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The Wilscn FG matrix method for the 

tetrahedral M(XY3)4 molecules has been 

used by Siebert1) But no symmetry coordi-

nates were given and a valence force field, 

including only one cross term of M-X and 

X-M-X internal coordinates, was used. 

The present investigation was undertaken 

in an attempt to carry out a normal 

coordinate treatment with a Urey-Bradley 

potential function and to assign observed 
frequencies for C(CH3)4 and C(CD3)4 to 

fundamental modes of vibration. 

Normal Coordinate Treatment 

A representation of the forty-five normal 

vibrational modes of the tetrahedral 

M(XY3)4 molecules is reduced to fourteen 

by ƒ¡=3a1+4e+7f2. According to the well-

known selection rules, all fundamentals 

are allowed in Raman spectrum, while 

only type f2 fundamentals are allowed in 

the infrared. In the Raman spectrum, the 

a1 vibrations correspond to polarized lines, 

the others to depolarized. It is possible 

to show that in both the a1 and e species, 

n(ƒÁ)=1 for any sets of equivalent internal 

coordinates, while in the f2 species, n(ƒÁ)=2 

for the X-Y stretching and the Y-X-Y 

bending coordinates. For the latter case, 

it is neccesary to find K, which is a sub-

group of G, and to construct the final 

symmetry coordinates from nondegenerate 

symmetry coordinates under K, as shown 

in the following manner:

G(Td) K(C2υ) Symmetry coordinates

From the internal coordinates (Fig. 1), 
the following orthonormal symmetry co-
ordinates were formed: 

for the al vibrations,

Fig. 1. Internal coordinates of M (•~Y3)4 

molecule.

R3=⊿(x1+x2+x3+x4)/2;

for the e vibrations,

for the f2 vibrations,

1) H. Siebert, Z. anorg. allgem. Chem., 268, 177 (1952).
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The numbering of these coordinates cor-

responds to the numbering of the funda-

mentals in Table III. 

From the potential constants of a Urey-

Bradley force field2) and the coefficients 

of the symmetry coordinates, one obtains 

the following F matrix elements: 

for the al vibrations,

for the e vibrations,

and for the f2 vibrations,

where the following abbreviations are 
adopted:

and the symbols used for the equilibrium 

values of the interatomic distances are

The G matrix elements, obtained by use 

of the table of Decius3) and the method of 

Crawford4), are as follows: 

for the a1 vibration,

for the e vibrations,

and for the f2 vibrations.

2) T. Shimanouchi, J. Chem. Phys., 17, 245, 734, 848 
(1949).

3) J. C. Decius, J. Chem. Phys., 16, 1025 (1948). 
4) B. Crawford, Jr., J. Chem. Phys., 21, 1108 (1953).
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TABLE I 

RAMAN AND INFRARED SPECTRAL DATA FOR TETRAMETHYLMETHANE

a See reference 5; b YKM=Young, Koehler and Mckinney, reference 6; c See 
reference 7; d See reference 1; e SOR=Shull, Oakwood and Rank, reference 9.

Here μM, μX and μY are, respectively,

the reciprocals of the masses of the M,

X and Y atoms.

Normal Frequencies of Tetramethyl-
methane 

The Raman or the infrared spectral data 
and the assignments of the observed fre-
quencies for tetramethylmethane have been 
obtained in previous investigations1,5-9). 
A summary of the fundamentals is given 
in Table I. A partial normal coordinate 
treatment was carried out by Silver5) and 
by Sheline et al.8) for the al and e vibra-
tions. Recently, Siebert1) published the 
normal coordinate treatment of all vibra-
tions. The disagreement between the re-
sults of the different investigations lies 
in the assignment of two of type f2 vibra-
tions, i.e. C-C stretching and CH3 rocking 
vibration. In this paper, the nature of 
these vibrations will be clarified. Using 
the F and G matrix elements given above, 
the fundamental frequencies were cal-
culated and shown in Table III. Probable

values of the observed frequencies and 
assignment of the Raman and the infrared 
bands are included in the table. The 
molecular and potential constants used 
are listed in Table II. The C-H stretching 
vibrations were split off by the method of 
Wilson. The agreement between the cal-
culated and observed fundamentals was 
almost completely satisfactory. The L

TABLE II 

MOLECULAR AND POTENTIAL CONSTANTS 

OF C(CH3)4 AND C(CD3)4

The potential constants for the skeletal

vibrations were obtained from the observed

frequencies of C(CH3)4:

The values of set I correspond to ν1=733,

ν2=335, ν3=1089, and ν4=414cm-1 and those

of set II, to ν1=733, ν2=335, ν3=925, and

ν4=414cm-1 respectively.

The potential constants for the inner vi-

brations were obtained directly from the

normal frequencies of H3C-CH3.

5) S. Silver, J Chem. Phys., 8, 919 (1940). 
6) C. W. Yotng, J. S. Koehler and D. S. Mckinney, 

J. Am. Chem. Soc., 69. 1410 (1947). 
7) N. Sheppard, J. Chem. Phys., 16, 690 (1948). 
8) R. K. Sheline and K. S. Pitzer, J. Chem. Phys., 18, 

595 (1950). 
9) E. R. Shull, T. S. Oakwood and D. H. Rank, J. 

Chem. Phys., 21, 2024 (1953).
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TABLE III 

PROBABLE VALUES OF THE OBSERVED FUNDA-

MENTALS, CALCULATED WAVE NUMBERS, AND 

ASSIGNMENTS FOR C(CH3)4.

matrices, whose components give the modes 
of vibrations, and the potential energy dis-
tributions for the questionable two triply 
degenerate vibrations were calculated and 
shown in Tables IV and V. Judging from 
the values of the contribution of each sym-

TABLE IV 

L-MATRICES OF TWO TYPE f2 VIBRATIONS 

OF C(CH3)4.

TABLE V

POTENTIAL ENERGY DISTRIBUTION FiiLia2/

λa FOR ν12 AND ν13 VIBRATIONS

metry coordinate to the normal coordinate

Q12 in Table IV, it is no longer accurate

to designate the frequency ν12 as only one

mode of vibration, i.e., "C-C stretching".

However, it can be seen that, by taking

into consideration  the distribution of

energy in the symmetry coordinates in

Table V, the classification, given in Table 

III is reasonable. On the contrary, it is 

undubitable that the frequency ƒË13, which 

is relatively pure, can be assigned to "CH3 

rocking".

Normal Frequencies of Tetramethyl-

methane-d12

The Raman and the infrared spectral data 
and the assignments of the observed fre-
quencies for tetramethylmethane-d12 have 
been reported by Shull et al.9), but a normal 
coordinate treatment has not been carried 
out in the literature. According to them, 
since the observed frequency 765cm-1 is 
analogous to the band at 921cm-1 in tetra-
methylmethane, it should be assigned to 
"C -C stretching" and the observed fre-

quency 1218cm-1 can be assigned to "CD3 
rocking". In general, a normal mode of 
vibration in which the hydrogen atom in 
question oscillates with a relatively large 
amplitude will suffer a greater isotopic 
change in frequency than that of a normal 
mode in which this hydrogen moves with 
a relatively small amplitude. Since the 
ratio 765/921 is nearly equal to a theoreti-
cally expected value 1/21/2, it is probably 
rigorous to designate the frequency ob-
served at 765cm-1 as "CD3 rocking". 
Since the frequencies observed at about 
1200cm-1 maintain a constant value in 
both the ordinary and deuterated com-

pounds, it is reasonable to assign these 
frequencies to "C-C stretching". Using 
the F and G matrix elements given above, 
the fundamental frequencies were cal-
culated and shown in Table VI with

TABLE VI

OBSERVED AND CALCULATED FONDAMENTAL

FREQUENCIES AND ASSIGNMENTS FOR C(CD3)4
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those observed by Shull et al. The cal-
culation of the L matrix elements (Table 
VII) and of the potential energy distribu-
tions (Table VIII) shows that the assign-
ments given in Table VI are more reason-
able.

TABLE VII

L-MATRICES OF TWO TYPE f2 VIBRATIONS

OF C(CD3)4

TABLE VIII

POTENTIAL ENERGY DISTRIBUTION FiiLia2/

λa FOR ν10 AND ν13 VIBRATIONS
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