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In accordance with experiment, double-photon scattering by tetrahedral molecules involves their octopole-
induced dipole interaction and translational fluctuations. Quadrupole-induced dipole interaction can cause
second-harmonic scattering by molecules with centre of inversion.

For observation at angle 6 to the incident
beam of intensity /, the horizontal scattering
component of double frequency 2w [1,2] is given
by

Hﬁ = V}%w sin20 + V?,w cosZo (1)
with vertical components given as
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Fy,, and G, describe the optical properties and
molecular structure of the scattering medium [2]
and for a liquid of N tetrahedral molecules:

Fy, = N{BZw(1+ s a?(y- By) 4 u Ry wﬂz(r'lo 7,
(4)
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B9, is the second-order nonlinear polarizability
induced in the molecule by the square of the op-

tical field Ey, [3], and vg,, the third-order polari-

zability induced by Ej and the molecular field F
of electric molecular octopoles § at mutual dis-
tance 7 [4,5]; { ) symbolizes statistical averag-
ing with the radial correlation function g(»).
Terms (#~6) result from translational fluctua-
tion of molecules with linear polarizabilities o
and (»-10) from octopole-induced dipole interac-
tion.

Defining the depolarization ratio Dy, as of
that components (2) and (3), we get by eqgs. (4)
and (5)
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whence one sees that in the absence of molecular
interactions Dy, = (. In evaluating numerically
{r ™), one can recur to Kirkwood's approxima-
tion [6] yielding (z = 4)

(r#) = 4mp f gr)r 2 gy = 47rp (61))__-

p being the number density of molecules of vol-
ume v.

Using for CCl4pV 0.6, @ =10.5 x 10724
cm3, = 0.35 x 10-30 e.s.u. , vy =12x10-36
e.s. u [3] and assuming € = 15>< 10-34 e.s.u. we
get by egs. (6) and (7) Dy, = 0.34 in accordance
with experiment [1]. The value of Q estimated
recently by Weinberg [4] is about twice the value
used above. :

In molecules with a centre of inversion but
having a quadrupole moment ©, the quadrupole
field induces additionally a nonlinear dipole, and
second-harmonic scattering occurs given by

5N ;

Fow = o 7302 (1 +5,)(r™8) | (8)
5N 2 .2 -

Gow = 36 72,0 (19- 256)(r~8) (9)

resulting in a depolarization ratio of the form
Dy = (T+1,)/(63 - 9K,) . (10)

On neglecting the anisotropy of nonlinear polari-
zability K, = (v3333 - ¥1111)/ 37, the depolar;iza-
tion from quadrupole molecules amounts to ;3.
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Eq. (10) permits to determine the value and sign
of the anisotropy Ky, easily, provided measure-
ments are available.

The preceding considerations show that in-
vestigation of second-harmonic scattering by in-
teracting molecules yields information concern-
ing the value of their quadrupole or octopole
moments allowing comparison with the values
from other methods [7].
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