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ABSTRACT

We report the results of our studies on optical and thermal properties of
ternary mixture of three compoundsviz., 4’-n-octyl-4-cyanobiphenyl (8CB),
Didodecyl dimethyl ammonium bromide (DDAB) and Glacial acetic acid
(GAA). Higher concentrationsof the given mixture show avery interesting
reentrant nematic phase, sequentially when the specimeniscooled fromits
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isotropic melt at different temperatures. The temperature variations of op-
tical anisotropy, optical textures, and electrical conductivity have also been
discussed. Nano aggregated size of the molecules has been confirmed by

X-ray studies.

INTRODUCTION

A crystdlinesolidhasaninternd order anditsele-
mentsare arranged regularly according to geometrical
rules. Apart from the geometrical order theremay oc-
cur an orientational order in solids. Both geometrical
order and theorientational order are of long-rangetype
and they aremany timeslarger thanthe sizesof crystal
|attice components. Solidsare occurring intheform of
monocrystalsand polycrystals. A poly-crystalline ag-
gregate consstsof microscopic-gzecrystaslarger than
1 um. The characteristic feature of the crystals is crack-
ing aong certain directions. Other propertiesof crys-
talsalso depend on their orientation, ie., they exhibit
anisotropy.

Liquid crystalsarean intermediate state between
thecrystalline solidsand an amorphousliquid. There-
fore, it ismore accurate to call them mesophases or
intermediate phases. They are stablefrom the point of
view of thermodynamics. They exhibit along-rangeor-
der and anisotropic propertiesof solid. Liquid crystals
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can bedivided into thermotropic and lyotropic. The
subject of interest in thispaper islyotropicliquid crys-
talgt.

Thestructuresof lyotropicliquid crystalsare mi-
celles, which consist of monomerswhaose structuredif-
fersfrom spherica symmetry. The shape of micelles
depends both on the structure of mol ecul es, solvent
properties, concentration in solution and the presence
of other solution congtituents. Theordering of micelles
may lead to various spatia and orientationd structures.
Therefore, it can be stated that lyotropic mesophases
areformed asaresult of aninteractionwith asolvent
and this process can d so be affected by temperature®
8l

Inthe present study, wehave consi dered three com-
pounds viz., 4’-n-octyl-4-cyanobiphenyl (8CB),
Didodecyl dimethyl ammonium bromide(DDAB) and
Glacia aceticacid (GAA). The polymorphic smectic
modificationsof thedifferent liquid crystalline phases
were observed using microscopic technique and they
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have been characterized by the results of X-ray and
optical anisotropictechniques.

EXPERIMENTAL STUDIES

The compounds 4’-n-octyl-4-cyanobiphenyl
(8CB), Didodecyl dimethyl ammonium bromide
(DDAB) and Glacial acetic acid (GAA) usedinthis
investigation wereobtained fromtheBasic PharmalL.ife
Science, Pvt. Ltd., India. They werefurther purified
twiceby recrystdlizationinbenzene. Themdting point
of the purified sampleisin good agreement with the
reported vaue. Themixture of eighteen different con-
centrationsof 8CB in (DDAB+GAA) were prepared
and kept indesi ccatorsfor alongtime. Phasetrangition
temperatures of themixturewith different concentra-
tionsweremeasured using L eitz-polarizing microscope
and conventiond hot sage. Thesamplewassandwiched
between thedideand cover dip, whichwas sealed for
microscopic observation. The X-ray diffraction studies
wereundertaken by using JEOL -X -ray diffractometer.
Thedensity and refractiveindices of the mixtureswere
measured at different temperaturesemploying thetech-
nique asdescribed earlier,

RESULTSAND DISCUSSION

Phasediagram

Thepartia phasediagramisaspresentedin Figure
linthemixtureof 8CBin(DDAB+GAA). Thisisplot-
ted by considering the phase transition temperatures
against the concentrations of the given mixture. Here,
partia phasediagram showsaveryinteresting schlieren
textureof lyotropic nematic, smectic-A, Reentrant nem-
atic and smectic-G phases, respectivdy at different tem-
peratures. The phasediagram clearly indicatesthat the
mesomorphism of the mixtureisthermodynamically
gablefor al concentrationsof 8CB in (DDAB+GAA).
Inour experimenta studies, thedifferent liquid crystal-
line phases have been identified on the basis of micro-
scopictexture. Theseobservationsclearly indicatethat
thegiven mixtureexhibitsavery interesting reentrant
nematic phasg'l. Reentrant mesophasesaremost com-
monly observed when the moleculeshave strong lon-
gitudinal dipolemoments. The sequences of reentrant
mesophases havea so been found in binary mixtures of
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Figure1: Partial phasediagram for themixtureof 8CB in
(DDAB+GAA)

non polar liquid crystallinecompounds. Thegiven
mixturefor some of higher concentrationsof 8CB in
(DDAB+GAA) at lower temperatures did not show
themolecular aggregeatesin preferred direction of dign-
ment towardsthe crystalinephase, but israndomly ori-
ented to form areentrant nematic phase. The mixture
with lower concentrations of 8CB did not show the
reentrant phase, but the mixture with concentrations
from 25%to 60% of 8CB in (DDAB+GAA) showed
areentrant nematic phase, respectively at different tem-
peratures.

Optical texturestudies

The optical texturesexhibited by the sampleswere
observed and recorded using the Leitz polarizing mi-
croscope and specidly constructed hot stage. The speci-
menwastakenintheform of thinfilm and sandwiched
between thedideand cover glass. Theternary mixture
with concentrations from 5% to 60% of 8CB in
DDAB+GAA havebeen conddered for theexperimentd
studies. When the specimen of 35% 8CB in
(DDAB+GAA) iscooled fromisotropicliquid phase,
it exhibits -N-SmA— RN-SmG-K phases sequen-
tialy. Whilethe sampleiscooled fromisotropicliquid
phase, the genesis of nucleation startsin theform of
smdl bubblesgrowingradidly, which areidentified as
nematic drops. The nematic drops change over to
schlieren texture of lyotropic nematic (N ) phaseas
showninFigure 2(a) at temperature 139 °C. On fur-
ther cooling the specimen, the schlierentexture of lyo-
tropic nematic (N,) phasechangesover tolamellar (L)
smectic phase, whichischaracterized by thefocal conic
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Figure2: Microphotographsshowing (&) Schlier en textur e of lyotropic nematic phase (180X); (b) Focal conicfan shaped
textur eof SmA phase (180X); (c) Broken banded focal conicfan textureof chiral Sm Gphase (180X)

fan texture of SmA phaseandisshownin Figure2(b)
at temperature 120 °C. This phase appearsto be meta
stable and undergoes slow transformationsto give a
lower temperature nematic phase and hasbeen termed
asthereentrant nematic phase. Thisreentrant nematic
phase changes over to abroken banded focal conicfan
textureof chird SmG phaseasshowninFigure2(c) at
temperature 80 °C. If the congtituent moleculesof the
materias, which exhibitsaSmG phase, areof achira
nature, then the phaseitself may also be weakly opti-
cdly active; itisthentermed asachira SmG phasd®?.

Thestructural studieshavebeen carried out at that
timeon chird SmG phasesanditwasoriginadly smply
presumed that the structure of the phaseissimilar to
that of chiral SmC, Sml, and SmF phases. Inthiscase,
the moleculeswould be hexagondly closely packed in
layerswithin each of whichtiltsareinthe samedirec-
tion. Inthelayer above and below, thetilt directionwill,
however, be turned through asmall angle. Thus, on
passing from layer tolayer, thetilt direction will turn
dowly either inan anticlockwise or aclockwisedirec-
tion, depending upon thesign of the optical asymmetry
of the system, and thiswould giveahelical changein
thetilt direction*® and the sametextureisretained up
to room temperature. Whereasthe mixturewith con-
centrationsfrom 5% to 25% of 8CB exhibit anematic
phase and this phase appearsto beunstable, and finally
changesover from SmA to SmG phase The phasetran-
sition between aliquid crystal nematic phase (which
has orientationa order) and its smectic phase (which
has both orientational and positional order) haslong
been studied for subtle effectsthat arisefromtheintrin-
sic coupling of their order parameterg4.

Sudy of refractiveindices

Liquid crystalsdemonstrate anonlinear response
and aresengtivetotheir optica environments. Many of
nonlinear mechanisms have reveal ed the promising

character of these materias. Thedifferenceinrefrac-
tiveindicesmeasured dong perpendicul ar tothedirec-
tor axisbringsthe property of birefringencefromthe
vighbletotheinfrared region. Thisproperty providesan
opportunity for variouspotentid gpplicationg™. Director
axisreorientation-based effects causng achange of re-
fractiveindex and observations of several interesting
dynamic and storage wave-mixing effectshave aso
been extensively studied*>7,

The present investigationsarefurther supported by
theoptical studies. Therefractiveindicesfor extraordi-
nary ray (n_) and ordinary ray (n,) of themixturewere
measured at different temperaturesfor thedifferent con-
centrations using Abbe Refractometer and Precision
Goniometer Spectrometer. Thetemperaturevariation
of refractiveindicesfor themixture of 35% of 8CB in
(DDAB+GAA) isshownin Figure 3. This phenom-
enon demondratesthepotentia applicationinareassuch
asholographic datastorage. Birefringence property and
its dependency on molecul ar orientation play animpor-
tant rolein understanding the molecular mechanism.
Moreover, birefringence enhancement isof primary
importancefor theinnovation of different electro-optic
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Figure3: Temperaturevariationsof refractiveindicesfor
themixtureof 35% 8CB in (DDAB+GAA)
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Char acterization of nano aggr egation

The X-ray diffractometer traces obtained for the
mixtureof 35% of 8CB in(DDAB+GAA) a tempera-
ture 70°Cisshownin Figure4. Thediffraction pesksat
thistemperature correspond to smectic-G phase (by
using JEOL diffractometer with the settings. TC4,
CPS400, channel width 100 for A =1.934 A).

X-ray diffraction study isan important method to
determine the nano aggregated si ze of the mol ecules
for different liquid crystalline phases?24, The X-ray
traces obtained for the Perfect liquid crystalswould
extendinall directionstoinfinity, sowecan say that no
crystd isperfect duetoitsfinitesze. Thedeviationfrom
perfect liquid crystalinity leadsto abroadening of the
diffraction peaks. In order to estimate nano aggregated
szeof themoleculesfor different liquid crystdlinephases
corresponding to broadening of X-ray diffraction pesks
we have used the Scherrer’s formula
L =K/ coso,

whereL isthecrystallinesize, A isthewavelength of
X-ray radiation (1.934 A), K isusually taken as 0.89,
pisthelinewidthat haf maximum and ¢ isthediffrac-
tion angle. The phasetransition temperature increases
asit movesfrom crystalline phase to amorphousre-
gion®21 which clearly illustratesthat, nano aggregated
size of the phasetransition behavior of themolecules
decreaseswithincreasingthetemperature. InFigure4,
if we have observed that, the structure of molecular
orientation for broken banded focal conicfan texture
of smectic-G phaseisenergetically more stable, mo-
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Figure4: X-ray broadening spectrumfor themixtur eof 35%
of 8CB in (DDAB+GAA) at 70°C temper atureof smectic-G
phase
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lecular ordering of thisphaseshowsintensethree pesks.
The nano aggregated size of liquid crystalline materia
for smectic-G phase comes out to be 49.3581 nm.

From thisstudy, we have observed that, the phase
trangition behavior of molecular ordering of theliquid
crystalinematerialsisincreasing aswemovetowards
lower temperature. Thisclearly illustratesthat, nano
aggregated sizeof liquid crystalinematerid sof differ-
ent phasesarebig enough to indicatethat themolecular
ordering® of layer structureincreaseswith decrease
inthetemperature.

CONCLUSIONS

Optical microscopicinvestigationsof ternary mix-
tureof 8CB in (DDAB+GAA) moleculesclearly show
themolecular ordering of nematic, SmA, reentrant nem-
atic and SmG phasesfor lower and higher concentra-
tionsof given moleculerespectively at different tem-
peratures. Changesin theva uesof e ectrical conduc-
tivity with temperature suggest that the size of aggre-
gated mol eculesgoes on increasing and the el ectrical
conductivity isalsoincreasing, whilethe mixtureis
cooled from the isotropic phase. X-ray studieslend
support to find the nano aggregated size of the mol-
eculesof liquid crystdlinemateria sfor smectic-G phase.
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