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(a) A molecule containing N-atoms has 3N-6 normal vibrations'” (in the case of a linear molecule 3N-5) and,
therefore, even if all of them are allowed in the Raman effect® by the selection rule,”) there cannot in
general be observed more than 3N-6 Raman lines (fundamental frequencies). The overlapping by other lines
(the accidental coincidence of some frequencies) may further reduce the apparent number of Raman lines.

It is, therefore, remarkable to find the number of lines much larger than this value for molecules having
internal rotation axes and we have to conclude that such molecules should have more than one
conformation.”” The molecules of 1,2-dihalogenoethanes in the liquid and gaseous states belong to such a
category as will be seen from the experimental results obtained by Mizushima et a/. shown in Fig. 1.

In the solid state, however, the Raman lines are materially reduced in number, as shown in Fig. 1, and the
spectra can be explained by considering only one molecular conformation. It seems, therefore, advantageous
to start the study of internal rotation by determining the molecular conformation in the solid state.

From a comparison of the solid spectra of Fig. 1 among themselves, it is readily seen that the number of
Raman lines of the molecules with two like halogen atoms is smaller than that of the molecules with two
different halogen atoms. For example, in the region of the carbon-halogen stretching frequencies®™ (500 ~
800 cm'l) there have been observed two Raman lines for the latter, but only one for the former. Therefore,
the stable conformation of the molecule with two like halogen atoms in the solid state can be considered to
have (Da center of symmetry, since in this case only the symmetric vibration is allowed in the Raman effect.

We call this conformation the trans form which is a staggered form with two halogen atoms as far apart as
possible (see Fig. 3a). The Raman-active normal frequencies calculated for this form can be shown to be in
good agreement with those actually observed in the Raman effect. Therefore, we have to conclude that there
is only one significant potential minimum in one complete rotation about a C—C single bond as axis and all
the molecules in the solid state tend to assume the trans form corresponding to this minimum. All the
conformations corresponding to other positions of internal rotation are unstable or far less stable than the
trans form.

Now since all the spectral lines observed in the solid state remain almost unchanged in frequency in the
liquid state, it is concluded that the trans form is a stable conformation in the liquid state, although there may
be another conformation giving rise to the Raman lines which are observed in the liquid state only. As to
these lines, they may be assigned to vibrations of the trans form which become active owing to the distortion
of molecules by the more irregular interaction between molecules in the liquid state. Mizushima et al. have
shown by the more careful measurement of the Raman effect that such is actually the case for a few lines
observed only in the liquid state. For example, the weak Raman lines of 1,2-dichloroethane observed at 223
cm” and at 709 cm™ should be forbidden by the selection rule, since both of them are assigned to the
vibrations antisymmetric to the center of symmetry of the trans form. They are considered to become active
because of the distortion of molecules in the liquid state. However, we can show by the infrared
measurement'® that most of the lines observed only in the liquid state should be assigned to normal
vibrations of another conformation.

@)So far as the Raman effect is concerned, the simplest proof of the existence of the second stable form

and the simplest method for the determination of this form would be provided by the measurement of tetra-

and penta-substituted ethanes, e.g. CIH2C—CCl13, C12HC—CC13 etc. According to the Raman measurements

made by Mizushima et al. for these substances, there has been observed no difference between the spectra of
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the liquid and solid states and the number of the observed lines is small enough to be explained on the basis

of only one molecular conformation.

We can see from the potential minima of the internal rotation of such molecules would correspond to the
three conformations as shown in Fig. 4. These conformations are identical and therefore, if the internal state
of such a molecule is changed from any one of them to another, no change in the Raman spectrum will be
observed. Experimentally no change in the Raman spectrum is observed.

It is very probable then that there are similar potential minima in one complete internal rotation of
1,2-dihalogenoethanes, the corresponding molecular conformations being shown in Fig. 3 and that we can
assign the Raman lines observed only in the liquid state to the conformations b and ¢ of Fig. 3, which are the
other staggered varieties obtained by rotating one end of the trans form through an angle of £120°. Let us
call these two conformations the gauche forms.

Sanichiro Mizushima, Structure of Molecules and Internal Rotation, Academic Press, New York
(1954) MoK, —HE
“Reprinted with permission from Elsevier”
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Fig. 1 Raman spectra of 1,2-dihalogenoethanes in the liquid and solid states.
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Fig. 3 The conformations of 1,2-dihalogenoethanes as viewed along the C-C axis.
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Fig. 4 Stable conformations of 1,1,1,2-tetrachloroethane.
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(b) Some physical chemists tend to tackle well-defined and finite problems that appear to be soluble with the
methods and evidence available, probably because they consider that an accumulation of such solutions will
throw light upon the larger issues. In a sense they may be right, but at the same time one fears that the result
may turn out to be just a linear extension of the same problem which contains nothing new. On the other
hand, there is another group of physical chemists who tackle problems which appear to be chaotic, and from
this chaos"” they try to extract a cosmos™ which contains something new. Evidently it is necessary for this
group of chemists to see things as a whole, to which the Eastern mentality may render service. In the past
their mentality put Easterners at a disadvantage in the development of natural sciences as stated above, but
after they met the Westerners, and particularly after they succeeded in introducing conceptual and
well-defined terms in their own language without losing their traditional culture, it is to be hoped that the
Eastern mentality may contribute something to the further development of physical chemistry.

Sanichiro Mizushima, A History of Physical Chemistry In Japan, Ann. Rev. Phys. Chem., 23, 1-14
(1972) 7B
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