
INTRODUCTION

Liquid crystals (LCs) are indeed a new facet in crystal
engineering that is intermediary in structure and molecular
organization between amorphous liquid state and the solid crys-
talline state. Liquid crystal research has an interdisciplinary
and international pursuit. Recent research on these molecular
devices explores new innovations with much attention to the
molecular interactions, suitable aromatic groups and functional
groups that causes/vanishes liquid crystallinity1,2. Such focus
can bring a deeper knowledge to ascertain the correlation
between structure and properties of liquid crystals. It is neces-
sary not only to study the physicochemical properties but also
to have a look at the configuration of substituents, which may
have an effective role on anisotropic molecular interaction3.
The decisive objective of these studies is to determine the macro-
scopic properties of complex systems, such as liquid crystals
from the microscopic quantities. The firm knowledge about
the model potential can provide valuable information on
physical properties of liquid crystalline materials4,5.

The accomplishments of liquid crystal research based on
computational studies in advancing the structure and energetic
effects of intermolecular interactions are useful in employing
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molecular models, yield insight into general features of phase
equilibria, structure and dynamics of liquid crystals. Many
liquid crystal materials have reported based on intermolecular
interaction energy calculations using the Rayleigh-Schrodinger
perturbation method6-8. These studies were aimed at establish-
ing the anisotropic nature of the pair potential and subsequently
finding out the minimum energy configuration of a pair of
liquid crystalline molecules. Thus, the main emphasis was laid
on finding out the minimum energy with observed crystal struc-
ture, the basic motive for ordering of a molecule. It has been
observed that the interaction energies for a pair of mesogens
indicate the preference of a particular configuration over the
other depending on their energy values.

The correlation between structure and mesomorphic prop-
erties of molecular systems can be determined by molecular
interactions. In general, these interactions are non-central, i.e.,
they are dependent on the relative orientation/ translation of
molecules9,10. The role of molecular shape and intermolecular
interactions has a sizeable importance in predicting physical
properties and structures of liquid crystalline compounds9. A
significant contribution to the total pair energy can be achieved
by the electrostatic interactions in a molecular pair; but more
importantly, their anisotropy plays a significant role in
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molecular recognition. The non-bonded interactions involve
coulombic and dispersion forces. Many liquid crystal mole-
cules have a permanent dipole moment and, therefore dipole-
dipole term is also necessary. Higher order multipole terms
are thought to influence the bulk structure, but are often
excluded due to the lack of the experimental measurements of
quadrupolemoments. Molecular interactions can promote
or oppose polar organization in mesophases. Thus, adopted
model potential has a crucial role in better understanding of
mesomorphism.

The systems chosen for present investigation 4-heptyl-
3'-cyanobiphenyl (7CB3) and 4-heptyl-4'-nitrobiphenyl
(7NB4) are not strictly mesogens but seems to be quite inter-
esting since it can be converted into mesogens by attaching/
replacing the suitable substituents. In the present approach,
ordering of these non-mesogens has been carried out at an
intermediate distance of 8 Å for stacking and 10 Å for in-
plane interactions. Similarly, a distance of 22 Å has been kept
for terminal interactions. The choice of distance has been made
to eliminate the possibility of van der Waals contacts comp-
letely and to keep the molecules within the short- and medium-
range interactions. The detailed results are reported only for
7CB3. However, the salient features of the other non-mesogen
i.e., 7NB4 are reported with mesogen 7CB410.

COMPUTATIONAL APPROACH

The molecular geometry of 7CB3 and 7NB4 (Fig. 1) has
been constructed on the basis of published crystallographic
data with the standard values of bond lengths and bond
angles11,12. In order to achieve the interaction picture of non-
mesogens, the following steps have been carried out:

The simplified formula for interaction energy calculations
requires the evaluation of atomic net charges and dipole
moment components at each atomic centre through an all-
valance electron method. In the present computation, the
CNDO/2 method13 has been employed to compute the net
atomic charge and dipole moment at each atomic centre of the
molecule. A detailed computational scheme based on simpli-
fied formula provided by Claverie14,15 for the evaluation of
interaction energy between a molecular pair has been used to
calculate the energy for fixed configuration. According to the
second order perturbation theory as modified by Caillet and
Claverie15,16 for intermediate range interactions, the total pair
interaction energy of molecules (Upair) is represented as sum
of various terms contributing to the total energy:

Upair = Uel + Upol + Udisp + Urep

where Uel, Upol, Udisp and Urep are the electrostatic, polarization,
dispersion and repulsion energy terms, respectively. Again,
electrostatic term is expressed as

Uel = UQQ + UQMI + UMIMI + …

where UQQ, UQMI and UMIMI etc., are monopole-monopole,
monopole-dipole and dipole-dipole terms, respectively. In fact,
the inclusion of higher order multipoles does not affect
significantly the electrostatic interaction energy and the
calculation only up to dipole-dipole term gives satisfactory
result16. The computation of electrostatic term has, therefore,
been restricted only up to dipole-dipole energy term.

In the present computation, the dispersion and short-range
repulsion terms are considered together because several
semiemperical approach, viz., the Lennard-Jones or Buckingham
type approach, actually proceed in this way. Kitaygorodsky
introduced a Buckingham formula whose parameters were later
modified by Kitaygorodsky and Mirskay17 for hydrocarbon
molecules and several other molecules and finally gave the
expression:
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The parameters A, B and γ do not depend on the atomic species.
But R0

λν and factor KλKν allows the energy minimum to have
different values according to the atomic species involved. The
necessary formulae may be found elsewhere18-20.

An orthogonal coordinate system is considered to facilitate
the above calculation. The origin on an atom has been chosen
at almost midpoint of the molecule. The x-axis along a bond
parallel to the long molecular axis while the y-axis lies in the
plane of the molecule and z-axis perpendicular to the molecular
plane.

RESULTS AND DISCUSSION

The molecular geometry of 7CB3 and 7NB4 is shown in
Fig. 1. The net charges and dipole moments corresponding to
each atomic center are listed in Table-1. A comparative picture
of molecular parameters, such as total energy, binding energy
and total dipole moment of 7CB3, 7NB4 with a nematogen
7CB4, is shown in Fig. 2. Atom-based partial charges on heavy
atoms of the molecules have been reported in Fig. 3 to analyze
the molecular charge distribution, which enables to study the
different modes of intermolecular interactions.

(a)

(b)
Fig. 1. Molecular Geometry of (a) 7CB3 and (b) 7NB4 with various atoms
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TABLE-1 
MINIMUM ENERGY OBTAINED AFTER REFINEMENT 
DURING STACKING AND IN-PLANE INTERACTIONS 

BETWEEN A MOLECULAR PAIR OF 7CB3. ENERGY IS 
EXPRESSED IN kcal/mol 

Energy terms  Stacking energy In-plane energy 
UQQ 0.82 0.67 
UQMI 0.01 -0.55 
UMIMI -0.52 -0.41 
Uel 0.09 -0.88 
Upol -0.87 -0.96 
Udisp -19.43 -8.59 
Urep 8.99 3.99 
Utotal -13.67 -7.79 

UQQ = Monopole-monopole; UQMI = monopole-dipole; UMIMI = dipole-
dipole; Uel = electrostatic; Upol = polarization; Udisp = dispersion; Urep 
= repulsion and Utotal = total. 
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Fig. 2. A comparative picture of molecular parameters of 7CB3, 7NB4
and 7CB4 molecules
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Fig. 3. Partial charges on heavy atoms of 7CB3 and 7NB4

Molecular charge distribution: It is expected that the
specific charge distributions in molecules play a decisive role
in the formation of various liquid crystal phases. Analysis of
molecular charge distribution can deliver good information
about local electrostatic interactions which is not possible from
experimental point of view. To parameterize the molecular
interactions for computational studies atom positioned partial
charges are helpful. Quantum chemical computations offer
the possibility to take a detailed look at the electronic structure
of the molecules. This can be done, by determining atom-based

partial charges, which are not quantum mechanical observables.
It is noticed from Fig. 3 that even the magnitude of the partial
charge is restrained; it varies much from atom to atom. These
charges represent the electrostatic molecular interactions very
well, but they do not show the real charge distribution in the
molecule. Due to the shielding of the carbon charges by the
adjacent hydrogens, the correct electrostatic potential might
be reproduced by different partial charge distributions. Also,
the strong alternation of the charges (Fig. 3) results in a small
variation of the electrostatic potential around the molecule. In
spite of these uncertainties, the full set of partial charges is
very useful, as it can provide a detailed insight into the mole-
cular arrangement in mesophases and they reproduce the elec-
trostatic potential very well. Moreover, high-rank molecular
multipoles, polarizabilities and their derivatives can be deter-
mined by the interactions of the molecule with the relevant
multipole fields. Such molecular multipole properties are
associated with the multipole expansion of the electronic
charge distribution.

Calculation of interaction energies: The computation
of interaction energy during the different modes of interactions
is given below:

Stacking interactions: In order to avoid the van der Waals
contacts completely, the interacting molecule has been placed
at 8 Å along the z-axis with respect to the fixed molecule. The
variation of interaction energy components with respect to
rotation about x-axis corresponding to configuration y (00) z
(00) has been carried out. The minimum energy so obtained is
then taken as starting point and the entire process is repeated
for smaller intervals. The energy has been minimized with
respect to translation and rotation about all axes.

An accuracy of 0.1 Å in translation and 10 in rotation of
one molecule with respect to other has been achieved. The
path of minimization strictly depends on the objectives of compu-
tation. The study of variation of interaction energy under pre-
selected condition will have completely different path and,
therefore, one has to be careful in choosing the specific route.
The final lowest stacked geometry after refinement has been
obtained with an energy -13.67 kcal/mole as shown in Fig. 4.
Evidently, the large interaction energy and minimum energy
configuration with the long molecular axis almost parallel to
one another suggest a strong tendency to maintain the order.

Fig. 4. Lowest energy configuration obtained during stacking interactions
with an energy -13.67 kcal/mol after refinement
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In-plane interactions: The interacting molecule has been
kept at 10 Å separation along the y-axis with respect to the
fixed one. The selection of distance has been made to eliminate
the possibility of Van der Waals contacts completely and to
keep the molecules within short- and medium-range inter-
actions. The variation of various interaction energy compo-
nents with respect to the translation along x-axis corresponding
to configuration y (1800) has been carried out and it has been
observed that the dispersion energy component is mainly
responsible for the attractions between the pair of 7CB3
molecule.

Having refined the interacting configuration with respect
to translation along x-axis at an equilibrium condition, the
energy is brought down and interaction energy components
are further investigated with respect to rotation about x-aixs
corresponding to configuration y (180º). It has been observed
that rotation about x-axis does not alter the configurational
energy drastically. The lowest in-plane geometry after refine-
ment has been obtained with energy -7.79 kcal/mole (Fig. 5).

Fig. 5. Lowest energy configuration obtained during in-plane interactions
with an energy -7.79 kcal/mol after refinement

Terminal interactions: To investigate terminal interac-
tions, the interacting molecule has been shifted by 22 Å with
respect to fixed one. It has been observed that the terminal
interactions are much weaker than the stacking or in-plane
interactions (after due consideration of short contact). The
variation of interaction energy components with respect to
rotation about x-axis corresponding to configuration y (00)
has been carried out and it has been observed that rotations
about the x-axis show absolutely no preference for any angle
i.e., the molecules are free to rotate about their long molecular
axis. However, for rotations about y-axis, it has been observed
that there is slight preference for the molecular axis being on
the same line.

Correlation of results: In order to examine the results
more closely, the details of stacking and in-plane interaction
energy components after refinement are listed in Table-1 with
all contributing terms to enable comparison.

Further, it has been observed (Figs. 4 and 5) that the large
interaction energy and minimum energy confirmation with the
long molar axis almost parallel to one another suggest a strong
tendency to maintain order. Therefore, stacking interactions,

which contribute much due to the in-plane and terminal disper-
sion forces, require much thermal activation and, hence account
for the high melting point of the system. At the melting point,
thermal agitation will overcome the bindings of the 7CB3
molecules in the crystal and the system will pass directly to an
isotropic melt. However, the inherent tendency of the mole-
cules to retain order even after melting does not escape notice.
Hence, if suitable functional groups are attached/ replaced to
the molecule so that the length to breadth ratio (i.e., 3:1, which
seems to be found minimum for mesogens) is altered with
dispersion energy, the molecules will show a change in the
long-range order, phase transition temperature and other related
liquid crystalline properties.

Conclusion

It may, therefore, be concluded that intermolecular inter-
action energy calculations are helpful in analyzing the non-
mesomorphic behaviour of the molecules in terms of molecular
forces accounting for mesomorphism. Further, a comparative
study on similar molecules may suggest the factors that cause
liquid crystallinity. The present computational approach
implies the strong intermolecular interaction energy between
a pair of 7CB3 molecules and the specific minimum energy
configuration determines the alignment of the molecules with
respect to one another. Further, this affords a new way of looking
at the substitution of suitable functional groups, which may
have an effective role on anisotropic molecular interaction and
other factors responsible for liquid crystallinity.
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