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Conformational Analysis. The Structure and Composition
of the Rotational Conformers of 1,2-Dichlorotetramethyl-
disilane as Studied by Gas Electron Diffraction

KARI KVESETH

Department of Chemistry, University of Oslo, Blindern, Oslo 3, Norway

Gaseous 1,2-dichlorotetramethyldisilane has been
studied by electron diffraction. The more stable
conformer in the vapour seems to be gauche, con-
tributing with 83(11) % at 40 °C. From the calculated
partition functions AS=S,—S,=14 cal mol™!
deg !, which combined with the determined
gauche/anti ratio gave AE=E,—E,= —0.6(5) kcal
mol~!. A model with free, or nearly free, internal
rotation has been excluded, but due to the com-
plexity of the molecule, a model with comparatively
low torsional barriers cannot be rejected. The main
structural parameters (r, and ~,) are: Si—Si=
2.338(13), Si—Cl1=2.077(2), Si— C=1.860(3), C—H
=1.10409) (A), ,SiSiCI=107.7(6), ,SiSiC=
109.8(7), L CSiCl=1064(11), £ SiCH=111.0(16),
$,=76.5(25) and ¢y =T1(7) (°).

In analogy with 1,2-disubstituted ethanes, it is
reasonable to expect that also 1,2-disubstituted
* disilanes may exist as a mixture of two conformers,
gauche and anti. Provided the barrier separating
the two forms is high enough, these forms would
exist as well-defined geometric species in the
vapour, while in a low barrier case a molecule
undergoing large amplitude motion® with com-
paratively high probability of intermediate posi-
tions, would be observed. If the barrier is very
small (<RT/10) essentially free internal rotation
will be observed.

In recent studies 2~ ® of the Si— Si bond strength,
an increasing strengthening of the bond with
increasing electronegativity of the substituents has
been demonstrated. A quantum mechanical cal-
culation ® indicates that this strengthening originates
from increasing d-character in the Si—Si ¢-bond.
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Due to the rather long Si—Si bond, the steric
hindrance in disilanes seems in general to be small.
There may even be attractive interactions between
the substituents at certain torsional positions. The
torsional potential in these molecules consequently
may be expected to show rather small variations
with substitutional changes compared with, for
instance, disubstituted ethanes.

The vibrational spectra of hexasubstituted
disilanes*7*° ~ 1% have been interpreted as belonging
either to the D,,/D,, symmetry group, or to D,,.
The first two symmetry groups correspond to an
eclipsed and a freely rotating molecule, respectively.
D;,-symmetry, corresponding to a staggered model,
has been applied more recently,'* even though
no complete mutual exclusion does exist between
the observed IR and Raman frequencies (in liquid).

The four disilanes!®~22 previously studied by
electron diffraction exhibit low torsional barriers
about the Si—Si axis and a favourable eclipsed
conformation has definitely been ruled out. An ab
initio calculation'® on disilane itself gave a barrier
equal to 0.55 kcal mol~!. The long H---H distances
can unfortunately not be determined by electron
diffraction.’® The torsional motion as studied in
hexafluoro-'7 and hexachlorodisilane !'7~2! gave
a preference for staggered conformation, with a
torsional barrier in the eclipsed position of 0.5—1.0
kcal mol~!. For molecules with these barriers or
larger, electron diffraction cannot distinguish be-
tween a staggered model description or a description
based upon integration of geometric species for all
torsional angles.!-2%2

Rather large average deviations from the
staggered position (expressed by o,) was found in
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hexafluorodisilane '® (6, =25.4°) and in hexamethyl-
disilane 22 (0,=10°). Altogether structural studies
indicate a weak steric hindrance of the torsional
motion, with a slightly increased barrier with an
increasing size of substituents.

In order to study the torsional behaviour about
the Si—Si bond further, 1,2-dichlorotetramethyl-
disilane has been investigated. Based upon the
above discussion and upon the support given by
spectroscopic data 23 and dipol moment measure-
ments,®23 it seems reasonable to expect that a
conformational mixture exists in the gas phase.

Y

The gauche/anti ratio (K) may be studied by the
gas electron-diffraction method,?*~2® considering
K as one of the structural parameters in addition
to the geometric and vibrational ones. Combined
with appropriately calculated partition functions,
0, the thermodynamic data may be determined.

If, on the other hand, the torsional barrier is
smaller than 0.5 kcal mol ™!, the torsional potential
may be determined from the electron-diffraction
data.!'2%3% Usually a classical Boltzmann prob-
ability distribution is assumed and the torsional
potential is expressed by a terminated Fourier
expansion series.
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Fig. 1. Intensity curves, 50 cm the upper, 25 cm the lower curve, and difference curves below. The solid
curves are theoretical, calculated from the parameters in Table 3, II B. The open circles are experimental
values, the difference is experimental minus theoretical, and the lower difference curves are based upon
the parameters of Table 3, II C. The limits are 30, ¢ being the experimental standard deviation in the

observed points.
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EXPERIMENTAL

The sample of 1,2-dichlorotetramethyldisilane
was kindly supplied by Prof.Dr. E. Hengge, Tech-
nische Universitiat, Graz, Austria. Electron-dif-
fraction photographs were obtained with the Balzers
Eldigraph KDG-2 unit.*!*?2 The experimental
conditions were as follows: Nozzle-to-plate distance
500.12 mm (6 plates) and 250.12 mm (6 plates),
wavelength, as determined by calibration of ZnO
to benzene, 0.058579 A, nozzle temperature 40 °C.
Range of data was 1.000—15.625 and 2.250 — 30.000
(A~1) with AS=0.125 and 0.250 (A~ 1), respectively.
The optical densities were measured by a Joyce-
Loebl MK 111 C densitometer.?” The data were
corrected in the usual way,3 giving one intensity
curve for each photographic plate. The intensities
were modified with the function s/|f¢|?.

The computer drawn background3* was sub-
tracted separately from each intensity curve on
levelled form. The averages for each set of plates
are presented in Fig. 1.
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The relative amount of each conformer, as well
as the structural parameters, was determined by
conventional least-squares refinement on the com-
bined, but not connected, intensity data.

The theoretical molecular intensities were cal-
culated according to eqn. 11 of Ref. 33. The scat-
tering amplitudes and phase shifts3**> were cal-
culated analytically by a program originally written
by Yates,3® using Hartree-Fock-Slater potentials*°
for C, Si and Cl, and a molecular bonded potential
for H.37

STRUCTURE ANALYSIS AND REFINEMENT

Radial distribution curves (RD-curves), calculated
from the molecular intensities by a Fourier trans-
formation,®® are presented in Fig. 2. The bond
distances, as well as r(H,--H,) and r(Si;-"-H,)
contribute to the first four peaks, the (C — H) peak
being the only completely isolated one. The peak
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Fig. 2. Radial distribution curves and differences (below) (B=0.0025 A?). Curve II B corresponds to that

column in Table 3, curve II C correspondingly.
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complex between 3.0 and 3.7 A corresponds
mainly to non-bonded distances over one angle
(H(Cly--C,), HC4 - -Cs), r(Si---C) and r(Si---Cl)). The
torsional dependent Cl---Cl, Cl---C and C:--C
distances contribute to the peak complex between
3.7 and 5.6 A, together with several distances
involving hydrogen atoms, with low contributions.

The area and shape of this outer peak complex
is dependent of the torsional distribution about the
Si —Si axis.

The following parameters were chosen as inde-
pendent structural parameters: The four bond
distances, (Si— Si), (Si—Cl), #(Si—C) and HC —H),
the angles £ SiSiCl, £ SiSiC, £ SiCH, the projected
CSiC-angle, PV, the methyl twist angle, ¢y, (all
four methyls are twisted clockwise) and the torsional
angle about the Si—Si axis, ¢. ¢ is defined as 180°
in anti, PV is equal to 120° if there is angular C,
symmetry in the SiCIC,-groups and ¢y, =60° when
the methyl groups are staggered.

To compensate for the shrinkage effect >®*° the
molecular structure was calculated in the geometric
consistent r,-picture.*® The bond distances were
transformed to r, before calculating the dependent
distances by the eqn. r,=r,+u*/r—k=r,+D. u is
the root-mean-square vibrational amplitude, k the
perpendicular amplitude correction coefficient,**:!
and r, the operative electron diffraction parameter.

The Si—Si torsional independent parameters of
the molecules were assumed to be identical for all
values of ¢. The conformational composition in the
vapour is thus determined primarily from the
torsional dependent r(Cl:--Cl), r(Cl---C), HC---C),
since the distances involving hydrogen atoms (a)
have generally a fairly low contribution to the total
scattered intensities, and (b) are not so sensitive to
torsional changes about the Si— Si axis. This torsion
makes some of these distances longer and others
shorter in a complex and smeared out pattern.

A normal coordinate analysis has been carried
out to determine a force field (Table 1) in agreement
with the observed frequencies.® Due to the limited
spectroscopic information available, a valence force
field (without any coupling terms) has been ap-
plied. Particularly the force constants fg, and
Jsic are influenced by this simplification, as they
both depend on the coupling terms introduced,
particularly the bending force constant couplings.
(Hengge et al.® 3 give 2.9 mdyn/A for both.) Usually
the calculated u-values do not change significantly
with reasonable shifts in the force fields while the
D-values generally are somewhat more sensitive.

Table 1. Valence force constants.

Stretch (mdyn A~ 1) Bend (mdyn A rad ~?)

Jsi-si 1.82 Jsisicr 0.66
Jsi-a 197 Jsisic 0.59
Jsi-c 301 Jasic 044
Je-u 485 Jesic 0.84
. Jsicn 043
Torsion (mdyn A rad™2)  fyeq 0.50
Jesisi 018
’ .t.SiC 0.063

Table 2. The differences, D=u?/r—k, between r,
and r, and the vibrational amplitudes, u, as cal-
culated from the valence force field at 40 °C.

Distance rA) D(A) u(A)
type?

Si—Si 2.33 —-0.0010 0.056
Si—Cl 2.08 —0.0096 0.054
Si—C 1.86 —-0.0115 0.052
C—-H 1.10 —0.0495 0.078
Si-+-Cl 3.57 —0.0007 0.112
Si---C 342 —0.0035 0.113
Cly--C, 3.14 —0.0115 0.113
C,Cs 3.20 —0.0140 0.094
Si;Hy 2.47 —0.0300 0.123
H,--H, 1.78 —-0.0772 0.129
Cl;---H, 3.31 —-0.0122 0.232
Cly-Hg 413 ~0.0267 0.131
Si,-H, 3.56 —0.0058 0.240
Si,-Hyg 441 -00171  0.130
CyHs 345 —00167 0213
C,Hy 4.11 —-0.0309 0.122
(Cly--Clg), 5.36 0.0014 0.115
(Cly-Cy) g 4.12 0.0028 0.217
(CyCglag 383 0.0017  0.208
(CyCy)a 499 —0.0008 0.117
(Cly--Clg), 4.33 0.0066 0.222
(Cly--Cy)y 3.83 0.0039 0.215
(Cly+-Cg)ya 517 0.0001 0.116
(CyColy 393 —0.0013 0.211
(CsCglye 4.12 0.0001 0.211
(CsCr)ya 494 —-0.0015 0.117
all Cl---H (3.66 —6.00) 0.153-0.358
all C---H (3.41--5.79) 0.153-0.350
all H---H (2.84—6.76) 0.168 —0.440

7 For numbering of atoms see Fig. 2. Suffix a refers to
anti, g to gauche. In the double suffix, the second gives
the type of distance considered.
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Due to the limited spectroscopic information
particularly about the torsional and skeleton de-
formation modes, all calculated u-values of tor-
sional dependent gauche fragments and over one
angle are somewhat more uncertain in the present
case than usual.

The calculated *!**? D- and u-values are given in
Table 2. The obtained u-values are quite reasonable
compared with those determined for similar mole-
cules.! 71943 The vibrational amplitudes that did
not refine were given the calculated values.

The D-values are particularly sensitive to changes
in the torsional force constants. The Si —Si torsional
frequency (v, gs;) has been assigned to a 56 cm™!
Raman (/)line. This frequency roughly corresponds

Conformational Analysis 457

to a barrier in the order of 6 kcal mol ™!, and agrees
obviously with individual conformers in the vapour.
A barrier more in accordance with the experimental
findings in the hexasubstituted disilanes would
require that v,gg should be closer to 20 cm™".
However, an attempt at determining this torsional
force constant (f s;5;) from the torsional dependent
u-values (i.e. all gauche fragments refined in a
group, Table 3,C) indicated even a higher barrier.

The Si—C torsional frequencies are unobserved.
The corresponding force constant (f, ;) has been
estimated from the torsional barrier in SiH; — CH;**
(V3=1.6 kcal mol™! (MW)), and corresponds to a
torsional frequency at 180 cm 1.

Even considering these uncertainties, the esti-

Table 3. Molecular parameters, distances (r,) and vibrational amplitudes (x) in A, angles (£ tg,) in degrees.
Standard deviations(ls) in parantheses. R, = () wA?/Y wI?)* x 100, Ry =(VPV/IPI)* x 100.*>**¢ The shrink-
age effects are included in II. Only geometric parameters are refined in A, the u-values over one angle

are refined in one group in B, and individually in C.

I II
A B C A B C

r(Si— Si) 2.342(6) 2.330(14) 2.346(8) 2.341(6) 2.338(13) 2.347(8)
r(Si—Cl) 2.078(2) 2.075(2) 2.080(2) 2.078(2) 2.077(2) 2.080(2)
nSi—C) 1.859(7) 1.860(3) 1.860(3) 1.860(2) 1.860(3) 1.860(3)
HC—H) 1.104(9) 1.10209) 1.101(8) 1.106(9) 1.104(9) 1.104(9)
£ SiSiCl 106.8(4) 107.9(6) 103.7(6) 107.3(4) 107.7(6) 104.1(7)
L SiSiC 109.7(5) 109.7(7) 112.7(7) 109.8(5) 109.8(7) 113.5(6)
VP 131.0(20) 130.027) 131.9(17) 130.0(24) 129.2(33) 126.7(10)
L. SiCH 110.0(11) 109.4(15) 112.9(13) 112.0(11) 111.0(16) 113.6(15)
L CSiCl® 106.0(7) 106.0(10) 105.9(5) 106.2(9) 106.4(11) 107.5(4)
LCSiC ° 117.9(20) 117.2(28) 114.8(18) 117.0(23) 116.4(32) 110.1(9)
LHCH * 107.9(12) 109.6(15) 105.9(15) 106.8(12) 107.9(16) 105.0(17)
b, 75.8(21) 74.0(19) 94.927) 76.8(20) 76.5(25) 96.7(35)
Pme 60.— 60.—(—) 60. (—) 72.6(55) 71.0(74) 67.3(98)
u(Si— Si) 0.057— 0.081(12) 0.061(8) 0.057.— 0.075(10) 0.063(8)
u(Si—Cl) 0.047— 0.044(3) 0.049(3) 0.047— 0.045(3) 0.048(3)
u(Si—C) 0.045— 0.040(4) 0.046(4) 0.045— 0.042(4) 0.046(4)
u(Si---Cl) 0.112— 0.106 0.171(30) 0.112— 0.108 0.128(24)
u(Si-+-C) 0.113— 0.107 s 0.103(14) 0.113— 0.109 5 0.127(32)
u(Cly+-Cy) 0.113— 0.107 0.102(14) 0.113— 0.109 0.089(8)
u(Cy-Cs) 0.094 — 0.088 0.125(119) 0.094— 0.090 0.045(22)
u(SiyHy) 0.126— 0.119(22) 0.127(20) 0.126 - 0.126(22) 0.130(19)
u(Cly-Clg),  0.222— 0.222(—) 0.17327)¢ 0.222— 0.222(—) 0.189(29)°
(%) 13.3(71) 7.4(10) 57.2(54) 16.1(75) 16.8(108) 58.7(63)
RA(%) 8.65 8.11 7.08 8.64 8.14 7.03
R3(%) 20.56 20.35 19.37 20.53 20.30 19.36

“ Dependent angles. ® Refined in a group. © All Si—Si torsion dependent gauche fragments refined in a group.
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Table 4. Correlation coefficients (p) larger than
0.5 as estimated from refinements II.

A B C
nSi—Si),/ SiSiCl  —058  —081
r(Si—Si)u(Si,--H,) 0.78 0.69
r(Si—Cl)u(Si—C) 0.51
£ SiSiCl, /_SiSiC ~0.67
£ SiSiClLu(Si,---H,) —0.60
L SiSiCLPV —0.58
£ SiSiCu(Si-+-Cl) 0.52
£ SiSiC,PV ~073  —08l
PV,u(C,-Cy) 053
PV,u(Cly+-C,) 0.54
£ SiCH,u(Si — Si) —0.61
o u(ClyCl), -052

) —069 —070
n, u(Cly --Clg), 0.67
uSi—Cl)y, 0.50 0.57
w(Cl, — Co)u(Cy--Cs) 0.64

u(Cly+Cy)u(Siy+Cly)
u(Si; Cly,u(Si, C,)

mated shrinkage corrections improved the least-
squares fit. These refinements are presented as
final results (Table 3, IT). The inclusion of shrinkage
affected the obtained conformational ratio to some
extent, and it was felt appropriate also to present
the results obtained without shrinkage corrections
(Table 3,1).

Non-diagonal elements were included in the
weight matrix *5#¢ in the least-squares refinements.
The obtained standard deviations (1 ¢), including
the uncertainty of 0.1 % in the wavelength, are
given in parentheses. The estimated correlation
coeflicients (p) larger than 0.5 are given in Table 4.

RESULTS AND DISCUSSION

The results of two refinements are presented in
Table 3. Keeping the differences between u(Si-+-Cl),
u(Si---C), u(Cly--C,) and u(C,--Cs) constant as
calculated from the force field, the conformational
ratio refined to a predominance of gauche
(83.2(108) 9;, Table 3, II B). If, on the other hand,
these four u-values are refined independently, a
better fit is obtained, and a predominance of anti
is found (58.7(63) %, Table 3, II C).

The obtained distance parameters are not signifi-
cantly different in the two approaches and will be
discussed firstly. The Si—Si distances reported in
literature varies from 2.24 A2° to 2342 A*7 The

Si—Si distance obtained in Si,Cl,(CH,), is in good
agreement with the same distance in Si,(CH,;), %2
(2.340(9) A) and in disilane'® (2.332(3) A), but is
somewhat larger than reported for Si,F¢ '7 (2.317(6)
A) and the later data for Si,Clg 2! (2.324(30) A), and
definitely larger than the earlier reported values.'®-2°

r(Si—C) is slightly shorter than that previously
reported (1.877(2) A in Si,(CH,)s2? and 1.868(2) A
in (CH;);SiH*8). {Si—Cl) is appreciably longer
than found in related compounds (2.009(4) — 2.02(2)
A in Si,Clg'?~ 2" and 201(1) A in SiCl,CCl, '°).
On the other hand, such long Si— Cl distances have
been found in SiCl;CH=CH,*° (2060(5) A)
Ph—SiH,CI°® (2.076(10) A) and in Ph-SiCl, !
(2.040(10) A).

Due to the low resolution between r(Si— Cl) and
r(Si—Si), the refined values of these distances are
strongly correlated with the corresponding u-values.
The different values of these distances, as well as the
split between them, obtained in the case of Si,Clg,
are primarily reflecting the differences in the applied
u-values.'*~2! The Si—Si distance is the most
uncertain, as the dominant Si—Cl contribution is
almost covering the Si—Si peak. However, keeping
the u-values for all bond distances as well as for the
Si,--‘H, distances equal to the calculated values in
this investigation, did not change any of the
geometrical parameters significantly (Table 3, A
and B).

The obtained bond distances in this molecule are
in general good agreement with the observations
earlier referred to as the interrelation between the
strengthening of bonds from Si-atoms and the
electronegativity of substituents.? ™8

The obtained bond angles as given in column B
seem to agree generally better with results from
related compounds than those of column C. How-
ever, the unsymmetrically substituted Si-groups
make such comparisons somewhat questionable.
(8i,Clg:2' £ SiSiCl=109.5(10)°,  Si,(CH};)4:2?
L SiSiC=108.4(4) (SiCH=108.7(8)°, Si,Fg:'’
£ SiSiF=110.3(3)°). Compared with other mole-
cules (SiCl;CCl3:19 £ CSiCl=108. (1)°, (CH;);-
SiC1°? (MW): (£ CSiCl=110.5(20)°, CH,SiCl, 3>
(MW): £ CSiCl=109.5°, (CH,);SiH:*® / CSiC=
111.2(2)°) it is demonstrated that a preference of
model type B over C is mainly based upon the
reported torsional barriers in disilanes, which are
compatible with a staggered molecular model and,
therefore, disagree with the torsional angle of
96.7(35)° obtained in refinement C.

The study of the u-values does not contribute to
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elucidating the problem of conformational prefer-
ence, due to the uncertainties in the calculated
values. When refined in a group (B) or individually
(C), the resulting u-values are reasonable, an ex-
ception being u(C, -*Cs) which has optained an
unreasonable small value in column C. Keeping
u(C,--Cs) at the calculated value did not affect
the result, due to the fairly low contribution from
this distance.

It is also relevant at this point to emphasize that
the obtained conformational ratio is almost inde-
pendent of whether the torsional dependent u-values
are refined or kept constant. The differences in ¢,
and n, obtained in refinements B and C therefore
do not reflect that these u-values have been refined
in one group in refinement C.

The two key parameters describing the conforma-
tional relations, the gauche torsional angle and the

Cl;-Cl; g
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conformational ratio, seem primarily to be cor-
related to the differences in the u-values of the
distances over one angle. Including individual
u-values in the refinement leads primarily to changes
in the bond angles, and consequently to changes in
the conformational parameters. This is demon-
strated by the line diagrams in Fig. 2.

In order to elucidate in some detail the informa-
tion obtainable about the torsional properties, and
thereby be able to evaluate the two different results
from the refinements, the outer, torsional dependent
RD-curves for several theoretical models are pre-
sented in Figs. 3 and 4. In Fig. 3 are given the
curves for 1009, gauche (D) and 100 9; anti (E),
based upon the structural parameters given in
Table 3, 11 B, together with the theoretical curve
obtained in the refinement.

Cl--C a
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1 s ] s 1 —
L 5 6 .
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Fig. 3. Radial distribution curves and differences (below) (B=0.0025 A2). The outer part corresponds to
the parameters in Table 3, I B and D, 100 9 gauche; E, 100 %; anti. The differences are experimental minus

theoretical curves.
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In Fig. 4 are given theoretical curves based upon
the structural parameters in Table 3, II C. Curve II
C is the outer theoretical curve for that set of
parameters, whereas curves F—H correspond to
low barrier cases described by a Boltzmann distribu-
tion in a three term Fourier expanded potential

3

M@)=%1 Y V,(1+cos n). The restricted rotation

n=1
has a preference for gauchein F,AE=E, ~E,= —0.6
kcal mol ™! (vide infra), and for anti in G, AE=0.8
kcal mol~'. The barriers were assumed to be about

ClyClg g

1 kcal mol ™! above the highest minimum. Curve H
corresponds to free internal rotation. The u-frame-
work values applied have been taken from the
estimates of u(Cl--Cl)" in Si,Cl,,!° and the same
function scaled to u(Cl---C), and u(C:--C), has been
used for u(Cl--C)™ and u(C---C)", respectively.
From the curves of Figs. 3 and 4 it is obvious
that the structural parameters obtained in refine-
ment IT B (Table 3) are consistent with a major
proportion of the molecules in gauche, and that a
model with two isolated species is in satisfactory

Cl;-Clga

\/&

I
\

N
L G
~

Inc

™\
N
N——"

L 1 1

6 .
R(A)

Fig. 4. Radial distribution curves and differences (below) (B=0.0025 A2). The outer part corresponds to
the parameters in Table 3, II C and an integrated model in a potential with F, preference for gauche; G,
preference for anti; and H, with free internal rotation. The differences are experimental minus theoretical

Curves.
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Table 5. Thermodynamic data obtained from
estimated mol fraction (K=n,/n,) and partition
functions (Q), calculated from the valence force
field (v,,=52 cm™* and v,,=52 cm™') and the
principaf moments of inertia [(Ialplc),=
2.393443 x 108 (amu.A%)® and (I,1l0), =2.469441
x 108 (amu.A2)%].

RIn(Q,/Q.) ~0.010 calmol ! deg™!
RT3/0TIn(Q,/Q.) —0.002 calmol™! deg™?
AE —0.57 kcalmol ™!

AS 1.37 calmol™'deg™!

agreement with the observations. Based upon the
usual formulas?#25:* the conformational energy
difference, AE=E,—E,, has been determined from
the given gauche/anti ratio combined with the
appropriate vibrational/rotational partition func-
tions (Q). Q has been calculated from the valence
force field and the products of the principal
moments of inertia. The results are presented in
Table S.

The estimated partition functions are rather
uncertain, and in particular influenced by shifts in
the torsional frequencies of the two conformers.
As AS differs very little from RIn2 (2 being the
statistical weight of gauche) any reasonable dif-
ferences in the torsional force constants of the two
conformers will have only minor effects on the
Q,/Q. ratio and the obtained energy difference.

The obtained AE value is large compared with
previously determined barriers in hexasubstituted
disilanes, and opposite in sign to that determined
from dipol moment measurements of the liquid.®
The gauche preference is reasonable since the
Cl---Cl gauche distance corresponds perfectly with
the minimum in the Cl---Cl potential, as estimated
by molecular mechanics calculations.’®

Although the results presented in column B
(Table 3) seem very probable, a final conclusion
about the torsional properties based on this rigid
model approach is not straightforward. Inspection
of the theoretical curves in Fig. 4 gives a basis to
understanding the results obtained in refinement C.
This result can, therefore, not be rejected, although
the torsional angle of 96.7° certainly seems un-
reasonable.

Based upon the theoretical curves of Fig. 4 a
freely rotating molecule can definitely be ruled out
(H). However, the satisfactory fit of both the
integrated low barrier models (F and G) illustrates
that the unexpected torsional gauche angle obtained
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in refinement C must be understood as a least-
squares fit of an inadequate model. The large tor-
sional angle is not physically real. It reflects that on
average more molecules will have geometries in
between gauche and anti than is possible to
describe by the usual harmonic approximation at
the minima of the torsional potential. The lesson
to be learned from this is that an apparent con-
formational mixture, with an unreasonably large
torsional angle, strongly indicates that the torsional
potential actually is very wide, and that a more
flexible model approach should be introduced.

The second surprising feature observed when the
low barrier model is introduced is the apparent
anti preference obtained in the inadequate model
description. Although the applied potentials have
been estimated rather roughly, the better fit of
curve F indicates that even refinement C is com-
patible with gauche as the more favourable con-
former.

Based on the electron-diffraction data alone we
cannot discriminate between the two obtained
molecular models. The calculated u-values from
spectroscopic data, as well as the experience
obtained from studies on related compounds, seem
to support model B, giving two isolated geometric
species with a gauche preference in the vapour.
But as the refined u-values in refinement C are not
unreasonable, a model with fairly low torsional
barriers cannot be rejected. Also in that case the
potential minimum close to 60° (the gauche position)
probably has the lower value.

The temperature applied in these calculations is
measured at the nozzle tip by a thermocouple.
Previous experience has justified that within the
present level of accuracy the nozzle temperature
may be used as the temperature of the gaseous
mixture.’
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