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Study on the structural, elastic and thermal properties of chalcopyrite MgGeP,

DONG Yu-Jing » GAO Yan-Li
(School of Science and Technology, Xinyang University, Xinyang 464000, China)

Abstract: The structural, elastic and thermal properties of MgGeP, crystal have been studied compre-
hensively with the first-principle method based on the density function theory. The equilibrium lattice
constant, the energy gap. the elastic coefficient and other related thermal parameters of MgGeP, have
been discussed in this paper. The results are analyzed theoretically and show that the compound of
MgGeP;at zero-pressure is direct band-gap semiconductor and the value of energy gap is 1. 522 eV. Fur-
thermore, Calculation of elastic properties in this crystal indicates that the MgGeP, is an anisotropic and
ductile material. In addition, the effects of temperature and pressure on the thermal properties such as
Debye temperature, the thermal expansion coefficient and heat capacity Cy and C, are also worked out
by the quasi-harmonic Debye model in the range of 0~40 GPa and 0~800 K.
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in chalcopyrite phase
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Tab. 1  The theoretical and experimental data of lattice
constants, bond length, energy-gap of MgGeP,
under different methods

This work Other theoretical calculations
a(A) 5. 748 5.652* 5,656 5.779¢ 5.787¢ 5.715¢

c (A 10.887 10.115* 107. 712> 10.607¢ 10.740¢ 10. 516¢

u 0.278 0.30% 0.277% 0.279¢ 0.278% 0.280°
d(Mg,p) 2.544 2.539¢  2.546¢
d(Ge,p) 2.355 2.340¢  2.355¢
Eg;(eV) 1.522 1.5¢ 1.6¢  3.0099" 2.1 1.39%

* FP-LAPW Ref. [8], PRef. [11], ¢ GGA-AMO5 Ref. [13], {GGA
Ref.[7], © GW Ref. [30], 'GGA Ref. [12], ¢EV Ref. [12],
h(PLS) Ref. [31], ‘Ref.[1]
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19 77 2 B8 8 M A0 2 DU #E S Cyy >0,
Cy3,>0, Ciy >0, Ciq>0,(Cy — Cip)>0, (C,Cyy
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Tab. 2 Calculated elastic constants C; (GPa), poisson ra-
tio v, bulk modulus B(GPa) and its first derivative
B’ of MgGeP, compared to the theoretical data.

This work Other theoretical calculations®

Cn 110. 532 104. 171
Ciy 62.768 50.432
Cy 65. 863 56. 555
Css 89.033 78.615
Cu 42.514 36.122
Css 37.410 42.104

B 64.52" 76, 820¢ 78. 6894 67.74

B’ 4. 308

v 0.393b 0.313

* GGA-AMO5 J5#: Ref. [13], P Birch - Murnaghan AR & J5 2 42
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