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ABSTRACT KEYWORDS
A binary system of terephthal-bis 4, n-decylaniline (TBDA) and Electro—Opticglstuqies;
cholesteryl oleate (CO) exhibits a twisted grain boundary (TGB) and molecular orientation;

induced smectic phases at different concentrations and at different optical anisotropy;
temperatures. Mixtures with higher concentrations of TBDA exhibit temPperature dependence
I-N*-TGB-SmC-SmA-SmB phases sequentially when the specimen is

cooled from its isotropic melt. The temperature variation of optical

anisotropy has been discussed. Electro-optical and X-ray studies have

also been discussed.

Introduction

Organic materials have been increasingly examined over the past three decades due to their
potential applications and interesting properties. Specially, liquid crystals, it is fourth states
of matter, are used for different electro-optic devices. Liquid crystal display technology plays
a key role at the notebook, computer displays, and flat TV, because of showing full range of
color, lower power consumption, and using lower space [1, 2]. They are also used at differ-
ent areas such as: electro-optic filters [3], holography [4, 5], digital data storage [6-8], and
biosensors [8]. Generally, wide temperature range of the liquid crystalline phase, high opti-
cal and dielectric anisotropy, and fast switching time are required for modern liquid crystals
industrial applications [10, 11].

In the present study, we have considered the binary system of two compounds, viz.,
terephthal-bis 4, n-decylaniline (TBDA) and cholesteryl oleate (CO). Twisted grain boundary
and induced smectic phases were observed using microscopic technique and they have been
verified from the results of optical anisotropic techniques. Electro-optical and X-ray studies
have been discussed.

Experimental studies

Mixtures of different concentrations of TBDA in CO were prepared and were mixed thor-
oughly. The mixtures of different concentrations of TBDA in CO were kept in desiccators for
along time. The samples were subjected to several cycles of heating, stirring, and centrifuging
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Figure 1. Partial phase diagram for the mixture of TBDA in CO.

to ensure homogeneity. Phase transition temperatures of the mixtures with different concen-
trations were measured using Leitz-polarizing microscope and conventional hot stage. The
sample was sandwiched between the slide and cover slip, which was sealed for microscopic
observation. The density and refractive indices of the mixtures were measured at different
temperatures employing the technique described in our earlier paper [12]. Electrical conduc-
tivity measurements of the given mixture at different temperatures were carried out using
digital LCR meter and a proportional temperature control unit. The optical transmittance
measurement has been done by placing the cell between two-crossed polarizer’s of polarizing
microscope model (Radical, RXLr-5) fitted with a hot stage [13]. Electro-optical measure-
ments were carried out by the usual experimental setup of Williams [14]. 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 um were used and observa-
tions were made at 65°C using polarizing microscope in conjunction with a hot stage.

Results and discussions

Phase diagram

The partial phase diagram of given molecules is a very important method to determine the
stability of the liquid crystalline phase at different temperatures for different concentrations.
The partial phase diagram in the present case is as shown in Fig. 1. This clearly illustrates that
the mixtures with concentrations ranging from 70% to 85% of TBDA in CO exhibit Cho (N*),
TGB, SmC, SmA and SmB phases sequentially when the specimen is cooled from its isotropic
melt. But the mixtures with concentrations ranging from 3% to 25% of TBDA in CO show
Cho (N*), SmC and SmB phases, and above 25% shows SmA phase with the other phases at
different temperatures [15].

Optical texture studies

When molten sample 79% of TBDA in CO is cooled from its isotropic melt, nucleation starts
in the form of minute bubbles and immediately the bubbles grow radially and form fin-
gerprint pattern, which is characteristic of the cholesteric phase with large values of pitch
[16, 17]. On further decreasing temperature of the sample, the cholesteric phase changes
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Figure 2. Microphotographs obtained in between the crossed polars: (a) streak-like texture of TGB phase
and (b) Schlieren texture of the SmC phase.

over to the smectic phase, passing through an intermediate phase and it is assigned by the
appearance of streak-like texture in the form of the homeotropic region, which is the charac-
teristic of the twisted grain boundary phase as shown in Fig. 2(a). The helical axes of the
twisted grain boundary phase lie in a direction parallel to the smectic layer planes [18].
On further cooling the specimen, the TGB phase slowly transform to schlieren texture of
SmC, which is shown in Fig. 2(b). The molecular structure of the SmC phase is not stable
and then it slowly changes over to focal conic fan-shaped texture of the smectic-A phase.
Sequentially on cooling specimen, the molecular structure of the SmA phase changes over
to the SmB phase and then it becomes the crystalline phase, which remains stable at room
temperature [19].
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Figure 3. Temperature variations of refractive indices for the mixture of 79% of TBDA in CO.

Optical anisotropy

Results of this investigation have been further complemented by the optical studies. The
refractive indices for extraordinary ray (#n.) and ordinary ray (n,) of the mixture were mea-
sured at different temperatures for the different concentrations using Abbe Refractometer.
The variations of refractive indices as a function of temperature for 79% of TBDA in CO are
shown in Fig. 3. The value of #, is greater than n,, indicating that the material is uniaxial posi-
tive. The values of electrical susceptibility for 79% of TBDA in CO have been calculated using
Neugebauer relation [20] at different temperatures. The variation of electrical susceptibility
as a function of temperature for the mixture is shown in Fig. 4. From the figure, it can be
observed that wherever there is an isotropic-liquid crystalline phase transition, the value of
electrical susceptibility changes appreciably, which indicates that the changes correspond to
various smectic modifications. Further, with increase in the concentration of TBDA, the value
of electrical susceptibility decreases with temperature because the effective optical anisotropy
associated with the molecules of TBDA also decreases.

0' 0000 1 1 L 'l 1 1 1
40 60 80 100 120 o 140 160 180

Temperature ( C)

Figure 4. Temperature variation of electrical susceptibility for the mixture of 79% of TBDA in CO.
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Figure 5. Temperature variation of electrical-conductivity o (x10~° Q™" m™) for the sample 0f 79% of TBDA
in CO.

Conductivity measurements

Phase transition behavior of the liquid crystalline materials with temperature can be very well
studied by electrical-conductivity measurements. An abrupt increase or decrease of electrical-
conductivity with temperature relates to the phase behavior of the lyotropic and thermotropic
systems [21]. The temperature variations of electrical conductivity are shown in Fig. 5, which
clearly illustrates that there is some change in the value of electrical conductivity from 45°C
to 185°C, while cooling from the isotropic phase for the mixture of 79% of TBDA in CO. The
mixture of 79% of TBDA in CO, the sequence of phase changes from N*-TGB-SmC-SmA-
SmB phases respectively at different temperatures. Here, it has been found that the electrical
conductivity goes on increasing as the temperature decreases. This suggests that aggregated
molecular size starts growing toward lower temperatures and then the system becomes more
ordered [22, 24, 23-27].

Helical pitch measurements in smectic and cholesteryl layers

The helical pitch measurements were performed on the cholesteric phase in a Grandjean-
Cano wedge between a plate and a cylindrical lens treated for homogeneous alignment. The
given mixture was cooled slowly from the isotropic phase to the smectic phase, which induced
an array of equidistant Grandjean-Cano lines [28, 30]. The pitch of cholesteric (N*) phase was
determined by measuring the distance between the Grandjean-Cano lines as a function of
temperature. As the temperature was lowered, the mesophase changes from cholesteric (N*)
to the smectic phase and the spacing between the lines are increased, indicating that the pitch
in the cholesteric (N*) phase is also increasing. The temperature variation of pitch for mixture
of 79% of TBDA in CO is shown in Fig. 6. From this figure, it is evident that the variation of
pitch from cholesteric (N*) to the smectic phase is smooth and continuous. But gradually,
the value of pitch increases from 0.172 to 0.19 mm upon cooling the sample from cholesteric
(N*) to the smectic phase. The value of the pitch increases steeply and reaches a maximum of
0.54 mm at the cholesteric (N*) to the smectic phase transition. In this study, we have noticed
that the sequence is Iso-N*-TGB-SmC-SmA-SmB on cooling. The pitch is continuous at the
cho (N*)-smectic transition in spite of a rather energetic transition [29-33]. It increases on
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Figure 6. The temperature variations of pitch for the mixture of 79% of TBDA in CO.

cooling to the smectic phase and diverges on approaching the SmC, SmA, and SmB phases.
This divergence is related to the second-order transition. It exhibits a steep decrease, close to
cholesteric (N*) phase which is usually the characteristics of second-order SmC, SmA, and
SmB phase transitions.

Optical transmittance studies

The temperature variation of optical transmittance for mixture of 79% TBDA in CO is pre-
sented in Fig. 7. This clearly illustrates that the value of optical transmittance increases slowly
with increase in temperature from 45°C to 160°C, while the sequence of phase appears
from the crystalline phase to nearer isotropic region and hence suddenly in region of nearer
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Figure 7. The temperature variation of optical transmittance for the mixture of 79% of TBDA in CO.
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isotropic phase some changes have been observed in the value of optical transmittance
between the temperature range 172-189°C [34].

The optical transmittance is so continuous toward at SmC-TGB and also at TGB-N* transi-
tions. Here, it can be remarkably noted that the structural molecular orientation of this region
is not energetic and it means that it has been decreasing while increasing the temperature and
hence it diverges on approaching TGB and N* phases. The divergence of optical transmittance
can be related to become a first-order or second-order transition. Here in the present study:
the optical transmittance shows a steep decrease and it is very close to the isotropic phase
which are the characteristics of first-order transition of N* and TGB phases respectively at
different temperatures.

Electro-optical studies

Electro-optical measurements are very important tool in getting better idea on the phase tran-
sition behavior of liquid crystalline phases with electric field at constant temperature. In this
study, we have been considered the sample for mixture of 79% TBDA in CO at constant tem-
perature 65°C. When the applied voltage increases: the structural molecular arrangements
of liquid crystalline phases start to fluctuate and begin to grow and hence it deforms grad-
ually the original position of the structural formations. Remarkably, it has been observed
that, if at constant temperature, various aspects of low-frequency effects on given mixture
clearly show different directions of molecular orientations/re-orientations and hence it forms
a flow patterns: such as stripped pattern and chevron textures. The formations of zig-zag
and herringbone patterns are characteristic of chevron textures and also the forming time
of these patterns depends on an applied electric field. If there we have been observed a sig-
nificant difference of electro-mechanical responses of these textures and the stripes of these
textures do not have a linear electro-mechanical 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 the applied electric
field. Sequentially, if we have to increase the applied field above 22.20 V and hence the micro-
scopically observed structural pattern becomes dynamic scattering mode-like and also it has
been appearing like an irregularity of molecular orientation/re-orientations of the frustrated
liquid crystalline phase. The frustrated liquid crystalline phase arises in that regions, which
are probably due to the structural molecular orientations/ re-orientations are not being con-
firmed in the X, Z-plane. When the applied field is kept at constant: microscopically we have
observed a completely stationary and regular arrangement of two-dimensional hexagonal grid
pattern texture and these hexagonal grid pattern textures are presented in Fig. 8. The hexago-
nal 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 250 Hz, 23 V. From this figure,
it follows that: an extremely regular arrangement of two-dimensional hexagonal grid pattern
texture is formed by the applied field. One of the regions is that: the formation of hexago-
nal grid pattern texture is the electronic charge injected by the applying external electric field
[35-38].

Characterization of nano-aggregated grains

The X-ray diffractometer traces obtained for the mixture of 75% and 79% TBDA in CO at
temperature 70°C are shown in Fig. 9. The diffraction peaks at these temperatures correspond



MOLECULAR CRYSTALS AND LIQUID CRYSTALS e 107

-

Figure 8. Hexagonal grid pattern electro-optical texture.

to the SmA phase respectively by using JEOL diffractometer with the settings: TC4, CPS400,
channel width 100 for A = 1.934 A). X-ray diffraction study is an important method to deter-
mine the nano-aggregated grain size of the molecules for different liquid crystalline phases
[39, 40]. The deviation from perfect liquid crystallinity leads to broadening of the diffraction
peaks. A broad peak in the 26 range of 4°—7° and has been observed for the given mixtures of
different concentrations. However in the given mixtures of additive molecules, the diffraction
peak has been found to increase in broadness and decrease in intensity of the peak reveals
the increase in the amorphous nature of the additive molecules. In addition to this, the given
mixtures of different concentrations can also exhibit a sharp peak, which has been observed
in the range 15.5°—17°. In order to estimate nano-aggregated grain size of the molecules for
different liquid crystalline phases corresponding to broadening of X-ray diffraction peaks, we
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have used the Scherrer’s formula
L = KA/Bcosb,

where L is the nano-aggregated grain size, X is the wavelength of X-ray radiation (Fe: 1.934
A), K is usually taken as 0.89, B is the line width at half maximum, and @ is the diffraction
angle. Usually with decrease of temperature [41, 42], the nano-aggregated grain size of the
molecules increases. Temperature-dependent molecular orientations of focal conic fan tex-
ture of the SmA phase are more stable and hence the molecular ordering of this phase shows
two peaks. The nano-aggregated grain size of liquid crystalline material for the SmA phase
comes out to be 32.69 nm and 38.28 nm. From the calculated value of nano-aggregated grain
size obtained for the given mixtures decreases for the 75% concentration, but it increases
above 75% of TBDA. This is because the calculated nano-aggregated grain size is an aver-
age value obtained due to all the reflections and hence, the nano-aggregated grain size of
the TBDA decreases for lower concentrations, but eventually as the concentration of addi-
tive molecule decreases, these values get stabilized and show an increase in nano-aggregated
grain size with the increase in concentrations of TBDA. X-ray studies clearly illustrate that the
nano-aggregated grain sizes are big enough to indicate that the molecular ordering [43-45]
of the layer structure increases as well as decrease in temperature.

Conclusions

In this study, we have observed the existence of TGB and induced smectic phases sequen-
tially, while the sample was cooling from its isotropic melt. The drastic changes in the values
of optical anisotropy with temperature unambiguously correspond to different liquid crys-
talline phases respectively at different temperatures. The experimentally measured optical
transmittance has been discussed. Changes in value of the applied field at constant temper-
ature unambiguously correspond to optical purity of the liquid crystalline phases and also
the electro-optical effects come into existence with variation on the molecular orientations;
the electric field changes the anisotropy and leads to important effects on the processing
of the optical materials. X-ray studies are very useful to estimate the grain size of the given
molecules at different concentrations of the SmA phase respectively at temperature 70°C.
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