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(Received December 11, 1964)

One of the present authors has previously re-

ported on the normal vibrations of methyl-

trimethoxysilane, CH3Si(OCH3)3,1) in which 

the methyl groups were treated as one particle. 

The vibrational spectra of this molecule can 

be explained by assuming the point group Cso 

for the molecular symmetry. Triethylhalogeno-

silanes, (C2H5)3SiX (X=halogen atoms), can 

be treated as YM (XZ)3-type molecules with 

regard to their skeletal vibrations in the same 

way as methyltrimethoxysilne. 

Among triethylhalogenosilanes, the Raman 

spectrum has been obtained previously only 

for triethylchlorosilane. Tentative assignments 

have been made for this compound.2) The 

present paper will report on the infrared and 

the Raman spectra of triethylfluorosilane and 

a normal coordinate treatment for the skeletal 

modes by Wilson's FG matrix method 3) using 

a simple Urey-Bradley potential function. 

Experimental 

Material.-Triethylfluorosilane was prepared by 

the reaction of triethylchlorosilane with hydrofluoric 

acid (a 46% aqueous solution) in a copper flask.4) 

A sample for measuring the infrared and Raman 

spectra was purified by two fractional distillations 

through a Stedman column (about 25 plates); b. p. 

110•Ž/760 mmHg, n25D 1.3895; (lit. b. p. 109•Ž/730 

mmHg, n25D 1.39004)). 

Spectra.-The infrared spectrum of the neat liquid 

sample was recorded using a Reitz infrared spectro-

photometer equipped with an NaCl or KBr prism. 

The Raman spectrum was measured by the photo-

graphic method using a Japan Yuki-gosei Raman 

Spectrograph. The observed and calculated frequen-

cies are shown together in Table III. 

Normal Coordinate Treatment 

It has been assumed that the molecule be-

longs to the point group C3v and has the 

structure shown in Fig. 1, in which an F-Si-

C-C plane and a C-Si-C plane, including the 

same Si-C bond, has an interplanar angle of 

120•‹. This molecule has twelve skeletal vibra-

tions ; five of At species, one of A2 species, 

and six of E species. One of the six skeletal 

vibrations of the E species is the torsional 

oscillation of the Si-CH2-CH3 group. All 

vibrations except the A2 torsional mode are 

active in both the infrared and the Raman 

spectra. The Si-CH2-CH3 torsional vibration 

of the E species could not, however, be ob-

served in the present experiment. This may 

be due to the weak intensity of this band, 

which may appear in the region lower than 

100 cm-1, where any weak band is difficult to 

measure with the spectrograph used here. For 

this reason, the Si-CH2-CHs torsional oscilla-

tion of the E species has not been considered 

in the normal coordinate treatment.

Fig. 1. Internal coordinates of the skeletal 
modes of triethylfluorosilane.

The orthonormal symmetry coordinates are 

shown in Table I. The numbering of these 

symmetry coordinates corresponds to that of 

the fundamentals in Table III. 

The types of F matrix elements in the simple 

Urey-Bradley force field are the same as those 

reported earlier for methyltrimethoxysilane,1) 

in which LSi-O-C was represented by a general 

angle of ƒÆ. In the present molecule, the cor-

responding angle of Si-C-C is tetrahedral. 

The G matrix elements used previously for 

methyltrimethoxysilane1) were also used, chang-

ing the masses of the atoms or groups con-

cerned and replacing ƒÆ with a tetrahedral angle. 

At first we adopted the force constants 

transferred or estimated from those obtained
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TABLE I. INTERNAL SYMMETRY COORDINATES OF TRIETHYLFLUOROSILANE

TABLE II. MOLECULAR AND POTENTIAL CONSTANTS OF TRIETHYLFLUOROSILANE

TABLE III. RAMAN AND INFRARED DATA, CALCULATED WAVE NUMBERS AND THE ASSIGNMENT 

FOR TRIETHYLFLUOROSILANE

* (Si-)CH2 and (C-)CH3 represent the methylene group attached to silicon and methyl group 

attached to carbon, respectively.
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in many related compounds which had pre-
viously been studied on the basis of a simple 
Urey-Bradley force field;6) the values of F' in 
the F matrix elements were assumed to be 
equal to -F/10. These trial force constants 
were then modified so as to give a good agree-
ment between the observed and the calculated 
frequencies. The molecular parameters and 
final potential constants used in the calculation 
are shown in Table II. 

The value of Kx(Si-F) used in the present 
calculations is considerably smaller than that 
of tetrafluorosilane.6) This may reflect the 
tendency for the bond distance of Si-F bond 
to increase as the number of fluorine atoms 
attached to silicon decreases ; 1.54, 1.565, 1.577 
and 1.595 A for SiF4, HSiF3, H2SiF2 and H3SiF 
respectively.7) The tendency of a bond-stretch-
ing force constant is quite similar to that for 
Si-O bond, whose stretching force constant in 
methylmethoxysilanes, (CH3)nSi(OCH3)4-n, (n 
=0-3), decreases with the number of oxygen 
atoms attached to silicon, as has been described 
previously by one of the present authors.8) 
The other potential constants in Table II seem 
reasonable considering those in related com-
pounds.

Results and Assignment

The calculated frequencies are shown in 

Table III, together with the observed wave 

numbers of the infrared and Raman spectra. 

The calculated wave numbers of ƒË10 and ƒË11 

are considerably lower than the observed values. 

This seems to be due to the neglect of the 

Si-CH2-CH3 torsional oscillation of E species 

in the normal coordinate treatment. The L 

matrices and the distribution of potential 

energy in symmetry coordinates have been 

calculated for the skeletal normal modes ; the 

results are shown in Tables IV and V respec-

tively. The skeletal vibrations have been as-

signed on the basis of the potential energy 

distribution in the symmetry coordinates ; also, 

the hydrogen vibrations have been tentatively 

assigned. 

The most characteristic line in the Raman 

spectrum of triethylfluorosilane is the strong 

doublet observed at 571 and 587 cm-1. The 

corresponding bands in the infrared spectrum 

are very weak. This doublet can be assigned 

to the symmetric-stretching vibration of Si-C 

bonds on the basis of the intensities of the 

infrared and Raman spectra, although the

TABLE IV. THE L MATRICES OF THE SKELETAL 

NORMAL VIBRATIONS OF TRIETHYLFLUOROSILANE

TABLE V. POTENTIAL ENERGY DISTRIBUTION 

FiiLia2/ƒÉa FOR THE SKELETAL NORMAL VIBRATIONS 

OF TRIETHYLFLUOROSILANE

observed wave numbers are somewhat lower 

than the calculated values. There are no cor-

responding doublets in the vibrational spectra 

of triethylchlorosilane,2) methyltrimethoxy-

silane,lD and triethyltinchloride,9) which are 

considered to have a symmetry similar to that 

of the present molecule. It is not clear from 

the present work why the doublet appears for 

the symmetric-stretching vibration of the Si-C 

bond in this molecule. 

As is shown in Table V, the Si-C-C sym-

metric deformation and FSiC3 symmetric de-

formation modes of the Al species, and the 

Si-C-C degenerate deformation and Si-F de-

formation modes of the E species, are coupled 

with each other considerably. This coupling 

behavior is similar to that found for methyl-

trimethoxysilane.1) However, the symmetric-

stretching mode of the Si-C bonds is not so 

coupled with the Si-F stretching mode as with 

the vibrational coupling between Si-C and

6) T. Shimanouchi, ibid., 17, 245, 743, 848 (1949); J. 
Chem. Soc., Japan, Pure Chem. Sec. (Nippon Kagaku Zassi), 
74, 266 (1953). 
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Pergamon Press, Oxford (1963), p. 56. 
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Si-O stretching modes in methyltrimethoxy-

silane.1) This is because the vibrational fre-

quency of the stretching vibration of the Si-F 
bond is not so close to that of Si-C bonds in 

triethylfluorosilane. 

Summary 

The infrared and the Raman spectra of 

triethylfluorosilane have been measured, and 

the normal vibrations for the skeletal modes 

have been calculated by Wilson's FG matrix 

method, using a simple Urey-Bradley force

field and assuming point group C3v for the 
molecular symmetry. The skeletal vibrations 
have been assigned quantitatively on the basis 
of the normal coordinate treatment, and the 
hydrogen vibrations have been tentatively 
assigned. The vibrational spectra of this 
molecule have also been discussed in com-

parison with those of triethylchlorosilane and 
methyltrimethoxysilane. 

Department of Applied Chemistry 
Osaka University 

Miyakojima-ku Osaka


