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A Monte Carlo simulation is performed to study the dependence of collision frequency on interparticle dis-

tance for a system composed of two hard-sphere particles. The simulation quantitatively shows that the collision fre-

quency drops down sharply as the distance between two particles increases. This characteristic provides a useful evi-

dence for the collision-reaction dynamics of aggregation process for the two-particle system described in Ref, ™1,
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Colloidal stability and aggregation are controlied by colli-
sions and interactions of particles that constitute the colloidal
system. We proposed a novel approach "?! to the investigation
of colloidal aggregation in experiments performed at microscopic

B8] are used to

particle levels. In this approach optical tweezers
bring two particles into the region near the focusing plane of the
microscope so we can watch what happens to them. Since the
two particles are confined in a small volume, they have a high
probability for collisions. We can perform a series of tests at a
microscopic level to study the collision-reaction dynamics for
this system of two particles. For each test, we observe the colli-
sions of two particles and the outcome of the collisions (namely,
adhere or separate after the collisions). We call this procedure
artificially induced collision. This procedure makes it possible to
statistically evaluate the sticking probability by testing many par-
ticle pairs. The sticking probabilities (p) are estimated by di-
viding the number (n) of collisions leading to permanent dou-
blets by the total number (n.) of particle collisions "'
(namely, p= n/ n.). In our experiment, the collisions were in-
duced in the following procedure. First we used optical tweezers
_to catch one particle and then the second. After holding this pair
of particles together in the optical trap for certain duration for
their collisions, we released them from the trap and traced them
to check if they remained togeth'er or separated. A special physi-
cal model of the collision-reaction dynamics for two particles
held in the optical trap is suggested in Ref. [11].
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According to this model a particle pair in the trap would ex-
perience two different status. The first one is called “compact
status”; that is, at the beginning when the second particle is
pulled into the trap, the head-on impact makes the particle pair
stay closer. The second is called the ”relaxed status™ in which
after the impact speed dampens down, the particle pair become
relaxed and stay in an extended room. It is assumed that when
two particles in the compact status, they would have a much
higher collision frequency than that in the relaxed status. How-
ever, this is only a reasonable presumption, has not been verified
yet. For a two-particle system how rapidly their collision fre-
quency changes as their separation varies is an important issue to
better understand the collision-reaction dynamics for this system.
Commonly used methods to estimate the collision frequency are
appropriate for a colloidal system having huge number of
monodispersed particles according to the following equation:

dn/dt= -4w(2a) Dn? 0]
where n is the particle concentration, D is the relative diffusion
coefficient, and « is particle radius in consideration. This equa-
tion corresponds to a bimolecular chemical reaction, if every col-
lision makes two particles disappear. But this equation is not di-
rectly applicable to the two-particle system we described above.
In this study we present a Monte Carlo simulation to quantita-
tively estimate how the collision frequencies are related to sepa-

rations between paniclés for a two hard-sphere particle system.
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1 Simulation

In the simulation for colloidal suspensions we adopted the
hard sphere model in which the interaction of the particles has the
functional fo;m:

0 (ri> a)
i { (2)

( ry<a )
where Vy is the potential between particle i and j; ry is the dis-
tance between particle i and j. Hard spheres are quite simple for
the definition for collision of two particles in the simulation and
yet represent a good approximation for monodispersed spheres
with repulsions of range short relative to the radius and negligible
van der Waals attraction. The hard sphere model has been used

to study packing in colloidal systems "%,

In the Monte Carlo simulation '"*’ the center of one particle
is fixed at the origin as shown in Fig. 1 and the second particle is
assigned to undergo a random walk with a spherical Gaussian
distribution, and its mean-square displacement (A?) is 6 Dr,
where 7 is the time step. According to the Stokes-Einstein equa-
tion, the diffusion coefficient for an isolated sphere is

D=keT/67ma 3)
where g is the radius of a particle, ks is the Boltzmman con-
stant, T is temperature and 7 is the viscosity of the liquid. Actu-
ally, it can be seen from the basic algorithm described above that
our simulation is a special case of the so-called Brownian dynam-
ics simulation 451,

To match the experimental situation in Ref. [1], in our sim-
ulation a =0. 497 um. The initial distance between two particles
is di (that is, the center-to-center distance between two particles
is 2a+ di). During the simulation, all positions of the second

particles are measured at each time step (or increment). When-

- —_—

\\ d +3a ,I

Fig.1 The simulation model of the two hard spheres in
an optical trap
The location of sphere 1 is fixed, and the sphere 2 is assigned to
undergo a random walk within a spherical volume having a radius

of (d+3a)
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Fig.2 The simulation result of collision frequency

versus the separation between two particles

ever the distance between two particles (from their centers) is
less or equal to 2 a, they are considered to collide and then the
second particle will be move back to the starting point to do the
diffusion motion over again. And also, whenever the distance
between two particles is greater than d, the particle 2 bounces
back (namely, d is the maximum allowed distance between two
particles). So the particle 2 is confined within a spherical vol-
ume having a radius of (d+3a). In the simulation, the time
step is taken to be 5 x 10~'° s and for each calculation the particle
moves 4 x 10° steps. In the simulation we took d to be 15 nm.
For each initial distance di, 15 independent calculations are car-
ried out and the collision frequency for each distance is averaged
over the 15 calculations. .

Fig. 2 shows how the collision frequency is related to the
separation between two particles. We can see that when two par-
ticles are close, the collision frequency is very high and then dra-
matically drops down as the distance between two particles in-

creases.

2 Conclusion

The changing tendency obtained from our computer simula-
tion proves that the collision frequency drops down dramatically
when the system described above is transferred from the compact
status to the relaxed one. Therefore our simulation not only offers
a quantitative relation of the collision frequency to particles’ sepa-
ration but also provides a direct evidence to support the colli-

sion-reaction dynamics of the system in consideration of Ref. [1].
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