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Abstract: To address the challenge of accurately determining the Lennard-Jones parameters for
intermolecular interactions in the potential energy function of molecular force fields, argon, a
low-temperature fixed-point working substance defined by the 1990 International Temperature
Scale, was taken as an example to propose a molecular force field Lennard-Jones parameter
optimization method based on the potential energy parameter-critical property quantity efficiency

rule. Initially, molecular simulation studies on the vapor-liquid phase equilibrium of argon were
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conducted using the Trappe-ua and COMPASS force fields based on the Gibbs ensemble Monte
Carlo method, yielding preliminary simulation results. Subsequently, a qualitative analysis was
carried out to determine the impact of two potential energy parameters on the saturated vapor-
liquid phase density, saturated vapor pressure, and evaporation enthalpy with the parameter
perturbation method. In addition, a quantitative analysis was also carried out to establish the
functional relationship between the COMPASS force field potential energy parameters and critical
properties, and the optimized Lennard-Jones parameters of the COMPASS force field were
determined by substituting experimental critical values. Finally, the optimized parameters were
used to reprogram the force field for simulation verification. As revealed by the results, for the
Compass force field, the average absolute relative deviation of the simulated values of saturated
vapor-liquid phase density, vapor pressure, and evaporation enthalpy of argon from the values
calculated by the Refprop 9. 1 software decreased from 27% to 18%, indicating a significant
improvement in simulation accuracy. The method proposed in this study can provide a reference
for the optimization of Lennard-Jones parameters for vapor-liquid phase equilibrium of other
fixed-point working fluids in the low-temperature region.
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Fig. 1 Principle of Gibbs ensemble Monte Carlo
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Table 1 Initial force field parameters of Ar
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Table 2 Refprop data and simulation results for saturated vapor-liquid density of Ar

T/K or/(kgem ?)  pr/(kgem *)  oc/(kgem *)  pw/(kgem *) pur/(kgem *) pv/(kgem *)
145 854. 28 832. 35 982.19 244, 44 216.57 145. 05
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Table 3 Comparsion between the Refprop data and simulation

results for saturated vapor pressure of Ar

T/K pr/MPa pr/MPa pc/MPa
145 3.890 3. 864 2.990
140 3.168 3.333 2.425
130 2.026 2.113 1.572
120 1.213 1. 281 0.961
110 0.665 0.692 0.534
100 0.324 0. 350 0.263
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85 0.079 0. 085 0. 065
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Table 4 Comparsion between the Refprop data and simulation

results for enthalpy of evaporation of Ar
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Table 5 Comparison of experimental values of critical property

of Ar with GEMC simulation results
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Fig. 2 Influence of dimension parameter ¢ on thermodynamic characteristics of Ar

zkxb. xjtu. edu. cn




555 Bt A AR E

ST T 15 Z AL Ty 113

k6 ARRRTHHs T Ar 8916 451

Table 6 Critical properties of Ar for different dimension parameters ¢

1% fig e B8 o/ A T./K p./(kg+m *) p./MPa
3.99 150. 64 326. 37 2.97
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Table 7 Critical properties of Ar for different energy parameter e/k,
N1y N 31 e+ k' /K T./K o /(kg*m™) p. /MPa
120. 00 155.63 529.52 4.92
118. 00 152. 97 529.49 4. 80
Trapppe-ua c=3.39 116. 00 150. 21 535.03 4,72
114.00 147.98 532.03 4.71
112. 00 145. 40 535.27 4. 64
104. 64 165. 83 520. 77 5.13
102. 64 162. 66 520.23 4. 90
100. 64 159. 69 521.25 4. 88
COMPASS 5=3.88
98. 64 156. 58 521.81 4.75
96. 64 153.50 523. 36 4.70
94. 64 150. 69 524.43 4.67
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Table 8 Saturated vapor-liquid density before and after the optimization of the COMPASS force field

T/K PI_R/(kg’m ) PL(‘/(kg'm ) (OI‘(‘,()/(kg'm ) PVR/(kg'm ) PV(‘/(kg'm ) P\'(‘()/(kg'm )
145 854. 28 982.19 865. 96 244. 44 145. 05 215.12
140 943.71 1031.32 959. 72 178. 86 114. 37 174. 25
130 1 068. 10 1 118.57 1072.44 103. 56 72.60 107. 85
120 1162. 80 1193.94 1 165. 39 60. 14 44.78 67.69
110 1 242. 80 1 262. 35 1 245. 30 33.29 25.81 38.99
100 1 313.70 1 326. 64 1 316.58 16. 86 13. 37 20. 68
90 1 378. 60 1 388.61 1 385.55 7.44 6.02 9.92
85 1 409. 50 1 416. 46 1417.50 4.59 3.74 6.32
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Fig. 7 Comparison of vapor pressure and enthalpy of evaporation before and after the optimization of COMPASS force field
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Fig. 8 Comparison of absolute relative deviation between simulated results and Refprop software values for the saturated vapor

pressure and enthalpy of evaporation before and after COMPASS force field optimization
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Table 9 Saturated vapor pressure and enthalpy of evaporation before and after the optimization of the COMPASS force field

T/K pr/MPa pe/MPa peo/MPa AHy/(KJ * mol™")  AH¢/(KJ*»mol ') AHeo/(KJ » mol™®)
145 3. 89 2. 99 3.94 2.64 3. 90 2. 80
140 3.17 2.43 3.32 3.38 4,28 3. 36
130 2.03 1.57 2.17 4.37 4. 89 4.14
120 1.21 0.96 1.37 5. 06 5. 36 4,71
110 0.67 0.53 0.78 5.59 5. 74 5.16
100 0.32 0.26 0. 40 6.01 6. 06 5.52
90 0.13 0.11 0.18 6. 35 6.33 5.81
85 0.08 0.07 0.11 6.51 6. 45 5.94
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