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Table 1 The high-pressure phases and the phase transition pressures for rutile-type dioxides

) . Pressure of pahse transition Pressure of pahse transition Pressure of pahse transition
Dioxide C;l(t;omn)rsjn to CaCl,-type/ (GPa) to a-PbO,-type/ (GPa) to Pyrite-type/ (GPa)

Experiment  Simulation Experiment  Simulation Experiment  Simulation

Si0, 0. 040 550671 550 85067 g5t 268" 20501
GeO, 0.053 260711 19 44071 3601 7017 65. 5"
MnO, 0. 053 0.3t Unkown Unkown Unkown Unkown Unkown
RuO, 0. 062 grT1l 5Lel Unkown gtrs] 13067 Unkown
Sn0O, 0. 069 11, gtzozsd 12. 424 1220 ~18t2 Unkown 21220, 16, 7% 22,124
PbO, 0.078 4reo-2) Unkown Unkown Unkown 70zl Unkown
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Table 2 Three candidate phases of MnO,

Atomic coordinates

Structure Atom Wyckoff symbol - y <

Rutile type Mn 2a 0 0 0

P4, /mnm (£136)(Z=2) 0 Af x1 x1 0
CaCl,-type Mn 2a 0 0 0

Punm (£58)(Z=2) o) Ag x2 y2 0
Pyrite type Mn 2a 0 0 0
Pa3(£205)(Z=4) 0 8¢ x3 x3 x3
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PACE S LA G5B B-MnO, S5 SHNER 3 Fios  R1FH S S 8 o B9 22 5 Haines 5511 Je 28
7505 IR 2243 R 1L A VO RN 1. 64065 LS B ¢ IR 2241 0. 2061 0. 700, R AR TAE TR Y
a Ml e 598 BAR AT & 1B

#3 BETSAALEHM MO, WEMSH

Table 3  The unit cell parameters of f-MnO, at zero pressure

Researcher a/(nm) ¢/(nm) xl V,/(nm*)
This work 0. 446 34 0. 28808 0.3046 0.057 39
Haines,et al-'’ 0.44008 0. 28745 0.3046 0. 05567
Lee Hsiu-Fang!' 0. 43900 0. 286 00 0.05511
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Fig. 1(a) Gibbs free energy vs. pressure for three Fig. 1(b) The total energy vs. volume for three

high-pressure phases of f~-MnO, high-pressure phases of f-MnO,
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(a) Rutile-type (b) CaCl;-type (¢) Pyrite-type

2 MnO, By =Fp 254 &l

Fig. 2 Three crystal structures of MnO,
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Table 4 The bulk moduli of dioxides (GPa)
Structure Si0, (0.40)  Ge0,(0.53)  FMn0,(0.53) Ru0,(0.62)  Sn0,(0.69)  PbO,(0.775)
Rutile type(P4,/mnm) 3130 25001 187(This work) 2700 205021 1761
CaCl,-type( Pnnm) 28201 241071 202(This work) 266041 204021 167
a-PbO,-type(Pbcn) 313(0] 256012 Unkown Unkown 20821 Unkown

Pyrite type(Pa3) 3930 35701 341(This work) 399t 2610 223"
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Ab Initio Studies of High-Pressure Transformations in f-MnO,
LI Yu-Juan', WU Xiang”,QIN Shan',WU Zi-Yu®
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2. Beijing Synchrotron Radiation Facility ,Institute of High Energy Physics .
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Abstract : First-principle calculations of MnQO, polymorphisms (rutile-type,CaCl,-type and pyrite-type)
have been carried out with the full potential linearized augmented plane wave (FPLAPW) method.
Through the calculations, we predict that the rutile-type MnO, can transform to CaCl,-type at 5 GPa,
and then transform to pyrite-type at 20 GPa. Furthermore, we summary the characteristic of several
rutile-structure metal dioxide phases transformation under high pressure and conclude that the group
IV element dioxides have similar sequence of the phase transition. In general, the pressure induced
phase transformations of these group [V element dioxide take place at lower pressure with the increase
of cations radii and decrease of the value of bulk moduli.

Key words:ab initio jrutile-type structure; manganese dioxide;pressure-induced phase transition



