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Electronic Structures of Ru-Doped SnO, Semiconductor Solid Solutions
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Abstract: Ru-doped SnO, semiconductor is a significant component of titanium based oxide acid-resistant anode.
Using the first-principle method based on the density functional theory, crystal cells were built, which include
Sn0, and variety proportions of Ru-doped SnO,, and electronic structures of Sn;_Ru,0, semiconductor (x=0, 1/16,
1712, 1/8, 1/6, 1/4, 1/2) were calculated after geometry optimization. Lattice parameters, electron density, band
structure, and density of states are discussed. The results show that the corresponding lattice parameters reduce
linearly with composition and the errors between calculated and experimental values of that are within 4%; in
addition, the number of electrons filled at the bottom of the conduction band increases after doping, resulting in
the strengthening of the conductivity of the solid solution after doping of Ru. The results provide a theoretical

basis for the development and application of the Sn;_Ru,0, solid solutions electrode.
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Table 1 Correspondence proportions of Ru in

Sn,_Ru, 0, semiconductor

Supercell x 1-x
Ix1x1 0.500 0.500
Ix1x2 0.250 0.750
Ix1x3 0.167 0.837
1x2x2 0.125 0.875
1x2x3 0.083 0.917
2x2x2 0.063 0.937
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Table 2 Optimal parameter of SnQO, with different

cut-off energy
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Fig.2 Calculated lattice parameters of a and unit-cell volume as a function of x for Sn; Ru,0, semiconductor
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Table 3 Atomic Mulliken-population analysis of SnO, and Sn,sRu,s0,

Defect type Species Mulliken population fotal Charge / e
s P d population
Sn0, 01, 02 1.88 5.04 0.00 6.92 -0.92
03, 04 1.88 5.04 0.00 6.92 -0.92
Snl 0.92 1.25 0.00 2.17 1.83
Sn2 0.92 1.25 0.00 2.17 1.83
Ru-doped SnO, 01, 02 1.86 477 0.00 6.63 -0.63
03, 04 1.86 493 0.00 6.79 -0.79
Snl 0.76 1.30 0.00 2.06 1.94
Ru 247 6.34 6.30 15.11 0.89

& 4 SnO, and Sny:Ru,:0, WEKMNEEFEH
Table 4 Bond lengths and overlap populations of SnO, and Sny;Ru,;0,

Sn0, SnosRues0,

Bond Population Bond length / nm Bond Population Bond length / nm
01/02-Snl 0.31 0.212 8 01/02-Snl 0.20 02155
03/04-Snl 0.71 02119 03/04-Snl 0.61 02100
01/02-Sn2 0.71 02119 01/02-Rul 0.72 0.199 4
03/04-Sn2 0.31 0.212 8 03/04-Rul 0.38 0.200 5
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