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Fig. 1 Slab models of sulfide mineral surface: (a) PbS(100); (b) FeS,(100); (c) ZnS(110)
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Fig. 2 Band structure of bulk galena (a) and (100) surface (b)
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Fig. 3 Band structure of bulk pyrite (a) and (100) surface (b)
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Fig. 5 Schematic diagram of sphalerite (110) surface structure
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Table 1 Mulliken charge of sphalerite (110) surface after relaxation
Position Atom ] P d Total Charge/e
S1(Three coordination) 1.86 4.65 0.00 6.51 -0.51
Outermost surface layer S2(Four coordination) 1.82 4.67 0.00 6.49 —0.49
Zn1(Three coordination) 0.91 0.79 9.97 11.68 0.32
Zn2(Four coordination) 0.75 0.93 9.98 11.66 0.34
S3(Four coordination) 1.82 4.65 0.00 6.47 —0.47
Sub-surface layer S4(Four coordination) 1.82 4.66 0.00 6.48 —0.48
Zn3(Four coordination) 0.55 0.93 9.98 11.46 0.54
Zn4(Four coordination) 0.46 0.93 9.98 11.37 0.63
S5(Four coordination) 1.82 4.66 0.00 6.48 —0.48
S6(Four coordination) 1.82 4.66 0.00 6.48 —0.48
Bulk Zn5(Four coordination) 0.50 0.94 9.98 11.41 0.59
Zn6(Four coordination) 0.48 0.94 9.98 11.40 0.60
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Table 2 Mulliken charge of pyrite (100) surface after

relaxation

Layer Atom s p d  Total Charge/e

S1 1.86 4.25 0 6.11 —0.11

S4 1.82 4.20 0 6.02 —0.02
surface layer
Fe3 034 043 7.15 792 +0.08

Outermost

S5 1.80 410 0 5.90 +0.10
1.81 412 0 593 +0.07
Fe7 035 0.61 7.16 &.12 —0.12

Sub-surface

layer

S9 1.81 4.11 0 5.92 +0.08
Fel2 035 064 7.17 8.16 —-0.16

Bulk
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Table 3 Mulliken charge of galena (100) surface after

relaxation
Layer Atom s p d Total Charge/e
Outermost Pb 1.98 141 10 13.39 0.61

surface layer S 193 475 0 6.68 —0.68

Sub-surface Pb 1.90 143 10 13.33 0.67
layer S 192 473 0 6.65 —0.65

Pb 1.88 1.41 10 13.29 0.71
Bulk
S 193 474 0 6.67 —0.67
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Effect of spatial structure on band structure and
electronic properties of sulphide minerals

CHEN Ye"2, CHEN Jian-hua"2, LI Yu-giong"?, ZHAO Cui-hua’

(1. College of Resources and Metallurgy, Guangxi University, Nanning 530004, China;
2. Guangxi Colleges and Universities Key Laboratory of Minerals Engineering, Guangxi University, Nanning 530004, China;
3. School of Materials Science and Engineering, Guangxi University, Nanning 530004, China)

Abstract: The bulk and surface electronic properties of galena, pyrite and sphalerite were calculated by adopting density

functional theory, and the effects of spatial structure on the band structure and electronic properties of these three typical

sulphide minerals were studied. The results show that surface relaxation leads a greater band gap of PbS (100) surface

compared with the bulk PbS, and the surface electrons are more reactive than the bulk electrons, while for the FeS, (100)
surface, the band gap decreases and shows a metallic characteristics. The analysis of surface Mulliken charge of these

three sulphide minerals suggests that, for the PbS (100) and ZnS (110), the electrons transfer from the bulk to the surface,

however, the electrons of FeS, (100) transfer from the surface to the bulk. The DOS of bulk pyrite and surface pyrite Fe

atom with different coordination number indicate that the decrease of coordination number leads to the increase of Fe 3d

energy level and Tamm surface energy level.
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