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SOFT MODE DIELECTRIC RELAXATION UNDER THE INFLUENCE OF 
BIAS ELECTRIC FIELD OF A FERROELECTRIC LIQUID CRYSTAL 
MIXTURE. 

SUSANTA SINHA ROY, TAPAS PAL MAJUMDER AND SUBIR KUMAR 
ROY. 
Department Of Spectroscopy. I. A. C. S. Jadavpur. CalcW - 32. INDIA. 

Abslract Temperature dependent soft mode part of the complex dielectric constant has been 
measund as a hotion of bias electric field both in the smectic C' and srnectic A' phases for a 
faroelectrc liquid crystal (FLC) mixture. From the experimental data, soft mode relaxation 
hquency and d & d c  stnmgth have been detemkd both in smectic C' and smectic A' phases. In 
smectic A* phase, relaxation hquency and inverse of dielectric stmngth of the FLC mixture does not 
follow the Curie-W&s law. The critical exponent for the studied FLC mixture is 1.43. Dielectric 
results shows a depemkm ofsoft mode d i W  strength and relaxation frequency with bias field 
near the tmudion temperature m smectic A* phase to an extent of l0C above the transition 
tanperature and above l0C bias 6eld does not have any effect on relaxafion fiequency and die.1ectric 
strcngth It is observed that relexation tkquency increases with inmasing bias field while the 
cOmSpOndmg dielectric strength decreasa. 

INTRODUCTION : 

In planar geometry of cell, two director modes of chiral smectic C liquid crystal are 
commonly known as Goldstone mode and soft modelJ apart from polarization modes. 
The polarizaton modes are well separated 6.om the Goldstone mode and soft mode and 
iis rclaxation fisqucncy is m the order of 500~~z.l~01cistcme ~llodt arises due to a 
change of huthal  angle of the molecular director by the application of measuring field. 
Golddone mode relaxation firtclucncy is of h e  order of 1OHz-wIz and is almost 
independent of temperaape except near the transition temperature. Dielectric pennittivlty 
of Goldstone mode is very bigb becauee of huge phase fluctuation. Soft mode on the 
other hand arisea due to a change m the magnitude of tilt of the molecular director?' It is 
very <tifficult to resohe the soft mode m the Sm-C* phase because of huge Goldstone 
mode contribution This difficulry has been overcome by unwinding the helical structure 
with bias e l e c ~ c  field "'@el to layer plane and on imposition of probe field on the 
bias field at the Vicinity of T=*-SA* transttron * *  . Another fnster switching mechanism 
exists, which is known as electrochic effect' in Sm-A* phase. The electroclinic effect has 
been stdied m Sm-A* phase by dielectric *''and electroqtic method.'z The object of 
the present paper is to report the soft mode behavior with and without bias field m both 
S m d  and Sm-A* phases. 
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In the p#lcnt paper dielectric studies haw been cmriod out for a fcnmlectric liquid 
crystal (FLC) mixture poesessts moderate range of SmeCtic- A* phase. The FLC mixture 
was aMilable from E. Merck. Dsrmetadt (Code m e  ZLI 4237-100) having spontaneous 
pdarizatm -20 nc cm" at 2 0 " ~  and the phase sequences of the mixtm am as follows 
(Ch h o t e a  cholesteric, I kotropic, and K cxystal) 

-2O'C 61'C 73OC 83'C 
K -  SmC'-SmA -Ch c----+ I 

EXPERIMENT 

A paratlel plate capacitor (lTO-coated gIass plates) located at the end of a d 
line, was uscd as an experhad cell. The thickntss of the cell was about 2 0 ~ .  Befon 
putting& sample into the cells, the air cspacitdncc for the two cells were rtcotdod at 
Mercnt tmpmtma and frequencies For dipnent the sample was heated to its 
isorropic phase by Mettier Hot Stage (model FF 5 )  and then cooled down very slowfy 
(0.2Oc/nrin.) and simuttaneounly a low fkqwncy (20Hz) electaic field is applied to the 
cell. The temperature of the sample was stabilizad to an accuracy of +O.Ol°C. A Hewlett- 
Packard impedance anaIym (€P 41BA), waldng m the fizquency range of 5Hz to 
13MHz was used for the complex dielectric pem&h&y meammments.. A measwing 
voltage of .5 Volt was applied m a direction parallel to the smectic layers. The stray 
capacitance for each Cen was m d  by using spec-pure benzene. 

RESULTS AND DISCUSSION : 

~htcompl~xdielectric pcrmitiviticsdandd'has have becnmcawptdboth m Sm<* 
and Sm-A* phase of a FLC mkturc. Dielec~c data has been adywd u8ing cole Cole 
" ~ p r o g r a n r m e .  soft mod^ m srnd phaee h s ~  been obtained after suppression of 
klical strucape with an lpptication of bias elcctxic kld. Soft mode &xafion hquency 
anddiclec~c drengththua obeenidm S m d  phase is shown m Figs.1 and 2. As is seen 
f r c r m t h e F ~ . l a n d 2 t h a t o n s p p l o p c h i n g t o t h e ~ ~ ~ , s o ~ m o d e  
daxation hquency sharply a rmd dielectric strength increases to a maximum 
b at thr: T ~ * ~ *  trrmsmaa - -  tcmpmwe.- ' model f7predicts an 
approximate linear dependence of the rekxntion frequtncy and inverse of dielec~c 
tmtmgth with kmpemme. The thtory quslitativtfy is in reasopLaMc agreement with 
e x p h t e d  data (F i i .  1 a d  2) except vcry near to the traneition temparaturt where it 
deviatcshmlinearity. As on of the purpose of the present paper also to h t i g a t e  the 
idbencc of bias e l e c ~ c  ficM on the sofi mode bthavior m Sm-A* phase, we M o r e  
m c e m p o d t h c c o m p l c x ~  in Sm-A* phaac with and without bias electaic field. 

of soft mode behavior with bias electric field is to One ofthe reason of the bmtqpkm 
identify the exact softmodc umfrhlim and to what extent soft mode is effected m Sm- 
A* phase mdex bias electric field. To extract infinmation of soft mode m Sm-C' phase, 
we applied biae electric field for unwindiag of helix. Again, bias electric field not only 
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FIGURE I. Variation of relaxation fkqucncy of soft mode m SmC' and Sm-A' phases 
withtemperature. 
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FIGURE 2. Tempxatw dependence of the soft mode dielectric stmngth m Sm€* and 
Sm-A* phases. 

decreases Goldstone wntriiution, soft mode bebavior is also affectad. So to extract exact 
sofimodeconOribudton ' m Sm-C' phsee, the study of bias electric fidd effect on the soft 
mode behavior m Sm-A* phase iS dso nectssary. In Sm-A* phaee, only sol3 mode is 
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pmmt so atry chaoge of dielcctxic umstantis only due to soft mode behavior. Colc-cOle 
dmgram (Fii 3) showing soft mode at diffkrent bias electric field m Sm-A* phase. As is 
seen b m  Fi i  2 that at zero bias field, the m w  of soft mode dielectric 
strmgth- f h n  linearity with temperatun. The critical exponent is 1.43. The 
~ b e t i u n i o r o f l / ~  with temperature is also observed "in mixture. The 
reason for this btfiavior m FLC mixture may be explained as follows. 
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FIGURE 3. Cole-Cole repreaentatiOn of the soft mode at different bias field in the Sm-A* 
Ph=* 
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FIGURE 4. Bias dtperadcnt of the relaxation ficqucncy of the soft mode m the Sm-A* 
phast. 
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FIGURE 5. Bias dependence of the soft mode dielectric strength in the Sm-A* phase 

As the temperature gnduaUy decreases in the Sm-A* phase combined amplitude of tih 
fluctuation of the mdkidual components of the mixture due to application of probe 
voltage may not be unifom and this non-unifimnity might haw reflected m the soft 
mode dielecGc strength in the FLC mixture. Bias depndent cunw of soft mode 
relaxation fiqucncy andsbrcngdtarc shownm Figs. 4 and 5. As is aeui from Figs. 4 and 
5 that at temperature 0.3'C and 0 .9  C above transition temperature relaxation fkquency 
gradually mcrwrscs with the inclwse of bias elechic field, but at about IoC and abow the 
transition temperatme, the relaxation frequency is almost constant with bias electric field 
in the Sm-A* phsse. Dielectric strength on the other h d  behavea m opposh mannw. At 
0.3OC and 0.5OC above the transition temperature dielectric strength gra&aUy decreases 
with bias eleciric field, but 1' C and above the tramition temperature dielecbric strength 
shows a constant value. In the absence of bias field soft mode in Sm-A* phase is 
observedduetoinetantan e o u ~  tilt developed as the system approaches to the Sm-A* to 
Sm-C* phase tramition. Without bias field, tilt is developed due to a Sman change of 
temptrature. As the system approaches nearer and nearer to the transition &mper&m, 
the instantaaeous tilt developed is relatively high due to mftenhg of elastic Mnstnt. The 
fluctuation of instantanemu tiEt dmlopcd due to applicsrion of d meamning voltage 
is mponsable for the obhlerved soft mode m Sm-A* phase without bias field In Sm-A* 
phase as the temperature approaches to SmC*-SmA* transition, the magnitude of tilt 
fluctuation with the applied probe voltage reflects the magdude wniation of dielectric 
strength with temptrature. But in presense of hiss field an m & d  tilt is developed over 
and above the instantancollil tilt and the mduced tilt that has been developed Ishas linear 
and some higher order tenns. The closer the gystem to the transition in Sm-A* phase, the 
higher is the mduced tilt and thus the linear and higher order terms of tih ae well as 
polarization are effective. The induced tilt thw obtained is non hear  "in chacter when 
bias field is applied Due to non fintar character of mduced tilt nearer the transition 
tempcram, relaxation kquency and dielectric strength ( F i .  4 and 5 )  are found 
mcreases when a measuring field is apphed m conjunction with bias elechic field. Away 
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h t h c  tmn&on tcmpcraturt m Sm-A* phrrsc induced silt has a smaller& and ody 

ekt r ic  field. A umsapmc of wfiich thc eqdihium inductd tilt position is shifted 
with& any change of relaxation hxpncy and dielectric etrcngth (Fii 4 and 5). Thus 
rhc prcdictcd tktJ$' is in wnmsten ' t wlu! we have obaemd expaimentallyae shown m 

relurationfitqmcyand ditkctric stmgthbothpatmbai with bias kid, but above l0C 
rtluration fiqucncy and diclcctric arcngth is indcptndent of bias field for our FLC 
mixture. So ifwe COIIBidcT the birrs field Win have m effect to the same extent abow and 
btlo~ thc s ~ c * - s ~ A *  transition. wc can explain the non-lincarity of the soft m& 
rthxationfrtquencyand dielectric sbrwrgth cu~vc8 ncrrthc trrnreitiontmpemhm in Sm- 
C* 80 & a c n i c a r t i c r m F ~ l  and 2. By unwindmg thc hclk with bias clcctric field wc 
can study the cxact soft mode bthrvior in S m d  phase avoidirrgthe rq&m where soft 
mode is patuhed by bias electric field 

the linear tame comee to play. Tbe varirtion of mduccd tilt is thus linear with bias 

Fw. 4 & 5 so we hrnnc observlbdthatinsidc 1 OC to smA*-smc* trillraitiontcmpcnturc, 
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