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Surface controlled photocatalyst for realization of high efficient water oxidation

MISEKI, YUGO
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Fe 11)

In this research, the suppression effect for undesirable backward reaction has
been evaluated using shape controlled photocatalyst particles. As a result, it was found that the
reaction selectivity of water and Fe 11) for photo-generated holes is drastically changed depending on
the type of the exposed crystal facets, although the Fe 11) oxidation proceeds preferentially instead of
the water oxidation due to thermodynamically advantageous. Thus, it has been demonstrated that the
control of particle shape can be an efficient method to design high efficient photocatalysts. Moreover,
the developments of novel photocatalysts and high performance technologies have been also conducted. We
successfully developed various attractive materials.
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Fig 1. SEM images of (a) NP-WO; and (b) Com-WO;z
particles without any thermal treatment

Table 1. Effect of initial Fe?* concentration in reactant
solution on photocatalytic O, evolution over WO3

. O, evolution

Catalyst Reactant solution 4
rate/zmolh

Com-WO;  2mM Fe®* 24
Com-WO;  2mM Fe** +0.5mM Fe** 11
NP-WO, 2mM Fe* 5.2
NP-WO, 2mM Fe*" + 0.5mM Fe?* 1
NP-WO;®  2mM Fe* 15
NP-WO;®  2mM Fe* + 0.5mM Fe** 4
NP-WO,®  2mM Fe* 20
NP-WO;®  2mM Fe* + 0.5mM Fe** 10

Catalyst: 0.4 g, reactant solution: 300 mL, light source:
300 W Xe-arc lamp attached with L42 cut-off filter.
(a): 500C 2h, (b): 700C 2h
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Fig 2. XRD patterns of (a) PbCrO, (orthorhombic), (b)
PbCrO, (monoclinic), and (c) Pb,CrOs (monoclinic).

Table 2. Effect of initial Fe?* concentration in reactant
solution on photocatalytic O, evolution over WOg

Band gap O, evolution

Catalyst Py rate/zmolh™
AgNO;  NalO;

PbCrO, (ortho.) 24 15 0
PbCrO, (mono.) 23 26 0
Pb,CrOs (mono.) 2.1 0 0
Pt/PbCrO, (ortho.) 24 1.0 0.2
Pt/PbCrO, (mono.) 23 58 9.4
Pt/Pb,CrOs(mono.) 2.1 0 0

Catalyst: 50 mg, reactant solution: 300 mL, light source:
300 W Xe-arc lamp attached with L42 cut-off filter.
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Fig. 3. (@) Time course and (b) Nal concentration
dependence of photocatalytic O, evolution from aqueous
NalOs solutions under visible light irradiation.

@: CoO,-Pt/Fe,03:Ti,Sr (0.1 g), O: Pt/Fe,04:Ti,Sr (0.1
g), light source: 300 W Xe lamp (12 > 420 nm)
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Fig.4. Overall water splitting into H, and O, via Z-scheme
system. Ru/SrTiOz:Rh: 0.1 g, CoO-Fe,O4:Ti,Sr: 0.2 g,
reactant solution: aqueous H,SO, solution (300 mL, pH
2.7), light source: 300 W Xe lamp (A > 420 nm)
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Table 3. Photocatalytic O, evolution over In,Oz-Fe, 03

In:Fe O, evolution rate
/ umol h*

1:0 (In,03) 0

91:9 3.2

87:13 7.9

75:25 10

67:33 6.3
0:1 (Fe;03) 0

Catalyst: 0.1 g, reaction solution: 20 mM AgNO; (300
mL), light source: 300 W Xe-lamp attached with L42.
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Fig. 5. XRD patterns of In,0s-Fe,O; complex oxides
prepared at 1273K for 10h. In,05:Fe, 05 = (a): 100:0, (b)
91:9, (c) 87:13, (d) 75:25, (e) 67:33, and (f) 0:100.
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Fig.6. Overall water splitting into H, and O, via Z-scheme

system. Ru/SrTiOs:Rh: 0.1 g, Fe doped In,O3: 0.2 g,

reactant solution: aqueous 2 mM V(SO4)s solution (300

mL, pH 1.7), light source: 300 W Xe lamp (A > 420 nm)
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Table 4. Photocatalytic water oxidation in the presence of
Fe(ClO,); aqueous solution under visible light over BiVO,
with various preparation condition

Preparation condition activity QY
additive

Temp. time /pmol h* (%)

RT 48 h - 185 13

80°C 4h - 247 17

80°C 4h Ga** 316 21

Catalyst: 0.4 g, reaction solution: 4 mM Fe(ClOg); (300
mL), light source: 300 W Xe-lamp attached with L42 or
BP450.

Fig. 7. SEM images of BiVO, particles prepared at (a) RT
and (b) 80 degree.
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