Journal of Atomic, Molecular, Condensate & Nano Physics

Vol. 7, No. 1, pp. [TH23} 2020 RGN

ISSN 2349-2716 (online); 2349-6088 (print)

Published by RGN Publications http://www.rgnpublications.com

DOI:10.26713/jamcnp.v7i1.1391

Comparative DFT Study of Parallel and
Antiparallel Conformation of 5CB and 6CB
Liquid Crystal Dimers [Research Article]

Shivani Chaudhary ™, Narinder Kumar~ and Devesh Kumar*

Department of Physics, School of Physical and Decision Sciences,
Babasaheb Bhimrao Ambedkar University, Vidya Vihar, Raebareli Road,
Lucknow 226025, Uttar Pradesh, India

*Corresponding author: dkclcre@yahoo.com

Abstract. An investigation of the interaction of 5CB and 6CB liquid crystals along with their dimer
configurations in different conformations. The total energy, thermal energy, HOMO-LUMO Gap,
dipole moment, polarizability, constant volume heat capacity, entropy, zero-point energy (ZPE), and
enthalpy of the different configurations of 5CB and 6CB liquid crystal dimers are affected during the
molecular interaction. The different interaction properties of 5CB, 6CB, and 5CB-6CB dimers studied
in parallel and antiparallel conformation with the help of density functional theory method le-blyp by
NWChem software package. The 5CB and 6CB liquid crystal dimers have the least dipole moment
and negative entropy in the antiparallel conformation. The cross conformation of 5CB liquid crystal
dimer (5CB-5CB) has the least isotropic polarizability; however, the parallel conformation of 5CB
liquid crystal dimer has the highest isotropic polarizability. The isotropic polarizability is minimum in
the antiparallel conformation of 6CB liquid crystal dimer (6CB-6CB), while isotropic polarizability is
maximum in the parallel conformation of 6CB liquid crystal dimer. The 5CB liquid crystal dimer and
6CB liquid crystal dimer have minimum negative interaction energy in the antiparallel conformation,
but 5CB-6CB liquid crystal dimer has positive interaction energy for all the possible conformations.
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1. Introduction

The liquid crystal [22],32] dimer exhibits the broadest range of mesomorphic phase for the
desired applications [4]. The 5CB and 6CB liquid crystal molecules have long-range conjugated
rigid cores and active polar groups (cyano) that required for exhibits high-birefringence liquid
crystals [9,11,/12]. The 5CB liquid crystal has linear m-electron conjugation continual with the
biphenyl rigid core and the polar terminal cyano group, so the optical and dielectric anisotropy is
comparatively high in the 5CB liquid crystal [[10,38]. The 6CB liquid crystal has a more top dipole
moment comparison of the 5CB liquid crystal molecule [17,[25]. The Cyano (CN) groups have an
extreme polarization with the carbon-hydrogen triple bond, and the Huckel charges of the carbon
and nitrogen atoms are very high. All cyanobiphenyl derivative dimers would be established
by strong intermolecular interactions between the nitrile groups [5,/7,8,/14,,27,128,/30,35]. The
5CB liquid crystal dimers (5CB-5CB) have excellent interaction energy at a distance of 4.2A
[2]. In the nematic phase, the enthalpy decreases as the pressure on molecules increases. The
electrostatic repulsion between the dipole of the cyano groups diminishes in the anti-parallel
conformation and also have a nematic phase of cyanobiphenyl dimer [[36]]. The potent polar
cyanobiphenyl derivatives are the most important molecules for the applications of nematic
liquid crystal in display applications. The antiparallel conformations of cyanobiphenyl liquid
crystal dimers have reduced sufficient dipole moment. The liquid crystal packing plays a vital
role in the creation of their mesophase and defines their optical properties for the display
applications [26]. The cyano group terminal possesses a massive dipole moment along the
long molecular axis. The cyanobiphenyl compounds are colorless, have a low melting point,
chemically and photochemically stable [31]. The intermolecular forces are durable due to the
polarity of the terminal groups of the 5CB and 6CB liquid crystal molecules [33]. The entire
even member dimer of cyanobiphenyl liquid crystal has antiparallel conformation, and they also
have CN-Phenyl strong interaction between the dimer [18]. The negative intermolecular energy
of the dimer is responsible for the antiparallel structure which has negative entropy [13]]. If the
interaction energy is negative, then the entropy of the dimer is too negative that is responsible
for the homogeneous phase [39]. The entropy is higher in 6CB liquid crystal as comparison of
the 5CB liquid crystal during nematic to isotropic (N-I) phase transition [1]. It is important
to note that only o-electrons exist on cyclohexyl rings, whereas m-electrons live in phenyl
rings. The presence of the rings in liquid crystal provides the short-range intermolecular forces
needed to form the nematic phase, and they also affect the absorption, dielectric anisotropy,
birefringence, elastic constant, and viscosity. Alkyl is the non-polar group that has a small effect
on the dielectric anisotropy of liquid crystals. On the other hand, a polar terminal group such as
a cyano group can contribute significantly to the dielectric anisotropy. The cyano group has the
highest polarity leads to a high dielectric anisotropy and optical birefringence property. The
liquid crystal compounds containing cyano group as terminal exhibit high viscosity, insufficient
resistivity, and stability problems under UV illumination. Such liquid crystal compounds are
not suitable for high-temperature operation as those used in a projection display application.
Besides, liquid crystal molecules with the CN terminal group could be dissociated from the
illumination of UV [6,20,/23,41-43]. In the antiparallel conformation of cyanobiphenyl liquid
crystal dimer, the length of the pair is higher, so it minimizes the dipolar energy [40]]. The even
member dimer (6CB) mostly acquires antiparallel conformation because the length of the pair is
higher, so it reduces the dipole moment of the dimer. In contrast, the odd member dimer (5CB)
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mostly gets inclined or parallel mesogenic, so it increases the dipolar energy because the length
of the dimer is small [24]]. The 1CB to 3CB molecules have the rod-like structure that is useful
to the formation of a crystalline structure. The active polarity of the cyano group increased the
anisotropy of the molecule due to the reason the intermolecular forces increased. The triple
bond of cyano group —C=N cannot rotate freely; that is the reason the molecular rigidity and
melting temperature increased [16,/19,,29|34,44].

2. Computational Methodology

The 5CB and 6CB liquid crystal molecules optimized with the NWChem software package [|37]]
with the help of DFT method LC-BLYP [3,21] and 6-31G basis set [15]. After the optimization
of liquid crystal molecules, we generated 360 conformations by python aggregation. Out of 360
conformations; we have considered four minimum energy conformations of the 5CB and 6CB
dimers. Out of 360 conformations, we have found only four minimum energy conformations.
All conformations are generated under free optimization (co-ordinates not fixed). Under free
optimization, all monomers randomly interact with each other and generate minimum energy
conformations. Firstly, we create 5CB, 6CB, and 5CB-6CB liquid crystal dimer molecules. All
the liquid crystal dimers have the first monomer fixed, and the second monomer moves forward
or backward at a distance of 0.5A. When the first monomer set and the other monomer moved
forward or backward, then the interaction energy, polarizability, thermochemistry, and dipole
moment will increase or decrease depending on the conformation of the liquid crystal dimer
molecules.

3. Results and Discussion

Based on molecular interactions, we have studied different molecular properties of different
conformations of 5CB, 6CB, and their dimers using the density functional theory method
LC-BLYP with the help of NWChem software package in different sections.

3.1 5CB-5CB Parallel Conformation

In this section, we study the interaction properties of 5CB-5CB liquid crystal dimers in parallel
conformation, as shown in Figure [T}

Figure 1. Parallel conformation of 5CB liquid crystal dimer
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The polarizability of 5CB-5CB conformation decreases continually when the 5CB monomer
moves in forwarding or backward direction (Figure (1). In this conformation, total energy
increases continuously, and overall energy decreases. The cyano (CN) group of the cﬁrst monomer
interacts towards the benzene of the second monomer at a distance of 2.43A. The tail (Zf
the first monomer interacts with the benzene of the second monomer at a range of 2.71A.
These conformations are generated under free optimization (co-ordinates not fixed) and have
the minimum energy of the parallel conformation. Under free optimization, monomers (5CB)
randomly interact with each other. When the first monomer (5CB) has fixed and the second
monomer (5CB) moves forward then all possible interaction properties of the dimer in this
conformation can be tabulated as Table |1, and hence we conclude the following statements:

(i) The HOMO-LUMO gap increases continually.
(i1) Polarizability decreases continually.
(iii) Total energy increases continually.
(iv) Dipole moment decreases continually.
(v) Internal thermal energy first decreases and then increases continually.
(vi) Constant volume heat capacity first decreases and then increases continually.
(vii) Entropyfirst decrease and then increases continually.
(viii) Zero-point energy first decreases and then increases continually.
(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first decreases and then increases and again decreases continually.

Table 1. The Highest occupied molecular orbital(HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in the forward direction

5CB-5CB Parallel Conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.50 4.51 4.51 4.52 4.52
Dipole moment (Debye) 10.37 10.36 10.36 10.35 10.34
Thermal Energy (kcal/mol) 427.71 427.69 427.08 427.07 427.68
Polarizability (kcal/mol) 256867 256779 256691 256603 256522
Total Energy (kcal/mol) -9440.86 -9440.91 -9440.95 -9440.99 -9441.02
Heat capacity (C,) (kcal/mol) 0.14 0.14 0.13 0.13 0.14
Entropy (kcal/mol) 0.23 0.23 0.22 0.22 0.23
ZPE (kcal/mol) 404.53 404.50 404.44 404.43 404.46
Enthalpy (kcal/mol) 428.29 428.28 427.66 427.66 428.27
Gibbs Energy (kcal/mol) 358.39 357.92 360.19 360.06 358.19

When the first monomer (5CB) has fixed and the second monomer (5CB) moves backward
then all possible interaction properties of the dimer in this conformation can be tabulated as
Table 2| and we conclude the following statements:

(i) The HOMO-LUMO gap decreases continually.

(i1) Polarizability decreases continually.
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(iii) Total energy increases and then decreases continually.
(iv) Dipole moment first decreases and then increases continually.
(v) Internal thermal energy increases continually.
(vi) Constant volume heat capacity remains constant.
(vii) Entropy first increases and then decreases continually.
(viii) Zero-point energy first increases and then decreases continually.
(ix) Enthalpy increases continually.

(x) Gibbs’s energy first decreases and then increases and again decreases continually.

Table 2. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in the backward direction

5CB-5CB Parallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.51 4.51 4.50 4.49 4.48
Dipole moment (Debye) 10.35 10.34 10.34 10.35 10.35
Thermal Energy (kcal/mol) 427.68 427.69 427.72 427.74 427.74
Polarizability (kcal/mol) 256377 256308 256239 256183 256120
Total Energy (kcal/mol) -9440.06 -9440.07 -9440.07 -9440.07 -9440.06
Heat capacity (C,) (kcal/mol) 0.14 0.14 0.14 0.14 0.14
Entropy (kcal/mol) 0.23 0.24 0.23 0.23 0.22
ZPE (kcal/mol) 404.46 404.46 404.50 404.54 404.53
Enthalpy (kcal/mol) 428.27 428.28 428.30 428.33 428.33
Gibbs Energy (kcal/mol) 358.11 357.89 358.25 358.43 358.16

3.2 5CB-5CB Antiparallel Conformation

In this section, we study the interaction of 5CB-5CB liquid crystal dimers in the antiparallel
configuration, as shown in Figure

Figure 2. Antiparallel conformation of 5CB liquid crystal dimer
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The polarizability of the 5CB-5CB dimer in antiparallel conformation decreases continually
when the 5CB monomer moves in forwarding or backward direction in contrast to Figure
The dipole moment of this dimer in antiparallel conformation increases continuously when the
monomer (5CB) moves in forward or backward direction. This conformation has the least dipole
moment as a comparison to the four conformations of 5CB liquid crystal dimer. The cyano group
of the first monomer (5CB) interacts with the tail of another monomer at a distance of 2.82A.
The benzene of the first monomer (5CB) interacts with the benzene another monomer (5CB)
at a range of 2.60A. The benzene of the first monomer interacts with the benzene of another
monomer; they interact mutually at a distance of 2.39A. The cyano group of the first monomer
interacts with the tail of another monomer at a range of 2.80A. This conformation has the least
energy as a comparison to all the conformation of 5CB dimer the interaction energy of this
conformation (antiparallel Figure [2)) is higher as a comparison with all the conformations of
the 5CB dimer. When the first monomer (5CB) has fixed and the second monomer (5CB) moves
forward then all possible interaction properties of the dimer in this conformation have been
tabulated as Table|3, and hence we conclude the following statements:

(1) The HOMO-LUMO gap remains constant.
(i1) Polarizability decreases continually.
(iii) Total energy increases continually.
(iv) Dipole moment increases continually.
(v) Internal thermal energy decreases continually.
(vi) Constant volume heat capacity remains constant.
(vii) Entropy remains constant.
(viii) Zero-point energy first decreases and then increases and again decreases continually.
(ix) Enthalpy decreases continually.

(x) Gibbs’s energy first decreases and then increases and again decreases continually.

Table 3. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the forward direction

5CB-5CB Antiparallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.53 4.53 4.53 4.53 4.53
Dipole moment (Debye) 4.69 4.70 4.72 4.73 4.74
Thermal Energy (kcal/mol) 427.66 427.66 427.65 427.64 427.63
Polarizability (kcal/mol) 256478 256346 256227 256107 255994
Total Energy (kcal/mol) -9440.10 -9440.20 -9440.30 -9440.30 -9440.40
Heat capacity (C,) (kcal/mol) 0.14 0.14 0.14 0.14 0.14
Entropy (kcal/mol) 0.23 0.23 0.23 0.23 0.23
ZPE (kcal/mol) 404.43 404.42 404.67 404.39 404.36
Enthalpy (kcal/mol) 428.25 428.24 428.24 428.23 428.21
Gibbs Energy (kcal/mol) 358.44 358.33 358.36 358.27 357.94
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When the first monomer (5CB) has fixed and the second monomer (5CB)moves backward
then all possible interaction properties of the dimer in this conformation have been tabulated

as Table |4, and hence we conclude the following statements:

(i) The HOMO-LUMO gap increases continually.

(i1) Polarizability decreases continually.
(iii) Total energy increases continually.

(iv) Dipole moment increases continually.

(v) Internal thermal energy increases continually.

(vi) Constant volume heat capacity remains constant.

(vii) Entropy first remains constant.

(viii) Zero-point energy first decreases and then increases continually.

(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first decreases and then increases continually.

Table 4. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the backward direction

5CB-5CB Antiparallel conformation 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.53 4.53 4.53 4.54
Dipole moment (Debye) 4.76 4.77 4.78 4.78
Thermal Energy (kcal/mol) 427.59 427.59 427.59 427.60 427.61
Polarizability (kcal/mol) 255794 255699 255612 255536 255474
Total Energy (kcal/mol) -9440.30 -9440.40 -9440.50 -9440.60 —-9440.70
Heat capacity (C,) (kcal/mol) 0.14 0.14 0.14 0.14
Entropy (kcal/mol) 0.23 0.23 0.23 0.23
ZPE (kcal/mol) 404.29 404.27 404.27 404.29 404.30
Enthalpy (kcal/mol) 428.18 428.17 428.18 428.19 428.19
Gibbs Energy (kcal/mol) 357.27 357.25 357.23 357.36 357.43

3.3 5CB-5CB Cross to Each other Conformation
Here, we study the interaction properties of the same dimer (5CB-5CB) but in the cross to each

other conformation, as shown in Figure

The polarizability, total energy, and Gibbs energy of this dimer conformation decrease
continually when the monomer (5CB) moves in forward or backward direction. The dipole
moment and entropy of this dimer increases continuously when the monomer (5CB) moves in
forward or backward direction. The benzene of the first monomer (5CB) interacts with the tail
of another monomer (5CB) at a distance of 2.96A. The benzene of the second monomer interacts
with the tail of the first monomer at a distance of 2.87A. This cross conformation of 5CB-5CB
represents better interaction energy as a comparison with the parallel conformation of 5CB
dimer. Still, this conformation does not give the best interaction energy as a comparison with
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Figure 3. Cross conformation of 5CB liquid crystal dimer

antiparallel conformation because this conformation represents higher electronic energy. When
the first monomer (5CB) has fixed and the second monomer (5CB)moves forward then all
possible interaction properties of the dimer in this conformation have been tabulated as Table (5]
and hence we conclude the following statements:

(i) The HOMO-LUMO gap increases continually.
(i1) Polarizability decreases continually.
(iii) Total energy decreases continually.
(iv) Dipole moment increases continually.
(v) Internal thermal energy first decreases and then increases continually.
(vi) Constant volume heat capacity first decreases and then increases continually.
(vii) Entropy first decreases and then increases continually.
(viii) Zero-point energy decreases continually.
(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first increases and then decreases continually.

Table 5. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in cross conformation at
different interacting position (translation along the long molecular axis) in the forward direction

5CB-5CB Cross conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO(eV) 4.51 4.51 4.52 4.52 4.52
Dipole moment (Debye) 10.47 10.48 10.49 10.49 10.49
Thermal Energy (kcal/mol) 427.61 427.00 426.98 426.98 427.56
Polarizability (kcal/mol) 256089 255963 255844 255731 255630
Total Energy (kcal/mol) -9440.40 -9440.30 -9440.20 -9440.10 -9440.00
Heat capacity (C,) (kcal/mol) 0.14 0.13 0.13 0.13 0.14
Entropy (kcal/mol) 0.23 0.22 0.22 0.22 0.23
ZPE(kcal/mol) 404.38 404.34 404.33 404.32 404.31
Enthalpy (kcal/mol) 428.19 427.58 4217.57 427.56 428.15
Gibbs Energy (kcal/mol) 358.09 360.02 359.93 359.87 357.49
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When the first monomer (5CB) has fixed and the second monomer (5CB) moves backward
then all possible interaction properties of the dimer in this conformation have been tabulated
as Table[6, and hence we conclude the following statements:

(i) The HOMO-LUMO gap remains constant.
(i1) Polarizability decreases continually.
(iii) Total energy decreases continually.
(iv) Dipole moment increases constantly.
(v) Internal thermal energy increases continually.
(vi) Constant volume heat capacity increases continually.
(vii) Entropy increases continually.
(viii) Zero-point energy first decreases and then increases continually.
(ix) Enthalpy increases continually.
(x) Gibbs’s energy decreases continually.

Table 6. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-5CB dimer in cross conformation at
different interacting position (translation along the long molecular axis) in backward direction

5CB-5CB Cross conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.51 4.51 4.51 4.51 4.51
Dipole moment (Debye) 10.50 10.50 10.51 10.51 10.52
Thermal Energy (kcal/mol) 423.97 426.96 426.96 427.56 427.56
Polarizability (kcal/mol) 255436 255348 255267 255197 255122
Total Energy (kcal/mol) -9440.10 -9440.08 -9440.06 —9440.05 —9440.03
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.13 0.14 0.14
Entropy (kcal/mol) 0.22 0.22 0.22 0.23 0.23
ZPE (kcal/mol) 404.29 404.27 404.27 404.28 404.28
Enthalpy (kcal/mol) 427.55 427.55 4217.55 428.14 428.14
Gibbs Energy (kcal/mol) 359.67 359.56 359.48 353.21 357.10

3.4 6CB-6CB Parallel Conformation

Now, we study the interaction properties of another dimer 6CB-6CB in parallel conformation,
as shown in Figure

Figure 4. Parallel conformation of 6CB liquid crystal dimer
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The polarizability, total energy, and internal thermal energy of this dimer increase
continually when the monomer (6CB) moves in forward or backward direction. The dipole
moment of this dimer decreases continuously when the monomer (6CB) moves in forwarding or
backward direction. The benzene of the first monomer (6CB) interacts with the benzene of the
second monomer (6CB) at a distance of 2.43A. The benzene-benzene interaction (2.43A) of the
5CB dimer is equivalent to the benzene-benzene interaction (2.43A) of the 6CB dimer in parallel
conformations. The tail of the first monomer (6CB) interacts with the benzene of the second
monomer (6CB) at a distance of 2.80A. The tail of the second monomer (6CB) interacts with the
benzene of the first monomer (6CB) at a distance of 2.63A. When the first monomer (6CB) has
fixed and the second monomer (6CB) moves forward all possible interaction properties of the
dimer in this conformation have been tabulated as Table |7, and hence we conclude the following
statements:

(i) The HOMO-LUMO gap remains constant.
(i1) Polarizability increases continually.
(i1i) Total energy increases continually.
(iv) Dipole moment decreases continually.
(v) Internal thermal energy increases continually.
(vi) Constant volume heat capacity remains constant.
(vii) Entropy remains constant.
(viii) Zero-point energy first increases and then decreases and again increases continually.
(ix) Enthalpy remains constant.

(x) Gibbs’s energy first increases and then suddenly it falls and again increases continually.

Table 7. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 6CB-6CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in the forward direction

6CB-6CBParallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.63 4.63 4.63 4.63 4.63
Dipole moment (Debye) 10.43 10.42 10.41 10.40 10.39
Thermal Energy (kcal/mol) 465.08 465.08 465.08 465.09 465.09
Polarizability (kcal/mol) 272065 272203 272341 272479 272623
Total Energy (kcal/mol) -9933.32 -9933.38 -9933.43 -9933.48 -9933.54
Heat capacity (C,) (kcal/mol) 0.15 0.15 0.15 0.15 0.15
Entropy (kcal/mol) 0.25 0.25 0.25 0.25 0.25
ZPE (kcal/mol) 440.16 440.16 440.17 440.16 440.17
Enthalpy (kcal/mol) 465.67 465.67 465.67 465.67 465.67
Gibbs Energy (kcal/mol) 390.70 390.76 390.76 390.43 390.55

When the first monomer (6CB) has fixed and the second monomer (6CB) moves backward
then the all possible interaction properties of the dimer in this conformation can be tabulated
as Table |8, and hence then we conclude the following statements:

Journal of Atomic, Molecular, Condensate & Nano Physics, Vol. 7, No. 1, pp. , 2020



Comparative DFT Study of Parallel and Antiparallel Conformation of 5CB...: S. Chaudhary et al. 11

(i) The HOMO-LUMO gap remains constant.
(i1) Polarizability increases continually.
(iii) Total energy increases continually.
(iv) Dipole moment decreases continually.
(v) Internal thermal energy first decreases and then increases continually.
(vi) Constant volume heat capacity remains constant.
(vii) Entropy remains constant.
(viii) Zero-point energy first decreases and then increases continually.
(ix) Enthalpyincreases continually.

(x) Gibbs’s energy first decreases and then increases continually.

Table 8. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 6CB-6CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in backward direction

6CB-6CB Parallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.64 4.64 4.64 4.64 4.64
Dipole moment (Debye) 10.38 10.37 10.37 10.36 10.35
Thermal Energy (kcal/mol) 464.49 464.48 464.48 464.49 464.49
Polarizability (kcal/mol) 272912 273056 273207 273351 273495
Total Energy (kcal/mol) -9933.60 —-9933.70 -9933.70 -9933.80 -9933.90
Heat capacity (C,) (kcal/mol) 0.14 0.14 0.14 0.14 0.14
Entropy (kcal/mol) 0.24 0.24 0.24 0.24 0.24
ZPE (kcal/mol) 440.15 440.14 440.13 440.14 440.15
Enthalpy (kcal/mol) 465.07 465.07 465.07 465.07 465.08
Gibbs Energy (kcal/mol) 392.95 392.90 392.91 392.92 392.92

3.5 6CB-6CB Antiparallel Conformation
In this section, the interaction properties of antiparallel conformation of 6CB-6CB liquid crystal
dimers (Figure [5) have studied.

Figure 5. Antiparallel conformation of 6CB liquid crystal dimer
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The dipole moment, total energy, and entropy of this dimer in antiparallel conformation
increase continually when the monomer (6CB) moves in forward or backward direction.
The polarizability of this dimer decreases continuously when the monomer (6CB) moves in
forwarding or backward direction. The tail of the first monomer (6CB) interacts with the
benzene of the second monomer (6CB) at a distance of 2.91A. The tail of the second monomer
(6CB) interacts with the benzene of the first monomer (6CB) at a distance of 2.95A. When
the first monomer (6CB) has fixed, and the other monomer (6CB) moves forward all possible
interaction properties of the dimer in this conformation can be tabulated as Table 9, and hence
then we conclude the following statements:

(i) The HOMO-LUMO gap decreases continually.
(i1) Polarizability decreases continually.
(iii) Total energy first decreases and then increases continually.
(iv) Dipole moment increases continually.
(v) Internal thermal energy increases continually.
(vi) Constant volume of heat capacity increases continually.
(vii) Entropy increases continually.
(viii) Zero-point energy increases continually.
(ix) Enthalpy increases continually.

(x) Gibbs’s energy first decreases and then increases and again decreases continually.

Table 9. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 6CB-6CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the forward direction

6CB-6CB Antiparallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.51 4.51 4.51 4.51 4.50
Dipole moment (Debye) 2.40 241 241 2.42 2.43
Thermal Energy (kcal/mol) 464.47 465.07 465.07 465.07 465.08
Polarizability (kcal/mol) 271406 271343 271274 271211 271155
Total Energy (kcal/mol) -9933.96 -9933.07 -9933.17 -9933.26 —9933.34
Heat capacity (C,) (kcal/mol) 0.14 0.15 0.15 0.15 0.15
Entropy (kcal/mol) 0.23 0.24 0.24 0.25 0.25
ZPE (kcal/mol) 440.20 440.21 440.21 440.21 440.21
Enthalpy (kcal/mol) 465.06 465.65 465.66 465.66 465.66
Gibbs Energy (kcal/mol) 394.14 391.94 392.26 392.25 392.24

When the first monomer (6CB) has fixed and the second monomer (6CB) moves backward
then all possible interaction properties of the dimer in this conformation can be tabulated as
Table |10, and hence we concluded the following statements:

(i) The HOMO-LUMO gap decreases continually.
(i1) Polarizability decreases continually.

(iii) Total energy increases continually.
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(iv) Dipole moment increases continually.
(v) Internal thermal energy decreases continually.
(vi) Constant volume heat capacity remains constant.
(vii) Entropy increases continually.
(viii) Zero-point energy decreases continually.
(ix) Enthalpy decreases continually.

(x) Gibbs’s energy first decreases and then increases and again decreases continually.

Table 10. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 6CB-6CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the backward direction

6CB-6CB Antiparallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.50 4.49 4.49 4.49 4.48
Dipole moment (Debye) 2.44 2.45 2.46 2.46 2.47
Thermal Energy (kcal/mol) 465.07 465.06 465.05 465.04 465.04
Polarizability (kcal/mol) 271042 270992 270948 270910 270872
Total Energy (kcal/mol) -9933.40 -9933.50 -9933.60 -9933.70 -9933.80
Heat capacity (C,) (kcal/mol) 0.15 0.15 0.15 0.15 0.15
Entropy (kcal/mol) 0.24 0.24 0.25 0.25 0.26
ZPE (kcal/mol) 440.18 440.14 440.12 440.11 440.09
Enthalpy (kcal/mol) 465.65 465.64 465.63 465.63 465.62
Gibbs Energy (kcal/mol) 392.05 391.80 391.69 392.04 391.50

3.6 5CB-6CB Antiparallel Conformation
Now, we study the interaction of 5CB with 6CB liquid crystal in antiparallel conformation, as
shown in Figure [6]

The 5CB and 6CB monomer have 7-7 interactions in the antiparallel conformation that has
shown in Figure [6] This antiparallel conformation has the least dipole moment as a comparison
to the four conformations of 5CB-6CB liquid crystal dimer. The cyano group of 6CB monomer
interacts with the tail 5CB monomer at a distance of 2.71A. The benzene of 5CB monomer
interacts with the benzene of 6CB monomer at a distance of 2.88A. The cyano group of 5CB
monomer interacts with the tail of 6CB monomer at a distance of 2.84A. When the first 5CB
monomer has fixed and the second 6CB monomer moves forward and all possible interaction
properties of dimer shown in Table and hence then we conclude the following statements:

(i) The HOMO-LUMO gap first decreases and then increases continually.
(i1) The polarizability first decreases and then increases continually.
(iii) Total energy decreases continually.
(iv) Dipole moment increases continually.

(v) Internal thermal energy first decreases and then increases continually.

(vi) Constant volume heat capacity remains constant.
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Figure 6. Antiparallel conformation of 5CB and 6CB liquid crystal dimer

(vii) Entropy first decreases and then increases continually.
(viii) Zero-point energy increases and then decreases and again increases continually.
(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first increases then decreases and then again increases continually.

Table 11. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the forward direction

5CB-6CB Antiparallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.42 4.28 4.28 4.44 4.57
Dipole moment (Debye) 0.54 0.55 0.56 0.57 0.58
Thermal Energy (kcal/mol) 444.78 444.30 444.35 444.93 445.04
Polarizability (kcal/mol) 259408 258705 258486 258875 259345
Total Energy (kcal/mol) -9686.40 -9686.35 —-9686.30 —9686.25 —9686.20
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.13 0.13 0.13
Entropy (kcal/mol) 0.21 0.20 0.20 0.21 0.21
ZPE (kcal/mol) 423.16 423.38 423.47 423.45 423.61
Enthalpy (kcal/mol) 445.37 444.89 444.93 445.52 445.62
Gibbs Energy (kcal/mol) 380.11 383.12 383.27 381.54 381.88

When the first 5CB monomer has fixed and the second 6CB monomer moves backward then
all possible interaction properties of the dimer in this conformation can be tabulated as Table
and hence we conclude the following statements:

(i) The HOMO-LUMO gap first decreases and then increases continually.
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(ii) The polarizability first decreases and then increases continually.

(iii) Total energy first decreases and then increases continually.

(iv) Dipole moment decreases continually.

(v) Internal thermal energy first decreases and then increases and again decreases

continually.

(vi) Constant volume heat capacity remains constant.

(vii) Entropy first increases and then decreases continually.

(viii) Zero-point energy decreases continually.

(ix) Enthalpyfirst decreases and then increases and then again decreases continually.

(x) Gibbs’s energy first increases and then decreases and again increases continually.

Table 12. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in antiparallel conformation
at different interacting position (translation along the long molecular axis) in the backward direction

5CB-6CB Antiparallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.42 4.46 4.56 4.62
Dipole moment (Debye) 0.53 0.52 0.52 0.51
Thermal Energy (kcal/mol) 444 .69 444.04 443.95 444 52 443.32
Polarizability (kcal/mol) 262834 260625 261209 262050 263079
Total Energy (kcal/mol) -9686.80 -9686.30 -9686.40 -9686.40 —9686.43
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.13 0.13
Entropy (kcal/mol) 0.21 0.21 0.22 0.21
ZPE (kcal/mol) 422 91 422.75 422.57 422.53 422 .45
Enthalpy (kcal/mol) 445.27 444,62 444,54 445.11 443.90
Gibbs Energy (kcal/mol) 379.75 380.77 379.83 377.20 381.01

3.7 5CB-6CB Parallel Conformation

In this section, we study the interaction properties of the 5CB-6CB in parallel conformation, as

shown in Figure

The polarizability of this dimer in parallel conformation increases continually when the
5CB and 6CB monomer moves in forward or backward direction. The total energy of this
dimer decreases continuously when the 5CB and 6CB monomer moves in forward or backward
direction. This conformation has 7n-7 interaction between 5CB and 6CB liquid crystal dimer, as
shown in Figure|7| The tail of the 6CB monomer interacts with the tail of 5CB monomer at a
distance of 2.19A. The benzene of 6CB monomer interacts with the benzene of 5CB monomer
at a distance of 2.47A. When the first 5CB monomer has fixed and the second 6CB monomer
moves forward then all possible interaction properties of the dimer in this conformation can be
tabulated as Table |13 and hence we conclude the following statements:

(1) The HOMO-LUMO gap decreases continually.

(i1) Polarizability increases continually.

(iii) Total energy decreases continually.
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Figure 7. Parallel conformation of 5CB and 6CB liquid crystal dimer

(iv) Dipole moment first decreases and then increases continually.
(v) Internal thermal energy first increases and then decreases continually.
(vi) Constant volume of heat capacity decreases continually.
(vii) Entropy decreases continually.
(viii) Zero-point energy first increases and then decreases continually.
(ix) Enthalpy first increases and then decreases continually.

(x) Gibbs’s energy first increases and then decreases and again increases continually.

Table 13. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in the forward direction

5CB-6CB Parallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 5.02 4.98 4.71 3.72 2.81
Dipole moment (Debye) 4.10 4.03 4.09 4.55 5.42
Thermal Energy (kcal/mol) 446.00 446.16 445.89 445.58 444.31
Polarizability (kcal/mol) 248301 249638 251834 254714 257940
Total Energy (kcal/mol) -9686.55 -9686.40 -9685.40 -9685.35 —-9683.30
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.12 0.12 0.12
Entropy (kcal/mol) 0.21 0.20 0.19 0.19 0.18
ZPE (kcal/mol) 424.19 425.10 426.04 426.17 426.05
Enthalpy (kcal/mol) 446.59 446.74 446.47 446.17 444.89
Gibbs Energy (kcal/mol) 382.06 384.79 387.66 386.86 388.94
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When the first 5CB monomer has fixed and the second 6CB monomer moves backward then
all possible interaction properties of the dimer in this conformation can be tabulated as Table
and hence we conclude the following statements:

(i) The HOMO-LUMO gap first increases and then decreases continually.
(i1) Polarizability increases continually.
(iii) Total energy decreases continually.
(iv) Dipole moment first increases and then decreases continually.
(v) Internal thermal energy first decreases and then increases continually.
(vi) Constant volume of heat capacity decreases continually.
(vii) Entropy decreases continually.
(viii) Zero-point energy first decreases and then increases continually.
(ix) Enthalpy first decreases and then increases and again decreases continually.

(x) Gibbs’s energy increases continually.

Table 14. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in parallel conformation at
different interacting position (translation along the long molecular axis) in the backward direction

5CB-6CB Parallel conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 5.05 5.06 5.03 4.98 4.92
Dipole moment (Debye) 4.26 4.33 4.36 4.32 4.25
Thermal Energy (kcal/mol) 445.03 444.46 443.93 443.56 443.76
Polarizability (kcal/mol) 247291 247373 247906 248910 250127
Total Energy (kcal/mol) -9686.45 -9686.40 -9685.20 -9685.14 —-9685.12
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.13 0.12 0.12
Entropy (kcal/mol) 0.21 0.20 0.20 0.19 0.19
ZPE (kcal/mol) 423.45 423.42 423.42 423.86 423.92
Enthalpy (kcal/mol) 445.61 444 45 444 52 44415 444 .34
Gibbs Energy (kcal/mol) 380.67 382.48 383.11 385.01 385.14

3.8 5CB-6CB Cross Conformation
Lastly, we study the interaction of 5CB and 6CB liquid crystal in cross conformation, as shown
in Figure

The total energy of this dimer decreases continually when the 5CB and 6CB monomer
moves in forwarding or backward direction, as shown in Figure 8| The zero-point energy of this
conformation increases continuously when the 5CB and 6CB monomer moves in forward or
backward direction. The benzene of 5CB monomer interacts with the benzene of 6CB monomer
at a distance of 2.94A. When the first 5CB monomer has fixed and the second 6CB monomer
moves forward then all possible interaction properties of the dimer in this conformation can be
tabulated as Table |15 and hence we conclude the following statements:

(1) The HOMO-LUMO gap decreases continually.

(i1) Polarizability increases continually.
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Figure 8. Cross conformation of 5CB and 6CB liquid crystal dimer

(i1i) Total energy decreases continually.
(iv) Dipole moment first increases and then decreases continually.
(v) Internal thermal energy first increases and then decreases and increases continually.
(vi) Constant volume heat capacity first decreases and then increases continually.
(vii) Entropy first decreases and then increases continually.
(viii) Zero-point energy increases continually.
(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first increases and then decreases continually.

Table 15. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in cross conformation at
different interacting position (translation along the long molecular axis) in the forward direction

5CB-6CB Cross conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.76 4.72 4.63 4.49 4.41
Dipole moment (Debye) 8.17 8.17 8.19 8.17 8.12
Thermal Energy (kcal/mol) 444.26 444.72 443.24 443.45 444.88
Polarizability (kcal/mol) 257369 258404 259904 261265 262351
Total Energy (kcal/mol) -9686.89 -9686.84 -9686.77 -9686.70 —9686.65
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.12 0.12 0.13
Entropy (kcal/mol) 0.21 0.20 0.19 0.19 0.21
ZPE (kcal/mol) 423.10 423.15 423.34 423.64 424.00
Enthalpy (kcal/mol) 444.85 444.30 443.83 444.04 445 .47
Gibbs Energy (kcal/mol) 381.03 382.50 384.67 385.13 381.26
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When the first 5CB monomer cab be fix and the second 6CB monomer moves backward
then all possible interaction properties of the dimer in this conformation can be tabulated as
Table |16}, and hence we conclude the following statements:

(i) The HOMO-LUMO gap first increases and then decreases continually.
(i) Polarizability increases continually.
(iii) Total energy decreases continually.
(iv) Dipole moment decreases continually.
(v) Internal thermal energy first decreases and then increases continually.
(vi) Constant volume heat capacity first decreases and then increases continually.
(vii) Entropy decreases continually.
(viii) Zero-point energy increases continually.
(ix) Enthalpy first decreases and then increases continually.

(x) Gibbs’s energy first increases and then decreases continually.

Table 16. The Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) gap, dipole moment, thermal energy, polarizability, total energy, constant volume heat capacity,
entropy, zero-point energy (ZPE), enthalpy, Gibbs energy of 5CB-6CB dimer in cross conformation at
different interacting position(translation along the long molecular axis) in the backward direction

5CB-6CB Cross conformation 0.5A 1.0A 1.5A 2.0A 2.5A
HOMO-LUMO (eV) 4.80 4.81 4.76 4.71 4.70
Dipole moment (Debye) 8.19 8.16 8.12 8.09 8.05
Thermal Energy (kcal/mol) 444.21 443.65 443.16 443.28 443.99
Polarizability (kcal/mol) 256980 257356 258046 259057 260111
Total Energy (kcal/mol) -9686.90 -9686.88 -9686.85 —-9686.81 —9686.79
Heat capacity (C,) (kcal/mol) 0.13 0.13 0.12 0.12 0.13
Entropy (kcal/mol) 0.21 0.20 0.20 0.20 0.20
ZPE (kcal/mol) 422.98 422.98 423.12 423.24 423.43
Enthalpy (kcal/mol) 444.79 444,24 443.75 443.86 444 58
Gibbs Energy (kcal/mol) 380.60 381.76 383.94 383.86 382.44

Table 17. The Interaction energy of all the Dimers in parallel and antiparallel configurations

Conformations Dimer E; Monomer x Monomer Ey Interaction energy (E1-Eq)
(kcal/mol) (kcal/mol) (kcal/mol)
5CB-5CB-Parallel -943931.96 -943923.76 -8.20
5CB-5CB-Antiparallel —-943931.34 -943923.76 —-7.58
5CB-5CB-Cross —943929.54 —943923.76 —-5.78
6CB-6CB-Parallel -993269.59 -993264.40 -5.19
6CB-6CB-Antiparallel —-993269.41 -993264.40 -5.01
5CB-6CB-Antiparallel —-968591.63 -968594.08 2.44
5CB-6CB-Parallel -968585.59 -968594.08 8.48
5CB-6CB-Cross -968591.46 -968594.08 2.62
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The interaction energies of the stable geometries of dimers have been tabulating as in
Table |17, which reflects the interaction and dimers energies of 5CB and 6CB and their dimers
in different configurations.

4. Conclusions

In this work, it has found that the antiparallel conformation of 5CB and 6CB liquid crystal
dimers have minimum negative interaction energy and also have the least dipole moment as
a comparison to all conformations of the dimers. The antiparallel conformations of 5CB and
6CB liquid crystal dimer have the least negative entropy. The parallel conformations of 5CB
liquid crystal dimer have higher polarizability as a comparison to all the conformations of the
5CB dimer. The cross conformation of the 5CB dimer has the least polarizability and Gibbs
energy. The antiparallel conformations of 6CB dimer have minimum negative polarizability
and also have higher Gibbs energy as comparison to all the conformations of the 6CB dimer.
But all the conformations of 5CB-6CB dimer have positive interaction energy, so we can
conclude that the 5CB and 6CB liquid crystals weakly interact with each other. The antiparallel
conformations of the 5CB-6CB dimer have minimum negative polarizability and also have the
least dipole moment. On the basis of molecular interaction of 5CB and 6CB, we study the 5CB,
and 6CB liquid crystal dimers have minimum negative interaction energy in the antiparallel
conformation, but 5CB-6CB liquid crystal dimer has positive interaction energy for all the
possible conformations. The isotropic polarizability is minimum in the antiparallel conformation
of 6CB liquid crystal dimer (6CB-6CB), but isotropic polarizability is maximum in the parallel
conformation of 6CB liquid crystal dimer. The cross conformation of 5CB liquid crystal dimer
(5CB-5CB) has the least isotropic polarizability, but the parallel conformation of 5CB liquid
crystal dimer has the highest isotropic polarizability.
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