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ABSTRACT
We report the results of our studies on the optical, thermal and elctrooptical properties of binary mixture of cholesteric and nematic compounds:
namely, p-butoxybenzylidene, p-heptylaniline (BBHA) and cholesteryl
nanonate (CN). The mixture exhibits very interesting twisted grain boundary (TGB) phase and re-entrant smectic-C (ReSmC) phases sequentially
when they are cooled from its isotropic melt. Optical and electro-optical
studies have been discussed.
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heptylaniline (BBHA) used in this investigation was
obtained from the Basic Pharma Life Science Pvt., Ltd.,
Increasing technological applications[1] of liquid India, and it was further purified twice by a recrystals are attracting both physicists and chemists in crystallization method using benzene as a solvent. The
understanding their basic structure. The study of density cholesteryl nanonate (CN) was obtained from M/s East
in liquid crystals provides useful information regarding Mann Organic Chemicals; USA. Mixtures of different
various phases and phase transition[2]. Ultrasonic concentrations of BBHA in CN were prepared and
velocity studies of the liquid crystals provide additional were mixed thoroughly. These mixtures of various
information and confirmation about the different phases concentrations of BBHA in CN were kept in desiccators
and phase transitions[3-5].
for a long time. The samples were subjected to several
In the present investigation, our aim is to carry out cycles of heating, stirring, and centrifuging to ensure
the study of different properties of binary mixture of homogeneity. The phase transition temperatures of these
liquid crystalline materials[6,7]. Some of the concentrations concentrations were measured with the help of Leitz
of given mixtures exhibits a twisted grain boundary polarizing microscope in conjunction with a hot stage.
(TGB) phase and re-entrant smectic-C (ReSmC) The samples were sandwiched between the slide and
phases sequentially when they are cooled from its
cover slip and were sealed for microscopic
isotropic melt. Optical and electro-optical studies have
observations. A capillary Pycnometer with a diameter
been discussed.
of about 0.2 mm was used for density measurements.
The permitted temperature control was ± 0.1oC. The
EXPERIMENTAL STUDIES
level of liquid crystal in the capillary was read to ±
0.01mm with a cathetometer. The absolute error in the
The compound p-butoxybenzylidene, p-
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density measurements was Äñ = ± 0.0001 g/cc. The
ultrasonic velocity was measured at 2 MHz using the
ultrasonic interferometer UI 601 NPL India. The cell
was essentially the same as that supplied with the
interferometer except a few modifications for the heating
arrangement. The temperature of the cell was controlled
by controlling the current flowing through the heating
element surrounding the cell. The permitted temperature
control was ± 0.2 oC. The ultrasonic velocity
measurements were accurate to ± 0.2%. Electro-optical
measurements were carried out by the usual
experimental setup of Williams[8]. It consists of tin oxide
coated transparent conducting glass plate and the sample
sandwiched between these two glass plates. Teflon
spacers having thickness of d=39 ±1
were used
and observations were made at 90 0C using polarizing
microscope in conjunction with a hot stage.

The optical textures exhibited by the samples were
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
concentrations from 5% to 80% of binary mixture of
BBHA in CN have been considered for the experimental
studies. When the specimen of 45% BBHA in CN is
cooled from its isotropic, it exhibits Iso–Cho–TGB–
SmC–SmA-ReSmC–SmE phases sequentially. While
the sample is cooled from its isotropic phase, nucleation

starts in the form of minute bubbles and immediately
the bubbles grow radially and form fingerprint pattern,
which is characteristic of the cholesteric phase with large
values of pitch[9,10]. On further decreasing temperature
of the sample, the cholesteric phase slowly changes over
to smectic phase, passing through an intermediate phase
and it is assigned by the appearance of mobile threadlike textures in the homeotropic region, which is the
characteristic of twisted grain boundary (TGB) phase
The helical axes of twisted grain boundary (TGB) phase
lies in a direction parallel to the smectic layer planes[11,12].
On further cooling, thread-like TGB phase changes over
to appearance of tilting the molecules are relative to
smectic layers and then it is the characteristics of well
defined schlieren textures of SmC as shown in Figure
1(a). On further cooling the specimen, SmC phase may
transform into the focal conic fan shaped texture of SmA
and it as shown in the Figure 1(b). Molecular structural
confirmations of SmA phase is stable at temperature
60 0C: for thermal variations, the flexibility of molecular
layers leads to distortions, which gives rise to optical
patterns known as focal-conic textures. If there
observed some different smectic phases: that differ from
one another in a way of layer formation and they existing
an order inside the molecular layers. In this system, the
microscopic observations clearly indicate that: the given
mixture with concentrations ranging from 35% to 60%
of BBHA in CN exhibits a re-entrant SmC phase[13].
The lowest temperature mesophase of certain
compounds exhibits two or more mesophases of the
same type, over different temperature ranges. Reentrant mesophases are most commonly observed when

(a) Schlieren texture of SmC phase (180X)

(b) Focal conic fan shaped texture of SmA phase (180X)

RESULTS AND DISCUSSIONS
Optical texture studies

Figure 1 : Microphotographs showing
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the molecules have strong longitudinal dipole moments.
The sequences of re-entrant mesophases have also been
found in binary mixtures of non-polar liquid crystalline
compounds [14] . In the present system, some
concentrations of BBHA at lower temperatures did not
show the molecular aggregates in the preferred direction
of alignment towards the crystalline phase, but it
randomly oriented to form a re-entrant SmC phase,
and then this phase changes over to a focal conic fanshaped herring bone pattern of the SmE phase and then
it becomes crystalline phase, which remains stable at
room temperature[15,16].
Density measurement
The temperature variations of density for 45%
BBHA in CN as shown in the Figure 2, which clearly
illustrates that: the density increases linearly with
decrease of temperature in the region of isotropiccrystalline phase of given mixture. The phase transition
is very near the isotropic liquid- cholesteric transition a
sudden jump in density is observed. The jump in density
shows the increasing value and hence it indicates that:
isotropic-cholesteric transition is probably first order.
The sudden jump in density at the transition is attributed
to a sudden change in the molecular structure from the
disordered isotropic to the ordered cholesteric phase.
The higher values of density in the cholesteric phase
than that of in isotropic region indicate the tendency of
increasing order with decrease of temperature is more
in the cholesteric phase Pretransitional effects at the
isotropic-cholesteric transition are found to observed

Figure 2 : Temperature variations of density for the sample
of 45% BBHA in CN.

on the lower side of the transition[17,18],which supporting
the Maier-Saupe theory[19]. After the isotropic transition,
density increases linearly with decrease of temperature
in the cholesteric phase. At cholestric-TGB transition
the density shows a sudden raise. The measured higher
value of density and thermal expansion coefficient
indicate that: the transition is first order. Our
measurements are in accordance with Torza and Cladis”
on CBOOA. Density increases linearly with decrease
of temperature in the TGB phase. The increasing density
is observed at Smectic-C–Smectic-A- ReSmectic-C–
Smectic-E transitions. The measurement of increasing
density across this transition is more predominant than
the other transitions.
The temperature variations of ultrasonic velocity,
adiabatic and molar compressibility
The mixtures of liquid crystalline materials due to
their unusual behaviors have attracted considerable
attention. Ultrasonic velocity measurements also help
in the study of phase behavior with temperature[20]. As
the orientational order of the molecules in mesomorphic
compound changes with increasing the concentration
of one more additive substance and hence, the attractive
force between the components of the molecules, the
measure of ultrasonic velocity, absorption should give
the nature of attractive forces existing between the
mixtures of the given molecules. Data on some of the
properties associated with refractive index, ultrasonic
velocities and surface tension find extensive application
in chemical engineering process, simulation and

Figure 3(a) : The temperature variation of ultrasonic velocity
for the sample of 45% of BBHA in CN
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Figure 3(b) : The temperature variation of adiabatic
compressibility for the sample of 45% of BBHA in CN

mesophase. The change in velocity and other
parameters[24] at the transition results from disordered
molecular arrangement in isotropic phase to an ordered
arrangement of molecules in the liquid crystalline phase
with long-range orientational order[25]. The variation of
adiabatic compressibility[26] is remarkably linear in the
isotropic and mesomorphic phases, but it shows a step
jump at the isotropic-mesophase transition. The result
of molar compressibility varies linearly with temperature
at the isotropic phase transition. In this study, the higher
values of thermal expansion coefficient in mesophase
than in the isotropic phase confirm the tendency of
increasing order of molecule with decrease in
temperature. It is firmly established that the ultrasonic
velocity and the related parameters[27] are structure
dependent. Besides, depending on the structure, they
are related to intermolecular interactions and degree of
molecular order in liquid crystalline mixture. It is well
known that in liquid crystalline phases, the molecules
are arranged in order and the orderliness increases from
isotropic to Cho, TGB, SmC, SmA, ReSmC and SmE
phases. The twisted grain boundary (TGB) phase and
re-entrant smectic-C (ReSmC) phases are known to
exhibit in this polymorphism at different temperature and
at different concentrations of the given molecules
compared to other conventional liquid crystalline phases
such as cholesteric, SmC, SmA and SmE phases[28,29].
Electro-optical studies

Electro-optical measurements are very important
tool in getting better idea on the phase transition
behavior of liquid crystalline phases with electric field
molecular dynamics[21]. The temperature variation of at constant temperature. In this study we have been
ultrasonic velocity, adiabatic compressibility and molar considered the sample for mixture of 45% of BBHA in
compressibility in the present case is shown in Figures CN at constant temperature 90 0C. When the applied
3(a)-(c). The velocity exhibits an anomalous behavior voltage increases: the structural molecular arrangements
at the isotropic mesophase transition while it varies of liquid crystalline phases start to fluctuate and begin
linearly in the isotropic and mesomorphic phases away to grow and hence it deforms gradually the original
from transition. The velocity shows a dip at the transition. position of the structural formations. Remarkably it has
The ultrasonic velocity linearly increases in isotropic
been observed that, if at constant temperature, the
phases up to the transition with decreasing
various aspects of low frequency effects on given
temperature[22,23]. The increase in velocity is explained
mixture clearly shows different directions of molecular
as the decrease in mean distance between the molecules,
orientations/re-orientations and hence it forms a flow
thereby increasing the potential energy of the interaction
between the molecules. The velocity reaches a minimum patterns: such as stripped pattern and chevron textures.
at the transition temperature and increases sharply below The formations of zig-zag and herringbone patterns are
the transition, and then it shows a linear increase in characteristic of chevron textures and also the forming
Figure 3(c) : The temperature variation of molar
compressibility for the sample of 45% of BBHA in CN.
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time of these patterns depends on applied electric field.
If there we have been observed a significant difference
of electro-mechanical responses of these textures and
the stripes of these textures do not have a linear electromechanical effect at low fields and at higher fields it
shows mechanical vibration. This indicates that the
spontaneous polarization has rotated and is no longer
parallel to the electric fields. In contrast to the director:
the molecular orientations/re-orientations of the layer
structures are unchanged by the application of applied
electric field. Sequentially if we have to increase the
applied field above 22.20 V and hence the
microscopically observed structural pattern becomes
dynamic scattering mode-like and also it has been
appearing like an irregularity of molecular orientation/
re-orientations of frustrated liquid crystalline phase. The
frustrated liquid crystalline phase is arises in that regions,
which are probably due to the structural molecular
orientations/ re-orientations are not being confirmed in
X, Z plane. When the applied filed is kept at constant:
microscopically we have been observed a completely
stationary and regular arrangement of two-dimensional
hexagonal grid pattern texture and these hexagonal grid
pattern textures are presented in Figure 4. The hexagonal
grid pattern textures are gradually deforms with
increasing frequency and hence at some stage, it
becomes indistinguishable from the chevron texture.
However: the hexagonal grid pattern is rather stationary
and is formed in a short time at 250Hz, 23V. From this
figure: it follows that: an extremely regular arrangement

Figure 4 : Hexagonal grid pattern electro-optical texture
obtained at temperature 90 0C.

of two-dimensional hexagonal grid pattern texture is
formed by the applied field. One of the regions is that:
the formation of hexagonal grid pattern texture is the
electronic charge injected by the applying external
electric field[30-33].
CONCLUSIONS
The salient features of this investigation 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. The temperature variation of
density across the 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, is discussed
at the isotropic mesosphere transition. Under the applied
electric field at constant temperature unambiguously
correspond to optical purity of the liquid crystalline
phases. The various aspects of frequency effects on the
given mixture show different directions of molecular
reorientations exhibit a flow patterns formed such as
stripped pattern chevron textures and hexagonal grid
pattern textures, and hence these textures
microscopically have been observed.
REFERENCES
[1] L.A.Goodman; A. R.C.A. Review, 35, 613 (1974).
[2] D.Demus, H.G.Hahn, F.Kuschel; Mol.Cryst.Liy.
Cryst., 44, 61 (1978).
[3] G.G.Natale; J.Acoust.Soc.Am., 63, 1265 (1978).
[4] Rao, J. V. Murty, C. R. K. Z. Naturforsch, 36a:
1002: (1981).
[5] L.V.Choudary, J.V.Rao, P.N.Murty, C.R.K.Murty;
Phys.Stat.Solidi., (a), 74, 431 (1982).
[6] L.V.Choudary,
J.V.Rao,
P.N.Murty,
C.R..K.Z.Murty, Naturforsch, 38a, 762 (1983).
[7] T.N.Govindaiah, H.R.Sreepad; Molecular liquids,
202, 75-78 (2015).
[8] R.Williams; Nature., 199, 273-274 (1963).
[9] D.Demus, C.Richter; Textures of liquid crystals.
Weinheim (NY): Verlag Chemie, (1978).
[10] D.Revanasiddaiah, D.Krishnamurti; Mol.Cryst. Liq.
Cryst., 101, 103-127 (1983).

24

Thermo-optical and electro-optical response of binary mixture

CMAIJ, 1(1) 2016

Full Paper
[11] Nagappa, J.Mahadeva, R.H.Naik, P.R.Alapati; Mol.
Cryst.Liq.Cryst., 304, 409-414 (1997).
[12] H.T.Nguyen, A.Bouchta, L.Navailles, P.Barois,
N.Isaert, R.J.Twieg, A.Maaroufi, C.Destrade;
J.Phys. II France., 2, 1889-1906 (1992).
[13] T.N.Govindaiah, H.R.Sreepad, Nagappa,
P.Nagendra; Mol.Cyst.Liq.Cryst., 605, 82-88
(2014).
[14] M.Baron; Pure.Appl.Chem., 73(5), 845-895
(2001).
[15] T.N.Govindaiah, H.R.Sreepad, B.K.Kempegowda,
Nagappa; Mol.Cryst.Liq.Cryst., 587, 54-59 (2013).
[16] T.N.Govindaiah, H.R.Sreepad, Nagappa;
Mol.Cryst.Liq.Cryst., 609, 93-99 (2015).
[17] F.P.Price, J.H.Wendorff; 1. Phys.Chem., 75, 2839
(1971).
[18] F.P.Price, J.H.Wendorff; 1. Phys.Chem., 76, 2605
(1972).
[19] W.Maier, A.Saupe; Z.Naturforsch, 12a, 564
(1958).
[20] J.D.Pandey, R.L.Mishra; Acta Acust United Acust.,
40, 335-339 (1978).
[21] A.Mchaweh, A.Alsaygh, M.A.Moshfeghian; Fluid
Phase Equilib., 224, 157-167 (2004).
[22] O.Kiyohara, G.C.Benson; J.Chem.Thermodyn., 11,
861-873 (1979).

[23] M.B.Ewing,
B.J.Levian,
K.N.Marsh;
J.Chem.Thermodyn., 2, 689-695 (1970).
[24] T.N.Govindaiah, H.R.Sreepad, Nagappa; Mol.Cyst
Liq.Cryst., 574, 9-18 (2013).
[25] N.Shastri, P.R.Vyas, S.J.Gupta; Indian J.Pure.Appl.
Phys., 48, 556-561 (2010).
[26] B.Jacobson; Acta.Chem.Scand., 6, 1485-1498
(1952).
[27] K.Susmita, J.Satyaban, B.S.Bipin; J.Chem.
Thermodyn., 37(8), 820-825 (2005).
[28] M.W.Sulek; In: G.Biresaw, K.L.Mittal, (Eds.).,
Surfactants in tribology; New York: CRC Press,
325-353 (2008).
[29] T.Wasilewski; In: G.Biresaw, K.L.Mittal, (Eds).,
Surfactants in tribology: New York:CRC Press.,
371-406 (2008).
[30] W.Helfrich; Mol.Cryst.Liq.Cryst., 21, 193 (1973).
[31] D.Krishnamurti, D.Revannasiddaiah; Mol.Cryst.
Liq.Cryst., 55(1), 33-46 (1979).
[32] S.Kai, K.Yamaguchi, K.Hirakawa; Japan. J.Appl.
Phys., 14, 1385 (1975).
[33] Hui-Yu Chen, Wei-LEE; Optical Review., 12(3),
223-225 (2005).

