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1. % (Summary)
Light harvesting is essential for the thin film

solar cell, which is promising for the low-cost solar
energy harvesting. However, the large mismatch
between the photon absorption length scales (up to
micrometers) and the short electronic carriers
extraction distances (usually a few tens of
nanometers) is a stern challenge for efficient solar
energy conversion in the thin film solar cells. Here,
we proposed to construct a novel Au-NIs/TiO»/Au-film
plasmonic structure, achieving light-matter coupling of the
cavity mode in TiO; thin film and Au-NIs plasmon
resonance, as an  active  photoelectrode  for
photoelectrochemical solar energy conversion.

2. B (Experimental)
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A 130-nm Au film was sputtered on the surface of
glass by (ULVAC,
MPS-4000C1/HC1). Titanium dioxide thin films
were deposited onto Au film using a commercial

hot-wall flow-type ALD (SUNALE-R,

Picosun). The surface morphology were observed by

silica Helicon sputter

reactor

scanning electron microscopy
(FE-SEM, JSM-6700FT, JEOL). Cross-section was
analyzed with high
electron microscopy (HR-TEM, JEOL ARM (200F)

200 kV FEG-STEM/TEM).

field-emission

resolution transmission
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3. fE L =% (Results and Discussion)

In this study, we constructed a novel plasmonic

absorber, which is constituted from a sandwich
structure of Au nanoislands (Au-NIs)/TiO2/Au-film

(as shown in Figure 1a) , for plasmon-enhanced
photocurrent generation. Au film was sputtered on
a silica glass, then a TiOz thin film with a thickness
of ~tens of nanometers was deposited on the Au film
by an atomic layer deposition method, and finally a
monolayer of Au-NIs with an average size around
12 nm was fabricated by annealing the 3-nm-thick
Au thin film on it. By studying systematically, we
clarified that the strong light absorption originates
from the coupling of the cavity mode in TiO2 thin
film and the plasmon resonance of Au-NIs. The
absorption, which was calculated by 1-T-R, showed
a more than 90% light absorption at wavelength
region of 550~650 nm (as shown in Figure 1b).
Photocurrent measurements were performed by
using a three electrode system with a saturated
calomel electrode (SCE) as reference electrode, a Pt
wire as counter electrode and 0.1 mol/dm3 KOH
solution as an electrolyte solution. From the IPCE
action spectrum measurement, we found that
photocurrent was observed according to the 1-T-R
to 1-T'R
spectrum of Au-NIs. Importantly, the IPCE value

spectrum which almost corresponds

reached almost 0.8% which is larger than that
reported before (~0.4%) because of the strong light
absorption.l2 Note that the 1-T-R spectrum was
broadened and divided into two peaks according to

inlaying Au-NIs partially in TiO2 layer due to the



stronger coupling between plasmon and cavity
modes , and the similar spectrum modulation can
be also seen in the IPCE action spectrum, as shown
in Figure 1b and 1lc. These dual-band 1-T'R
spectrum and the corresponding IPCE action
spectrum observations indicate that hybrid states
are formed due to the coupling between plasmon
and cavity modes. The concept of strong
light-matter coupling can be applied to the
broadband solar energy harvesting as well as the

photoelectric devices.

b coupling
a. 1.04 w—MNo inlgid
wirilaid 4 nm
noinleid  puop 0.8
0.8
o
28-0m-TiQ, |_: 04
- "--.‘
Aufilm lasmon,»" A
0.z{PasMolLonn )
IW .., -
0.0 T T o S
1.5+
=—no Inlaid
(c) =@—Inlaic 4 nm
irlaid 4 nm
Au-hl
- 10
i £
28-nm-TiO, LU
‘ Q
o 08
Au-film -
0.0

400 G0 600 700  &d0 @00
Wavelength (nm}

Figure 1. (a)Schematic of the Au-NIs/TiO2/Au-film
plasmonic structure with inlaid depth of Au-NIs of
0 and 4 nm. (b) The optical absorption spectra of
the strong coupling induced dual-band absorption
in Au-NIs/TiO2/Au-film plasmonic structure with
inlaid depth of Au-NIs of 0 and 4 nm, and (c) the

corresponding IPCE action spectra.

4. Z O - FyFR 2 (Others)

BB IR

(1) X. Shi, K. Ueno, T. Oshikiri, and H. Misawa, J. Phys.
Chem. C, 2013, 117, 47, 24733-24739.

(2) X. Shi, K. Ueno, N. Takabayashi, and H. Misawa, J.
Phys. Chem. C, 2013, 117, 2494-2499.

- BE3HE SRk

(1)R. Takakura, T. Oshikiri, K. Ueno, X. Shi, T. Kondo, H.

Masuda, H. Misawa, Green Chemistry (2017 )

(DOI:10.1039/C6GC03217F) (2)K.L. Lee, H. Y. Hsu, M.

L. You, C. C. Chang, M. Y. Pan, X. Shi, K. Ueno, H.
Misawa, P. K. Wei, Sci. Rep., (2017), 7, 44104.

(3)J. Guo, T. Oshikiri, K. Ueno, X. Shi, and H. Misawa,
Anal. Chim. Acta, (2017),957, 70-75.

(4)A. E. Shalan, T. Oshikiri, S. Narra, M. M. Elshanawany,
K. Ueno, H. P. Wu, K. Nakamura, X. Shi, E. W. G. Diau,
and H. Misawa, ACS Appl. Mater. Interfaces, (2016), 8,
33592-33600 (5)X. Shi, K. Ueno, T. Oshikiri, H. Misawa,
Annual meeting on Photochemistry 2016, -k 28 4F 9
He6 H.

(6) X. Shi, K. Ueno, T. Oshikiri, H. Misawa, The 97th
CSJ Annual Meeting, “F5% 29 43 H 16 H

5. #f S -F23% 3% (Publication/Presentation)
L

6. PEFETF (Patent)
L




