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Fig. 2 Comparison of the cohesive energy for rare-gas solids
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Table 1 The pressure components of solid argon

P/GPa
R/A V/(cm®-mol ™) Error/%
Exp." Ab initio" Eq.(10)
2.40 5.887 237.61 248.95 247.04 3.97
2.45 6.262 194.11 204.44 200.72 3.41
2.50 6.653 158.51 167.59 163.25 3.00
2.55 7.061 129.38 137.12 132.81 2.65
2.60 7.484 105.53 111.96 107.98 2.32
2.65 7.924 86.02 91.23 87.70 1.95
2.70 8.381 70.06 74.18 71.12 1.51
2.75 8.856 57.00 60.20 57.57 1.00
2.80 9.348 46.34 48.75 46.49 0.32
2.85 9.857 37.62 39.41 37.54 -0.21
2.90 10.385 30.51 31.80 30.31 —0.66
2.95 10.932 24.71 25.62 24.65 -0.24
3.00 11.497 19.99 20.60 19.79 -1.00
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A Novel Expression of Cohesive Energy Contributions to the
Highly Compressed Characteristic for Rare-Gas Solids

ZHENG Xingrong

( Department of Physics, College of Electrical Engineering, Longdong University, Qingyang 745000, China)

Abstract: Based on quantum theory and atomic cluster theory, using many-body expansion method and the
ab initio method, a novel expression is presented for calculating the cohesive energy of rare-gas solids (RGS)
(RGS=He, Ne, Ar, Kr) and studying the cohesive energy contribution to the highly compressed
characteristics for RGS. In this expression, we introduce a new coefficient 8=0.5, which makes the
expression of potential function simple and accurate. Compared with previous results, it is necessary to
obtain a new cohesive energy expression that can describe accurately the many-body interaction contribution
to cohesive energy, and the mean relative errors are within 5%. The expression can also be applied to
calculate the compressibility of solid helium, neon, argon and krypton in the present experimental pressure
range (He 60 GPa, Ne 238 GPa, Ar 114 GPa, Kr 128 GPa), and the numerical results are consistent with the
recent experiment results and ab initio calculation results with the mean relative errors of no more than 5%.
Finally, an application in solid argon verifies the accuracy of the potential expression. The expression not
only can be applicable in a wider density and pressure range, but also all rare gas systems. In addition, it has
important guiding significance for studying the high-pressure compression, specific heat, melting curve and
elastic modulus of rare-gas solids.

Keywords: rare-gas solids; cohesive energy; atomic cluster theory; many-body expansion method; ab initio

method; compressibility
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