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Estimation of diffusion coefficient at the interface between liquid and vapor phases

using the equilibrium molecular dynamics simulation

Kyeong Yun Kim, Young Ki Choi, Ohmyoung Kwon, Seungho Park and Joon Sik Lee

Equilibrium molecular dynamics simulation (¥4 & %25 < 8}, Argon(C} =),
Diffusivity(ZF4FA %), Interface( 2] 1), Lennard-Jones Potential(2] U =-=2 L EHIA),
Green-Kubo equation(ZZH-F-1. 37| 4])
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Abstract

This work applies the equilibrium molecular dynamics simulation method to study a Lennard-Jones liquid
thin film suspended in the vapor and calculates diffusion coefficients by Green-Kubo equation derived from
Einstein relationship. As a preliminary test, the diffusion coefficients of the pure argon fluid are calculated by
equilibrium molecular dynamics simulation. It is found that the diffusion coefficients increase with decreasing
the density and increasing the temperature. When both argon liquid and vapor phases are present, the effects
of the system temperature on the diffusion coefficient are investigated. It can be seen that the diffusion
coefficient significantly increases with the temperature of the system.
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Fig. 1 Position at 99K with 1600 argon particles
and cut-off radius of 2.5¢ (a) Initial
position(t=0 ns) (b) Final position(t=1 ns).
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Table 1. Properties of argon particle

Value Description
ky 1.38x1072(J/K) Boltsmann constant
7 0.34x10”(m) 1, at §(r;) =0
£ 1.67x107 (J) ¢(r;) at dp(r;)/ dr; =C
m 66.3x107 (kg) Mass of argon particle
A 0.531x107°(m) Lattice constant
At 5(fs) or 10(fs) Time step
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Table 2. Reduced properties for Lennard-Jones

system
Property Reduced Form
Length = rlo
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Fig. 2 Translational order parameter at 99K with 1600

particles and cut-off radius of 2.50 .
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Fig. 3 Density distribution at 99K with 2400 particles
and cut-off radius of 2.50 .
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Table 3. Simulation conditions

Label L,,L, L, N At T r

7.8738
S1 6.24 71775 256 5fs 0.72 2.5

6.9844 0.8
82 47 T l50p 108 Sfs 7o 1S

0.72302
S3 17.1  49.59 1600 10 fs 0.6676 2.5

S4 17.1  49.59 1600 10 fs 0818225
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Fig. 4 VACF(velocity auto-correlation function) at
0.72K when density is 0.835 and 0.884
respectively.
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Fig. 5 Diffusion coefficient distributions affected by (a)
the density at 7" =1.0 (b) the temperature of
the systemat p" =0.7

Table 4. Comparison between David M. Heyes
values and simulation results

Density M. Heyes Simulation
0.835 0.031 0.039
0.848 0.029 0.037
0.864 0.023 0.033
0.884 0.019 0.029
0.916 0.013 0.010
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Fig. 6 Density profile at liquid, vapor and interface
regions with various temperatures.
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Table 5. Diffusion coefficient at liquid and vapor
interface with various temperatures

Liquid Interface Vapor Interrface Interface
Temperature  densit Densi derr:sit thickness Diffusion
ty y coefficient
85K 0.781 0.3936 0.0060 , 1.787 0.0050761
89K 0.776 0.3922 0.0082 3.023 0.0054525
91K 0.754 0.3824 0.0104 2.433 0.0055034
93K 0.737 0.3758 0.0145 1.995 0.005448
99K 0.717 0.3685 0.0195 4.003 0.0056576
102K 0.714 0.3665 0.0187 , 2513 0.0064922
104K 0.679 0.3557 0.0323 2.814 020068533
105K 0.682 0.3576 0.0327 2.170 0.0067746
4. ZE
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Table 6. Diffusion coefficient at liquid and vapor
interface with various cut-off radii.

*

r, Diffusion coefficient
2.25 0.0059075
2.50 0.0056576
3.50 0.0057604
4.00 0.0051106
5.50 0.0055875
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