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€NTRODUCTION 

Since date avast number of papem dcaliug with the experimental and t h d c a l  aspect 
of the dielectric properlies of chiral smecti~-C* phasc of fcroelectrc liquid crystal 
molecdes have been pub~ed'".  It is shown that the ciieIectric respcmsc of thia system 
consists of four modea apart from electronic contn'bution. Two of these are associated 
with the director ftuctuation and hiwe chanrctcristic relaxation fiequencics mund sewd 
Hz to a few KHz range. The other two arc Mdocidtcd with fluctwim of the polariEatian 
order parameter and their charactcriatc fi.equency is around 5OOMHz. One of the 
director mode is Goldstone mode appears m the C* phase, due to the phast fluctuation of 
the dh.ector. The other dirtctor modc is known as the soft mode. Thc soft mode appears 
m the vicinity of the tramdim tanperaturt due to the amplitude of the tilt fluctuation of 
the director. Majority of the published w& ~IZ related to the fiupncy, temp+craturc 
and bias dependtnce of the Goldsm mode. A fcw dielec~c studies in the SmC phase 
are rlso found at different thickness of the Ccn".' . Reedy Vij et. 4". theoretically 
explained the dynamics of aurEacc stdiked ferrotlectric liquid cryeta ( S S W )  celb of 
various thickness. The rotational viscosity is an impdant phpical parameter that 
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influcncts the swit~hiug time m S m d  phas~. ~ h c  rotatid viscosity in s ~ - c *  was 
determined by optical method" in a thin cell. The rotational viscosity of the Goldstone 
mode was also measured by Lemtik et al. fkom the dielectric measurement'2 in a thick 
sample. 
In this paper we have reported the low fiquency dielectric daxation studies using 20pm 
and lOOp thick cells on a fmoelectric liquid crystal mixture, Mack ZLI-4237-100, 
obtained ftom E. Mmk. The rotational M t y  has also been determined from 
dielectric measurement. The sample possessea low spontaneous polarization ( =-20 nC 
cm-' at 2OoC). The p b e  sequences of the sample are as follows (Ch denotes cholesteric, 
I isotrOpic, and K c ~ ~ s t a l )  

-2OOC 6loC 73OC S3OC 
K - SmC*-SmA -Ch I 

EXPEFUMENT 

The fenoelectric liquid crystal samples were held between two conducting glass plates 
whose surfaces had been treated property for obtaining planar alignment (soaked with 
P A  and rubbing). We have UBtd two dif€ercnt paha of cells, made of indium-tin oxide 
coated glass plates having a separalion of 2Oj~m and of 1OOym. For alignment the sample 
was heated to its isotropic phase by MettiCr Hot Stage (model FP 5 )  and then cooled 
down very slowly (0.2°C/min.) and simultanwuaty a low frequency (20Hz) electric field 
is applied to the cell. The temperature of the sample was stabilized to an accuracy of 
+_O.Ol°C. A Hewlett-Packard impedance anaiym HP 4192A worlrmg in the ftequency 
range of 5Hz to 13- was used for the complex dielectric permittivity measurements. 
Before putiing the sample into the cells, the air capacitance for the two cells were 
recorded at difktmt temperatures and fmpencies. A memuring voltage of .5 Volt was 
applied in a direction parallel to the smectic layers. The stray capacitance for each cell 
was measured by uaing spec-pure benzene. 

THEORETXCAL BACKGROUNDS 

A. Microscopic model and Limdau Cou~litw Coefficients 
Recently meister and ~tegemeyer'~ presmted an extended microscopic m&l of the 
spontaneous polarization m FLC as follows. 

Both A1 and A2 are time mdepcndcnt coupling constant. A, dated to dipolar ordering 
and A2 related to quardrupolar ordering. These parameters are also related to Landau 
Mean Field Coup@ Coefficients (C, n) by equation (2) and (3) 

C=( l/%T)Al (2 )  and Q=(l/~T)Az (3)  
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DlELECTRlC RESPONSE OF A FLC MIXTURE [1003]/15 

whcrc C and 0 am thc W c a r  and biquadratic coupling wcfficientz rcspcctivciy of 
Landau Free Enet.gy expansion. ~0 is the high fi.equency dielectric susceptibility. 

B. Goldstone mode m the bulk cell and surface stabilized FLJ2 
The dielectric response of the Goldstone mode in a bulk cell is dlsBociatcd with s d  
&formation of helical structure following an application of low electric field so that there 
is no complete unwinding of the helix. In that case the dynamics distribution of 
ahimuthal angIe cp of the director is along2 axis, pointins towards the normal to the 

This process r e f m d  to as 2 mode. But m surface stabilized FLC cell, the 
director orientation is independent of Y and Z axes." The dynamic dishibution of 
azhimuthal angIe cp with respect to X axis, pointing towards cell surface. This is referred 
to as X mode. 

RESULTS AND DISCUSSION 

In a planer aligned cell d e n  the measuring field is parallel to the layer plane in SmC* 
phase, the main contribution to the polarization comes from the Goldstone mode process 
due to huge phase fluctuation. By plotting dielectric loas (&I/) against dielectric permittivity 
(E') at Mizent temperatures m a Cole c01d4 diagram, the relaxation fi.equency (fa) as 
well as the dielectric strength (h0) have been determined. 

0 

2" H 200 0 
a . 0  

a 0 

0 a .  
g 100 

*- 50 n 
a 

'a 
4l 

-30 -25 -20 -15 -10 -5 0 5 

T -  T,,~*(*C 

FIGURE 1 Temperature dependence of Goldstone mode dielectric strength (ha). 

Fig 1. show the nature of the variation of Goldstone mode dielechic strength as a 
hct ion of temperatm in 2 0 p  and lOOpm cells and Fa. 2, showing the variation of 
relaxation frequency with tempemure for 20pn and lOOpm cells. As is shown in Fig. 1 
that the nature of variation of & for thc two cck with tcmpcrature is almost the samc, 
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16/[ 1004j S. SINHA ROY t't d. 

but & for 20pm ccll is more than appuximatcly two timcs as that for l 0 O p  cell. The 
theoretical relation" for Goldstone mode dielectric shngth & and relaxation fiequency 
(fa) that haw been dcrivtd fim h d a u  equation is 

whcre Ps and 0, is the spontaneous polariation and tilt angle mpechly and q is the 
wave vcctor of pitch. K3 is the twist elastic umstant. is the inverse of rotational 
viscosity. P$e0 has been detemnined expetkentally as shown m Fig.3. The pitch of the 

Y 

U . 100) imcel l  
o 20 p m c e l l  

c 

-30 -25 -20 -15 -10 -5 0 5 
T- r,f(t I 

FIGURE 2 Variation of relaxation fmquency (fa) of Goldstone mode with temperature. 
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FIGURE 3 Variation ofp$e m the smectic C' phase with temperature I .  
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DIELECTRIC RESPONSE OF A FLC MlXTURE 

Compound A1(CM2) A2(K) c(v~-') n w m ~ ' )  ~0 
ZLI4237- .0178 10518 1.07~106 637x109 5.5 
100 at 300K at 300K - 
FLC6430 .322 542 12.9~106 22x1@ 8.4 

DOBAMB 2.8~106 570xl@ 2.6 
C 

-- at 298K at 298K 

[ 1005]/17 

40 1 1 I - Fitting in eqn.1 35- - 
- 
U 

C 

0 

0 

u 3 0 -  - 
; 25- - - 20-  

.N 15- - 
- 10- 

.- - 
L 

0 

0 
h 

- 
5 -  - 
0 - 
0.1 0.2 0.3 0.4 0.5 

Ti l t  ongle ( R a d i a n )  

FiGURE 4 Spontaneous polarization (PS) a8 a fimction of tilt sngIe (6). 

studied FIX: mixture is l o p  and assuming a dm W o n  of pitch with temperature, 
except near the transition temperature, the measured d i e l e c ~  afrength L\c;o as Shown in 
Fig.1 agrees qualitathlywith what is expected &om the above equation, a sharp increase 
of the &near the trsneitiOn temperatwe is due to the ahaip mcrcase of pitch near 
transition temperature. The exact nature of the c u m  of hEo also depends on the relative 
importance of the biquadratic coupling between tilt and pdarization of the molecule.'s 
The bilinear and biquadratic coupling haw been determined ftom equations 2 & 3. Two 
coupling umstant~ A1 and A2, dated to dipolar and quadraplar ordering respectively 
have been detamincdbyiitthg~ (Fig. 4) the data m qualion 1. %has taken from our 
data.16 The valw of A,, A2, C and n dong with other rtported data for FLC 64301' 
and DOMBAMBC" included in a table 1. 

The values C and 0 are of the same or& of magnitude as that obtained at for FLC6430 
and DOBAMBC molecules reported by Zugeumaicr et. al. By Comparing the A1 and A*, 
C and !2 values of the presentfy studied compound with those of DOBAMBC and 
FLc6430. We can say that biquadratic coupling is refativefy high m ouf FLC mixtm. A 
relatively high biquadratic coupling can also be suggested by comparing the e m e n -  
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18/[ 1006] S. SINHA ROY ( 3 1  I / /  

tany determined A E ~  (Fig.1) with those of numcridy catculatsd & c u ~ e , ~ ~  in 
Fk. 1 agncs fairfy well with those of theorctiCaUy calculated of ko for lower 

value, suggesting a high biquadmtic un@ng in the FLC mixture. As we did not put 
much voltag~ during alignment, so a chevron structure rather than a book-shelf structure 
may be expected in our cell. A booksheifgeomctry is obtained when very high voltage is 
applied during alignment and the process is itm-vmb ' le." The dielectric shrength r \ ~ ,  
(Fig 1) is fairly comparablt to thc & for the materials having almost same value of 
spontanmus polarivltion as reported by Biradar et al.19 and Viz et at" in chevron 
stnrcturt $eomthry. Thh ~IBO suggest a chewon gcomttry m our ccn. When the cell 
rhickneiis is very low due to surface s tab ib t ion  there is a unwinw of helix. Thexe is 
practically no conhibution from helicoidal motion and & value thus obtained low as 
repated by Viz et all'. We have used 2 0 p  cell which is two times the pitch length of 
the matetial for our medsurtmtnts. A large dielectric strength A h  what has been 
observed m the 20 pn cell is a part due to dynamic distribution of azimuthal angle cp with 
respect to X axis and the main part is due to the dynamic dislriiution of azimuthal angle 
cp with respect to the Z axis. On still thicker cell, X mode contribution gradually 
dimim'ahes. In 100 pm cell only the Z mode contriiution remains, which is arises due to 
helicoidal motion. Dielectric strength thus obtained m l00pn is relatively low. As the 
pitch of the FLC mixlure is 10 pm, there is a less probability of suppression a helical 
sbructure particularty m 20 pncek So we can expect helical structure both m 20 pm and 
100 pn cell. Due to a surEace a n c h m  there may be a litlie distorted helicoidal structure 
m 2 0 p  cell, but that does not affect much on relaxation frequency. Because the 
relaxation fkquency as seen fiom equation (5) is proportional to K3qzlyv Where K3q is 
the redoxkg torque and is counteracted by rotational torque which is proportid to 
rotational viscosity yv Any s d  change of rotational viscosity (y$ and twist elastic 
constant (K,) m a distorted helical structure involved m the  laxa at ion fkquency in 
oppwite sense. Therefm m both cells the dimtion frequency is almost same as shorn 
infig2. 

FIGURE 5 Arrhenius plot of the Goldstone mode rotational viscosity (y,). 
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DIELECTRIC RESPONSE OF A FLC M I X T U R E  [ 1007]/ 1 9 

Rotat id  viscoeity (yk) has been detmnkcd &om dielectric data on thick cells m which 
an u n w  helicoidal structure is developed. So for the determination of yq we have 
used lOOp d. An Ah& plot of rotatid viscosity (rpp) is shown m Fig. 5. As is 
~eenfiom the figure5. that the rotationalvkody as well as the activation energy (E.) is a 
little lower than other d e r  reported re~ult."'~ As is seen from the model 
that y, is strongty depends on &, which m tum &pen& on the geometry of the cell. 
Aq+ is comparatively high m chevron structure rather than that of booksheif structure. as 
reported by Vij et at. In the present case the probable geometq of our cell is chevron 
structure and dielectric constant thus obscmd iS abo high. The lower y,, value may be 
due to larger dielectric strmgth m present measurement geometry. 
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