This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Effect of spontaneous polarization on smectic C*-smectic A* phase
transition temperature and the thickness dependence of the spontaneous

polarization of ferroelectric liquid crystal
Susanta Sinha Roy; Tapas Pal Majumder; Subir Kumar Roy; Prabir K. Mukherjee

72!
rm—
o
——
s
[
=i
@)
U 5
»

P Online publication date: 06 August 2010

Liqu

To cite this Article Roy, Susanta Sinha , Majumder, Tapas Pal , Roy, Subir Kumar and Mukherjee, Prabir K.(1998) 'Effect of
spontaneous polarization on smectic C*-smectic A* phase transition temperature and the thickness dependence of the
spontaneous polarization of ferroelectric liquid crystal', Liquid Crystals, 25: 1, 59 — 62

To link to this Article: DOI: 10.1080/026782998206498
URL: http://dx.doi.org/10.1080/026782998206498

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782998206498
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 52 25 January 2011

Downl oaded At:

LiQuip CRysSTALS, 1998, VoL. 25, No. 1, 59-62

Effect of spontaneous polarization on smectic C*-smectic A*
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The influence of spontaneous polarization on the smectic C*—smectic A* phase transition was
studied theoretically by means of Landau theory. It was observed from the theoretical
calculations that the transition temperature from a non-chiral to chiral smectic C phase is
shifted due to the effect of bilinear and biquadratic couplings. A qualitative relationship has
also been derived between spontaneous polarization and cell thickness which supports the
experimental observations of the increase of spontaneous polarization with the increase of
cell thickness for surface-stabilized ferroelectric liquid crystals.

1. Introduction

During the last decade much progress has taken place
in the field of ferroelectric liquid crystals (FLCs) from
the view point of both fundamental and applied physical
interest. The chiral smectic C* (SmC*) phase represents
a spatially modulated structure [1]. The ferroelectric
ordering in the SmC* phase is usually denoted by two
order parameters [2]: one is the molecular tilt angle (6),
the other is spontaneous polarization (P). The tilt angle
of the long molecular axis with the smectic layer normal
precesses from one smectic layer to the other, forming a
helicoidal structure with helical axis coincident with the
layer normal. Spontaneous polarization developed in
the plane of smectic layers, perpendicular to the tilt
plane, also precesses from layer to layer and forms a
helix. Due to the existence of this helix, there is no net
polarization on a macroscopic level. However the intro-
duction of parallel bounding surfaces normal to the
layers, which interact with the director as well as the
spontaneous polarization, prevents the helix formation
and leads to bookshelf or chevron geometry. This is the
basis of the surface stabilized ferroelectric liquid crystal
(SSFLC) [3]. For this reason it is important to study
the physical properties of FLC molecules with varying
cell thickness, i.e. distance between the bounding surfaces.

* Author for correspondence.

Moreover the switching mechanism in electro-optical
devices depends on cell thickness, surface condition,
temperature and even on material parameters such as
tilt angle and spontaneous polarization [4]. It is also
observed from experimental data that the transition
temperature [5,6] and the magnitude of spontaneous
polarization [ 7, 8] are also influenced by cell thickness.

In this paper we analyse theoretically the influence of
spontaneous polarization on the SmC*-SmA* phase
transition temperature using the generalized Landau
model. We also discuss the cell thickness dependence of
spontaneous polarization which has a definite practical
significance.

2. Theory

In this section we present a calculation to show how
the spontaneous polarization in the Landau free energy
expression affects the transition temperature from non-
chiral to chiral smectic phase. As a starting point we
used the generalized Landau expansion of the free energy
density of the system as discussed by several authors
[9-11]. In the framework of phenomenological Landau
theory, Gibbs free energy density F of a non-chiral SmC
phase at temperature 7 is given by an even power series
expansion of the tilt angle 6, which is the primary order
parameter of the SmC—-SmA transition.

1o, 1, 1
F=Fo+—a0’+-b0"'+—co (1)
2 4 6
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where a = o(T — Tc), and «a, b, ¢ are positive constants.

The values of these constants are very small near the
transition temperature. 7c is the SmC-SmA second
order phase transition temperature, and Fo is the singular
part of F.

In the generalized Landau model, the expression for
the Gibbs free energy density of an unwound system
(for which the wave vector ¢ =0) for the SmC*-SmA*
transition is given by [10]

Lo, 1,1 ¢ 1,
F*(0, P)=Fo+ "a0"+—"b0 +~cO +_—P
2 4 6 2x0

1 1
—CPG—;.QP292+ZnP4. (2)

Chiral interactions are introduced in equation (2) by
the term P2/2;(o (xo is the high frequency dielectric
susceptibility), which is due to the effect of dipolar
ordering. C is the piezoelectric bilinear coupling term
and Q is the biquadratic coupling term, implying the
competition between two ordering parameters 6 and
P. As proven by numerical calculations [12], the n
(a constant) term in equation (2), is not significant for
a consistent description of the experimental data and is
omitted in the calculation. The term (n>0) has been
added to stabilize the system. Recently Gouda et al.
[13] also pointed out that the nP4 term is related to the
low temperature saturation of spontaneous polarization
and is therefore irrelevant near the transition temperature.
From the condition

oF* 1 s
=[—-0¢’\P-co=E (3)

oP 20

we define E, the quantity thermodynamically conjugate
to the polarization P. Hence,

OE ( 1 2)
=" —-90 ). (4)
oP %0

From equation (3) we have

(E+CO  y(E+CO) (5)
= = 2
1 1 —x0Q67)
(—— 992) S
X0
also, from equation (5), we have
P=(E+CO 6_P =P + 5P 6
=( ' 55 | = Faser (6)
where
oP
SP=CO_—. (7)

OFE

At the second-order transition 8 =0, and we have from
equations (4) and (6),

P=Pasc+=E or =F 8
= Pace=E =0 | = Exo. (8)

The additional term §P = CO(6P/OE) in the polarization
is related to the tilt angle. In the case of a continuous
transition 6 — 0 and 6P — 0, and in the case of a first-
order transition the increment 5P is proportional to that
of 6. On transforming F*(0, P) into a potential depending
on the field variable E

F(6, E)=F*(6, P)— EP

1
:5(({— szo— EZQX(%)QZ

1
+7 (b= 200 — 4’ EYH o’

1
o= 6027 C*50)0° (9)

we obtain a remarkable analogy to the Landau expression,
equation (1), for the non-chiral SmC phase, if chiral
coefficients a*, b*, ¢* are introduced

R L Y
F(6, ) =Ta*0"+ 70"+ —cre’. (10)

The renormalized coefficients are obtained as follows
from equation (10)

a*=a (T —T¢)=(a— C*yo— E*Qyd) (11
b*=(h—2QC 3 — 44 P EY) (12)
c*Z(c—6.(22C2)(8). (13)

)

Now when a second order transition (SmC-SmA
occurs, a =0. Thus from equation (11) at 7 =T¢c we
have

2 2
C P Q

X (14)

’ ’

(04

T¢=Tc+

where T¢ is the SmC*-SmA* phase transition temper-
ature. Mean-field coefficients C, @, o', yo have been
calculated by GieBBelmann and Zugenmaier [12] and
are found to be positive. The temperature T¢ calculated
from equation (14) always increases since the last two
terms are always positive. Hence from (14) we note that
the transition temperature is displaced in a chiral com-
pound compared with its non-chiral analogue, due to
the effect of both bilinear and biquadratic coupling, and
we always have T¢>Tc. The transition temperature
Té, as shown in equation (14), is similar to that obtained
by Padmni et al. [14]; an additional term (PZ.Q/a')
appears in equation (14) due to biquadratic coupling.
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We see that all the terms except polarization in the
R.H.S. of equation (14) are nearly constant for a particular
FLC compound, thus it is clear that the transition
temperature increases with the increase of the polarization
P for a FLC compound. Naturally transition temper-
ature (Tc*) reaches maximum value T'¢max when P
becomes Pmax. Hence, equation (14) can be written
2 2
C X0 + (Pmax) Q

’ ’

(04

TCmax=Tc+ (15)
where Pmax and T¢max are the maximum values of
polarization and transition temperature respectively.
Again from equation (14) it can be shown that any
shift of SmC*-SmA* phase transition temperature
T¢ of a FLC compound is mainly due to the
polarization-dependent term and we have

Q=——">0 (16)

i.e. the biquadratic coupling term Q is always greater
than zero and determines the shift of transition
temperature.

The influence of cell thickness on the spontaneous
polarization of a FLC molecule can be derived with the
help of equation (15). According to Pikin and Yoshino
[6] the critical temperature Tc for a SSFLC can be
written as follows

* * thg 1
Tc =TCmax— , 2 (17)
2a 2g
d+——

where 7¢ max is the maximum critical temperature when
d (cell thickness)— , g is the elastic modulus and W
is the effective anchoring energy. From equations (14)
and (15), we have

o * Q 2 2
TC_TCmax+ ,(P _Pmax)~ (18)
[04

Comparing equations (17) and (18), we get

ng 1
P2:Pr2nax_ B
20 2g
d+——

1.e.

1/2

2
1
p= Pﬁ,ax—(”—g)—z o (19)
20 2g

Hence, from ®quation (19) it is clear th@t as d— <,
P — Pmax, 1.e. spontaneous polarization increases with
the increase of cell thickness. Also from (19) we see that

when |W |d>>g, one has

2o\ 1 12

2

P=| Pmax— . 20
( 0 ) @y (20)

At |W |d<g the dependence of P(d) on cell thickness is
very small.

3. Possible application of the theory

The temperature dependence of spontaneous
polarization has been investigated experimentally by
several authors [7,8] as a function of cell thickness.
The above equation (19) describes the experimental
results [ 7, 8] of the thickness dependence of spontaneous
polarization quite nicely. It has also been experimentally
observed [5,6] that the transition temperature T¢
increases remarkably with the increase of cell thickness,
particularly for SSFLCs. The shift of the transition
temperature T¢ vs the thickness of the measuring cell
can be explained by considering equations (14) and (19),
which state that an increase of cell thickness increases
the spontaneous polarization, and that in turn increases
T¢ in a thicker cell. By knowing the value of Puax,
g, and the quadrupole coupling coefficient ©, we can
easily compute from equation (20) the trends of
decrease of P with decrease of cell thickness. The figure
shows the theoretical curve of the thickness dependence
of spontaneous polarization. Here Pmax has been taken
as 2nCem~ from the literature value [7] Tt was
experimentally observed that g is of the order of
10 dyns and @ of the order of 10°Vem nC™' for
materials of low spontaneous polarization; in computing
the theoretical curve these ¢ and Q values have been
taken into consideration. It is also possible to determine
the value of g/Q from the experimental value of spon-
taneous polarization at different cell thickness from
equation (20); if g/ is very small then polarization is
almost independent of cell thickness.

20
e
g 19 bt s e e g
% P =2 nCcm=2
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Figure. Variation of spontaneous polarization with cell
thickness.
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4. Conclusions

A theoretical relationship has been developed from
the Landau free energy expansion between the
SmC*-SmA* phase transition temperature of a chiral
smectic compound and that of its non-chiral analogue.
It has been shown that the bilinear and the biquadratic
couplings between tilt and polarization are responsible
for the increase of the 7Tc of a chiral compound in
comparison with that of its non-chiral analogue. It has
also been shown that spontaneous polarization increases
with the increase of cell thickness in SSFLCs, but is
independent of cell thickness where the product of
anchoring energy and cell thickness is much less than
the elastic modulus of the system.
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