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Development of metal oxide mesocrystals for solar active photocatalysis
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It is important to fabricate innovative photofunctional materials and understand
the fundamental reaction mechanisms for developing an efficient light energy conversion system. In this
project, we have synthesized porous metal oxide mesocrystals_and modified them with various nanomaterials
to 1mprove the photocatalytic activity. For example, plasmonic Au nanoparticle-modified titanium dioxide
mesocrystals were found to have greatly improved visible light photocatalytic activity owing to an
efficient interparticle electron migration in the mesocrystal structure. Furthermore, we have developed a
facile method for synthesizing different kind of mesocrystals and their composites.



TiO

TiO,

Ti0,
TiF, NH,NO,

N

Tio,
TiO,
1
Au
NH,F
1 2

Tio,

1
e h*
250 °C NH,TiOF,
400 °C
Tio,
MesoTiO,
Zn0, NiO, CuO
Tio,
Tio,
M/MesoTi0,
Tio,
Tio,
Tio, HAuCI, H,PtClI;
10 vol%
365 nm
MesoTiO, Au
100°C
500°C Au
TiO, Au/MesoTi0,
Tio,
P25 Au
Co-Pi
MoS,
Tio,
Au Tio,



Spectra-Physics,
MaiTai VFSJW; 80 fs fwhm Au

2a MesoTiO,
TEM 2b 2a
MesoTi02
150 nm
30 40 nm

3 5um

2b

2C

2d

2c

Zn0 CuO
NiO

3.Zn0-Cu0
Cu Zn

3
X (STEM-EDX)
Zn0-Cu0
Zn0
Cu0
Tio,
Tio, Pt/MesoTiO, TEM
3.5nm Pt
X
Pt Pt
Tio, {101}
Pt
PtCl > Tio,
Tio,
4.Pt
TEM
Au TiO,
Pt
2H +
2 - H,
5a
Au
Au/MesoTiO,
Au Pt
Au,Pt/MesoTiO, 0.45pu molgth?
P25 TiO,
5b Pt
Pt/P25 Pt/MesoTiO0,
P25
P25
Pt



Au Au/MesoTiO, 9.6ns
Pt Au/P25 Au
Au,Pt/P25 Au,Pt/MesoTiO, Au/MesoTi0,-PD
P25 3 4
Au Au/MesoTiO0, TiO,
Pt Au
Au TiQ, Au/MesoTi0,-PD
Au
Pt TiQ,
Au,Pt/P25
Au 3 Zn0-Cu0
Au/MesoTi0,
0.25 a s —
571 71.8;)3
——5ps
44 ——50ps
A 2 i
<
N S 2
Au/MesoTi0, Eg :§{ i
%00 900 1000 1100 1200
a 3 Wavelength (nm)
o —e— Au/MesoTiO, b
© —A— Au,Pt/MesoTiO, £ 1.04 Au/MesoTiO,
§ 2 Au Pt g —— AU/MesoTiO,-PD
ey g 08
5 :\f, 0.6
§ E 0.4
g 01 TEB 0.2
o 1 2 3 4 s g 0.0
Time (h) 0 20 40 100 1000
b 06 06 T Delay time (ps)
o W esoti, ° 6.(a) Au/MesoTiO, 530 nm
5 PYP25 3
£ 0.41 o4 &
£ > . (b) 1000 nm
£ Pt/MesoTiO. 2
g 0.2 ’ Lo.2 ,:'i )
2 3 Ti0
e i
§ 0.0 00 <. 2
s Visible =y
T Ny
5.(a)
®
Co-Pi  MoS,
6a  Au/MesoTiO, 530 nm
Tio,
Au Tio,
6b Tio,




T. Tachikawa, P. Zhang, Z Bian, T
Majima, Efficient charge separation
and photooxidation on cobalt
phosphate-loaded TiO, mesocrystal
superstructures, Journal of Materials
Chemistry A, , 2, 2014,
3381-3388.
DOI: 10.1039/c3tal431%9h
Z. Bian, T. Tachikawa, P. Zhang, M.
Fujitsuka, T. Majima, Au/TiO, A
nanocomposite superstructure of metal
oxides with effective charge transfer
interfaces, Nature Communications,
, 5, 2014, 3038.
DOI: 10.1038/ncomms4038
Z. Bian, T. Tachikawa, P. Zhang, M.
Fujitsuka, T. Majima,  Au/TiO,
Superstructure-Based Plasmonic
Photocatalysts Exhibiting Efficient
Charge Separation and Unprecedented
Activity, Journal of the American
Chemical Society, , 136, 2014,
458-465.
DOI: 10.1021/ja410994F

Au Ti0,

2014 2014 10 13

32
2013 12 12

AU/TiO,
2013 2013 9 13

T. Tachikawa, T. Majima, John Wiley &
Sons, Inc., The Chemistry of Peroxides,
Volume 3, 2014, 421-435.

http://www._chem.sci .kobe-u.ac.jp/staff/
Tachikawa/

o

TACHIKAWA, Takashi

@

®



