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Photocatalytic systems based on neat titanium dioxide require ultraviolet radiation. 
Photosensitization of TiO2 towards visible light may be achevied by doping it with (N, C, S, 
Cl, Br, I, Pb), d (V, Cr, Au, Rh, Ni, Pt etc.) or f (Eu, Pr, Yb, Ce, Nd etc.) block elements or by 
surface modification with transition metal complexes, nitrogen species, or organic 
chromophores and chromogenes. The schematic mechanism of photosensitization induced by 
intrabandgap donor or acceptor states is presented in Fig. 1a. The reduction of adsorbed 
oxygen molecule (depicted in Fig. 1 as an electron acceptor, A) to superoxide anion (A•–) 
takes place at potential of ca. –0.16 V. Electrons trapped in the conduction band of TiO2 are 
sufficiently strong reductants to facilitate this process, but it may not be the case for electrons 
trapped at the intrabandgap accepting states. Therefore for photocatalytic oxidation and 
detoxification processes the photosensitized TiO2-based photocatalysts with intrabandgap 
donor levels (hν2 in Fig. 1a) should be designed. The extensively studied so called C- and N-
doped TiO2 appeared to be an efficient visible light active photocatalyst not only for organic 
pollutants mineralization1,2 but also for microorganism killing.3
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Figure 1. Modes of TiO2 photosensitization: bulk doping resulting in formation of acceptor or donor levels (a); formation
of composite semiconductors (b); photosensitization with organic or inorganic chromophores chemisorbed onto titanium 
dioxide surface (c) and formation of surface complexes exhibiting metal-to-band charge transfer transitions, MBCT (d).

Another method of photosensitization may involve excitation of the other 
semiconductor particle of a narrower bandgap (Fig. 1b). A consecutive electron transfer from 
the conduction band to titanium dioxide particle results in a better charge separation and 
increased lifetimes of photogenerated charges. A similar process is observed in metal (mainly 
gold and platinum) nanoparticles deposited at TiO2.4 Excitation of the surface plasmon 
resonance band results in the electron injection into conduction band. This process is 
responsible for a visible light activity of metal nanoparticle modified titania.



Various organic chromophores and metal complexes photosensitize titanium dioxide 
and other wide bandgap semiconductors according to Sakata-Hashimoto-Hiramoto process.5
Excitation of the surface dye is followed by a rapid interfacial electron transfer from the 
excited state of the dye to the conduction band of the semiconductor (Fig. 1c). This process is 
fundamental for photosensitized solar cells. Similar mechanism operates in TiO2 covalently 
modified with chromium(VI) species: CrO4

2– and CrO3F–. Illumination with visible light 
results in the LMCT transition yielding chromium(V) transient species followed by an 
electron injection to the conduction band.6 The materials photocatalyze 4-chlorophenol 
decomposition in aqueous oxygenated solutions. 

Immobilization of strong electron donors or strong electron acceptors onto TiO2
surface results in a significant change of its optical properties: new, relatively strong 
absorption bands are usually observed within 400-700 nm range. They result from a direct 
optical electron transfer from the HOMO orbitals of the surface complexes to the conduction 
band (Fig. 1d) or from the valence band to the LUMO orbitals of the surface electron 
acceptor, as predicted in theoretical models of Creutz, Brunschwig and Sutin.7 These 
processes are responsible for a photocatalytic and photovoltaic activity of surface-modified 
TiO2 in visible light. Our studies on pentacyanoferrate(II) complexes with various S-
nucleophiles indicate a strong dependence of efficiency of this process on redox potential of 
the surface complex. A good example demonstrating this phenomenon is a different 
photoelectrochemical behaviour of [Fe(CN)5dmso]3–@TiO2 (E½ = 560 mV) and 
[Fe(CN)5S(CH2CH2OH)2]3–@TiO2 (E½ = 260 mV). In the latter case an efficient
photosensitization takes place while in the former one only a weak electronic interaction can 
be observed (Fig. 2).8

Figure 2. The simplified energy diagram for the cyanoferrate-titanium dioxide system (a) and diffuse reflectance spectra
of TiO2 modified with pentacyanoferrate(II) complexes (b); dmso – dimethylsulfoxide, tde – 2,2’-thiodiethanol.
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