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Optical and Mechanical Properties of Cr** :ZnSe Under High Pressure
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Abstract ZnSe is an important semiconductor material of II-VI group. It exhibits a zinc blende (ZB) structure at
room temperature and pressure, and the phase transition into a rock salt (RS) structure occurs under high pressure.
Doping transition metal ions (TM®" ) into the ZnSe crystal can effectively produce laser gain media and photoelectric
materials in the mid-infrared region, which exhibit important research significance. This study mainly deals with the
effect of high pressure on the properties of the Cr’" -doped ZnSe semiconductors. Further, the effect of dopant
(Cr*" ) on the phase transition pressure of ZnSe and the changes of electronic structures, optical properties, and
mechanical properties of ZnSe and Cr’" :ZnSe are calculated under high pressure using the first-principles
calculations based on the density functional theory. The introduction of the dopant (Cr’" ) reduces the phase
transition pressure of ZnSe from ZB structure to RS structure, and this trend continues with a further increase in the
doping concentration. The electronic structures and optical properties of ZnSe and Cr*" : ZnSe are evaluated under
high pressure, and ZnSe is found to shift from exhibiting semiconductor properties to exhibiting metal properties
under high pressure. The calculated elastic constants of the crystals satisfy the stability conditions under both
ambient and high pressure. Meanwhile, the large bulk modulus, shear modulus, and Young's modulus of the
crystal under high pressure indicate that the RS structure exhibits considerable hardness and stability and is
remarkably resistant to deformation under external influences.
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Fig. 1 Smallest cubic structures of ZnSe crystal. (a) Zinc blende structure; (b) rock salt structure
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Table 1 Lattice constants and Cr-Se bond lengths of ZnSe and Cr*" : ZnSe cubic supercells after structural optimization
Structure Crystal a /(107" m) b /(107" m) ¢/(107" m)  Cr-Se bond length /(107" m)
ZnSe 11.482 11.482 11.482
Zinc blende Cr*" +ZnSe-3.13% 11.472 11.472 11.472 2.392
structure Cr*" :ZnSe-6.25% 11.466 11.466 5.732 2.389
Cr*" +ZnSe-12.5% 11.458 5.722 5.722 2.388
ZnSe 10.745 10.745 10.745
Rock salt Cr’" :ZnSe-3.13% 10.740 10.740 10.740 2.508
structure Cr*" :ZnSe-6.25% 10.751 10.751 5.333 2.502
Cr*" :ZnSe-12.5% 10.834 5.309 5.309 2.485
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Table 2 Phase transition pressures of ZnSe and Cr*" : ZnSe

with different doping concentrations

Crystal Phase transition pressure /GPa
ZnSe 14.09
Cr*" +ZnSe-3.13% 11.85
Cr*" +ZnSe-6.25% 10.63
Cr*" :ZnSe-12.5% 9.07
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Fig. 2 Band structures of pure ZnSe and Cr®" : ZnSe-3.13%. (a) Band structure of ZnSe with zinc blende structure

calculated at 0 GPa; (b) band structure of ZnSe with rock salt structure calculated at 15 GPa; (c¢) band structure of
Cr’" :ZnSe-3.13% with zinc blende structure calculated at 0 GPa; (d) band structure of Cr*" : ZnSe-3.13% with

rock salt structure calculated at 15 GPa
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Fig. 3 Densities of states of pure ZnSe and Cr*" : ZnSe-3.13% . (a) Density of states of ZnSe with zinc blende structure
calculated at 0 GPa; (b) density of states of ZnSe with rock salt structure calculated at 15 GPa; (c) density of
states of Cr®" :ZnSe-3.13% with zinc blende structure calculated at 0 GPa; (d) density of states of Cr*" : ZnSe-

3.13% with rock salt structure calculated at 15 GPa
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Table 3 Elastic constants of ZnSe and Cr®" :ZnSe-3.13% at 0 GPa (zinc blende structure) and 15 GPa (rock salt structure)

Structure Crystal C,/GPa C,,/GPa C,,/GPa ¢ B /GPa G /GPa E /GPa
ZnSe 80.98 45.87 37.61 0.68 57.57 27.70 71.61
Zinc blende structure
Cr’" :ZnSe-3.13% 80.39 45.57 37.22 0.68 57.18 27.44 70.97
ZnSe 115.65 48.03 37.88 0.55 70.57 36.20 92.74
Rock salt structure )
Cr’" :ZnSe-3.13% 111.52 48.56 39.71 0.57 69.55 36.18 92.50
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