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£ 1 AEREEMR MgO SRR R A X 28

Table 1. Parameters of the short-range pair potentials for simulation of MgO crystal properties with NaCl-type structure.

Parameter SM-SS SM-LC BSM BG
Ay/eV 1346.6 821.6 1822.0 929.69
Mg-O piil A 0.2984 0.3243 0.32448 0.29909
Cy/eV-AS 0.0 0.0 0.0 0.0
Ay/eV 22764.4 22764.4 17.22556 4870.0
0-0 p,,)/A 0.149 0.149 0.65664 0.267
C[]/EV.AG 20.37 20.37 1.1x107 77.0

F 2 HIRATN MgO SRR 522 KT
Table 2. Shell and breathing shell parameters of
MgO crystal characteristic simulation with NaCl-

type structure.

Parameter SM-SS SM-LC BSM
Y/ |e| ~2.9345 2.0000 ~3.42274

k/ eV-A? 51.71 15.74 113.58

K/ eV-A? 298.304
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h TSGR ik R S T R AR
FFH5E 2 R 52 A AR A 737 8 F1 22 ik T
DFT ) GGA =¥l Bl (LDA) ik, 43l
THA T ZU T MgO A 25 WS sk e i 7
JE 11 (135 GPa) 76 Fl N IR R HE R Bl e 1 19 A8 4k,
JUT A28 B 5 AN AR . XS 2R AT S S g 245 L 12
KA WA TEAL (DAC) s e B A5 21 ) 25 5L b7
HEAT T Hed, AN 1 R, TEER KR SAE R, Feil2
FH G M A F A Jo R4 A S A0 A 0 A T L B2 SR

1.00g
Theoretical calculations
0.95 —s— MD: SM-LC
—e— MD: SM-SS
0.90
_0.85F
=
> 0.80
0.75
Experiments:
o Hydrostaticl?
0.70F o Non-hydrostaticl? AAAxA <
%+ DACH3 a2, 1
0.65 1 1 1 1 44

1 1 1 1
0 15 30 45 60 75 90 105 120 135
Pressure/GPa

Bl 1 A BB R MgO 5 3 45 44 A9 A B L 2R e
T30 738 A BRI S0 25 2 L

Fig. 1. Volume ratios of MgO with NaCl-type structure un-
der pressures at zero temperature, in comparison with the

experimental data.
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K2 MgO MR RELS M (Hoh RER AU Mg iU 7, MEkfAR OBLT)  (a) B1; (b) B2; (¢) B3; (d) B4; (e) B8y; (f) B8y;

(g) P3ml

Fig. 2. Probable crystal structures of MgO (the large and small spheres represent magnesium and oxygen atoms, respectively):

(a) B1; (b) B2; (c) B3; (d) B4; (e) B8; (f) B8y; (g) P3ml.
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Fig. 3. Calculated relative enthalpies of MgO with B1, B2,
B3, B4, B8;, B8, and P3ml phases as a function of pres-

sure at zero temperature.

P, RIAK BB FA AR S R A O AR
25, JE D0 SR RE R TSI T LB AR
HA IR E YRR [, AR S 1 ik 4
B DL A TR 75 25 % T U ) (o7 T S e S
FRE AR R AR SRS, DT BEAS 4
R D5 TR 2 75 A7 AE A A LA B A FH D R 55
h TR ASCHE Y MgO fhiAk 7 FhaT fegs i i 3l
T FEME, 7€ DFT HEZR T, SR FH 4t i 1 7
%P R TR KT BL, B2, B3, B4, B8y,
B8, Al P3ml L5417 Tl B2 Z5F7EAHAS R )
580 GPa F AR Filk, ikl 4 iR, afLIEH, &
JET MgO gtk B2 454 i/ 7 A B ARAE 7, Ui
HZZ5 AR X PR S T RATRE W, 5 J1 55
580 GPa i, B2 2544 ik Fo 45 40, 46 il 44
JEERRE MR ZHT B3, B4, B8, B8, il
P3m1 G561 75 3 75 5 A1 5L X B i A
I, XEWRE ENHEEE T 231 REmn, &
MgO HIVER L5 4.

3.2 BRAMRENE

I MgO SR B1 A& 1.0 57 7 45 4
2 [ABER Fm3m, BA TG EF, HAR LSS5
H4.267 A, FNEZEG 45 R 4.212 AFFS AR 99 AE
MgO [0Sz 77 R rf AT 2 4 1B B T
O JT n iEA R kT, B Mg JR2+ 5 8510
RURELCE, O JiF il R A i o A7
B, AT LIA SR AR AR B L. A8 5 R 7 215
RUFN I 52 JE AR 53 80 120 05 1, XA Eh 254l
1) MgO B = iR Aa e, RIS Ak 4 AT T R 41

[ A 2 A A 1] YR A A A 35T 1 El RE
A, MARBU R A 584, HAEME kG, i, &1
— AR e R, TR IRE I R, 1E
et MR N Y PR AT (TS s o v 1 A
ZIAIFE AR 2E A AR AR A A G R, KIS
THEMMEARZE. Yy RAE ST 40 T st
JE— PR 2 W R, AR VT IR B RN
10 B, X ) O A A AR T 2 M AR A A
W, WV B A% 0 S IR A AR I IR, e
SR AR N, B 72 S A5 R TN E % AR A 00, il 1
7% LR AR R 5o JA AR B TR T aEh
ZE R MgO 7E 500—5000 K LB 3 Fl N i 1R &
4 JEE R AR BRI e Bl L B A A8 Ak, anEl 5 R 6
B,

H & 5 FE 6 AT LUE h, A4 MgO 78
TR — e R B, XN R BE IR RS e A A T
HT I R RS ) FH T 72 R B AR D5 28] ) R A U
FEh 4490 K, FIH 52 2RV T8 122 HE5 &
SM-SS il SM-LC #ZHH 0115 21 Y BR A il B 45
SR 4495 F1 3894 K, FIHH BG 1EH#HS B i5
B ERAS IR N 3796 K, Hrp A SM-LC 1 BG
ISHBAUS BN 25 RARF k. e —1 807
2E R, AR BUARIE LIS, AR A A AL TR AT AR
P — 7 A ACHL IR EA 745 1E 1O, B $A 3 m] 4
TAOREIE:

T
0= 7 1, (4)
Ao, T BRI 2 AR T, R S PR ds
AR . FRATT G R SR A 43 3l ) SR ok
0.1 MPa, 31.5 GPa, 47 GPa #1 135 GPa JE JJ F
1) 43 8 1 2F INAN R P YRR R S 6 i L ok

126201-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 126201
B1 at 0 GPa B3 at 0 GPa
20
(a) 20 /\ (b)
15 15 e —_| —
—
g 10 Q ><= B 10t //_
5 5
0 0
w L G X W K w L [€] X W K
B4 at 0 GPa B8&; at 0 GPa
(c) 20 > /\ (d) 20 7 -\
15 \Ev — 15y \Zi/& ™
N — N J
g 10| / <;7 é 10 E % %ﬁ\
3 5
K X/ K f/
5 >/\>\ 5
0 0
G A H K G M L G A H K G M L H
B8, at 0 GPa P3m1l at 0 GPa
@ 2 > / RN CS /
LT
L /\? _ : 15[
= : =
~ ~ - —
¥ 10} /\ —— s 10 —
K %ﬁ <] K g %
5 5
0 0
G A H K G M L H G A HK G ML H
B2 at 0 GPa B2 at 580 GPa
20
(g) (h) 40
15 y
10 30 L
i o
£ st £ 90f
" 4 =
¥ N 10}
—5L
—10 0
X R M G R X R M G R

&l 4
A5 K 1k 580 GPa 7 F i (h)

5 F ) MgO 1K Bl (a), B3 (b), B4 (c), BS; (d), B8, (¢), P3ml (f) Fl B2 (g) 4575 % JE T 75 T-1% Ml B2 45 M 75 41

Fig. 4. Calculated phonon spectra of MgO with Bl (a), B3 (b), B4 (c), B8; (d), B8, (e), P3ml (f) and B2 (g) phases at 0 GPa and

with B2 phase at 580 GPa (h).
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NaCl-type structure as a function of temperature at zero

pressure.
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High-pressure structure prediction and high-temperature
structural stability of periclase’
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Abstract

Periclase is the terminal component of the ferropericlase, and its chemical composition is MgO. It is well
known that there exists a huge difference between the melting curves of MgO determined experimentally and
theoretically. A feasible way to clarify the nature of the melting temperature is to investigate the possible new
phase of MgO. Meanwhile, it is very important to study the new phase and the influence of temperature on
structural stability of MgO in high-pressure condensed matter physics and geophysics. In the present work, we
study in detail the phase stability and the possible existing structures of MgO, which include the structure
predicted by particle swarm optimization algorithm through using the first-principles pseudopotential density
functional method. We find that MgO crystallizes into a rocksalt structure in a pressure range from 0 to
580 GPa and that the CsCl-type structure is of a high-pressure phase at up to 800 GPa. Although an NiAs-type
hexagonal phase perhaps explains the volume discontinuity at (170 + 10) GPa along the MgO Hugoniot in a
shock-compression experiment (Zhang L, Fei Y W 2008 Geophys. Res. Lett. 35 L13302) and a wurtzite phase
perhaps explains the huge difference between the melting curves of MgO determined experimentally and
theoretically (Aguado A, Madden P A 2005 Phys. Rev. Lett. 94 068501), neither of them is existent in the entire
range of pressures studied, according to the thermodynamic stability calculations. The calculations of phonon
spectra indicate that the B3, B4, B8, B8y, and P3ml phases of MgO are dynamically stable at zero pressure.
That is to say, all of the predicted structures are the metastable structures of MgO. In addition, the high-
temperature structural stability of MgO is investigated by using very similar Lewis-Catlow and Stoneham-
Sangster shell model potential based on the classical molecular dynamics (MD) simulations. In order to take
into account the non-central force in crystal, the breathing shell model is also introduced in simulation. The
thermodynamic melting curves are estimated on the basis of the thermal instability MD simulations and
compared with the available experimental data and other theoretical results in the pressure range of 0—
150 GPa.
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PACS: 62.50.—p, 31.15.ae, 71.15.Mb, 71.15.Pd DOI: 10.7498/aps.68.20190204

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11464027, 51562021), the Excellent
Research Team of Lanzhou Jiaotong University, China (Grant No. 201803), and the Foundation of A Hundred Youth
Talents Training Program of Lanzhou Jiaotong University, China.

1 Corresponding author. E-mail: sunxw_ lzjtu@yeah.net

126201-11


http://dx.doi.org/10.7498/aps.68.20190204
mailto:sunxw_lzjtu@yeah.net
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

