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Understanding of the colloidal science is quite important from both scientific and industrial
viewpoints. When we study the dynamic properties of colloidal dispersions either theoretically or
numerically, the most difficult problem arises from hydrodynamic interactions among particles.
In order to simulate the dynamic behavior of colloidal suspensions efficiently, we have developed
a new numerical method, which we named “fluid particle dynamics” (FPD) [1]. The key idea
of our method is to treat colloidal particles as fluid ones (not as solid ones), whose viscosity is
much higher than that of the surrounding medium.

Applicability to the colloidal dispersions in various soft matters is one of the remarkable
merits of this method. Since we solve the flow field with a continuous manner in FPD, we can
easily incorporate the various order parameters to the host fluid. In this study, we perform
numerical simulations of the colloidal dispersions in nematic liquid crystal [2, 3] by introducing
the orientational order parameter [4].

If the director field of nematic phase is anchored normal to the particle surface, Saturn ring-
like line defect is formed around a small particle. When a particle is dragged by an external
field, the resistance force depends on the direction of its motion toward the orientational order
of nematic phase. In the parallel case, if the applied force is weak, the defect can catch up with

a particle although it is slightly deformed. As the applied force is stronger, on the other hand,
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the separation between the particle and defect increases and the defect cannot catch up with
particle eventually. The escape of the defect from a particle is observed at the first time. In the
perpendicular case, the defect does not escape from the particle. The front part of the defect
enters the inside of the particle virtually and the back part of it cannot follow the particle.
Thus, the length of the defect increases with time when we apply the strong perpendicular force
on the particle. The defect behaves as an obstacle to a particle motion so that it cannot move
straightly along the applied force.

We also simulated the multi-particle systems. Since each particle accompanies a Saturn-ring
like defect having a quadruple symmetry, particles are interacting to each other essentially with
the quadruple symmetry. However, we found a new type of defect structure around the particle
pair, which cannot be described by the quadruple argument. It has an eight-figured shape
and binds the two particles strongly. Figure 1 shows the simulated dynamics of the dispersion
including many particles. After the quench, the isotropic phase transforms to nematic phase
and a lot of defects emerge. The amount of defects decreases with time to reduce the elastic
energy, which leads to the aggregation of colloidal particles. The structures of the aggregates
and defects are very complex and we could not see apparent ordered structures such as a chain
and a crystal in our simulations . Some defects are not Saturn-ring like shaped and shared by a
number of particles. The particles are interacting to each other via not only Saturn-ring defect

but also the new type ones, which are essentially the same as the eight-figured defect.
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Figure 1: Simulated aggregation process of the colloidal dispersion in nematic liquid crystal.

Director field of the nematic phase favors to be normal to the particle surface. At t = 0, the
isotropic phase is quenched to the nematic phase.
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