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ABSTRACT

First-principles calculations based on Density Functional Theory
employing Plane Wave Self Consistent Field formalism have been done on
thetechnologically important liquid crystalline material Azoxybenzene. The
orthorhombic structure with lattice parameters a=10.35A, b=4.85A and
c=5.5A has been simulated and the structural parameters have been found
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out. Electron Density of States (EDOS) have been computed which givesa
band gap of 2.52eV that is close to the value shown by NLO materials.
Dielectric constant of the material has been computed and it comes out to
be2.61, 2.62 and 2.92 along X, Y and Z axes respectively. The computed
phonon modes at the gamma point range from 18cm to 1573cm* showing

that the ssimulated structure is stable.
© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Liquid crystals can flow like a liquid, but the
moleculesinliquid crystal arearranged and/or oriented
inacrysta-like manner. Therearetwo specific classes
of liquidarystds onedassinwhichtrangtionsaredriven
by thermal processes areknown asthermotropicliquid
crystalsand other classthat isstrongly influenced by
solventsare known aslyotropics. Many thermotropic
liquid crystd sexhibit variety of phasesasthetemperature
ischanged*3. For instance, aparticular typeof liquid
crystd moleculemay exhibit varioussmecticand nematic
phases asthetemperatureis changed. Thermotropic
liquid crystalline material shave characteristicsrelated
totheir molecular structure, which consistsof two parts,
namely thecoreand side chain. Thecorepartisarigid
body which brings shape anisotropy to themolecule
andthesidechain part isaflexibleregion which gives

mobility. The liquid crystalline materials are being
constantly deve oped andimproved and used indudtridly
invariousways such asin displays, films, drugsand
medicines*d.

Azobenzeneisachemica compound composed of
two phenyl ringslinked by aN=N doublebond. It has
widely attracted the scientific community becauseof its
photo-sengtivenature. It hasbeen found that Azobenzene
can bephotoswitched sdlectively froman extended trans
to amore compact cisconformation and vice-versaby
using light of wavelength 365 nm and 420 nm
respectivey®'9, Azobenzene containing polymershave
also attracted the scientific community owingto their
potentia applicationsinthefield of Photonicsasthey are
usedinoptica switching devicesand diffractiveoptica
elements™ 23, Azobenzene based Liquid-Crystalline
polymershavegained considerableinterest'+6,

Irradiation with polarized light can makean azo-
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materid anisotropic andthereforeopticaly birefringent
and dichroic. Thisphoto-orientation can also be used
to orient other materials especialy in liquid crysta
sysems*, For example, it hasbeenusedto orient liquid
crystal domains selectively, and to create nonlinear
optica material %8, Thisproperty of Azoisomerizaion
can aso beused to photo-switch theliquid crysta phase
of amateria from cholestericto nematid**? or to change
thepitch of acholesteric phaseg?!.

Any little modification in the structure and
compositionof amateria will bringin sufficient changes
inthepropertiesof thematerid?2, Thusit isimportant
to study the structure of the materialsand look at the
parameterswhich can bedtered to get abetter materia
for technological applications. First-principles
cd culationsbased on Density Functiona Theory™ has
been proved to be an effective tool in the study of
structurd, eectronic and dielectric propertiesof organic
material s?>2¢1, With this in view, structure of
Azoxybenzene hasbeen smulated usng Firg-principles
calculations based on Density Functiona Theory and
computation of Electronic density of states, Dielectric
constant and phonon modes have been done and the
results have been reported in the present paper.

COMPUTATIONAL DETAILS

Severa codes are available for the theoretical
structure simulation?’. We use plane wave self
consigtent field (PWSCF)® implementation of density
functional theory (DFT), with a Local density
approximation (LDA) [20] to exchange correlation
energy of electronsand ultrasoft pseudopotential §37,
to represent interaction betweenionic coresand vaence
electrons. Kohn-Sham wavefunctionswererepresented
with aplanewavebasi swith an energy cutoff of 40 Ry
and charge density cutoff of 240 Ry. Integration over
Brillouin zone was sampled with aM onkhorst-Pack
scheme®! with appropriate k point mesh and
occupation numberswere smeared using M ethfessel -
Paxton scheme®@ with broadening of 0.03 Ry. The
structurewasrel axed to minimizeenergy.

RESULTSAND DISCUSSION

Inthe present study, the orthorhombic unit cell of
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Azoxybenzenewasfirg built using “Avogadro™™1. The
structurewasalowed for geometric optimization. Leter,
atomic positionsof thegeometricaly optimized Sructure
have been usedin the planewave self consistent field
cdculations.

The structurewas relaxed with different val ues of
lattice parameters. Optimized values of lattice
parameters thus arrived at through minimization of
energy are; a=10.35A, b=4.85A and c=5.5A. “scf””
ca culation wasdone using thefinal atomic positions
obtained after relaxing the structure using the program
‘pw.x’ of Quantum espresso. Completely relaxed
dructureof theunit cdll wasvisudized usngtheprogram
“XerysDen ™ and thestructureasvieweddongY and
Z axesaregivenin Figures1 and 2 respectively.

Figure1: Sructureof unit cell of azoxybenzene asviewed
along Y-axis
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Figure2: Structureof unit cell of azoxybenzene asviewed
along Z-axis

Thebond lengths and bond anglesin the relaxed
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structure of Azoxybenzene have been tabulated in
TABLES1 and 2 respectively.

TABLE 1: Bond lengthsin Azoxybenzene

Bond Bond length (A)
c-C 1.38
C-H 1.09
N—-N 1.25
N-O 1.26
C-—N 1.39, 144

TABLE 2: Bond anglesin Azoxybenzene

Bond angles (deg)

C-C-H 119,121
N-N-C 124, 126
c-c-cC 119,121
N-N-O 121
C-N-0O 113

EDOScalculation

Electron Density of States (EDOS) have been
computed using Electronic structure cal cul ation code
of Quantum espresso and isshown in Figure 3. The
band gap comesout to be 2.52eV. Thisvaueisclose
to thevalue shown by NLO material §%.
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Figure3: Electron density of statesin azoxybenzene

Dielectric constant and phonon modes

Dielectric constant of the material has been
computed and it comesout tobe 2.61, 2.62 and 2.92
along X, Y and Z axes respectively and the average
value comes out to be 2.72. The computed phonon
modes at the gamma point range from 18cm-1 to
1573cm-1 showing that thesmulated Sructureisstable.

CONCLUSIONS

First-principles calculations based on DFT has
simulated astable structure of Azoxybenzene. EDOS
cal culations show that the polymer hasalarge band
gap of 2.52eV whichiscloseto thevauesexhibited by
NLO materids. Thematerial hasan average Didlectric
constant of 2.72. Phonon modes at the gamma point
range from 18cm-1 to 1573cm-1 showing that the
simulated structureisstable. Present study reved sthat
the First-principles cal culations based on DFT can be
effectively employedto study thed ectronicand diglectric
propertiesof theAzoxybenzene. Also, the present study
indicates that Azoxybenzene can be used for NLO
applicationsand for the preparation of NLO materials
and severd liquid crystdlinematerids.
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