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ABSTRACT

The diel ectric measurements have been done for the determination of real and imaginary part of permittivity of a
newly synthesized monotropic smectic sample. The sample has been investigated in the frequency range from
1kHz to IMHz and temperature range 315K to 340K . The dielectric measurementsin smectic phaseindicate Debye-
type dispersion with relaxation peak at 357.72kHz for 333 K and activation energy was found to be 2.44K Jmol .
Measurements have also been made for refractive indices, birefringence, optical transmittance in the above
mentioned temperature range and order parameter have been cal culated using birefringence data. The temperature
dependence of these parameters have been discussed in detail. The phase transition temperature matches very
well as obtained from the study of dielectric parameters, refractive indices and optical transmittance.
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INTRODUCTION

Thedielectric studies provide useful information
about molecular structure, molecular dynamics, phase
transition and display performanceof liquid crystal S*
S, Most of thedidectric studiesonliquid crystalsare
concentrated in nematic phase and nematic- isotropic
phasetransition. Did ectric studieson smectic phase
arevery scanty™. Theoptica characteritics, threshold
voltage, switchingtimeetc. ared so strongly dependent
on absolute val ue of dielectric constant®. Dielectric
rel axation studiesprovide one of thefew techniquesfor
finding the nature of molecular reorientation and there
have been severa studiesonliquid crystalg™1.

Theknowledge of optical anisotropy and refrac-
tiveindicesof liquid crystalsand their temperature de-
pendenceisof muchimportancefrom gpplication point

of view!2%3, Order parameter isone of theimportant
parameter of liquid crystal, which governsnearly al its
physical properties?4*9, According to de Gennesany
of thebulk tensorial propertieslikeelastic constants,
el ectric and magnetic succeptibilitiesand refractivein-
dices can be used to determine macroscopic order pa
rametert?418, This macroscopic order parameter (Q)
calculated by different parameters can differsamong
them and a so differsor be samefrom microscopic or-
der parameter introduced by Tesvetaov givenby S= 1/
2< 3 cos0 - 1> ¥ where Sisorder parameter and 6
isthe anglebetween director andlong molecular axisof
themolecule. Several methodsfor thedetermination of
order parameter have been devel oped duetoitsgreat
importance. Among thosemethods optica methodsare
most commonly used because data obtained by optical
measurements are most accurate and precise. Optical
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transmittance study is one of the most popular tech-
niquesto investigate the phase transition temperatures
of liquid crystal dueto itsaccuracy and convenience.

Inthe present paper results of the measurement of
dielectric constant (¢”) and dielectricloss (¢”) with the
variation of frequency and temperature havebeenre-
ported. Cole-Cole plots have been drawnto investi-
gaterdaxaion. Refractiveindex and itsani sotropy have
been measured and reported whereas macroscopic or-
der parameter has been evaluated by anisotropy data.
Optical transmittance va ue hasbeen measured with the
variation of temperatureto study the phasetransition
behavior.

EXPERIMENTAL

Thereal and imaginary part of the permittivity of
the sample have been calculated by the value of ca-
pacitance and dissi pation factor, which are determined
with the hel p of impedance/gain phase analyzer of HP-
4194A.. Thedetailed processisexplainedin our earlier
paper™, Refractiveindicesva ueshave been measured
with thehelp of Abbesrefractometer (MITTAL 1245)
whereasopticd transmittance measurementshave been
done on polarizing microscope(CENSICO 7626). The
constant required temperature has been obtained by
microprocessor based temperature controller Julabo F
25inall studies.

Theinvestigated sample, 4-n-decyl oxybenzylidene

_CHy
C100H21_©_CH_N_©_CH\CH
3

4-isopropylanilinehaving abovestructura formula, was
prepared from 4-n-decyloxybenzal dehyde and 4-
isopropylaniline by themethod described in our previ-
ouswork,

Theproduct, after crystalization from ethanol, was
TLC pureand exhibited monotropic SmA mesophase
withthephaselength of 12°C. Transition temperatures:
Cr (333 K) smecticA (337 K) Isol®,

Theory

Therelationship between refractiveindex parallel
(n”) and perpendicular (n,) to thedirection of molecu-

lar axis and macroscopic order parameter can be ob-
tained by modifying the appropriate equation’*” as

ny =a+§Q.An @)

-1
nl=n—§Q-An 2

where 1y jstheaverage refractiveindex and Anisthebirefrin-
gence corresponding to complete alignment n, = n_, n =
n 122, From both (1) and (2), we get

n,-n Ne—n én
Q= ”AnL= A= an ©)
Where 6n=n_-n,

Thevalue of macroscopic order parameter equa
tol represents compl ete order at absolute temperature
that isat O K 6n = An. So the macroscopic order pa-
rameter (Q) hasbeen obtained by extrapolating 6nfor
T =0K. Thisextrapolationisdoneonthelinear portion
of thegraph drawn between birefringencednagainstIn
(1- T/T ) as evaluated by others'9?2 here T_is the
smectic toisotropic phasetransition temperature.

RESULTS

The TABLE 1 showing the values of dielectric

at temperature 330 K
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Figurel: Frequency variation of dielectric constant and
dielectriclossin SmA phase

TABLE 1: Variation of dielectric srength with temper ature

Temperatur e (K) Dielectric strength
333 3.77704
332 3.684917
331 3.595041
330 3.507357
329 3.421812
328 3.338353
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Figure4: Plot of refractiveindicesand birefringencewith
temperature

strength with the variation of temperature has been
shown. Thedielectric constant (¢') and the diel ectric
loss(&") havebeen plotted with naturd log of frequency
insmecticA phaseat temperature 330 K andisshown
infigure 1. Figure 2 representstherelaxation frequen-
ciesof thesampleasafunction of reciprocal tempera-
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Figure5: Order parameter ver sustemperature

turein smecticA phase. Therepresentative Cole- Cole
plot of the sampleat SmA phaseisshowninfigure3.
Theplot of refractiveindicesand birefringencewithtem-
peratureisgiveninfigure4. The macroscopic order
parameter of the sample has been plotted with tem-
peratureandisgiveninfigure5. Thevariation of optica
transmittancewith temperatureisshowninfigure6.

DISCUSSION

Figure 1 show thevariation of dielectric constant
(€) and didectricloss(€") with natura log of frequency
insmecticA phaseinfrequency range 1 kHz to IMHz
at temperature 330 K. The temperature dependence
of dielectric constant and lossin smectic A phaseis
amost negligiblethat iswhy only onerepresentative
curve have been shown. Thevalueof dielectric con-
gtant (i.e. dmogt 4.8) isalmost unaffected for thevaria-
tion of frequency upto 60 KHz and after that thevalue
of dielectric constant decreaseswithincreasein fre-
guency andreachestothevaluel.5a 1 MHz. Dielec-
triclosscurveisa so dmost temperature independent.
Thedielectriclossfor temperature 333K initialy in-
creases with the frequency and attains a peak at
357.72KHz. Thenit decreases steadily upto the mea-
sured frequency i.e. 1 MHz. Thedielectric relaxation
frequency peak of sample correspondsto maximum
loss. Therelaxation observed at high frequency ismay
bedueto rotation of terminal group present inthemol-
ecule.

Therelaxation frequency obtained frequency ob-
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Figure6: Optical transmittance against temperature

tained for different temperaturein SmA phaseandits
natural log hasbeen plotted with 10%T infigure2. The
plot of In(frequency) vs. 103 T yieldastraight line. The
activation energy cal culated from thed opeof thisplot
insmectic A phaseisfoundto be 2.44 KJmol .

The Cole-Cole plot for the samplein smecticA
phase has been shown in figure 3. The pointslieon
semicirclewithitscentreonthee' axis. The Debye’s
type Cole-Coleplot found hereisamost temperature
independent for the quantitative analysisof dielectric
spectra, the Cole-Col e equation has been used®.

s =SW+M 4)

1-(jotf

Hereexisthehigh frequency limit of the permittiv-
ity, e, —¢_isdidectricstrength, Tisthemean relaxation
timeand o representsthedistribution of relaxationtime,
Thecalculated dielectric strength valuesaregivenin
TABLE 1.

Thetemperaturevariation of refractionindices &
optical birefringence hasbeen plottedinfigure4 intem-
perature range 338K to 326K. Thevalue of ordinary
refractiveindex isamost constant whereastheextraor-
dinary refractiveindex decreases. Then the value of
ordinary aswell asextraordinary refractiveindex ap-
proaches sharply to isotropic refractiveindex & be-
comes sameat smecticA - Iso transition temperature
after that therefractiveindex decreasesamost linearly
with thetemperaturelikeany liquid. Theoptical bire-
fringence value which is 0.1189 at 327K decreases
slowly withincrease in temperature upto 330K with
vaue0.1021. Thenitsvalue decreases sharply within-
creaseintemperature and becomes zero at smecticA -
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Isotrangtion temperature.

The macroscopic order parameter cal culated by
thevaueof opticd birefringencedatawiththevariation
of temperatureispresented in figure 5. The value of
order parameter indicatesthe degree of orderness of
themolecule. Thereforethe decreasein vaueof order
parameter from 0.5993 at 323K to 0.4884 at 330K
indicatestheincrease in randomness of the molecule
finally at smecticA - Iso transitiontemperaturethe or-
der parameter value reachesto zero showshighest de-
gree of randomness i.e. isotropic behaviour of the
sample,

Figure 6 showsthevariation of optical transmit-
tance. Thevaluesof optical transmittancepresentedin
thisgraph aretakenin arbitrary unit . Thelower optical
transmittanceva uebed most congtant inisotropic phase
till 333K. Thenitsvaueincreasesabruptly by lowering
thetemperatureindicatesisotropic - smecticA phase
trangtiontemperature. Thehigher vaueof opticd trans-
mittanceisadmost unaffected with decreaseintempera
ture upto 321°K and after that its value decreases
sharply againindicating smecticA - Cr phasetrangtion
temperature.

CONCLUSION

Thevariousconclusionscan bedravnfromthere-
sultsobtained by theexperimenta investigations

The transition temperatures obtained by optical
transmittancetechniqueiswel matched withthevaue
obtai ned by polarizing microscopeaswell asreported
vaug,

Therefractiveindex values have been measured
and sotheoptical birefringence and macroscopic or-
der parameter have been calculated.

Thedispersioninthevalueof diel ectric constant
and did ectriclosshasbeen found and singlerelaxation
isobtained and Cole-Coleplot isdrawn.

Thetemperature dependenceof therelaxation fre-
guency givestheva ue of activation energy.

Thevariation of dielectric constant and dielectric
losswithtemperatureisnot very much significant.
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