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The molecular structures of trans-1,2-dichloro-1,2-disilylethene and 1-bromo-1-silylethene have been determined
by gas-phase electron diffraction (GED) and ab initio molecular orbital calculations (MP2/6-311G*). Both compounds
were found to have highly asymmetric coordination around the carbon atoms with [ab initio (r.)/GED (r,)] C=C—Cl
[117.0/117.0(2)°] and C=C—Si [126.2/128.1(1)°] in the Cy, structure of trans-1,2-dichloro-1,2-disilylethene and
C=C—Br [119.2/120.7(4)°] and C=C—Si [125.0/125.0(4)°] in the Cs structure of 1-bromo-1-silylethene. Other
important structural parameters for trans-1,2-dichloro-1,2-disilylethene are C=C [135.2/134.5(3) pm], C—Si [189.4/
187.9(2) pm], and C—Cl [175.1/174.9(1) pm], and C=C [134.2/133.4(2) pm], C-Si [187.8/187.2(3) pm], and C—Br
[191.3/191.0(3) pm] for 1-bromo-1-silylethene. Further ab initio calculations were carried out on CH,CRX and trans-
(CRX), (R = SiHs, CHs, or H; X = H, F, Cl, or Br) to gauge the effects of electron-withdrawing and electron-
donating groups on the structures. They reveal some even more distorted structures. The asymmetric appearance
of these molecules can largely be accounted for by valence shell electron pair repulsion theory.

Introduction unsaturated analogues. In the course of this study, the gas-

There are many literature references to the use of poly- Phase electron diffraction structures téns-1,2-dichloro-
silyimethanes as precursors for chemical vapor deposition1:2-Silylethene and 1-bromo-1-silylethene were obtained.
(CVD) of silicon/carbon alloyd=® In a recently developed These two compounds are also_ of str.uctural interest
method of epitaxial deposition of silicon carbide, halogen- becaqse they contain both.electron—wnhdrawmg and electron—
containing feedstock gases were introduced to improve donating §ub§tltuents. This leads to extreme asymmetry in
reactivity due to increased reversibility during the deposition the coordination of the carbon atoms. In this paper we report
process. Substituted alkenes are expected to be more suitef’€asurements of structural parameters for two compounds
to epitaxial deposition than the corresponding alkanes, which and interpret the results with the aid of ab initio c_alculatlons,
show low thermal stability. However, although there is POth for these two compounds and also for a wide range of
already structural information available for silyl alkanes derivatives.

halogenated at the carbon atdfnthere is little on their Experimental Section

* To whom correspondence should be addressed. E-mail: d.w.h.rankin@  Synthesis. Samples of both (SifJCIC=CCI(SiHs) (1) and
ed.ac.uk.

¥ University of Edinburgh. (SiH3)BrC=CH, (2) were pr(_a_part_ed according _to the_ literature
# Westfdische Wilhelms-UniversitaMiinster. method? and no further purification was required prior to the
8 Technische UniversitaMiinchen. S electron diffraction experiment.
@ E;i/e{bg\glz';sz'afgéém Schmidbaur, H.; Winterling, Sppl. Phys. Computational Studies.All calculations were performed on a
(2) Halsch, J.: Rbel, H.; Schade, HAppl. Phys. Lett1992 61, 3029. Dec Alpha 1000A workstation using the Gaussian98 progfam.
(3) Ribel, H.; Hdsch, J.; Schade, Fsolid State Commuii993 85, 593.
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Figure 1. Molecular structure ofrans-1,2-dichloro-1,2-disilylethenel}
in the gas phase, showing atom numbering.

Figure 2. Molecular structure of 1-bromo-1-silyletheng) (in the gas

Searches of the torsional potentials of the compounds were phase, showing atom numbering.

conducted at the HF/3-21G* levEf.’3 These resulted in the  Table 1. GED Experimental Conditions fat and2
location of three conformers fod and one for2. Further

S . compound 1 2
optimizations for these four conformers were carried out at HF and :
MP2(fc) levels of theory using the standard 6-31G* and 6-314G¥ Za;/meridlstance/mm , 127ee 2800 dzmaL 2851
basis sets. Analytical second derivatives of the energy with respect _ " nm -

. Smin/NM 100 40 100 40

to the nuclear coordinates calculated at the HF/6-31G* levelfor g /nm—t 120 60 120 60
and 2 gave the force fields. These were used, without scaling, to s/nm™* 256 128 264 110
provide estimates of the amplitudes of vibratiaf for use in the Smdnlmt’_1 . 30(?0287 158 2476 382160 013252

_ _i : . - correlation parameter . . —0. .
gas-phase electron-diffraction (GED) refinements. The force flelc_js scale factor 0.762(23) 0.843(12) 0.868(22) 0.847(3)
for the calculated structures were also used to calculate frequencies,gjectron wavelength/om ~ 6.016 6.016 6.016 6.016

which in turn provided information about the nature of the stationary
points. The three conformers bfvere all confirmed to be minima,
two with Cy, symmetry and one witlCs, and only differed in the
relative positions of the hydrogen atoms of the silyl groups. The
sole conformer oR was also confirmed as a potential minimum
with Cs symmetry. The structures of the lowest energy form of

and nozzle temperatures at 283 and 293 K, respectively. Scattering
intensities were recorded at nozzle-to-plate distances of 128 and
255 mm on Kodak Electron Image film. Three films were collected
at each nozzle-to-plate distance. Rpran accelerating voltage of
! | 40 kV was also used, and the sample and nozzle temperatures were
and the only conformer c2, with the atom numbering schemes,  poth maintained at 293 K. Scattering intensities were recorded at
are shown in Figures 1 and 2. nozzle-to-plate distances of 128 and 285 mm on Kodak Electron
Gas-Phase Electron Diffraction Experiment The Edinburgh  |mage film. As with1, three films were recorded at each nozzle-
gas-diffraction apparatt® was used to collect data for both  to-camera distance. The weighting points for the off-diagonal weight
compounds. Fol, an accelerating voltage of ca. 40 kV (electron matrixes, correlation parameters, and scale factors for the two
wavelength ca. 6.0 pm) was used, while maintaining the sample camera distances are given in Table 1. The scattering patterns of
benzene were also recorded for the purpose of calibration; these
(10) 'Griizhbl\él. J; Truckz. (Fi. VZ.;kSchlegke_l.VHg.; l\ﬁcutSeria. G. E.; Robb, were analyzed in the same way as thoself@nd2 to minimize
e s & e . Systematc erors in wavelengins and camera dstances. Te
A. D.: Kudin, K. N.: Strain, M. C.: Farkas, O.: Tomasi. J.: Barone, €lectron-scattering patterns were converted into digital form using
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; a Perkin-EImer PDS densitometer at the Institute of Astronomy
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q. jn Cambridge with a scanning program described elsewfere.
',\:A;gjsk;gi’ Jlfé.;Mca}gglfév\%ki'fj';%r?ig’dj" O'; gt'éfgr?g\?,agégh;aﬂh,Ké.; Data reduction and least-squares refinements were carried out using

Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R.  Standard progran®;2* employing the scattering factors of Ross
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A_; Peng, C. Y.; Nanayakkara, et al22

A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G;

Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle,

E. S.. Pople, J. AGaussian 98 revision A.7; Gaussian, Inc..  Results

Pittsburgh, PA, 1998.

(11) Binkley, J. S.; Pople, J. A.; Hehre, W. . Am. Chem. Sod.98Q Ab Initio Calculations. Three minima were located for
102, 939. e 1o i .
(12) Gordon, M. S.: Binkley, J. S.: Pople, J. A Pietro, W. J.: Hehre, W. trans-1,2-dichloro-1,2-disilylethene, varying over an energy

J.J. Am. Chem. S0d.982 104, 2979. range of only 4.2 kJ mol. However, as the three conformers

(13) Pietro, W. J.; Francl, M. M.; Hehre, W. J.; DeFrees, D. J.; Pople, J. differ just in the torsional position of the hydrogen atoms
A.; Binkley, J. S.J. Am. Chem. S0d.982 103 5039.

(14) Hehre, W. J.; Ditchfield, R.; Pople, J. 8. Chem. Phys1972 56,

2257. (19) Lewis, J. R.; Brain, P. T.; Rankin, D. W. ipectrum1997, 15, 7.
(15) Hariharan, P. C.; Pople, J. Aheor. Chim. Actal973 28, 213. (20) Cradock, S.; Koprowski, J. Mol. Struct.1982 77, 113.
(16) Gordon, M. SChem. Phys. Lettl98Q 76, 163. (21) Boyd, A. S. F.; Laurenson, G. S.; Rankin, D. W. H.Mol. Struct.
(17) Krishnan, R.; Binkley, J. S.; Seeger, R.; Pople, JJAChem. Phys. 1981, 71, 217.

198Q 72, 650. (22) Ross, A. W.; Fink, M.; Hilderbrandt, R. Iimternational Tables for
(18) Huntley, C. M.; Laurenson, G. S.; Rankin, D. W. H.Chem. Soc., Crystallography Wilson, A. J. C., Ed.; Kluwer Academic Publish-

Dalton Trans.198Q 954. ers: Dordrecht, 1992; Vol. C, p 245.
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Table 2. Refined and Calculated Geometric Parameter${ructure) Table 3. Refined and Calculated Geometric Parameter${ructure)
from the GED Study of (SigCICCCI(SiHs) (1) (Distances in pm, from the GED Study of SigBrCCH, (2) (Distances in pm, Angles
Angles in deg)® in degpP
parameter GED MP2/6-311G* restraint GED MP2/6-311G*  restraint
p1 c-C 134.5(3) 135.2 135.2(10) Independent Parameters
p2 Cc—Cl 174.9(1) 175.1 pr Si—H 150.0(5) 148.0
p3 C-Si 187.9(2) 189.4 p. C—Si/C—Braverage 189.1(1) 189.6
Pa Si—H 147.4(7) 147.8 147.8(10) ps  C—Si/C—Br difference 3.8(6) 35 3.5(8)
ps Occsi 128.1(1) 126.2 126.6(3) ps C-C 133.4(2) 134.2
Ps gcccal 117.0(2) 117.0 ps C—H 109.0(6) 108.7 108.6(3)
p7 OCSiH 109.6(3) 108.2 108.2(5) ps OCSiH 108.2(4) 108.9 108.9(5)
Ps ® H-Si—C=C 0.1(11) 0.0 0.1(10) p; OCCBr 120.7(4) 119.2
Po SiH tilt 0.4(10) 1.6 0.1(10) ps [OCCSi 125.0(4) 125.0 125.0(5)
pio @ ClI-C=C-ClI 0.1(11) 0.0 0.1(10) ps OCCH 120.9(4) 121.3 121.3(5)
a - . poo P H-Si—C=C 1.0(10) 0.0 1.0(10)
_Sge te)_(t for parameter deflnlt!orf_SI_Errors [n_parentheses are standard piz SiHstilt 0.2(8) 15 1.0(10)
deviations in terms of the least significant digit. p2 @ Br—C=C—H 1.0(10) 0.0 1.0(10)
on the silyl group, it was decided that only the lowest energy _ Dependent Parameters
. . . piz C-Si 187.2(3) 187.8
conformer should be considered in the refinement of the gas- ,\  c_pr 191.0(3) 191.3

phase data. It was thought that it would not be possible to
distinguish between the three conformers using the GED data.,
Partial geometries obtained from the five highest-level
calculations for the lowest-energy conformerlcdre given J\?r?é?e4h§eslﬁteg Sa'gruﬁtggffgm:tfgr Péraé‘?eée;ftfiﬁé(@/
in Supporting Information (SI) Table S1. 6-311G* Level ?‘Dist;'nces in pm, Angles in deg)

As the molecule contains both a double bond and the

aSee text for parameter definitioRErrors in parentheses are standard
viations in terms of the least significant digit.

. . . H Br Cl F
electronegative chlorine atoms, electron-correlation effects
i i i . i R=SiH;
are esp_eC|aIIy |mportant. In_clu3|on of electron-correlation C=C(2) 1347 134.3 1343 133.8
results in a large increase in the length calculated for the x(3)—c(2) 109.1 191.4 175.2 137.0
C=C bond (from 132.5 to 135.2 pm) and a decrease in the Si(4)-C(2) 186.8 187.9 188.0 188.4

C—Cl bond length (176.1 to 175.2 pm) from HF/6-31G*to ~ S(~C@)~X() 75 1191 1193 1182

C(1)-C(2)-Si(4 122.9 125.1 124.8 127.3
MP2/6-31G*. The MP2/6-311G* calculation shows that basis W=C@=s® R—CH
- 3

set convergence has been attained as there is little difference c(1)—c(2) 134.1 133.9 133.8 133.4
between the values calculated at this and the previous MP2/ X(3)-C(2) 109.0 191.0 174.7 136.1
21G* i i C(4)y-C(2) 150.1 149.8 149.7 148.9
6-31G level. A furthe.r MP2 Ca|Cl:I|atI0n. was carried out Cl)-C@-X(3) 1188 1196 1199 1190
using the 6-31+G* basis set, but this again made very little  ¢(1)-c(2)-c(a) 126.1 126.0 125.9 124.6
difference to the values calculated using the 6-311G* basis R=H
set. As basis set convergence had been achieved, it was not c(1=c(2) 133.8 133.5 1335 133.0
thought necessary or feasible to continue these calculations X(3)~C(2) 108.5 189.0 173.1 134.9
. . H@)-C() 108.5 108.4 108.4 108.4
to a higher level, although, of course, other types of basis (1) c(2)-x(3) 1216 1229 1231 1215
sets might produce slightly different parameters. Partial c(1)-C(2)-H(4) 121.6 123.7 123.6 126.3

geometries obtained in the MP2/6-311G* calculations can
be found with the electron-diffraction results in Table 2.  MP2/6-311G* level, although, again, it may be possible to
In the study of 1-bromo-1-silylethene2)( only one produce different results using a very different basis set.
conformer was located. Partial geometries obtained from the Partial geometries obtained in the MP2/6-311G* calculations
five highest-level calculations for this conformer are given can be found with the electron-diffraction results in Table
in Sl Table S2. From this it can be seen that, as With 3.
including electron correlation is important for the=C bond, Ab initio calculations were also carried out for @ERX
increasing its length from 131.8 to 134.0 pm. The Hartree and (CRX) (R = SiHs, CHs, or H; X =H, F, CI, or Br) to
Fock method appears to underestimate tleQCdistance the MP2/6-311G* level. Basis set convergence had been
consistently. Including electron correlation, unlike in the achieved at this level as with and 2, and no further
previous case, has very little effect on the-Br bond calculations were felt to be necessary. Partial geometries for
distance, probably because bromine is less electronegativaéhe calculations are given in Tables 4 and 5.
than chlorine. Basis set convergence was achieved with the Electron Diffraction Analysis for trans-1,2-Dichloro-
MP2/6-311G* level of calculation, apart from the—®r 1,2-disilylethene.The refinement of the gas-phase structure
bond length, which changed sizably between the MP2/ of 1 was carried out using a model of the lowest-energy
6-31G* (192.5 pm) and MP2/6-311G* (191.3 pm) calcula- conformation from the ab initio calculations. The model was
tions. This can be attributed to the valence region of the written usingC, symmetry, allowing for both twisting of
double€ basis set being too restrictive for an atom the size the silyl groups and twisting about the=C bond, which
of bromine. Addition of a diffuse function by using the lowers the molecular symmetry fro@,,, as found in the
6-311+G* basis set can be seen to have little effect and ab initio calculations. The structure was defined in terms of
confirms that basis set convergence was achieved using thel0 independent geometric parameters. These comprised four

Inorganic Chemistry, Vol. 42, No. 20, 2003 6541



Table 5. Selected Calculated Geometric Parametergrios (CRX),
(R = SiHs, CHs, or H; X = H, Br, Cl, or F) at the MP2(fc)/6-311G*

McLachlan et al.

Table 6. Interatomic Distances{pm) and Amplitudes of Vibration
(u/pm) for the Restrained GED Structure of (8)BICCCI(SiHs) (1)

Level (Distances in pm, Angles in deg)

atom pair fa u restraint
H Br c F w  CIG)y-Sid) 3297  13.9(4)
R = SiH; U Si(4)+-CI(3) 306.0 7.8(3)
C(1=C(2) 135.6 135.4 135.4 134.6 Us Cl(3)-C(1) 174.9 3.7(6)
X(3)—C(2) 109.3 191.9 175.1 137.1 Ug Si(4y-c(1) 187.9 3.8(6)
Si(4)-C(2) 187.3 189.6 189.5 188.9 Us CI(3)-++C(2) 264.6 5.8(3)
C(1)-C(2)-X(3) 117.9 116.4 116.9 116.2 Us CI(5)-+-CI(3) 428.1 5.7(3)
C(1)-C(2)-Si(4) 1235 127.4 126.1 129.8 U Si(4y--C(2) 291.2 6.5(6)
R=CH; Ug Si(6)-Si(4) 4715 8.1(4) 6.9(7)
c=Cc@) 134.3 134.8 134.8 133.8 U C(2=C(1) 1345 3.4(8)
X(3)—C(2) 109.3 191.4 174.7 136.3 Uzo :(g):g!(i) ijg-g g'g (t!eg :‘“12)
C4)-C(2) 150.1 149.7 149.6 1485 U1y H(7)_S!( 4) oo o8 (6'9 0iy2)
C(1)-C2)-X(B) 118.6 118.8 119.1 117.3 e Hgsg--- CI§(5)) s ¥ é (%2) 36.6(36)
C(1)-C(2)-C(4) 124.7 128.8 127.9 128.8 s H(9)-CI(5) 3396 326 (tied tons)
R=H
C(1=C(2) 133.8 133.7 133.6 133.1 Table 7. Interatomic Distances{pm) and Amplitudes of Vibration
X(3)—-C(2) 108.5 188.5 172.4 134.7 (wpm) for the Restrained GED Structure of SBICCH; (2)
H(4)-C(2) 108.5 108.4 108.4 108.3 : .
C(1)-C(2)-X(3) 121.6 121.2 121.4 119.9 atom pair fa u restraint
C(1)-C(2)—-H(4) 121.6 124.0 123.5 125.6 Uy Si(3)-++Br(4) 317.7 8.5(1)
U Br(3)-C(2) 191.0 5.4(2)
bond lengths, three bond angles, and two torsions (one about 33 glf((i))cc(g) ig?-g g-g((Zﬂ)ed )
. . 4 — . . 2,
the C Si bond, the other about the=& bond) and a _t||t of Us Si(Ay--C(1) 2855 6.0 (tied tois)
the silyl group. The four bond lengths were=C (p,), Si—H Us H(5)—Si(4) 150.0 9.9(5)
(p2), C—ClI (p3), and C-Si (ps), and the independent angles 37 ﬁ%:gg)) igg-g ;‘gg; 4.0(4)
of the parameters were a twist of the silyl group around the uy, H(7)-+*Br(3) 350.1 18.3(10) 21.5(20)
X axis (pg), a tilt of the silyl group in thez direction (o) U1y H(6)-+-Br(3) 352.2 18.3 (tied taio)
(defined as positive if tilted away from the adjacent chlorine
atom), and a GFC=C—ClI torsion [180 — (p1o)]. A full )
description of the model used can be found in the SI. ~.§
The starting values for the 10 geometric parameters used =
in the refinement were taken from the ab initio calculation /\
(MP2/6-311G*). Theoretical (HF/6-31G*) Cartesian force i AY. v /\\f
fields were obtained and converted into force fields described / \/J \/
by a set of symmetry coordinates using ASYM4&(0The
model was refined as an, structure (i.e., without any
perpendicular amplitude corrections). In total, all 10 geo- T
metric parameters and 11 groups of amplitudes were refined. : : . : : : ,
Flexible restraints were used during the refinement (seven 0 50 100 150 200 250 300 350
geometric and two amplitude) using the SARACEN method s /pm'l

and are listed in Tables 6 anc?¥.

The final refinement, for whiclRs = 0.073, led to the
satisfactorily small difference curves for the combined
molecular scattering intensity (Figure 3) and radial distribu-
tion (Figure 4). Although it appears that the short and long
data do not overlap well in Figure 3, it should be noted that
this is merely due to the scaling of the data with different
intervals. Final refined parameters are listed in Table 2 and
interatomic distances and the corresponding amplitudes of
vibration in Table 7. The least-squares correlation matrix is
given in Sl Table S3.

Electron Diffraction Analysis for 1-Bromo-1-silylethene.

The refinement of the gas-phase structure efas carried
out using a model ofCs symmetry, assuming locaCs,

(23) Hedberg, L.; Mills, I. M.J. Mol. Struct.1993 160, 117.

(24) (a) Blake, A. J.; Brain, P. T.; McNab, H.; Millar, J.; Morrison, C. A.;
Parsons, S.; Rankin, D. W. H.; Robertson, H. E.; Smart, Bl. Rhys.
Chem.1996 100, 12280. (b) Brain, P. T.; Morrison, C. A.; Parsons,
S.; Rankin, D. W. HJ. Chem. Soc., Dalton Tran$996 4589.

6542 Inorganic Chemistry, Vol. 42, No. 20, 2003

Figure 3. Experimental and final weighted difference (experimental
theoretical) molecular-scattering intensities fy.

symmetry within the silyl group an@,, for C=CH,. The
structure was defined using 12 independent geometric
parameters, comprising five bond lengths, four bond angles,
and two torsions (one about the-Gi bond and one about
the C=C bond) and a tilt of the silyl group. The five bond
lengths were StH (p1), C—Si and C-Br, which were
described in terms of the average of the two distanpgs (
and the difference between thepy)( C=C (p4), and C-H

(ps). The average value was used for the CSik) &ngles,
thus defining HSiH, although the CSiH angles were subse-
qguently changed as the group was tilted. The angles CCBr
(p7), CCSi (ps), and CCH o) were also used in the model
description. The remaining parameters were a twist of the
silyl group around the& axis (p10), a tilt of the silyl group in
the z direction 11) (defined as positive if tilted away from
the adjacent bromine atom), and &C torsional parameter
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P(r)lr P(R)Ir
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Figure 6. Experimental and difference (experimentatheoretical) radial-
distribution curvesP(r)/r, for 2. Before Fourier inversion, the data were
multiplied by s exp(—0.00002%)/(Zg; — far)/Zsi — fs)).

Figure 4. Experimental and difference (experimentatheoretical) radial-
distribution curvesP(r)/r, for 1. Before Fourier inversion, the data were
multiplied by s exp(—O.OOOO%Z)/(Zg — fe)/(Zsi — fsi).

116.2, the largest and smallest angles in the whole group

of compounds. This can be explained by looking at the
electron density, which in the -€F bond is pulled toward
the fluorine atom, whereas in the-Gi bond the electron
A /\ /\ A density is closer to the carbon atom. The angle at the carbon
\\/

\/ U \/ T~ v atom to the silyl group must therefore increase, while the

s4Imol(s)

angle to the fluorine atom must reduce. This high asymmetry
is less extreme but still present in other molecules in the
seriestrans[C(SiH3)X] .. The difference between the CCSi
— and CCBr angles itrans[C(SiH3z)Br], (127.4 and 116.4)
is greater than the equivalent difference in [C(S(E],,
0 50 100 150 200 250 300 350 suggesting that the effects of the electronegativities of the
s/pm'l substituents are partially countered by steric effects of the
Figure 5. Experimental and final weighted difference (experimental large bromine atom_' A similar trend.ls noticed in the series
theoretical) molecular-scattering intensities for trans[C(CHs)X] ., with the largest difference between the
CCC and CCX angles occurring when=XF. These, and
around thex axis (p12). A more comprehensive description other trends, are consistent with valence shell electron pair
of the model used can be found in the SI. repulsion theory (VSEPR).

The starting values for the geometric parameters were The asymmetry is also present in the series of compounds
obtained by the ab initio calculation (MP2/6-311G*), and studied that are only substituted at one end of the carbon
the theoretical force field was obtained and refined exactly carbon double bond, GHCRX. As with the previous
as described previously. In total, all 12 geometric parametersexamples, the highest asymmetry is exhibited in,€8-
and 7 groups of amplitudes were refined. Flexible restraints (SiHs)F, where the difference between the CCSi and CCF
were used during the refinement (eight on geometric gngles is 11.5(127.3 and 1182 respectively). It is also
parameters and two on amplitudes), again using the SA-worth noting that the CCX angles are slightly larger than in
RACEN method, and are listed in Tables 3 antf 7. the trans(CRX), analogues. This is because of the lack of

In the final refinemenRs was 0.054. The experimental  steric repulsion from the hydrogen atoms at the nonsub-
and final difference combined molecular scattering intensity stituted end of the carbercarbon double bond, allowing
curves are shown in Figure 5 and the radial distribution the CCX angle to increase to avoid the R substituent.
curves in Figure 6. Refined parameters are listed in Table 3 114 experimental €C bond length obtained for 1-bromo-
and interatomic distances and the corresponding amp"t“desl-silylethene ?) [133.4(2) pm] is about 1 pm less than that
of vibration in Table 7. The correlation matrix can be found observed forl. This can be attributed to the presence of
in SI Table S4. another electron-donating silyl groupirincreasing the €C
bond length, overriding the effect of an additional electron-
withdrawing atom. Having observed this shortening sf©

The same asymmetry about the carboarbon double in 2 compared td, it is appropriate to extend the discussion
bond found inl and2 is noticeably present in the results of to the series of compounds GHCRX (R = CHjs, SiHs, or
the calculations for the series of analogous compounds; CH H; X = H, F, Cl, or Br) (Table 4). By observing how the
CRX and trans(CRX), (Tables 4 and 5). The largest C=C bond length varies on changing R and X, we can gain
difference (13.8) betweenJCCX and[JCCR is found in an understanding of how the effects of electronegativity of
trans[C(SiHz)F],, with the angles CCSi 12%°&nd CCF X compare with the consequences of changing the R group.

Discussion
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We have also extended these calculations to the #¥RRX F, CI, or Br). On comparison of the lengths of the=C
analogues (Table 5), to complete our understanding of thesebonds in CHCH,, [C(SiHz)H]. (both Table 5), and (Sik}-
effects. HCCH; (Table 4), an increase from 133.8 and 134.7 pm to

For the series CH#=CRX, when X is varied and R SiHz 135.6 pm is observed. This is expected, as the addition of
(Table 4), we see the expected systematic decrease in th@nother electron-donating silyl group further increases the
length of the G=C bond as the electronegativity of X length of the neighboring €C bond.

increases. This is accompanied by a lengthening of th¥ C However, unlike the examples of the ethenes substituted
bond compared to the same bonds in CHXOhkhere there  on one side of the €C bond, the lengths of the-SC bonds
is no electron-donating group adjacent to X. in Table 5 do not show the same increase as the electro-

Similar consequences of varying X are observed when negativity of X increases. In fact, the-SC bond length in
R = CHs. Again, the G=C bond shortens as the electro- [C(SiH3)F].is shorter than that of [C(S#)Br], and [C(SiH)-
negativity of X increases, while the-€X bond is longer Cl].. This can be attributed to having competing effects at
than that in the analogous compounds with=RH. The the two ends of the carbettarbon double bond. Although
results for R= CHsz show that bromine and chlorine have both the carbon atoms in the double bond are slightly positive
approximately the same effect, slightly decreasing the length due to the electron- withdrawing effect of the fluorine atoms,
of the C=C bond compared to % H, reflecting their similar the effect is not as pronounced as in the other examples as
electronegativities. Hydrogen, which is less electronegative, it is not possible to have two substantial positive charges on
gives a longer €&C bond length, whereas fluorine, which adjacent carbon atoms.
is much more electronegative, is seen to promote a shorte
C=C bond length. ] ) ) )

For R= CH; and H, the G-R bond length decreases as Oyerall, high-level calculatlons_prowde excellent est|m_ates
the electronegativity of X increases. However, forFSiHs, of differences between geometrical parameters for series of
the opposite occurs, with the-GSi bond length actually relate_d mplecules, bu_t absolute values of some parameters
increasing as the electronegativity of X increases. This can &€ Significantly unreliable. At the other extreme, VSEPR
be attributed to electrostatic repulsion occurring between the €01y gives a simple explanation of many of the observed
carbon and silicon atoms. As the electronegativity of X features. These simple molecules, perhaps the simplest
increases, more electron density is drawn away from carbonShoWing such extreme distortions from idealized symmetric
making it more electropositive. This in turn repels the goordlnatlon at the central atom, provide an elegant illustra-
positive silyl group, making the €Si bond longer. Thisis ~ ton of VSEPR theory.

'Conclusions

not observed when R CHs or H as neither is as positive Supporting Information Available: Detailed descriptions of

as the SiH group?5 the molecular models and tables containing calculated geometric
Similar trends are observed in a series of calculations Parameters and least-squares correlation matrixes for compounds
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