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Relaxation Modes in a Ferroelectric Liquid 
Crystal under Pressure 

HIROWKI UEHARA and JUN HATANO 

Department of Materials Science and Technology, Science University of Tokyo, 
Yamazaki, Noda, Chiba 278-8510, Japan 

The complex dielectric constant of a ferroelectric liquid crystal was measured under pres- 
sures up to 350MPa. The chiral smectic C (SmC*)- smectic A (SmA) transition temperature, 
Tc. increases with an initial slope of dTc/dp=0.19 K/MPa. The real part of the complex die- 
lectric constant in the SmC* phase decreases as the pressure increases. The dielectric 
strength, A E G, of the Goldstone mode shows an initial decline for pressures of up to about 
IOMPa, and then approaches a constant value, and the relaxation frequency, fG, of the mode 
decreases steadily. Taking into account of the phenomenological relations of A E G = 1/K and 
fG 0~ K/ y (K: elastic constant, y rotational viscosity), we conclude that the reduction of the 
dielectric constant in the SmC* phase is mainly caused by a decrease in the relaxation fre- 
quency due to an increase in the rotational viscosity. 

Keywords: ferroelectric liquid crystal; relaxation mode; pressure effect 

INTRODUCTION 

Liquid aystals undergo aphasetransition with changing tempmhm or pressme. 

[2377]/525 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

01
 1

5 
A

ug
us

t 2
01

2 



526/[2378) HIROYUKI LIEHARA and JUN HATANO 

The application of pressure decreases the intermolecular distance and change the 
intermolecular interaction, and then leads to a shift in the transition temperatures 
or the appearance of some new phases. Therdore, high-pressure investigation of 
these liquid crystals helps us to understand the physical properties of the materials 
[1-5]. 

It has been reported that the dielectric constant of p-decyloxybenzilidene 
p'-amino 2-methyl butyl Cinnamate (abbreviated DOBAMBC) decreases with 
increasing pressure, and that the chiral smectic C (SmC*) - smectic A (SmA) 
W o n  temperature, To increases heady with a pressure d c i e n t  of dTddp 
= 12.5 mar [ 11. Prasad et al have reported that the relaxation frequencies of 
the Goldstone mode and the soft mode in a fedectr ic  liquid crystal 
(abbreviated FLC) decrease as the pressure increases [2]. However, they do not 
mention the dielectric strength of the Goldstone mode. In the present study, the 
complex dielectric constant E * of an FLC was measured under pressure, and 
the pressure dependence of the relamtion 6equency and the dielectric strength 
are discussed. 

The FLC sample used is CS1017(Chisso), and the phase sequence at 
atmospheric pressure is as follows: SmC*-(55"~SmA-(64"c>N*-(68°C~~., 
where W and Iso. are chiral nematic and isotropic phases, mpectively. A 
homogeneously aligned cell was prepared by rubbins two IT0 glass plates with 
polymide. The cell thickness is about 30 ,um at atmospheric pressure and 
changes with increasing pressure. However, the increase of the sample 
capacitance due to the change in the cell thickness have been disregarded at the 
present stage. The sample cell was sealed with an epoxy resin so that a pressure- 
transmitting fluid(Shinetsu Silicone, KF-96-5OCS) cwld not enter into the cell. 
The applied pressure in the high-pressure vessel was measured by a calibrated 
pressure converter (Mnebea, STD5000K). The tempemre of the sample was 
monitored with a clomel-alumel thermocouple close to the sample. The complex 
dielectric constant was measured with impedance analym ( S o h n  SI-1260, 
HP4194A) inthe fiequency range W e e n  lOHz and 1OOkHz. 
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RELAXATION MODES IN AN FLC UNDER PRESSURE [2379]/527 

f=66OHz 
. 0. l M P a  

RESULTS AND DISCUSSION 

15 I I I 

102MPa - 
203MPa 308MPa . 

w -  

The complex dielectric constant, E *, of CS-1017 was measured at various 
kqemtum and pressures. Figure 1 shows the temperature variation of the real 
part of the complex dielectric constant, E ', at a fhquency of 56OHz. At 
atmospheric pressure, E ' changes abruptly at the SmC*-SmA transition 
~ T , . A s t h e p r a s u r e i n c r ~  E 'intheSmC*phasedecreasesand 
the peak, due to the soil mode, becomes clear at T,. The pressure dependence of 

5 -  

20 60 ao 100 
Temperature ("c> 

FIGURE 1 
SmC*-SmA transition at various pressures 

Temperahm dependence of E ' in the vicinity of the 

T, is shown in Figure 2. Open circles show the SmA-N* and N*-Iso. transition 
temperatures obmed using a polarized microsoope at atmospheric pressure. In 
the dielectric measurements undm pressure, these two transition tempemhues 
were not confirmed. The SmC*-SmA transition teqemtmq T, linearly 
increases with an initial slope of dTJdp=O. 1 9 W q  but the deviation h m  the 
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linear relaton between pressure and T, becomes evident at high pressure. 
To investigate why the dielectric constant in the SmC* phase changes with 

pressure, the dependencies of the dielectric stwgth, A E and the relaxation 
fiequency, 4 of the Goldstone mode on the presswe were determined h r n  the 

I I I I 
100 200 3 00 400 

Pressure (MPa) 

FIGURE 2 Pressure dependence ofthe SmC*-SmA transition 
temperahut of CS-1017. Open circles show the SmA-N* and 
N*-Iso. transition temperatures at atmospheic pressure. 

extended Debye type dispersion formula as below [6], 

where E and B are the dielectric co- in the high-fiquency limit and 
the distribution parameter of the relaxation time, rqmtively. The second and 
third terms of the right side are the contribution of the Goldstone mode and the 
conductivity terms, reqedvely. Figure 3 shows the fkquency dependence of the 
real part, E ’, and the imaginary part, E ”, at several pressures. The relaxation 
fiequency of the Goldstone mode at atmospheric pressure is about 500Hz and a 
relatively large contribution of the conductivity exists in the low-fiequency region, 
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RELAXATION MODES IN AN FLC UNDER PRESSURE [2381]/529 

The all experimental data were well-fitted to eq.(l). The lithng parameta at 
atmospheric pressure were estimated as E m=3.4, A E ,=12.3, &=SOoHz, B 
=0.92,8=130Hz and Y +.% h m  the data of E ’ as a function of fkquency, 
and similar values were also obtained by the fitting of E ”. 

The pressure dependencies of A E , and & are shown in Figure 4. ’Ihe 
d u e  of A t G  demases &pressures up to about lOOMPa, and then approaches a 

constant value abovethis pressure, while & deaeases steaddy. Therefiwe, the o b w e d  
decrease in the dielectric constant with increasing pressure at a given frequency is 
mainly caused by a de<xease in the relaxaton bquency. In order to analyze the 
behavior of the Goldsrone mode under pressure, we used the equations below that 

FIGUE 3 comparison of the and fitted results 
for E ’and E 77atsevdpressuresintheSmC*phase. 
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1 5  I I 1 
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FIGURE 4 
of the Goldstone mode obtained using eq. (1) as a function of pressure 

Dielectric strength, A E o, and relaxation frequency, f& 
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RELAXATION MODES IN AN FLC UNDER PRESSURE [2383]/53 1 

2 ,  I 1 I 11  
Tc-T=3K I K' lo., 

h 

0.6 
B 

0.2 

1 I I 

100 200 300 
Pressure ( M P a )  

5, we have plottedthepressure dependencies ofKand y . Thediele&ic stnmgth ofthe 
Goldstonemode deaeases as the pressure is increased andapproaches aconstant value at 
alughpressure. 'Ihe dependence o f K  o n t h e w  quabtidy agrees well withtbt 

O f t h e e k S t i C ~ o n t h e ~ . ~ d ~ ~  y lineariyincI.eases 
withinamsing pressure. Ihe miatid visoosity inthe SmC* phase ofFLCs which was 
r e p o r t e d ~ ~ [ 2 ] ~ a l i n e a r r e l a t i o n t o t h e ~ ~ p ~ a n d i s a l s o ~ y  
cansistent with that obtained in the p~tsent study. Thedim, it is concluded that the 
redudion of the dielectric constant at a given frequency by increashg pressure in 
the SmC* phase is mainly caused by an haease in the rotational viscosity. From 
the above analysis, we can derive the dependencies of the elastic constant and the 
rotational viscosity on the pressure on the basis of the mode Separation of the 
dielectric dispersion. 

The relaxation kquency ofthe soft mode, &just above T, at atmospheric 
pressure (about 2.6kJ3z) is five times lager than that of the Goldstone mode. 
However, we cannot estimate the pressure dependence off ,  at T, with high 
ammcy, because & is especially sensitive to T-T, and the mode is observed only 
in the quite vicinity of T,. However, the dielectric strength of the soft mode 
decreases with incxeasing pressure and approaches a constant value. The 
dielecbic streqghs of the sofi mode and the Goldstone mode show similar 
dependencies on the pressure. 
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HIROYUKI UEHARA and JUN HATANO 

SUMMARY 

We wish to summarize the following si@cant points to arise fiom this 
investigation. 
1. The complex dielectric constant ofthe ferroelectric liquid crystal CS-1017 was 

measured under pressures up to 350MPa 
2. The SmC*-SmA transition temperdture increases with increasing pressure 
with an initial slope of dTJdP==O. 19WMPa 

3. The reduction of dielectric constant at a given fi-equency in the SmC* phase 
with increasing pressure is mainly caused by a decrease in the relaxation 
frequency of the Goldstone mode which in turn is due to an increase in the 
rotational viscosity. 

4. We can derive the dependencies of the elastic constant and the rotational 
viscosity on the pressure on the basis of the frequency dependence of the 
complex dielectric constant 
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