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First principle study of effect of Fe impurity on electronic structure
and activation of sphalerite surface
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Abstract: The simulation of Fe doped sphalerite (110) surface and Cu adsorption on the sphalerite surface were
performed by using plane wave-pseudopotential approach based on density-functional theory. The results show that the
substitution energy for Fe substituted Zn atom are negative which indicate the Fe is easy to substitute Zn atom on
sphalerite surface, and substitute reaction is insensitive to the site. The presence of Fe impurity shifts the energy band to
deep part. Impurity level composed of ¢, and e,, of Fe3d orbital and Tamm surface cased by the splitting of S3p orbital
occur in the band gap. Fe impurity changes the distribution of d state and sp state electrons. The calculation suggests that
Fe doping sphalerite (110) surface is favorable for the exchange of Cu with Zn at the first layer, however, the Fe atom on
the surface can not be replaced by Cu atom, which reduces the total Zn activation sites of sphalerite (110) surface, and the
activation of copper on the sphalerite surface becomes poor.
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Fig.1 Schematic diagrams of model of sphalerite (110) surface: (a) Side view; (b) Top view
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Table 1 Substitution energy AE, for Fe impurity substitute

different sites of Zn

Layer Position AEF®/(kJ-mol ™)
T —433.24
Ist
B —458.36
T —451.24
2nd
B —445.10
T —422.38
3rd
B —408.69
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Fig.2 Band structures of ZnS(110): (a) Perfect ZnS(110)
surface; (b) Fe doped ZnS(110) surface
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Fig.3 DOS and PDOS plots of perfect ZnS(110)
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Table 2  Effect of Fe heteroatom on electron distribution of sp
and d states at 1st layer of sphalerite (110) surface

State distribution

State distribution on

7nS on bulk surface (1st layer)
sp d Total sp d Total
Perfect 64 80 144 65.52  79.84 14536
Fe doped 64 76 140 63.46 76.76 140.22
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Fig.5 Mulliken charge of perfect (a) and Fe doped (b)
sphalerite (110)
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Fig.6 Contour plots of electron density difference for perfect
(a) and Fe doped (b) sphalerite (110) surface
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Table 3 Substitution energy (AES") of possible Zn sites

replaced by Cu
Layer Possible site AES" /(K] ‘mol ™)
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