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he approximate method of separation of

high and low frequencies !, in Wilson’s
treatment of molecular vibrations has been
utilized by many investigators. In parti-
cular, the method is very useful in the case
of hydrocarbons, where the high C—H
stretching frequencies may be separated
from the remaining frequencies with high
degree of accuracy.

Separated product rule. As a consequence
of the splitting of high and low frequencies,
the Teller-Redlich product rule 2?® splits
into separate product rules for the high and
low frequencies, respectively. This is true
for the frequencies within a specific sym-
metry species, as well as the frequencies all
together. In this connection the authors
wish to formulate the following general
theorem. When the (approximate) theoreti-
cal ratios from the separated product rule
within one (or more) symmetry species are
multiplied together, the ewxact frequency
ratio is obtained.

Example. Ethylene and ethylene-d, (sym-
metry group D,;) are assumed to have the
same interatomic distances and interbond
angles. Hence the product rule for the
frequencies of the totally symmetric spe-
cies (4;) reads

0,005/ *w*ws* = pplup (1)

where uy and up are the inverse masses of
the H and D atoms, respectively. The
frequencies of heavy ethylene are identified
by an asterisk. From the G matrix of the
molecular model in question (see, e.g., Ref.?)
the following separated product rules have
been deduced.

w,y/w,* = (ug + 2uccos?A) 2{(up + 2uc
coszd) 112 2)

wawslw*0s* = pp(pug + 2pccostd) 2/
upltp + 2uccostA)-il (3)
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The HCH (or DCD) interbond angle is
designated 24. The exact relation (1) is
seen to be reproduced by multiplying the
approximate relations (2) and (3).

Proof of the theorem. Using the symbols
of Wilson 2, the separated product rules
may be written

I (high)/I1A*(high) = |§4|/|1,*]
ITA(low)/IIA*(low) = |&°|/IG°*|
Here |@°| == |X,,/™. In order to prove
ITA(high)II A(low)/IT A*(high)IT A*(low)
= ITAITA* = |@)/|G*
it should be shown that
18 = |4l - 167
Wilson 2 has given the relation
@ = 8::—6.:,8,,"6,.
Hence
1.6 = §,,8,::— 6,,8,,6,,76,.

Notice that §,, is the transpose of @,
(because @ is symmetric). In consequence,
one obtains for the determinant:

1611@°| = ]@11||®°| T@{@ul * l@zzl - I@m'z

g.e.d. In other words, it has been proved
that the original @-matrix and the splitted
@&-matrix, viz.

@11 @lﬂ
21 @22

and [@,, O
0 @l

have identical determinants.
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