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DIELECTRIC PROPERTIES OF A FERROELECTRIC LIQUID 
CRYSTAL MIXTURE UNDER BIAS ELECTRIC FIELD 

TAP.%S PAL MA.JIJMDER, SUSANTA SINHA ROY and SUBIR #. ROY 
Dept . .  of Spectroscopy, Inrllan Association for. t h e  
Cult.fvatiun of Science, Jadavpur. Cfdcutta - 700 932, 
India. 

MUKUL MZTRA 
D e p t .  of Physics, Bangabmi Morning College,  19 Sco t t  
L a m + ,  Calcutta - 700 009, India. 

-4E;TRACT The dielectric px-operties of 3 ferroelectPlc 
liquid crystal  mixture  of low spontaneous polsrizatlan 
l u v r  been st,udied here a6 A fmct iun  of D.C. bias 
voltage, l’requency and cell thickness. A snlal l  sharp 
peak of dielectric constant is f6u1d L@ become 
pixminent a t  t h e  chiral smnertic C-smectir  A phase 
transit,Ior~ under t h e  condition in which Ooldstorae mode 
is suppressed. The relaxation fx-equency, dielectric 
strength and the rotatiorwl viscosity of t h e  Goldstone 
mode have been determined under- D.C. bias field. 

INTRODUCTION - 
 he discovery uf ferroelectricity in smectic C* phase 

i ,2 and its subsequent applications in electro-optic device, 
provides t h e  s y s t , e m  which 1- gained an increasing: aniuunt of 
i n t e re s t  during last few years .  An increasing number of 
ferroelectrir liquid c r w t d s  WLC3 materials are coming up 
day by day  and much eff.orts are being made t o  character~fze 
the thermodynamic properties of t he  s y s t e m s  both 
e-xperimentallv and theoretically 3-7 . In this context t h e  

m e a s u r e m e n t s  of complex dielectric constant. is important 
because in  the same measurement both t h e  stat.ic arid dynamic 
propertAes of t h e  systems can be determined. The large 

contribution t o  the dielectrlc constant perpendiculav to t h e  
helical ads in the  sinectic CL phase is due to w i n d f n g  and 

unwinding n i n t h n  of t h e  helicold31 stiwCture, which ai.ises 
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57843 1441 T. PAL MAJUMDER ET AL. 

due t o  the  fluctuation of t he  a z i m u t h a l  angle of molecular 

axls around t h e  helicoidal axis. This contribution is called 

the Uoldstone mode. A comparatively smaller contribution t o  

the dlelectrlc constant comes f r o m  the  tilt fluctuation of 

the  director. This relaxation mode is commonly known as s o f t  

mode. 

In most of t he  FLC materials, below the  smectic 

C*-smectic A phase +ransition temperature CTCeA>, as the  

t e m p e r a t u r e  start decreaslng the  dlelectrlc constant 

increases t o  4 maximum value a f e w  degi-ee below the 

transittion temperature due to t he  formation of ferroelectric 

CL phase. Recently Ozaki  e t  id6’* observed a small peak of 

dielectric constant at  TCSA for t he  FLC m a t e r i a l s  possesslng 

high spontaneous polarization CPs>. The effect  of bias field 

on t he  dielectric properties of FLC materials are rare in the  

literature. Only a few papers have been published so far in 

this field?-13 The blas voltage is generally applied t o  

isolde the softmode from the  Uoldstone mode. In the  present 

paper the  characteristic dielectric behaviour as a function 

of frequency and bias electric field for a low 
f erroelectric liquid cxystal m i x t u r e  CZLI-3654-000> has Been 
reported. The dependence of t he  dielectric behaviour on the  

cell thickness has also been investigated here. The phase 

sequences of t he  sample is shown below: 

ps 

K < - 30°C SmC* 62OC S ~ A  76*C Ch 86% I 

EXPERIMENTAL 
The complex electric permittivity W ~ E S  m e a s u r e d  by using 

sandwich type cells. Oold-plated and ITO-coated glass plates 
were used as electrodes. We have  used three cells of cell 

thickness 17 gm, 49 pm and 109 wn. The m e a s u r e m e n t s  w e r e  
carried out f o r  planar conffgu~at~on. The sample w a s  digned 

parallel t o  the glass plates by slowly cooling: CcooUng rate 

O.a°C/min.> from its isotropic phase in presence 0%’ magnetic 

field C i D  kG> for 4Dpm and IOOqm cell b u t  fur 17pm cell 

thickness WP simply cooled t h e  cell Ccooling rate 0.2*C/min.> 
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DIELECTRIC PROPERTIES OF A FLC MIXTURE [3145]/579 

in presence of a 20 Hz ac field of amplitude 4VrmS- For IT0 

coated cell .&gnment was checked under pohfz fnp  microscope 

aild a fairly good alignment was achieved with large f-ucal 

conic texture.  For gold plated cell w e  compared t h e  

m e a s u r e m e n t s  with that w a s  obtained *ram t h e  XTO coated cell 
with a known FLC 1nate14al and a fairsly comparable results 
were obtained. Before actual realiing the cells w e r e  

calibrated using air and highly pure benzene as standzmd 

references. The SC+ pitch of the FLC nraterial is -3pm at 2O*C 

and t h e  P, and tilt angle are! -2YnC/cm a n d  25 degree 

respestively at 21)"~. 

-2 
4 

A Hewlett-Packard impedance analyzer <model-HP 4192A> 

w a s  used to investigate the  frequency dependence of t he  real 
and imaginary part of the  electric permittivity of the sample 

In the frequency range from 5 H z  to 13 MHz. The temperat.ure 

of the  sample was conkrolled by using M e t t l e r  Hot Stage 

Cmodel - FP 5). The D. C. bias field was: applied 
perpendicular t o  t h e  helix ads i.e. parallel to the layer- 

plane. 

have been calculated f i m m  Cole - C o l e  equatLonl6using 

The relaxat-ion frequency and the distribution par.anirtei. 

I-h v / u - C w r >  

E' Cw> = dielectric constant a t  a particular frequency. 

d o >  = low frequency dielectric constant where the C o l e  - 
Cole plot cut t h e  abscissa axis at  the  lower frequency s i d e .  

eCa> = high frequency dielectric constant where the C o l e  - 
Cole plot cu t  t h e  abscissa axis a+ t h e  higher frequency side. 

-4 plot of logio Cv/u> against, logio f should give a 
s t r a igh t  line. t he  intercept  on t h e  abscissa axis coibresponds 

t o  f and the  slope gives the dlstrfbution parameter h. r 
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580/[3146] T. PAL MAJUMDER ET A t .  

REZULTS AND QISCUSSION -- - 
Figure  1 shows the typical graph of dielectric constant, 

E’ againsL frequency at. different bias dectmic f i e ld .  At. lmv 

+ 150 
c 1-0 V o l t  
0 
c 
v) 

oc 100 u 
0 .- 
L 
c 

50 - 
Q) .- 
L3 

0 

2- I Volt 
3- 5 Volt 
4 -I 0 Volt 

I I I 

0. I I .o 10 
Frequency ( K H z )  

FIUURE 1 Plot ef d i e l e c t r i c  cgrstwit YS. frequency 
at d i f f e r e n t  D.C. bias f i e l d  <at 58 C) .  

r’requency side, a sharp  change of. die lect -r ic  constant 1s 

fibserved as the bias volt,age incr.easrs, but ln h i r i g h e r  

frequency b i a s  rrolt.,age has B little effect, on JirlccLric 
constaist ; because at higher frequency  the U o l d s t o r i e  mode 

centr ibut . ion  tfi t.he dielectric constant. i ~ >  ST* p h e  has 
alreadjr &ern suppibessed due to frequency d l syera ion  of 
tb elect r i c 12 uns tan t. .3i lcl f u r t h w  su p p ~ e s s l  on of di elec t1.i c 

[:onstant. due t.o D.C. bias voltage is found smnailer. Tlsr 

t.empex*at.urr dependence of the  dielectric constant at v a r i o u s  
frequencies 1s shown in F i g s .  2 and 3. A t  lower  Irequrncy 

<Fig. 2). t enq \rra ture  dependence of &electric constant c u w e  

shows a s k e p  wise increase of dielectric constant as t,he 
t,emperat,uxw decreases from T,* but no such stepwise increase 
us’ d i e l e c t r i c  constant wit-1s t e m p e r d , u r e  could be obser-ved at 
higher frequencies because at. Nglier frequency  the &electric 

constant. i s  suppressed due to f requency  dispersion and due  t.o 

t,hese suppression the s tepwise  increase 01% d i e i e c t i 4 c  
constant may not be ubsm-ved dC higher frequency cux’ves in 

t 

t A 
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DIELECTRIC PROPERTIES OF A FLC MI,YTURE! [3 147 ]/581 

Fig. 3. T h e  temperature dependence uf lilelectaic constant at 

I I -0 .OSKHZ 
t 300 
c 
0 
u, 
C 

c 

s 200 
0 .- 
L 
t 
u 
2! a, 100 .- 
L3 

0 0  
40 45 50 55 60 65 70 

Temperature ("c) 
FIGURE 2 Temperature dependence 02' the dielectric 
constant. in the l o w e r  l'requenay r-egiox~ ( w i t h  cell 
Lhickness of f71.lm3. 

28 

24 
0 
c 

0 c" 2 0  
0 

.U_ I 6  

- a, 12 

8 

I 
c 
0 

a, .- a 

I - I KHz 
2 - 5KHz 
3 - I O K H Z  
4 - 50KHz 

\ 4 

30 40 5 0  60 70  
Tern perature ("C) 

FIUURE 8 Variation of &electric constant w i t h  tempei-atur*e in 
high frequency region C w i t h  cell Lhlcliness uf 17 9m.X 
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58" 1481 T. PAL MAJUMDER ET AL. 

&Yerent cell thickness in figme 4 have been done at IZcHz, 

which is higher than the  relaxation frequency of the sample 

and the dielectric constant has been suppressed due to 
frequency dispersion and for the same reason no such s t e p w f s e  
increase of dielectric constant is observed in Fig. 4. A 

I - IOOUm 
2- 4 0 p m  300- 3- 17pm 

c 

c 250 

E 2 0 0 -  
v) c 

0 

0 ar 

.- 
2 150- 

.- 100- 
n 

5 0  - 

- 

2_ 

\ 2 
0 )  I I I I I I , 3  
50 52 54 56 58 60 62 64 

Temperature ("C) 
FXOUIZE 4 Dielectric constant YS. temperature at 
dif ferent  cell thickness Cat 1 KHz3. 

sharp increase UP the  value of the dielectric constant a f e w  
degree below TC+A with the decrease of temperature can be 
explained as f o l l o w s  - A s  the ternpepatme cools down below 

TC*A the helicoidal structure begins to fo3-m but surface 
Intel\act,iots with the w a l l  of the cell ppeventn the foxmation 

of helicoidal structure. A s  the temperature further goes 
down, the clsSral force donlinates over the  surface fofce and 
st. LemperaLures around 1U% below TCsA a complete formation 
of the helicoidal structu1.e is ovei*. A s  a result dielectric 
constant attdns  a nlauimuin value due to hellcoldal motion. 
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DIELECTRIC PROPERTIES OF A FLC MIXTURE [3149]1583 

B u t  as t h e  temperature fu r the r  decreases the  dielectric 
constant begins to fall at f a x *  b e l o w  the T p A  owing  t o  t.he 

fact t h a t  t he  v i sms i ty  of t h e  medium i n t p e a e s  with the  

decrease of temperature and t h e  s y s t e m  get stiffer against. 
phase fluctuation and consequently dielectric pe i \mi t t iv i t i e s  
decreases. This tvpe of behaviour of' dielectric constant wit-h 

temperature In the  Sc* phase w a s  also observed bv 
others  17818. but no such decrease of dielectric constant w a s  

observed at. far below TCaA temperature in higher frequency 

curves, due to the suppression uf (3oldstone mode and as a 
consequentx of which the dielectric conshnt is greatly 
reduced a t  higher frequencies and any fu r the r  reduction of 
dielectric constant due to lowering of viscosity at far below 
TC** may be negligibly sinall. In Fig. 3 a s n d l  peak of 
dielectric constant is appeared neat' TC+A. This peak is 

prominent, a t  3 KHz and higher. fi*equencies which a ~ e  much 

higher than t h e  relaxation frequency of t h e  Ooldstone mode of 
this compound. Therefore it is not r e l a t e d  t o  Uoldstone inode 

contribution because a t  higher fmquency around 10 KHz, L l s e r e  

should not be any peak in Sc* pkase and at. such high 

frequencies *.here is pr*actically $10 contaributien from the 
Goldstone mode due t o  cfisperston. Therefore it. can Be . ssutned 

that this peak becomes observable owing to the  suppression of 

t h e  Uoldstone mode at high frequency. Such a characterist ic 

peak w a s  reported earliex-' for FLC m a L e r i a k  W i t h  high va lues  

of spontaneous pol-ization. To get  the better understanding 

regarding th i s  peak in L ~ U P  case v i e  also m e a s w e d  the 

dielectric conskant as function of* cell thickness and D.C. 
bias field. 

The helicoidal structure of PtC materials in Sc* phase 

is influenced by the surface effect, and  dielectric constant 

in such p b s e  is also suppressed By the decrease of the 

Boldstone mode contribution in thin cell. For FLC n l a t e i \ i a l s  
with high P, value t h e  goldstone nrode is suppressed even if 

8 t h e  thickness of the cell is greatel\ than 200-300 pm. 

Temperature dependence of Lhe dielectric constan+ at three 

8 2  
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584/[3 1501 T. PAL MAJUMDER ET AL. 

different cells of vaPfous spacer thickness is  shown in Fig. 

4. Dielectric constant is found t o  deci.ease with the decrease 

of ceLl thickness w h i c h  i s  quite consistent by the fact  that 

the helicoidal rnot.ion in Sc'L is suppressed and its 

contribution to the dielectric constant is givzatly reduced In 
thin cell. C o n s e q u e n t l y  a small dielectric consstant. peak is  

become prominent in a thin cell at T,+ This peak is become 

pi~ominent owing t o  the suppression of Uoldstone ,node 

contribution at smal l er  tlrfckness of the cell. Frum Fig. 3 it. 

i s  also observed that as the D.C. bias voltage increases in 

t A- 

c 

g 35 
+ 
30 
25  

u .- 
," 2 0  
- 15 
Q, 

I - 0 Volt  
2- 3 Volt 

I I I I 

30 40 50 60 70 
Temperature ("C) 

FIGURE 5 Dielectric constant vs. t e m p e r a t u r e  at. 
different D.C. bias field.  

the S . ;  phase t,hr helfcoidal structui*r g e t s  unwound and the 
helicoidal motion ceases- A s  a r-esul t  a small  peak appears at 
TC*A at, higher D.C. field.  Therefore i t  inav be concluded tlsat 
the  s n a l  ye& of the dfeleccric roilstant.  which is become 
prominent- .at TCeA is due t,o the si>ft mode cont-ribut.ion w h i c h  
arises due to the supprerslms of the Qoldrtune mode 

contribution LO the die l e t  Lric cai.lstant. Recently L a v s t i k  rt 

al.19also repoi*ted the appearance of a small p e a k  of 
dirlectmic const.ant, at, TC*A front thcoretfcal calculations. In 
curve nu. 4 of Fig. 3 a small anomlous dip 'of the dieiectric 

c 
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DIELECTRIC PROPERTIES OF A FLC MIXTURE [31511/585 

constant is also observed at just below TCIA. TNs can be 
explaiix?ed as follows-In the present studied sample the 

relaxation frequencies of the soft mode  just at the 

transition temperature is a r o u n d  6 - 10 KHz. So at, frequency 

higher than 10 KHz, d i e l e c t i t i c  constant of the soft mode  

decreases w i t h  the increase of frequency due to anomalous 

dispersiun and the small d i p  I s  observed in the L e m p e r a t u r e  

d e p e n d e n c e  of the d i e l e c t r i c  constant curve. This anomahus 

dip of dielectric constant in higher frequency was also 

observed earlier by Ozaki e L  a18 From Fig. 5 i t  Is also 
found that  the abrupt change of Lhe dielectric constant 

OCCUPS at, 6iDC. which is a little b e l o w  the actual phase 

bransition t e m p e r a t u r e  of the m a t e r i a l  observed in texture 

studies wider- polarizing mfcroscope. This  3s also observed by 

B i r a d a r  et all4 for Lhis sample. They observed the s m e c t i c  

C*-smect i c  A phase transition 2°C below the actual TCaA. 

Cole-Cole plots as a function of various D.C. bias Melds are 
shown in Fig. 6. 

I 

80 

€: 40 

L 0 - 0 Volt 
A- 2 Volt 

c 

0 40 80 120 160 2 0 0  

FIGURE 6 Cole-&kde plot 3t $iffisrent D.C. bias Meld 
in L h e  smect , i c  C phase C a t  St? C) .  
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586/[3 1521 T. PAL MAJUMDER ET AL. 

Figures 7 and 8 are given t o  show t h e  variation of 

dielectric s t r eng th  and pelaxation frequency (fa> of 
the  Goldstone mode with D.C. bias voltage. From these two 

graphs it. is seen that t h e  value of dlelectrlc s t r eng th  is 
gradually decreasing and t h e  relaxation frequency is 
i i i~reasing with the  increase of D.C. bias voltage which quite 

rsesembles t.0 t h e  earlier reported values. 2012' The dielectric 

160 

r 

c 
Ql 

6 120 

L 
c 

0 ' 80 .- 
L 
c 
0 

40 .- 
0 

0 

~~ 

I - - 5 0 ° C  
2- 55°C 
3- 58°C 

I I I 3  I I 

0 2 4 6 8 10 
dc bias ( V o l t )  

FIUURE 7 Plot of dielectidc s t r eng th  <hea> of the 
Uolbtone mode with D.C. blas field.  

s t rength  gradually decreases with applied D.C. bias voltage - 
predicts 3 continuous deformation nf the helix. It can also 
be observed from the  Fig. 7 t h a t  as t,he transit ion approaches 

the  ci-itical f i e ld  for perturbing the hellcaldal motion 

becomes less- Since the sample has low Ps value w e  could not 

unwound Lhe helix completely at about 10 vol t  D.C. bfas 

voltage. The relaxation frequency at- different temperature as 
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DIELECTRIC PROPERTIES OF A PLC MIXTURE [3153]/587 

2.5 

shown in Fig. 83 increases with the incx.ease of bias field. 

N e a r  to transition t e m p e r a t u r e  there is a s h r p  rise of 
relaxation frequency with low bias voltage. Therefore it  may 

be concluded that as tho transition temperature approaches 

the  critical field necessary to distort the helicoidal 

- 
I - 5OoC 
2- 55oc 

n 

2 
x 
Y 

)r 
0 
c 
W 
3 
W z 
y. 

C 
0 

0 x 
0 
W 

.- 
t 

- 
cr 

0 . 5 v  

0 . o L  

=a?- 

I ” / 

/ 
0 2  4 6  8 10 

dc bias (Vo l t )  

FIUURE 8 Plat of relaxation frequency of t+ho 
O o l & t o i i e  mode with D.C. bias f ie ld .  

sbruct,ww becomes less. R.otationa1 viscos i ty  has been 

calculated using the v i sco -eht l c  equation 
22 

P2 

Where P = Spontaneous pularizabion 
B = t i l t  angle 

From CIUP A E ~  land fa values we have calculated the 
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rotat.iona1 viscosiLy co-efficient Cy 1 of this sample in the 
Sc* p b a  as a function of Lemperature under- D.C. bias 
voltage. We have taken the liLeP3twez3 values of P, and tilt. 
mglrt te> of this sample. lrs thls czse WE have assumed tht 
these twn paranieters v a i ~  lit-Lle with D.C. bias voltsge.  The 
variation 01.. i\otat.ional viscosity in the Sc* phase with D.C. 
hias voltage and trmpeoature ls S ~ O W ~ J  in Fig. 9. It has beeas 

P 

.2 

CI ; 0.20 
\ I - 5OoC 
CT, 2- 58OC x - )r 0.15- 
c .- 
m 
0 

-- +- 

; 0.00- I I I I I 

0 2 4  6 8 10 
d c  bias (Vo l t )  

FIGURE 9 Varlat.ioJ-i of roLatio-1 v1scosit.y in the smectic, C* 
phase w i t h  P.C. bias volt-age at dlff'er.ent teinperfat,iwrs. 

shown in Fig. 9 that j' . depends much on temper-ature but, 
s l o w l y  increase w i t h  bias voltage from 2 V u i t  t.0 il)Yult.s. The 

24 viscosi.ty is fowsd Lo be invariant, by Srlvastava et al. 

The vlsca-elastic ripations contains Ps a i d  t i l t  angle t3 

which .are n t 3 t  truly indeyendefat i.f bias voltage but I n  
calcillat.ion we have taken these as constant, due t,o w h i c h  our 

b 7 i S C U S f t V  results are I'owld to vai'y a little W i t k J  voltage. 
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