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EFFECTIVE DIELECTRIC FUNCTION OF

FERROELECTRIC LC SUSPENSIONS

Victor Reshetnyak

Physics faculty, Kyiv National Taras Shevchenko University,

pr. Glushkova 6, 03680, Kyiv, Ukraine

We study dielectric properties of a dilute suspension of ferroelectric particles in

a nematic liquid crystal (LC) host. It is supposed that submicron particles do

not disturb the LC alignment and the suspension macroscopically appears

similar to a pure LC. We propose theoretical model for effective dielectric func-

tion of ferroelectric LC suspension. It is found that particles permanent polar-

isation may significantly increase the effective value of suspension dielectric

function in comparison with pure LC. For more elongated particles depolaris-

ation factor is smaller and respectively the contribution of induced polaris-

ation of particles to the effective dielectric function is higher.

Keywords: anchoring; liquid crystals; memory effect

INTRODUCTION

It is known that sensitivity of isotropic liquid to the electric field can be
gained by doping with ultra-fine (less then 1 mm size) ferro-electric parti-
cles [1–4]. Bachmann and Barner showed that a long milling process of
ferro-electric BaTiO3 particles in the presence of surfactant can result in
a stable suspension of ultra-fine particles of BaTiO3 in heptane. It was
shown that the particles have an average radius of about 10 nm. They are
ferro-electric single crystals and carry a permanent dipole moment about
2000 Debye. It allows effectively control a birefringence in the suspension
by application of electric field that is impossible in a heptane matrix itself.
Recently we reported on the successful development of a dilute suspension
of ferroelectric particles in a nematic liquid crystal (LC) host [5,6]. We
found that the submicron particles of Sn2P2S6 do not disturb the LC
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alignment and the suspension macroscopically appears similar to a pure LC
with no readily apparent evidence of dissolved particles. The suspension
possesses enhanced dielectric anisotropy, and is sensitive to the sign of
an applied electric field. The value of the parallel component of the suspen-
sion dielectric function was almost two times higher that one of pure LC.

MODEL AND CALCULATIONS

To get simplified qualitative effect of ferroelectric particles onto sample
polarization under the external electric field (and therefore particles influ-
ence on the effective dielectric function) we shall suppose the following:

. ferroelectric articles are spheroids with long axis oriented along local LC
director n, particle’s volume is v;

. orientation of main axis of particles polarizability tensor coincides with
particles long axis and local LC director, main values of particles dielec-
tric function are ePjj(along particles long axis) and eP? (in plane perpen-
dicular to long axis);

. each particle possesses permanent polarization d, which is supposed
to be parallel or anti-parallel to the local LC director n;

. in the absence of externally applied electric field both directions of per-
manent polarization have equal probability, and averaged over physically
small volume permanent polarization is zero.

The induced polarization of particles has the form

pi ¼ e0
�
ðeP? � 1ÞEP

i þ ePaninjE
P
j

�
: ð1Þ

here e P
a ¼ e P

jj � e P
? is the anisotropy of ferroelectric particles dielectric

function, EP is the local electric field that acts onto particle. The averaged
value of particle permanent polarization in LC matrix, ~dd, depends on fre-
quency and magnitude of the applied electric field. It may be written as

~dd ¼ d Eð Þh iLC¼
Z

df d; n;Eð ÞdX ð2Þ

here f d; n;Eð Þ is the permanent polarization distribution function and E is
the electric field that orients permanent polarization. This field differs from
EP, it does not include field of permanent polarisation inside particle.

In the simplest form for low frequency electric field we may model orien-
tation of permanent particles polarization as two level system and get
respectively
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hd Eð ÞiLC ¼ dn
exp d nE

kBT
v

� �
� exp �d nE

kBT
v

� �

exp d nE
kBT

v

� �
þ exp �d nE

kBT
v

� �

At low electric field in the above mentioned two-level model we get

hd Eð ÞiLC ¼ d2vn
nE

kBT
;

here the magnitude of permanent polarization depends on temperature,
d Tð Þ, this dependence may be especially strong nearby the Curie tempera-
ture. In the isotropic phase permanent polarization input is either zero (if
we are above the Curie point) or is about three times less. This is because
in the isotropic phase we don’t have any more two level model and aver-
aging over all possible orientation of particles gives

hd Eð ÞiI ¼ d2vn
nE

3kBT

Both induced polarization and averaged permanent polarization give rise
to the total polarization of particle P ¼ pþ ~dd. Input of particles to the total
polarisation of suspension is proportional to their concentration.

Now to introduce effective dielectric function of the suspension we aver-
age the electric field over physically small volume thought still containing
large enough amount of particles

E ¼ f EP
� �

þ 1� fð Þ ELC
� �

ð3Þ

where EP
� �

and ELC
� �

are averaged over physically small volume values of
electric field inside particles and LC. Similarly for the dielectric displace-
ment

D ¼ f DP
� �

þ 1� fð Þ DLC
� �

¼ f e0E
P þ ~ddþ e0 eP � I

� �
EP

� �
þ 1� fð Þ e0E

LC þ e0 eLC � I
� �

ELC
� �

ð4Þ

or in the direction parallel to the LC director and in the plane perpendicular
to it

Djj ¼ f e0 EP
jj

D E
þ d2

kBT
v EP

jj � Ed

� �D E
þ e0 ePjj � 1

� �
EP
jj

D E� �

þ 1� fð Þ e0 ELC
jj

D E
þ e0 eLCjj � I

� �
ELC
jj

D E� �

D? ¼ f e0 EP
?

� �
þ e0 eP? � 1

� �
EP
j?

D E� �

þ 1� fð Þ e0 ELC
?

� �
þ e0 eLC? � I

� �
ELC
?

� �� �
ð5Þ

here Ed is the electric field of permanent polarisation inside particle.
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We introduce mean dielectric function êe of our heterogeneous medium
by relation

D ¼ êeE ð6Þ
To relate EP

� �
and ELC

� �
with E one needs the dependence between EP

� �
and ELC

� �
. We shall suppose that this dependence is linear

EP
� �

¼ T̂T ELC
� �

ð7Þ

and matrix T̂T is the same as for single spheroid with permanent polarisation
~dd and isotropic dielectric function ~eeP ¼ 1

3
SpeP placed in the isotropic host

with dielectric function ~eeLC ¼ 1
3
SpeLC (similar assumptions were employed

by Maier and Meier to derive the dielectric function of pure LC).
Now we consider a single isotropic spheroid with permanent polarisation

~dd immersed in the isotropic host. A voltage is applied between the con-
denser plates such that the volume averaged field in the system is ELC

0 .
The electric field EPand the displacement field DP inside the inclusion
are uniform and satisfy the exact relation [7]

1� kið Þe0~eeLCEP
i þ kiD

P
i ¼ e0~ee

LCELC
0;i ð8Þ

where kjj ¼ 1�e2

e3
arthe� eð Þ, k? ¼ 1

2
1� kjj
� �

are the depolarization factors,

e ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� b2=a2

p
is the spheroid’s eccentricity, and a; b a > bÞð Þ are the

semi-axes of spheroid.
From this formula it is easy to find

EP
? ¼ ~eeLC

~eeLC þ k? ~eeP � ~eeLCð ÞE
LC
0;?

EP
jj ¼

~eeLCELC
0;jj � kjj

~dd
e0

~eeLC þ kjj ~eeP � ~eeLCð Þ

It is seen now that electric field determining averaged value ~dd is given by

~EEP
jj ¼

~eeLCELC
0;jj

~eeLC þ kjj ~eeP � ~eeLCð Þ ;

therefore

~dd ¼ d2v

kBT

~eeLCELC
0;jj

~eeLC þ kjj ~eeP � ~eeLCð Þ

and

EP
jj ¼

~eeLC � kjj d2v
e0kBT

~eeLC
~eeLC þ kjj ~eeP�~eeLCð Þ

~eeLC þ kjj ~eeP � ~eeLCð Þ ELC
0;jj
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Finally, we get

T̂T ¼

~eeLC
~eeLCþk? ~eeP�~eeLCð Þ 0 0

0 ~eeLC
~eeLCþk? ~eeP�~eeLCð Þ 0

0 0
~eeLC�

kjjd
2v

e0kBT
~eeLC

~eeLCþkjj ~eeP�~eeLCð Þ
~eeLCþkjj ~eeP�~eeLCð Þ

0
BBBB@

1
CCCCA ð9Þ

From Eq. (7) we also find that permanent polarisation of spheroid particles
creates the following electric field inside the particle:

Ed ¼ �
kjj
e0

1

~eeLC þ kjj ~eeP � ~eeLCð Þ
d2v

kBT

~eeLC

~eeLC þ kjj ~eeP � ~eeLCð ÞE
LC
0;jj ð10Þ

Substituting (3), (7), (9) into (5) we find effective dielectric function of
the suspension

~ee? ¼ fT?eP? þ 1� fð ÞeLC?
1� f þ fT?

ð11Þ

~eejj ¼
fTjjePjj þ 1� fð ÞeLCjj þ f d2v

e0kBT
~eeLC

~eeLCþkjj ~eeP�~eeLCð Þ

1� f þ fTjj
ð12Þ

Note that formulae (11) does not contain permanent polarisation of ferro-
electric particle and it is exactly the same as Maxwell-Garnett [8]
expression for effective dielectric function. To get some contribution from
permanent polarisation to ~ee? one has to assume non-zero angle between
particles permanent polarisation and long axis, or allow particles to be
not perfectly aligned with respect to director.

It is also seen that for small concentration of particles, f << 1,
~ee? � fT?eP? þ 1� fð ÞeLC? and even if we take particles with eP? >> eLC? the
effective dielectric function component ~ee? will not much differ from eLC?
because T? � ~eeLC

k?~eeP

Situation is different for parallel component of the effective dielectric
function. Here the additional contribution due to permanent polarisation is

d~eejj ¼ f
d2v

e0kBT

~eeLC

~eeLC þ kjj ~eeP � ~eeLCð Þ

This term at high enough values of permanent polarisation may signifi-
cantly increase the effective value of ~eejj. It should be also noted that more
elongated the particle the smaller depolarisation factor kjj, and respectively
even in the absence of permanent polarisation the parallel component of
the effective dielectric function gets higher gain in comparison with the
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perpendicular component. For instance, if the aspect ratio b=a ¼ 0:1, then

kjj � 0:02, k? � 0:49, and for eP?;jj >> eLC?;jj we have
d~eejj d¼0ð Þ

d~ee?
� k?ePjj

kjjeP?
>> 1.

ESTIMATES AND CONCLUSION

To get numerical estimation of possible increase of the effective dielectric
function of ferroelectric suspension due to particles permanent polarisation
we assume the following numbers. The characteristic dimensions of the
particles in the suspension are 100 nm�30 nm�30 nm and their volume frac-
tion is 10�4 in the LC matrix. Spontaneous polarization of Sn2P2S6 particles
is 10 mC=cm2 [9]. Dielectric constant ~eeLC � 4. The value of dielectric con-
stant of Sn2P2S6 along the main axis strongly depends on the quality of
the samples and varies from 200 for ceramics sample to 9000 for monodo-
main crystals [10], so we shall use 3000 for ~eeP. Now we obtain d~eejj � 10 that
is very close to the experimental data [6].

To develop more sophisticated theory and describe the experimental
data more accurately one has to use in (2) the orientational distribution
function for particles different from that given by two-level system, take
account of LC host and particles dielectric anisotropy (it will change the
exact form of matrix T in expression (9)), assume non-zero angle between
permanent polarisation and particle long axis.
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