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INTRODUCTION

Birefringence and order parameter are key points to judge
the applications of liquid crystals (LC) in various fields of science
and technology. Various methods are proposed to compute these
parameters for liquids and liquid crystals [1-5]. Most common
method of calculating birefringence is from the measurement
of refractive indices [6-10]. However, recent investigations
revealed that the birefringence can be calculated simply by using
mathematical methods through image analysis of liquid crystal
samples [11-15]. Present study also involved calculations of
various optical parameters like absorption coefficient, bire-
fringence, order parameter, etc. through statistical methods of
textural images. Here, a comparative study was taken to pure
and nanoparticles dispersed mesogens. Till now various analyses
were done to almost all the pure mesogens [16-21], which found
little drawbacks in application point of view [22-24]. However,
addition of foreign elements to the lattice of pure mesogen
perturbs transition temperatures optical parameters and various
thermodynamical parameters, because mesogen is a soft and
sensitive matter. Research has been going on in this way and
found remarkable variations in the impure mesogens [25-30].
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Also, dispersion of nanoparticles especially metal oxide
nanoparticles to pure liquid crystal were studied in various labo-
ratories which found noticeable applications in terms of power
consumption [31-34]. Present work was also done in the same
way by considering zinc oxide nano particles and introducing
them in the lattice of p-(p′-ethoxy benzylidene)-p-cyanoani-
line (EBCA) which is pure nematic liquid crystal. Remarkable
changes were found in thermodyn-amical and optical para-
meters and these helped to predict that zinc oxide nanoparticles
dispersed p-(p′-ethoxy benzylidene)-p-cyanoaniline (EBCA)
found applications in high temperature fields.

EXPERIMENTAL

The used liquid crystals of p-(p′-ethoxy benzylidene)-p-
cyanoaniline (EBCA, 1) is the product of Frinton Laboratory,
USA. All the reagents zinc nitrate [Zn(NO3)2·6H2O] and NaOH
used for preparation of ZnO nanoparticls were collected from
Merck Chemical Industrial company and used without any
further purification.The alkali solution of zinc was prepared
by dissolving in distilled water to form a 100 mL solution [Zn2+

= 0.5 M, OH = 1.0 M].
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Molecular structure of liquid crystal p-(p′-ethoxy
benzylidene)-p-cyanoaniline (EBCA, 1)

Preparation of ZnO nanoparticles: Zinc oxide nanopar-
ticles were prepared by following procedure. Zinc nitrate and
NaOH used for preparation of ZnO nanoparticles. To form
0.5 M solution 100 mL pure water added to Zn(NO3)2·6H2O.
The solution was heated to 60 ºC while stirring for 2 h at same
temperature. After few hours, white precipitate was collected
and washed with distilled water. The obtained solution was
maintained at pH 10 by adding NaOH solution and left for
over night at room temperature. The precipitate was centrifuged
and dried at room temperature, white ZnO particles obtained
[12].

Preparation of nanoparticles doped liquid crystal
(nEBCA): The ZnO nanoparticles and p-(p′-ethoxy benzylidene-
p-cyanoaniline (EBCA) in the proportion of 100:1 were mixed.
Then the liquid crystals were mixed by melting them together
in a fusion tube to obtain homogeneous mixture. The mixture
then cooled down to obtain solid which was grounded. The
nanoparticles are doped into liquid crystals mixture in the con-
centration of 0.1% wt. After that liquid crystal prepared mixtures
(nEBCA) were introduced to the sandwich cell by capillary
action at 40 ºC.

Procedure: The available glass slide was cleaned with
acetone and rubbed such order to make unidirectional align-
ment. A small amount of liquid crystal was placed on the glass
slide. A small cover slip was placed on the sample. The glass
slide is mounted on a hot stage of the microscope to record
the textural changes in the sample. Meopta polarizing optical
microscope (POM) connected with hot stage and camera attach-
ment is used to record the textures of the sample [35]. Sample
textures were recorded at cooling rate @2 ºC/min in three mono-
chromatic image planes of red, green, and blue at wavelength
600, 530 and 470 nm, respectively, under crossed and parallel
polarizer [36]. The image textures detected by camera and the
intensity values of pixels ranges from 0 to 255. The dimensions
of image were selected to be 256 × 256. MATLAB software
was used to computational analysis of textures of the samples
such as mean, variance, skewness, kurtosis, absorption coefficient,
birefringence, order parameter, phase retardation [37]. The
structural and optical properties of the prepared nEBCA particles
have been confirmed using TEM and XRD.

RESULTS AND DISCUSSION

The TEM image of used ZnO nanoparticles for preparing
the nano doped liquid crystal is shown in Fig. 1. The rod shape
of ZnO nanoparticle confirmed by TEM image analysis, which
makes it suitable for doping in rod shaped nematic liquid crystal
matrix. The ZnO nanoparticle average size is 34 nm determined
by using Scherrer formula [38].

Now a days, the technique of image analysis is very useful
to investigate the physical properties and compute the statistical
parameters as a function of temperatures for liquid crystals. The
polarizing optical microscope is used to capture the textures

Fig. 1. TEM images of ZnO (1 % Cu doped) nanoparticles

of liquid crystals in the studies of thermo optical properties of
EBCA and nEBCA. At present glance, the textures closely
resembles textures commonly observed for nematic liquid crystals.
The nematic phase of EBCA temperature range is 112.5 ºC and
the temperature range of mixture of ZnO in EBCA is 134 ºC.

The liquid crystalline compound p-(p′-ethoxy benzyli-
dene)-p-cyanoaniline with dispersed ZnO nanoparticles done
an observable change occurred when the liquid crystalline comp-
ounds dispersion with nanoparticles . Liquid crystalline phases
are not disturbed with the dispersion of nanoparticles whereas
more advantageous in various applications. The transition temper-
atures and textures are obtained by using polarizing microscope
(POM) and along with transition temperatures, enthalpy values
are obtained from differential scanning calorimetry (DSC).
Transition temperatures of EBCA and ZnO dispersed EBCA
are given in Table-1.

TABLE-1 
TRANSITION TEMPERATURES OF EBCA AND ZnO 

NANOPARTICLES DISPERSED EBCA (nEBCA) 

Sample TS-N TN-I 
EBCA (POM) 74.0 °C 112.50 °C 
EBCA (DSC) 76.6 °C 116.30 °C 
EBCA (image analysis) 80.1 °C 113.05 °C 
NEBCA (POM) 103.0 °C 130.00 °C 
NEBCA (DSC) 105.3 °C 123.50 °C 
NEBCA (image analysis) 104.9 °C 129.70 °C 

 
It is observed that the textual images were same due to the

self-assembly of ZnO nanoparticles but thermal range of nematic
phase is slightly changed by the dispersion of nanoparticles.
The change in enthalpy at the phase transformations and transi-
tion temperatures determined by POM and DSC techniques.
The transition temperatures are increased with ZnO nanoparticles
dispersed in EBCA when compared to its pure counterpart.
Textures of EBCA and nEBCA are shown in Fig. 2 and 3, while
the textures of nematic phases of EBCA and nEBCA are shown
in Fig. 4 and 5, respectively.

The differential scanning calorimetry of EBCA and
nanoparticles dispersed EBCA (nEBCA) liquid crystals were
taken in the temperature range of 20-200 ºC@2 ºC/min. The
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Fig. 2. Texture of EBCA at 30 °C

Fig. 3. Texture of nEBCA at 30 °C

Fig. 4. Nematic phase of EBCA at 75 °C

Fig. 5. Nematic phase of nEBCA at 115 °C

thermograms are displayed in Figs. 6 and 7. It is clear that nano-
particles influence on the host lattice (EBCA) of liquid crystal.
The nanoparticles dispersed EBCA (nEBCA) shows enhanced
transition temperatures both in crystal-nematic (TC-N) and nematic-
isotropic (TN-I) phase changes over that of pure EBCA liquid
crystal. These predominant changes in the thermal properties
of the host material are attributed to the high melting temp-
erature of zinc oxide nanoparticles that were dispersed. This
helps to suggest the material of nEBCA in high temperature
applications of liquid crystals.
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Fig. 6. DSC thermogram of EBCA
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Fig. 7. DSC thermogram of nEBCA

The defined statistical parameters viz., mean, varience,
skewness, kurtosis, absorption coefficient, birefriengnce, order
parameter and phase retardation are computed from the textures
of samples observed by POM at different temperatures. The
experiments were done at both heating and cooling and in all
cases the plots are drawn for heating cycles similar behaviour
observed for cooling cycles. The abrupt changes in the statistical
parameter indicate the consequent changes in the features of
the textures of samples with respect to temperature due to the
phase transition of material. Mean value of nEBCA increases,
and varience skewness and kurtosis decreases. The phase reatar-
dation of nEBCA was also increased and finally absorption
coefficient birefringence and order parameter values were signi-
ficantly decreased with increased temperature. When comparing
the order parameter value for nEBCA compounds with the pure
mesogen, the present parameter shows low value.
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Fig. 8. Image analysis studies of EBCA and ZnO nanoparticles doped EBCA (nEBCA)

The statistical parameters computed from the translated
version of colour mode for optical texture of EBCA compound
at 108 ºC and for nEBCA at 118 ºC are tabulated in Table-2.
The optical parameters for the same are also tabulated in
Table-3.

Figs. 8a and 8c indicate mean and variance, skewness and
kurtosis for EBCA a significant peak was observed at 110 ºC,
while Figs. 8b and 8d indicates that for nEBCA, three significant
peaks were observed at the temperatures between 118 ºC to
134 ºC. In Fig. 8e, a significant dip in absorption coefficient

TABLE-2 
STATISTICAL PARAMETERS FOR EBCA & nEBCA 

Compound EBCA nEBCA 
Mean 133.5 134 
Variance 55 55 
Skewness 1 -4.5 
Kurtosis 3 6 
Absorption coefficient 5000 5000 

 
of EBCA was found at 108 ºC and finally decreases at isotropic
phase, whereas for nEBCA a significant dip is at around 110
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TABLE-3 
OPTICAL PARAMETERS FOR EBCA & nEBCA 

Compound EBCA NEBCA 
Birefringence 0.029 0.0285 
Phase retardation 27 27 
Order parameter 0.78 0.090 

 
ºC and then smooth peaks with decreased values of absorption
coefficient were observed to isotropic phase.

Birefringence value is maximum (0.029) for both EBCA
and nEBCA and was observed at different temperatures 110
and 118 ºC, respectively. The above experimental studies
revealed that synthesized ZnO nanoparticles have significant
effect on the lattice of EBCA, which means ZnO has developed
characteristics of EBCA. The sharp increases, decreases and
the fluctuations in the values of computed parameters are due
to the changes in the textural features bring variations in the
intensity of the image textures. X-Ray diffraction studies of
pure (Fig. 9) and ZnO doped EBCA (Fig. 10) also confirm
this analysis. Thickness and d-spacing of sample calculated
from XRD data are shown in Table-4.
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Fig. 9. XRD Pattern of EBCA
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Fig. 10. XRD Pattern of nEBCA

TABLE-4 
XRD DATA OF EBCA and nEBCA 

Sample θB (°) FWHM (°) 〈t〉 (Å) d (Å) 

EBCA 13.03787 0.1427 619 3.11 
nEBCA 3.96534 0.2320 375 3.45 

 

Conclusion

The present study demonstrates that the sensitive image
analysis technique with polarizing optical microscopy and
identify the phase transition temperatures of nematic liquid
crystal p-(p′-ethoxy benzylidene)-p-cyanoaniline (EBCA) and
ZnO doped EBCA (nEBCA). It is concluded that each moment
of the texture is useful in identifying the transition temperature
of EBCA and nEBCA using the stasitical parameters and useful
to determine the optical properties. It is observed that transition
temperatures (TS-N and TN-I) nano particles dispersed liquid
crystal EBCA were increased and this change can be attributed
to the presence of ZnO and its interaction with the lattice of
EBCA. This in turn help thus to suggest the dispersed nEBCA
liquid crystal material as a functional material with vital
applications in the field of display technology.
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