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Synthesis of photocatalyst materials utilizing localized surface plasmon resonance o
f metal nanoparticles
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Many efforts have been devoted to synthesis of photocatalysts that respond to visi
ble light. This study explored new application of surface plasmon resonance (SPR) of gold (Au) nanoparticl
es as plasmonic photocatalysts working under irradiation of visible light. The plasmonic photocatalysts ex
hibited unique photoabsorption properties and photocatalytic performances in the minerarization of organic

acid, selective oxidation, H2 formation, and reduction of organic compounds under irradiation of visible
light. The functionalized SPR photocatalysts with platinum, silver and palladium co-catalysts worked effec
tively in H2 formation, reduction of nitrobenzene and dechlorination of chlorobenzene, respectively. The r
esults introduced in this study can be widely applied for design and development of new plasmonic photocat
alysts exhibiting further excellent activities and selectivities.



1)
TiO2
1990
TiO2
TiO2
TiO2 TiO2
TiO2 TiO2
TiO2 TiO2
Tatsuma TiO2
Au
J. Am. Chem. Soc., 127, 7632
(2005) Ohtani
Au TiO2 AU/TIO?
Chem. Commun., 2009, 241
Au
SPR: Surface Plasmon Resonance
CeO2
Au CeO2
Au
SPR
Au/CeO2
Au/CeO2
Chem. Commun., 46, 1287 (2010)
Au

1)

(2) SPR

(3) SPR

1)
(2)
(3)
6
(1) Au SPR 2
Au
550 nm
SPR
Au Ag
Cu 450 nm 600
nm
Au SPR
Cu 2
Au/CeO2
Fig. 1(a)
Fig. 1(b)
Au/CeO2
Cu-Au/CeO2  Au/CeO2
5 CO2
Cu-Au/CeO:2 Cu
H‘EIOO ) 100 15 >
NE 80 D‘\: _g Cu-Au/CeO,
% 60 5 3 ‘
< 9 % 2
2 40 g 3
3 foN N $ ‘DN 5 Au/CeO,
'S’ 250 5'00 550 ~600 650 7080 2 5

Wavelength / nm Time /h

Fig. 1 (a) Absorption spectra of Cu-Au/CeO, and
Au/Ce0,, and the spectrum of the visible light from
ared and green LED used to irradiate the reactions.
(b) The evolution of CO, from agueous sol utions of
formic acid in the presence of Cu-Au/CeO, and
Au/CeO, under light irradiation from ared LED.
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Fig. 2 TEM images of (a) SS-Au/CeO, (b)
MS-Au/CeO, and (c) size distributions of Au
particles of SS- and MS-Au/CeO, samples.
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Fig. 3 Absorption spectra of SS-Au/CeO, and
MS-AuCeO,, and light intensity of visible light
irradiated to reaction systems from a green LED
(right axis). (b) Time courses of benzaldehyde
formation in photocatalytic oxidation of benzyl
acohol (33 pmol) in agueous suspensions of
MS-AUWCeO, (o ) and SS-Au/CeO, (o) under
irradiation of visible light from agreen LED.
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Fig. 4 Time courses of the amounts of
aminobenzyl acohol (@), aminobenzaldehyde (b),
nitrobenzyl alcohol (c), nitrobenzaldehyde (d) and
material balance (closed diamonds: right axis) over
MS-Au/CeO, under irradiation of green light from
an LED in the presence of O,.
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Fig. 5 (a) Time courses of evolution of H, from
2-propanol in aqueous suspensions of TiO, (a),
SSAUTIO, (o) and MS-AU/TIO, (m ) under
irradiation of visible light from a Xe lamp with a
Y-48 filter. (b) Effect of post-calcination

temperature on the rate of H, evolution.

Fig. 6 TEM photographs of (a) TiOx-Pt, (b)
AU/TIO, and (c) Au/TiO,-Pt.
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Fig. 7 Rates of formation of H, from 2-propanol
in aqueous suspensions of various photocatalysts
under irradiation of visible light from a Xe lamp
with a'Y-48 cut-filter.
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Fig. 8 Effect of metal co-catalysts (M) on rates of
production of H, from 2-propanol in agueous
suspensions of Au/TiO,-M samples (bottom) and
hydrogen over-voltage (HOV) of electrodes
composed of M (top).
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Fig. 9 Expected reaction mechanism for
production of H, from 2-propanol in aqueous
suspensions of AuWTiO,-M under irradiation of

visiblelight.
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Fig. 10 (&) Time courses of the amounts of Cr®*
(e ), Cr* (m) and O, ( ) in agueous suspensions of
AU/TiO,-Pt under irradiation of visible light from a
green LED. (b) Subtraction spectrum obtained from
spectra of Au/TiO,-Pt and TiO,-Pt measured with
barium sulfate as a reference (left axis) and action
spectrum of AU/TiO,-Pt (o) in reduction of Cr®*
(right axis).
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Fig. 11 Effect of metal co-catalysts (M) on
amount of AN formation from NB for 5 h in
2-propanol suspensions of Au/TiO»-M samples.
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Fig. 12 Time courses of the amounts of
nitrobenzene (e ), aniline (m ), acetone (o ) in
2-propanol suspensions of (a) Au/TiO, and (b)
AU/TiOx-Ag under irradiation of visible light from a
Xelamp with aY-48 cut filter.
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