
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:31
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

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Nonlinear Dielectric
Measurements of
Antiferroelectric Liquid
Crystals
H. Orihara a , H. Mizuno a , M. Iwata a & Y. Ishibashi a
a Department of Applied Physics, School of
Engineering, Nagoya University, Nagoya, 464-8603,
Japan

Version of record first published: 24 Sep 2006

To cite this article: H. Orihara, H. Mizuno, M. Iwata & Y. Ishibashi (1999): Nonlinear
Dielectric Measurements of Antiferroelectric Liquid Crystals, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 328:1, 265-273

To link to this article:  http://dx.doi.org/10.1080/10587259908026067

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908026067
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, 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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

31
 1

7 
A

ug
us

t 2
01

2 



~ o l .  Crysr. ~ i y .  Cryst., 1999, Vol. 328,  pp. 265-273 
Repnnts available directly from the publisher 
Photocopying perinitted by license only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers impnnt. 
Pnnted in Malaysia 

Nonlinear Dielectric Measurements 
of Antiferroelectric Liquid Crystals 

H. ORIHARA, H. MIZUNO, M. IWATA and Y. ISHIBASHI 

Department of Applied Physics, School of Engineering, Nagoya University 
Nagoya 464-8603, Japan 

We have measured the linear and the third-order dielectric constants of an antiferroelectric 
liquid crystal MHPOBC and mixturF5 of R and S-enantiomers. In the optically pure and 
nearly pure samples with the SmC, phase, the third-ordy dielectric constant discontinu- 
ously increases at the transition point from SmA to SmC, , while the linear dielectric con- 
stant is continuous with a small change of the slope in its temperature dependence. These 
behaviors were well explained by the Landau theory. The optical purity dependence of the 
Curie constant was also investigated. The Curie constant slightly decreases as the optical 
purity is reduced, as predicted by the Landau theory. 

Keywords: antiferroelectric liquid crystal; nonlinear dielectric constant 

INTRODUCTiON 

The nonlinear dielectric spectroscopy has been made so far in ferroelectric and 
antiferroelectric liquid crystals and has been shown to be quite uheful in  

studying the phase transitions and the dielectric properties of them.11-71 In the 
ferroelectric liquid crystal i t  has been shown that the nonlinear dielectric 
dispersion is well described in terms of the Landau-Khalatnikov equation of 
motion.Wl Also in the antiferroelectric liquid crystal, the equation of motion 
has been applied and the antiferroelectric modes have k e n  theoretically shown 
to be observable by means of the nonlinear dielectric spectroscopy, though they 
do not produce polarizations and so they are not detectable by the linear 
0ne.lh.71 Actually in experiments the antiferroelectric Goldstone mode hiis been 
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266 H. ORIHARA et al. 

observed.ls.71 
In general, when a cosine electric field with an amplitude of Eo and a 

frequency of w is applied to the sample, the electric displacement can be 

expressed in terms of nonlinear dielectric constants as181 

+ "' +c.c. , 

where we have assumed that the sample is nonpolar. i.e., the eventh-order 
terms disappear. In the present experiments we have measured the linear and 
the third-order dielectric constants. 

In this paper. we studied the phase transitions of MHPOBC by means of 
the nonlinear dielectric measurement with the use of an optically pure sample 
and mixtures of R- and S-enantiomers. In the pure sample and almost pure 
mixtures the phase sequence is SmA-SmC,*-SmC*-SmCy*-SmCA*-Sd~*- 

Cryst. In mixtures with low optical purity, on the other hand, the subphases 
SniC,* and SmCy* disappear.lJo.JJ1 

EXPERIMENTAL AND RESULTS 

We used mixtures of R- and S-MHPOBC with ratios of I :O, 25: I ,  19: 1, 9: I .  
6: I and 5: I ,  where the first four samples had subphases. The samples were 
sandwiched between two glass plates with IT0 electrodes, which wert' 
separated by PET films. The homogeneous alignment was obtained by coating 

the plates with polyimide and rubbing them. The thickness was about 2 pni 

and the area of  the electrodes was I rnm?. In the nonlinear dielectric 
measurements we used a capacitance bridge (GR 1615A) to make precisc 
measurements, though the measuring frequency range i s  restricted. The 
experimental details are described in Ref. [9]. 

We show the temperature dependences of the linear dielectric constant, 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

31
 1

7 
A

ug
us

t 2
01

2 



NONLINEAR DIELECTRIC MEASUREMENTS 261 

&I(@,  at 1 kHz for several ratios in Fig. 1. In the pure sample (Fig. 1 (a)) 

there is an anomaly in the real part, indicated by an arrow, corresponding to the 
phase transition from SmA to SmC,*. as has been reported by Fukui eta/ .  I 121 

and Chandani r !  cd.1 I I I This anomaly is continuous so that this transition 
should he of the second order. In  the mixture of 1 9 1  (Fig. I (b)) it small 
anomaly is still seen. In the mixture of 6:l (Fig. I (c)), on the other hand, the 
anomaly disappears, meaning that SmC,* disappears. 

The temperature dependences of the third-order dielectric constant, ~ j (  o, 
w,w), at I kHz for several ratios are shown in Fig. 2. In the pure sample (Fig. 

FIGURE I Temperature dependences FIGURE 2 Temperature dcpendences 
of the linear dielectric constant. ol' the third-order dirlcctric constitiit 
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268 H. ORIHARA et al. 

2 (a)) there is a jump in the real part at the SmA to SmC,* phase transition. 

Also in the mixture of 19:l (Fig. 2 (b)) a clear jump is seen. In the mixture of 
6:l (Fig. I (c)). on the other hand, the jump disappears since there is no 
SmC,*. Also for other samples with SrnC,*, the jump was observed, in 

which the real part of the third-order dielectric constant in SmC,* is always 

larger than that in SmA. 

LANDAU THEORY 

In  this section we will consider the experimental results on the basis of the 
Landau theory. The symmetry of SmC,* is not yet clarified, though it  is a 

tilted phase1 131. Therefore, we cannot explicitly define the order parameter by 
relating it with the structural change. However, there should exist an order 
parameter and we may apply the Landau theory to this phase transition since i t  
is of the second order. Let us expand the fret: energy in terms of the order 

parameter, q, characterizing the transition: 

where Band Pare, respectively, the tilt angle and the polarization. In the above 

free energy, it is natural that there is no @ term because the transition would 

become the first order if  there was the third-order term (the Landau condition 
1141) and it is readily understood that all the terms are invariants. We assume 

that the coefficients a and a depend linearly on the temperature, and in 

particular a becomes zero at the transition point from SmA to SmC,*. I t  

should be noted that the biquadratic coupling term 1720 2 is responsible for the 

jump in the real part of the third-order nonlinear dielectric constant, as will bc 

shown later. though i t  always exists. In addition. the coefficient A should 

depend on the optical purity because it  has to vanish for the racemic mixture, in 
which no spontaneous polarization appears. The minimization of the free 

energy with rwpect to the polarization, afdP=O, yields 
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NONLINEAR DIELECTRIC MEASUREMENTS 269 

P = - k X B + X E .  
Substituting this into eq. ( 2 ) .  we get 

f=- f f p d b b ’  q z +  -qJ+-- el+- eJ+-~ze2+XaeE-- -E  x z  , 
2 4 2 4 2  2 (4) 

where u‘=n-~il?.  From the equilibrium conditions a set of simultaneous 

equations is obtained as 
a q + ~ q 7 + 6 q e 2 = ~ ,  (5.a) 

c i0+bB‘+  6qL€J+XdE=0.  (5.b) 
Under no field (E=O), the equilibrium values are given as 

q0=0 and &=O in SmA, 

qa= d m  and &=O in  SmC,*. 

(6.a) 

(6.b) 

Substituting q = q ~ + A q  and 8 = 6 , + A O  into eq. ( 5 ) ,  where A q  and A 0  are the 

induced parts by the field, we get for SmA, 

A q  =0, ( 7 . 4  

It  should be noted that in SmA the electric field does not induce the order 
parameter of SmC,*, while in SmC,* i t  does and the induced order parameter 

q is proportional to the square of the field. Thc appearance of the coupling 

between the order parameter and the square of the field is explained as follows. 
From eq. (4) i t  is easily seen that in SmC,* such a linear-quadratic coupling 

term as 6mAq(AO)? appears. Therefore, taking into account that (Lie): is 

proportional to E 2 in the lowest order, we can understand the above results. 
With the use of eq. (3) we obtain the static linear and third-order dielectric 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

31
 1

7 
A

ug
us

t 2
01

2 



270 H. ORIHARA et a1 

constants for SmA 

E ,  = &,,+ 11, - ' (xA)?+x , 

E ,  = -- h(xA ) ' ( E  ] - x - E,, ) 1 

and for SmC,* 

&,=&,,+(a' + 6 ? J , ; ) - ' ( X A ) 2 + X  , (I0.a) 

E ,  = - { h -  2(6q,, )'(a+ 3 P q ( ? ) ) - ' }  ( ~ A ) - ' ( E ,  - x -  E, )' , (I0.b) 

where Q) is the dielectric constant of vacuum. Equations (9.a) and (9.b) have 

been already obtained by Sako er u/.I 151 

On the basis of eqs. (9) and (10). we will discuss the experimental 
results. As for the linear dielectric constant we easily see that it is continuous at 

the transition point from SmA to SmC,* because qo=O there. We can 

determine the sign of 6 from the fact that in Figs. 1 (a) and (b)  the slope 

decreases at the transition point from SmA to SmC,*, indicaling that 6should 

be positive. On the other hand, the third-order dielectric constant jumps at the 
transition point because the second term in the curly bracket i n  eq. (lO.b) 

becomes -alp. The magnitude of the jump, Ai?3=i?3(SmC,*)-&3(SrnA), is 

This is positive because a 0  for the second order transition. Therefore, the 

third-order dielectric constant increases discontinuously at the transition point 
from SmA to SmC,*, as has been shown in the experiments. Here, wc would 

like to emphasize that such a positive jump in the third-order dielectric constant 
may take place for any nonferroelectric phase transitions, and so the third-order 
dielectric constant is sensitive even to nonferroelectric second-order phase 
transitionh. 

From eqs. (9.b) and (10.b) i t  is seen that p3 divided by (&,--x--&,)P is an 

important quantity. which represents the nonlinearity and the coupling hetwern 
order parameter and the t i l t  (the polarization). In  our experimental results. 
however, the imaginary part is considerably large because the relaxation 
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27 1 NONLINEAR DIELECTRIC MEASUREMENTS 

frequency is low. Therefore. in calculating the quantity we have to take into 
account the frequency dispersion. To do so, we used a general fomdaIl6l 

(12) 

where we measwed the linear dielectric constant at 3 kHz. eI(3o), in addition 

to E ~ ( o ) ,  and replaced x + ~  by the background in the experimental data, i.e., 

we used 

€3 (4 4 a))(€, (3@ - x - Eo)-' ( E ,  (w) - x-  €0 1 -3  9 

B ( o ) = E ~ ( ~ 4 W ) ( E , ( 3 0 ) - € E s ) - ' ( E , ( Q ) ) - - E g )  -3 (13) 
in the actual analyses. Figure 3 shows the temperature dependences of the 

FIGURE4 Tempraturedepcndences 
of the rccipmal dielactric constant. 

0 1  n 02 a4 a6 11.1 I 

FIGURE 5 Optical purity dependence 
I 

of the Curie constant. 

FIGURE 3 Temperature dependences of B. 

above quantity. In all the samples, irrespective of whether it has SmC,* or 
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272 H. ORIHARA et a1 

not, the real part of B ( o )  gradually decreases in SmA as the temperature is 

decreascd, as has been reported by Sako rta1.1141 This decrease indicates that 
the coefficients should depend on the temperature. Among the three samples, 
on the other hand, the two samples with SmC,* have a discontinuous decrease 

i n  the real part at the transition point from SmA to SmC,*, which is given as 

6 ’ ~ ( ~ , 1 ~ 4  from eq. ( I  I ) .  It  should be noted that B(w)  depends on the 

temperature in SmC,* and the imaginary part of it  becomes to he not zero, 

though i t  is theoretically expected to be a real constant, implying that the 
coefficients depend on temperature and frequency, as described above, or the 

higher-order terms are involved. Also in  SmCA*, B(w)  depends on the 

temperature. This temperature dependence may come from the fact that i n  

SniCA” such a simple relation between q and E~ as eqs. (9.b) and ( I0 .b)  does 

not hold.lzl 
Lastly. we investigate the optical purity dependence of the linear dielectric 

constant. From eq. (9.a) it is expected that the Curie constant C may decrease 

as the optical purity is reduced, since the coefficient i\ should decrease. We 

show the temperature dependences of the inverse dielectric constant for the 
three samples in Fig. 4. The data fall on a straight line in each sample. In Fig. 
5 the optical purity dependence of the Curie constant is shown, where the 
optical purity x is define as . r=(R-S)I(R+S).  The Curie constant slightly 
decreacles. as predicted by the Landau theory. The measurement in  the low 
optical purity region is now in progress and the result will be reported soon. 

CONCLUSIONS 

We have measured the linear and the third-order dielectric constants of an 
untiCerroelectric liquid crystal MHPOBC and mixtures of R- and S- enantiomera 
. The third-order dielectric constant discontinuously increase5 at [he transition 
point from SmA to SmC,*, while the linear dielectric constant is continuous 

with a small change of the slope in its temperature dependence. These 
behaviors were well explained by the Landau theory. in which we assumed that 
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NONLINEAR DIELECTRIC MEASUREMENTS 273 

SmC,* is nonpolar and there is a hi-quadratic coupling between the t i l t  angle 

and the order parameter related to the SmA to SmC,* transition. As for the 

optical purity dependence i t  has been found that the Curie constant slightly 
decreases. as predicted by the Landau theory. 
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