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The discrimination energy between two optically active molecules is calculated using a non-perturbative method.

Results of Craig and coworkers emerge as a limiting case.

Craig et al. {1, 2] have recently calculated the dis-
persion energy between two optically active molecules
using quantum mechanical perturbation theory. In
this note we derive this energy by a simpler semi-
classical non-perturbative method. Our treatment is a
generalization of earlier work by Mitchell et al. [3, 4].

The interaction energy arises from mutually in-
duced polarization. Following {1, 2] we define a space
coordinate system with origin at dipole I and positive
Z axis along the line joining the two dipoles. The
principal axes of the polarization tensor of each dipole
have arbitrary orientation with respect to the space
coordinates. If P(1,#) = P(1)e~iw! and M(1,0) =
M(1)e™ w1 are the instantaneous electric and magnet.
ic dipole moments of molecule 1, the electric and
magnetic flelds at the second dipole are

E(L,D=TP()e~ @, H(1,1)=TM(1)e™ ! (1)
where for non retarded interactions
T=—r"3(1-3#). (2)

We now specify the response of our molecules to
these fields according to constitutive equations sug-
gested by Condon [5]. Thus:

P =a(DE(1) +iwP2)H(1), 3)

M(2) =—iwB(2) E(1) + p(2) H(1) . 4)
@, B and g are the electric polarizability tensor, optical-
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rotatory pseudo tensor and magnetic polarizability
tensor in the space coordinates. We can now eliminate
the fields E and A from egs. (1), (3) and (4) to obtain

) =Q2)1r{1), (5)
where ]

[Py 1.  adT  iwB@T
(o) = [M(a)] > 2@ [—iwﬂ(z)T rT |-
(6)

Molecule 2 in turn polarizes molecule 1. We immedi-
ately obtain the following dispersion relation for al-
lowed modes

D(e) = Det [1 —Q(1)Q(2)] =0. (7N

In terms of this dispersion relation, the complete in-
teraction is [6]

) = (B/2m) f dt log D(if) . (8)
0

The dispersion relation and interaction energy simplify
if we assumne 7 is large (a/r3, wB/r3, ujr3 < 1). Sub-
stituting (7) into (8) we then expand the logarithm and
retain the leading term. Thus

W) ~ (1/27) f 4t Tr{-a(1)T=(2)T
0

+2£28(1TB()T —p () TR(D T} . 9)
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The first term yields the usual London dispersion
energy. The third term is the magnetic dispersion
energy which we shall not consider further here. The
second term yields the discrimination energy since B
is different for dextro and laevo optical isomers of
the same molecular specijes.

Following Craig we now assume that each mole-
cule is free to rotate about one of its body axes, say
Z'. After averaging over the appropriate angles, the
discrimination energy is

l_fdisc(’) = (1/2m)(2/r®)(cosy—3 cosd c0562)3

X'fd2533(1)ﬁ33(3)- (10)
0

v is the angle between the two molecular body Z'
axes. 6, and 8, are the angles between the body Z’
axes and the common space Z axis. Now we take (33

to be of the form

2R (e)fhw(e)

By3(@) =22 (11)

R 1+[Ew (@]

where R,, is the rotational sirength for the absorption
of frequency ¢w,,. Substituting (11) into (10) and do-
ing the £ integral yields finally

Vaie(F) = (2/r®)(cosy—3 cos8, cosf,)?
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R, (DR, ()
Blow, (D+w, (23]

X 22

mn

(12)

This is identical with the results of Craig and co-
workers (see eq. (2.21), ref. [2]). We note that like
isomers repel, unlike isomers attract each other.

The method used here can be readily extended to
more complex systems. Retardation effects can also
be treated. These additional features will be discussed
elsewhere.
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