
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:29
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

Surface Effect on Goldstone
Mode in Ferroelectric Liquid
Crystals
A. M. Biradar a b , S. S. Bawa a , S. Chandra a , D.
Kilian b & W. Haase b
a National Physical Laboratory, K. S. Krishnan
Road, New Delhi, 110012, India
b Institute of Physical Chemistry, Darmstadt
University of Technology, Petersenstr. 20,
D-64287, Darmstadt, Germany

Version of record first published: 24 Sep 2006

To cite this article: A. M. Biradar, S. S. Bawa, S. Chandra, D. Kilian & W. Haase
(1999): Surface Effect on Goldstone Mode in Ferroelectric Liquid Crystals,
Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 329:1, 35-42

To link to this article:  http://dx.doi.org/10.1080/10587259908025923

PLEASE SCROLL DOWN FOR ARTICLE

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025923
http://www.tandfonline.com/page/terms-and-conditions
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, 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:

29
 1

7 
A

ug
us

t 2
01

2 



Moi. Cryst. Liq. Crysl., 1999, VoI. 329. pp. 35-42 
Repnnts available directly from the publisher 
Photocopying permirred by license only 

Q 1999 OPA (Overseas Publishers A~sociarion) N V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Surface Effect on Goldstone Mode in 
Ferroelectric Liquid Crystals 

A. M. BIRADAR”~, s. s. BAWA~, s. CHANDRA~, D. KILIAN~ 
and W. HAASEb 

aNational Physical Laboratory, K. S. Krishnan Road, New Delhi-110012, 
India and bInstitute of Physical Chemistry, Darmstadi University of Technology, 

Petersenstr: 20, 0-64287 Darmstadt, Germany 

Dielectric studies of a single component ferroelectric liquid crystal material, showing chirdl 
nematic to smectic C* phase transition have been investigated using a thin, highly conducting 
electrode cells. The main emphasis was given to the Goldstone mode which comes due to 
phase fluctuations in tilt angle of the molecules in Sm C* phase. To see the surface effect on 
the behaviour of Goldstone mode, one of the electrodes of the cell was highly anchored. The 
dielectric permittivity, particularly due to Goldstone mode has been studied for positive and 
negative polarity of the bias field in Sm C* phase. The Goldstone mode behaves differently 
during the positive and negative polarity of the bias field. The unusual dielectric behaviour 
has been explained by considering the charge accumulation phenomenon. The results agree 
with the electro-optical studies. 

Keywords: Ferroelectric liquid crystals; Goldstone mode; charge accumulation 

INTRODUCTION 
Ferroelectric liquid crystals (FLCs) have been studied extensively due to their 
interesting basic properties and appear to be very promising materials for the 
optical displays“’. However, they are not widely used in devices because 
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there are number of difficulties in their applications, including the 
understanding and control of alignment and switching mechanism. The use of 
polymer rubbed surfaces for the FLC alignment is of particular interest 
because of its feasibility for preparing the large area and mass production 
devices although, the polymer rubbed alignment creates high polar surface 
anchoring effect which affects the switching mechanism of the liquid crystal 
molecules. Similarly, the dielectric relaxation process in ferroelectric liquid 
crystals can be expected to be influenced by the surface anchoring effect 
which is created due to the charge accumulation at the interface of polymer 
layer and the liquid crystal material. 

It is well known'*' that the dielectric relaxation in chiral smectic C* 
phases comes due to the collective dielectric processes and due to the 
molecular reorientation motion, connected to the polarisation of the 
molecules. The collective dielectric processes are due to the Goldstone mode, 
connected to the phase fluctuations in the azimuth orientations of the director 
and the soft mode due to the fluctuations in the amplitude of tilt angle (0). 
The dielectric permittivity in the whole Sm C* phase is dominated by the 
Goldstone mode. However, it can be suppressed by unwinding the helicoidal 
structure either by applying a bias field or by surface stabilisation. The soft 
mode appears near the transition temperature of Sm C* to Sm A phase as the 
tilt fluctuations are maximum near the transition temperature. However, soft 
mode can be detected few degrees in Sm C* phase by suppressing the 
Goldstone modePJ. 

In the present investigations, the behaviour of Goldstone mode has 
been studied in a highly anchored surfaces of a very thin (2.5 pm) samples in 
a first order phase transition ferroelectric liquid crystal material having a 
phase sequence of smectic C* to chiral nematic phase. The dielectric studies 
have been performed in such samples in the fiequency range of 10 Hz to 
10 MHz. The influence of positive and negative polarity bias field on the 
Goldstone mode has been reported in the samples prepared by polymer 
rubbed surfaces for the alignment of ferroelectric liquid crystal molecules. 
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SURFACE EFFECT ON GOLDSTONE MODE IN FLC's [ 649]/37 

EXPERIMENTAL 
Transparent conducting indium tin oxide (ITO) coating on optically flat glass 
plates were used as electrodes for the dielectric measurements and also to 
cheque the optical alignment of liquid crystal molecules. One of the 
electrodes of the cell was treated with adhesion promoter and polymer (Nylon 
6/6) and was unidirectionally rubbed to get the planar alignment. The charge 
accumulation effect (surface anchoring) was obtained by thick polymer 
coating'41 with strong rubbing strength which was done by keeping the 
minimum distance between the glass plates and the rubbing block. Thickness 
of the sample cell was maintained around (2.5 pm) by means of photoresist 
film spacers. The cells were first calibrated using air and toluene as standard 
references. A single component ferroelectric liquid crystal material used in 
this investigations (IS-4362 = "FFP", E. Merck, Darmstadt, Germany) has a 
phase sequence as follows 

43.2"C 45°C 61°C 
Cryst. W S m C '  - N* - Iso. 

30°C 

The material was introduced into the cell by means of the capillary action at 
elevated temperatures. A well aligned sample is obtained by applying an 
electric field, just below the transition temperature of Sm C* to N* phase as 
simultaneously observed under the polarising microscope. The detail 
procedure for planar alignment in such type of ferroelectric liquid crystal 
material is reported elsewhere[']. 

Dielectric measurements were done in a shielded parallel plate 
capacitorl6] using a HP-4192A impedance analyser in the frequency range of 
10 Hz to 10 MHz. The dielectric data were corrected for the static 
conductivity and for the high frequency deviations caused by the inductance 
and resistance of the cables and connectors. The frequency and bias field 
dependence of the real and imaginary part of the complex dielectric 
permittivity have been studied in Sm C* and N* phase for planar alignment 
in thin cells. The optical alignment was chequed by mounting the cells on a 
polarising microscope (Olympus BH2). 
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RESULTS AND DISCUSSION 
In planar alignment the molecular director is in the plane of the substrate and 
smectic layer plane is perpendicular to the substrate. In the first order phase 
transition FLC materials, the chances of formation of chevron structure is 
very less because of the absence of smectic A phase. Further, planar 
alignment is obtained in the presence of an ac electric field in the cell where 
one of the electrodes is treated with polymer and rubbed”’. 
As it is knownl3’ that in planar alignment the dielectric permittivity due to 
Goldstone mode is dominant in Sm C* phase which comes due to the phase 
fluctuations of the molecular director along the smectic tilt cone. These 
fluctuations can be suppressed by unwinding the helical structure either by a 
bias field or by the surface stabilisation. In the present FLC material, one can 
expect a Goldstone mode even in the very small thickness (2.5 pm) cells as 
the FLC material has a very small helical pitch value of 0.3 pm in smectic C* 
phase. Figure 1 (A&B) shows the effect of biasing field with a positive 
polarity to the rubbed surface, on the Goldstone mode in the form of 

1 - 0 v  
2 - 5 v  
3 - l O V  
4 - 1 2 V  
5 - 1 5 V  

-1 

FIGURE 1 (A) Dispersion and (B) absorption curves at 42.09 “C temperature 
for Goldstone mode at different biasing voltages with positive polarity to the 
polymer rubbed surface. 

dispersion and absorption curves. It is clear from the Figure that as the bias 
field increases the Goldstone mode also gets suppressed. At about 12 Volts of 
biasing voltage the dielectric permittivity (E’) becomes static. Similarly the 
absorption due to Goldstone mode also becomes constant (Figure 1B) at 
12 Volts of positive bias field to the rubbed surface of the cell. 
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SURFACE EFFECT ON GOLDSTONE MODE IN FLC's [651]/39 

Figure 2 (A&B) shows the dispersion and absorption curves due to the 
Goldstone mode when the bias field with negative polarity to rubbed surface 
was applied to the cell. Here also the Goldstone mode gets suppressed with 
the increase in the negative bias field, but it gets suppressed with higher bias 

v (Hz) V W )  
FIGURE 2 (A) Dispersion and (B) absorption curves at 42.09 "C temperature for 
Goldstone mode at different biasing voltages with negative polarity to the polymer 
rubbed surface. 
analyses carehlly Figures 1 & 2, the biasing voltage, required to suppress the 
Goldstone mode is different with the change in the polarity of the biasing 
field and this difference can be very clearly seen in Figure 3 at 12 Volts. This 
means that the Goldstone mode gets suppressed at 12 Volts when a bias field 
with +ve polarity to the rubbed surface and it (GM) gets suppressed at 
15 Volts when a bias field with -ve polarity to the rubbed is applied. 

10 3a . 

1 . 5 1  

. . 
F . -  . 1 II 

& 

v (H4 
FIGURE 3 Dispersion (closed square) and absorption (closed circles) curves for 12 
volts of bias field with negative polarity to the polymer rubbed surface. Dispersion 
(open squares) and absorption (open circles) curves for 12 Volts of bias field with 
positive polarity to the polymer rubbed surface at 42.09 "C temperature. 
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The difference in the biasing voltages with the change in polarity, to 
suppress the Goldstone mode is due to some internal field in the cell itself. 
This internal field is because of the charge accumulation between the 
alignment layer and the FLC material. As only one surface of the cell was 
polymer coated and rubbed for the alignment of the FLC molecules. 
Therefore, the field created due to surface charge accumulation would be very 
high on the polymer coated surface which results into the different biasing 
voltages with the change in polarity, to suppress the Goldstone mode. It 
should be mentioned here that the charge accumulation would be very high if 
a thick polymer coating with a high spontaneous polarisation (P,) FLC 
material[81 is used. In the present study also one can expect a high charge 
accumulation on one surface of the cell as very high P, (I60 nClcm2) FLC 
material and a thick polymer coating (1000 A) is used. Such behaviour of 
asymmetric switching".'01 due to charge accumulation phenomenon has also 
been observed in such type of FLC materials by electro-optical studies when 
one electrode of the cell is coated with polymer and rubbed for the liquid 
crystal alignment. 

It should be mentioned here that when the cell is optically well 
aligned, the behaviour of Goldstone mode with biasing field is not consistent, 
particularly for lower frequencies as seen in Figure 4. This means that the 
field formed due to charge accumulation on one of the electrodes is enhanced 
in the optically well aligned cells and creates hindrance in the phase 
fluctuations of the tilt angle, resulting into the nonconsistence behaviour of 
the dielectric permittivity of the Goldstone mode, particularly at lower 
frequencies. The fluctuations in the dielectric permittivity at lower 
frequencies is understandable due to the fact that the mobility of the charges 
is very slow. The charge accumulation phenomenon can be seen very clearly 
at higher temperatures in chiral nematic phase as shown in Figure 5. One may 
argue that why the charge accumulation dielectric process is seen in N* phase 
as there is no local spontaneous polarization in this phase. This is because of 
the fact that smectic-like ordering is retained in the surface layers, resulting 
into the appearance of low frequency dielectric process in chiral nematic 
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SURFACE EFFECT ON GOLDSTONE MODE IN FLC's [h53]/41 

phase. The smectic-like ordering in the surfce layers has also been observed 
in N* phase by electro-optical methodf",'21 in this type of FLC materials. 
However, for lower temperatures in smectic C* phase it could not be seen 
very clearly as the relaxation process appears to shift to lower frequency 
(curves a&b in Fig. 5). 

- 35 2B'C 
D .42 32 'C 
c - 45 53 'C 
d .  55 59 'C 
a - 6 2 m ' C  

v (HZ) v (Ha 
FIGURE 4 Dielectric permittivity (E') as FIGURE 5 Loss factor (tan 6) versus 
a function of  frequency at 38.26OC frequency at different temperatures in 
temperature in optically well defined cell. SmC* and chiral nematic phase in 

optically well aligned cell. 

This slow frequency dielectric process cannot be due to the Goldstone mode 
in chiral nematic phase and it is not due to the soft mode which appears at 
high frequency (100 kHz). This mode also cannot be due to the ionic impurity 
effect"31 because this process could not be seen when this material was 
aligned by magnetic fieldf14]. So. this slow frequency dielectric process, seen 
in the chiral nematic phase is due to the charge accumulation phenomenon 
between the polymer rubbed surface and the ferroelectric liquid crystal 
material. The dielectric measurements for this slow frequency relaxation due 
to charge accumulation phenomenon are being carried out at lower 
temperature in smectic C*  phase in the frequency range of 0.01 Hz to 10 kHz 
by 1250 frequency response analyser (Schlumberger, Solartron) and would be 
published in detail. 

CONCLUSIONS 
I .  The Goldstone mode suppression behaves differently during the positive 
and negative bias field when the surface charge accumulation is created on 
one of the electrode cell. 
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2. The slow frequency dielectric process is detected at higher temperatures in 
chiral nematic phase due to the charge accumulation phenomenon. 
3. It would be interesting to study the surface charge accumulation effect by 
dielectric method in smectic C* phase for lower frequencies (below 10 Hz). 
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