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Control of Surface Plasmon Resonance of metal alloy nanoparticles for
Photoinduced Reactions under Visible-Light Irradiation
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Many efforts have been devoted to synthesis of photocatalysts that respond
to visible light. In previous study, Au nanoparticles supported on metal oxide have been applied as
a new type of photocatalysts responding to visible light. we found that action spectra in
photocatalytic reactions over Au/metal oxide were in good agreement with their absorption spectra,
which suggested that Rhotocatalytic reactions were induced by photoabsorption due to surface plasmon

resonance (SPR) of the supported Au nanoparticles. In this study, we examined control of absorption
due to SPR by modification of Au nanoparticles supported on metal oxide with Ag and Cu. These
samples were active for mineralization of formic acid and selective oxidation of alcohols to
carbonyl compounds under visible-light irradiation and exhibited the best performance when
irradiated by light overlapping with their SPR.
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Fig.1  Absorption spectra of a)
Ag(0.8)-Au(0.2)/SnO2, b) Au(1.0)/SnO., c)
Cu(0.8)-Au(0.2)/Sn0O2, and d) Au(0.2)/Sn0Ox.
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Fig. 2 Influence of a) Ag loading X and b) Cu
loading Y on Au(0.2)/SnO; on the top of the
wavelength due to SPR Awp and one-reflection
photoabsorption at Ap.
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Fig.3  Time courses of evolution of CO; from
formic acid in aqueous suspensions of
Au(1.0)/SnO, (circles), Ag(0.8)-Au(0.2)/SnO;

(squares), and Cu(0.8)-Au(0.2)/Sn0O, (diamonds)
under irradiation with visible light from green,
blue, and red LEDs (1.7 mWcm).
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Fig. 4 Rates of formation of benzaldehyde

from benzyl alcohol in aqueous suspensions of
SnO,, Ag(0.8)-Au(0.2)/SnO,, Au(1.0)/SnO,, and
Cu(0.8)-Au(0.2)/SnO, under irradiation with
visible light from green, blue, and red LEDs.

Table 1. Oxidation of various alcohols in aqueous suspensions of Ag(0.8)-
Au(0.2)/Sn0, (Ag-Au), Au(1.0)/SnO, (Au), and Cu(0.8)-Au(0.2)/Sn0O, (Cu-Au)
under irradiation with visible light from blue, green, and red LEDs in the pres-
ence of 0,."!

Photocatalyst Substrate Product LED t[h] Conv.* [%)] Sel." [%]
Ag-Au OH o blue 32 32 >99
Au A s M~ green 32 38 -99
Cu-Au red 32 42 -99
Ag-Au OH o blue 30 42 -99
Au g green 30 51 >99
Cu-Au red 30 38 >99
Ag-Au OH 9 blue 48 32 -99
Au ‘/\ /j)‘\ green 48 34 -99
Cu-Au Z ‘\/ red 48 29 -99
Ag-Au N OH N CHO blue 68 19 - 99
Au | '\,/ green 68 25 >99
Cu-Au red 68 18 >99

[a] Photocatalyst: 50 mg, substrate: 50 ymol, water: 5 cm?®, O,: 1 atm, light in-
tensity: 1.7 mWcm % [b] Determined by GC with an internal standard. Conv.:
conversion, Sel.: selectivity.
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Fig. 5 Absorption spectra measured with

barium sulfate as a reference (left axis) and

action spectra (circles, right axis). a) Ag(0.8)-

Au(0.2)/Sn0O2, b) Au(1.0)/SnO,, and c) Cu(0.8)-

Au(0.2)/Sn0..
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