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The aim of the present paper is to give an account of the effect of
interaction between optically anisotropic molecules on the scattering of
light in liquids, based on a method previously elaborated [1].

Let us consider a volume V of the liquid placed at the origin of’
a system of reference (z,y,z2), and illuminated by a beam of natural
light. We assume the linear dimensions of the volume V to be small as’
compared to the incident wavelength, and the volume large enough to
contain a great number of molecules. ‘

The component in the direction s of the intensity of the light scat-
tered by the volume V is given [2] by the equation:

e () Ao ],

where 1 denotes the wave-length in vacuo of the incident beam, ¥ — the.
distance from the origin to the point of observation, p, — the electric
moment of the ¢-th molecule induced by the electric vector of the local
field If’ of the light wave, s — the unit vector perpendicular to # and
determining the position of analizer, forming the angle 2 with the
vector f’o

The magnitude (4 Z Pq- §)%>g represents the statistical mean value

of the square of the ﬂuctuatwn of the s-component of the electric mo-.
ment in volume V. Assuming Gibbs’ distribution, the following relation
holds for a system in thermodynamical equilibrium:

Ug+Uy
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here, C, denotes the normalization factor, & — Boltzmann’s constant,
T — the Kelvin temperature of the system, dr, — the configurational
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element determining the position and the orientation of the g-th mo-
lecule, Ug — the potential energy of the system in the external field &
and Uy — the potential energy of the interaction existing between the
molecules of the liquid.

Let N be the number of molecules within volume V; we then have,
for the fluctuation of N and p,:

(3) AN = N—(N>g and Ap,= pg— P

and Eq. (1) may be rewritten as follows:

4) Is—(?‘f) (((AN)2>5<pq s>g+(( VAp., )>g)

where the average number of molecules in V has been denoted by N.
The magnitude

27\ 1 2 - -
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represents the part of the intensity I, scattered as a result of fluctuations
of the density of the medium, whereas

o A S A S,

is the intensity of the light scattered as a result of fluctuations of the
moment of the molecule, that is, as a result of fluctuations of its aniso-
tropy and orientation and, consequently, of its interaction with other
molecules.

The value of the mean square fluctuation of the number of mole-
cules, ((AN)*>g, within the volume V of the liquid, was computed by
M. Smoluchowski [3] and A. Einstein [4], and is given by the equation

(7) (ANYg=yN; y=pNkT,

wherein Ny,= N/V is the number of molecules in unit volume, and

B=—= (g% ) — the coefficient of isothermic compressibility of the medium
T

(v denotes the specific volume, p — the pressure). For an ideal gas, y= 1.
In the weak field of a light wave deformational effects may be ne-
glected. Hence, for the ¢-th optically anisotropic molecule we may write

(8) Po- s = Z a%a@pOF, — 2‘ 3o P20f0aPBPR,,
ikl
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wherein a;; are the components of the tensor of optical polarizability
_of the molecule, o, o and g2, 8P — the directional cosines de-
termining the orientation of the ¢-th and p-th molecule within the sy-
stem of reference (xz, y, 2) with regard to the vectors F and §, o®? _
is the cosine of the angle formed by the axis ¢ of the system (X{) and the
axis k of (Xi®) (X)), (X}?) are systems attached to the p-th and
q-th molecules respectwely), and 7, j, k, | — summation indices taking
the values 1, 2, 3.

Assuming the tensor of optical polarizability of the molecule ay;
to be referred to the principal axes, on isotropic averaging we may re-
write Eqs. (5) and (6), with regard to (7) and (8), as follows:
7w (2:;:)4 N cos2.Q \W 0 0

®) E) et @ik

s N cos*2 +3 N s
10) 10— (Ff TR Mty Z Bolfa? 1) B

the constant index p refers to the molecule whose posmon has been
fixed.

After substituting (9) and (10) in the fundamental expression (1),
a general formula determining the component of the light scattered by
the liquid is obtained:

2r\¢ N (n*42
a  L-5(%) 1,2( TR aha
if

N
. [cos22 cos2 1+ 3 Y
N ( y+ 252 <Z 20 (m)_1)>)’

9 Wij W4

g=1
wherein I, denotes the intensity of the incident beam, n — the optical
refractive index and:

. _Ux
(12) X(wg)y = [[ . [ X(0g)e T drydr, ... dry .
It is worth stressmg that the expression

/ Z (3 w(m) wggq) 1)>

appearing in (11) and defmmg the molecular interaction of the N mo-
lecules present in the volume V of the liquid also enters the formulae
describing the Kerr and Cotton-Mouton constants and those yielding
the variation of the permittivity in strong electric and magnetic fields
[1], [3]-[7]. Thus, e. g. we have, for the Cotton-Mouton constant,

N, /n®+2\2 ;
(13) GZRTETO (%) 2 (3cifnf ciigs + amﬁ Z (Bofof” 1) / )( ) '

1
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and for the Kerr constant

aN, (n® +2\2 . aas;

“3n 4_.4 kT
7
4 i / N @ ) @il (P00, I7) _
(X o kz&zQZ solf?olf? ~of?))(5)
g=1 / g=1 r=1

with u; denoting the components of the permanent electric moment of
the molecule, af; and aj; — those of the tensor of electric and magnetic
polarizability of the molecule, respectively, b, ¢if; and ofjy — those
of the tensors of electro-optical and magneto-optical deformation of the
molecule, E and H the applied electric and magnetic field strength and
F. and ¥, the local electric and magnetic field.

The degree of depolarization of the light scattered by the liquid
(if the primary beam is not polarized) is given by the following general
expression obtained from (11):

N
N N
6 Z “uay Z (3603?’1)“)3‘@ —1),

(15) D, = =k )
zauaw(wy 2(%"’%?” 1))

q=1

Similarly, expression (11) yields a general formula for the light
scattering constant of a liquid:

16) B=3(2) (552 w0 Y et (v + 30 ,_/J<3 otpulg 1))

Tor molecules having axial symmetry, aj, = ag, 7 a3, and expres-
sions (15) and (16) take the form

. pEer T

and

(18) R= T+ 5 i Ron)
where

N Z
(19)  Row—13{ (3c0s20,—1)) =14 §{ > (costbp— 1)),
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represents the so-called correlation factor accounting for the molecular
interaction of the molecules of the liquid; 6, denotes the angle be-
tween the axis of symmetry of the p-th and that of the ¢-th molecule
and Z — the number of neighbours of a molecule

© 0 0
Og3— Qay

(20) 8 =

“gs 42 “21

is termed the optical anisotropy of the molecule.
Similarly, from (13) we obtain, for the Cotton-Mouton constant

(for ¢ = 0):

Bodmm (n2—1)(n2 L 2) [F\b

D) — 0 . - m )
(21) C= forrw, " i) o
and from (14) for Kerr’s constant (for pu;= bij = cify = 0):

_ Oobeze (m2—1)(n*+2) (Fo\}
(22) K = 05T, s (F Rowy
where

m m [ e

(23) == BT apq g, SBT 0L

T m m
g3 -+ 204,

represent the magnetic and electric anisotropy of the molecule; y,, and .
are the magnetic and electric susceptibilities and Ry, is defined by
Eq. (19).

On neglecting molecular interaction (Uy = 0), we have

(24) _chy[: 1-+ gZ(OOSz_e_— 1,)) =1

and the formulae (17), (18) and (21), (22) obtained take the form of
those already known, applying to gases and liquids [2], [8]-[13].

The correlation factor Ry given by (19) has been obtained recently
in the theory of the effects of molecular orientation [1], [7]. At an earlier
date, A. Piekara [9], [10] calculated R¢y in the theory of the Cotton-
Mouton effect for dipole pairwise coupling of the molecules in the liquid.
Quite recently, A. D. Buckingham [5], in his theory of the second Kerr
constant virial coefficient, calculated (R¢j—1) for various forms of the
interaction energy of two molecules.

If the correlation factor Ry be determined from Egs. (17), (21)
and (22) using experimental values of D,, ¢ and K, the magnitude of
the effect of molecular interaction on the scattering of light in a liquid
is obtained, and thus the consistency of the theory is put to the test.

The following table brings the values of the correlation factor Rep,
for a number of polar and non-polar liquids; it will be seen that the
values of Rey as obtained from the various effects are nearly the same.
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TABLE

CH, | CH, | 08, [CH,CH,| CHC, | C,H,Cl |CH,NO,

u- 10" 0 0 0 0.37 1.05 1.6 42

Fem from the degree of |\ . | 106 | 0g3 0.91 1.24 1.56
depolarization of light

Ko from the Cotton- | o) | 094 | 1.02 1.05 1.35 1.68

Mouton constant
Rcm from Kerr’s constant | 0.57 0.47 0.83 — — — —

The constant of scattering of light in benzene was given as R =
= 48-1071 em.”® by C. Carr and B. Zimm [13], whereas measurements
by J. Cabannes, recently corroborated by M. Harrand [8], [13] yielded
R =28.10"% cm.7* (for T = 298°K, 1 = 4360 A).

On calculating the coefficient of scattering R from Eq. (18) we ob-
tained the following values: R = 27.10-¢cm.! for Roy = 0.52 as com-
puted from the degree of depolarization of scattered light (17), R =
= 30-107% em.™! for Rgy = 0.62 as computed from the Cotton-Mouton
constant (21), and R = 28.5-10"% cm.™* for Rcy = 0.57 as computed
from Kerr’s constant (22). Thus, the present theory will be seen to be
in satisfactory agreement with the measurements of J. Cabannes and
M. Harrand. .

A detailed account of our work will be published in Acta Physica
Polonica, where a full list of references will be given.

The author wishes to express his sincere thanks to Professor A. Pie-
kara, Director of the Laboratory of Dielectrics at the Institute of Physics
of the Polish Academy of Sciences for his valuable advice and for sug-
gesting the present problem.

Summary

A previously elaborated method [1] was applied for determining the general form
of the effect of molecular interaction on the scattering of light in a liquid. This effect
is determined by the correlation factor Rea already obtained in the theory of the ef-
fects of molecular orientation [1], [7]. The value of R¢a has been computed for a num-
ber of liquids from the degree of depolarization of scattered light Dy, from the Cotton-
Mouton constant C and from Kerr’s constant K.
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