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Brownian Dynamics Simulation
of Highly Charged Colloidal Suspensions

Yayoi Terada* and Michio Tokuyama*

*Institute of Fluid Science, Tohoku University, Sendai 980-8577, Japan

Abstract. We perform the Brownian-dynamics simulations on dilute suspensions of highly charged colloids with Tokuyama
attractive potential. We then show that there exist two kinds of droplet phases in addition to a gas phase, a liquid-droplet phase
and a crystal-droplet phase. The detailed structures of those droplets are analyzed by the calculating the radial distribution

function.

Recently, we have shown that there exist three phases
in dilute highly charged colloidal suspensions, a gas
phase, a liquid-droplet phase, and a crystal-droplet phase
[1]. In this paper, we discuss the detailed structures of
those phases.

We perform the Brownian-dynamics simulations on
the charged colloidal suspensions by employing an effec-
tive attractive force between colloidal particles proposed
by Tokuyama [2]. We consider a simple model system,
which consists of N highly charged colloidal particles
with bare charge Ze and radius a and N, counter ions
with charge —ge and radius a, in an equilibrium solvent
with a dielectric constant € and temperature 7, where
Z > g and a > a.. Here the electrical neutrality is sat-
isfied as NZ = N_q. The volume fraction of the colloidal
particles ¢ is given by ¢ = 47wa>N/3V, where the total
volume of the system is given by V. Then, the particle
motion is described by the Langevin-like equation dis-
cussed elsewhere [2]

d
Eri(t) = M

where &,(¢) is a Gaussian, Markov random velocity with
zero mean, and satisfies

<&mE;) > @)

Here Dy is a diffusion coefficient of a single particle and
Fy(r;j) is the Tokuyama force between particles i and j
and is given by [2]

F'['(rij) = —VU(rij)

2D05([ - 11)61')1'1.
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rij

where U (r;;) is a potential, g (= €*/€kpT) the Bjerrum
length, 7; the position vector of particle i, r;; = |rij|,
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FIGURE 1. Phase diagram in parameter space ¢ and Z at

g = 1. The symbols indicate each phase; a gas phase (x), a
liquid-droplet phase (O), and a crystal-droplet phase (M). The
lower and upper transition lines are drawn at Upyn /kgT ~ - 1.0
and - 3.0, respectively.

z=Z/g,and rij =ri—r;. A (= +/a/3¢(r)Zqlp) is a
Debye screening length, A, = z!/2A, and ¢(r) the local
density. In the following, we simply assume that ¢(r)
is constant to be ¢. As one of the parameters, Z, ¢,
and ¢, increases with the other two parameters being
fixed, Fr becomes a more attractive interaction. We are
only interested in highly charged dilute suspensions with
¢ < 1. Hence, we can safely neglect the hydrodynamic
interactions between the colloidal particles. We simulate
Eq. (1) in a cubic simulation cell, where N is chosen to
be 3000 here.

In Fig.1, the phase diagram is shown in the parameter
space ¢ and Z at g = 1. There exist a gas phase, a
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FIGURE 2. The typical snapshots of particle configurations for different values of Z at ¢ =2 and ¢ = 0.001; (a) Z =400 on a
gas phase, (b) Z = 500 on a liquid-droplet phase, and (c) Z = 700 on a crystal-droplet phase.
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FIGURE 3. The radial distribution functions g(r) versus distance r for different values of Z at g = 2 and ¢ = 0.001; (a) Z = 400,
(b) Z =500, and (c) Z = 700. g(r) in (a) is calculated for the whole system. g(r) in (b) and (c) are calculated for the largest droplet,

where those in the insets are calculated for the whole system.

liquid-droplet phase, and a crystal-droplet phase. The
simulation results show that each transition line between
phases is determined only by the value of the potential
minimum U,,;,, which is given by

Inz

¢ = ( >Z—u(1_ﬁ)2+2f(z)lnz

with f(z) = G(ulnz) —z3G(u\/" lnz ) analytically, where
u=2/(yz—1) and G(x) = ["y~'e™¥dy. A gas phase
exists for Upiy /kgT > —1 0, a liquid-droplet phase for
—1.0 > Upin/kgT > —3.0, and a crystal-droplet phase
for —3.0 > Upin/kgT. The phase diagrams are also ob-
tained for values larger than ¢ = 2, where the transition
lines shift to lower values of Z.

Figure 2 (a), (b), and (c) show typical snapshots on
each phase after a long time. The radial distribution
functions g(r) of each snapshot on Fig. 2 are also shown
in Fig. 3. The configuration of the particles in Fig. 2
(a) is similar to those of the theoretical results in a gas
phase, where g,(r) = exp[—U (r)/kgT]. In Fig.3 (b), the
simulation results does not agree with g,(r) no longer
and shows the liquid-like order in the droplets. On the
other hand, the configurations of colloids in droplets in
Fig.2 (c) are in local order and the peak positions of g(r)
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agree with those of face-centered cubic crystal within the
fourth nearest peaks. We note that the droplets in both
droplet phases are dispersed randomly, because g(r) in
the insets of Fig.3 (b) and (c) show disorder-state outside
the droplets.
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