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Abstract — Visible light-activated photocatalysts (based on doped titania) are the subject of intensive current research
due to the promise they offer in relation to solar powered systems for photocatalysis, hybrid systems for CO, conversion
and hydrogen production from water. Current synthetic methodologies suffer from one or more serious shortcomings,
which seriously hinder practical application. These include high cost, irreproducibility, difficulty in controlling the
dopant level and unsuitability for scale up. In this review new reproducible and controllable methods (developed by
Lambert group, Cambridge University) allowing the synthesis of practical quantities of efficient, visible light active
anion (e.g. N, C and B) doped TiO, photocatalysts are summarized.
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Fig. 1. Primary steps in the photocatalytic reaction: (1) formation of charge carriers by a photon; (2) charge carrier recombination; (3) initia-
tion of an oxidative pathway by a valence band hole; (4) initiation of a reductive pathway by a conduction band electron; (5) and (6) fur-

ther photocatalytic reactions to yield mineralisation products.
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Fig. 2. Mechanism of visible light activated anion doped TiO,. Mid-
band gap energy level of anion 2p is the origin of the visible
light activated charge separation.
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Fig. 3. UV-Vis absorbance spectra of unmodified anatase and N-doped

TiO, powders for different concentrations of nitrogen [11]-
Reproduced by permission of The Royal Society of Chemistry.
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Fig. 4. Photocatalytic activity of the samples measured in single-
pass reactor as a function of nitrogenconcentration normal-

ized for surface area [11]|-Reproduced by permission of The
Royal Society of Chemistry.
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Fig. 5. UV-vis absorbance spectra of pure anatase and B-doped TiO,
for different dopant levels: (a) TiO,; (b) B(1.13 atom%)-TiO,;
(c) B(3.23 atom%)-TiO,; (d) B(5.82 atom%)-TiO, and (e)
B(11.9 atom%)-TiO,. Inset shows comparison between B-
doped(3.23 atom%), N-doped(3.23 atom%), and B,N codoped
(1.5 atom% of both N and B) TiO, catalysts [16]-Reproduced

by permission of American Chemical Society.
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Fig. 6. Photocatalytic activity normalized for specific surface area
as a function of nominal B content. Inset shows correspond-
ing behavior of ratio of 190.6 eV intensity (“active B”) to a
total B 1s signal intensity [16]-Reproduced by permission of
American Chemical Society.
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Fig. 7. Dependence of B 1s XPS integrated intensities on nominal
boron content showing total boron and separate contribu-
tions from B,0; and active boron component. Inset shows
typical raw data [16]-Reproduced by permission of American
Chemical Society.
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Fig. 8. Carbon-doped TiO, nanoparticles synthesis and deposition
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Fig. 9. The UV-Vis absorption spectra of TiO, (M1) and carbon-doped
TiO, (M2 and M3) thin films [20]-Reproduced by permission
of The Royal Society of Chemistry.
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Fig. 10. Photo-mineralization of resazurin under visible light irradia-
tion for samples M1 and M3. Performance of inactive sample
M2 (not shown) essentially the same as M1 (un-doped anatase
film [20]-Reproduced by permission of The Royal Society of
Chemistry.
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