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PARTICLES AND ITS APFLICATION TO KERR EFFECT
I. LONGITUDINAL POIARIZATIORK IN A COKSTANT ELECTAIC FIZLD.

Abstract

The problem of the double layer polarization of elongated
spheroidal charged particles in an electrolyte solution is di-
scussed, The nonconducting elongated ellipsoidal particle,em=
bedded in the electrolyte, is assumed to acquire a surface
charge,compensated by the surrounding counterion atxzosrhere,
forming the double layer. The double layer thickness is assu-
med to be smally G‘C‘lC{.»’l where ! is the reciprozal De-
bye radius and a is the particle radius. The electric ‘po-
tential Lf is found inside the particle for the case of the
constant external electric field E [ <L ,applied parallel
to the symmetry axis of the particle. The Laplace eguations
are solved for the dostribution of the potential ‘P and

the electrolyte concentration C = with the bouncdary condi=-
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tions describing the diffuse double layer in the model of

Durhin and Sailov / Kolloidn.Zh.,31,n0.5,706 (1969) and
36,n0.6,1133 (1974) /. The effective electric field - E_,.(a)
is then found inside the ellipsoidal particle. The polariza-
tion energy,associated with the induced polarization of the
ellipsoid and the surrouniing medium is calculated,then the
steady-state specific Kerr constant is found,following the
0‘Konski and Krause /J,Phys.cnem.lﬁ,no.17,3243,(3970) /

approsach.

1. Iniroduction

The problem of the polarization of the double layer of
particles,embedded in the solution and its infiuence on the
dielectiric pro;a;ties of disperse systems and polyelectroly-
tes has been widely studic. in recent years. The physical
and chemicel properties of particles in the solution,which
are of great interest / for instance DWA, TMV , solutions
of biological molecules / can be investigated by means of
electrooptic phenomena. In the theory describing the electro-
optic propérties of the particles in the electrolyte solution
the effect of the double layer polarization plays an impor-
tant role.

In this work we consider the longitudinal / part I / :
and lateral / part II / polarizability of the nonconducting
charged spheroidal particles,embedded in the isotropic die-

lectiric and conducting solvent,placed in & constant electric

field E . The double layer polarization model we use is
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based on the approach proposed by Dukhin and Shilov [3,4,1ﬂ
The results are applied to the theory of the Kerr effect,as
developped in works of O’Konski and Krause [9] .

When the system of nonspherical macromolecules in the
solution is placed in Xhe external constant field E , the
molecules tend to orieant in the field. The rate of tae orien-
tation can be determined by the birefringence effect. For
the conductinz solutions one his to consider the steady -
state effects [10] « The specific Kerr constant K__- for

the steady ~ state birefringence at low electric fields is

_ An

1.1 KSP,‘ nEC,

where (A n 1is tae difference between the refractive inii-
ces parallel and perpendicular to the electric field direc-
tiony E = the field, cs = the volume fraction of the molc-
cule,

Let us consider the system of rigid,nons;nerical salro=
molecules represented in the shape of the prolate ellissoid
of revolution,with the semimajor axis a and the seriminor
axes _b=c , enbedded in the dielectric solution, The tatal
energy change caused by isetting a dielectric rolecule in

the dielectric mediun is [9)

1.2 U =Wt Uy

Here U, is the dipole intéraction energy given as

1.3 1/L1::7M{LEEQf'/LLEEL _/U1;E:C
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£y is the dielectric constant 'of the solvent,
is the principal value of the Ziclsctric coastant

elllpsons alonz dts A& "axis.

«€rsy associated with the induced polarization,denoted

= f et X -
in (1.2 ) ,for the case of nonconcducting particles

in dielsctric mecium is given [3,9,11]

U= o ([ (6B Her EELE # (6 -EIEE JAY
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where the integration is over the molecule volume v .,
E, ,B, and E, are the internal effective field components,
directed along the axes a, b and c,defined in (1.4). E is
the external applied field.

In the case when botk media are nonconducting,the polari-
zability coefficients Ba',Bb ani B, depend only on the
geonetry of the system and the dielectric constants 64, Eb
Having the polarization energy U (1.2)o0ne can calculate

the specific Kerr constant Ksp
1.7 l-( °L“ (%a ‘%L)( ~PtQa=Qy)

where (ga - gb) is an optical anisotropy factor, Pa,Pb

are the permanent dipole terws and Qa, Qb = the induced

dipole terms,found as [§,7,9 - 1%]
2 2 —
S B = B (E) ey A, T

1o Qe Q= pr{BaleXEr€) - BulE)Ee-€1))

Eg, - the permittivity of the vacuunm

The model of the nonconducting uncharged molecules iﬁ-
mersed in the nonconducting medium, being rather far from
the reality,did not give the proper values of the Xerr constant.
0‘Konski and Krause [9] proposed the approach,in which the
conducting molecules were embedded in the conducting medium.

lost molecules do not conduct,but they showed,that the
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counterions,condensed on the surface of the molegule can con-
tribute to the surface conductivity,which can be interpreted
as the volume conductivity. Assuming both media having the
conductivity T, and T, they calculated the total
energy U (1.2) and then found the dipole moments Py (%)
and Q4 (7<) and the corresponding formula for the Kerr con-
stant. In their model the existence of the double layer,sur-
rounding the charged molecules in the solution 1s manifested
only by the counterions,condensed on the molecule surface.

The diffuse part of the double layer and its polarization is
not included, That picture is close to the Manning theory of
counterion condensation (CC)ES,V}] » In the present work we
consziler the nonconfuctin&,chﬁrgeﬁ molecules,which embedded

in the dielectric conducting solvent asggquire the double layer.
“hen the external .field is imposed,the polarization of the doue
ble layer (DL) occur. The processes characterizing the pola-
rized DL are described within the Poisson - Boltzmann the-
ory (EB\[?C,21] . Qur aim is to calculate on the basis of(PB)

theory the internal effective field Ee inside the molecu-

ff
le and the corresponding polarizability coefficients Bi'
which now would depend not on the dielectric constants £4,&;
only,but also on the parameters,characterizing the polarized
DL &and the electrolyte conductivity properties. Then the
induced dipole Qa - Qb can be recalculated and the formula
for the specific Kerr constant Ksp can be found.
The total induced dipole moment Qab = Qa - Q 5 one
sists of two terms : the first one depending on the polariza-

bility coefficients 3B, = sl corresponding to the
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external field component parallel to the symmetry axis of the
molecule and the second,depending on the polarizavility coef-
ficient By = B'L ,corresponding to the external field compo=-
nent perpendicular to the symmetry axis / longitudinal and la-
teral polarizability of the particle/ . In this paper /partl
of our work/ we calculate the electric potential \F inside
the particle, Eeff and the longitudinal polarizability coef-
ficient B, = sl for the case of the constant external
field E applied parallel to the symmetry axis of the sphe-

roidal molecule.

2., Polarization of the double layer. The Dukhin - Shilov

model.

Let us consider a system of rigid,dielectric,nonconduc-
ting molecules of the elongated spheroidal shape,embeccéed in
the dielectric conducting medium., The double layer is formed
then around each charged molecule. The precise description of
the DL structure and the phenomena connected wita its appe-
arence are given in many excellent revues[é-ﬁ] +» Here we will
limit ourselves to a simplified model of the quasi-equilibrium
DL , as outlined in works of Dukhin,Shilov at all (4,13 - 15].
We assume,that the thickness of the DL is small, &~ 'a >4
where'j{“‘ is the reciprocal Debye radius and a is the par-
ticle radius. That ensbles us to use the results,obtained
for the planar DL ,to the DL surrounding a particle of
arbitrary shape. We consider the outer,diffuse part of the

DL only. That is possible,whern. the DL 1is formed by the

http://rcin.org.pl
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dissociation of ionogenic surface groups of the particle and
when the counterions are distributed around the particle only -
diffusely -~ there is no inner,compact part of the DL ., That
assumption is valid for sufficiently low electrolyte concent-
ration and when the counterions do not form the ion pairs with
the fixed ions on the particle surface,

The processes occuring in the DL and outside its limits,
in the neighborhood of the particle are described by the dis-
tribution of the electric potential LP and the electroly-
te coancentration c¢. Tihen the polarization of the DL is not

considered,these distributions can be expressed as:

Bl Y C=Cowey . | =E

NN

here \{b and c¢, are the equilidrium values of potential
and ion concentrations for the uncharged particle in its vi-
caniity, Lfi is the potential distribution in the diffuse
part of the unpolarized DL , satisfying the Poisson - Boltz-
.ann equation, ¢, is the excess concentration of ions in the
DL , describing the deviation of the anions and cations con-
centration within the DL from their bulk concentrations.
The applied external field changes the structure of the system
- the polarization of the DL occurs. Then the distribution
of the potential and ion concentrations will differ from ‘fo
and ¢/ outside the DL ,as the values of \Pi and c,
will change inside the DL. However when the applied electric

field is sufficiently weak,we can use the quasi-equilibrium
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model., Within this approximation we still assume,that the po-
larized DL can be described by the equilibrium distributions

Y, and ¢, and the small additional terms ﬁa) and c1\ y

now characterizing the polarized DL :

5 )
2.2 Y=\, +\f) C=Co+ C

the polarized DL is fully described by the set of eguations
of continuity of the cations and anions currents,Poisson egu-
ation and Navier - Stokes equation for viscous incompressible

fluids / Dukhin - Shilov [4,5,13] /

dw 3 - = ()
A =— L‘—T&[E CR AL

QAV :TMPJag\:chui“?
A =0

2.3a=2.%d

where 8!: - ionic bulk current, CT;CT.- distribution of
partial concentrations, Zlf‘l— - valencies, (7 - velo-
eity field, \P - electric potential distribution,

= - dielectric constant, VL - viscosity, TD -pre-
sgsure field, Eg - density of charges, F - Faraday comstant.

Csi - the ion flux density,contains three terms,each des-
cribing the possible mechanisms of ionic transport in the ele-
ctrolyte: the migration in the electric field,the diffusion

and the convective drag due to the motion of the medium:

http://rcin.org.pl
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t _ff X

2.4 4 :—_-Drgrod,c,r IRT i c, %“d\{?+(‘”\f

=
153 = diffusion coefficients
The DL 1is in the quasi-equilibrium state. That enables to

express the potential \P and the ion concentrations ¢

as
. 5 ) ol i N
L RN eE=ict wle ")
) )
we will omit primes from now on, Cy =2¢€4 kﬂ = %%

The condition of the local neutrality
1 — Ea
i Gl e O O (& S = ~/z¢

allows to describe the ion concentrations by the one function:
t
e =
2.7 — 7+

For the weak polarization we have the condition [33] 2

2.8
)

and the Peclet number Pe 1is
, X
2.9 Fe — % << 4

v = clectroforetic rate of the particle.
With these assumptions the Navier - Stokes eqs.(?.3 c) and the

convective component in the fluxes drop out and we are left
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with the Laplace ecquations for ¢, and %i
AR D Acr=0)

the terms c, and \P, vanish at the infinite distance frou

the particle

2.1 & =0 <=0

N — oo T ==

The boundary conditions at the outer boundary of the DL ex-
presc the continuity of the flows of cations and anions - the
tangential lonic currents within the DI are fed by the nor-

mal components of the ionic currents from the bulk
= + o i TR S el RN TR
2,02 4, :-D"ofm(, ;ED ZC L]"fad-‘f :«(,LU_LS

\ n 1s the normal flow from the bulk to the surface of the
particle,and ]j: is the excess tangentlal flow of the ions
of the diffuse part of the DL,consisting of the diffusion
term I; (b) and the electromigration term .I:(E) - the con-

vection term dropped out

213 It ‘:de‘CPErv@)Cri - DIPt %‘P

BR o 's
&

'K;%) - tengential component of the gradient

FEe Ca/ﬁ—‘)CQKP(iF\K/Q RT)] is the equilibrium adsor-

ption of cations and anions in the diffuse part of the DL.
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3. Longitudinal polarization of the particles.

Consider the system of long,ellipsoidal molecules,embed-
ded in the solution. Let the external,constant electric field
E applied to the system be parallel to the symmetry axis of
the molecule / semimajor axis a / E lZ !lQ ,z - cartedian

coordinate.

With the DL polarozation established,we can represent

€
the poterntial distribution @ tside the particle KP and ¢ as

3.1 \{JQ‘__\{?OQ +\P‘€, C = el

<
where \Po is the potential distribution in the neighbor-

hood of the uncharged particle,obeing the Laplace eq. and the

boundary conditions

3.2 A\Poezo \Poe

--Ez Y. k?:?:O

w8}

The set of equations,describing the potential distribution
is based on the quasi-equilibrium DL model of Dukhin and

Shilov,described in the previous section,eqs (2.10 - 2.13')

e el e ol T
c.\‘m:kﬁe(mzo )

F'
e e ot
& BT Covn\P +Vncn)5 ‘d*uf; (4’ RT

3.3

E;IV@ €+ %VQ c"l) (E)
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For the elongated spheroidal molecules in the shape of the
ellipsoid of the revolution,the use of the prolate spheroidal
coordinates is convenient [14,15,17]

x = & shw sim ®ws ¥ 0<YL2mr
%:A%wm@mv O<@< T
7z =hdhw @ OL (5 £ oo

3.4

semiaxes a and b are

&= e,
25 ,Q)Zﬂl/%’Pﬂ-wc
¢ = \foE gl

= Ly, is the surface equation of an elongated ellip~-
soid of the revolution with foci lying on the 2z axis at a
istance 2h . The axial ratio is €=d\\&)’;/$ildc and

G << corresponds to a very elongated ellipsoid.
Within these coordinate system \PO& is given [:2]

kPoe — A (uf') u.c)wg @)
Clwe)= chus +2 Eomc 1o+ _ Qchwe r[iﬂédwhfo"*" ]

5.6

CJ'\.N-Q—' i CQLL(AJ(,—’L d\w"d

For sufficiently charged particles / negative onec /,where
+ =
r:, >>f: ,the boundary condition (3.3 c),expressed in
the ellipsoidal coordinates takes the form:

http://rcin.org.pl
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In that eguation the basic concepts of the quasi-equilibrium
DL, are contained.

Eremove and Shilov 563/ see also Dukhin [4}/ solved this
equation for \ﬂe’ using the Legendre series expansion.

They found

¥&=a,Q (chw)B (s®)
.8 1— A W -4
"t e bhEC@ e () 20 w]

2

where IH (Q%G) and O1Qﬂuf) are Legendre functions of the

first and the socond kind respectively and b11 is found as

S(m— ) 280) 2 ) ]olx

= cm@

In the formula (3.8) only the first term of the Legendre ex-

xl

2,9

pansion appears,according to the calculations /Eremova,Dukhin/
the higher iterms do not give the relevant contribution - less
then 5 % .

On the basis of thesg results we can calculate the po-

tential distribution %pb inside the molecule and the

http://rcin.org.pl
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internal field function B, = 1 THarae ne woleoule Ut
must satisfy the Laplace equation,remain' finite ‘at the centre
of the molecule and depend . on the constant vecter E B] .

We seek the potential LFL in the form satisfying these
conditions and using the boundary conditions on the particle
surface, :

At the interface of two dielectric the following conditions

must be fulfilled: the continuity of the potential through the

interface

2 il
S
and the continuity of the field induction vector D , which

gives E 1

3.10 =)

E, =— = E vv
3,11 1 c;i’], 2, §_VL
é?i - dielectric constant of the electrolyte
Eg_'—'cfa.]fﬁ‘fc)" dielectric constant of the molecule

Applying the external uniform fieléd E wparallel to tne sym-
metry axis of the particle we obtain the longitudinal polariza-
tion. For the weekly polarized DL case,we assume the internal

potential " in the form
@ =g

Fole

¢
where LPo is the potential distribution inside the un-

http://rcin.org.pl
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charged particle [1 2 S]

9y = bo B (o8 O, (chus)=Eogp 2= 5 E=
Ellzla

3.13

B, are the internal field functions - the polarizability
coefficients,denoted as 3y in’'sec.1 .

For the ellipsoid of the revolution B, s
Ea =
B.=[4+{& -1}A.]

3.14

aﬂ: J
(al+})‘fz e+ )
\Fé; fulfills the conditions
e P
X e 15 @)

3.15 Pl
E} %?g? a) é)q% Cg)

o -
We seek the potential distribution Vab in the form of the

3 =

Legendre expansion

N %;: g 2. P (s @)R(ckw}

then

D= 1= bR (@R (k)2 bR (O)R(cko)

3.17
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To solve the problem of finding bn and Lf’,} it is con=~

venient to introduce tne set of variables defined as

34:c)1w /{ég,éDo
is . (=@ -1€T. <1
T, =" Oé'gbé.’zfﬂ')

Fhe equation of the particle surface is expressed now as
s :E =ch 3,
1 o

In these coordinates the conditions (’5.‘10-3.11) have the form

We@)m = \{)L(& SL),_S : (Q)

%1%

19‘ \PQ(SI !

The ddastributiorn potentials k{7€ and \-P" in the new

o aa‘] * ('54

<o

coordinates are

o= hEC(L 3t el b RGIR(T) €
ZEM(&(S)[Q (W ) o ”F’

3.21

C(—Sﬁ\-go): FSFP(FS-JQ\(S«) ©)
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p(5e)=-2 Li 133—} )

5.21

s R €)
\{’1‘=§ B R S) §):

Using the eq.(a.zo) and the general soluti?n form (3.21 f)
we calculate the potential distribution £R; inside the mole-
cule, Substitution (3.21) into the boundary conditions (3.20)
gives us the set of equations for bn .
The truncation of the Legendre series in L&e ,EQ.(?.J))

to the first term only causes that all bn vanish for n # 1 .

The calculated coefficient b is then found as

’Q‘ [ E. XPSA /1 E _-) Q=
- ERCL SR VT %%?'W;S ERA(C) A

Then the total potential ‘PC inside the molecule is

0 b BB B G R(G) =Eeg(@)2 =
=R.Ez

Using the egs. (3.13),(3.22), (3.23)) we obtain the following
i

5423

formula for the longitudinal polarizability coefficient B

when the external field E 1is parallel to z axis, E|lzla

http://rcin.org.pl
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3.24

+_ZC('SJSQ)[ 1 (

)(v:TﬁC}Q( ))J [ﬁi:é(‘(ﬁ‘_,ﬂ]J

&)

%%

The calculated polarizability coefficients,or the internal
field functions B"( CO‘T;+) show the dependence on ¢,
ion concentration of the electrolyte and P; yion adsorp-
tion coefficient for the diffuse part of the DL . In the for-
mula (3.24) the influence of the double layer polarization is
contained. The coefficients B“((Q)E+;£-1|6Q) depend not oaly
on the geometry of the system and the dielectric constants
like in purely dielectric case / with both media nonconducting/
but are characterized by the parameters describing the proper-
ties of the wea¥ly polarized DL .

Now if we consider the form of the polarized energy,
found for the nonconductive particles in the dielectric case,
eq.(1.6) swe can calculate the energy of the polarization for
the case of ellipsoid of revolution / following Peterlin &

Stuart,Holecomb & Tinoco, O’Konski & Krause /

"gdsz 2! a-Ei t
U= [0 B B o) i O ¥

3.25

Eblafe (T ) esie Os ¥ G, Bt

http://rcin.org.pl



Shooe

2 V8 ¢
At internal field functions for the lateral polarizability,
El a

For a macromolecule,represented as an ellipsoid of revolution,
with semimajor axis a and semiminor axis b and whose prin-
cipal axes for the refractive index and dielectric tensors

are alss .a anG b j,one has [:6,7,9,10,11]

K= 2L (go-ga)(Par o +Cas)

3.26 SP

(gq = gg) - optical anisotropy factor
el - pernanent dipole terms

Q - Q - total induced dipole moment
b

Assuring that the considered molecule has no permanent dipole
moment and using the above calculated formula for the polariza-

tion energy U we obtain ,after calculations

v = B0 B T L0 g

where the lateral polarizability and the internal field fun-
ctions BJ'(COJ;+) are to be found. This problem will be sol-
ved in the part I7 of this work.

We obtained the formula for Ko explicitly dependent on Co™
ion concentration of the electrélyte and ‘T;* - ion adsorb-

tion coefficient in the double layer. In this formula the in-

fluence of the DL polarization on the electrooptic effect

http://rcin.org.pl
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i
is expressed through the form of coefficients B anéd 3

4. Conclusions

- A weakly polarized,thin double layer is described by
the set of equations consisting of Poisson-Boltzmann eguation
for the potential distribution,equations of convective diffu-
sion of cations and anions and equationd of hydrodynamics for
viscous fluids.
The longitudinal polarization of the thin double layer is
found for the negatively charged nonconductive molecule,having
the shape of the ellipsoid of revoiution. The effective field
inside the molecule is found for the external electric field
E parallel to the semimajor axis of the ellipsoid,Eeff(a) .
The calculated polarizability coefficients B“(El,Ek‘C;)r;+)
depend on the ion concentration ¢, and F: - adsorbtion
coefficients of the double layer,besides the dependence on
the dielectric constants of the system and the geometry factor.

The formula for the induced dipole moment Qab and for

the specific Kerr constant found in this model contains the
explicit dependence on the parameters,characterizing the we-
akly polarized double layer. That expresses the fact that the
polarization of the double layer plays an i.portant role in

the dielectric properties of macromolecules in the solutiqn.
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DOUBLE LAYER POLARIZATION OF NONCONDUCTING SPHEROCIDAL
PARTICLES AND ITS APPLICATIOR TO KERR EFFECT
II. LATERAL POLARIZATION Iii A CO4STAUT ELECTRIC FIELD .

Abstract

The double layer polarization of elongated spheroidal
charged particles in an electrolyte solution for the electric
field E perpendicular to the symmetry axis of the molecule
is discussed. The Dukhin - Shilov model for the weakly pola-
rized quasi-equilibrium double layer is used to calculate
the internal electric potential distribution ‘f' inside the

1
molecule. The lateral polarizability coefficient 3%  is
found. The specific Kerr constant K calculated using the

rolarization energy found for the discussed system is given,
showing the explicite dependence on the double layer parame-
ters,ion concentration ¢, and ion adsorption coefficient r;

In the previous paper [14] we discussed the longitudi-

nal polarization of elongated ySpheroidal ,nonconducting
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cnarged particles erbeided in an electrolyte solution,when

the externai field E was applied parallel to the symmetry
axis of the molecule. We set up the diffuse double layer mo-
del,based on Dukhin and Shilov assumptions [}-5,14] ythen
found the electric potential distribution function ‘P insi-
de the molecule and then the effective interral field éeff
and the polarizability coefficients -':3" . That enabled us

to calculate the induced polarization energy ascociated with
the induced polarization of the ellipsoidal molecule embedded
in an electrolyte solution. The steady state specific Kerr
constant was found for the discussed system.

Here we discuss the lateral pol rization of the noncon-
ducting chargel spheroidal particles,embedded in the isotropic
dielectric,conducting solvent,with the constant external field
E applied perpendicular to the symmetry axis of the molecule,
The molecule is supposed to have the shape of the ellipsoid
of revolution,the semimajor axis directed along z - axis,.

The field 2 1s applied perpendicular to =z axis,say along

% = axis, Jdhen the molecule is placed in the solution,a doub-
le layer iz .formed. We develep the model of the double layer
in quasi~-equi iibrium state, outlined in E14] +» We consider

the quasi-equilibrium double-layer of small thicknews,JC’Qlj?i
vhere I 1s the reciprocal Debye radius, a is the
particle radius. As before, the distribution of the electric
potential &P and the electrolyte concentration ¢ within
the double layer give us the necessary information about the
system, RBoth distributions fulfill the set of equations of

continuity,loisson equation and Navier - Stokes equation
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for viscous fluids, EIA—_I . The problem of finding the elect-
ric potential ¥  reduces to the solution of the Laplace
equation for \P and ¢ with thg boundary conditions
on the particle surface,which take into consideration the
compensation of the divergence of surface fluxes in the
double-layer by normal fluxes, When the external field E
is applied perpendicular to the symmetry axis,there is no
axial symmetry. That means,adopting the spheroidal coordina-
te system,that the surface fluxes will have not only

® - component I@ but also Y - component Ty

We use the prolate spheroidal coordinate system

x =4 s sm @ cos Y QLY £ 2T
= b st swm@ sm Y 0L @£
7 =M b Cos® QL Ly £508

where (S=0WJo defines the particle surface and semiaxes

a and b are ;
a=Mh C/Q’H-Jo V ,9\,=m
2 ﬂo=£b %B'Lwo

We find the boundary conditicns on the particle surface by
equating the incoming normal flux of ionic transport on the
particle surface (S =(So in a square bounded by the lines
@)@+d®;“{’)¢l’+d’\}’ to the total surface ionic flux out-
going through the sides of the square.

That gives us
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éﬂb dw[I]

A

where the ion flux density &\~ © 18 [3,4,14]

ST LBy e o -‘E S
% 5“_4»\&1(.:3-035*@ Q_(Flf RTCOKP C']

F - Faraday constant, R =~ universal gas constant
* x
and the surface fluxes I@ ) I,‘/ are

t—P‘: D* > ]

v sw@s&ur aq» [+ KT@P q}

here o is tkke equilibrium concentration of the electroly-
te outside the double layer, c, 1is the change in the elec-
trolyte concentration upon the polaritation, D: are the
diffusion coefficients of cations and anions, Pot is

the equilibrium adsorption coefficientyin the diffuse part

of the doble layer for cations and anions.

Assuming the weak polarization of the double layer,we can

express the electric potential LFQ' outside the particle

A AR
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‘-?oe' is the distribution potential describing the polarization

of an uncharged particle,for which [2,4,13—_[

SR A RS

A W=0Jo [0,

WE 2 B Cw) P, (cosB) cosY

fq

2 -1
& (10 t)= shw-Q) (Uﬁw)[zf d':);t{ = %]
@ ((j(k,) ? (&3@) are associated Legendre functions of the
second and the first kind,respectively. "P,i s the pertur=-
bation term due to the polarization of the formed double layer,
Assumnig that for strongly charged particl€s ﬂ," >'>Po-;

we get the boundary condition egquation,incorporating all tre

phenomena occuring within the polarized double layer ,from

eqs. L}- 5) (6 )

9‘?3 \-vof /[ 4 C') a‘PP_ lc)%‘e
2% = (-5 Yrmaeero s Sol e 156
o NIETET 0 ge, iy

&w ® <h*uo 3-411((‘?4 il a,‘"fce)}

F/RT' \ﬂ&_; Cl/co

Using the Legendre series expansion
» 4

9 $¥-3> 0@, (chw) Pl (w @)Y
n=i

_where Q,:Cd«(.u) and p.:((j)@) are associated Legendre

functions of the second and first kind respectively,one gets
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N estution for . [#a3]
o $E=a,@) (chw)P (o @)V

where

e ZE%C(LSG, [Q(chw@+ (%)’ng"(fﬂu) JA

a3 =02

and
A () el (e x)
QDH:“ZJ_%_ SiSPm{ti\ix_J hi )}d
12

=

In egs. (10) only the first term of the Legendre expansion
appears,because for all values of the axial ratio and charge
of the particle, a," differs froc a.l1 by not more than
a5 ),

Having found the potential distribution q)& outside
the molecule,suzrounded by the polarizbd.douhle layer ,we can
calculate the potential distribution ¥° inside the molecule.
BT creniiar 5 inaide the molecu)d pust satiaty the
Lzplace equation,remain finite at the centre of the molecule
and depend on the constant vector E . We will seek the po~
tential FPL in the form satisfying these conditions and
using the boundary conditions on the particle surface.

The condition of the continuity of the potential
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through the interface and the continuity of the field induction

vector D at the interface of two dielectric give us [1,3}

PR =5

Ce

e o
2 s 9] e gk
S S

£, - dielectric constant of the electrolyte
€ =Ea, gg:fc) - dielectric constant of the molecule
For the weakly polarized double layer we seek the internal

potential \F” in the form

14 \P" .‘:k()ck""\'&b

(%
where ?L is the potential distribution inside the unchar=-

ged particle [2]
P = by P (chu)P) (cos O)os¥ =Eog X =BOE X
6\ x| ELz ’

15

®
Bo(p) are the internal field functions - the polarizability

coefficients for the field perpendicular to the long axis of
the molecule.

For the ellipseoid of revolution , B, is Ej,10,12]

1 %c(g):‘[d—_}—{ %_!1}/&]_1
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16 a f% ==£3"
; gl f (L2 2)*(a*+)Yz

a , b - semimajor and semiminor axes of the ellipsoid
€g - the principal value of the dielectric constant of the
' ellipsoid along the semiminor axis b
&, - dielectric constant of the solvent
nL
Yo fulfils the conditions for the uncharged molecule with

no double layer
€ L
% -—Ae,
17 3
5

=

A E9VL Rl . é;VL
We seek the potential ¥T’ inside the molecule in the form

of the Legendre expansion
1 %)
Ny Ba P (ch )T (cos D eos¥
i h=1
an? L
| ) ; 0o
1 €= +fr = bR (chu)P cos G)cm%g@hﬂ. (o), By

Substituting (19) and (10) into the boundary conditions(13)
gives us the set of equations for b, . All b, for n31

vanish,because of the truncation of the Legendre series in
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eqs.kg - 10) to the first term only, With this condition we

obtain

-

-6 o Q4 L sheso E)ki(CﬁLVS)
1 (Eg,“ef) dh o o wr W=,
&

20 1p chisrd o , (ch 5)
()2 — gl ga?oé;

a, is defined in eq. (1)

The total pouentlal \Pv inside the melecule ics now

| 9t= G 10 = b P R B Y B, P ek RO

21 E;gg 4@).K E)J'EE X
Eu@ux

Fere B+ are the lateral polsrizability coefficients for
the external field applied perpendicular tc the syxmmetry &xis
of the molecule, Ela

From egs. (20-21) and (16) we get

4 A
(LJO €1, €4,Co, b ) g

N R =

2

, shae oK ()] ae,—eyj-“
C}LQYO Zw W=Js 61

where A, , C(uW.Wc) and by, 4 K (chw) are defined in

aas. (168) , (1), (22}, (20) .
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Now the obtained genefal formula for the laterél polarizabi=-
lity coefficients BJ‘ contains the dependence on the physi-
cal parareters,describing the pbiarized double layer : ion
concentration of the electrolyte c, and ion adsorppion co=-
efficient of the diffuse part of the double layer [;+'..

B 7 also depend on the shape of the molecule thyough

A ané o and on dielectric conbtants of the molecule

b
and the solvent.

The polarization energy of the ellipsoidal,charged ma-

cromolecule in the dielectric conducting solvent can be found,

as [3,9,11,12]

LL~'£:rE 086 S22 e ) (10 oy T2 TE 4, €D *
S i o-& 3
L S s o SR R,

e
+5&n1@3m“‘“& e (e e 54-53)]

v = the volume of the molecule

vhere 3“(Lk,(o:TL+> is the longitudinal polarization coef-
ficient  / or the internal field function / found in [i4]as

B (e, Co, 1 €0 €)= [4+ { L€ JIAT '+

§ e e el e o
it 7 G (Qo‘wc)[Qt ((A)c,)“' A‘M(:CT:_"L) Ta.l(.«éa)w }w,‘

24

E‘* £ (dm wo-4) o, ]
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8= ju 1) 2R 8 [0 | dx

o R f A4
2 5 (Q+AY2 (&5 4+
chaed  Achuss ]1[2{“%%@11

I B 7
& (LSO)(A.\I'}): C/QLO\T@*.ZH CD s = CQLC‘}“ OLUA-\‘J
The specific Kerr constant for the discussed system can be
found as [5,7,9,10,1{]
T
25 Kep = rAE (%c-"%,b)(’P&” Pé*’Q‘lE)
Shid e
(ga - gﬁ) - optical anisotropy factor
Pa ) Pb - permanent dipole terms
n - refractive index of the solution
Qab -  total induced dipole moment
For the molecules with no permanent dipole moments we can
obtain,using egs.(23) ,(25)
K 2“_( )£4U€o &1 £ + f,,é (<
26 P~ 15 5t Je 'R W oylo Ea i &
= Vo &8, €
- E) (w\‘alc°, LI £, 1)
B i and BJ' are the longitudinal and lateral polarizsbility

coefficients,defined in egs (22\(?4) "
The specific Kerr constant,characterizing the electrooptic
effect,expressed by eq. (26\ depends essentialy on the para-

meters of the polarized double layer surrounding the particle
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in the solution.

Discussion.

We discussed the system of nonconducting,charged molecules of
ellipsoidal shape &an the electrolyte solution. The formed dou-
ble layer is assumed to be in duasi-equilibrium state aﬁd
described by the Dukhin - Shilov model [3 - 5,14] . The exter-
nal constant electric field E applied to the system is per-
pendicular to the molecule symmetry axis. We found the distri-
bution potential \P; inside the molecule,effective field
Egpp insidé the molecule and the lateral polarizability coe-
rftcient 8 (W, (5,137 £4,6,) for the molecule withf%@%;kly
polarized double layer. Ve found the specific Kerr constant

KS“ using the polarization energy of the molecule surrounded
by the double layer. The electrooptic effect now is directly
associated with the properties of the polarized double layer
and depends on its parameters; ion concentration Cq and the
ion adsorption coefficient FL+- . The numerical calculations
based on the outlined theory are under the preparation and will

be published soon.
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