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Fig. 1. (color online) The doping model of anatase
TiO2(101) surface. Grey, red, and blue spheres rep-
resent titanium, oxygen, and transition metal atoms,
respectively. O1-Ad, O2-Ad, O3-Ad, Til-Ad, and Ti2-
Ad represent five different adsorption positions and

Cav denotes the cavity doping.
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Table 1. The total energies ET and formation energies Ff of anatase TiO2(101) surface doped with transition metals (unit: eV).
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Fig. 2. (color online) The optical absorption coef-

ficients of anatase TiO2 (101) surface undoped and

doped with transition metals.
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Fig. 3. (color online) The density of states and partial den-
sity of states of anatase TiO2 (101) surface undoped and
doped with transition metals: (a) Ti2qO4s; (b) TizaFeOuys;
(¢) Ti24NiOusg; (d) Ti2aPdOuas; (€) Ti2aPtOu4s; (f) Ti2aCuOaus;
(g) Ti2aAgOus; (h) Ti2aAuOys.
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Table 2. The relative and real energy values of the Fermi levels, valence band maximums, and conduction band

minimums of anatase TiO2(101) surface undoped and doped with transition metals, as well as the bandgap width

(unit: eV).
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Fig. 4. (color online) The energy band of anatase TiO2 (101) surface undoped and doped with transition metals: (a) Ti24O4s;
(b) TigqFeOys; (C) Tig4NiOysg; (d) TigqPdOys; (e) TigqPtOys; (f) Tig4CuOys; (g) TigqAgOys; (h) Tiz4AuOyg. Blue solid

lines, red dash lines and black solid lines represent spin-up states, spin-down states and no-spin states, respectively.
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Abstract

Exploring new types of photocatalysts and modifying the photocatalytic activity have attracted more and more
extensive attention in many research fields. Anatase TiOg2, a promising photocatalyst widely studied, can only absorb
the ultraviolet light and thus only make little use of the power in visible light. Therefore, it is an urgent task to make
theoretical and experimental investigations on the photocatalytic mechanism in anatase TiOsz and then improve its
visible light response so as to utilize more visible light. Now, in the present paper, we carry out a systematic theoretical
investigation on modifying the photocatalytic properties of the anatase TiO2 (101) surface via doping transition metal
neutral atoms such as Fe, Ni, Pd, Pt, Cu, Ag, and Au by using the plane wave ultrasoft pseudopotential method of the
density functional theory. The dependence of the macroscopic catalytic activity on electronic structure and optoelectronic
property is uncovered by making a comparative analysis of the geometric structures, the electronic structures, and the
optical properties of the undoped and doped anatase TiO2 (101) surfaces. Our numerical results show that doping certain
transition metals can suppress the band gap or induce extra impurity energy levels, which is beneficial to improving the
visible light response of the TiO2 (101) surface in different ways. In most cases, the new impurity energy levels will
appear in the original band gap, which comes from the contribution of the d electronic states in the transition metal
atoms. Moreover, the photocatalytic activity of the TiO2 (101) surface can be changed differently by doping different
transition metal atoms, which is closely dependent on the bandgap width, Fermi energy, the impurity energy level, and
the electron configuration of the outermost shell of the dopants. This research should be an instructive reference for
designing TiO2 (101) photocatalyst and improving its capability, and also helpful for understanding doping transition

metal atoms in other materials.

Keywords: anatase TiO2 (101) surface, transition metal doping, electronic structure, optical properties
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