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Abstract : This work reports a Monte-Carlo simulation
in a system of discotic 1liquid crystal molecules
interacting via Gay-Berne pajr interaction potential.
This simr)lation is able to generate columnar phase.
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1. Introduction

Dispersive forces between molecules are believed to be
primarily responsible for giving rise to liquid crystalline
phases. But the anisotropy o the short range intermolecular
repulsions also play important role in determining the
phases. To take care of both attractive and repulsive forces
in a phenomenological manner, at the earlier stage of
computer simulations of aspherical molecules, several sites
on each molecule were chosen between which Lennard-Jonzs
potential could act. Later works avoided the computational
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inefficiency of this type of site-site potential for large
molecules by replacing it with a single site potential. In
an attempt to provide computationally simple realistic
potential Gay and Berne [1] proposed a potential based on
the Gaussian overlap model potential [2]). They modelled a
single site potential for rod like molecules by fitting it
with the site-site potential for a linear array of atm\s.\,v
The potential is of the form
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where u , u,are unit vectors giving the orientations of the
two particles, G is the intermolecular vector and r 1is the
molecular separation. 6(6, ,'Gl Jr) is the well depth and

0'(6, .al.r) is the distance of nearest approach which can be

expressed as
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where the shape anisotropy parameter
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Il and 1 mean parallel and perpendicular to the 1intermolecula
vector respectiveiy.

The well depth

A A Y A A ~ A~
E(u‘,uz.'r\-) = & € (u,u,) E'H(u|vu2_'?-)



Monte-Carlo simulation of disc like molecules etc 123

’ 2, s 2.-172
where E(u..Gz) = [1—x.(t'.|l ﬁz) ]

a

/ Doy o) e (FueEuy)T (R “'"'ﬂﬁ-
€lunuw.n) = 130 | S TR Ay |

with the well depth anisotropy parameter

= 1-(g, 76 11D+ e, 760 )
where £” and l.:L refer to well depth with parallel and
perpendicular relative orientations of the two molecules
respectively and u and ) are adjustable parameters.

In the following we report the simulation of columnar
phase for disc-like molecules ‘1nt.eract.ing via Gay-Berne type
pair interaction potential using Monte-Carlo simulation
technique. The parameters of the potential are so chosen
that it can approximate the behaviour of disc-like
molecules. lor disc-like molecules

X = Lo/ o) 11/Lto; / o V41)
cre is the separation between two interacting moleculeswhen
they are in end-end configuration just touching each other;
crs is the separation for side-side configuration. So, O:S &nd
o are equal to the diameter and width respectively. The
value of ), is negative for disc-1like molecules. Similarly,
X = 11-(€,/8) 1/L1+(g, /£) ]
where € and € are well depths at side-side and end-end
configuration. For the side-sideconfiguration of disc-1ike
molecules Guﬁ. U ,ﬁz L T. Thic gives o"(ﬁ' .ﬁl.’}) =g . So

we take 9" a'sfor our calculation.
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2. Monte-Carlo simulation

For Monte-Carlo simulation we have chosen a 10 10 1
lattice system. In the initial configuration all the
molecular short axes are parallel to laboratory Z-axis angd
the centres of mass of molecules are placed on regular
square lattice points in each plane parallel to laboratory
X-Y plane. The intermolecular distance between a mo\ecule
and its nearest neighbour along X or Y axis are set equal to
1 but along Z it is equal to 8:03/021 This value of ‘g’
assures uniform density along the three directions when a
columnar phase is stabilised. Metropolis algorithm is used
Lo equilibrate the system. But the translationa® motion of
the molecules are controlled in such a way that it cannot go
out of the cell it belongs 1.e. the neighbours of the
molecules are kept fixed. This restriction is more or less
valid in a very dense system like discotic liquid crystal
which has isotropy in one direction only in columnar phase.
A1l the molecules are treated in the same manner and we get
the final configuration of the lattice as a whole. The total
procedure constitutes an iteration. Iterations are performed
till equilibrium is reached. At the production stage of
simulation we first get random position co-ordinates (Figt)
by finding an equilibrium Isotropic distribution at a very
large 1=100. Then we lowered the temperature considerably to

T-0.1. The distribution of molecular centers of mass on X
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plane (ngZ) shows that
coiumns are formed along 2
direction. Centre of mass
positions on XY plane
shows rectangular lattice
structure (Fig3). The
values of parameters V and
M are taken equal to 2 and

1 respectively. We take

Fig 1. Raadoa distritution of the
centre of aass of solecales at
12100,

a'c/a;:'l/f! and g/ce_:i/s; diameter of a molecule r =0.9. The

simulation was performed at constant volume condition. After

Fig 2. Square arrangesent of
solecules on X-Y plane (1 is
prellel to the director) at
T=0.1
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Fig 3. Arrungeseat of solezules
o8 I-1 plue shos colum
foruation aloag ! wis.

each iteration the orientational order parameter

n=<gl(coso)> are calculated. The criterion for equilibrium

is that the differece in average value of order parameters

for successive 1000 configurations is stable within 5%.
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3. Conclusion

This computer simulation shows that the Gay-Berne
interaction stabilizes to a columnar phase with square
arrangement of molecular centers of mass in  planes
perpendicular to the columnar phase. This type of columnar
phase is seen in lyotropic system and not in thermotropic
disc-like mesogens where the columnar phases are rectanguiar
or hexagonal. The same conclusion was reached by [merson et
al [3) from their molecular dynamics study of disc like Gay
Berne mesogens. The present work supports their findings.
The ctructure obtainzd in the present work as well as in the
molccular dynamics study is believed to be due to strong
correlation between discs 1n neighbouring columns with
molecules fitting into the grooves of a neighbour. These
grooves are the result of the elliptical cross-section of
molecules and interdigitation is a hindrance towards forming
a hexagonal phase. lurther studies are indecd called for

reproducing a rectangular or a hexagonal phase.
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