 1.461 1.476 1.476 1.465 1.467 1.459 1.461

rC,5Si 1.853 1.849 1.847 1.842 1.846 1.841 1.841 1.836

rC,C, 1.325 1.326 1.343 1.344 1.347 1.347 1.339 1.339

rSiCly 2.060 2.059 2.051 2.050 2.048 2.047 2.060 2.059

rSiClg 2.057 2.059 2.048 2.050 2.046 2.047 2.058 2.059

rC;H, 1.080 1.079 1.090 1.089 1.091 1.089 1.083 1.081

rC,Hg 1.077 1.077 1.087 1.087 1.087 1.087 1.080 1.080

rC,H, 1.075 1.077 1.089 1.087 1.087 1.088 1.079 1.081

£ C5SiH 113.5 111.5 113.5 110.5 113.6 110.6 114.0 111.1

£ C,C5S1 125.1 121.3 124.1 120.2 124.2 120.7 123.9 120.4

£ HSiCly 106.6 108.1 106.9 108.5 107.0 108.6 106.8 108.6

£ HSIiClg 107.4 108.1 107.6 108.5 107.8 108.6 107.7 108.6

£ Cl5SiCy 109.5 110.6 109.2 110.6 109.2 110.4 109.1 110.4

£ ClSiCy 110.7 110.6 109.9 110.6 109.9 110.4 109.8 110.4

£ H,C5S1 116.4 119.6 117.3 120.6 117.5 120.3 118.0 120.7

£ HgC,Cs 121.6 122.0 121.8 122.2 121.5 121.9 121.5 121.9

£ HoC,C4 122.5 122.3 121.9 121.9 121.7 121.6 121.5 121.5

1C,C,SiH 118.6 0.0 117.1 0.0 118.2 0.0 117.3 0.0

tClsSiHC, —120.7 121.7 —120.5 121.2 —119.3 120.2 —120.6 121.5

tCl,SiHC, 122.2 —121.7 121.9 —121.2 120.9 —120.2 122.1 —121.5

tH,C,SiC, 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0

tH,C,C;Si 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0

tH,C,C;Hy 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0

A 2699 2410 2750 2413 2749 2425 2751 2411

B 1981 2044 1979 2059 1985 2056 1975 2057

C 1259 1189 1271 1195 1276 1198 1271 1194

|a] 1.921 3.131 1.834 3.053 1.712 2.843 1.554 2.629

|1 2.012 0.000 1.974 0.000 1.785 0.000 1.689 0.000

|| 0.831 0.484 0.785 0.428 0.763 0.493 0.596 0.345

|| 2.903 3.168 2.806 3.083 2.588 2.885 2.371 2.652

—(E+1280) 6.03301 6.03365 6.65788 6.65833 6.77323 6.77349 7.15130 7.15117

AE (cm™") 140 99 57 30

2 Bond distances in A, bond angles in degrees, rotational constants in MHz, dipole moments in Debye and energies in Hartrees.
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Fig. 4. Internal coordinates of vinyldichlorosi lane.

Table 3

Symmetry coordinates for vinyldichlorosilane

CH, antisymmetric stretch
Species description

S =50—e=0,—0,—y,—7,
Symmetry coordinate®

CH, antisymmetric stretch
CH, symmetric stretch
CH stretch

Si-H stretch

C=C stretch

CH, deformation

CH in-plane bend

CH, wag

CH, twist

CH, wag

SiH in-plane bend

SiH bend

Si-C stretch

SiCl, antisymmetric stretch
CH out-of-plane bend
SiCl, symmetric stretch
Si-C=C bend

SiCl, wag

SiCl, deformation
SiCl, rock

Asymmetric torsion

S =r—r,
S,=r+r,
S;=r;

S,=T

Ss=R.
Se=2a—f—p>
S;=y1—>
Sszﬁl_ﬂz
Sg=u

Sm:gyl

Spy=50—e—0,—0,—y,—7
Sp=0—=0—y+7,
Si3=R,

Sia=r4—7s

Sis= 52

Sie="rst7s
Si7=2n—4,— ¥,
Sig=71+7.—0,—0,
Sio=4e—0,—0,—y,— 7>
Sr=0=0+7,—7,

S =1

# Not normalized; Sq, S19, Si2, Sias Sis5 Sop and S5, belong

to the A” symmetry block for the cis conformer.

experimental values whereas the predicted Raman
spectrum below 1000 cm ~! is in reasonable agree-
ment with the observed spectrum. The predicted
spectrum is quite useful for making the vibra-
tional assignments for both conformers.

Infrared intensities were also calculated based
on the dipole moment derivatives with respect to
the Cartesian coordinates. The derivatives were
taken from the ab initio calculations at the MP2/
6-31G(d) level and transformed to normal coordi-
nates by:

O\ < (Ol
CARAC

where the Q; is the ith normal coordinate, X; is
the jth Cartesian displacement coordinate, and L,
is the transformation matrix between the Carte-
sian displacement coordinates and normal coordi-

) L

| | | | | |

3000 2500 2000 1500 1000 500
WAVENUMBER (cm!)

Fig. 5. Predicted and observed Raman spectra of
vinyldichlorosilane (A) observed spectrum of liquid (B) pre-
dicted spectrum of mixture of gauche and cis conformers with
AH =20 cm ! (C) predicted spectrum of pure cis conformer
(D) predicted spectrum of pure gauche conformer.
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Fig. 6. Predicted and observed infrared spectra of
vinyldichlorosilane (A) observed spectrum of gas (B) predicted
spectrum of mixture of gauche and cis conformers with AH =
20 cm —! (C) predicted spectrum of pure cis conformer (D)
predicted spectrum of pure gauche conformer.

nates. The infrared intensities were then calcu-
lated by:

_Nal(ou\ | (om N (Om
hi= 3c2[<0Q,~> " (aQ,) " <an~> ]

In Fig. 6C and D, the predicted infrared spectra
of the cis and gauche conformers, respectively, are
shown. The combination of the spectra of the two
conformers with a AH of 20 cm ! is shown in
Fig. 6B and the experimental spectrum of the
sample in gas phase is shown in Fig. 6A for
comparison. These spectra were very useful for
selecting the conformer bands for the variable
temperature infrared studies.

4. Conformational stability

The determination of the conformational stabil-
ity is not straightforward because most of the
fundamentals of the two conformers are predicted
to be near coincident. Nevertheless, it is clear
from the spectral data that conformers are present
in the fluid phases. The ab initio calculations
indicate that the band at 730 cm ~' is due to the
cis conformer where the Si—C stretch, v,4 is pre-
dicted at 721 cm ~!. Similarly, the 695 cm ~! band
is assigned as the corresponding Si—C stretch for
the gauche conformer with a predicted frequency
of 682 cm~!'. In the region of 180-400 cm '
there are two fundamentals predicted, v,; and vg,
whereas four bands are observed in this region at
378, 325, 232 and 189 cm ! in the infrared spec-
trum of the amorphous solid. The corresponding
Raman bands are also observed in the spectrum
of the amorphous solid phase at 374, 323, 229 and
187 cm —!. Two of these four bands belong to the
gauche conformer and they are assigned at 374
and 229 cm ! for v,; and v, respectively. How-
ever, the other two frequencies observed at 323
and 187 cm ~! must belong to the cis conformer
for the corresponding modes as predicted from
the MP2/6-31G(d) ab initio calculations. These
two bands would not be expected in the solid
phase for the less stable conformer but due to the
difficulty in obtaining a pure crystalline sample
they remain in the amorphous solid.

The conformer pair at 730/695 cm ~! was used
to determine the enthalpy difference between the
conformers from the temperature dependent in-
frared spectra of the krypton solution. The spec-
tral changes are shown in Fig. 7 and from these
data, the increase in the intensity of the infrared
band assigned to the gauche conformer as the
temperature decreases confirms the stability of the
gauche form over the cis conformer in the krypton
solution. In order to obtain the enthalpy differ-
ence, ten sets of spectral data were obtained for
these bands over the temperature range — 105 to
—150°C (Table 5). The intensity data for the
conformer pair were fit to the van’t Hoff equa-
tion, —In K= (AH/RT) — (AS/R), where K is the
intensity ratio (/,/I,), and it was assumed the AH
is not a function of temperature. Using a least
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squares fit and the slope of the van’t Hoff plot, a
AH value of 20+ 5 cm ! (235 + 59 J mol —!) was
obtained. This value should be near the value for
the gas [19-23] because both conformers have
similar sizes and comparable polarities.

! | |
740 720 700 680

WAVENUMBER(cm™)

Fig. 7. Temperature dependence of 730 and 695 cm ~ ! infrared
bands of vinyldichlorosilane dissolved in liquid krypton.

Table 5
Temperature and intensity ratios for the conformational study
of vinyldichlorosilane®

T (OC) 1000/T (K) I730((‘i.v)/169S(gzm('he) —InK

—105 5.95 1.9496 —0.6676
—110 6.13 1.9496 —0.6676
—115 6.32 2.0164 —0.7013
—120 6.53 1.9722 —0.6792
—125 6.75 1.9368 —0.6610
—130 6.99 1.9138 —0.6491
—135 7.24 1.8987 —0.6412
—140 7.51 1.8612 —0.6212
—145 7.80 1.8685 —0.6251
—150 8.12 1.8873 —0.6352

AAH=204+5 cm~! (235+58.7 J mol~") with the gauche
conformer the more stable form.

5. Vibrational assignment

The vibrational analysis of vinyldichlorosilane
is based on the presence of two stable conforma-
tions even in the amorphous solid. The cis con-
former has a plane of symmetry and its 21 normal
modes are classified by the symmetry species (A’
and A”) of the C, symmetry group. The 14A’
modes should produce polarized Raman lines and
A, C or A/C-type infrared band contours. The A"
modes should give rise to depolarized lines in the
Raman spectrum of the fluid phase and yield
B-type infrared band envelop. The gauche con-
former has only the trivial C;, symmetry and all
the 21 vibrations should yield polarized Raman
bands and hybrid A/B/C type infrared band en-
velopes. Guided by these considerations, the cal-
culated spectral intensities, normal coordinate
analysis and the vibrational analysis of the similar
molecule vinylchlorosilane [9] the proposed as-
signments of the observed bands in the infrared
and Raman spectra of vinyldichlorosilane are
given in Table 1.

The assignment of the carbon-hydrogen modes
of the vinyl group is similar to the corresponding
modes in chlorovinylsilane [9] with only minor
frequency shifts. In fact, the spectra of these two
compounds are remarkably similar down to ~
1000 cm~'. The =CH, antisymmetric stretch is
observed as an A/C-type band at 3074 cm~! in
the infrared spectrum of the gas which corre-
sponds to 3071 cm ~! in the monochloro [9] com-
pound. The corresponding symmetric mode (v;) is
observed at 2965 cm ~! in the infrared spectrum
of the gas and it is observed at the same location
at 2965 cm ! in chlorovinylsilane [9]. The =CH
stretch is observed as a B-type band centered at
3001 cm ~ ! whereas the same mode is observed at
2993 for chlorovinylsilane [9]. The C=C stretch is
observed as an A-type band at 1603 cm ! and the
corresponding mode for chlorovinylsilane-d, and
Si-d, is observed at 1600 c¢cm~! for both
molecules. However, the Si—H stretch is shifted to
higher frequency from 2194 and 2188 for the
monochloro molecule to 2219 cm~' as the num-
ber of chlorine atoms are increased on the silicon
atom. This observation is identical to that found
for the corresponding modes in chlorocyclopropy-
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Isilane (2193 and 2186 cm ~ ') and dichlorocyclo-
propylsilane (2216 cm~!). The four bending
modes of the CH, group of vinyldichlorosilane
are observed at 1413, 1004, 997 and 977 cm ~ ! in
the infrared spectrum of the gas with the corre-
sponding modes being observed basically at the
same frequencies for chlorovinylsilane [9] at 1411,
1008, 1003 and 960 ¢cm ! for the gauche con-
former. Three of these four bands for the
vinyldichlorosilane molecule are found to be split
in the infrared spectrum of the krypton solution
but for the chlorovinylsilane molecule the splitting
of the corresponding modes could not be ob-
served in the xenon solution. Nevertheless, these
comparisons of frequencies for many of the re-
maining modes for these two molecules can be
extended so there is little difficulty in assigning the
bands for the remaining fundamentals for both
conformers. The heavy atom skeletal bends show
large splittings between the corresponding modes
for the two conformers.

6. Discussion

It has been determined that the gauche con-
former is the more stable rotamer in the rare gas
from the temperature study of the infrared spec-
trum of krypton solution. Utilizing two peaks,
which are reasonably separated, one obtains an
average enthalpy value of 20+ 5 cm ~! (235459
J mol ') in liquified krypton for the one well
separated pair. It is believed that this value should
be near the value for the vapor [19-23]. Addi-
tional support for the gauche conformer being the
more stable rotamer is found in the relative inten-
sity of the infrared bands for the two conformers
utilizing the predicted relative values from the ab
initio calculations.

Utilizing the isolated Si—H stretching frequen-
cies from vinyldichlorosilane it is possible to cal-
culate the SiH distances () for the gauche and cis
conformers [24]. Using the frequencies 2219 and
2218 cm ! for the two different Si—H vibrations
for the cis and the gauche conformers, respec-
tively, the Si—H bond distances are calculated to
be 1.474 A for both conformers. However, the
predicted Si—H bond distances from the MP2/6-

31G(d) calculations are found to be slightly longer
(1.476 A for both conformers) than this experi-
mental value. On the other hand, the predictions
from the MP2/6-311 + G(d,p) calculations are
shorter with values of 1.467 and 1.465 A for the
cis and gauche conformers, respectively. In some
recent studies on some other silyl compounds
[25-27], the predicted Si—H bond distances from
the MP2/6-311 4+ G(d,p) calculations were found
to be ~0.005 A shorter than the experimental
value. However the MP2/2-31G(d) calculations
gave values near the experimental distances so this
basis set at this level of calculations will give the
best predictions of the experimental silicon—hy-
drogen bond distances.

The predicted structural parameters for the two
conformers are nearly the same except for the
C-Si distance, the CCSi angle and the HCSi
angle. The C—Si distance is predicted to be 0.005
A longer in the gauche conformer compared to
the similar distance in the cis rotamer from all the
MP2 calculations with all three basis sets. Simi-
larly the CCSi angle is predicted to be 3.5° larger
in the gauche form than the corresponding angle
in the cis conformer which can be rationalized on
steric interaction of the chlorine atom with the
double bond. Steric effects can also be used to
rationalize the larger HCSi angle of the cis con-
former (120.3°) compared with this angle in the
gauche rotamer (117.5°). These structural differ-
ences in the angles lead to significantly different
force constants for the two conformers. For ex-
ample the bending force constant for the CCSi
angle (7) has a value of 0.366 mdyn A~ for the
gauche form but the corresponding force con-
stants for the cis is only 0.300 mdyn A-". Simi-
larly the force constant for the HCSi angle bend is
~ 10% larger for the gauche conformer than the
corresponding force constant for the cis form
(0.276 vs. 0.252 mdyn A“). The other force
constant, which is significantly larger for the
gauche conformer, is the one for the bending of
the CSiCl angle which has a value of 0.672 mdyn
A~ compared with the value of 0.504 mdyn A ~
for this force constant for the cis rotamer. This
large difference is primarily the reason the skele-
ton bending fundamentals having significantly dif-
ferent wavenumbers for the two conformers.
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However, most of the other fundamentals for the
two conformers have similar wavenumbers, which
is consistent with similar force constants for the
two rotamers.

The conformational stability of vinyldichlorosi-
lane can be compared with the corresponding
three-membered ring molecule, dichlorocyclo-
propylsilane. The variable temperature studies
[10] of the infrared spectra Of c-C,H,SiHCI, dis-
solved in liquified xenon indicated that the gauche
form is the more stable conformer in agreement
with the ab initio calculations at all levels of the
theory explored with electron correlation. This
observation is exactly the same as found for
chlorovinylsilane study [9] where all levels of ab
initio calculations are consistent with the experi-
mental results. Therefore, for these two molecules
it appears that the ab initio calculations with these
basis sets correctly predict the conformational
stability of these types of silyl chloride molecules.
However, this observation was not the case for
chlorocyclopropylsilane,  ¢-C,H.SiH,Cl,  and
vinyldichlorosilane, CH,CHSIiCl,, where the ab
initio calculation is in agreement with the experi-
mental data only with relatively large basis sets. It
would be of interest to investigate whether similar
agreements with the ab initio predicted and exper-
imental values for the conformer stabilities for the
corresponding fluoride molecules, ie.
CH,CHSiHF, and c¢-C;H SiH,F are found for
only large basis sets.

The vibrational assignments for vinyldichlorosi-
lane had not previously been completely reported
[6]. However, because it was not possible to ob-
tain the spectrum of a single conformer from the
solid, it was difficult to distinguish which bands
were due to which conformer. Nevertheless, the
ab initio values were used to make the vibrational
assignment for the most part. Using a scaling
factor of 0.90 for all modes except 1.0 for the
asymmetric torsion, the wavenumbers for the fun-
damentals are predicted from the MP2/6-31G(d)
ab initio calculation to be within 2% for both
conformers. Therefore, ab initio calculations at
this level provide excellent predictions of the
wavenumbers for the fundamentals for these types
of silyl molecules.
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