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Abstract: The electronic structures of sphalerite with Zn-vacancy, S-vacancy, Fe-impurity and Cd-impurity were
calculated, respectively, using the ultra-soft pseudo-potential approach of the plane wave based on the density functional
theory(DFT), and their bond structure, band structure, density of states and the difference charge density were studied.
The calculated results indicate that the Cd-impurity makes the lattice constant of sphalerite increase, but the S-vacancy,
Zn-vacancy and Fe-impurity make the lattice constant decrease. The S-vacancy makes the band gap become narrow, and
the Mulliken charge of Zn-atoms around the S-vacancy is lower than that of others. On the contrary, the Zn-vacancy
makes the band gap become wide and the Fermi level moves to a low energy level, and the Mulliken charges of S-atoms
around Zn-vacancy are lower than those of others. The Fe-impurity makes the band gap become wide and forms an
impurity level in band gap which consists of the 3d-electrons of the Fe atom, and the Fermi level moves to a high energy
level. The Cd-impurity has a little effect on the band structure and density of states of sphalerite, and there is a level in —7.5
eV formed by the 4d-electron of the Cd atom. The population of Cd—S bond decreases and the covalence becomes weak.
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Fig.1 Four kinds of super-cell structures of ZnS with defect: (a) 1><1><1 super-cell; (b) 2>< 1< 1 super-cell; (c) 2><2><1 super-cell;
(d)2><2><2 super-cell(X= vacancy or impurity atom)
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Fig.3 Band structures of ZnS with S-vacancy (a), Zn-vacancy (b), Fe-impurity (c) and Cd-impurity (d)
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Fig.4 Total density of states of ZnS with S-vacancy, Zn-vacancy, Fe-impurity and Cd-impurity
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Table 1 Mulliken atomic population analysis of atoms around Table 2 Mulliken bond population analysis of bonds around
S-vacancy, Zn-vacancy, Fe-impurity and Cd-impurity S-vacancy, Zn-vacancy, Fe-impurity and Cd-impurity
Defect Population Defect type Bond Population Length/nm
Species Total Charge/e
ype T s p 4 g Perfect Zn-S 0.56 0.2350
S-vacancy Zn-S 0.54 0.2366

S 1.82 4.66 0.00 6.48 —-0.48

Perfect Zn-vacancy Zn-S 0.66 0.2304
Zn 0.55 099 998 11.52 0.48

Foi ) Fe-S 0.55 0.2221
_ e-impurity
S 1.82 4.63 0.00 6.45 0.45 7n-S 0.52 0.2361
S-vacancy
Zn 0.62 1.09 998 11.69 0.31 Cd-S 0.47 0.2523
Cd-impurity
S 1.84 457 0.00 6.41 -0.41 Zn-S 0.56 0.2345
Zn-vacancy
Zn 0.62 1.01 997 11.60 0.40
Zn—S
S 1.82 458 0.00 6.40 —-0.40
Fe-impurity ~ Zn 0.54 1.00 998 11.52 0.48 7n—S
Fe 047 0.61 690 798 0.02
S 1.82 4.68 0.00 6.50 —-0.50 2.4
5 3.13%

Cd-impurity  Zn 0.54 099 998 11.51 0.49

Cd 0.59 0.88 998 11.46 0.54
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Fig.5 Plots of differences of charge density contour of ZnS with S-vacancy (a), Zn-vacancy (b), Fe-impurity (c) and Cd-
impurity (d)
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