2.1 THE ROTATION OF MOLECULES

We saw in the previous chapter that spectroscopy in the microwave region
is concerned with the study of rotating molecules. The rotation of a three-
dimensional body may be quite complex and it is convenient to resolve it
into rotational components about three mutually perpendicular directions
through the centre of gravity—the principal axes of rotation. Thus a body
has three principal moments of inertia, one about each axis, usually desig-
nated I 4, Iz, and I..

Molecules may be classified into groups according to the relative values
of their three principal moments of inertia—which, it will be seen, is tanta-
mount to classifying them according to their shapes. We shall describe this
classification here before discussing the details of the rotational spectra
arising from each group. '

I. Linear molecules. These, as the name implies, are molecules in which all
the atoms are arranged in a straight line, such as hydrogen chloride HCI,
or carbon oxysulphide OCS, illustrated below. The three directions of
rotation may be taken as (a) about the bond axis, (b) end-over-end

H——CI
O C S

rotation in the plane of the paper, and (c) end-over-end rotation at right
angles to the plane. It is self-evident that the moments of (b) and (c) are
the same (i.e, Iy = I) while that of (a) is very small. As an approx-
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imation we may say that I , = 0, although it should be noted that this is
only an approximation (see p. 46).
Thus for linear molecules we have:

Ip=1Ic I,=0 2.1)

. Symmetric tops. Consider a molecule such as methyl fluoride, where the
three hydrogen atoms are bonded tetrahedrally to the carbon, as shown
below. As in the case of linear molecules, the end-over-end rotation in,

H\

H——C——F

W

and out of, the plane of the paper are still identical and we have I, = I.
The moment of inertia about the C—F bond axis (chosen as the main
rotational axis since the centre of gravity lies along it) is now not negli-
gible, however, because it involves the rotation of three comparatively
massive hydrogen atoms off this axis. Such a molecule spinning about
this axis can be imagined as a top, and hence the name of the class. We
have then:

Symmetric tops: Ig=Ic.#1, I,#+0 (2.2)

There are two subdivisions of this class which we may mention: if, as
in methyl fluoride above, Iy = I, > I, then the molecule is called a
prolate symmetric top; whereas if Iy = I < I, it is referred to as oblate.
An example of the latter type is boron trichloride, which, as shown, is
planar and symmetrical. In this case I, = 215 = 21

. Spherical tops. When a molecule has all three moments of inertia ident-
ical, it is called a spherical top. A simple example is the tetrahedral
molecule methane CH,. We have then:

H

|

C
W N

Spherical tops: I, =1Ig= I (2.3)
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42 FUNDAMENTALS OF MOLECULAR SPECTROSCOPY

In fact these molecules are only of academic interest in this chapter.
Since they can have no dipole moment-owing to their symmetry, rota-
tion alone can produce no dipole change and hence no rotational spec-

trum is observable.
4. Asymmetric tops. These molecules, to which the majority of substances

belong, have all three moments of inertia different:
Io# Ip# I (24)
Simple examples are water H,O, and vinyl chloride CH,=CHCI.

O\
¥ Dy
H\ /
H Cl
Perhaps it should be pointed out that one can (and often does)
describe the classification of molecules into the four rotational classes in
far more rigorous terms than have been used above (see, for example,

Herzberg, Molecular Spectra and Molecular Structure, vol. 11). However,
for the purposes of this book the above description is adequate.
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