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Numerical estimation of molar volume of
MgO periclase crystal

Ritsuo Morishita
Computational Science Division, Advanced Computing Center, RIKEN

Mantle of the carth consists mainly magnesinm-oxidie, Per-
iclase, MpO, is one of the most important minerals in man-
tle. The physical propertios of periclase crvstal have been
estimmated by experimental ™ and numerical® methods, 1
caleulated the molar volume of periclase to test the stabil-
ity of MD program for using VPP-770. The MDD program,
CTPMD, was made by Matsui. The simulation used the
Born-1uggins-Mever potential as two-body potential model,
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where v is the interatomic distance between atoms ¢ and
', and I oare the
cnergy paramelers perenliar to the kind of atom ¢ f is a
standard force of 4.184 kKJA™'. These parameters followed
Matsui™; qu, = —go = 0.945, A, = 0.8040, By, = 0.04,
("‘,\|,._ = 40,91, A = 1.8215, Bo = (L1358, (o = 90.61, ”Mat =
1")() — ).

o 15 the effective jonic charge, A,, 13,

The original CTPMD program can treat 2,000 atoms. The
aximum lattice number is Gay % Gae % bay which composes
216 unit cells of the MaO crystal; then the basic coll contains
s Mg and 864 O jons. I modilied the original program,
and the program can treat 30,000 atoms,  The simulation
condition used constant P-T method. The pressure is 00 Gpa,
and temperature is 300 K. Time step of simulation is 1 fsec.
The lattice number is changed from 4 to 8 Figure 1 shows
snapshot of 8 lattice number. Table 1 shows the mean molar
volume and deviation. The gy 15 caleulated by

Fig. L. Snapshot of periclase MD simulation. Blue;, Magnesium, Red;
Oxigen.

Table 1. The mean molar volume dependence of lattice number.
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Fig. 2. Time dependence of pressure, temperature and molar volume.
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where Vois mean volume, and N is step of caleulation, Note
the N is dilferent for lattice number (Table 1}, The @ am
decreses with lattice size, and mean volume converges to
10,7598 cm® moi ™", Figure 2 shows the simulation result of 8
lattice number. These results suggests that the lattice num-
ber ol & is sullicient to estimate the molar volume of periclase
crystals.

The mean volume is casy to caleulate other physical proper-
- N . - 0.
ties. Ior exanple, clastic coeflicient™ 1s necessary more coun

plex procedure. Next issue, we consider limit lattice number
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for other physical properties as same manner. MD simula-
tion in this study uses simple stable ionic crystal. In real
carth's mantle, there are vigorous differential stress, and high
temperature-pressure environment., To simulate such condi-

tion, we need larger lattice number, which includes more than
10,000 atoms,
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