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Summary

The molecular geometry of gaseous triphenylsilane has been determined by
electron diffraction. The silicon bond angles are ideal tetrahedral within experimen-
tal error. The benzene rings are slightly elongated in the direction of the Si—C bond.
The experimental data are consistent with a C; model and a mean torsional angle of
37°, in agreement with published molecular mechanics calculations. The electron
c}iffraction bond lengths (with c§timatcd total errors), among them r,(Si-C) 1.872(4)
A and r,(C-C mean) 1.403(3) A, refer to a well-defined nuclear configuration and
differ from the analogous parameters from an X-ray crystallographic study of the
same molecule.

Introduction

The molecular structure of gaseous triphenylsilane poses questions in three areas
of our interest. These concern the silicon bond configuration [1], the ring deforma-
tion in benzene derivatives [1b,2], and the comparison of gas and solid state
structures [3]. Allemand and Gerdil [4] determined the crystal molecular structure of
triphenylsilane by X-ray diffraction. Parkanyi and Hengge [5] reported the results of
an X-ray crystallographic study of trimethyltriphenyldisilane which contains the
Si(C¢Hs), fragment. For the structure of the isolated molecules, full relaxation
empirical force field calculations have been performed on triphenylsilane, along
with other derivatives, by Mislow et al. [6]. Thus our electron diffraction investiga-
tion complements the efforts of other laboratories.

Experimental

Electron diffraction patterns of triphenylsilane were recorded on Kodak electron
image plates in a modified [7] EG-100A apparatus at 60 kV accelerating voltage and
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Fig. 1. Molecular intensities: experimental ( £) and calculated (773 for the model in Tabie 1 and the
difference curves (4 = £~ T

LIl

at 180°C nozzle temperature of a stainless steel cvaporator. The electron wave-
length was obtained from TIC1 diffraction patterns [8]. Optical densities of five and
four selected plates from the 499 and 191 mm camera distances were fransformed

(CeHs)3 SiH

()]

Fig. 2. Radial distributions: experimental { £) and calculated (T} for the model in Table 1. with damping
constant @ 0.002 A%, Roman numerals denote the regions for the coupling scheme of amphitudes.
Contributions from the rotation-dependent ¢ .. C distances are indicated separateh
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into electron intensities. (For further details of data reduction and procedures of
structure analysis and error estimation see ref. 9.) Reduced molecular intensities
(Fig. 1) were used in ranges 2 < s < 13.75 with As 0.125 A~! and 8.5 < s < 35 with
As 0.25 A~! with unit weights. The experimental radial distribution is shown in Fig.
2. The relatively large number of rather well-defined maxima gave promise of a
substantial amount of structural information from the electron diffraction data even
though this molecule is rather complex for study by this technique.

Structure analysis

The geometry of molecular models (Fig. 3) was defined by the independent
parameters listed in Table 1. Local C,, symmetry was assumed for the C,H;Si
moieties. A mean length was refined for all C-H bonds and it was assumed that the
C-H bonds bisect the adjacent CCC angles. The conformation of models was
characterized by the angles of rotation of the phenyl groups about the Si—C bonds,
7, T, and 75, and their signs were defined according to ITUPAC recommendations
[10]. Thus 7 =0 if the corresponding H-Si-C-C sequence is syn planar and
7, = T, = 75 if the model has C; symmetry (cf. Fig. 3).

Structural parameters were refined by modified versions of a least-squares
program [11], using the two ranges of molecular intensities and tabulated values of
coherent [12] and incoherent [13] scattering factors.

The experimental radial distribution (Fig. 2) shows distinct peaks for the C-H,
C—C and Si-C bond distances. The Si—H bond makes a small contribution, and no
attempts were made to refine its parameters. In the range above 3 A, dispersed
contributions from rotation-dependent distances appear, although contributions
from rotation-independent distances, viz. C...H within a C;Hs group or Si...C,
still dominate in the most characteristic peaks (see Fig. 2).

Initial values for the geometrical parameters (r) and vibrational amplitudes (/)
were estimated from values in related molecules. Because of the large number of

Fig. 3. Molecular models, C; symmetry, with numbering of atoms and notation of geometrical
parameters. (a) Projection on a plane perpendicular to the Si-H bond. (b) Side view: thin lines indicate
the positions of phenyl rings when 1, =7 =71,=0.
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Table 1

Molecutar parameters (r,. /) of triphenylsilane ¢

Parameter ” ! J r, l,, Coupling
(A: deg) {A) cade for
Independent
C-H 4 Y 1.0943(22) 0.0913(2Y 1
C-C 3 4 1.4010(2) 0.0510(4) i
b-u 0
b [V
Si-H ] 2 1.4910 0.0820
Si-C 1 3 1.8701(12) 0.0610(12) 11
« 118.87(19)
Y 120 ¢
Angle CSiC 109.15¢30)
TE T =T 26.67(64)
Dependent
B 120.76(13)
) 119.62(6)
C...H 3 9 2.162(2) 0.111{3) v
4 16 2.166(2) 011143 v
5 11 2.168(2) G113 v
C...C 4 R 2.413(3) Q0621 v
5 7 2.4221) 0.062(1) v
4 & 24271 006201 vV
3 5 2.436(2) 0.062(11 v
H...H 9 10 2.489(3) 019
C...C 5 R 2.794(2) 0.077(1 V]
3 6 2.818(3) 0.077(1) Vi
NN e 1 4 2.850¢13 L0871 VI
Si...H 1 9 2.967(1) 0.157¢5 VIt
C...C 3 14 3.048(6) (LORT(S) Vit
3 13 3.296(9) 0 133(4 VL
C...H & 9 3.406(3) 0.109(4) VIt
7 it 34152y (11064 VI
6 9 3.416(2) 01094 VI
4 11 34202y 0. 109¢4 VI
3 10 3.425(2) 0.109¢4; VIt
C...C 8 14 3.785(6) 0350016y IxX
4 158 3.849(23) 0.410016) IX
C...H 7 9 3.888(3) (1.345(16) IX
C...C 4 14 3.906(13) (0.370(16; IX
C.. H 3 11 3.912(3) 0.345¢163 IX
C...C & 15 3.949(15) 0.12% 2y bN
Si...C 1 5 4.164(1) 0.086(2 AN
C...C 3 19 4.326(5) Q1092 X
3 16 4.667(9) (IRESTRY X1
Si...C i 6 4.688(2) 0121 Ni
C...C 5 i35 4.843(22) 02115 Xi
7 15 4.923(14) 0.348(15) X1
8 19 4.9372) O TR1(Ss NI
Si...H 1 10 5.016(2) 0.308(15) X1f
C...C 7 14 5.025(5) 0.348(153 X1
5 14 S 1171 0.388(1%) X1t
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Table 1 (continued)

Parameter * i J T Y Coupling
(A; deg) (A) code for
Ly
C...C 4 16 5.170(25) 0.408(15) XII
8 16 5.178(15) 0.368(15) X1l
4 19 5.265(11) 0.368(15) X1
6 15 5.311(15) 0.227(12) X1
3 18 5.446(6) 0.197(12) XIII
3 17 5.588(8) 0.167(12) XII1
Si...H 1 11 5.782(3) 0.177(12) XII1
C...C 8 18 5.968(4) 0.436(26) X1V
5 16 6.053(26) 0.466(26) X1V
7 16 6.060(15) 0.416(26) X1V
8 17 6.073(9) 0.386(26) XIv
7 19 6.236(3) 0.436(26) X1v
4 17 6.262(21) 0.426(26) X1V
4 18 6.299(16) 0.436(26) X1V
6 16 6.456(17) 0.268(46) XV
5 19 6.500(12) 0.258(46) XV
6 19 6.920(8) 0.228(46) XV
7 17 7.099(10) 0.303(43) XVI
7 18 7.172(4) 0.373(43) XVI
5 17 7.262(23) 0.353(43) XVI
5 18 7.450(17) 0.363(43) XVI
6 17 7.640(15) 0.303(43) XVI
6 18 7.838(11) 0.333(43) XVI
R 0.038

“ Least-squares standard deviations are parenthesized. # See Fig. 3 for notation and numbering of atoms.
© Assumed value. ¢ See ref. 1b.

different distances, the small contributions from the longer H...H distances were
neglected in the calculations, while those from rotation-dependent C... H distances
were precalculated for each initial model and were assumed to remain unchanged in
the refinement cycles. Amplitudes were coupled in various refinements, to form 13
to 17 independent variables altogether, with fixed differences within groups, corre-
sponding to regions of the radial distribution (such regions are indicated by roman
numerals in Fig. 2).

First we restricted our models to overall C; symmetry, in accord with stereo-
chemical evidence and results of theoretical calculations [6]. As the dihedral angle
changes, the rotation-dependent distances are thoroughly redistributed and, thus,
several local minima were found in the least-squares refinements, initially from 25
t0 40° and 50 to 56 °. The latter models, however, showed some unreasonably large
amplitudes and small CSiC angles as low as 105°,

Among the parameters characterizing the deformation of the phenyl ring (see Fig.
3 and Table 1), c—b and y are very sensitive to conditions of refinements and b-a
often just showed the opposite sign to that expected for a substituent with a silicon
atom and so they were restricted to assumed values. In order to examine the
influence of such assumptions on the other parameters, b—a and a were given
different fixed values, and in some cases the distances Si...C(5), Si...C(6) and
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C(33...C(17) were treated as independent parameters. The mean - bond length
proved to be mdependent of such changes, and r{Si- Cy varied only within error
limits. The assumed conformation of the model had litde influence on these
parameters.

The CSi1C bond angle. on the other hand. depends on the assumptions and iy
often shifted to low \'a]uc~‘ Uinfortunately, contributions from the (3. .. Cld,
C3H ... C(17y and Coy.. . C(17) distances. which, together with the Si-C and
Si... C{6) distances, \\Quld be cructal n determining that angle. stronghy overlap
with other, partly rotation-dependent. contributions. Argumenis from outside the
electron diffraction stadies. such as the results of molecular mechapics caleulations
[6] and X-ray crystallographic studies on related substances (see Discussion; are
needed to belp in assessing our models with different CSIiC angles.

Models with lower syrumetry were also examined by setting 7, 7 = 7. Six
combinations of fixed dihedral angles were selected 1o refine the rest of the
parameters. None of these models could be fitted noticeably better to the experi-
mental data than models with  symmetry, and the other paraneters. exeept for
the CSiC angle. did not change significantly, The small but svatematic discrepancies
between experimental and caleulated radial distributions could not be elimimated by
use of less symmetric models. It was shown that deviations could be decreased by
small background adjustments, which. however. did net influence the values of
refined parameters. A mode! with 7, = 57 and 7. == 7, (w ’, which has a conforma-
tion very close to that found in cervstalline (€, fL +SiH | ald not he satsfacto-
rily fitted 1o the electron diffraction data.

A tvpical result for refinements with the C, models is presented in Table 1 and in
the theoretical curves of Figs. 1 and 2.

Discussion

The motecular geometry determined for the title compound contains no unex-
pected features. The silicon bond angles are not distorted from the ideal terrahedral
within experimental error: in view of the bulk of the phenvl ligands. this suggests
that the electron paiwr repulsions in the silicon valence shell dominate in the
determination of this bond configuration rather than the ligand,ligand interactions.
The benzene rings are elongated. as for the presence of a siivl substituent, but the
deformation is smaller than that in other silyvl derivatives {1b!

It is of particular interest to compare the structures of the title compound in the
gas (present work) and in the crystal [4]. The gas-phase electron diffraction data
could not be well approximated by the asymmetric propelier mpf:aumtmn present
in the crystal, and characterized by dihedral angles 3.0, 36.7. and 7097, However.
the ¢y model with dihedral ungles of 37° indicated by the gus-phase study cannot
be regarded as having serious discrepancy since the electron dilfraction results may
suffer from keeping the three dihedral angles equal. and the observed mean angle is.
in fact, similar to the mean of the dihedral angles from the crystallographic study. Tt
is, of course the conformational properties that are likely ta be most atfected by anv
intermolecular interactions in the crystal. There is. however. a marked difference
between the Si—-C bond lengths determined by the two methods. Linfortunately, the
ar\,-*smllographu, Si--C distances are reported with rather large  uncertainties
{0.013-0.014 A). however. their mean. 1.852 A. is appreciably smaller than the
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electron diffraction 7,(Si-C) value. One of the origins of differences between
gas-phase electron diffraction and X-ray crystallographic results is the different
physical meaning of the parameters. While an r, electron diffraction bond length is
an average internuclear distance, the X-ray diffraction bond length is an interatomic
distance, referring to the positions of the charge centroids in the electron density
map. Accordingly, for example, a benzene ring usually appears from X-ray data to
be smaller and the ring to substituent distances longer than would correspond to the
nuclear positions, unless corrections for the asphericities of the electron density map
are applied [14]. While the mean C-C distance from the crystal study is somewhat
smaller (1.391 A) than the electron diffraction mean r,(C—C) bond length, the small
Si—C length reported for the crystal is especially puzzling. In this connection, it is of
interest to consider the crystal molecular structure of trimethyltriphenyldisilane, the
X-ray study of which also apparently, omitted asphericity corrections [5]. The
geometry of the Si(C,Hs), m01ety is characterized by a mean Si-C length 1.886(1)
A and a mean C-C length 1.382 A. Compared with the r, values for triphenylsilane,
the longer Si—-C and shorter C-C bonds from the X- ray study are fully consistent
with the different physical meaning of the electron diffraction and X-ray data. Note
also that the above mentioned Si—C(phenyl) bonds appear to be longer in the crystal
than the Si—C(methyl) bonds, viz. 1.862(2) A, in the same crystal, contrary to
stereochemical expectations, but fully consistent with the above discussion.

The conformational properties determined for gaseous triphenylsilane in the
present study, are the most appropriate for comparison with the results of the full
relaxation empirical force field calculations by Mislow et al. [6]. The point group Cj
was assumed in those calculations, and the torsional angle was determined to be
32.7°, in reasonable agreement with the electron diffraction results. For complete-
ness, we note that the mean torsional angle determined by electron diffraction may
be different from that corresponding to the equilibrium structure, primarily because
of the vibrations perpendicular to the direction connecting the various nuclei.
Theoretical calculations, by definition, refer to the equilibrium structure, and of
course, their accuracies are also subject to various limitations (see Note added in

proof).
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Note added in proof (July 29th, 1987). Approximate €, symmetry, with r(mean} about 48°, char-

acterizes the perchlorotriphenylsilane ((CqClg);SiCH molecules in the crystal according to a recent
X-ray diffraction study [15]. The benzene rings appear to be somewhat smaller, C-Cimean) 1.386(9)
A. and the ring-to-substituent bonds longer. Si-C(mean) 1.91 A than those in free (C,H<):SiH. For
an interpretation ol at least part of the differences, see our discussion above: however, nonbonded
chlorine /chlorine repulsions may also be of importance here. The Jarger CSiC angle of 114° (mcan)
and CISiC smaller angle of 105° (mean) of {C,Cl);SiCl as compared with the nearly deal
tetrabedral silicon angles of (C H):SiH are consistent with the change in fizand electronegativits
brought about by the H /Cl substitution at silicon.



