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1. INTRODUCTION

Liquid crystal materials are typically composed of molecules that have many common
characteristics, such as strong dipoles, highly anisotropic structures or easily polarizable
components. These materials melt in phases i.e. some intermediate phase between
anisotropic ordered crystal to isotropic liquid.The rod-like liquid crystal molecule consists
of two or more benzene rings linked by a central linkage group and alkyl or alkoxy chains
at the terminals. A small change in molecular geometry largely affects the liquid crystalline
properties of molecules.The properties of the liquid crystal molecules used for the
demonstration are due to their dipole moment and optical anisotropy [1-3]. The dipole
moment of the molecules should allow their orientation to be controlled by an electric
field.For electro-optic applications, liquid crystals with nematic twist bend transitions are
suitable. But these are only singular in phase and operate within a narrow range of
temperatures. These liquid crystals lose their stability on cooling and are found to be
workable at very low room temperatures [3-4]. The alkoxy group is more favorable than
the alkyl group due to the representation of electrons.To design new liquid crystals, one
must know the structure property relationship that leads to the specular properties in the
desired liquid crystal. Since the alkoxy group is a polar substituent with a strong dipole
moment, it can enhance the mesomorphicbehavior.In this article, an attempt has been made
to obtain the optimized geometry and calculate the IR and Raman vibration frequencies of
8CB and 80CB liquid crystals using DFT/B3LYP method with basis set 6-31G(d, p). The
molecules selected for the present investigation are quite interesting because they show
excellent chemical and thermal stability due to the strong, and unique physical properties
of the C—N bond, which contributes to the performance and photonic applications [4-13].
Computational Methodology

Quantum chemical calculations have been performed using gradient corrected density
functional theory (DFT) with Li, Yang and cross correlation functional theory as well as
hybrid functional Bak3 parameter for the exchange part. This is supplemented with the
standard 6-31G(d,p) basis set in the Gaussian 09 program for the calculation of molecular
structure, bond lengths, bond angles, and vibrational frequencies along with IR intensities
and Raman scattering activities of 8CB and 80CB liquid crystal molecule. The 6-31G(d,
p) split valence-shell basis set augmented by the 'd' polarization function on heavy atoms
and the 'p’ polarization function on hydrogen atoms has been used [14-19].
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Results and Discussion

A complete vibrational analysis of 8CB and 80CB liquid crystal molecules has been
performed based on DFT/B3LYP/6-311G(d,p) quantum chemical calculations. Optimized
structural parameters were used in the calculation of vibrational frequencies to characterize
all stationary points as minimums. The IR and Raman spectrum of 8CB and 80CB liquid
crystal moleculesare shown by figures 2 and 3 respectively. At the frequency of 2341cm™,
molecule shows the C-N stretching, which is found in IRspectrum of 8CB molecule but
this stretching frequency change in 80CB liquid crystal molecule. The 8CB molecule
shows symmetric stretching in the benzene ring in between C-C atom at frequency 1660
cm™ which is found in IR and Raman both spectrum and due to alkoxy group this vibration
shows at 1535cm™. At frequency 1256 cm™, molecule shows stretching in between C-O
atom which is also found in IR spectrum of 80CB liquid crystal molecule. The dipole
moment moments of 8CB and 80CB liquid crystal molecules are 6.02 and 5.74 Debye
respectively.
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Figure 2: IR activity of of 8CB and 80CB liquid crystal molecules
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Raman Activity Spectrum
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Figure 3: Raman activity of 8CB and 80CB liquid crystal molecules

Conclusion

The dipole moment of 80OCB molecule is less than the 8CB liquid crystal molecule, Due to
the presence of oxygen atom in terminal group, IR spectrum of 80CB liquid crystal
molecule also different from 8CB liquid crystal molecule. The vibration frequency of C-N
bond also changed.
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