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Effect of many-body interactions on the equation of state for solid argon
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Abstract: By using ab initio self-consistent field Hartree-Fork methods and atomic clusters expanding
theory and employing Gamess program, two- and three-body interaction energies and the equation of
state for solid argon in fcc crystal have been quantificationally calculated at the neighboring atomic dis-
tance R=2.40 —4. 00 A under high pressure. In addition, the convergence and truncation of atomic en-
ergy multi-body expansion are analyzed. It is found that two-body contribution to the cohesive energy is
positive, while the three-body contribution is negative in solid argon under high pressure. At high pres-
sure, only the consideration of the two-body contribution will overestimate the cohesive energy, hence it
is necessary to introduce the three-body negative effects. The phenomenon of the experiment under
80GPa can be explained by considering the three-body potential.
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Fig. 1 The structure model in three-atomic system
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Tab. 2 Contributions of the pair potential and three-body

potential to the binding energy in solid argon

o E; (0)+ E; (0)/
RCA) E; (0) (K) E; (0) (K) E: (0) (K) E:(0)(%)
2.40 90963. 5 —35029.0 55934. 4 38.51
2.45 77272, 2 —26950. 2 50321.9 34.88
2.50 65600. 8 —20720. 4 44880. 3 31.59
2.55 55656. 3 —15917.0 39739.3 28. 60
2.60 47188.0 —12214.1 34973.9 25.88
2.65 39980. 8 —9360. 5 30620. 3 23.41
2.70 33850.7 —7162.4 26688. 3 21.16
2.75 28640. 1 —5470. 2 23169.9 19.10
2.80 24214.0 —4168. 3 20045.7 17. 21
2.85 20456.7 —3167.7 17289. 1 15.48
2.90 17269. 6 —2399.3 14870. 3 13.89
2.95 14568. 0 —1810. 1 12757. 8 12.43
3.00 12280.0 —1359.0 10920. 6 11. 07
3.05 10342. 6 —1014. 2 9328. 4 9.81
3.10 8704. 4 —751.3 7953.2 8.63
3.15 7319.9 —551.2 6768.7 7.53
3.20 6150. 8 —399.6 5751.2 6.50
3.25 5164. 2 —285.0 4879. 3 5.52
3.30 4332.5 —198.8 4133.7 4.59
3.35 3631.7 —198.8 3497. 4 3.70
3.40 3041.9 —86.4 2955. 4 2. 84
3.45 2545.7 —51.2 2494.5 2.01
3.50 2128.8 —25.5 2103.3 1. 20
3.55 1778.7 —7.1 1771. 6 0. 40
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Tab.3 Two-body potential pressure P, and the three body potential pressure P; and experimental values

R(A) V(em?® /mol) P, (GPa) P;+P; (GPa) Py (GPa)L®) Py+Ps (GPa) 1) 5246 (GPa)L13]
2.40 5.9 345. 39 138.79 330. 5 132.0 176. 2
2.45 6.2 275. 45 122.57 274.2 121.3 152.5
2.49 6.6 229.77 109. 57 227.5 110. 2 138.6
2.54 6.9 183.08 94. 04 188.7 99.1 133.6
2.59 7.3 145.77 79. 80 156. 6 88. 3 116.5
2.64 7.8 115. 98 67.07 129.9 77.9 90. 5
2.68 8.2 96.53 58.03 107.7 68.4 78.9
2.73 8.6 76.67 48.12 89. 4 59.6 69. 3
2.78 9.1 60. 83 39. 67 74.2 51.7 58.4
2.82 9.6 50.52 33. 86 61.5 44,5 48.5
2.87 10.1 40. 00 27.66 50.9 38.2 43.1
2.92 10. 6 31. 64 22.50 42. 2 32.6 36. 6
2.96 11.1 26. 20 19.02 35.0 27.8 29.4
3.01 11.6 20. 68 15. 37 29.0 23.5 26.0
3.06 12.2 16. 30 12. 38 24.0 19.9 21.5
3. 11 12.7 12. 83 9.94 19.9 16. 8 17.7
3.15 13.3 10. 58 8. 33 16.5 14.1 14.9
3. 20 13.9 8.31 6. 66 13.6 11.8 13.1
3.25 14.5 6.52 5.32 11.3 9.9 10. 6
3.29 15.2 5.37 4,44 9.3 8.3 8.8
3. 34 15.8 4.21 3. 54 7.7 6.9 7.1
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R(A) V(ecm? /mol) P, (GPa) P, +P3(GPa) P, (GPa)l8] P, +P;(GPa)I1] 5285 (GPa)l 3]
3.39 16. 5 3. 30 2.82 6.4 5.8 6.0
3. 44 17.2 2.59 2.25 5.3 4.8 5.0
3.48 17.9 2.15 1. 89 4.4 4.0 4.2
3.53 18.7 1.70 1.52 3.6 3.4 3.5
3.58 19.4 1. 36 1.24 2.9 2.8 2.8
3.62 20. 2 1. 15 1. 06 2.4 2.3 2.3
3.67 21.1 0. 94 0. 88 2.0 1.9 1.9
3.72 21.8 0.78 0.75 1.7 1.6 1.6
3.76 22.7 0. 69 0.67 1.3 1.3 1.3
3.81 23.5 0.61 0. 60 1.1 1.1 1.1
3. 86 24.4 0.55 0. 54 0.9 0.9 0.9
3.91 25.3 0.51 0.51 0.7 0.7 0.7
3.95 26.3 0.49 0.49 0.6 0.6 0.6
4. 00 27.3 0.47 0.47 0.5 0.5 0.5
4 E B (5] EwfE. WA, SRk & MSW 30 2 k4 51
= W P TE ). o[ T AR M B 5 B 4 4R 1998,
AR ab initio H 153 SCF.HFD 51 & [6] AzizR A, Slaman M J. The argon and krypton in-
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