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Molecular Dynamics Simulation on Molecular Model for the Charged Colloidal
Dispersion

Yosuke KATAOKA

Abstract

A molecular model is proposed for the charged colloidal dispersion. This molecular system consists of 256 particles with the
charge 25e and 6400 particles with charge -e, where e is the unit charge. Molecular dynamics simulations are performed by
NVTensemble on a wide aria of (V7) phase space, where T'is the temperature and Vis the volume of the system. The system
has gas, liquid and solid phases and the charge 25e-particles have FCC structure in the liquid and solid phases.
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Table 1 Reduced charges

“large particle” | “small particle”

2.5e -0.1e

Table 2 LJ parameters
u(r) = Do*[(Ro/r)*12-2*(Ro/r) 6]

Do/(kcal/mol) | Ro/A
Rn-Rn 0.248 4.765
Rn-Kr 0.234 4.453
Kr-Kr 0.220 4.141
Table 3 Simulation Cells
name of cell number of number of

“large particle”

“small particle”

“2-molecule”

2

50

“256-molecule”

256

6400
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Fig. 1 Initial configuration of 2-molecule system.

Red points are “large particles”. Blue ones
are “small particles”.
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Fig. 2 Intermediate state.

TIME = 3.000000e+004 ps

Fig. 3 Final state.
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Fig. 4 Enlarged final state with red coordinated
spheres.
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Fig. 5 Monitor of variables as function of time.
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Fig. 6 Average potential energy <Pe>as function of
molecular distance 7/ A.

TIME = 0.000000e-000 ps

(.—

2z

X v

Fig. 7 Enlarged final most stable state with red
arrows which show the positions of “large
particles”.
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Fig. 9 Trajectories of “large particles” in
256-molecule system at low density.
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Fig. 10 Configuration of 256-molecule system at
low density 0.01 g/cm3, 7'= 300 K..
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Fig. 11 Configuration of 256-molecule system at
density 1 g/cm?, 7= 300 K.
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Trajectories of “large particles” in
256-molecule system at density 1.5 g/cm?,
T=300 K.

T
‘lldﬁ'ﬂkdfégaliibf'
SRER AN

L1 8 o

Trajectories of “large particles” in
256-molecule system at density d = 1.9
g/lem3, T'= 300 K.
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Fig. 14 Mean square displacement at density d =
1.5 glem? 7T = 300 K green: ”small
particle”, red: “large particle”.

Fig. 15 Mean square displacement at density d =
1.9 glem?3, 7 = 300 K green: ”small
particle”, red: “large particle.
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d=1.5g/cm™3

Fig. 16 Pair correlation function at density d =
1.5 g/em3, 7 = 300 K green: ”small
particle”, red: “large particle.

d=1.9g/cm™3

Fig. 17 Pair correlation function for “large
particle” (red) at density d = 1.9 g/lcm3, T
= 300 K. Running coordination number
of ”large particle” in green.
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Fig. 18 Pressure p/atm vs. density d/(g/cm3) plot
at several temperatures.
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Fig. 19 Pressure p/atm vs. density d/(g/cm3) plot at
T=300 K.
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Fig. 20 Average of potential energy PFElJ vs. density
d/(g/cm3) plot at 7= 300 K.
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Fig. 21 Molecular configuration of “small particles”
(blue) and the trajectory of “large particles”
(red) at density d=1.5 g/cm?® and 7= 125 K.
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