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Abstract

'This article emphasizes the nonlinear optical properties of 50.5 liquid crystal
compound. Generally, 50.5 is a Schiff based compound and it shows different
liquid crystalline phases with the variation of temperature. With changing
temper-ature, the phases of the liquid crystal changes and it gives various
important information about the ordering of the liquid crystal. The density
functional theory (DFT) approach has been used to find the different parameters
such as reactivity parameters and structural pa-rameters of the compound. Dipole
moments, polarizability and non-linear optical (NLO) properties are essential to
understanding different optical and physical behaviors of the liquid crystal are
also reported in this article. The NLO properties of the compounds possess many
properties which is useful for NLO based applications.
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Introduction

Liquid crystals are partially organized fluids that exist between the states
of crystalline solid and isotropic liquid. This is also known as a mesophase. They
tend to have a regular alignment in one or more dimensions while maintaining
the ability to move and flow like a liquid. Liquid crystals are anisotropic in nature,
and as a result of their anisotropy, they have distinct optoelectrical properties
in comparison to other materials [1-9]. The peculiar nature of the chemical has
sparked the interest of experts, which are currently researching the properties of
liquid crystals. Most calamitic liquid crystalline compounds are uniaxial in nature,
although some researchers are currently focusing on bent-core or biaxial liquid
crystalline compounds [1-5].

Depending on temperature and pressure, liquid crystals can exist in a variety
of phases. Nematic, smectic, and cholesteric phases are the most common. The
molecule alignment in a specific direction without a defined positional order
distinguishes nematic liquid crystals. In layers, smectic liquid crystals have both
directional alignment and positional order. Cholesteric liquid crystals have a
helical structure with an axis that rotates.

Because of their exceptional properties that bridge the gap between the
liquid and solid phases, liquid crystals have piqued the scientific community’s
curiosity. Because of its unusual mix of solid-like organization and fluid-like
movement, liquid crystals are applied in a wide range of academic subjects [1-
3]. Nanotechnology, LCD (liquid crystal display) technology, holography, optical
fiber technology, optoelectronics, tunable lenses, optical switches, biosensors, and

drug delivery systems are among the disciplines described above [4-10]. Display
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technologies are one of the most important applications of
liquid crystals. An electric field is used to adjust the alignment
of liquid crystal molecules in LCD sections. The transmission
of light through the liquid crystal layer may be controlled
by modifying the mo-lecular alignment, allowing for the
formation of images and text on screens.

The electrical configuration of molecules and materials
can be determined using DFT, a powerful computational
method. The goal is achieved by employing the concept of
electronic density as a theoretical framework for solving the
Schrodinger equation for systems containing many interacting
particles. The use of DFT to the study of liquid crystal energy
characteristics, electronic transitions, and optical properties has
greatly improved our understanding of their NLO properties.

In this study, DFT simulations are utilized to analyze the
NLO properties of liquid crystals. We would like to understand
the underlying principles regulating NLO behavior in various
liquid crystal systems using DF'Ts capacity to anticipate. The
thorough analysis of these characteristics will improve our
understanding of liquid crystals while also providing designers
of modern photonic devices with fresh ideas for improving
their usefulness and efficiency.

Polarizability and hyperpolarizability in liquid crystals
are regulated by factors such as molecular form, size, and
arrangement within the material. Researchers may build liquid
crystal materials with precise optical properties by regulating
these parameters, making them advantageous in a variety of
applications such as LCDs and electro-optic devices.

Polarizability and hyperpolarizability are critical factors
for understanding liquid crystal optical behavior and designing
new technologies based on their unique qualities. To describe
the behavior of liquid crystal materials to external electric
fields and light, researchers frequently use techniques such
as optical spectroscopy, electric field-induced birefringence
measurements, and nonlinear optical measurements.

Gaussian 09, a renowned and flexible quantum chemistry
software program, is used in this study to carry out accurate and
reliable DFT calculations. By using theoretical simulations,
our goal is to definitively link the molecular structure to the
nonlinear optical response of liquid crystals. The advancement
of novel applications in the field of nonlinear optics will be
aided by this research paper [11-14].

Materials and Methods

The nO.m family of liquid crystals under investigation is
made up of calamitic-shaped molecules that exhibit nematic
order. This arrangement is defined by the parallel alignment
of the long axes of the molecules while preserving their fluid-
like motion. Calamitic molecules are made up of connecting
elements, terminal segments, and core units. A pair of benzene
rings joined by a C=N bond make up the basic elements of this
structural arrangement. Hydrocarbon chain terminal segments
make up terminal segments. The core is directly connected to
one terminal, while the other terminal is connected to the core
via an oxygen connection.

The first part of our research involves running DFT

simulations to find the optimum structures of nO.m liquid
crystals. We employ the widely utilized B3LYP functional,
which combines Becke’s three-parameter exchange functional
with Lee, Yang, and Parr’s correlation functional. Because of
its ability to balance accuracy and computing cost, the 6-31G
basis set was chosen. These calculations are carried out with
the assistance of the software package Gaussian 09, which has
a reputation for reliability in quantum chemical simulations.

Following the optimization of the structures, our research
focuses on the NLO capabilities of the 50.5 calamitic liquid
crystal. Our research focuses on important NLO phenomena
such as dipole moment, polarizability, and hyperpolarizability
[1-5,11, 13].

Results and Discussion

A technique described previously was utilized to
manufacture the sample 50.5 used in this work. Figure 1 and
table 1 show the chemical makeup and phase changes of the
liquid crystalline molecule 50.5.

i
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Figure 1: Molecular structure of the compound 50.5,n=5,m =5.
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Figure 2: Optimized structure of 50.5 liquid crystalline molecule.

Table 1: Phase transition temperature of 50.5 liquid crystal compound.

50.5 Temperature
C-G 28°C
G-SmF 47°C
SmF-SmC 49°C
SmC-SmA 53.1°C
SmA-N 54.4°C
N-I 78.8°C

Geometric structure

The optimal structure of 50.5 was found using the DFT
approach with a functional B3LYP/6-31G(d,p) basis set, as
illustrated in figure 2. The lowest energy of 50.5 is computed
and discovered to be -1025.152345 Hartree.

NLO and reactivity analysis

The energy gap of the molecule is critical for understand-
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ing its stability and reactivity. Higher levels of the compound’s
energy gap (Eg) often behave like a hard solid. In general, the
energy gap of nO.m series liquid crystal compounds is lower.
Lower gap values need less energy to interact with the mol-
ecule and are therefore easier to polarize using electric and
magnetic fields. And this is highly beneficial for a variety of
applications.

NLO-based novel applications include optical computing,
optical storage, and the creation of higher-order harmonic
signals, among others. In the presence of a sufficiently
powerful light source, molecules with anisotropic polarizability
experience a transition from a state of high potential energy
to a state of low potential energy. When there is a n bridge
separating an electron donor group and an electron acceptor
group, a key structural criterion for a molecule to show optical
nonlinearity is met.

Due to their elongated conjugated molecular structure
and propensity to align along the direction of an applied
electric field, liquid crystalline molecules exhibit strong optical
nonlinear effects. Here, we compute the B3LYP/6-31G(d)
level components of the polarizability and hyperpolarizability
tensors. DFT calculations are used to determine the total
molecular dipole moment, total polarizability, asymmetry
parameters, anisotropic  polarizability, and first-order

hyperpolarizability, which are all presented in table 2 [15-19].

In addition to the asymmetry parameter (1)), isotropic
polarizability (iso), anisotropic polarizability (A ), total
molecular dipole moment (p__ ), total polarizability (a__),and
first-order hyperpolarizability (B ), table 2 shows the reduced
components of the polarizability and hyperpolarizability
tensors [18]. The computation has been carried out using
B3LYP functionals. The components of dipole moment,
polarizability, and hyperpolarizability have larger magnitudes,
as shown by the data in table 2. This is due to the compound’s
narrower energy gap. The molecule then displays enhanced
NLO properties, which are calculated using the formulas
below:

/utotal = V /u)f +/Jj +/,122 (1)

Qe = % X \/(ozx'T —ayy)z + (aﬂ —azz)z +(a, -a, )2 + Gafy +6al + 60{)27 (2)
axx - aZZ
n = a _aiso (3)
a +a
Ao = o, — % (4)
5
B.= Bt By + B ®
ﬂxzﬁxxx+ XW+ Xzz (6)
B,y=Byy+ Bt B )
ﬂz = ﬂzzz + XXz + yyz (8)

By =B+ B+ 9)

Table 2: Asymmetry parameter (1)), isotropic polarizability (iso), anisotro-
pic polarizability (Aa), total molecular dipole moment (i), total polariz-
ability (a ), and first-order hyperpolarizability (B,).
Parameters DFT (6-31(d))
B -2.5501
Dipole moment (p) (in Debye) By 1.7023
W -1.0662
h 3.2462
o -122.1418
a, -153.2826
) a, -148.9178
Polarizability (in Debye-A) o0 47.14913
Aa -119.9594
n ~0.15816
o 29.20406
B -191.4202
B 14.5236
B.. -12.9313
B -8.8921
B, -10.1077
B -4.3327
Hyperpolarizability (in Debye-A2) 8. 11587
B, 2.3508
i -0.9297
B, 2.7666
B, -202.0007
B, 47019

Table 2 shows asymmetry parameter (1)), isotropic polar-
izability (iso), anisotropic polarizability (Aa), total molecular
dipole moment (p_ ), Total polarizability (), and first-or-
der hyperpolarizability (B,).

Conclusion

NLO studies of the 50.5 molecule’s lowest energy
configuration have provided information about its
intramolecular activity. The molecule has a nonlinear structure,
which was determined by looking at its ideal shape, and the
higher value of its hyperpolarizability indicated that it has
significant nonlinear features. In the fields of optics, materials
science, and liquid crystals, the phrases polarizability and
hyperpolarizability are fundamental concepts. Liquid crystals
are rare materials that combine the properties of crystalline
solids and liquids. Their molecular structure, which lets them
to respond to external electric fields, makes them valuable in
display technologies, optical devices, and other uses.
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