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Abstract Pure TiO, and 0.125% (w) Yb* -doped TiO, composite nano-particles were prepared by an
acid-catalyzed sol-gel method and characterized by the techniques such as XPS, XRD, BET, DRS and SPS.
The photocatalytic degradation of methylene blue (MB) in agueous solution was used as a probe reaction to
evaluate their photocatalytic activity. The mechanisms of effects of low amount Yb*"-doping on the photo-
catalytic activity of the composite nano-particles were also discussed. The results show that 0.125% Yb**-
doping can significantly enhance the photocatalytic activity of TiO, nano-particles. The presence of low
amount of Yb*" in TiO, can inhibit the phase transformation from anatase to rutile, suppress the growth of
TiO, grains, raise the specific surface area, and improve the high temperature stabilization of poresin the
composite nano-powders as well. The analytical results of XPS indicate that Y b*"-doping can result in the
increase in the density of the surface hydroxyl. The analytical results of SPS confirm that Yb**-doping can
inhibit the recombination of the photo-produced electrons and holes, and improve the light absorption prop-
erties of the particle surface. Compared with pure TiO,, the enhanced photocatalytic activity of the Yb*'-
doped TiO, nano-powders can be due to the inhibition of the recombination of the photo-produced e /h", the
increase of the density of the surface hydroxyl and the specific surface area, and the improvement of the
light absorption properties of the particle surface.
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Figure 1 XRD patterns of pure TiO, and Yb*'-doped TiO,
nano-particles
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Figure 2 XPS spectra of pure TiO, and Yb*'-doped TiO,
nano-particles
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Tablel BET specific surface areas and pore parameters of pure TiO, and Y b**-doped TiO, nano-particles

Sample Specific surface areal(m?g %) Pore volume/(cm®g %) Average pore size/nm
TiO,-500 'C 2.812 0.0063 6.16
Yb**-doped TiO, 4.855 0.0112 9.22
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Table 2 Curve fitting results of XPS spectra for the oxygen
species on the surface of different nano-particles

E,/eV (Percentage of O/%)

Sample
O1s(Ti—O) O1s (—OH)
TiO,-500 'C 529.81 (88.69) 531.65 (11.31)
Yb*"-doped TiO, 529.52 (81.81) 531.20 (18.19)
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Figure 3 XPS spectra of the Ols region for the surface of pure
TiO, and Yb**-doped TiO, nano-particles
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Figure 4 DRS spectra of pure TiO, and Yb*'-doped TiO,
nano-particles
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Figure 5 SPS spectra of pure TiO, and Yb*'-doped TiO,
nano-particles
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Table 3 Photocatalytic activity of pure TiO, and Yb*'-doped
TiO, nano-particles

Photocatalytic Specific
Sample degradation  photoactivity®
rateof MB%%  (moleg *sh %)
TiO,-500 C 40.31 8.01X10°°
Y b**-doped TiO,-600 C 54.94 1.03x10°°

3 Average degradation rate of MB after 1 h of photocatalytic reaction; > MB
degradation amount per unit mass catalyst after 1 h of photocatalytic reaction.
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