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Density functional theory of effects of vacancy defects on
electronic structure and flotation of galena
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2. College of Physics Science and Technology, Guangxi University, Nanning 530004, China)

Abstract Based on the first-principle method of density functional theory (DFT) and pseudopotentials, the electronic
structures of PbS with vacancy defects were calculated, and the effects of vacancy defects on the flotation of PbS were
discussed as well. The results show that Pb vacancy causes Fermi level to a lower energy, narrowing the band gap, while
S vacancy causes Fermi level to a higher energy, increasing the band gap and changing the semiconductor type of PbS

from p-type to n-type. Vacancy defects change the electric populations and the movement states of electrons  which
results in the change of flotation behaviors of PbS.
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Table 1  Optimized results by different exchange correlation
1:1 function
Function Cell constant/A Eq/eV
GGA-PBE 6.024 0 0.546
GGA-RPBE 6.086 8 0.759
GGA-PWI1 6.038 0 0.527
GGA-WC 5.9302 0.230
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Fig.1 Relationship between cut-off energy and cell constant
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Table 2 Relationship between Fermi energies of galena and 3p 6p
different vacancy concentrations 3p 6s
Vacancy concentration of Fermi energy/eV 5d
atom/% Perfect  Pb vacancy S vacancy
0 4243 162 -113 -74eV
1.560 —4.334 —4.238
3.125 —5.093 —4.125 5d 6
S
6.250 —5.760 —3.397
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Fig.2 Band structures of perfect PbS (a) and PbS with vacancy defects (b) and (c)
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Fig.3 Density of states of PbS with Pb vacancy
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Fig.4 Density of states of PbS with S vacancy
3 Mulliken
Table 3 Mulliken atomic population analyses of atoms around vacancy defects
. Mulliken atomic population
Vacancy Species Charge
S P d Total
Perfect S 1.93 4.74 0.00 6.67 —0.67¢
Pb 1.90 1.43 10.00 13.33 0.67e¢
S vacanc S 1.94 4.71 0.00 6.65 —0.65¢
vacaney Pb 1.86 1.58 10.00 13.44 0.56 ¢
Pb vacanc S 1.93 4.71 0.00 6.64 —0.64 ¢
vacaney Pb 1.87 1.43 10.00 13.31 0.69 ¢
3p
4 6p 5
6s 5
0.56 0.67
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Fig.5 Electron density difference map of PbS with Pb (a) and
S (b) vacancy defects
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Table 4 Orbit energy and effective mass of PbS with vacancy defects
Mineral Enomo/eV Evrumo /eV |AE1|/eV |AE,|/eV |AE;|/eV
Perfect —4.300 —4.187 0.236 1.253 0.446
Pb vacancy —4.500 —4.322 0.036 1.118 0.246
S vacancy —4.286 —4.156 0.25 1.284 0.46
Oxygen —6.822 —4.536
Butyl xanthate —5.440 —2.223
SN-9 —4.746 -1.679

|AE)| is the absolute difference between LUMO of O, and HOMO of PbS  |AE,| is the absolute difference between HOMO of X and LUMO of PbS  |AEj] is the
absolute difference between HOMO of SN and LUMO of PbS
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