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Abstract
We use molecular dynamics to study a large spherical particle suspended
in a nematic liquid crystal matrix modeled with a soft ellipsoid poten-
tial. Homeotropic boundary conditions and strong anchoring create a
hedgehog director configuration on the particle surface. The topological
mismatch with the uniform director at large distances leads to the for-
mation of two possible defect structures: a quadrupolar one with a ring
defect or a dipolar one with a satellite defect. We examine the stabil-
ity of these defects as a function of the droplet size in systems with up
to one million particles using a domain decomposition MD program on
a massively parallel computer. We are able to observe density and order
parameter variations near the particle surface and in the disclination core
region that are not taken into account by elastic theory.

1 Introduction

Macroparticles introduced into liquid crystals considerably influence
their electro-optical properties. The physical mechanism is long-range
interaction of the macrodroplets. A macrodroplet distorts the director
distribution and thus provides an effective long-range interaction with
another similar droplet. This leads to the formation of new supermolecu-
lar structures, e.g. threadlike structures consisting of colloid particles [1].
The complexity of such emulsions is caused by the presence of defects.
Due to the topological mismatch between the local director on the par-
ticle surface and the uniform director at large distances, a droplet with
homeotropic boundary conditions will create a hedgehog director con-
figuration in its immediate vicinity.
Phenomenological theories predict that two defect structures can result
in the case of strong anchoring [1, 2]: a quadrupolar structure with a ring
defect; a dipolar structure with a satellite defect (Fig. 1). There are no
defects in the case of weak anchoring.
The main disadvantages of the existing theories are:� The core region is treated as an isotropic inclusion with some un-

known free energy [2, 3].� The phase is treated as uniaxial (which is not true near the disclina-
tion core), and the order parameter is considered constant (which
is not true either near the particle surface) [1, 2, 3].

Computer simulation allows one to resolve the nematic orientational or-
dering near the particle taking into account density and order parameter
variations as well as possible biaxiality of the nematic phase close to the
particle in the disclination core region [4, 5].

2 Molecular model and simulation methods

We chose the repulsive part of the soft ellipsoid potential, a variant of the
Gay-Berne potential [6] with exponents ���	� , 
���� :
�� ��� ��� ������ ������ ��� �������! "�#%$� � � ��� �&���� �%���� ����' "�(� � � ��� ������ �%���� �)�+*-, ���" � �&� ��� ������ ������ ��� � . �/ � �0' . ������ ������ ������ �)�1, . � � "&23#� �54768 9
. � . � :<; '>= 9@? ������ �0AB�� �C,����� �DAE�� �)� $; , = �� �CAE�� � , �F���� �0AE�� �G'H���� �IAB�� �)� $; ' = �� �3AB�� �KJ0L 23#�MF$

= � �ON $ ' ; �FPE�ON $ , ; �Q� N � .SRUT�V 2 RUT�V P .CW � VQR 2 W � VXR ��Y[Z
The macroparticle has a radius \ and exerts a shifted Lennard-Jones re-
pulsion on the centers of the mesogens, resulting in homeotropic anchor-
ing of the latter on the macroparticle surface, .G] � �ON�' . � �FP 9 :
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The systems consist of 8,000-1,000,000 mesogens. A molecular dynam-
ics program was run on a Cray T3E using a domain decomposition algo-
rithm. The colloid particle was fixed in the center of the box. The director
was constrained along the a axis.

3 Simulation results

Simulation results were analysed to give director, density, order parame-
ter, and biaxiality maps.
Typical director profiles are shown in Fig. 1. The ring defect does not
have long-range director distortions. In contrast, the satellite defect has
a wide area of director distortion (therefore, the simulation box for the
satellite defect has to be large enough).

Figure 1 Director profiles of the ring (left) and satellite (right) defects. Slice through a 3d
configuration (zy-plane)
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Figure 2 Density profiles. The following directions are shown: b�cedEfXg (across the discli-
nation ring) and bhcei)jOd (no defect). The profiles without the disclination have oscillating
structure near the particle surface which is typical for a liquid-wall interface. The profiles
with the disclination ring do not have oscillations and are similar to those of a gas-wall in-
terface. The difference may be due to melting of the liquid crystal in the disclination core
region. This melting damps the influence of the droplet surface on the interface region.
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Figure 3 Order parameter profiles for bhcki�jOdEfXg . The disclination ring position is given
by the minimum of the order parameter. For large enough l a second mimimum appears
pointing out that the disclination ring defect has a complex structure.
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Figure 4 Biaxiality profiles. It is clearly seen that the disclination ring has a complex
structure. The main biaxial ring has a lower order parameter than the bulk value. This ring
is accompanied by one biaxial ring for large l or even two for some l (e.g. lmcen)jOo ).
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Figure 5 Distance of the core of the disclination ring from the particle surface. There is
a correlation between the phenomenological theory predicting prqtsQu gXnvl and simulation
results giving p-wxlecyw1i�u zQz1{e| i�u s�oF}�~�i�u iQiX}v�Ol .

5 Satellite defect

The satellite defect is not stable for small droplets. We observed a tran-
sition of the satellite defect in to the ring defect for \ 4 ;)�

. At the same
time, the director distortion occupies a larger area than for the ring defect.
Therefore, to simulate the satellite defect, one needs very large systems.
We used 1.000.000 particles with droplet radius \@� ;)�

. The original con-
figuration was prepared with a satellite defect embedded in it: we used
approximate analytical solutions for the director field [1] to do this.
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Figure 6 Density profiles. Two directions are shown: b�ctd (through the disclination)
and b<c�i)jOdBfXg (no defect). Since the satellite defect is at b<c�d the density profile along
this direction does not have oscillating structure.
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Figure 7 Order parameter profiles for b-cei)j�dEfXg�jOd . It is difficult to judge the position of
the satellite defect from the order parameter profiles: the region occupied by the disclina-
tion core is rather big (of the order of the particle size).
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Figure 8 Biaxiality profiles for b�c�i�jOdEfXg�jOd . From these profiles one can see that the
center of the defect core is located at a distance q�sQu }vl . The value predicted by theory is
about sXu gvl .
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