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Reaction time, repeating reaction
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Fig. Highly active TiO, photocatalysts can be widely used for

Fig. Repeating the complete oxidation of CH;CHO on highly various applications such as air cleaners which work to kill such
active columned-structure TiO, photocatalysts anchored onto airborne organisms as the Influenza virus (PR8), Staphylococcus
SiO, sheet, without the use of any kinds of binders. (ANDES aureus (MRSA), and Escherchia coli (ATCC 11229) almost

Electric Co., LTD/Anpo, Japan) completely, more than 99.99%.
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Advantages of Ti-oxide single-site photocatalysts over TiO, semiconducting bulk photocatalysts:

Si i) Spatial separation of the active sites makes it
O/ - easier to characterize
N\ . 4{ i) Offers an applicable strategy for the design of
/T' N\ new catalysts/photocatalysts
0 ili) Provides an understanding of the reaction
Si/ mechanisms at the molecular level

Zeolite framework
structure

M. Anpo, M. Che, Adv. Catal., 44, 119 (1999),
M. Anpo, S. Dzwigaj, M. Che, Adv. Catal. (2009).

1) Restricted and ordered pore structure
2) 0.3 - 5.0 nm sized channels and pores
3) Various compositions

a) High efficiency:

Active Ti-oxides (framework, anchoring), Condensation of reactants

b) Unique reaction fields of shape selectivity:
Highly selective adsorption ability, Applicable to various materials
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Characteristic XAFS (XANES and FT-EXAFS) (left) as well as UV-VIS and photoluminescence
spectra (right) of tetrahedrally-coordinated Ti-oxide single-site heterogeneous catalysts
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— Ti-oxide single-site containing micro- and
meso-porous materials showed high and
. unique photocatalytic reactivity, however,
Zeolite framework UV light shorter than 260 nm necessary.

structure

Modification of Ti-oxide single-sites constructed within porous materials
to enable the absorption of visible light

— Highly efficient and selective environmental-harmonious photocatalysts.
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Development of visible light-responsive Ti-oxide single-site photocatalysts
constructed within meso-porous materials was successfully carried out.



Quantum Chemical Calculations
(Analysis of catalyst by EXAFS, etc.)
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Fig. The models of the local structure of the V ion-implanted Ti-oxide
incorporating zeolite as calculated by an ab initio method.
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Interaction of V ions with tetrahedral Ti-oxide single-site
causes a modification of the electronic state of the Ti-oxides

—> Utilization of visible light
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(1) Contamination with various impurities can be completely prevented.

(2) High crystalline TiO, thin films can be prepared without calcination at high temperatures.
(3) The thickness and composition of TiO,-based thin films can be easily controlled.

(4) Visible light-responsive TiO, thin films can be prepared using these techniques.
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Fig. Photocatalytic reactivity of the TiO2 implanted with V(a), Mn(b),
and Fe(c) ions in the photocatalytic degradation of 2-propanol under
visible light ( A > 450nm) irradiation at 295 K.

Magnitude of the shift of the absorption bands:
V ion-implanted > Mn ion-implanted > Fe ion-implanted
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Fig. Magnetron sputtering deposition method

Substrate: quartz, Ti, ITO, ect.

Substrate temperature: 373 - 9743 K Pt
Target: calcined TiO,
Sputtering gas: Ar (0.5 - 3.0 Pa)

RF power: 300 W

Target-to-substrate distance: 75 mm
TiO, film size: 10 x 20 mm?
TiO, film thickness: 1.0 — 2.5 pm TiO,
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(K): (a) 373, (b) 473, (c) 673, (d) 873, (e) 973.

Quantum yields of the evolution of H, from the CH,;OH/H,O aqueous solution and O, from the
AgNO,/H,0 aqueous solution using Pt/Vis-TiO, thin film photocatalyst were found to be much
higher than those obtained with other visible light responsive-TiO, photocatalysts such as the N-
doped TiO, photocatalyst; 3.0% at A =350 nm and 0.52% at A = 480 nm.



TiO,

TiO, UV
100 o
1
") O/Ti = 2.00
- Continuous
N decrease in oxygen
~ concentration
50( \ TiO,
O/Ti=1.93
O/Ti
2.00 1.93
0
200 400 600 800
/ nm J N
1 pm
Fig. The UV-Vis transmission spectra . . .
of Vis-TiO,-(873 K) thin film before Fl:g ?r%‘fs'sec“‘"‘l? TIEMi}lmage of
and after calcination at 723 K in O2 the Vis-TiO, (873 K) thin film

atmosphere. prepared on a quartz substrate.






Effect of pH values

A >320nm
300 —
Pt particles — ~ . E _ H,
TiO,thin film TE) 250 | 3 50 Vis-TiO,
S = (873 K)
™ Z 25 ¢
>
2 200 | <
& E ® Uv-TiO, "
8 150 | pH value of left side .*
2 *
o O,
> 100
©
] . mO;
2, . S 50
. . ° o
0 . - o O E
Pt TiO, c:]-: <
A >320 nm 0
_ pH<7 __ PH>7 ] 0 1 2 3 4 5
H-type reactor Time /

Fig. Photocatalytic decomposition of H,O with the separate evolution of H, and O, under
UV light irradiation (A > 320 nm) on the Uv-TiO, and Vis-TiO, devices, and the effect of
the pH values on the efficiency of the decomposition of H,O into H, and O,.

Ptside 1N H,SO,, TiO, side 1N NaOH aq)

J. Phys. Chem. B, 110, 25266 (2006); Catal. Today, 120, 133 (2006); Appl. Catal. A: General, 314, 179 (2006).
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H, evolution rate strongly depends on the kind of metal substrate.
J. Phys. Cherm. B, 110, 25266 (2006), Catal. Today, 120, 133 (2006).
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Fig. 1. Separate evolution rate of H, on the Vis-TiO,
thin film under visible irradiation before and after
adding an aqueous solution of methanol.
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Fig. 2. Separate evolution of H, from aqueous
solution of methanol under visible light.

*Evolution of H, from an aqueous solution of CH,OH A

proceeds efficiently using the Vis-TiO, thin film
under visible light irradiation.

*Photocatalytic reactivity was dramatically enhanced

in the aqueous solution ofCH,OH.
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Fig. The effect of the wavelengths of the
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Thus, visible light-responsive TiO, thin films
exhibit a potential ability to work as a solid
thin film solar cell without any dyes.



Demonstration of Visible Light-responsive TiO,
Thin Film Solar Cells

Music box

Fig. Demonstration of Vis-TiO, solar cells connected to a music box.

Thus, visible light-responsive TiO, thin films exhibit a potential ability
to work as solid thin film solar cells without any dyes.
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