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 Methylchlorosilane is the simplest of 
those methylchlorosilanes which are both 
industrially important and theoretically 
interesting. The infrared and the Raman 
spectrum of this compound have been re-

ported by several investigators1-5). But 
the normal vibrational frequencies have 
been calculated and assigned only by a 
method in which a methyl group is re-

garded as one particle. Therefore, the 
vibrational frequencies accompanied by 
the motion of hydrogen atoms have been 
excluded from the calculations, and the 
coupling between the skeletal vibrations 
and the characteristic modes of the methyl 
,group has been ignored. To make all the 
normal modes clear, it is necessary that 
the vibrations of hydrogen atoms are 
taken into account. In this paper, the 
fundamental frequencies are calculated 
and assigned, their normal modes are 
determined, and the thermodynamic pro-

perties are calculated. 
Normal Coordinate Treatment.-In 

methyltrichlorosilane, there are two sym-
metrical groups, CH3 and SiCl3. Because 
of the interaction between the CH3 and 
the SiCl3 group, the internal rotation is res-
tricted, and it is more correct in the pre-
sent consideration to treat the relative 
movement of CH3 and SiCl3 as torsional 
,oscillation rather than as free internal 

.rotation. This molecule belongs to the 

point group C3, whether the groups have 
staggered or eclipsed forms. According 
to the group theory, it is clearly shown 
that this molecule has twelve fundamental 
frequencies of which five belong to species 
a,, one to species a2, and six to species e. 
All vibrations except the a2 torsional mode 
are both infrared and Raman active. If 
this molecule has the torsional angle 
about the Si-C axis, it belongs to the

point group C3. The species a1 and a2 of 
the point group C3, correspond to the 
species a of the point group C3. Previous 
work by Collins and Nielsen6) shows a 
normal coordinate treatment of the stag-

gered configuration of methyltrifluoro-
silane having a structure similar to 
methyltrichlorosilane. But, in this in-
vestigation, at first, we undertake to make 
an attempt to carry out a normal co-
ordinate treatment with an arbitrary 
torsional angle, and, next, to calculate 
the normal vibrational frequencies of the

point group C3ν molecule for which the

torsional angle θ is 0°in the eclipsed from,

180°in the staeeered form. We do

not calculate the a2 mode which is both 
infrared and Raman inactive. A normal 
coordinate treatment was carried out using 
the Wilson FG matrix method7). The F 
matrix elements were formed from the 
force constants in a Urey-Bradley force 
field8). 
 The various bond distances, the interbond 
angles, and the distances between non-
bonded atoms used to determine the inter-
nal coordinates are shown in Fig. 1. From 
the internal coordinates the following 
orthonormal symmetry coordinates were 
found; for the a vibrations,

Fig. 1. Internal coordinates of methyl-
 trichlorosi lane.
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and for the e vibrations

The numbering of these coordinates 
corresponds to the numbering of the fund-
amentals in Table II. 
 From the coefficients of the symmetry 

coordinates and the potential constants of 
a Urey-Bradley force field, one gets the 
following F matix elements: 
for the a vibrations,

for the e vibrations

where the following abbreviations are 
adopted:

and the symbols used for the equilibrium

values of the interatomic distances are

x=Si-Cl, y=Si-C, z=C-H,4zx=Cl…Cl,

qxy=C…Cl, Qyz=Si…H and=H…H.

The G matrix elements are obtained by

use of the table of Decius9). In terms of

the abbreviations ρx, ρy and ρx for the

reciprocals of the Si-Cl, Si-C and C-H

bond lengths, respectively, and μx,μy,μc

and μh for the reciprocals of the atomic

masses of the Cl, Si, C and H, the follow-
ing G matrix elements are found, assum-
ing all angles to be tetrahedral: 
for the a vibrations,

for the e vibrations,

9) J. C. Decius, ibid., 16, 1025 (1948).
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 Since the repulsive force constants be-
tween non-bonded atoms are ignored, the 
F matrix elements of an eclipsed configura-
tion are equal to those of a staggered one. 
Also, as shown in the G matrix elements, 
the different point between an eclipsed 
and a staggered configuration is only the 
change of the signs of G610, G7,o, G,9, G810 
and G811 elements. However, the calculated 
values of GF for both the configurations 
are equivalent. 
 The C-H stretching vibrations were 
split off by the method of Wilson. The 
molecular constants and the potential con-
stants used are listed in Table I. As an 
aid in determining some of the potential 

TABLE I 
 MOLECULAR AND POTENTIAL CONSTANTS 

 OF METHYLTRICHLOROSILANE

 constants, Kx, Ky, Kz, Hxx, Hzy, Hzz, Fxx, 
 Fxy, Fzz and k, the results from previous 
 investigations of methane8) and the skele-
tal vibrations of this molecule2) were used. 

 But for Ky, a slightly lower value was 
adopted. We gave-0.05 and/A to the value 

 of k', taking into consideration the corres-
ponding constants found for methane, 

 monoflhoromethane, monofluoromethane 
and methyl alchohol. The values of Hy, 
and Fyz were selected so as to give the 
good agreement with the observed funda-
mentals. The values of F' are assumed 
to be-0.1 F. 

Normal Frequencies.-A normal coordi-
nate treatment of the skeletal vibrations 
which assumed the methyl group to be 
one particle was carried out by Goubeau 
et al.1) and Shimanouchi et al.2). The 
calculated frequencies of all the normal 
vibrations are in good agreement with the 
observed, if the assignment of these fre-
quencies is made adequately as shown in 
Table II. In it, the results of previous 
investigations are listed together for com-
parison. 

The L matrices, whose components give 
the modes of vibrations and the potential 
energy distribution for each normal vibra-
tion were calculated. They are shown in 
Tables III and IV. Since the v1 and vb 
are considered to have almost pure C-H 
streching frequencies, their L mairices 
and potential energy distributions are 
omitted. 

Judging from the values of the contri-
bution of each symmetry coordinate to 
the normal coordinates Q10 and Q11 in Table 
III and the distribution of potential energy 
in the symmetry coordinates for the nor-
mal frequencies v10 and v11 in Table IV, 
it is reasonable to designate the frequen-
cies 229cm-1 and 164cm-1 respectively as 
"SiCl3 rocking" and "SiCl3 non -sym-
metric deformation". Thus, the classifi-
cation given in Table II is reasonable. 
 As shown in Tables III and IV, the 
skeletal vibrations and the vibrations ac-
companied by the motion of hydrogen 
atoms are separated to a considerable ex-
tent. Therefore, the calculated values of 
the skeletal vibrations are expected to 
be in good agreement with their corres-
ponding observed values. 

 Internal Rotation.-The torsional vibra-
tion belongs to the species a2 and is both 
infrared and Raman inactive. The fre-
quency, can be calculated if the height of 
the potential barrier hindering the inter-
nal rotation is known. However, the
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TABLE II 

RAMAN AND INFRARED DATA, PROBABLE VALUES OF THE OBSERVED FUNDAMENTALS, 

 CALCULATED WAVE NUMBERS, AND ASSIGNMENTS FOR METHYLTRICHLOROSILANE

Type 

a1

e

a Goubeau, Siebert and Winterwerb, reference 1; 
b Shimanouchi, Tsuchiya and Mikawa, reference 2; 

c Burnelle and Duchesene, reference 3; 
d Murata, reference 4; 
e Smith, reference 5.

TABLE III 

L MATRICES OF THE NORMAL VIBRATIONS OF METHYLTRICHLOROSILANE

a1 vibrations,

e vibrations,

 TABLE IV 
POTENTIAL ENERGY DISTRIBUTION FiiLjg2/2Q FOR THE NORMAL VIBRATIONS OF 

METHYLTRICHLOROSILANE
a1 vibrations,

e vibrations,
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question as to the potential hill has not 
been definitely settled. Here, the potential 
barrier of monomethylsilane, methyltri-
chlorosilane and methyltrifluorosilane are 
compared with the values of ethane, 1,1,1-
trichloroethane and 1, 1, 1-trifluoroethane, 
respectively. The heights of ethane10), 1,1, 
1-trichloroethane11) and 1,1,1-trifluoro-

 TABLE V 
 HEAT CAPAClTY, ENTROPY, FREE ENERGY, 
 AND HEAT CONTENT OF METHYLTRICHLORO-
 SILANE FOR THE IDEAL GASEOUS STATE AT 

 1 ATOMS PRESSURE (cal. deg.-1 mol.-1)

ethane12)are respectively 2-875±0.125 kcal/

mole,2.97 kcal/mole and 3.25±0.40 kcal/

mole. That is to say, the value of 1,1,1-

trichloroethane is found between the value

of ethane and of 1,1,1-trifluoroethane. On

the other hand, the value of monomethyl-

silane13)and of methyltrifluorosilane14)are

respectively 1.314±0.229 kcal/mole and 1.20

± 0.16 kcal/mole. Thus it seems that the

height of the potential barrier of methyl-

trichlorosilane is 1.30±0.25 kcal/mole.

 In the present investigation, the usual

V=V0(1-cos 3θ)/2 is adopted as the form

of the potential barrier. In this formula,

V0 is the height of the potential barrier

and θ is the torsional angle. The torsional

frequency can now be obtained from V0.

The calculated value 147±15cm-1 is

believed to be not far from the real 
torsional frequency. 

Thermodynamic Properties.-The proba-
ble values of the wave numbers of the 
normal frequencies given in Table II were 
used to calculate values of the heat content, 
free energy, entropy and heat capacity 
for the ideal gaseous state at 1 atoms 
pressure (rigid rotator, harmonic oscillator 
approximation). The bond distances and 
the interbond angles given in Table I were 
used to calculate the product of the 
principal moments of inertia, using the 
Hirschfelder formula15). The value ob-
tained was IAIBIB=1.48102 x 10-112 gm3 cm6. 
The molecular weight used was 149.496 and 
the symmetry number was 3. In Table 
V, the contributions of the torsional fre-
quency and the others (translational, rota-
tional and vibrational except torsinal) 
are listed separately to facilitate revision 
of the table, if and when a better way is 
found to calculate the contribution for 
the former. 
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