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Formation Energy and Electronic Structure of a Sn,,Sb,0,
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Abstract: A theoretical study on Sb-doped SnO, was carried out using a plane wave pesudopotential schene density
functional theory (DFT) at the generalized gradient approximation (GGA) level. Stability and conductivity analyses
were performed based on the formation energy of doping and the electronic structures. Results show that the SnO,
lattice constants expand into a distorted rutile structure as the antimony content increases. The formation energy of
doping shows little change as the doping ratio changes and it has a minimum value of 5.08 eV at a doping ratio of
0.083. This suggests that the Sn,;:Sby 0, solid solution has the highest stability. Density of state (DOS) calculations
showed that a Sb 5s distribution of electronic states exists from the Fermi level to the lowest conduction band after
doping with antimony. In addition, 19 electrons were present in the lowest conduction band after doping compared to 4
electrons before doping. This results in the increased conductivity of the solid solution. At a doping ratio of 0.063, the
SngosSboessO: solid solution had the strongest conductivity. These results provide a theoretical basis for the
development and application of Sn,_Sb,0, solid solution electrodes.
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Fig.1 Model of primitive cell of Sn0O,
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Table 1 Relationship between Sb doping ratios and
SnO, supper cell in Sn,_.Sb,0; solid solution

Super cell x
1x1x3 0.167
1x2x2 0.125
1x2x3 0.083
2%2%2 0.063
1x1x1 0.000
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Fig.2 Scheme for Sn,;Sby 0, solid solution
structure
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2 SnO, IR SnyeSbyw0, BElIRAE RN EHRIEE
Table 2 Calculated lattice parameters of primitive
cell of Sn0, and Sng,;;Sb5:0, solid solution

a/nm c/nm V/inm?
Sn0O, 0.494(0.474) 0.392(0.318) 0.080(0.071)
Sn0172Sbg 0 0.499(0.474) 0.332(0.318) 0.083(0.071)

a=b; a, b, ¢, V: unit cell lattice parameters;

the data in the parentheses are the experimental values®>",
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Fig.3 Doped formation energies (E;) of Sn, ,Sb.0,
solid solution with different Sb doping ratios
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Fig.4 Energy band structure of SnQ, solid solution
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solution
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