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In this study, for effective utilization of light energy, we aimed to fabricate novel hybrid
electrodes exhibiting multi-color response ability by investigating interfacial
functionalization to extend the responsive wavelength range of wide-bandgap semiconductor
electrodes. To achieve interfacial functionalization, we focused on utilizing metal
nanostructures exhibiting photo-responsiveness under visible light illuminations. The
localized surface plasmon resonance, which involves collective oscillations of free electrons
induced under visible light irradiation, leads to highly localized illuminated lithe energy in
the vicinity of nanostructures. Such confined light energy field triggers various phenomena
such as exciton transfer or optical antenna. Using these properties, we attempted to
determine the electrochemical potential of reactive species or to develop novel methods for
incorporating metal nanostructures into semiconductor electrodes. Through these
approaches, we established design principles for multi-color responsive photoelectrodes
capable of using visible light energy region.
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i (AuNR/p-GaP, p-BDD) & L. x4, SHEME L CH LB (Ag/AgCl) @ 3
BV 2R L 72, BESALFNE L. DTS AFHS T TIrv. VEHBRO B
BALIE—0.3V vs. Ag/AgCLIZHRFE L 72 IREE T, WHEIESS (e > 550nm F 7213 Aoy >
610nm) N CTiT1- 726

22 £F/HFABTFIXEZY VEEDRAR

EF/RNTFNALT I A=y 7 BBITERRKBR 70 AL DRHBLZ,0.1IM A F
vt uFy AVIEEZT VBT A% 10mL & 0.2M & 7 BBKER 10mL #BE
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(a) Photocurrent measurements using (black) bare p-GaP
and (red) AuNRs/p-GaP under the visible light illuminations
(Aex>610 nm). The electrolyte solution contains 0.5 M
NaClO, and 0.1 M K:S:05. The 50% decreased light
intensity by using the ND filter is shown in bright red
color. (b) IPCE action spectrum of the AuNRs/p-GaP
electrode. The dotted line corresponds to the absorption
of AuNRs. (¢) Energy diagram for the metal —
semiconductor interfaces of the AuNRs/p-GaP electrode.
The terms of CB and VB represent conduction and
valence bands, respectively. (d) SEM image of AuNRs
obtained after the light illuminations for 10 min in solutions
containing Mn?2+.7
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L HATE Y EEMMIZT Fig.2 (a) Photocurrent measurements using p-BDD electrodes
Ty MY NEMEAETSHp A (red and green) with AuNRs and (black) without AuNRs.
kmERF—TF AL Y E Y NEM Each illuminated light wavelength was (black and green)

Aex > 550 nm and (red) A« > 610nm. The electrochemical

(p—BDD) & TRBRO TR potential and supporting electrolyte were —0.3 V vs Ag/

DAV —FEBREFARL 7, AgCl and 0.5 M NaClO4, respectively. (b) Schematic
FOEBBEHTESN-EBIR energy diagram of AuNRs/p-BDD. (¢) Photocurrent

4 . P BN measurements of AuNRs/p-BDD electrodes performed in
i & Fig.2 10\_ ﬂij—o 25y the aqueous solution of (red) 0.5 M CuSO4and (blue) 0.1 M
AuNRs OHFFIZFE, Z S Mn(NOs) ., respectively. The illuminated light wavelength
BRI E5- S N5G 2 EDFERE was Ade > 610 nm. (d) SEM image of AuNRs obtained after
N7z pBDDD7 5 v hIN the photodeposition of Cu. The visible light illumination

time was 60 min.”
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Fig.3 Absorption spectra of (red) FTO/TiO./ Fig.4 Photocurrents obtained from (red)
TiO2Au and (black) FTO/TiO.. FTO/TiO,/TiO2Au and (black) FTO/
TiO,in 0.5 M Na»SO, aq. under visible-
light irradiation (4> 510 nm). The
electrode potential was kept at 0.5 V vs.
Ag/AgClL
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