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First-principles study on Fe-S co-doped anatase TiO,
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Abstract: The electronic structures of Fe-doped, S-doped and Fe-S co-doped anatase TiO, were calculated by the
first-principles plane wave ultra-soft pseudo-potential method based on the density functional theory (DFT). The effects
of doping on crystal structures, energy bands, density of states (DOS) and optical properties were analyzed. The results
show that, after doping the lattices of TiO, are distorted by the doping and the bond length change of atoms leads to the
lattice expansion. The impurity levels in the band gap and the decrease of the forbidden band width lead to the red-shift of

absorption band edge in anatase TiO,. Fe-S co-doped anatase TiO, shows a stronger red-shift in the absorption band edge

than the single Fe-doped and single S doped samples in the optical spectra.
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Fig. 1 Structural models of pure TiO, (a), S-doped (b),
Fe-doped TiO; (c¢) and Fe-S co-doped TiO, (d)
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Table 1 Structural parameters of anatase TiO,

Data resource alA c/A u
This work 3.744 9.525 0.207

Experiment!”] 3.782 9.502 0.208
Theory! 3.885 9.690 0.208

Deviation/% 1.005 —0.242 0.481
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Table 2 Comparison of lattices constants and cell volumes of

anatase TiO, before and after doping

Doping situation ~ a/A b/A c/A cell
volume/A’

Undoped 74900 7.4900 19.0494 1 068

Fe-doped 7.5955 7.5955 19.5072 1125

S-doped 7.5956 7.6554 19.6630 1143

Fe-S co-doped  7.5881 7.6660 19.5889 1139
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Fig. 2 Band structures of anatase TiO, before and after doping: (a) Pure TiO,; (b) S-doped TiO,; (c) Fe-doped TiO,; (d) Fe-S

co-doped TiO,
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Fig. 3 Comparison of partial density of states of anatase TiO,: (a) Pure TiO,; (b) S-doped TiO,; (c) Fe-doped TiO,; (d) Fe-S

co-doped TiO,
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