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A direct relationship is shown to hold between light scattering in liquids and nonlinearity of the refrac-
tive index due to reorientation of molecules in the strong optical field of a laser. A discussion is given of
the role, in either effect, of molecular translational fluctuations and electric fields of dipoles and quadru-
poles, causing nonlinear polarization of molecules immersed in a dense medium.

The molecular-statistical theory of dipolar
light scattering in liquids leads to the following
equation for the scattered intensity tensor [1]:
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I = E E* being the intensity of the incident light
with electric field E oscillating at frequency w,
with unit vector e. The indices ¢ and 7 relate to
axes X, Y, Z of the laboratory reference frame,
and 857 is the unit Kronecker tensor.

The factors Fjg and Fy,j4 define respectively
scattering of the isotropic and anisotropic kinds;
in the absence of absorption and internal inter-
ference, when the sizes of the molecules and
their mutual distances are small compared with
the light wavelength A, they are of the form [1]
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where m&p) is a component of the dipole moment
induced by the electric field in molecule p of the
medium (of volume V and containing N molecules);
the brackets () indicate statistical averaging and
A a fluctuation,

In the case when an intense laser beam is inci-
dent on the medium, its refractive index becomes
dependent on /according to the formula [2]
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where [3]
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is the Lorentz-Lorenz function.

The constants A and B in eq. (4) define respec-
tively the isotropic and anisotropic variations of
the optical permittivity tensor #__. induced by
strong light of intensity 7. At this point it is es-
pecially noteworthy that, if solely changes due to
the effect of reorientation of molecules in the op-
tical field are taken into consideration [4], the
constants A and B can be expressed directly in
terms of the factors (2) and (3):
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These relations remain valid irrespective of
the molecular symmetry and the state of conden-
sation of the isotropic medium. The structural
factors (2) and (3) were discussed previously for
several molecular models [1]; here, we shall dis-
cuss them for some models not considered then.
Firstly, we shall refer to earlier work of others
proving that the dependence of the Lorentz-Lorenz
function (5) on the number density p = N/V and
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temperature T of the fluid can be explained on the
basis of statistical translational fluctuations [5],
variations in linear polarizability induced by mo-
lecular interactions [6], as well as nonlinear va-
riations in polarizability and multipole interac-
tions [3,7]. Since the experimentally observed
density-dependent changes in Ry, are but insigni-
ficant [8], the roles of various statistical fluctu-
ations are not easily rendered apparent. We shall
show that a quantity highly sensitive to transla-
tional fluctuations and other molecular correla-
tions is to be found in the anisotropic factor (3).
Let us assume, in the first place, that the
molecules are linearly polarizable and that they
possess anisotropic optical properties described
by a symmetric polarizability tensor ayg. In the
case when the medium is sufficiently dense, as
a result of Yvon-Kirkwood statistical fluctuations
[5] we can write, without taking into account the
Jansen-Mazur effect [6] and to within dipole in-
teractions 3],
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of dipole-dipole interaction between molecules p
and g at mutual distance 75, << A,

On inserting into eq. (3) the expression of the
zeroth approximation of the expansion (8), and
on omitting molecular correlations of the angu-
lar kind, we obtain
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where we have introduced the principal polariza-
bilities @1, @g, a3 of the isolated molecule.
Hence, for the case of isotropically polarizable
molecules (a1 =09 =Q@g = a), the anisotropic
factor Fy 0) vanishes and, in accordance with
eqgs. (1), ?1159 and (7), nelther anisotropic scatter-
ing nor optical birefringence occurs.

On the other hand, if one inserts into (3) the
full expansion (8), the contribution from the first
approximation (the terms linear in the dipole in-
teraction tensor (9)) vanishes by averaging over
all possible orientations of the molecules, and it
is the contribution from the second approximation
that is non-zero. This, for the case of axially
symmetric molecules, and to within pairwise
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correlations, is of the form
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here « = (2a3 -aq- ozz)/Goz is the optical aniso-
tropy and

) =p [ e Ay, (12)

where g(rpq)_is the distribution function of radial
molecular correlations,

The contribution of eq. (11) presents a result
of particular interest, since it does not vanish
even if the isolated molecule is not anisotropic
optically, ¥ = 0. In other words, owing to trans-
lational fluctuations, an assemblage of mutually
correlating atoms or isotropic molecules pre-
sents a non-zero effective optical anisotropy [1]
giving rise to anisotropic light scattering and op-
tical birefringence.

On closer inspection it is found that, on in-
serting into (3) the first approximation of (8) and
on carrying out statistical averaging with a Boltz
mann factor exp(- W/ &7) containing the potential
energy Wof dipole dipole interaction [1]
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with u denoting the permanent dipole moment of
the molecule.

The contribution of eq. (14) is seen to be ne-
gative for molecules presenting negative optical
anigotropy k < 0. Takatsuji [9] recently obtained
a reduction in effective optical anisotropy in lig-
uids by recurring to a particularized model of
two parallelly oriented nondipolar molecules.

Numerical calculations of the contributions
(11) and (14) involve computing the mean values
of eq. (12). This can be achieved with sufficient
accuracy for the case of real gases by using a
radial correlation function with the Lennard-
Jones potential [3,7]. In a number of cases, eva-
luations for liquids can be usefully made using a
model of hard spheres of diameter d, when [5]

0for v, <d,
g(”pq) _ ba
1for rp, > d,

and one now obtains for m = 4
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v = nds/ g being the volume of the molecule.

On the other hand, the anisotropic factor
Fynig can be determined experimentally by means
of the following formula resulting from eq. (1):

P 153 4R D
S " 16412+ 2)%(1+ D)’
which contains the Rayleigh ratio R and depolari-
zation ratio D directly measurable in experiments
on light scattering [1].

Fanis can moreover be determined from meas-
urements of the optical birefringence induced in
a liquid by intense laser light [10] recurring to
the formula of the optical Kerr constant

B = 1277\"127( 3n2) ("i+2> Fanig, (17)

where » and ny, are, respectively, the refractive
indices for the wavelength X of the weak measur-
ing light beam and for that (\f, = 6943 &) of the
intense laser beam. Eq. (17) is readily seen to
be a direct consequence of eqs. (4) and (7).

As obvious from table 1, the theoretical mod-
el used here leads to values for Fypig that are
considerably larger than those determined from
measurements of light scattering [1] and of the
optical Kerr effect [10]. Our theoretical calcu-
lations based on the model of eq. (15) were car-
ried out on the assumption that pv = 0.6, which
is true-for most liquids. An assumption of pv = 1
would have led to theoretical results closer to
the experimental ones. It seems, however, that
the divergence between the values in table 1 is
due not only to the approximate nature of the
model of eq. (15) but moreover to the omission of
other molecular factors [3,6,7], which are able
to lower the value of Fyy .

(186)
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One such factor can reside in the nonlinear va-
riation caused in the effective polarizability ten-
sor by fluctuations of the electric fields of the di-
poles or quadrupoles of neighbouring molecules.
Namely, we have [3]
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whereBa andya 5 Are tensors of the hyper-
polarlzablﬁty of molecules [11].

If we take into account the electric field due to
dipolar molecules of the medium [1]:
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then by egs. (3), (13) and (18) we have in a first
approximation, on neglecting anisotropy of the
hyperpolarizability tensor,

Pk =rotuo09), (20

where 8 = (8113 +B923+8333)/3 is the mean hy-
perpolarizability of the first order.

Likewise, considering molecules having a
quadrupole moment © only, we obtain [1,12]
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and, in a second approximation for axially-sym-
metric molecules

where y = Yaapd 9 is the mean hyperpolarizabi-
lity of the second order.

Elsewhere [13], calculations have been made
of yet other contributions to Fuy,iq from disper-
sional and inductional interactions; however,
these are of secondary importance,

Table 1
A comparison of the theoretically calculated values of the anisotropic factor Fynig» in 1026 em3, and the values
found by recurring to experimental results [1,10].

- : heor
Theoretical values of anis

Experimental values

Liquid FQiseq 110  Filg eq. [14]
Carbon tetrachloride 0 0
Chloroform 0.45 -0.13
Carbon disulphide 10.22 0
Benzene 2.65 0
Toluene 3.41 -0.87

Nitrobenzene 4.90 ~2.64

Fi8lseq. (111  FSS®  Eq.[16]  Eq. [17]
2.13 2.13 0.11 0.11
1.48 1.81 0.65 0.34
8.77 18.32 12.72 6.16
3.22 5.67 2.20 0.77
3.61 6.14 2.72 1.72
5.25 7.51 12.15 5.22
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As we see, the additionally calculated factors
(20) and (22) are negative for molecules with ne-
gative anisotropy . It is to be regretted that, as
yet, approximate values of 8 and ¥ are known on-
ly for some few molecules [11], among which the
molecules noted in table 1 are not. Attributing
the divergences of table 1 to nonlinear polariza-
tion of molecules, it would be feasible to recur to
formulas (20) and (22) for gaining estimative in-
formation regarding 8 and y. In this way, simul-
taneous investigation of anisotropic light scatter-
ing and the optical Kerr effect in liquids can pro-
vide data on the nonlinear optical properties and
electric moments of molecules and on the molec-
ular structure of the medium.
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