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ABSTRACT

We report the results of our studies mainly focus on thermal and optical properties of a system comprising
the ternary system of organic molecules such as Curcumin, dodecanol and Ortho phosphoric acid. Mixture of these
molecules exhibits a very interesting induced SmA-SmC and SmC* phases respectively at different temperatures
and at different concentrations. In our studies we discuss the estimated values of entropy and thermal diffusivity
effect on morphological phase behaviour of liquid crystals towards the isotropic phase transition with the help of
conductivity and polarizability data. Wave length dependent refractive indices are helps to study the Sellmeier
constants A and B and thermo-optical coefficients have also been discussed.
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Introduction

In recent years the research has mainly focused on the optical anisotropy of liquid crystals: such as wave
length dependent refractive indices are an essential parameter for an industrial application of display in various
branches of science and technology. In liquid crystalline molecules, average directions of all the segregated
molecules are easily re-oriented with respect to external fields such as temperature, electrical field and magnetic
field, etc. And hence these are exhibited the anisotropy of its optical, electrical and magnetic properties. Among
all anisotropic properties, refractive index of liquid crystal has great importance in the view of device applications.
The functioning of the liquid crystal devices utilizes the temperature induced and electric field induced refractive
indices [1-5].

In the present paper mainly focuses on optical and thermal properties of ternary components namely:
Curcumin, dodecanol and Ortho phosphoric acid. Different concentrations of given molecules show an induced
polymorphism of chiral smectic phases respectively at different temperatures and at different concentrations.
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Entropy effect and thermal diffusivity of liquid crystalline materials has been discussed. Estimated values of
Sellmeier constants A and B, and thermo-optical coefficients have also been discussed.

Experimental Section

In the present work, for our experimental studies, we have considered the ternary mixture of curcumin
molecules are at 25% of concentration and 40% concentration of dodecanol in addition with 35% of molecules of
orthophospheric acid. To ensure homogeneity: the ratio of given mixtures were kept in desiccators is exposures to
many cycles of heating, stirring and centrifuging. The phase transition temperatures of the mixtures were measured
using a Gippon-Japan polarizing microscope in conjunction with a hot stage. For microscopic observations: the
mixture of given samples were takes on the slide. Refractive indices in the optical region were determined at
different temperatures using multi-wavelength Abbe-refractometer (Atago: DR-M4) at A=486, 546, 589nm. The
permitted temperature control was + 0.1°C. The level of liquid crystal in the capillary was read to £0.01mm with a
cathetometer. The absolute error in the density measurements was Ap == 0.0001 g/cc [6-8].
Results and Discussions
Microscopic Observations on Liquid Crystalline Phases

Gippon-Japan-polarizing microscope was used to observe the molecular orientations of optical textures of
induced polymorphic phases: they were exhibited by the samples of lyotropic liquid crystals, such as: Curcumin,
dodecanol and Ortho phosphoric acid. The exhibited smectic-A, smectic-C and smectic-C* phases shows the
formations of induced chiral smectic phases respectively at different temperature. Microscopically observed
smectic-A and smectic-C* phases are shown in the Figure 1(a, b). From the figure it has been observed that: the
change in morphology causes different phases of liquid crystals, because it influences on thermal variations
molecules: Maier and Saupe theory describing a molecular interaction in terms of anisotropic dispersion forces.
Dispersion forces and packing factor molecular systems are more important to thermodynamic parameters: such
free energy, entropy, enthalpy, etc. The variation of temperature causes the changes in value of entropy towards
from isotropic to crystalline region, the molecular reactions are helps to shows the molecular self assembly of
induced polymorphic phases. Maier-Saupe theories are also very useful for to explaining how the density of the
molecules jump from crystalline to isotropic phases and hence it correlate between thermal stability and anisotropy
of molecular polarizability of the induced phases. The anisotropy of molecular orientation and stability of the
internal energy of given system are itself in different forms, which are either internal or transient: During these
phase transition, the kinetic energies are associated with the structural formation of molecules, which can be
released by chemical and atomic reactions. Internal energy of the system depends on the properties of materials,
such as composition and physical form, as well as the environmental variables (temperature, pressure, electric field,
magnetic field, etc). [9].
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Figure 1: (a) Focal conic fan-shapedtexture of SmA phase.(b) Radial fringes on
the fans of focal conic textures of SmC* phase.

8944



Frontiers in Health Informatics ISSN- www.healthinformaticsjournal.com
Online:2676-7104

Entropy Effect on The Morphology of Liquid Crystalline Phases

Entropy measures the state of randomness or a measure of disorder; it is an important scientific concept,
which helps to study the state of disorder or uncertainty. During the phase transition studies: the appearance of
increase or decrease of entropy towards the higher/lowers internal energy causes the formation of phases which
leads to changes in the randomness or self organizations of molecules, the structural effect on the molecular phases
impacts on the overall entropy. The entropy can be determined with using the lattice model. The group of molecules
is oriented independently from each other; therefore, the entropy S can be found from the Boltzmann formula

S=KglnW

where Kgis the Boltzmann constant, and W is the number of accessible microstates.

In this study Maier-Saupe theories are helps to describe the interaction of molecules in terms of dispersion forces.
Such force shows an inter-molecular interaction related to the packing of molecules and it implies the molecular
order and spectral properties that can found from microscopic observation. Temperature variations of entropy are
as shown in figure 2. From the figure it clears that: the molecules are randomly disorder with increasing the
temperature. As increasing the temperature, entropy can be increased: in which there is energy transport across the
system. Either by increasing or decreasing the entropy of the system; which are related to the molecular structure,
the degree of molecular activity and physical composition of the system [10-15].
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Figure (2). Temperature variations of entropy at different temperature of liquid crystalline mixture.
Studies on microscopic forms of energies are called the internal energy of the system, in which the molecules are
randomly distributed as kinetic energy at the molecular and sub molecular levels. At higher temperature, the
distribution of kinetic energies of the molecules is more dispersed than that of lower temperature. During phase
transition studies: the entropy of any molecules increases with temperature.

Accessible microstates are the liquid crystal phase formations of layer structure can estimate from the
theory of dispersion forces. Classical formula for the interaction of molecular energy between one atoms of
molecule to the neighbouring molecule: that can explain by using the formula

2hwa3
W) =—z3
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Hereh = h/ o> 118 Planck’s constant. w is frequency a is molecular polarizability and r is the distance between

the atoms of one layer of molecules to other layer of molecules. For the calculations of accessible microstates:
variations of temperature are converted in to frequency for the changes in the layer of molecules. Results of this
theory: which are applicable to the qualitative agreement with quantum mechanical theory: Landau. Maier-Saupe
used this formula for the calculations of accessible microstate of phase formations of molecular disorder parameter.

The changes in entropy of molecules or self organizations of phase formations of layers of molecules leads
to molecular polarizability for the appearance of liquid crystal phase become stable. This theory explains the
correlation between thermal stability of liquid crystal phase and anisotropy of molecular polarizability [16]. The
temperature variations of Accessible microstates of liquid crystalline mixture are as shown in Figure 3. From the
figure, it illustrates that: the entropy of layer molecules described as measuring the internal energy of molecular
systems are dispersed by a number of accessible microstates in terms of layer of phase formations of molecules, in
which there shows the number of different molecular arrangements of its energy at the next instant. On the surface
of molecules, the thermal variation of entropy depends on the energy dispersing molecules among in all accessible
microstates. An increase in entropy of layer of molecules involves more and more energy dispersion with different
microstates of the systems towards final state than in its initial state.

42 49 56 63 70 77 84 91 98
Temperature (OC)

Accessible microscopic energy states (W)
o)

Figure 3.The temperature variations of Accessible microstates of liquid crystalline mixture.

The tendencies of increasing entropy of layer molecules are to fill space and to spread out particle space
and energy in all possible ways.

Specific Heat Capacity of Liquid Crystalline Phase

Heat capacity of an object can be calculated dividing the amount of heat energy supplied (E) by the
corresponding change in Temperature (T)

Cp = E/ T
C,= Heat capacity, E= heat energy, entropy depends on the heat energy. T = change in temperature.

From the system: entropy is a measure of heat transfer of energy in to the system: where as the temperature
increases, entropy of the system can also be increases. An increase in temperature causes the increase in kinetic
energy of the molecules on the appearance of isotropic to nematic phase transition. Orientations of moving
molecules have much more disorder slowly at temperature and hence the heat energy increases the total energy of
the system. This gives more kinetic energy distributed among all the molecules of the system.
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The temperature variations of heat capacity of liquid crystalline materials are as shown in the following figure 4.
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Figure 4. The temperature variations of heat capacity of liquid crystalline mixture.

From the figure it has been observed that: heat capacities of the substances are controlled by a manner in
which the internal energy of molecules is distributed among all of its constituent molecules. As the temperature
increases, the specific heat capacity of liquid crystalline molecules decreases. Remarkably it is an important to note
that: for the given mixture, thermal energy of molecules can vibrate the atomic molecules and hence thermal motion
of atomic energy of the molecules is contributes to explain the specific heat of liquid crystalline molecules. Due to
the thermal motion: thermotropic and lyotropic molecules, the heat-capacity studies help to provide very useful
qualitative information regarding the order of phase transition behaviour from crystalline to isotropic phase
transition. This occurs due to the competition between the co-operative atomic (molecular) interaction energy and
the entropy of the system. Therefore any phase transition can associate with an exchange of heat to the thermal
environment of the system: that balances the changes in the internal free energy [17, 18].

Thermal Diffusivity Studies on Crystalline - Isotropic Phase Transition.

Heat transport mechanisms are the partially ordered matter, Example: liquid crystals are an attractive and
important for electro-optic and opto-electronic display device: not only in basic science but also from the
technological point of view. Thermal diffusivity of materials shows: diffusion rate of particle can control thermal
conductivity in more complex system of liquid crystals. For example: different anisotropic properties of polymers
or partially crystallized materials are an important for these applications.

We know that the formula for Thermal diffusivity of material is

a= k/ pec,
Where a= thermal diffusivity, k is the thermal conductivity, p is the density and C, is the specific heat capacity of
the material. Thermal conductivity of polymeric materials is known to be effectively enhanced by the liquid
crystalline materials. The property of conductivity of liquid crystalline materials shows a greater magnitude in the
orientational direction of molecules in crystalline to isotropic region. Geometrical structural properties of the
molecules affecting the orientation order. The temperature variations of thermal diffusivity of liquid crystalline

mixtures are as shown in figure (5). From the figure, it illustrates that: at lower and higher temperature, thermal
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conduction is the diffusion of thermal energy of vibrating atomic molecules within the material. At higher
temperature, the vibrating atomic molecule has more kinetic energy: in which there will be an inelalstic or elastic
collision occurs between the series of molecular distributions of atomic molecules, kinetic energy of vibrating
molecules causes thermal energy throughout the surface [19]. For the critical behavior on the surface of diffusion
of vibrating molecules, dips were observed in thermal diffusivity of distributed molecules at at the [-SmA and
SmA-SmC- SmC* transitions as well as at the isotropic (Iso)-N transition.
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Figure 5. The temperature variations of thermal diffusivity of liquid crystalline mixtures.

Sellmeier Equations on Liquid Crystalline Materials

Sellmeier equation is an equation in the form of mathematical relationship between wavelengths and
refractive indices of a material. Temperature-dependent Sellmeier equations are used for various applications of
linear and nonlinear optical devices. Sellmeier constants A and B are estimated by choosing the experimentally
measured data of refractive indices of optical birefringent materials. Wavelength dependent refractive indices for
ordinary and extraordinary waves are approximated in the form of coefficients of Sellmeier equations: and it
provides an appearance of signal on the liquid crystal display device. In which they are the function of different
optical properties of liquid crystalline molecules. For the set of different wavelength of different colour such as
green and blue: the birefringent material describes the Type-1 and 2 phase matching by the different optical
properties.

For this study: we consider temperature dependendent multi-wavelength refractive indices of mixture of
liquid crystalline materials at different concentrations. Then it is analyzed the Sellmeier constant A and B by using
the Sellmeier equation.

For different concentration of liquid crystalline materials, two data sets of refractive indices will be
obtained according to temperature dependent multi-wavelength abbe refractometer. We know that: the Sellmeier
equation

AN?
n?=1+—-— (1)

Where n is the refractive index of the given material. From the Sellmeir equations Sellmeier constants A and B are
obtained by using a different wavelength of refractive indices such as A=486 nm, 546 nm.
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Subtracts the equations 2 and 3, simplified equations gives the Sellmeier constants A and then constant A
is substituted to any of equations either 2 or 3; we get the Sellmeier constants B. By the experimentally measured
data of wavelength dependent refractive indices are substituted to the corresponding equation; the values of
Sellmeier constants A and B are obtained. The following Table shows the refractive indices for the wavelength
A=486 nm, 546 nm and Sellmeier constants A and B.

Temp (° C) A (10%) B (10%)
45 7.4151 3.556
48 7.1186 3.558
52 6.4577 3.542
57 6.4326 2.964
61 6.5076 2.793
65 6.2546 2.690
70 6.6718 2.549
74 6.4548 2.480
80 6.6553 2.309
83 6.9385 2.281
86 6.5963 2.197

From the table: it is very clear that: Sellmeier constant A and B values are decreases towards the increasing
temperature. The decrease in Sellmeier constants are appear several factors such as changes in refractive indices
with temperature and also the optical behavior of the materials across all wavelengths. Sellmeier constant are helps
to describe how the liquid crystalline material interacts with light of different wavelengths. By the electromagnetic
theory, a beam of light is an electromagnetic wave, in which it concers the atoms or molecules of given matter, in
between the bonds: the charges in the material vibrates. Vibrations produced by the frequency due to a resonance
event in the material. The different concentration of given material defines changes in the material that stimulate
changes in the vibrational frequency of the atomic bonds in the material. Sellmeier coefficients are essential tools
for to understanding the different characterization and optical behaviour of organic materials in various applications
and hence it allows for the precise control of light in optical systems [20-22].

Thermo-Optical Coefficient Studies On Liquid Crystalline Mixture.

Refractive indices of the optical materials are not a constant parameter over the temperature region, optical
materials such as crystal, semiconductors and glasses. These types of materials are used in different optical and
photonic systems. The variation of refractive index with temperature at a constant pressure is called the thermo
optical coefficient. The analysis of thermo-optical coefficients are key to characterize the temperature dependent
non-linear optical devices are semiconductor technology and photonic device. Particularly technological effect is
characterized by the thermo-optical coefficient (TOC) and it is related to the behaviour of optical properties of
refractive index, when temperature is modified.

From the Lorentz-Lorenz expression, the Prod” home relation can be obtained as:
n?-=1Dn?*+2)

TOC = — X))

Where T is the temperature, n is the refractive index, and ¢ is the electronic polarizability. Volumetric
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expansion coefficient  is defined as:
_1dp
B = > dT
where p is material density. Due to the affinity of quantum dot liquid crystal display technology, chromonic
phases of liquid crystalline molecules are of particular interest in integrated to thermo-optical devices. However,
the photo emissive quantum dot particles of the devices are presently high fabrication costs, as well as low electrical
power consumption. The present studies are helpful to maintain the temperature of these properties. Furthermore,
due to its low thermo-optic coefficient; the efficiency of refractive indices in chromonic phase of liquid crystals
are exhibited by the molecules is more than 10 times lower than that for polymers. The thermo-optical co-efficient
are as shown in Figure 6. Liquid crystalline mixture with low melting point, the thermal expansion is very small.
As increasing temperature, thermo-optical coefficients are also increases at some certain saturation point and also
it is dominated by the volume change in polarizability. The thermo-optical coefficient in liquid crystals is a crucial
parameter: that describes how the refractive indices of liquid crystal material changes with temperature. The
thermo-optical coefficient is essential for controlling the optical properties of the liquid crystal layers within a
liquid crystal display, ensuring that the display functions are correct across a range of operating temperatures.
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Figure 6: The temperature variations of thermo-optical co-efficient of liquid crystalline

mixtures.

High thermo-optical coefficients are used in thermo-chromic devices, such as temperature-sensitive labels
and thermometers. These materials change colour or optical properties with temperature, making them useful for
temperature monitoring and displays [23-27].

Conclusion

Optical microscopic investigations of ternary mixtures of long chain organic molecules show the existence
of induced chiral mesomorphic phases such as SmA-SmC and SmC* for given concentrations respectively at
different temperatures. The experimentally measured data of density, wavelength dependent refractive indices and
conductivity measurement are used to estimate the values of entropy, thermal diffusivity and thermo-optical
coefficient of liquid crystalline materials. The studies are helps us to understand the morphology of induced chiral
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smectic phases and also impact on the order of phase transitions of different phases respectively at different
temperature during the transition from crystalline to isotropic phase transition. Sellmeier equations are helps to
describe how the liquid crystalline material interacts with light of different wavelengths and its optical behaviour
used in various applications for controlling the wavelength of light in optical systems.
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