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ABSTRACT

Optimization of supramolecular crystals with self assembling is assessed in coupled mesogenic liquid crystal
reveal interesting characteristics in computation studies with Gaussian 03, Revision E.01 using MP2, extended
3-21G (d) basis set. Adsorption of liquid crystal CS with 10 focuses interesting characteristic structural features
with low shear. Studies of thermal and spectroscopic studies signify the former in confirmed transition peaks
with altered energies and later ensured bonding with sharp peaks of stretching and bending vibrations in
functional and fingerprint regions influenced on coupling. Interestingly the vital play of potential energies with
shear gained importance in stable molecular configuration, dipole moment, atomic charges, moment of inertia,
critical velocity, highest occupied molecular orbital energies and lowest unoccupied molecular energies in

formation of complex.
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INTRODUCTION

Most studies with liquid crystals are proto type self
organized (Brian et al., 2012), soft (Alejandro,
2010), supramolecular materials (Takashi Kato,
2003) are anisotropic functional materials (Pankaj et
al., 2013) are organic and introduction of nano
material has interesting features is subject of study.
These mesogenic (Pankaj et al., 2013; Zakerhamidi et
al., 2014; Rejith and Krishnan, 2013; Martin et al.,
2010) anisotropic materials with nano particle
coupled has emerged fascinating area of research in
applications with metals (Dominic et al., 2013)
semiconductors (Byron et al., 2014), ferro electrics
(Hakobyan et al., 2014) and carbon related particles
(Dhrubajyothi et al., 2014).These inherently possess
structural features with interactions due to hydrogen
bonding, metal coordination, hydrophobic forces,
vanderwaalls  forces, pi-pi and electrostatic
interactions gained importance in molecules of longer
length with ordering and mobility due to self
organization with optimized geometry. Dipole
moment, moment of inertia, Highest Occupied
Molecular Orbital (HOMO), Lowest Unoccupied
Molecular Orbital (LUMO) energies (Subhapriya et
al., 2014) are studied with enhanced properties of
nano particles in liquid crystals. Improved physical,
electrical and electro-optical properties of liquid
crystals (Chaudhary et al., 2012) are referred with
incorporation of metal into mesogenic. DFT frame
work with quantum calculations is essential to model
large systems providing promising approach for
accurate  parameters are currently realized.
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Optimization of structure in present observation of
liquid crystal with nano particle (CSIO) possess
significant impact on molecular properties further in
study of spectral and electronic properties with
minimum energy. Gaussian 03,Revision E.O1 utilizes
ab initio with MP2 extended 3-21G basis set (De
Luca et al., 2008). Nano particle (10) (Wei Wu et al.,
2008) has implications on conformational studies
with mesogenic CS (Vadim and Valdas, 2009).

MATERIALS AND METHODS

Cholestryl Stearate (CS) and iron oxide (10) were
purchased from Sigma Aldrich are used as such.
Ultrasonication (Siva et al., 2013) is performed with
PCi analytics 250 W ultrasonic processor with a 12
mm probe operating at a fixed frequency of 50 Hz
ACsupply; 220V is  synthesis route for
homogenization with 100 mg of Cholestryl Stearate
and 0.08 mg of iron oxide nano powder was dissolved
in 30 ml of ethanol solution. The complex (CSIO)
was dried for four days with yield of 90%. Chemical
structures of CS Figure 1 and 10 Figure 2 with
bonded structure of complex in Figure 3 with
illustrated optimized geometry in Figure 4.

Experimental Techniques

Confirmed transition temperatures @ 1°C min™ is
carried with CS and CSIO with differential scanning
calorimetry (Mettler-Toledo) and textures observed
with polarizing optical microscope (Olympus BX-51)
at same rate. The spectral analysis involves finger
print and functional groups were identified  with
vibration assignments of Fourier Transform Infrared
Spectroscopy (Thermo-Nicolet 6700). Absorption
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and isolation of these individuals were recorded in
confirmation of energies with UV spectrophotometer
(Analytikjena SPECORD S-600).

Computational Techniques

Optimized structures of combining rigid geometry
(CS) with spacer lead to large self assembled
complex (CSIO) with vital features inherently
provide distribution of atomic charges, bond lengths,
bond angles, dipole moments and energies involved
in frontier orbital’s. Elucidation of optimized
geometry of individuals and complexes was
performed by ab initio method to obtain the stable
molecular conformation using Gaussian 03, Revision
E.01 using Moller—Plesset perturbation theory (MP2)
with an extension of 3-21G basis set.

RESULTS AND DISCUSSION

Molecular properties derived from computation are
electronic  energies, molecular structures, and
vibrational ~ frequencies further with standard
molecular coordinates and normal vibration modes of
individual atoms within molecular sub fragments.
Studies with Moller-Plesset perturbation theory is
free from false interaction energies of electrons
during their correlation with considerable effect on
molecular geometries applicable for long chain
molecules as relevant to nano doped molecules with
liquid crystals. With 3-21 G (d) basis set in electronic
structure calculations as linear combinations of
Gaussian functions with a spilt valence basis set of
two sets of functions in the valance region provide a
more accurate representation of the orbital’s in
computation. The computed parameters with
individuals and complexes are (a) Atomic coordinates
(b) atomic distances and angles (¢) HOMO/LUMO
Eigen values (eV), (d) Mulliken atomic charges
(short) and (e) dipole moments.

Atomic coordinates, atomic distances, dipole
moments angles and computed parameters of
optimized molecule of individuals and complexes
listed in Table 1 are the z-matrix descriptions with
internal coordinates of each obtained from a line of z-
matrix denoting the lowest energy of the structure.
The increased bond length signifies the tendency to
increase shear influencing rotational parameters
dipole moment, moment of inertia and critical
velocities due short range forces between iron and
oxygen. The presence of higher electronegative
oxygen atom and increased molecular mass reduce
the rotation along the director favors increased dipole
moment, moment of inertia with reduced critical
velocity stabilized with the substantial improvement
in energy.

Frontier orbital’s signifies localization of LUMO
energies to a good electrophile site and the
localization of HOMO energies to a good nucleophile

site with energies depicted in Table 2. A low electron
density molecule is nucleophile that attacks the sites
of other molecules and former with high electron
density. The localization of electron density provides
highest occupied molecular orbitals (HOMO)
configure molecular with electron donor interactions
and lowest unoccupied molecular orbitals (LUMO)
with acceptors characterized by LUMO-HOMO
energy gap (frontier gap). A low frontier gap suggests
the easy surpassing of electron within the individuals
or the complexes that enhances the polarizabilty with
interaction resulting in high chemical reactivity and
low Kinetic stability of molecules (Subhapriya et al.,
2014).

Correlation with differed energy gap (LUMO-
HOMO) with corresponding wavelength with UV
studies specify reduced gap on complexation (6.974
eV, 450nm) than CS (7.557 eV, 244nm) enabling a
proper conjugation with optimized structure. The
Mulliken distribution of atomic charges responsible
for redistribution due to interaction between
fragments vary between 1.675 and 1.632 in 10 varies
with oxygen from -0.432 to -0.546 and -0.675 to -
0.569 for carbon in CSIO is tabulated in Table 3.

The liquid crystal exhibit enantiotropic twisted
nematic texture at 71.26°C confirmed with transition
temperature differed by 5°C in CSIO with decreased
energy. Concentration of 1.4% by 10 has reduced
remarkable effect on the texture. Interpretation of
FTIR reveal upward spectral shifts of O-H and CH;
(~20 cm™) with and downward shift (~30 cm™) in
finger print region with sharp peaks reveal bonding
nature with increased bonding index(BI>1) with
mesogenic. Absorption studies of interactions in
complex exhibit characteristic wavelength (450 nm)
with reduced energy than liquid crystal. Despite
experimental studies for transition temperature,
texture, enthalpy, associated bonding conformational
studies provide significant explanation for attributed
changes with optimized geometry depicted in Table 4.

CONCLUSION

Studies with MP2/3-21G basis set reveal significant
changes that play vital role in study of molecular
structure, electronic and spectral properties.
Significant features viz (i) Complex exhibit abrupt
change in the dipole moment, moment of inertia and
atomic charges. (ii) low frontier gap arises with
reduced enthalpy has little influence on
shear.(iii)variation in spectral shifts reveal molecular
bonding with sharp peaks (iv)Though experimental
studies could not reveal change in texture,
satisfactory explanation of conformational changes
has remarkable effect in molecular, electronic and
spectral properties. Computational studies with MP2
succeeded in explaining significantly the interactions
for longer structures with optimized geometry.
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Fig. 1. Molecular Structure of CS.
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Fig. 3. Bonded structure of complex.
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Fig. 4. Optimized structure of complex.



3774

Canadian Journal of Pure and Applied Sciences

Table 1. Computational parameters.

Name of the [ Bond length | Bond angle™ | Dipolemoment Moment of inertia | Critical

compound (A% (D) (1X10™) kg.m? velocity
@ (rad/s)

CS 1.395 152.2 4.8635 101.2 9.9
CSIO 1.667 153.4 5.98754 110.5 9.3

10 3.568 80.46 6.7070 23.7 117.1
Table 2. Energies of individuals and complex.

Name of the compound | LUMO(eV) HOMO(eV) LUMO-HOMO(eV)

CS -1.879 -5.678 7.557

CSIO -1.978 -4.987 6.974

10 -0.422 -2.159 4.879
Table 3. Atomistic distribution of individuals and Complex.

Name of the compound Atomic charges(upper limit) Atomic charges(lower limit)

) C H Fe 0 C H Fe

CS -0.432 | -0.675 | -0.92 -0.38 | -054 | -0.14
CSIO -0.546 | -0.569 | -083 -0.58 | -0.86 | -0.89

10 1.675 1.632
Table 4. Conformational studies of individual and complex.

Name of the | DSC(phase(’ FTIR(cm™) UV(abs)
compound | ¢)[AH J/g] (nm)

O-H CH; CH; Fe
(stretching) | (bending)
CS N(71.26) C(61.3) 3449 2905 1377 1397 0.3(244)
(2.43) (71.47) (2.09) (2.79) (2.35) (1367)
CSIO N(76.49) C(71.9) 3469 2924 1343 1075 0.8(450)
(1.64) (1.96) (2.07) (2.795) (1.725) (1012)
BI:1.09 B1:0.99 BI:1.36
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