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Development of water splitting system using non-oxide photocatalysts under
visible light irradiation
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Fabrication of non-oxide, such as metal sulfide, photoelectrode for stable
water splitting was investigated. Cadmium sulfide (CdS) was deposited on transparent conductive
glass electrodes by chemical bath method and then calcined under a nitrogen atmosphere. The
electrodes were densified by 673 K calcination, and the amount of photocorrosion (deactivation by
self-oxidation) of CdS during light irradiation was reduced. As a result, the cadmium cyanoferrate
species formed by the reaction with the photodissolved cadmium ions and the ferrocyanide ions in the

solution were densely formed on the CdS surface, suppressing further photocorrosion and improving
the photoelectrochemical performance.



2p

+3V
3eV
1
TaON BaTaO:N
BaTaO:N
Cds
[Fe(CN)s]*-
CdS = Ta-5d Cd-5s5p
[FE(CN)G]s’ (Ti-3d) Ta-5d
TaON wD(H*!Hz) oy (::'_g‘;, — s
& 423 " >3.0eV
E(Oszzol 1 H‘iE 4]
?E; <30eV B ;;}‘ Km
& o Bl
-y e (e.g., CdS)
+ il (e.g., TaON, BaTaO,N)
AR EL LY A AR B ER{L Y
(e.g., WO;, Fe,0;)  (eg., Ta,0s, TiO,)
1
Cds
cds CBD F-doped
Tin Oxide (FTO) 150 mL 75 °C
NHsaq 150 mL 75°C (CHsCO0),Cd2H.0  2.16
g(25mM) FTO H,NCSNH,  8.79(0.38
M) 30s 3 min FTO
200 300 400 500°C 30
3 1
Ag/AQCI Pt (.1
M pH80)  K4Fe(CN)d (0.1 M) L-42
300 W A > 400 nm FTO
CBD XRD 2
Cds Cds Cds
Cds CBD
2 35 Cds CdCN; Cds
SEM Cds



[Fe(CN)e]*

3 Cds
-0.9V vsAg/AgCl M
Cds
cds 5
: g M
Cds ;
P Bl wosm
cds 2,3 3L
CdCNz 1 - Ll l-llexaglonlal ICdS(lCSD:67776)
| Clljbic CIdS(lCSD: 168373)
CdCN, CdSs | | . . Cd(CN:)(ICSD:e5265)
CBD 2 | CdO (ICSD: 29292)
T T T T T T
10 20 30 40 50 60 70 80
N, 30 200 500 °C 201 degree
Cds
SEM 4 300 °C 2 XRD
Cds Potential / V (vs. RHE)
400 °C 500 °C Cds 0.3 -02 -0.1 0.0 0.1 02 03
XRD | 1 1 1 1 | 1
5 400 °C XRD T1ma
500°C @ame o annnnflf
cds 500 °C Cdo _
2 25 mVs LIEihgth‘:r::ff
6 = v
200 300 °C Cds Cds ;
[0}
SEM 3 .
K.Cd[Fe(CN)q] 100~300 nm ()l
4 XRD
K2Cd[Fe(CN)g] (a) 0.5 min
K>Cd[Fe(CN)g] Co? ettt e
[Fe(CN)e]* 1.0 0.9 -0.8 -0.7 -0.6 0.5 -0.4 0.3
CdS Potential / V/ (vs. Ag/AgCI)
400 °C Cds
3 CdSs
cds KCd[Fe(CN)g]
Cds
10nm K2Cd[Fe(CN)g]
CdS [Fe(CN)e]* [Fe(CN)e]*
K2Cd[Fe(CN)s] Cds
7 200 300°C
Cds Cds
K-Cd[Fe(CN)g] 400 °C
Cds
K2Cd[Fe(CN)¢] K2Cd[Fe(CN)¢]

(a) uncalcined Ny (b) 200 °C . o (c) 300 °C " & (d)400°C J ‘ (e) 500 °C

LD~
500 nm

£ 500 nur . ;
; ?‘a (h) 300 °C . (i) 400 °C 48 oy Y
o, G PN

®

4 ‘a~e :f~j Cds SEM



CdSs

K2Cd[Fe(CN)g] Cds Cdo
500 °C Cds Cdo
Cds Cdo Cds -1V vs. Ag/AgCl
Cdo 0.3V vs.Ag/AgCl CdO
—0.5V vs. Ag/AgCl Cdo
Cds
Cds
Cds K2Cd[Fe(CN)g]
Cds [Fe(CN)g]*
1
400 °C 2 (pH
8) K4[Fe(CN)g] Pt
30 30
100% [FE(CN)g]*
[Fe(CN)e]*
4 —-0.5V vs Ag/AgCl
(e) 500 °C : 9Ag Light off
‘lV o, *
o M o 531 ©
£ =
5 (c) 300 °C E Light on
8 22 1
g (a) uncalcined E
z ~J c /
= ||| Hexagonal CdS(CSD:67776) 21\ 200°
| Cubic de(iCSD:168373) (3 E /
| T Cd((l'JNQ)(ICSD:95265) 0 500 °C - .
: T T T T T
S N I i 0 10 20 30 40 50 60
10 20 30 40 50 60 70 80 Time / min
26/ degree
6 Cds
5 XRD
8
Kk.carFe(cn FECNNI" [Fe(CN)I>
¥ ((_Lm" U“ ) ~ 0V vs Pt
cds AL 2
L To counter ‘e\ \g. & .7
4 = e/2 .- ]
[FECNII™  (coionpg® s ®
K;CA[Fe(CN),] - o
N & (] [ J
cas % L °
FTO = o Hs ®
To counter "6 °
€ 2 ®
o
[ ]
7 g .
°
0Oeo—o 2 : :
0.0 0.5 1.0 1.5 2.0
7 CdS Time / h



3 3 0 0

Iwase Yukari Tomita Osamu Higashi Masanobu Nakada Akinobu Abe Ryu 3

Effective strategy for enhancing Z-scheme water splitting with the 103-/1- redox mediator by 2019
using a visible light responsive TaON photocatalyst co-loaded with independently optimized two
different cocatalysts

Sustainable Energy & Fuels 1501 1508

DOl
10.1039/C9SE00136K

Nakada Akinobu Higashi Masanobu Kimura Takuma Suzuki Hajime Kato Daichi Okajima Hiroyuki 31
Yamamoto Takafumi Saeki Akinori Kageyama Hiroshi Abe Ryu

Band Engineering of Double-Layered Sillene Aurivillius Perovskite Oxychlorides for Visible- 2019
Light-Driven Water Splitting

Chemistry of Materials 3419 3429

Dol
10.1021/acs-chemmater.9b00567

Matsuoka, H.; Higashi, M.; Nakada, A.; Tomita, O.; Abe, R. a7

Enhanced H2 evolution on ZnIn2S4 Photocatalyst under Visible Light by Surface Modification with 2018
Metal Cyanoferrates

Chem. Lett 941-944

DOl
10.1246/cl.180369

15 4 4

Masanobu Higashi, Takashi Shirakawa, Hikaru Matsuoka, Osamu Tomita, Ryu Abe

Surface-modified metal sulfides as stable H2 evolving photocatalyst in Z-scheme water splitting system with [Fe(CN)6]3/4-
redox mediator under visible light irradiation

International Conference on Photocatalysis and Photoenergy 2019

2019




Masanobu Higashi, Hikaru Matsuoka, Akinobu Nakada, Osamu Tomita, Ryu Abe

Surface-modified metal sulfides as stable H2 evolving photocatalyst in Z-scheme water splitting system with [Fe(CN)6]3/4-
redox mediator under visible light irradiati

235th ECS Meeting,

2019

Masanobu Higashi, Takashi Shirakawa, Hikaru Matsuoka, Osamu Tomita, Ryu Abeb

Surface-modified metal sulfides as stable H2 evolving photocatalyst in Z-scheme water splitting system under visible light
irradiation

International Conference on Artificial Photosynthesis-2019 (I1CARP2019)

2019

100

2020

Masanobu Higashi

Surface-modified Metal Sulfides as Stable H2 Evolving Photocatalyst in Z-scheme Water Splitting System with [Fe(CN)6]3-/4-
Redox Mediator under Visible Light Irradiation

The 2nd Osaka-Kansai International Symposium on Catalysis (OKCAT2018)

2018




14

2019

122

2018

122

2018

122

2018




Daichi Ozaki Akinobu Nakada Masanobu Higashi Osamu Tomita and Ryu Abe

Synthesis of visible-light-responsive Sille” n-Aurivillius triple-layered perovskite oxyhalide and their photocatalytic
activity

99
2019
CulnS2
99
2019
99
2019
Bi
99

2019




Sille” n Bi

99

2019

123

2019




