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Effect of vacancy defects on oxygen molecule adsorption on
galena surface (100)
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Abstract: The effects of vacancy defects on oxygen molecule adsorption on galena surface (100) were studied by
applying the general gradient approximation (GGA) and plane-wave ultrasoft pseudopotential method based on the first
principle of density functional theory (DFT). The Mulliken charges population, electron density difference maps and
density of states of oxygen atom and surface atoms before and after O, adsorption were analyzed. The results show that
the formation of Pb-vacancy on the galena surface (100) is more difficult than S-vacancy, and the chemical adsorption of
oxygen molecule on both Pb-vacancy and S-vacancy surfaces occurs, and their adsorption energies are more negative
than those on the perfect surface, which indicates that vacancy defect can encourage the oxygen molecule adsorption on
galena surface. The dissociated adsorption of oxygen molecule occurs on the perfect and Pb-vacancy surfaces, and a
covalent bond is formed between oxygen atom and sulfur atom. The oxygen molecule adsorbing on S-vacancy surface is
not dissociated. Ionic interaction between oxygen atom and lead atom is very strong.
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Fig. 1 Galena (100) surface (4 X2): (a) Side view; (b) Top view (Arrows are indicators of X, ¥ and Z axes)
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Table 1 Formation energy of vacancy defect and adsorption

energy of O, on different surfaces

Type of substance Formation Adsorption
or surface energy, Eg,/eV  energy, E,u/eV
Perfect surface -1.19
Pb-vacancy surface 7.07 -1.82
S-vacancy surface 6.50 -3.14
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Fig. 2 Equilibrium adsorption of O, on different galena (100) surfaces (unit: nm): (a) Perfect surface; (b) Pb-vacancy surface;

(c) S-vacancy surface
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Fig. 3 Electron density maps of galena after O, adsorption: (a) Electron density of perfect surface; (b) Electron density of

Pb-vacancy surface; (c) Top view of electron density of S-vacancy surface; (d) Side view of electron density of S-vacancy surface
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Fig. 4 Mulliken charges of oxygen atom and surface atoms before and after O, adsorption: (a) Perfect surface before O, adsorption;

(b) Ideal surface after O, adsorption; (c) Pb-vacancy surface before O, adsorption; (d) Pb-vacancy after O, adsorption; (e) S-vacancy

surface before O, adsorption; (f) S-vacancy after O, adsorption
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Table 2 Mulliken charge populations of oxygen atom and surface atom before and after O, adsorption on perfect galena surface

Atomic label Adsorption model ] P d Total Charge/e
Before adsorption 1.88 4.12 0.00 6.00 0.00
01/ 02
After adsorption 1.92 4.92 0.00 6.84 —0.84
Before adsorption 1.93 4.75 0.00 6.68 —0.68
S1/S2
After adsorption 1.84 4.10 0.00 5.93 0.07
Pbl/ Pb4 Before adsorption 1.99 1.40 10.00 13.39 0.61
Pbl After adsorption 2.00 1.19 10.00 13.19 0.81

Pb4 After adsorption 2.00 1.22 10.00 13.22 0.78
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Table 3 Mulliken charge populations of oxygen atom and surface atom before and after O, adsorption on galena surface with

Pb-vacancy
Atomic label Adsorption model ] P d Total Charge/e
Before adsorption 1.88 4.12 0.00 6.00 0.00
01/ 02
After adsorption 1.94 4.81 0.00 6.75 -0.75
Before adsorption 1.93 4.68 0.00 6.61 —-0.61
S1/S2
After adsorption 1.82 3.90 0.00 5.72 0.28
Before adsorption 1.93 4.68 0.00 6.61 —-0.61
S3/S4
After adsorption 1.92 4.69 0.00 6.62 —0.62
Before adsorption 2.00 1.37 10.00 13.36 0.64
Pbl
After adsorption 2.04 1.26 10.00 13.30 0.70

T E PRGN BT R P AR ST S AR T Mulliken HLA AT

Table 4 Mulliken charge populations of oxygen atom and surface atom before and after O, adsorption on galena surface with

S-vacancy
Atomic label Adsorption model ] P d Total Charge/e
Before adsorption 1.88 4.12 0.00 6.00 0.00
01/02

After adsorption 1.91/1.92 4.61 0.00 6.52/6.53 —0.52/-0.53

Before adsorption 1.97 1.55 10.00 13.52 0.48

POl After adsorption 1.99 1.38 10.00 13.37 0.63

Pb2/ Pb4/ Pb3 Before adsorption 1.97 1.55 10.00 13.52 0.48

Pb2/ Pb4 After adsorption 1.99 1.32 10.00 13.31 0.69

Pb3 After adsorption 1.98 1.30 10.00 13.29 0.71

Before adsorption 1.85 1.74 10.00 13.59 0.41

Pos After adsorption 1.88 1.32 10.00 13.20 0.80
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Fig. 5 Electron density difference maps of galena after O, adsorption: (a) Electron density difference of perfect surface;

&5

(b) Electron density difference of Pb-vacancy surface; (c) Top view of electron density difference of S-vacancy surface; (d) Side view

of electron density difference of S-vacancy surface
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Fig. 6 Density of states of galena surface, sulfur atom and lead atom on galena surface
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Fig. 7 Density of states of surface atom and oxygen before and after O, adsorption on perfect galena surface
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Fig. 9 Density of states of surface atom and oxygen before and after O, adsorption on S-vacancy galena surface
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