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The molecular structures and conformations of methylvinyldifluorosilane (VF§=€HSIRCH;, and
methylvinyldichlorosilane (VCS), Bt=CHSICLCHs;, have been studied by using gas-phase electron diffraction
(GED) data at 283C. Ab initio molecular orbital (MO) calculations were used to establish constraints in the
theoretical model used to analyze the GED data. These molecules exist in the gas phase as a mixture of two
conformers, syn (S, torsional angéCCSiC)= 0°) and gauche (G, torsional angkCCSIC) close to 120.
Relevant structural parameters for VFS (syn) are as follows: bond lenglhs(8i—Cyiny) = 1.846(3) A,
r(Si—CHs) = 1.851(3) A,r(C=C) = 1.344(5) A r(Si—F) = 1.592(2) A; bond anglesT,), OCSiC= 113.4-

(11y, OCCSi= 123.3(8Y; torsional anglep(G) = 117(14Y. For VFS the experimental gas-phase composition
(%) was (syn/gauche) 35/65-41)%. An estimated conformational energy differeddes_s = 0.0(1-1.2)
kcal/mol was obtained for VFS. Relevant structural parameters for VCS (syn) are as follows: bond lengths
(rg), (Si—Cuiny) = 1.843(4) A,r(Si—CHs) = 1.855(4) A,r(Si—Cl) = 2.051(2) A,r(C=C) = 1.341(6) A;

bond angles[{,), OCSIiC= 111.6(17j, OCCSi= 123.3(177; torsional angle¢(G) = 121(16}. For VCS

the experimental composition was (syn/gauche) 454%4{%. An estimated conformational energy difference
AE°s_s = 0.3(*1.8) kcal/mol was obtained from this composition. Error estimates are given(asrludes
estimates of uncertainties in voltage/height measurements and correlation in the experimental data).

Introduction that supported the assumption of{g@) s-interaction, while in
trimethylvinylsilané! the authors concluded that nothing in their
findings supported such an hypothesis. It seems more difficult
to observe thistr-electronic effect when no halogens are present
functioning as an indicator through bond shortening or bond
lengthening, even though Rustad et al. found significant
lengthening of the &C bond on the g basis in the tetravinyl-
silane moleculé? Apparently, such interactions will affect both
the Si—Cmemy, the C=C, and the S+-X bonds (X= F, Cl),
making them longer than when no vinyl group is presést.
Chlorination of the silicon atom will evidently have two
simultaneously competing effects: Inductive effects will increase
the Coloumbic attractions when increasing the number of
chlorine atoms, making the SC.iny and the SiCl bonds
shorter. At the same time evideAg@ndicates that because of
a more positively charged silicon atom due to chlorination, this
inductive effect will enhance the {g) 7-interaction. Because
this interaction will weaken the Coloumbic attractions between
the silicon and the chlorine atom, duesteelectron density now

Considerable interest has been given to the investigation of
organosilicon compounds having a vinyl group linked to a
silicon atom. Two of the earlier studies are the gas electron
diffraction investigation (GED) of vinyltrichlorosiladeand a
microwave (MW) study of vinylsilane itseff. In both of these
studies only one type of conformer was found, having a syn-
chloro or a syn-hydrogen conformation relative to the planar
vinyl group. The observation of a lengthening of the-6i
bond in vinyltrichlorosilane (CkH=CHSIiCk) compared to other
non-vinyl chlorosilane compounds (i.e., SIHCBICl;, CHs-
SiClg) was discussed.

Partial halogenation of the moiety (for example, in a methyl
group) attached to the silicon atom, or of the silicon atom itself,
has been found to lead to several conformers in the gas
phaset~19 A molecule like vinylsilylchloride (CH=CHSiH,-

Cl) has been the subject of several investigatfolisand both
a syn (syn-chloro) and a gauche (“skew”; syn-hydrogen)
conformation have been observed. Itis seen that the vinyl grouDoccupying in part the empy silicon d-orbitals (making it slightly

is eclipsed in all conformers of thesg molgcules. . more negative), the SiCl bond tends to lengther?
Some more recent papers are dealing with the possible effects A g ) .
Methylvinyldichlorosilane (VCS) has been studied by IR/

of (p—d) z-interaction between the planar vinyl group and the . S

silicon atom in the methylated vinylsilan&g!! such as vi- Raman spectroscopand it was found to exist in both syn (S)
nyldimethylchlorosilane ((CH;SICICH=CH,; GED)S meth-  and the gauche (G) conformations in the liquid phase, while
yivinyldichlorosilane (VCS, early spectroscopic wofkand a only the S-conformer persisted in the solid state, based on studies

recent GED study of the molecule trimethylvinylsilane (- of the 365 cm* (G) and 338 cm” (S) Raman lines at various
SiCH=CH2).11u Y et Iyt (& temperature$. From a van't Hoff plot the energy difference

was found to be 0.09& 0.030 kcal/mol with the syn conformer

lower in energy in the liquid phage The structural parameters

of VCS have been previously determined by GED in 1994 by

T : - : Naumov et af with vibrational parameters based on the force
Norwegian University of Science and Technology. field ted in the f Kby T  aAgain th

#Technische UniversitaGraz. leld presented In the tormer work by laga et akgain the

€ Abstract published ilAdvance ACS Abstractdpril 15, 1997. S/G relationship was confirmed with a composition of 33% S

Both in the spectroscopic work on V€&nd in the structure
determination of vinyldimethylchlorosilarfesvidence was found

S1089-5639(96)03386-5 CCC: $14.00 © 1997 American Chemical Society



Structure and Conformation of VFS and VCS J. Phys. Chem. A, Vol. 101, No. 19, 1993581

Experimental Section

The sample of VFS was prepared at the Technische Univer-
sit& in Graz, while the sample of VCS was obtained com-
mercially (Aldrich Chemical Co.; 98%). Electron diffraction
patterns of VFS were recorded with the Oregon State University
apparatus on Kodak projector slide plates (accelerating voltage
of 60 keV), and patterns of VCS were recorded with Balzers
Eldigraph KD-G2 (40 keV) at the University of Ogfk?’ on
Kodak electron image plates with nozzle-tip temperatures of
297-298 K for both molecules.

The nozzle-to-plate distances for VFS were 746.96 and 298.96
mm for the long (LC) and the middle (MC) camera distance
experiments, respectively. The electron wavelength Avas
0.048 71 A. A voltage/distance calibration was made with CS
as reference. One diffraction photograph from the LC distance
and two diffraction photographs from the MC distance were

. in the analysis. Th h raphs wer nn wi
Figure 1. Molecular models of syn and gauche conformers of used in the analysis ese photographs were scanned twice

methylvinyldihalosilane type molecules showing the atom numbering for OP_t'Ca' densities, making a total of 6 data sets. Optical
(X = F, ClI). densities were measured by using a double-beam (Joyce-Loebl)

microdensitometer at Oregon State University. The data were
and 67% G (with error limits£19%), making the energy reduced as described elsewhere?

difference not significantly different from zefoWe have used The nozzle-to-plate distances for VCS were 498.72 and
their error limits and calculated the energy difference as#0.0 248.53 mm. The electron wavelength for VCS was=
1.0 kcal/mol, assuming a simple Boltzmann distributién. 0.058 69 A. Seven diffraction photographs from the LC and

However, contrary to all the evidence of a preference for the SIX from the MC dlstancg experiments were use_d in the analysis.
eclipsing of the vinyl group, in either conformer, in such A voltage/distance calibration was made with benzene as
vinylsilane moleculess1115 (and in the 3-halopropenes and 'eference, as described in a paper from the Oslo diffraction
1-butene as welt-19), Naumov et al. found that the-SCI bond urylt.31 Optical densities were measured by using a Joyce-Loebl
deviated about F&rom the vinyl plane in the gauche conformer. microdensitometer at the University of Oslo, and the data were

They found an experimental torsional angE€CSIC) of about ~ feduced in the usual way. .
1048 This result is in our view quite unexpected. The ranges of data for VFS were 2.805/A~* < 16.00 and

The IR/Raman spectra for methylvinyldifluorosilane 8-90= /A" < 39.00. The ranges of data for VCS were 2.00
(CH;—CHSiR,CH) were recently recorded by Durig et&or < gA-1<1550and 4.0& A1 < 30.25. The data interval
the purpose of making a complete reassignment of the spectraVa@SAs=0.25 AL A calculated backgroui@iwas subtracted
in all phases, after an initial assignment had been made infrom the data for each plate to yield experimental intensity
197420 No experimental structural information existed for the Curves in the formsln(s). The average experimental intensity
VFS molecule at that time. In agreement with earlier experi- CUrves for VFS are shown in Figure 2 while the curves for VCS
ence, ab initio calculations at several levels of théanyd the are shown in Figure 3. Figure 4 shows the final experimental
vibrational spectra of VFS show evidence of two conformers radial distribution (RD) curve for VFS, and Figure 5 shows the
in the fluid phases, while only the syn conformer exists in the cOrresponding curves for VCS calculated in the usual way from
crystalline solid, as was the case also for both methylvinylsi- the modified molecular intensity curves(s) = sln(s)-
lang'521and VCS710 Durig et al. stated in their papethat it ZsiZx(AsAx) " exp(-0.00%’), where X=F or Cl; A = &F
would be very interesting to make a structure determination of @ndF is the absolute value of the complex electron scattering
VFS by GED to see whether the ab initio calculated parameters @MPplitudes. The scattering amplitudes and phases were taken
are reliable and how its structure compare to the VCS [fom tables®
molecule’810 We agree with this statement.

The ab initio calculations of Durig et 8l.of the VFS
asymmetric torsional angle show that this angle is somewhat From the experimental RD curves and results obtained for
dependent on the choice of basis set, and the largest calculatedelated molecules, as well as results obtained from theoretical
deviation from the syn-fluoro conformation in the G-conformer calculations, trial values for bond distances and bond angles
is 6.7 using HF/3-21G(d) level of theo. However, this were obtained for both VFS and VCS. The geometries were
deviation is only 1.3 at the HF/3-21G level of theory (i.e., fully optimized at the HF/6-311G(d) and the MP2/6-311G(d)

Structure Analysis

without the polarization functiondf. At higher levels of level for VFS while the levels chosen for VCS were HF/6-31G-
calculation the value of the G torsional angle in VFS gets even (d) and MP2/6-311G(d) using GAUSSIAN 94,
closer to 120 (HF/6-31G(d) and MP2/6-31G(dj). To calculate energy estimates by using higher basis sets the

With this background in mind, this paper presents a combined geometry optimizations were followed by MP2(fc)/6-31G-
GED and ab initio study of the VFS and the VCS molecule (d,p) single-point energy calculations (SP-MP2). This method
(Figure 1). The VCS molecule is reinvestigated by using a uses the frozen core (fc) approximation and includes correction
different set of experimental data than used by Naumov &t al. for electron correlation via perturbation theory through the
Calculated parameters from ab initio have been used assecond order. The basis set is triglavith diffuse functions
constraints in the refinements. Theoretical vibrational param- on non-hydrogen atoms and includes polarization functions on
eters were estimated from normal coordinate calculations by all atoms.
using harmonic force field%%22-25 Estimates of the confor- In addition zero-point energies (ZPE) and the vibrational and
mational compositions are given and comparisons of structural rotational entropy contributions (S*) were estimated at the HF
results with related molecules have also been made. level by using the 6-311G(d) basis set for VFS and the 6-31G-
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Figure 2. Intensity curvesgIn(s)) for methylvinyldifluorosilane (VFS).
The experimental curves are averages of all six data sets (three plates
shown for the two camera distances. The theoretical curve was
calculated from the structural parameters given in Table 1. The
difference curves result from subtracting the relevant part of the
theoretical curve from the experimental curves.

S, Al

(d) basis set for VCS corresponding to the conformational
stationary points found at these levels of theory for the
molecules. The ZPE's were scaled before correction of the
electronic energies by a factor of 0.8920 compensate for
neglect of electron correlation at the HF level. This calculating
procedure is similar to the one suggested by Wiberg &k al.

For both molecules the energy as a function of the asymmetric
torsional anglep(CCSIiC) was obtained, again using HF level
of theory with the 6-311G(d) basis for VFS and the 6-31G(d)
basis for VCS with a 30step size for the asymmetric torsion.
ZPE-corrected energies at the conformational minima were also
calculated. These data have been assembled in Table 7.

Refinements of the molecular structures based on the GED
data were made by the least-squares methaaljjusting a
theoreticakly(s) curve for each molecule simultaneously to the
two average experimental intensity curves, one from each of
the two camera distances using a unit weight matrix.

From the experimental compositions, an energy difference
between the two conformers for each molecule was estimated.
If o is the composition from the GED data, the energy
difference,AE®, was found by the formula

(0§
AES (~ AHS (= AGY (+ TAR (= —RTln(i) +
RTIN 2+ TAS: o

where AS_g = § — & is the entropy difference from
vibration and rotation calculated from the respective ab initio
results.

The structures were converted from the geometrically con-
sistentr, to thers-type required by the formula for the scattered
intensities by using values of the centrifugal distortion constants
(or(T)), perpendicular amplitude correctio&) and root-mean-
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Figure 3. Intensity curvesqln(s)) for methylvinyldichlorosilane (VCS).

The experimental curves are averages of all 13 plates shown for the
two camera distances. The theoretical curve was calculated from the
structural parameters given in Table 4. The difference curves result
from subtracting the relevant part of the theoretical curve from the
average experimental curves.
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Figure 4. Radial distribution curves for methylvinyldifluorosilane
(VFS). The experimental curve was calculated from the composite of
the two average experimental curves shown in Figure 2 with the use
of theoretical data for the region® A1 < 1.75 andB/A2 = 0.0020.
The difference curve is experimental minus theoretical. The vertical
lines indicate the interatomic distances; they have lengths proportional
to the distance weights.

square amplitudes of vibratiol(T)), calculated at a temperature
of 298 K from harmonic force fields{=rg — 12/r = ro — I/
+ K + 0r).38:39

The internal coordinate force constants for VFS were taken
from the results of the normal coordinate analysis carried out
by Durig et al® based on their Cartesian MP2 force field
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TABLE 1: Structural Parameters Obtained for
s Exp. Methylvinyldifluorosilane (VFS), Syn Conformer, from the
GED Data Together with HF ab Initio Values
electron ab initio calculations,
diffraction2 syn HF/6-311G(d)
Iy li(exptl) lj(calcd)  syn gauche
/\ bond lengths
c=C 1.344(5) 0.051(5)  0.041 1.324 1.325
Theo. C—Si 1.846(3) 0.054(3) 0.049 1.848 1.847
Si—Cq4 1.851(3) 0.055(3) 0.050 1.852 1.852
L A C—H [1.114] 0.058(8) 0.075 1.080 1.080
" N C—Hu [1.119] 0.057(8) 0.075 1.078 1.077
q,zm Cz/c s, W G s, ;}uw\au C—Hi  [1.109] 0.057(8) 0.075  1.077 1.077
oS s, S g dua Gl Si—F, 1.592(2) 0.046(2) 0.040 1.592 1.592
_ Si—F 1.592(2) 0.046(2) 0.040 1.592 1.592
Diff. C,—H [1.140] 0.075 1.085 1.086
Ci—Hse  [1.140] 0.075 1.085 1.086
] ] ] i ! . valence angles
nA CCHypo [117.9] 117.9 118.1
) o o } CCHy [122.5] 122.5 122.1
Figure 5. Radial _dlstrlbutlon curves for methyIV|nyldlchlorosna_ne CCHu, [122.1] 122.1 122.1
(VCS). The experimental curve was calculated from the composite of  ccg; 123.3(8) 123.8 122.8
the two average experimental curves shown in Figure 3 with the use  cgjc 113.4(11) 115.9 115.7
of theoretical data for the region© /A~ < 1.75 andB/A? = 0.0020. C,SiFs 112.8(5) 108.8 109.6
'I_'he c_hffe_rence curve is experl_mental minus theoretical. The vert_lcal C,SiFy 112.8(5) 108.8 107.8
lines |nd_|cate the interatomic distances, they have lengths proportional  sjc,H 111.6(34) 111.1 111.1
to the distance weights. HC,H [115.4] 115.4 115.9
FSiF 106.0(6) 104.5 105.8
obtained with the 6-31G(d) basis set. The magnitudes of our FSIG 105.6(8) 109.1 108.8
calculatedKt values became reasonable first after introducing SIGH 118.8(8) 118.3 119.1
T
. HCH 107.2(37) 107.7 107.8
torsional and out-of-plane force constants from the work of wors | " N
; orsion angles syn gauche syn gauche
L’:Isa;deg\ZIE’ i?ltcgrﬁ olr:ac;irnvcs:c?mz vrglcl)Jr(Ss ?r?)rrfiﬁle ]:/(\)/E)?E c)f;el\lliuvrvn?v ¢1(CCSIC)  [0.0] 117.4414.3) 0.0 1202
; P 9 $2(HC,Si,) [60.0] [60.0] 60.6 59.8
et al: a(><100)e 35(41) 65(41) 20.7 79.3
The results from the HF/6-311G(d) and HF/6-31G(d) ab initio AEs. 0.061.2) —0.39

geometry calculations are incorporated in the GED analysis as

constraints for VFS and VCS, respectively. This procedure of
using ab initio results as constraints in the GED analysis has
been shown to be very useftii#041

For the remainder of the structure analysis, we will discuss
each molecule separately.

Analysis of Methylvinyldifluorosilane. The geometry of
the conformers was described by a set of independent param
eters, in our refinements chosen 8&€=C), r(Cyiny—Si),
r(lC—HO (average distance),(Si—Fg), O(ICCHJ (average
angle),d(CCSi),0(C,Siky), P(FSIF) (projection angle; the angle
between the two StF bonds projected on a plane perpendicular
to Si—C), P(HGH) (projection angle; the angle between the
two C—H bonds projected on a plane perpendicular to G,
O(SiCH), O(CSIC),¢1 = ¢(CCSiClyn ¢2 = H(HsCSiGiny)syn
Pleauche aNd ¢2cauche (torsional angles, only the torsional
¢lcauche parameter is refined). In addition several constant

aDistancesfg) and amplitudesl() are in‘agstrems (A), angles)
in degrees. Parenthesized values avea2e include estimates of
uncertainties in voltage/nozzle heights and of correlation in the
experimental data. Values in square brackets were kept constant in
the final refinement.R = 0.062= [SWAY 3w (s12%(s)) "2 andA; =
sIZMs) — §199(s). @ These amplituded;) were refined as groups.
¢ Conformational compositiona¢values in percent) from the GED
refinements and as calculated from the HF/6-311G(d) energy difference
by using a Boltzmann distribution and scaled zero-point energy
correctionsf Energy differences in kcal/mol. The ab initio value is
corrected with the scaled ZPE difference. The GED value is estimated
from the experimentati-values including vibrational and rotational
entropy differencesAS‘g-s = —2.8x 104 kcal/motK).

given in Table 1 where also the corresponding geometrical
values from the ab initio calculations are given (HF/6-311G-

(d)). Selected bonding and nonbonding distances together with
refined and calculated vibrational amplitudes from the scaled

values of differences between parameters were incorporated asMP2 force field are given in Table 2, where also the ab initio

constraints; for instance the paramei@i—Cuetny) is not listed
above because its value is dependent on the vall(é:mw Si),

MP2/6-311G(d) values are shown. The correlation matrix for
the refined parameters is given in Table 3.

and the difference between these two bonds is set equal to The theoretical intensity curve for the final model is shown
0.0043 A in the syn conformer. Differences between corre- in Figure 2 together with experimental and difference curves.
sponding bond distances and bond angles between syn and thegigure 4 shows the corresponding RD curves. In Figure 6 the
gauche conformers were also kept constant at calculated valuesexperimental RD curve is shown together with theoretical curves
The vibrational properties of the molecule were specified by calculated for the 100% syn conformer, the 100% gauche
66 amplitude parameters for each conformer, corresponding toconformer, and a mixture of 35% syn and 65% gauche
the number of interatomic distances in the molecule. Some of conformers. This is done to give a visual impression of the
the amplitudes were refined together as groups. The amplitudessensitivity of the experimental data to the conformational
which could not be refined were kept constant at the values composition. In all models the methyl group on the silicon had

calculated from the force field.
In the final refinement eight geometrical parameters, eight
amplitude parameters, and the conformational compositipn (

an exact staggered position.
Analysis of Methylvinyldichlorosilane. The geometries of
the conformers of VCS were described similarly to VFS by a

were refined simultaneously. The results of this refinement are set of independent parameter¢C=C), r(Cyiny—Si), r((C—HD,
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TABLE 2: Selected Interatomic Distances for -
Methylvinyldifluorosilane (VFS) from the GED Data e EXP.
Together with MP2 ab Initio Values

electron ab initio

diffractior? calculations
rg lij(exptl) lj(caled) ro MP2/6-311G(d)
Syn
r(C=C) 1.344(5) 0.051(%) 0.041 1.323 1.346
r(C2—Si) 1.846(3) 0.054(3) 0.049 1.842 1.844 ARRARANE AR AR ARRRRRARS [ARRRRRARN ARRARAAR
r(Si—Cs) 1.851(3) 0.055(3) 0.050 1.846 1.847 .
r(Si-Fg)  1.592(2) 0.046(2) 0.040 1.586 1.613 THEO.
r(Si-Fg)  1.592(2) 0.046(2) 0.040 1.586 1.613 159 SYN
r(CiSi)  2.804(9) 0.055(1%) 0.081 2.796 2.807 65% GAUCHE
r(C»Cs)  3.087(20) 0.085(28) 0.095 3.083 3.113
r(CFs)  2.863(9) 0.065(®) 0.087 2.859 2.817
r(C»Fg)  2.863(9) 0.065(F) 0.087 2.859 2.817 v
r(CsFg)  2.744(14) 0.069(F) 0.091 2.739 2.823 100% SYN
r(C,#CRs) 2.744(14) 0.069(F) 0.091 2.739 2.823
r(Cp-Cs) 3.362(39) 0.157(28) 0.166 3.353 3.390 A Ja
r(Cr-Fs) 3.891(12) 0.154(42) 0.128 3.887 3.880 100% GAUCHE
r(CrFg) 3.891(12) 0.154(4%) 0.128 3.887 3.880
Gauche
r(Cy+*Cs)s 4.079(108) 0.143 4.076 4.150
r(Cr-Fe)c 3.908(86) 0.155(4%) 0.129 3.904 3.837 DIFF.
r(Ci-Fo)e 3.166(21) 0.135(9) 0.157 3.156 3.065
aDistances I(y,r,) and amplitudesl{) are in ‘agstrems (A), angles

(Oo) in degrees. Parenthesized values ar@2d include estimates of
uncertainties in voltage/nozzle heights and of correlation in the
experimental dat~" These amplitudes were refined as groups as noted
in the text. ] L j l SF na

Figure 6. Theoretical radial distribution curves for methylvinyldi-
fluorosilane (VFS), showing a mixture of 35% syn and 65% gauche
conformers and curves for 100% of the syn and gauche conformers,
@1 = $(CCSiCkyn, $p2 = ¢(HsCSiCiiny)syn Plcauche P2cauche together with the experimental curve (EXP.) and difference curves
(torsional angles, only the torsion@ilgauche parameter is  (DIFF.).
refined). Like in the analysis of the VFS molecule, several jyjitio MP2/6-311G(d) values are shown. The correlation matrix
constant values of differences between parameters were incor{g the refined parameters is given in Table 6.
porated as constraints. Again, none of the difference parameters The theoretical intensity curve for the final model is shown
included were refined but were held constant at the ab initio Figure 3 together with experimental and difference curves.
values. _ _ Figure 5 shows the corresponding RD curves. In Figure 7 the
The vibrational amplitudes were treated as described for VFS. experimental RD curve is shown together with different
In the final refinement seven geometrical parameters, seventheoretical curves for reasons described in the VFS section.
amplitude parameters, and the conformational compositipn ( ] .
were refined simultaneously. Discussion
The results of this refinement are given in Table 4 where 1. General Points. In this work we have used results from
also the corresponding geometrical values from the ab initio the ab initio calculations as constraints in the least-squares
calculations are given (HF/6-31G(d)). Selected bonding and refinements. The differences in structural parameters between
nonbonding distances together with calculated and refined the syn and gauche conformers of VFS and VCS are not large
vibrational amplitudes are given in Table 5, where also the ab (see Table 9).

r(Si—Clg), O([CCHL, O(CCSi), O(C,SiClg), P(CISICI) (projec-
tion angle),P(HC4H) (projection angle)[1(SiC4H), O(CSIC),

TABLE 3: Correlation Matrix ( x100) for the Refined Parameters of Methylvinyldifluorosilane (VFS)
os? ru ra ra Ua Os Ue O Us lo l10 l11 l12 l13 l14 l15 lis  ou7
C=C 0.18 100
C—Si 0.06 —-11 100
Si—F 0.03 1 3 100
CCSi 27 —43 22 12 100
C.SiF 18 13 -8 5 8 100
SiCHsg7 120 6 5 —-11 -16 37 100
CSiC 39 8 -1 8 39 34 -39 100
91(G) 504 1 2 -8 -16 -8 7 -8 100
I(C=C) 014 -4 -2 —6 -3 0 13 0 1 100
1(Co—Si) 0.06 15 -18 10 3 1 -19 13 -4 -4 100
I(C:—H) 0.28 16 -8 5 -4 3 -9 8 -2 -—-13 24 100
|(Si—Fy) 0.05 25 -25 8 -1 7 -14 12 -3 -1 50 30 100
I(C-Si) 0.38 -11 0 -3 —-19 -78 -10 -—67 7 0 2 -1 1 100
I(C-C) 080 -3 -4 0 2 -—18 -5 -1 0 1 -6 -5 -7 9 100
I(CxF) 024 -1 -5 -3 -2 —-58 —-45 -14 4 3 18 9 23 36 17 100
[(Cye++F) 1.5 8 1 —-17 -39 -5 24 —22 46 2 -4 -1 1 9 —-10 -1 100
a 15 17 7 —27 —55 4 5 12 21 1 -3 1 -1 -16 -21 -9 47 100

a Standard deviationsx<(100) from least-squares refinement.

Distanegsad amplitudesl) are in ‘mgstrems; angled) are in degrees.
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TABLE 4: Structural Parameters Obtained for TABLE 5: Selected Interatomic Distances for
Methylvinyldichlorosilane (VCS), Syn Conformer, from the Methylvinyldichlorosilane (VCS) from the GED Data
GED Data Together with HF ab Initio Values Together with MP2 ab Initio Values
electron ab initio calculations, electron diffractiof ab initio calculations
. ctror -
diffraction syn HF/6-31G(d) o litexpt) lj(caled) ro  MP2/6-311G(d)
rg lij(exptl) lj(calcd) syn gauche Syn
bond lengths r(C=C) 1.341(6) 0.032(?) 0.042 1.317 1.346
C=C‘ 1.341(6) 0.032(7) 0.042 1.325 1.325 r(C;—Si) 1.843(4) 0.054(4) 0.051 1.838 1.845
C—Si 1.843(4) 0.054(#) 0.051 1.856 1.857 r(Si—Cs 1.855(4) 0.055(4) 0.052 1.849 1.851
Si—C, 1.855(4) 0.055(4) 0.052 1.867 1.867 r(Si—Clg) 2.051(2) 0.052(3) 0.047 2.046 2.057
C—H [1.112] 0.105(23) 0.077 1.079 1.081 r(Si—Clg) 2.051(2) 0.052(3) 0.047 2.046 2.057
CHu [1.113]  0.105(23) 0.077 1.076 1.075 r(C-Si)  2.799(23) 0.068(16) 0.080 2.787 2.809
C—H12 [1.104] 0.105(23) 0.077 1.077 1.077
- r(C»Cs)  3.054(32) 0.096 3.049 3.100
Si—Clg 2.051(2) 0.052(3) 0.047 2.068 2.069
o r(C»Clg)  3.204(14) 0.097(6) 0.101 3.200 3.171
Si—Clg 2.051(2) 0.052(3) 0.047 2.068 2.066
_ r(C»Clo)  3.204(14) 0.097(6) 0.101 3.200 3.171
Cs—H7 [1.140] 0.078 1.085 1.085
Ci—Hss [1.140] 0.078 1.086 1.086 r(CsClg) 3.152(22) 0.098(6) 0.103 3.147 3.187
' ’ ’ ' ' r(CsClg)  3.152(22) 0.098(6) 0.103 3.147 3.187
valence angles: r(Cie=-Cs) 3.310(39) 0.162 3.299 3.370
CCHyo [118.7] 118.7 118.3 r(Cy++Clg) 4.223(17) 0.146(46) 0.147 4.218 4.223
CCHu1 [122.6] 122.6 122.4 r(Cie--Clg) 4.223(17) 0.146(48) 0.147 4.218 4.223
CCHi, [121.9] 121.9 121.7 Gauche
ggISCI ﬁig&% ﬁig ﬁgg r(Ci--Cg)c 4.093(108) 0.143 4.086 4.142
) : . : r(Cye++Clg)e 4.238(114) 0.149(48) 0.151 4.227 4.231
CaSiCle 110.8(7) 108.7 108.4 Cy+++Clo)s 3.479(36 0.174 3.473 3.397
CaSiCly 110.8(7) 108.7 109.8 r(Cr-+-Clo)s 3.479(36) : : :
SiCH [110.7] 110.7 110.7 aDistances I, r,) and amplitudesl{) are in‘mgstrems (A), angles
HCH (115.5] 115.5 115.9 () in degrees. Parenthesized values ar@aad include estimates of
CIsiCl 108.1(7) 107.0 107.9 uncertainties in voltage/nozzle heights and of correlation in the
CISIGy 107.7(11) 108.8 108.3 experimental dat& -9 These amplitudes were refined as groups as noted
SiCH 118.0(17) 118.3 116.2 in the text
HC4H [108.2] 108.2 108.2 ’
torsion angles  syn gauche syn gauche : :
$1(CCSIC) [0.0] 121.2¢15.7) 00 118.9 of theqry, and even the yalues thems_el\_/es are nearly identical,
$2(HC,SIC,)  [60.0] [60.0] 60.4 61.9 especially for the bond distances. This is true for both the VFS
a (x100F 45(64) 55(64) 36.3 63.7 and the VCS molecule. This suggests that using constraining
AEg_d 0.3(1.8) 0.08 difference values from the HF level of calculation should be
sufficiently accurate in GED investigations of these molecules.

a Distancesi() and amplitudesl() are inagstrems (A), angles,)
in degrees. Parenthesized values avea®d include estimates of Depending on the basis set in use and the system under
uncertainties in voltage/nozzle heights and of correlation in the consideration, differences between experimental and HF-level
experimental data. Values in square brackets were kept constant ingp injtio calculations usually lie within 0.02 A in bond lengths
the final refinement.R = 0.064= [SWA/Sw(sI5(s))]"* andA; = and within T in bond angle4? For most of the parameters in
SIn§) = Sl (s)- ¢ These amplituded;) were refined as groups. o 1o e treated in this paper, this is almost true. However,

¢ Conformational compositionafvalue in percent) from the GED . o
refinements and as calculated from the HF/6-31G(d) energy difference the ab initio values forJC,SiX in the conformers of both

using a Boltzmann distribution and scaled zero-point energy corrections. molecules are not within the experimental error limits of the
" Energy differences in kcal/mol. The ab initio value is corrected with  GED values (11+113; Tables 1 and 4). Instead, both HF
the scaled ZPE difference. The GED value is estimated from the and MP2 calculations seem to give results around the standard
gﬁeigwfen;i&'g‘ffis_'g%ug'g%}’fggﬂ%‘;:,&nd rotational entropy tetrahedral value of 1095r lower. For X=F this may be
seen in all calculations, including the HF-level calculations with
We have also calculated geometries and energies employingthe 3-21G(df, 6-31G(d); and 6-311G(d) basis sets and the
the MP2 level with the 6-311G(d) basis set. Table 9 shows MP2-level calculations with the 6-31GfBnd 6-311G(d) basis
that within each molecule, the sign of the differences are the sets. For X= ClI all the HF and MP2 calculations also give
same for all listed parameters in going from HF to MP2 level 0OC,SiX values smaller than experimental results, with the

TABLE 6: Correlation Matrix ( x100) for the Refined Parameters of Methylvinyldichlorosilane (VCS)

oLs? r r rs Oa Os Oe Oy lg lo l10 l11 12 l13 l1g ous
C=C 0.19 100
C,—Si 0.13 -14 100
Si—Cl 0.05 -9 25 100
CCSi 60 -8 23 —-34 100
C,SiCl 24 -9 0 31 —-36 100
CSiC 59 —-15 9 50 -61 54 100
¢1(G) 556 —6 -7 -5 —-14 -7 15 100
[(C=C) 0.26 0 -—-26 -17 1 -5 -7 1 100
I(C2—Si) 0.10 18 8 38 -3 4 6 —6 —-10 100
I(C;—H) 0.82 18 -2 -5 1 -2 -5 -3 10 7 100
I(Si—Clg) 0.06 22 —61 —22 —4 -9 —-13 -3 24 1 6 100
I(C—Si) 0.34 -2 1 2 -3 -7 -7 0 -1 2 —4 6 100
I(CxCl) 0.64 9 -7 —23 6 31 12 —-20 9 —6 2 20 -—12 100
[(Cqye+-Cl) 1.6 12 25 —26 65 —26 —56 —44 -1 4 6 -1 -3 24 100
o 23 12 31 —41 85 —41 -71 -11 -2 1 5 -8 —4 21 75 100

a Standard deviations<(L00) from least-squares refinement. DistanagsaGd amplitudesl) are in ‘agstrams; angle<]) are in degrees.
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2. The Behavior of the G=C Double Bond Distance. We

ves EXP. would like to discuss some particular features encountered
regarding the correlation between ab initio calculations and GED
results for the €&C double bond. For both molecules the HF-
level calculations of the(C=C) distance parameter is about
0.02 A too short compared to thg values of 1.344(5) A and
1.341(6) A (syn values of VFS and VCS, respectively). At the
MP2 level, the agreement with thg experimental values is
RN AR AR T A much better, giving calculated values of about 1.346 A for both

THEO. molecules (Tables 2 and 5).
45% SYN It seems correlated optimizations are required to estimate
55% GAUCHE correctly the thermal average interatomic value (thealue)
of the G=C double bond. However, the theoretical ab initio
N ] values are usually regarded as being derived from equilibrium
nuclear positions; i.e., they are regardedravalues. The
U 100% SYN accuracy of these “equilibrium” values, apparently, has to be
N limited depending on the level of theory used and the type and

size of the basis set.
100% GACHE It may be recalled that the formula, = re + 3a3?/2

approximately applig8 whereas is the anharmonicity constant.
Because of this the, values obtained from the GED experiment
DIFF. should be regarded as the most appropriate set of values to
compare with any set of ab initio values. Based on this, it can
not unambiguously be said that the MP2 calculations are more
“correct” than the HF calculations for the=€C double bond.

For instance, it can be seen that thesalues are more HF-like
than MP2-like (Tables 44) for both the VFS and the VCS
molecule, wherer,(C=C) = 1.323(5) A and 1.317(6) A,
respectively, compared to the HF values of 1.324 A and 1.325
Figure 7. Theoretical radial distribution curves for methylvinyldi-  * FéSpectively. The MP2 values are, however, closer toghe
chlorosilane (VCS), showing a mixture of 45% syn and 55% gauche values, and any discussion concerning these values should be

conformers and curves for 100% of the syn and gauche conformers,based on the vibrational theory involved. This is not always
together with the experimental curve (EXP.) and difference curves explicitly done in the current literature.

1 2 3 4 5 6
rA

(DIFF.). 3. The Syn—-Gauche Energy Differences. Table 8 shows

TABLE 7: Ab Initio Relative Energies (kcal/mol) for the AEg-sVvalues calculated, corrected with scaled _ZPE. values,

Methylvinyldilfuorosilane (VFS, HF/6-311G(d)) and for both molecules at all levels of theory employed in this work

Methylvinyldichlorosilane (VCS, HF/6-31G(d)) as a Function and as found from the works of Durig et%° It may be seen

of the Asymmetric Torsional Angle ¢1° that for VFS all calculations give an energy difference value

#1 = ¢(CCSIC) AE(¢1), VFS AE(¢1), VCS with a negative sign, suggesting that the gauche form is the

0 (syn) 0.39 0.0 Iow-energy conformer in the gas phase. An average theoretical
30 0.93 0.75 energy difference value 6f0.25 kcal/mol may be calculated
60 1.55 1.57 from Table 8 for VFS, whereas the experimental value found
90 0.84 0.82 in our work iSAE2_¢= 0.0+ 1.2 kcal/mol. The experimental
ﬁg-g %Eg QZLI‘JCCE% 2?19';)) 0.0 0.08 work in ref 9 does not include any variable temperature studies,
150 9 9 0.78 0.89 so their assumption that the gauche form is the more stable is
180 (anti) 1.73 1.76 solely based on the relative intensity of the assigned conformer
a For stable conformations the enerdies shown are corrected with doublt_ets anc_i thelrtheor_etlca_ll calcglatlons. The authors therefore

scaled ZPE values for both molecules.g guestion this conclusion in their later paper on the VCS

moleculel®
3-21G(d) (HF)°6-31G(d) (HF), 6-31G(d) (MP2), and 6-311G- In the spectroscopic work on VCS by Durig et!@lthey
(d) (MP2) basis sets. confirm the presence of both syn and gauche conformers in the

TABLE 8: Ab Initio Values at Different Levels of Theory of the Conformational Energy Difference in
Methylvinyldifluorosilane (VFS) and Methylvinyldichlorosilane (VCS)?2

VFS vVCS
HF/ HF/ HF/ MP2/  MP2/6-311G(d,p)/ MP2/ HF/ HF/  MP2/ MP2/6-311-G(d,p)// MP2/
3-21G(d} 6-31G(dy 6-311G(d) 6-31G(dy  HF/6-311G(d)  6-311G(d) 6-31G(d) 3-21G(dy 6-31G(d)  HF/6-31G(d) = 6-311G(d)
AEcs —019 —027 -039 —0.10 —0.03 -032 008 —002 0073 0.0 —0.05
o(G) 0.73 0.76 0.79 0.70 0.68 077 064 0.67 064 0.67 0.68

a All energy values AEg_g) are in kcal/mol and modified with scaled ZPE corrections. Calculated mole fracti§@3)(of the gauche conformer
corresponding to the energy values shown are also given (undenominated). FOAIZAE(HF/6-311G(d)d-s = 0.017 71 kcal/mol. For VCS:
A[ZPE(HF/6-31G(d))-s = —0.015 85 kcal/mol. Both values calculated at their corresponding optimized HF strUclime.lowest absolute
energy values are obtained with the SP-MP2 method. We have for the gauche conformers (H&(8R4)tP2)rs = —606.075 190 and E(SP-
MP2),cs = —1325.989 314¢ These theoretical energy values are calculated from the works of J. R. Duri§*ét Bhe a-values are calculated
from a simple Boltzmann distribution including the multiplicities of 1 (syn) and 2 (gauche). The awef@yealues from all these methods are
0.74 for VFS (exptl 0.65(41)) and 0.66 for VCS (exptl 0.55(64)).
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TABLE 9: Comparison of Differences in Parameters
between Syn (S) and Gauche (G) Conformers of
Methylvinyldifluorosilane (VFS) and
Methylvinyldichlorosilane (VCS) As Calculated at Different
Levels of ab Initio Theory (A(G—9))2

(less negative) than the HF/6-31G(d) values listed beside it.
These apparent erroneous values made us calculate our own
values using the MP2(fc)/6-31G(d) method, and we found values
in accordance with what was expected when looking at the

corresponding values for the SP-MP2 and the MP2/6-311G(d)

AG— ) . )
=9 calculations (Table 8). The listed energy differeffcaot
VFS(X=F) VCs (X=C corrected with the ZPE difference was 0.10 kcal/mol (358m

HF/6-311G(d) MP2/6-311G(d) HF/6-31G(8)MP2/6-311G(d) in favor of the syn form. Using our MP2/6-31G(d) results an
c=C 0.001 0.001 0.000 0.000 energy difference corrected with the scaled ZPE difference is
Co—Si —0.001 0.000 0.001 0.002 0.07 kcal/mol (25 cm?). The uncorrected value in our case
Si—=Cy —0.001 —0.001 0.000 0.000 was 0.09 kcal/mol (31 crf). The energy difference given by
gZ_H'L _8‘88(1) _é)‘ooé)f _00(',8?2 0 g'é)lOl Durig et al. is therefore close to but not the same as our results.
C—Hio 0.000 0.000 0.000 '0.000 However, the absolute_ energies differ by a large amount and
Si—Xs 0.000 0.000 0.001 0.001 the parameter values listed also do not match our results. We
Si—Xo 0.000 0.000 —0.002 —0.002 therefore conclude that the MP2 results listed in ref 10 cannot
Cs—H 0.000 0.001 0.000 0.000 be correct.
gggg :(1)'2 _%71 75'5’ 70241 For both molecules the single-point energy calculations (SP-
0C,SiXs 0.8 0.7 03 02 MP2) give AE values close to or equal to zero. These values
0CSiXe —1.0 -1.4 1.1 0.7 are in somewhat contrast to the other non-SP methods of
asiCH 0.0 -0.1 0.0 0.0 calculation, even though for VCS all the values are seen to be
ggg}_‘H 8-2 8-2 OOZ‘ 00215 quite small. It may be important to use correlation-level

10 . . —U. —U. .. . .
OCCHy  —0.4 05 02 02 _opt|m_|zed geometries when_calculatlng correlate(_j energy vglues
OCCHya 0.0 0.0 —0.2 —0.2 if a high Ie\_/el of accuracy is sought, as errors in porrelatlon-
OXSixX 1.3 1.0 0.9 1.1 level energies from insufficient geometry optimizations do not
Eé%cg‘ —g-g _%-26 —g-i —2-673 necessarily cancel, even when differences between the HF and
195 . . —Z. —1. H

OHCH 01 01 00 0.0 the MP2 geometries are smétl.

4. Conclusions. Table 10 shows results for several vinyl-
silane and methylvinylsilane molecules. The value(&i—F)
in VFS suggests no evidence for extendeddp-interaction
fluid phases, while only the syn conformer remains in the solid. between the vinyl group and the silicon atom. The study of
This worki? includes a variable temperature study where the Si—F bond distances in the work by Stalevik etdbave an
sample of VCS is dissolved in liquid xenon, which should give average value of 1.580(5) A for disubstituted fragments. The
results close to the values found in the gas phase. Thevalue found from the GED data in our workiig = 1.592(2)
experimental results gave an enthalpy difference of 2223 A. This seemsto be a slight significant increase, but the average
cal/mol, with the syn (termed “cis” by the authors) conformer Value in ref 43 is from a mixture of several (physical) types of
being the more stable rotamer. The GED experimental value distances, and therefore it is very hard to know if this increase
found for VCS in our work is very uncertain withEl_¢= 0.3 is real or not. Based on comparison with oywvalue (1.586(2)

+ 1.8 kcal/mol, but the two values agree. A), the increase is no longer significant.

The VCS work of Durig et al? also contains several ab initio For VCS a slight significant lengthening of théSi—Cl)
calculations, including values tabulated as MP2/6-31G(d) results. parameter may be observed when comparing the experimental
However, the absolute energy values in Hartrees listed for thisvalues in VCS with the average value obtained for the
calculation cannot be correct, since they are tabulated as higherchlorosilanes in ref 43. We foung(Si—Cl) = 2.051(2) A in

aUnits in &ngstrem (A) and degreey.(® These values were used
as constraints in the least-squares analysis of the GED data.

TABLE 10: Comparison of Several Vinyl- and Methylvinylsilanes

Parameters
r(C=C), r(C;—Si), r(Cs—Si), r(Si—X), OXSiX, 0OC=CSi, 0OCSiC, OCSiX,
Molecule conf method A A A A deg deg deg deg  ¢(torsion) ref
CH,=CHSIiH,CH3z syn MW 1.353 1.850 1.865 1.483 1245 111.5 109.0 ° 0 21
gauche 1.341 1.847 1.871 1.483 124.5 111.0 108.8 ° 119
CH=CHSitHs syn MW  1.347(3) 1.853(3) 1.475 122.9(3) 2
CH=CHSi(CHy)s syn ED§g) 1.359(10) 1.867(3) 1.877(3) 124.6(18)  112.6(8) ° 0 11
CH,=CHSICI(CHs), syn  ED ) 1.347(5) 1.838(3) 1.876(3) 2.078(2) 127.8(12)  120.0 107(1) 17(6) 6
CH,=CHSICLCH; syn+ ED (ro) 1.319(7) 1.837(3) 1.860(3) 2.048(2) 107.5(6) 125.5(13)(s) 115.6(13) 108.4(4° O 8
gauche Iy 1.341 1.840 ~ 1.868  2.052 124.3 (13) (g) 1038
CH,=CHSICLCH; syn ED§ 1.341(6) 1.843(4) 1.855(4) 2.051(2) 108.1(7) 123.3(17)  111.6(17) 110.8(7)° O this work
gauche 1.342(6) 1.844(4) 1.856(4) 2.049(209.0(7) 125.7(17)  110.7(17) 112.087)121.2¢ this work
CH,—=CHSiCk syn ED* 139 1.81(2) 2.060(5) 107(1) 121(3) 111.5(10) 1
CH=CHSIRCH; syn ED§y 1.344(5) 1.846(3) 1.851(3) 1.592(2) 106.0(6) 123.3(8) 113.4(11) 112.8(5)° 0 this work
gauche 1.347(5) 1.845(3) 1.852(3) 1.591(2) 107.3(6) 122.3(8) 113.2(11) 1P1.7(8y.#¢ this work
SiI(CH=CHy)4 S ED(0) 1.324(2) 1.850(2) 124.0(3) 1095 118.4(10) 17.5(6) 12
(r) 1.355(2) 1.855(2) [SICH)

aType of bond is not specifically given in this article, probablywalues. Standard deviation)(as given in the original text. Some reference
books® give this error estimate as three times the standard deviation ¢).e? 8ssumed valuet This value corresponds to the-Stl bond lying
in the plane of the vinyl group in the gauche conformer. The other bond (by constraining 6-31G(d) value) is 2.08ae values correspond
to the OCuinySiX(in-planey @ngle in the gauche conformer. The other angles are (by constraining 6-311G(d) and 6-31G(d) values, respectively)
113.5(5Y (X = F) and 110.6(7) (X = Cl). ¢ The error limits for these torsional angles are for VCS, by Naumov éth.4° (30); for VCS (this
work), +15.7 (20); for VFS (this work),£14.3 (20). ' rg values from ref 8 calculated by us for comparison with the corresponding data from the
present work? MW = microwave spectroscopy; EB electron diffraction.
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(11) Page, E. M.; Rice, D. A.; Walsh, R.; Hagen, XMol. Struct, in
press.

VCS, compared to an average value of 2.040(5) A from ref 43.

This average val#é is based on ethane-type molecules, (12) Rustad, S.: Beagley, B. Mol. Struct 1978 48, 381

indicating therefore a slight significant increase, when a vinyl  (13) (a) Rericha, R.; Stokr, J.; Jakoubkova, M.; Svoboda, P.; Chvalovsky,

group is attached to the silicon atom. However, as for VFS, it V. Collect Czech Chem Commun 1974 39, 1303. (b) Svoboda, P.;

is still difficult to say if this apparent small lengthening is due Chz’ﬂ?ngr{éxégr?”G%CtHCZggﬂghSeé?egfmrwgg ;%ﬁggé?& Trondheim

to any real (p-d) z-interaction in the VCS molecule. AVH, 1995, p 105, 177 (in Norwegian). ' ’
In Table 10, the VCS values found by Naumov ef ake

(15) Durig, J. R.; Sullivan, J. F.; Qtaitat, M. A. Mol. Struct 1991
shown both as, andrg types. Thegvalues are calculated by 243 239.
us from the data available in ref 10, since the authors did not (ig) E!mta’ Ej ﬁh‘fmsphys 19613742’325021-

lcitly tabulate these valugsH hould note that the (18] (a) o, Y. 1akane M. ot 2 o
explicitly tabulate these valuesHere we should note that the (18) (a) Niide, Y.; Takano, M.; Satoh, T.; SasadaJYMol. Spectrosc
high r4(Cs—Si) value of 1.868(3) Ais due to a constraining 1976 63, 108. (b) Schei, H.; Shen, Q. Mol. Struct 1982 81, 269.
value of+2.3 pm relative tag(C,—Si), while our work hasa (19 Van Hemelrik D., Van fSQQEfSS”éngé Geise, H. J.; Sellers, H.
corresponding constraining value #fl.1 pm calculated from '(20) Rericha, R.: Stokr, J.: Jakoubkova, M.: Svoboda, P.: Chvalovsky,
the HF/6-31G(d) results for VCS. From the MP2/6-311G(d) V. Collect Czech Chem Commun 1974 39, 1303. _
results this value is only-0.6 pm. The constraining value used st (2%)15%?10?; 'g'l-: Nagayama, A.; Nakagawa, J.; Hayashi, MMol.
. . ruc y .
in ref 8 therefore seems too high. Most of the other bond ™ 55 g nebrekk, P. J.; Bakken, P.: Stalevik JRMol. Struct 1987,
distances and bond angles from the two investigations are in162 101.
good agreement. This is not, however, the case for the gauche13§23) Stelevik, R.; Bakken, Rl. Mol. Struct (Theochen) 1985 124,
torsional angle. :

S _ (24) Stelevik, R.; Bakken, Rl. Mol. Struct 1986 145 287.
No significant deviation from a syn-fluoro or a syn-chloro (25) Stalevik, R.: Bakken, Rl Mol. Struct 1986 144, 135.

conformation is found in the gauche conformer of either the  (26) zeil, W.; Haase, J.; Wegmann, Z. Instrumentenkd1966 74,
VFS or the VCS molecule in the present work. We have found 84-27 Basti 0. Graber. R.: W blzers High VacR
¢(CCSIiC)rs = 117.4(14.3) and¢(CCSiC),cs = 121.2(15.79, 19((59 )25, ei.stlansen, + Graber, R WegmannBaizers FHigh VacRep
confirming the syn preference in relation to the vinyl group that ~ (28) Hagen, K.; Hedberg, KI. Am Chem Soc 1973 95, 1003.
has previously been found in these types of molecules. All _ (29) Andersen, B.; Seip, H. M.; Strand, T. G.; StalevikARta Chem
theoretical calculations also give valuesf@fucheclose to 120.

Scand 1969 23, 3224.
. . 30) Gundersen, G.; Hedberg, B.Chem Phys 1969 51, 2500.
We therefore believe the earlier reported valoE103.8 most (39 g y
probably is in error.

(31) Gundersen, S.; Strand, T. G.; Volden, H.WMol. Struct 1995
346 121.
(32) Hedberg, L.Abstracts of Papersbth Austin Symposium on Gas-

- Phase Molecular Structure, Austin, TX, March 1974, p 37.
Acknowledgment. We are very grateful to Hans Vidar (33) Ross, A. W.; Fink, M.; Hilderbrandt, Rnternational Tables of

Volden and Snefrid Gundersen at the University of Oslo for crystallography Kluwer Academic Publishers: Dordrecht, 1992; Vol. 4,
help with the electron diffraction data collection for VCS. We DZ(gi-) Frisch. M. 3 Trucks. G. W.: Schiegel. H. B Gl P. M. W
riscn, . J.; TTuckKks, . ., ©Chlegel, H. b.; i, P. . i
are also very grateful to Professor Kenneth Hedt_)erg for use ofjohnson’ B. G.. Robb, M. A Cheeseman. J. R.. Keith, T.. Petersson. G.
the Qregon State apparatus.and to Dr. Alan R'Cha_rdson anda : Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.: Zakrzewski,
Dr. Kirsten Aarset for collecting the electron diffraction data V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;

for VFS at the Oregon State University. This work has received Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;

support from The Research Council of Norway (Program for

Supercomputing, TRU) through a grant of computing time.

References and Notes

(1) Vilkov, L. V.; Mastryukov, V. S.; Akishin, P. ARuss J. Struct
Chem 1964 5, 168.

(2) O'Reilley, J. M.; Pierce, LJ. Chem Phys 1961, 34, 1176.

(3) Goreva, V. |.; Khristenko, L. V.; Pentin, Yu. Alop. Stereo Khim.
1972 2, 57.

(4) Sullivan, J. F.; Qtaitat, M. A.; Durig, J. RJ. Mol. Struct
(Theochen) 1989 202, 159.

(5) Durig, J. R.; Sullivan, J. F.; Guirgis, G. A.; Qtaitat, M. A.Phys
Chem 1991, 95, 1563.

(6) Shen, QJ. Mol. Struct 1982 95, 215.

(7) Taga, K.; Yoshida, T.; Okabayashi, H.; Ohno, K.; Matsuura).H.
Mol. Struct 1989 192, 63.

(8) Naumov, V. A.; Zuev, M. B.; Rankin, D. W. H.; Robertson, H. E.

J. Mol. Struct 1994 318 151.
(9) Durig, J. R.; Guirgis, G. A.; Qtaitat, M. Al. Raman Spectrosc
1995 26, 413.
(10) Durig, J. R.; Guirgis, G. A.; Kim, Y. H.; Yan, W.; Qtaitat, M. A.
J. Mol. Struct 1996 382 111.

Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-
Gordon, M.; Gonzalez, C.; Pople, J. A. Gaussian 94, Revision B.1; Gaussian,
Inc.: Pittsburgh, PA, 1995.

(35) Pople, J. A.; Head-Gordon, M.; Fox, D. J.; Raghavachari, K.;
Curtiss, L. A.J. Chem Phys 1989 90, 5622.

(36) Wiberg, K.; Hadad, C. M.; Rablen, P. R.; CioslowskiJJAm
Chem Soc 1992 114, 8644.

(37) Hedberg, K.; lwasaki, MActa Crystallogr 1964 17, 529.

(38) Bartell, L. S.J. Chem Phys 1963 38, 1827.

(39) Kuchitsu, K.; Morino, Y.Bull. Chem Soc Jpn 1965 38, 841.

(40) Schder, L.; Ewbank, J. D.; Siam, K.; Chiu, N.; Sellers, H. L. In
Stereochemical Applications of Gas-Phase Electron Diffractitergittai,
I., Hargittai, M., Eds.; VCH Publishers, Inc.: New York, 1988; p 301.

(41) Klimkowski, V. J.; Ewbank, J. D.; Van Alsenoy, C.; Scardale, J.
N.; Schider, L. J. Am Chem Soc 1982 104, 1476.

(42) Cho, S. G.; Rim, O. KJ. Mol. Struct (Theochem 1995 357,
177.

(43) Stalevik, R.; Postmyr, LJ. Mol. Struct 1996 375, 273.

(44) Ramek, M.; Momany, F. A.; Miller, D. M.; Sc¢fer, L. J. Mol.
Struct 1996 375 189.

(45) Structure Data of Free Polyatomic MolecujeSallomon, J. H.,
Hirota, E., lijima, T., Kuchitsu, K., Lafferty, W. J., Eds.; Landolt-Bstein
New Series; Springer-Verlag: Berlin; Vol. 15 (Suppl. 11/7).



