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Molecular Dynamics Simulations of Free Expansion of Argon and Water
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The free expansion of gaseous argon and water were examined by molecular dynamics
simulations. The potential functions adopted in this study were Lennard-Jones for Argon and

SPCE water for water. The unit cell model for water was SPCE.

The number of molecules in

the unit cell was set at 108, 256, 500, 864, 1372, 2048, 2916 and 4000 to investigate whether the
number of molecules affected thermodynamic properties in the free expansion. The difference
values of temperature depended weakly on the number of molecules in the unit cell. We further
compared the difference values of temperature obtained from simulation with the ones

calculated using the Van der Waals theory.
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Water, Van der Waals theory.
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Table 1. Simulation condition

Ar H,O
Software Materials Explorer 4.0 pro
Ensemble NEV
Length of Run /steps 100,000
Time Step /fs 1.0 0.2

Number of Molecules

(Number of atoms / unit) 108-4000 (108-4000)

Potential Function Argon (LJ potential) SPCEwater
Initial Temperature /K 298 1300
Initial Dencity /g cm® 05 0.18

108-4000 (324-12000)
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Fig.1 Molecular Configurations (Argon)
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Fig.2 Molecular Configurations (Water)
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Fig.3 Time course of thermodynamic properties on 4000
atoms of Argon.
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Fig.4 Time course of thermodynamic properties on 4000
molecules of water.
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Table 2. Difference values in thermodynamic properties
due to an increase in the number of ~ Argon atoms.”

N ATIK  AEJImol™  AE,] mol™
108 -59.6 -602 602
256 -60.0 -674 674
500 -60.5 -653 653
864 -59.7 -667 667
1372 -54.3 -644 644
2048 -59.1 -677 677
2916 -59.0 -647 647
4000 -61.2 -667 667

Table 3. Difference values in thermodynamic properties
due to an increase in the number of  water molecules.”

N  AT/K AEJImol*  AE,J mol™
324 -264.6  -1600 1600
768 2545  -1540 1540
1500 -206.4  -1479 1479
2592 -2103  -1472 1472
4116 -2126  -1516 1516
6144 -2116  -1517 1517
8748 -212.0  -1437 1437

12000 -217.4  -1807 1807

N; the number of molecules,
kinetic energy,

T; temperature, Ey;
E,; potential energy
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Fig.5 Difference values of Kinetic energy E, and potential
energy E, due to an increase in the number of Argon.
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Fig.6 Difference values of kinetic energy Ey and potential
energy E, due to an increase in the number of atoms
making up water molecule.
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