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ABSTRACT

We report the results of our studies on the optical, thermal and elctro-
optical propertiesof binary mixture of cholesteric and nematic compounds:
namely, p-butoxybenzylidene, p-heptylaniline (BBHA) and cholesteryl
nanonate (CN). The mixture exhibitsvery interesting twisted grain bound-
ary (TGB) phase and re-entrant smectic-C (ReSmC) phases sequentially
when they are cooled from its isotropic melt. Optical and electro-optical
© 2016 Trade ScienceInc. - INDIA

studies have been discussed.

INTRODUCTION

Increasing technological applications¥ of liquid
crystalsareattracting both physicistsand chemistsin
understanding their basic structure. Thestudy of density
inliquid crystasprovides useful information regarding
various phases and phase transition?. Ultrasonic
velocity sudiesof theliquid crystal sprovideadditiond
informeation and confirmation about the different phases
and phasetransitiong®9.

Inthe present investigation, our amisto carry out
the study of different properties of binary mixture of
liquid crystdlinematerid 957, Someof theconcentrations
of given mixtures exhibitsatwisted grain boundary
(TGB) phase and re-entrant smectic-C (ReSmC)
phases sequentially when they are cooled from its
isotropic melt. Optical and € ectro-optica studieshave
been discussed.

EXPERIMENTAL STUDIES

The compound p-butoxybenzylidene, p-
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heptylaniline (BBHA) usedin thisinvestigation was
obtained fromthe Basic PharmaL.ife SciencePvt., Ltd.,
India, and it was further purified twice by a re-
crystalization method using benzeneasasolvent. The
cholesteryl nanonate (CN) was obtained from M/sEast
Mann Organic Chemicals, USA. Mixturesof different
concentrations of BBHA in CN were prepared and
were mixed thoroughly. These mixtures of various
concentrationsof BBHA in CN werekept indesiccators
for alongtime. The sampleswere subjected to severa
cyclesof heating, stirring, and centrifuging to ensure
homogeneity. The phasetrangtion temperaturesof these
concentrationswere measured with the help of Leitz
pol arizing microscopein conjunction with ahot stage.
The sampleswere sandwiched between thedideand
cover slip and were sealed for microscopic
observations. A capillary Pycnometer with adiameter
of about 0.2 mm was used for density measurements.
The permitted temperature control was=0.1°C. The
level of liquid crystal in the capillary wasread to +
0.01mm with acathetometer. Theabsoluteerror inthe
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density measurementswas Ap =+ 0.0001 g/cc. The
ultrasonic velocity wasmeasured at 2 MHz using the
ultrasonicinterferometer Ul 601 NPL India. Thecell
was essentially the same as that supplied with the
interferometer except afew modificationsfor thehegting
arangement. Thetemperature of thecell wascontrolled
by controlling the current flowing through the heating
element surrounding thecell. The permitted temperature
control was + 0.2°C. The ultrasonic velocity
measurementswereaccurateto+ 0.2%. Electro-optical
measurements were carried out by the usual
experimenta setup of Williamg®. It consistsof tinoxide
coated transparent conducting glassplateand thesample
sandwiched between these two glass plates. Teflon
spacers having thicknessof d=39+1 ym wereused
and observationswere made at 90 °C using polarizing
microscopein conjunctionwith ahot stage.

RESULTSAND DISCUSSIONS

Optical texturestudies

Theoptical texturesexhibited by thesampleswere
observed and recorded using the Leitz polarizing
microscope and specially constructed hot stage. The
specimen was taken in the form of thin film and
sandwiched between the slide and cover glass. The
concentrationsfrom 5% to 80% of binary mixture of
BBHA in CN havebeen consdered for theexperimenta
studies. When the specimen of 45% BBHA inCN is
cooled fromitsisotropic, it exhibits|so-Cho-TGB-
SMC-SmA-ReSmC-SmE phases sequentially. While
thesampleiscooled fromitsisotropic phase, nuclegtion
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(a) Schlieren textureof SmC phase (180X)

startsintheform of minute bubblesand immediately
thebubblesgrow radialy and form fingerprint pattern,
whichischaracterigtic of thecholesteric phasewithlarge
vauesof pitch®!?, Onfurther decreasingtemperature
of thesample, thecholesteric phased owly changesover
to smectic phase, passing through anintermediate phase
and it isassigned by the appearance of mobilethread-
liketexturesin the homeotropic region, whichisthe
characteristic of twisted grain boundary (TGB) phase
Thehdicd axesof twisted grain boundary (TGB) phase
liesinadirection pardld tothesmecticlayer planes™*2.
Onfurther cooling, thread-like TGB phasechangesover
to appearance of tilting the moleculesarerelativeto
smecticlayersand thenit isthecharacteristicsof well
defined schlieren texturesof SmC asshowninFigure
1(8). Onfurther cooling the specimen, SmC phase may
transforminto thefoca conicfan shapedtextureof SmA
anditasshownintheFigure 1(b). Molecular structura
confirmationsof SmA phaseisstableat temperature
60°C: for thermd variations, theflexibility of molecular
layersleadsto distortions, which givesriseto optical
patterns known as focal-conic textures. If there
observed somedifferent smectic phases: that differ from
oneancther inaway of layer formationand they existing
anorder insdethemolecular layers. Inthissystem, the
microscopic observationsclearly indicatethat: thegiven
mixturewith concentrationsranging from 35%to 60%
of BBHA in CN exhibitsare-entrant SmC phase*?l.
The lowest temperature mesophase of certain
compounds exhibitstwo or more mesophases of the
same type, over different temperature ranges. Re-
entrant mesophasesaremost commonly observed when

Figurel: Microphotographsshowing
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themol eculeshavestrong longitudind dipolemoments.
The sequencesof re-entrant mesophaseshavea so been
foundinbinary mixturesof non-polar liquid crystaline
compoundsi*#. In the present system, some
concentrationsof BBHA at lower temperaturesdid not
show themolecular aggregatesinthepreferred direction
of alignment towards the crystalline phase, but it
randomly oriented to form are-entrant SmC phase,
and then this phase changes over to afocal conicfan-
shaped herring bone pattern of the SmE phase and then
it becomescrystalline phase, which remainsstable at
room temperature >4,

Density measurement

The temperature variations of density for 45%
BBHA in CN asshownintheFigure 2, which clearly
illustrates that: the density increases linearly with
decrease of temperature in the region of isotropic-
crystdline phase of given mixture. Thephasetrangtion
isvery near theisotropic liquid- cholesterictransitiona
suddenjumpindensty isobserved. Thejumpindensity
showstheincreasing valueand henceit indicatesthat:
isotropic-chol esteric trangition isprobably first order.
Thesuddenjumpindendty at thetranstionisattributed
to asudden changeinthemolecular structurefromthe
disordered isotropic to the ordered chol esteric phase.
Thehigher values of density inthe cholesteric phase
than that of inisotropic regionindicatethetendency of
increasing order with decrease of temperatureismore
inthe cholesteric phase Pretransitional effectsat the
isotropic-chol esteric transition arefound to observed
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Figure?2: Temperaturevariationsof density for thesample
of 45% BBHA in CN.
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onthelower sideof thetrangtion"8 which supporting
theMaier-Saupetheory™™. After theisotropictransition,
density increaseslinearly with decrease of temperature
inthe cholesteric phase. At cholestric-TGB transition
thedensity showsasudden raise. Themeasured higher
value of density and thermal expansion coefficient
indicate that: the transition is first order. Our
measurementsarein accordancewith Torzaand Cladis”
on CBOOA.. Density increaseslinearly with decrease
of temperatureinthe TGB phase. Theincreasing density
isobserved at Smectic-C-Smectic-A- ReSmectic-C—
Smectic-E trangitions. Themeasurement of increasing
density acrossthistrangition ismore predominant than
theother trangitions.

Thetemperaturevariationsof ultrasonic velocity,
adiabaticand molar compressibility

Themixturesof liquid crystallinematerialsdueto
their unusual behaviors have attracted considerable
attention. Ultrasonic velocity measurementsaso help
inthestudy of phase behavior with temperaturd®!. As
theorientationd order of themoleculesin mesomorphic
compound changeswith increasing the concentration
of onemore additive substanceand hence, theattractive
force between the components of the molecules, the
measure of ultrasonic velocity, absorption should give
the nature of attractive forces existing between the
mixturesof the given molecules. Dataon someof the
properties associated with refractive index, ultrasonic
veocitiesand surfacetension find extensiveapplication
in chemical engineering process, simulation and
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Figure3(a) : Thetemperaturevariation of ultrasonic velocity
for thesampleof 45% of BBHA in CN
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Figure 3(b) : The temperature variation of adiabatic

compressibility for thesampleof 45% of BBHA inCN
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Figure 3(c) : The temperature variation of molar
compressibility for thesampleof 45% of BBHA in CN.

molecular dynamics?Y. Thetemperature variation of
ultrasonic vel ocity, adiabatic compressibility and molar
compressibility inthe present caseisshownin Figures
3(a)-(c). Theve ocity exhibitsan anomal ousbehavior
at the isotropic mesophase transition whileit varies
linearly in theisotropic and mesomorphic phasesaway
fromtrandtion. Thevedocity showsadipat thetrangtion.
Theultrasonic velocity linearly increasesinisotropic
phases up to the transition with decreasing
temperature??, Theincreasein velocity isexplained
asthedecreasein mean distance between themolecules,
thereby increasing the potential energy of theinteraction
between themolecules. Thevelocity reechesaminimum
a thetrangtiontemperatureand increasessharply bel ow
the transition, and then it shows alinear increasein

mesophase. The change in velocity and other
parameters? at thetransition resultsfrom disordered
molecular arrangement inisotropic phaseto an ordered
arrangement of moleculesintheliquid crystalinephase
withlong-rangeorientational order!®!. Thevariation of
adiabatic compressibility'?® isremarkably linear inthe
isotropic and mesomorphic phases, but it shows astep
jump &t theisotropi c-mesophasetransition. Theresult
of molar compressibility varieslinearly withtemperature
at theisotropic phasetrangition. In thisstudy, the higher
valuesof thermal expans on coefficient in mesophase
than in the isotropic phase confirm the tendency of
increasing order of molecule with decrease in
temperature. Itisfirmly established that the ultrasonic
velocity and the related parameters?? are structure
dependent. Besides, depending on the structure, they
arerelated tointermolecul ar interactionsand degree of
molecular order inliquid crystallinemixture. Itiswell
knownthat inliquid crystalline phases, themolecules
arearrangedinorder andtheorderlinessincreasesfrom
isotropicto Cho, TGB, SmC, SmA, ReSmC and SmE
phases. Thetwisted grain boundary (TGB) phaseand
re-entrant smectic-C (ReSmC) phases are known to
exhibitinthispolymorphismat different temperatureand
at different concentrations of the given molecules
compared to other conventiond liquid crystaline phases
such ascholesteric, SmC, SmA and SmE phases?2.

Electro-optical studies

Electro-optica measurementsarevery important
tool in getting better idea on the phase transition
behavior of liquid crystaline phaseswith electricfield
at constant temperature. In this study we have been
considered the samplefor mixture of 45% of BBHA in
CN at constant temperature 90 °C. When the applied
voltageincreases. thestructurad molecular arangements
of liquid crystaline phases start to fluctuate and begin
to grow and henceit deforms gradually the origina
pogition of thestructurd formations. Remarkably it has
been observed that, if at constant temperature, the
various aspects of low frequency effects on given
mixtureclearly showsdifferent directionsof molecular
orientations/re-orientationsand henceit formsaflow
patterns. such asstripped pattern and chevron textures.
Theformationsof zig-zag and herringbonepatternsare
characteristic of chevron texturesand aso theforming
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time of these patterns dependson applied dectricfield.
If therewe have been observed asignificant difference
of electro-mechanica responsesof thesetexturesand
the stripesof thesetexturesdo not havealinear dectro-
mechanical effect at low fieldsand at higher fieldsit
shows mechanical vibration. Thisindicatesthat the
spontaneous pol arization hasrotated and isno longer
pardle totheeectricfieds. In contrast to thedirector:
the molecul ar orientations/re-orientations of thelayer
structures are unchanged by the application of applied
electricfield. Sequentially if wehavetoincreasethe
applied field above 22.20 V and hence the
microscopically observed structura pattern becomes
dynamic scattering mode-like and also it has been
appearing likeanirregularity of molecular orientation/
re-orientationsof frustrated liquid crystdlinephase. The
frustrated liquid crystdlinephaseisarisesinthat regions,
which are probably due to the structural molecular
orientations/ re-orientationsarenot being confirmedin
X, Z plane. When the applied filed iskept at constant:
microscopically we have been observed acompletely
dtationary and regular arrangement of two-dimensiona
hexagond grid pattern texture and these hexagond grid
patterntexturesare presentedin Figure4. Thehexagond
grid pattern textures are gradually deforms with
increasing frequency and hence at some stage, it
becomesindistinguishable from the chevron texture.
However: thehexagona grid patternisrather stationary
andisformedinashorttimeat 250Hz, 23V. Fromthis
figure: itfollowsthat: an extremdy regular arrangement
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Flgure4 Hexagonal gr|d pattern electro-optical texture
obtained at temperature90°C.
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of two-dimensional hexagona grid patterntextureis
formed by theapplied field. Oneof theregionsisthat:
theformation of hexagonal grid patterntextureisthe
electronic charge injected by the applying external
electricfield3,

CONCLUSIONS

The sdlient features of thisinvestigation are the
following: The existence of twisted grain boundary
(TGB) and re-entrant smectic-C phases have been
observed by using microscopic technique in binary
mixture of BBHA in CN. Thetemperature variation of
dengity acrossthe cho-TGB-SmC-SmA-ReSmC-SmE
is more predominant than the other transitions. The
anomalous behavior of liquid crystalline physical
properties, such as ultrasonic velocity, adiabatic
compressibility, and molar compressibility, isdiscussed
at theisotropic mesospheretrangtion. Under thegpplied
electricfield at constant temperature unambiguously
correspond to optical purity of theliquid crystalline
phases. Thevariousaspectsof frequency effectson the
given mixture show different directionsof molecular
reorientationsexhibit aflow patternsformed such as
stripped pattern chevron textures and hexagonal grid
pattern textures, and hence these textures
microscopicaly have been observed.
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