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Van der Waals Coefficients Determined by Molecular Dynamics
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Van der Waals coefficients a and b were determined by molecular dynamics simulations.
Molar internal energy is a linear function of the inverse of molar volume with the coefficient a.

The coefficient b was obtained by the van der Waals equation on pressure.
molecular systems were helium, neon, nitrogen and argon.

The examined
The liquid-gas coexistence points

were calculated by Gibbs energy in the case of argon.
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Fig.1 Molar internal energy of helium vs. inverse of
molar volume.
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Fig.2 Molar internal energy of nitrogen vs. inverse of

molar volume.
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Fig.3 Molar internal energy of neon vs. inverse of molar

volume.

A7 L=
4.00E+03
3.50E+03 |
3.00E+03 |

= 2.50E+03 |
[<]

£
=3 2.00E+03 | y=-0.1389x + 3661.6

2 2

D' 1.50E+03 | R*=0.9992
1.00E+03 |
5.00E+02 |

0.00E+00 L L L d
0.00E+00 4.00E+03 8.00E+03 1.20E+04 1.60E+04
1/V,./(mol/m3)

Fig.4 Molar internal energy of argon vs. inverse of molar
volume.
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Table 1 Coefficient a compared with the macroscopic
experimental results.?

Eal—aliER |ERMEERE
He 0.0053 Jm®/mol? 0.003457 Jm®/mol®
N, 0.1312 Jm®/mol® 0.1408 Jm®/mol’
Ne 0.0251 Jm®/mol? 0.02135 Jm®/mol’
Ar 0.1389 Jm®/mol? 0.1363 Jm®/mol?
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Fig. 5 Coefficient b vs. density in the case of helium.
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Fig. 6 Coefficient b vs. density in the case of nitrogen.
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Fig. 7 Coefficient b vs. density in the case of neon.

Copyright © 2011 Hosei University

47

d 7=y
3.60E-05
3.55E-05 [
3.50E-05 [
3.45E-05 |

3.40E-05 [

b/(m3/mol)

3.35E-05 [

y = -6E-07x + 3E-05
3.30E-05 [ R?=0.0156

3.25E-05 L L L L L !
0 0.1 0.2 0.3 0.4 0.5 0.6

df(g/cm?)

Fig.8 Coefficient b vs. density in the case of argon.
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Table 2 Coefficient b compared with the macroscopic
experimental results.?

PEalL—al R |ERMEERE
He 1.65348 X 102 L/mol |0.2370 X 1072 L/mol
N, 369 X102 L/mol  [3.913 x1072 L/mol
Ne 1.86377 X102 L/mol |1.709 X 1072 L/mol
Ar 340 X107 L/mol _ [3.219 x107% L/mol
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Fig. 9 Coexistence points in argon at T = 90 K.
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Fig. 10 Coexistence points in argon at T = 120 K.
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Fig.11 Molar volume at coexistence points in argon.
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Fig.12 Molar volume vs, molar volume of argon at T =

90 K.

EBRFE WA T 4 7 HEMIE 2 — TS Vol.24


http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_9/fig9-10-11-12-13-14-15.xlsx

100 -

0.00001

-5

-700

G,,/(}/mol)

-900 -

-1100

-1300 -

V,,/(m3/mol) -1500 -

Fig. 13 Molar Gibbs energy vs, molar volume of argon
atT =90 K.
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Fig. 14 Molar volume vs, molar volume of argon at T =
120 K.
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Fig. 15 Molar Gibbs energy vs, molar volume of argon
atT=120 K.
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