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First-principles Calculation on Pt- and Au-modified Anatase TiO»(101) Surface
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Abstract: Structure stability and electronic structures of anatase TiO,(101) surface modified by noble metal Pt and
Au have been investigated using plane-wave ultrasoft pseudopotentials. The results show that the adsorption inter-
action is weak between noble atoms and anatase TiO,(101) surface, resulting in a slight effect on its electronic
structure. However, under O-rich condition, it is found that Pt and Au atoms are favor of the Ti vacancies. Contrary
to Au atom, Pt atom tends to diffuse from surface into bulk. Under Ti-rich condition, Pt and Au atoms are favor of
the O vacancies. The calculated electronic structures of possible vacancy defects indicate that the appearance of
surface vacancies not only avails to wet anatase TiO,(101) surfaces, but also enables their atoms to appear 5d impu-
rity energy levels in band gap.
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Fig. 1 The structure model of anatase TiO,(101) surface modi-
fied noble metal from side and top view

(a) and (b) indicate the adsorption above surface; (c¢) and (d) indicate
the adsorption between surface atoms; (e) and (f) indicate the adsorp-
tion at Ti vacancy; (g) and (h) indicate the adsorption at O vacancy.
Small black and gray spheres represent the O and Ti atoms, respec-
tively. Big blue spheres represent the noble metal atoms
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Table 1 Adsorption energies of noble metal adsorbing
above surface or adsorbing between surface atoms (eV)

Metal Type 1x1 1x2

Pt al 3.511 1.858
a2 3.854 —

il — 1.416

i2 — 2.323

Au al 2.423 1.398
a2 2.405 —

il — 1.455

i2 — 2.624

x2 BEEWRMERE Ti HE O =HRIHRMIEEEV)
Table 2 The adsorption energies of noble metal adsorbing
at Ti or O vacancies in TiO,(101) surface (eV)

1x1 1x2
Metal  Type
O rich Ti rich O rich Ti rich
Pt Stit -0.237 10.064 -0.161 4.990

Sti2 —-0.490 9.810 —-0.331 4.820
Soi 5.548 0.398 2.812 0.237
Soz 6.043 0.893 2.950 0.375

Au Sit 1.248 11.548 0.600 5.751
Stiz 1.956 12.256 0.907 6.057
So1 5.501 0.351 2.793 0.218
So2 6.179 1.029 3.067 0.492
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Fig. 2 The relation between the adsorption energies of
Ti0,(101) surface modified noble metal and the relative chem-
ical potential Auo
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Fig. 3 The energy band structures and the density of states of TiO,(101) surface modified noble metal, whose shaded parts indicate
the density of states of the impurity atoms and the standard dotted lines indicate the Fermi level
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