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The first-principles calculation in region on photocatalytic

properties of main group Si/C-codoped TiO,
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Abstract: In this work, the electronic structures, charge density difference and optical properties of SI/

C codoped anatase TiO,are studied by using the density functional theory (DFT) method with plane-

wave ultrasoft pseudopotential. The calculated results reveal that Si/C-codoped anatase TiO, could nar-

row the band gap to the value of 1.7 eV and then improves the photocatalytic activity. It can be conclu-

ded from the total density of states that the existence of impurity energy levels in the forbidden gap re-

duces the carrier transition energy. The Si/C-codoped TiO,has been helpful for enhancing the absorption

coefficient under visible-light region, especially, among the three doped models, the third model exhibits

the largest value of absorption coefficient under visible-light region.
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Fig.2 The charge density difference of all the atoms for three Si/C codoped models (a), (b) and (c)
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Tab.1 The calculated interatomic distances, bond lengths and total energies in three Si/C codoped Ti0O, models
Ti-O Si-O Si-C
System - . — otal Energy (eV)
Population Bond Length (A) Population Bond Length (A) Population Bond Length (A)
Pure TiO, 0.32—0.74 1.924—1, 98421 - - - - —19858. 16
Si/C (a) 0.24—0.79 1.909—1. 986 0.41-0.66 1.842—1.901 0. 65 1. 898 —18072. 84
Si/C (b) 0.12—0.75 1.891—2. 149 0.26—0. 40 1.803—1.895 1. 44 1. 896 —18073. 10
0.18—0.75 1.919—2.118 0.36—0.72 1.718—1.907 0.68 1. 868 —18072. 04

Si/C (o)
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Tab. 2 The calculated atomic Mulliken charges in in three Si/C codoped TiO, models
System s p d T Charge (e)
TiO,
Ti 2.24 6.28 2.15 10. 68 1.32
O 1.85 4. 81 0 6.66 —0.66
Si/C (a)
Ti 2.25 6. 30 2.14 10. 69 1.31
O 1. 85 4.99 0 6. 85 —0. 85
O 1. 84 4. 95 0 6.79 —0.79
O 1. 85 4. 81 0 6.66 —0. 66
Si 0. 83 1.52 0 2.36 1. 64
C 1.66 2.88 0 4. 54 —0.54
Si/C (b)
Ti 2.25 6. 30 2.13 10. 69 1. 31
O 1. 84 4. 86 0 6.70 —0.70
O 1. 85 4.90 0 6.75 —0.75
O 1. 85 4. 81 0 6. 66 —0. 66
Si 0. 85 1.64 0 2.49 1.51
C 1.64 3.08 0 4.72 —0.72
Si/C (c)
Ti 2.23 6.26 2.14 10.63 1.37
O 1.85 4.99 0 6.85 —0.85
O 1. 84 4.95 0 6.79 —0.79
O 1. 85 4,81 0 6. 66 —0.66
Si 0. 83 1.52 0 2.36 1. 64
C 1. 66 2.88 0 4. 54 —0.54
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Fig. 3 The calculated electronic band structures of (a) pure anatase TiO;and (b)~(d) three codoped TiO,
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doped TiO,
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