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THE OPTICAL ACTIVITY OF METHANE
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We examine whether a methane molecule is optically active by virtue of ifs retation. We conclude that methane gas at
To0m temperature can h(., regarded as an enantiomeric mixture of twa components, each of which rotates the plane of
Hght by about 1 rad m™! but in opposite directions.

The methane molecule has an electric dipole moment in its ground electronic and vibrational state.[1]. It arises
from the effects of moiecular rotation reducing the tetrahedral molecule to axial symmetry: the effect is small
and the magnitude of the dipole is only about 10~6 D. The question raised by this interesting observation is
whether methane also shows other properties which simple ideas appear to exclude. The property to which we
address ourselves in this note is whether methane is optically active as a result of its rotation.

The classical argument underlying the optical activity can be stated quite concisely. A molecule is optically
active if its polarizability differs for right and left circularly polarizable light. A molecule rotating in the same
sense as the electric vector of the light might have a polarizability different from that of counter-rotating molecule.
Therefore a gas of methane molecules rotating in one sense will rotate plane polarized light. Of course an equili-
brium ensemble of methane molecules rotates in both senses, and so the net activity is zero. Nevertheless it re-
mains true that ordinary methane is properly regarded as optically inactive not because of the intrinsic inactivity
of the molecules but because it is an enantiomeric mixture. Alternatively one can envisage an application of the
birefringent properties of the molecules to a sorting process involving laser light scattering from a molecular beam.

The magnitude of the intrinsic activity can be calculated without much difficulty. We consider a molecule in
the state |0, JKAM) with the space-fixed z-axis along the direction of propagation of the light. For 4 path length
£ through a sample of number density 9, assuming a Lorentz local field correction, the angle of rotation is [2]

8¢ = (Lwf2c) (nﬁ_—nr‘__) = (1.0 Ncs/dcey) (o~ ayy),

where w is the frequency of the light and « is the polarizability tensor. Note that this result relies on only elec-
tric dipele interactions, unlike conventional optical activity which reguires one magnetic dipole interaction. In
normal circumstance (non-rotating molecules) & is symmetric and so ¢ = 0; in the presence of rotation it is not
symmetric.

The po]arizability tensor in the presence of light of frequency ¢« is [2]

O'-(W) (I/F} E [de :10/("‘) 0 + w) +d OdOJi/("‘)f?O - w)]

and infroduction ofthe sperical fensor components —er(l) =527 12 d, = id), }{and werél) =d,}leads to
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The matrix elements can be evaluated by standard angular momentum techriques, and 7 should be interpreted as
the states |z, J'K M) accessible from the state |0, JKM). In tetrahedral symmetry {which is assumed to be main-
tained throughout) the transition dipoles between electranic states are isotzopic in the sense that (U] mln}(n[rmj{))
=(— l)qlz 2.r ( ) now being components in the rotating molecular frame. Then since

<n,J1<M|Tg‘)m,JKM>=1f” KKy Mo s 1) (7 + D)2
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after some manipulation we arrive at
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In this expression wy_ P R 2B, wyy o = g, and Wypg, gg = Wpp t 2B(J + 1), where B is the rota-
tional constant and %, are the electronic excitation frequencies.

We now obtain an aPproxxmate form of the last equation by retaining only terms first-order in the rotational
energy [we take (28/)" < (wno — w?)]. Then one obtains the simple result

2, e wew o lzp 12
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As expected, different signs of rotation are predicted for different senses of rotation of the molecules (different
signs of M). Henceforth we shall write the coefficient of M as ¥ so that

6o =MR.

The magnitude of &¢ can be estimated as follows. For a 1 m path length through a gas at 1 atm pressure at
room temperature, taking B =5.24 em 1, using 600 nm light, supposing that w, 5 = 2w, and with fezg,
~ 3 X 1030 C m), gives 56 ~ 2 rad when M = 10,

This calculation can be extended to a symmetric top and the angle of rotation then depends on the quantum
number K as well as M, but no significant differences appear.
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