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Molecular Structure of Dimethyltin Dichloride as Studied
by Gas-electron Diffraction
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(Received March 25, 1971)

The molecular structure of dimethyltin dichloride was determined by the sector-microphotometer method
of electron diffraction to be as follows: 7,(Sn~Cl)=2.327-0.003 A, r,(Sn~C)=2.108+0.007 A, and r,(C-H)=

1.113+0.020 A, and all the valency angles were near 109.5°.

In comparison with the Sn—Cl distances in the

series of Sn(CHj),-,Cl,, as determined previously by the same method, a regular bond contraction in going from
Sn(CH,)4Cl to SnCl,, as pointed out previously by Skinner and Sutton, was ascertained.

Many structural studies have recently been published
of a series of molecules, Sn(CH,),_,Cl,(n=0, 1, 2, 3, 4),
by various experimental techniques, e.g., dipole moment
measurements,>3 NMR 24 Mossbauer effects,® NQR,®
X-ray crystal analysis,” and studies of the vibrational
spectra®=1Y) and electron diffraction.’>-14)  In these
studies, relations between bond lengths and other
physical quantities have often been discussed.

As for the interatomic distances in these molecules
in the gaseous state, Skinner and Sutton once deter-
mined tin-chlorine bond lengths by the visual method
and found that the magnitude of bond contraction
from the sum of the covalent radii increased with an
increase in the number of halogen atoms.!? How-
ever, these data involve large uncertainties inherent
in the visual method and may even be incorrect owing
to the ignorance of phase differences between Sn and
Cl, and Sn and C, atoms.!®

In order to get a more profound insight into the
molecular structures of this series of molecules, it is
essential to have more precise, up-to-date information
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regarding the bond lengths in free molecules. Re-
cently, the present authors have determined the Sn-
Cl bond length in SnCl, to be 2.281:£0.004 A,1® a
value which was 0.03 A shorter than the value deter-
mined by the visual method.¥ In the present paper
we will report on the bond lengths of dimethyltin di-
chloride as determined by the sector-microphotometer
method.

Experimental

A pure sample of dimethyltin dichloride (mp 108°C) was
kindly provided by Professor Toshio Tanaka of the Osaka
University. Photographs were taken by the apparatus in
our laboratory equipped with an r3-sector!®) and a high-
temperature nozzle'” at two camera lengths, 258.90 cm
(long camera length) and 123.90 cm (short camera length).
The accelerating voltage was about 42.25kV. The sample
was sublimed by maintaining the nozzle temperature at 85—
88°C. The scale factors were determined by reference to the
diffraction patterns of carbon disulfide taken under the same
experimental conditions.!® The photographs were recorded
on Fuji Process Hard Plates with exposure times of 40 to 70
sec and a beam current of 0.3 yA, and were developed at
20°C for 5min with a FD-131 developer diluted twice.
Seven plates from the long camera length and four plates
from the short camera length were selected, and their optical
densities were measured as reported previously;'® the ob-
served points covered the range of g=8—60 and ¢=25—110
for the respective camera lengths. Because of the damping
effects due to intramolecular vibrations and the phase dif-
ferences of scattered beams from the Sn, Cl, and C atoms, the
molecular scattering in a range of ¢ beyond about 80 falls
in amplitude down to the order of random fluctuations of
the observed total intensities. Therefore, the structure
parameters were determined by employing the optical den-
sities of the plates from the long camera length.

Analysis and Results

The reductions of the molecular intensities,
gM(q)**?t!, were done following the method described
in our previous paper, unless otherwise stated.!®
The experimental leveled intensity, I, and the ex-
perimental background, I, curve, the ¢gM/(g)*"*%
and the difference curve of the experimental and theore-
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Fig. 1. (a) The experimental leveled intensity and the

background curve; (b) The observed molecular intensities
gM(q)e##*; and (c) The difference curve of the experi-
mental and theoretical molecular intensities.

tical gM(q) values for an arbitrarily selected plate
are shown in Figs. 1(a), (b), and (c) respectively.!8)
The elastic and inelastic scattering factors used were
taken from the references.19-23)

The radial distributions, f(r), were calculated by
the use of the correction term for the non-nuclear
scattering :13)
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' M n 9
AgM(q) = X' A4, mn(—l—orqr“)exp(Ha”q-)
1,0

X AXyj— iy cos(An;)}
with the following correction functions, %,,:
Lo = 1.20 + 1.65 exp(—0.00017 ¢2)
+ 3.1 exp(—0.0015 ¢?),
Yuc = 1.08 + 1.10 exp(—0.00013 ¢2)
+ 2.5 exp(—0.0020 ¢?),
Lot = 0.20 + 2.80 exp(—0.0002 ¢2),
Zusn = 0.88 cos(0.3206 ¢) + 0.8 exp(—0.0020 ¢2),
Yoo = 1.32 + 1.78 exp(—0.0006 g2),
Zoor = 0.90 + 1.40 exp(—0.00034 ¢2)
Zosn = 0.90 cos(0.02523 ¢) 4 0.5 exp(—0.0014 ¢?),
Xoien = 1.40
and
Xcisn = cos(0.01415 q).

A trial background was revised after Karles’ non-
negativity criterion by the Fourier inverse transfor-
mation of the difference between the observed and
calculated radial distributions, Af(r), below r=1.10 A.
In these calculations, it was assumed that the molecule
has C,, symmetry, that each methyl group has a three-

1(r) Sn~Cl

C-H
4f(r)
1 2 3 4 5

— r(A)

Fig. 2. The experimental radical distribution, f(r), and the
difference between the calculated and the experimental
radial distributions, 4f(r).
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Fig. 3. The weight function used for the least-squares

adjustments.
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fold symmetry about the bond joining the methyl
group to the Sn atom and is staggered to the opposite
Sn—Cl bond, and that all the valence angles are 109.5°.
On these assumptions, the molecular parameters
were evaluated appropriately from the observed f(r)
curve and the results of the least-squares adjustments.
The final f(r) and Af(r) values obtained from the
I’s shown in Fig. 1 are depicted in Fig. 2.

The structural parameters were determined by
the least-squares method applied to the observed
molecular intensities with a diagonal weight matrix
(Fig. 3). The asymmetry parameters, £, for the
H---H, C---H, and Cl:--H pairs were set equal to
zero, while the others were fixed at the following values:

Kcu 122, Kcicl 178,

KEsnc 26, Kcic 257,

KSnol 18, Ksnu 313, (in 10-7 A3);
Kco 281,

These values were estimated by the method applied
to SiCl, by Morino and Murata.?*25) The interatomic
distances for the non-bonded H:--H, C---H, Cl---H,
and C:--C pairs, which make very little contributions
to the scattering intensity, were constrained in the
r, structure, and their mean amplitudes were fixed
at values roughly estimated from those in analogous
compounds. Least-squares adjustments were then
performed for the thirteen parameters listed in Table
1. The fluctuations of the adjusted values during
least-squares iterations were the largest for r(Cl---Cl)
or [(Cl:--Cl). Therefore, the iterations were termi-
nated when the fluctuations of the adjusted 7(Cl---Cl)
and [(Cl--Cl) values became less than 1.5 percent
and when the parameter values for the C-H, Sn-C,

TABLE 1. RESULTS OF THE LEAST-SQUARES ADJUSTMENTS?)
Parameter Average® o, ® a,”
k 0.967 0.018 0.019

r4(C-H) 1.1119 0.0068 0.0088
! (C-H) 0.0792 0.0077 0.0058
7¢(Sn-.-H) 2.6703 0.0303 0.0120
! (Sn-.-H) 0.1701 0.0166 0.0085
rg(C.--Cl) 3.6314 0.0101 0.0034
! (C..-C1) 0.1223 0.0062 0.0014
74(Sn-C) 2.1089 0.0034 0.0031
! (Sn-C) 0.0748 0.0073 0.0079
rg(Cl---Cl) 3.7549 0.0366 0.0146
! (Cl.-.Cl) 0.2248 0.0325 0.0109
74(Sn-C1) 2.3266 0.0010 0.0014
! (Sn-Cl) 0.0607 0.0025 0.0018

/ CISnCl=107.5+3.9°
/ CISnC=109.8+1.2°9)

a) Index of resolution k is dimentionless; 7, and [ in A.
b) The definitions of ¢, and ¢, were given in Ref. 13.
c) Estimated from the r; values.

24) Y. Morino and Y. Murata, This Bulletin, 38, 104 (1965).
25) The x values for non-bonded pairs are possibly smaller
than the listed values. However, the use of smaller values does
not change the results of the present least-squares adjustment
substantially.
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and Sn-Cl atom pairs converged within 10, 4, and
1 10-% A respectively.

The value for each parameter was obtained by
averaging the results from the seven plates. The
parameter values thus obtained and their estimated
standard deviations, ¢, and o,, are shown in Table 1,
where the interatomic distances are given in terms
of r, and where the o, and ¢, have the same signifi-
cances as in our previous paper.!3)

As may be seen in Table 1, the non-bonded inter-
atomic distances could not be determined with satis-
factory accuracy. If the valence angles are evaluated
from the 7, values in Table 1, we get the values of
107.5+3.9° for £ ClSnCl and 109.8+1.2° for £ ClSnC;
hence, they are indistinguishable from the tetrahedral
angle. The most probable bonded interatomic
distances and mean amplitudes are reproduced in
Table 2, together with their limits of error, which
include the random errors and the errors due to the
uncertainty of the scale factor. The former errors
were taken as 2.5 times the larger of ¢, and ¢,, while
the latter were estimated to be 0.1%, of the interatomic
distances.

TaBLE 2. BOND DISTANCES AND MEAN-AMPLITUDES (in A)
7y !
C-H 1.112+0.022 0.079+0.019
Sn-C 2.109+0.009 0.07520.020
Sn-Cl 2.327+0.004

0.061+0.006

Calculation of the Mean-square Amplitudes

Since the low-lying fundamental frequencies and
their assignments were uncertain,®19 the Nujol-
mull spectra were measured in the region below 400
cm~t. Some of them are reproduced in Table 3.
Edgell and Ward® assigned the Raman lines at 344
cm™! and 135 cm~! to accidentally degenerate Sn-
Cl stretching modes and skeletal bending modes re-
spectively. However, such degeneracies seem un-
likely. Taimsalu and Wood®® studied the effect of
the environment on the vibrational frequencies of
the Sn(CH,),_,Cl, series and concluded that dimethyl-
tin dichloride associated strongly in the solid state
and that its Sn-Cl stretching frequencies shifted
markedly towards the lower-frequency side. On the
contrary, our solid spectra in this range displayed an
intense band at 357 cm~! with a shoulder near 349
cm~! and broad, weak bands at 306 and 325 cm1.
It seems that the strong band and its shoulder at 357
and 349 cm! are to be assigned to the Sn-Cl stretching
frequencies, and that the two weak bands at the lower
frequencies are overtone and combination bands.
The assignment of the SnCl, deformation mode is
also ambiguous. Taimsalu and Wood assigned bands
at 124 cm~! and 129 cm~! to the bending and rocking
modes respectively,®) whereas Butcher et al. assigned a
band at 121 cm™! to the bending mode.!® If one
follows the assignment made by Taimsalu and Wood,
the observed frequencies in our spectra may be assigned
as is shown in the last column of Table 3. The general
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TaBLeE 3. THE OBSERVED SKELETAL VIBRATIONAL FREQUENCIES OF Sn(CH,),Cl, (in cm~1)
Edgell® Taimsalu? Butcher® Present?
and Ward. and Wood. et al. study.
R. L. IR. Nm. IR. Sol.® IR. Nm.
A, Sn-C stretch 521 515s 524
Sn-Cl stretch 344 307 vs 356 sh 349 sh
Sn-Cl, bending 135 124w 121 116
SnC, bending 135 158w 158
B, Sn-C stretch 566 567 s 560
SnCl, rocking 135 129 m 126
B, Sn-Cl stretch 344 332 vs 361 s 357 s
SnCl, rocking 135 146 s 143
*VRgilizrlman; IR: Infrared; L: liquid; Nr;lszujol mull; Sol: solution; vs: very strong; Wsi:"strong; m: medium
a) Ref. 8. b) Ref. 92. c¢) Ref. 10.
d) In addition to the bands listed in this column, two weak, broad bands were observed at 325 and 306 cm~1. See text.

¢) Cyclohexane solutions were used except for the band at 560 cm~!, which was observed in carbondisulfide solution.

pattern of our frequencies is similar to that assigned
by Clark et al® Although the frequencies and
their assignments of the low-lying fundamental vibra-
tions remain questionable, the mean-square amplitudes
were calculated with rigid CH; groups and by the
use of the Urey-Bradley force field. The results are
listed in Table 4. It was necessary to introduce a
non-zero force constant, G(SnC.SnC), in order to
fit the calculated Sn-C stretching frequencies to the

TABLE 4. THE UREY-BRADLEY FORCE CONSTANTS, THE
CALCULATED SKELETAL VIBRATIONAL FREQUENCIES
AND THE CALCULATED MEAN AMPLITUDES

Force constants Frequencies®’ A Mean
(md/A) (cm-1) mplitudes
(A)

K(Sn-CHj;) 2.188 A, 515 (515) Sn-Cl 0.054
K(Sn-Cl) 1.866 116 (116) Sn-C  0.054
H(CISnCH,) 0.036 158 (158) GC...C 0.147
H(CH,SnCHj;) 0.062 345 (349) Cl..-Cl 0.133
H(C1SnCl) 0.049 B, 567 (567) C...Cl1 0.146
F(CH;-Cl) 0.086 123 (126)

F(CH,;-CH;) 0.038 B, 360 (357)

F(CI-CI) 0.109 146 (143)

K 0.044

G(SnC SnC) —0.168

a) Values in parentheses are observed frequencies.

observed ones to the extent shown in Table 4. In
spite of some uncertainties in the vibrational spectra
and in spite of the approximations involved in the
present calculations, the mean amplitudes thus ob-
tained may be considered to have sufficient accuracy
for comparative use. The experimental and theo-
retical values listed in Table 2 and 4 have similar
orders of magnitude.

Contraction of the Sn-Cl Bonds

Table 5 presents the molecular structures of the
Sn(CH,),_,Cl, series (n=0,1,2,3,4) as determined by
electron diffraction.

It is evident in Table 5 that there is a regular
contraction of Sn-Cl bond lengths from Sn(CHj,),Cl
to SnCl,; that is, the magnitudes of the contractions
of r(Sn-Cl) from the sum of the single-bond covalent
radii, 2.39 A, are 0.04, 0.06, 0.09, and 0.11 A for the
molecules of n=1,2,3, and 4 respectively. The values
of the Sn-C distances, except for Sn(CHj),, are equal
in their marginal errors, while the Sn-C distance in
Sn(CH,), is close to those in methyl stannanes, e.g.,
r,(Sn-C)=2.150=0.003 A for Sn(CHj),H, and 2.147+
0.004 A for Sn(CH,);H.26) The relations between the
bond lengths and other physical properties for these
compounds present interesting problems which will
have to be solved in the future.

TaBLE 5. THE BOND DISTANCES OF Sn(CHj),-,Cl, AS DETERMINED BY ELECTRON DIFFRACTION

Visual method

Compound

Sector-microphotometer method

Sn—él (A)

Sn-C (A) Sn-Cl (A) Ref. Sn-C (A) Ref.
Sn(CH,), 2.134+0.007 27
Sn(CH,),C1 2.19+0.03 2.37+0.03 12 2+106+0.006 2.351+0.007 26
Sn(CH,),Cl, 2.34+0.03 12 2.108+-0.007 2.327+0.003 present study
Sn(CH,)Cl, 2.1940.05 2.32+0.03 12 2.104+0.016 2.304+0.003 26
SnCl, 2.31+0.01; 14 2.281+0.004 13

26) K. McAloon, private communication. The authors wish
to thank Dr. K. McAloon for permission to quote his results prior

to publication.
27) A preliminary result by the present authors.
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