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The influence of an external electric field on the spectrum of
depolarized light scattering by a dilute suspension of anisotropic
ellipsoidal particles in a simple liquid was considered. The wing
of the Rayleigh line has a non-Lorentzian shape in the electric
field and has a fine structure as additional local maxima in the
spectrum. The position of these maxima can be controlled by
changing the value of the constant electric field.

In the last years, a considerable attention has been paid
to the study of the influence of an external electric
field on the rotary Brownian motion of foreign particles
embedded into a liquid [1—5]. Changes in the character
of the thermal motion of Brownian particles are vividly
seen in different spectroscopic experiments. Theoretical
description of the results of spectroscopic investigations
is based upon the method of time-correlation functions
(CFs) of various molecular variables [6].

In the present work, we study the spectra of
depolarized light scattering by a dilute suspension
of Brownian particles with uniaxial symmetry in an
external electric field. The wing of the Rayleigh
scattering line for dilute suspensions of foreign particles
can be considered to be caused by the rotational motion
of particles, and changes in the scattering spectra can
be referred to the orientation of particles in an external
electric field. The foreign particles are modeled as rigid
ellipsoids of revolution, which have anisotropic electric
characteristics and acquire only an induced dipole
moment. As in [7], the memory effects are explicitly
taken into account and the rotary motion of foreign
particles is regarded as a non-Markovian stochastic
process. It is shown that, in the presence of an external
field, the spectrum of depolarized light scattering has
a fine structure and it is of a non-Lorentzian type. The
position of the additional lines in the scattering spectrum
can be controlled by changing the value of the field.

Let the vertically polarized (along the z-axis)
incident light propagate along the y-axis of the
laboratory frame (z,v,z), and let the horizontally
polarized scattered light (in the zy-plane) be detected
along the z-axis. Under the chosen scattering geometry,
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the spectral density of scattered light is proportional to
the Fourier representation of the CF for the components
of the symmetric traceless polarizability tensor of a
particle

1" (W) ~ {aw: (g (1)), (1)
where the angular brackets denote the averaging over
the thermal motion. The constant electric field is
assumed to be oriented along the z-axis. Instead of
Cartesian components of the polarizability tensor, we
introduce the independent components of the second-
rank spherical tensor ay (A = 0, £1, £2) [8] in a standard
way. The orientation of the molecular frame (z',y’,2')
with respect to the laboratory one is determined by the
Euler angles 3(¢,, ). Under rotation of the particle,
this spherical tensor transforms as

Z p® (3 (

v=—2

) o, (0), (2)

where Df},z is the generalized spherical function (Wigner
rotation function). Thus, the spectral density IV (w) of
scattered light is expressed as

1
—iw+ — +k*D, (3)

1
IVH(w) ~
1 T20

5 16O ¥i5 (p).p =

where 75 is the relaxation time of a particle orientation,
k is the scattering vector, D is the translational diffusion
coefficient, and \I!,(f,), (w) is the Fourier representation of
the CF normalized to unit

<D£}3(t)D,‘}3*(0)>

(1) —
o) () = N (4)
<‘DW(O)‘ >
Due to the smallness of the anisotropy of
translational diffusion, the translational Brownian

motion of an ellipsoidal particle was represented by
one translational diffusion coefficient D = (2D; +
D3)/3, which is calculated as the mean of the principal
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values of the translational diffusion tensor D; =
D, # Ds. Since we investigate a dilute suspension of
foreign particles, the translational and rotary motions of
Brownian particles are considered independently. The
action of the external electric field essentially influences
the character of the rotary motion of particles in a
suspension. The study of the orientational motion of an
ellipsoidal particle is closely connected to its rotation,
i.e., to the vector of the angular velocity. The vector
of angular velocity of the particle can be viewed as the
sum of two parts - the stochastic part of the angular
velocity €37(t), which arises from the random Brownian
motion, and the regular part 3°(¢) due to the action of a
constant external electric field. The analysis of dynamic
correlations for the orientational motion of ellipsoidal
particles embedded into a liquid is carried out in terms
of the time CFs of bilinear Wigner functions (4). The
evolution of Wigner functions in time is governed by the
following equation [8]:

%Dﬁl(t) = —i ;; [QR(8) + QX(O] D) (#) {Ip | In] 1v) (5)

where (... |I|...) are matrix elements of the projections
of the rotation operator on the coordinate axes of the
molecular frame in units of A.

The regular part of the angular velocity of an
ellipsoidal particle in a constant electric field has been
found from the solution of a boundary-value problem of
electrodynamics and it has the following form [1]:

ﬁ%ﬂ::—a(ﬁ-ﬁ)Pixﬁ], (6)

where 77 is the unit vector oriented along the symmetry
axis of an ellipsoid, and o determines -electrical
properties of the particle and the fluid. With the help
of Eq. (6), one can easily obtain the expression for the
angular velocity components via Wigner functions. We
will formally integrate Eq. (5), put the result obtained
in the right-hand side of the same equation, then we
will multiply the obtained equation by DE}B*(O), and
make average over the thermal motion. In the equation
obtained for CF (4), we use an approximate procedure
of decomposition of a CF of the product of four Wigner
functions into the sum of products of CFs of bilinear
Wigner functions, which is analogous to the procedure
employed for the unit vectors in [1]. By doing this, we
retain higher correlations for the spherical harmonics.
Taking into account the homogeneity of proceeding
processes in time and regarding approximately the
statistical properties of the stochastic part of the angular
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velocity as delta-correlated, we obtained finally the
integro-differential equation for the time CF's (4),

t
d [(1+1)—v?
amg@:_l_gg__/mm%@—wm&wy
E
0

1+1) -2
—(01, + 5—1,u)5271507v(3#
)

t
« / dt'wl) (¢ — yw @y — 1wl ()
0

where 73, is the relaxation time of a particle orientation,
and 7g is the characteristic time of a change in the
induced dipole moment in the external electric field,
which are defined as

1 =11+ 1)01 +1* (05 — 0), (8)

Tiv

L2 (oo ). o)

Here, ©; are the principal values of the rotational
diffusion tensor of an ellipsoid of revolution (0, = @, #
03).

Note that Eq. (7) has been derived under the
assumption of smallness of the characteristic relaxation
time of the angular velocity 7 in comparison with the
relaxation time of a particle orientation 7, 7o < 7.
Averaging over orientations and angular velocities of a
particle was carried out independently.

The sought function \If%) (w), which is necessary
for the determination of the spectrum of depolarized
scattering (3), can be found from the nonlinear
differential equation of the first order

—

v (0) 99 (w)

1
+ (—iw + —> \Il%) (w)+
720

T2 A (iw)

3 2
+ 5 [ )] =), (10)
TE
which is obtained after making the Fourier

transformation of Eq. (7) for | = 2, u = 1, and v = 0.
Eq. (10) in dimensionless variables @ = w7y and \Tl%) =
\115%)/720 with the initial conditions Im\fl%) (0) = 0 and
Re\ff%) (0) = 1 was solved by a numerical integration. In
Figure, the spectra normalized to unit for depolarized
light scattering IVH# (@) = IVH(w)/IVH(0) are shown
for different values of the dimensionless electric field

571



A.V. KYRYLYUK, A.V. ZATOVSKY

Dependence of the light intensity normalized to unity (arbitrary
units) on the dimensionless frequency & = wyg for different values
of the external electric filed (1 — G = 0.1, 2 — 0.5, 8 — 1.5, 4 —
2.5, 5 — 3.5). The Lorentz line obtained without constant external
field is represented as well (6 — G =0)

parameter G = (ng/TE)2\II%) (0) ~ E*. We also show
the scattering line without external field (curve 6), which
has the well-known Lorentz form with half-width Aw =
Ti—o + k2D [1]. This curve is obtained from Eq. (10) in
the limiting case G = 0.

From Figure, one can see that, in the presence of
an external electric field, the spectrum of depolarized
light scattering is not a Lorentzian, but it has a fine
structure in the form of one or two maxima. By varying
the external field, both the shape of the spectrum and
the peak intensity of these additional maxima change.
Upon increase in the electric field, the position of
the maxima on the axis of frequencies shifts towards
higher frequencies of the Rayleigh wing. The presence
of an external electric field changes the character of the
Brownian rotation of ellipsoidal particles, which results
in the shape transformation of the wing of the Rayleigh
line. As seen from Eq. (10), a change in the orientation of
ellipsoids in a constant electric field is a highly nonlinear
process, which complicates a more detailed analysis of
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the spectra. The strong dependence of the shape and
spectral composition of the wing of the Rayleigh line on
the electric field enables us to control changes in the
scattering spectra by varying the external field.

The authors acknowledge A.Ya. Dzyublik for helpful
discussions.
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JIO TEOPII JIEIIOJIAPU30BAHOI'O PO3CIAHHS
CBITJIA BPOYHIBCHbKNUMU YACTUHKAMN
Y 30BHIINTHBOMY EJIEKTPMYHOMY ITOJII

A.B.Kupuatox, O.B.3amoscvkuti
Peszwowme

P03I‘.TI?IHyTO BILJINB 30BHiH_[HI)OI‘O CJICKTPUYIHOI'O IIOJISA Ha CIIeKTP
eNOoIsIPU30BAHOTO PO3CIFOBAHHS CBIiT/IA CYCIIEH31€I0 aHI30TPOIHUX
esincoifanpHUX YACTHHOK y mpoctiit pigumi. Kpumo minil Penes
Mae He JIOPEHTIEBY (pOpMY B eIeKTPUIHOMY IO, & TOHKY CTPYK-
TYypy y BHIVISAI AOZATKOBHX JIOKAJLHUX MAKCHMYMIB y CHEKTDI,
[IOJIOXKEHHST SIKHX MOKe OyTH KOHTDOJbOBAHE MIISXOM 3MiHH Be-
JIMYWHY [OCTiHOrO 30BHINIHBOTO ITOJIA.
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