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Molecular dynamic simulation of MgSiO; perovskite: the effects of

sizes on elasticity properties and equations of state

ZHANG Wen-xuan, ZHOU Hui-qun, WANG Ru-cheng, WANG Di and YIN Kun
(Department of Earth Sciences, Nanjing University, Nanjing, 210093, China)

Abstract: Molecular dynamic simulation, a kind of theoretical method that supplements high temperature and
high pressure researches, was performed on MgSiO; perovskite. The size effects on the properties of the sys-
tems, especially some parameters affected greatly by the system sizes, have been seldom discussed before. Two
different sizes of cubes were simulated and, especially, the differences of thermal expansivity, compressibility
and equations of state were compared. One 8 X8 X 8 cells cube and one 4 X4 X4 cells cube were simulated from
300 K to 3000 K and 0.1 GPa to 100 GPa in this study. The result shows that the equilibrium of temperature
and energy not only coincides well with the experiment data but also agrees well with other thermal parameters
and equations of state. Thermal expansivity of the two sizes in comparison with diamond anvil experiments indi-
cates that the bigger cube coincides with Funamori et al.’s result. The diversities of the bigger cube are less
than 1% from the results of high pressure and high temperature experiments. Consequently, simulating a sys-
tem as big as possible can help to get a relatively reasonable molecular dynamic simulation result.
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Table 1 Potential parameters used in molecular dynamic
simulation
MgSiO; - > -
q; A; A B, A C; A* kJ'% mol 1?2
MgSIO’; Mg 1.9104 1.940 0.1529 0
Si 2.9043 1.942 0.1490 0
O —-1.6049 1.003 0.1337 3.71
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Fig. 1 Total energy equilibrium of the two sizes of cubes
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Fig. 2 Temperature equilibrium of two sizes of cubes
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Fig. 3 Equilibrium of cell parameter of a of MgSiOs-pv in different temperatures and pressures
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Table 2 Volume modulus of MgSiO;-pv at 300 K 1 X 10° Pa compared with other experiment data
Krp o GPa K 19 % p GPa K7!
Matsui 2000 256.3 -0.031
Belnonshiko  Dubrovinsky 1996 237 4.9
64 260. 66 4.17 -0.037
512 273.18 3.96 -0.039
Fiquet 1998 256 7 4 -0.035
Wang 1994 261 4 ~0.023
Utsumi 1995 261 4 -0.02
Funamori 1996 261 4 -0.028 17
Jackson and Rigden 1996 262.4 4 -0.021
Gillet 1996 261 4
Anderson 1997 263 -0.03
3 300 K 0~100 GPa MgSiOs-pv
Table 3 Parameters in the equation of state of MgSiO;-pv
at 300K 0~100 GPa
4
Fiquet er al. 1998
a K 2.67E-5 1.8E-5 1.5E-5 oK
Kr o GPa 260.66  273.18 261 or r
K1y 4.17 3.95 4 5
%If » GPa K! -0.037 -0.039 -0.026
K 4
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