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Table 1 Parameters of the equation of states for three structures of SiO,

Structure Source a/(nm) b/(nm) ¢/(nm) B, /(GPa) B’
Present work 0.49050 0.49050 0.544 87 55.4 3. 36

a-quartz Experimental result'’] 0.49160 0.49160 0.540 54 37.1 6.0
Calculated result™'® 0. 489 0. 489 0.549 38.1 3.90

Present work 0.41974 0.41974 0.26974 254.7 7.1

Rutile Experimental result'™ 0.41801 0.41801 0.26678 313.0 6.0
Calculated result™'® 0.414 0.414 0.267 292.0 5. 86

CaCl, Present work 0.41979 0.41982 0.26973 252.5 7.2
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Fig. 1 Total energy versus volume for SiO, Fig. 2 Gibbs free energy versus pressure for SiO,
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Table 2 Transition pressures of SiO,

b1 /(GPa) D2 /(GPa)

Calec. Cale. (Ref. )  Expt. (Ref. ) Calc. Cale. (Ref. )  Expt. (Ref.)
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Table 3 Variation of charge transfer and band gap of

o-quartz structure SiO, under different pressures

Pressure Band gap Charge transfer Pressure Band gap Charge transfer
/(GPa) /(eV) /(107" O) /(GPa) /(eV) /(107" O)
0 10. 26 1. 36 7.71 10. 55 1. 38
2.04 10. 38 1. 36 10.01 10. 59 1. 38
3.74 10. 42 1. 36 12.76 10. 60 1. 39
5.62 10. 48 1. 36
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Fig. 7 Changes of the total density of states under different pressures
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First Principles Calculation of SiO, at High Pressures

HAO Jun-Hua, WU Zhi-Qiang, WANG Zheng,
JIN Qing-Hua, LI Bao-Hui,DING Da-Tong

(Institute of Physics s Nankai University , Tianjin 300071,China)

Abstract; Total energy of SiO; as a function of unit cell volume has been calculated for a-quartz, rutile
and CaCl, structures using the density function theory (DFT) and Hartree-Fork ( HF) method.
According to the Murnaghan’s equation of state,the bulk modulus B, and B'=dB/dp for these three
structures have been obtained. The calculated results are all in good agreement with experimental and
other theoretical data available in the literature, which indicate that SiO, will transform from a-quartz
structure to CaCl, structure as pressure increasing, and there is no phase transition between rutile
structure and CaCl, structure,namely they can coexist. By analyzing the changes of the lattice parame-
ters,the electronic density of states,and the band gap under pressure,it is found that in a-quartz SiO,
the energy band width and charge transfer increase with increasing pressure. Moreover, the Si—QO
bond length is shortened and the electric charges are redistributed.

Key words: {irst-principles; phase transition;density functional theory;electronic density of states
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