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First-principles study of high-pressure physical properties of ZnSe
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Abstract: Using the first-principles method based on density functional theory we study the structural

properties of zinc-blende structure, rocksalt structure and hexagonal wurtzite structure of ZnSe. At the

same time, according to the isoenthalpy principle, we have found the transition pressure from zinc-

blende to rocksalt is about 15. 5 GPa, which is in good agreement with the experimental result. The e-

lastic constants of ZnSe with zinc-blende structure under different pressures are calculated. The relation-

ship between the thermal expansion coefficient and the pressure at different temperatures are obtained

based on the quasi-harmonic Debye model.
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Tab.1 Calculated structural parameters, lattice constants

a\b and ¢, bulk modulus B, and the first derivative
of pressure B, for the ZB.RS and WZ structures

of ZnSe
2ty ik «/A /A By/GPa By’
ATV 5.97 5. 97 56. 42 4.38
Sy 5. 67b 5. 67 69. 30
7B 5. 82¢ 5. 82 52.92 4.05
. 5. 542 5. 74 72. 44 4.02
e
5. 734 5.73 57.16 4.48
AT 5.83 5.83 71. 96 4. 74
S 5. 29b 5.30  104.00
RS 5. 43¢ 5.43 74.16 4.92
e 5. 37d 5.37 69. 50 4. 59
5. 172 5.17 90. 72 4. 92
ATIE 3.9 7.19 52. 47 3.75
Wz S 3. 99¢ 6. 62
e 4. 054 6. 64 56. 34 4. 60
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Fig. 1 Enthalpy-pressure curves for RS and ZB pha-
ses of ZnSe
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Tab. 2 Calculated the elastic constants for ZB structures

of ZnSe under different pressure

p/GPa C11/GPa Ci2/GPa C11/GPa
0 81. 58 43.07 42. 60
3 97.93 64. 39 40. 27
6 105. 64 72.62 42.55
9 113. 58 83. 82 43. 24
12 124. 25 96. 03 40. 21
15 134. 59 108. 35 40. 69
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Fig. 2 Calculated ratio of volume for ZB and RS phase of
ZnSe versus pressure at different temperatures
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mal expansion and pressure for ZB phase of
7ZnSe under different temperatures
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