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ABSTRACT

KEYWORDS

In the present investigation estimation of the size of nano-aggregation has
been carried out in the binary mixture of cholesteric and nematic com-
pounds, namely, cholesteryl nonanoate (CN) and p-methoxybenzylidene-
p-ethylaniline (MBEA), which exhibitsavery interesting liquid crystalline
twisted grain boundary (TGB) phase and reentrant smectic-A phase. The
chiral liquid crystalline TGB phases and reentrant smectic-A phases have
been observed at different concentrations and at different temperatures.
Theexistence of TGB and reentrant smectic-A phasesisconfirmed by DSC
and optical microscopic studies. The variation of optical anisotropy has
been discussed. Present study clearly illustrates that, the nano aggregated
size of the given molecules decreases with increasing the temperature. In
SmB phase, small nano aggregated size of the molecules (35 nm - 40 nm) are
observed. But in SmE phase, nano aggregated size of the molecules are bit
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large enough to show the value of 49 nm.
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INTRODUCTION

Thetwisted grain boundary (TGB) phaseof achird
liquid crystd exhibitslong-rangeorder that combinesa
helicd twist and smectic layering®™. ThisTGB phase,
whichisanintermediate structure between smectic-A
and cholesteric phases, isan and og of Abrikosovi? flux
vortex latticein type-11 superconductors, whereasthe
smectic-A phaseisana ogousto the M e ssner phase.
Indeed, Kamien and Lubbensky® have predicted asig-
nificant short-range TGB structurein the cholesteric
phase at low temperatures, correspondingtoaliquid of
screw didocations® tobecdled achira liquid. There-
fore, itisrecognized asrotated blocksof SmA layers,

inwhich thelong molecular axesare arranged normal
to the layer planes. Hence, the chiral smectic layers
twisted inthemolecular axesareexpectedinthedirec-
tion of thelayer planes®, and hencethe helica axesof
TGB phase are perpendicul ar to the molecular axes
and pardld tothe smectic planes.

Someof theinvestigatord®® have studiedthe TGB
phasein the mixture of cholesteric and nematic com-
pounds. Lubbensky and Rennl”? have made theoretica
predictionsin caseof TGB-SmMA phasetrangitionthat it
awaysappears, if themolecular chirdity isintroduced
near the nematic-smectic-A-smectic-C (NAC)
multicritical point!®. In case of TGB-SmA phase, the
temperature span At should increasewithincreasein


mailto:tngovi.phy@gmail.com;
mailto:rsreepad@gmail.com

NSNTAIJ, 8(12) 2014

T.N.Govindaiah and H.R.Sreepad

455

chirality of thesystem. The TGB-SmC* phasehasaso
been closeto the NAC point, which iscomposed of
twisted stacks of helical, SmC* phaseis aso pre-
dicted®.

Inthe present investigation, our amisto carry out
thestudy of optica and thermd propertiesof thebinary
mixtureof nematicand cholestericliquid crystalinecom-
pounds. Someof the concentrations of the mixture ex-
hibit 1-Ch-TGB-SmA-SmC-SmB-SmE phases se-
quentialy when they are cooled fromisotropic phase.
Optical, thermal and X-ray studieshave been carried
out to understand theintermolecul ar interactionsinthe
mixture.

EXPERIMENTAL SECTION

Inthe present investigation, we havestudied binary
mixturesof liquid crystas, namely, cholesteryl nonanoate
(CN) and p-methoxybenzylidene-p-ethylaniline
(MBEA), which are obtained from M/s Eastman Or-
ganic Chemicas, USA. Thechemicdsarepurifiedtwice
with benzene. Mixturesof twenty fivedifferent concen-
trations of CN in MBEA were prepared and were
mixed thoroughly. These mixtures of various concen-
trationsof CN in MBEA werekept indesiccatorsfor a
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longtime. Thesampleswere subjectedto severd cycles
of heating, stirring, and centrifuging to ensurehomoge-
neity. The phase transition temperatures of these con-
centrationswere measured with the help of Leitz-po-
larizing microscopein conjunctionwithahot stage. The
sampleswere sandwiched between thedideand cover
dip and were sed ed for microscopi c observations. The
differentia scanning cal orimetry (DSC) thermograms
weretakenfor themixturesof al concentrationsusing
Perkin-Elmer DSC 11 Instrument facility available at
Raman Research Institute, Bangalore, India. The X-
ray broadening peakswere obtained at different tem-
peraturesusing JEOL diffractometer. Thedensity and
refractiveindicesinthe opticd region aredetermined at
different temperaturesby empl oying thetechniquesde-
scribed by the earlier investigatorg®14,

RESULTSAND DISCUSSION

Phasediagram

Thebinary mixtureof CN inMBEA exhibitsavery
interesting different liquid crystdline phaseand thephase
transition temperatures are measured by using L eitz-
polarizing microscopic technique™. Thephasediagram
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Figurel: Partial phasediagram for themixtureof CNin MBEA
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showninFigurel, isobtained by plotting phasetrans-
tion temperatures against the CN concentration.
Thefollowing sequences of phases have been ob-
served whilethe concentration of CN componentin
the mixturewasincreased:
e CN5-22%: Cr-SmB-SmC-SmA -Ch-|
e CN 22-48%: Cr- SmE- SmB - SmAre- SmC -
SmA - Ch-1
e CN 50- 65%: Cr - SmE - SmB - SmC - SmA -
TGB-Ch-1
e CN 65-90%: Cr - SmE - SmB - SmC - SmA -
Ch-1
We noticed asavery interesting phenomenon the
occurrence of reentrant SmA and TGB phasesfor CN
concentrations of 22-48% and 50-65%, respectively.

Char acterization of nano aggr egation

The X-ray diffractometer traces obtained for the
mixture of 53% of CN at temperature 43°C, 50 °C,
and 55°C areasshowninthe Figure 2. Thediffraction
peaks at these temperatures correspond to SmE and
SmB phasesrespectively, using JEOL diffractometer
withthesettings: TC4, CPS400, channel width 100 for
4.=1.934 A (With Fe - K-alphal). XRD method is
very important tool for to determinethe nano aggre-
gated size™ of thedifferent liquid crystdlinematerids.
Perfect liquid crystaswould extend inall directionsto
infinity, so we can say that no crystal isperfect dueto
itsfinitesize. Thedeviation from complete orderliness
leadsto broadening of thediffraction peaks. Estimation
of nano aggregated size of the given mixturefrom the
broadening of X-ray diffraction peaks hasbeen done
by using Scherer’s formula
L =KA/Bcoso
whereL isthecrystallinesize, A isthewavelength of
X-ray radiation (1.934 A), K isusually taken as 0.89,
pisthelinewidth at half maximum, and @isthediffrac-
tion angle. Asthetemperatureincreases, the specimen
movesfrom crystaline phaseto amorphous phasg4,
which clearly illustratesthat, the nano aggregated size
of the given mol ecul es decreaseswith increasing the
temperature. Because, SmB phaseisenergetically for
small nano aggregated size of the molecules (35 nm)
and (40 nm), But in SmE phase, nano aggregated size
of themoleculesarelarge enough to show thevalue of
49 nm. Thesequence of phasetransitionfrom SmB to
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SmE phasesrespectively, when nano aggregated size
of thegiven mixtureare big enoughtoindicatethat the
molecular ordering*® of layer structureincreasesasthe
temperature of the mixture decreases”.

CONCLUSIONS

Thebinary system of thegiven mixtureexhibitsan
unusua sequence of phases showing theformation of
an cholesteric, TGB, SmA, SmC, reentrant SmA and
SmB phasesindifferent concentrationsof CNinMBEA.
Asavery interesting phenomenon we havenoticed the
occurrence of reentrant SmA and TGB phasesfor CN
concentrations of 22-48% and 50-65%, respectively.
Thedrastic changein thevaueof density, refractive
index, with thetemperature unambiguoudy corresponds
todifferent liquid crystdline phasetrangtionsinthemix-
ture. FromtheX-ray resultswe have observed the nano
aggregationinthegiven mixtureat different tempera-
tures. Calculation of size of nanc-aggregatesclearly il-
lustrates that, the nano aggregated size of the given
mol ecul es decreaseswith increasi ng thetemperature.
Because, SmB phaseisenergetically for small nano
aggregated size of themolecules (35 nm) and (40 nm),
But in SmE phase, nano aggregated size of the mol-
eculesarelarge enough to show thevalue of 49 nm.
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