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Preparation of plasmonic photocatalysts consisting of base metals and creation
of innovative catalytic functions
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About 10 years have passed since plasmonic photocatalysts were studied as a
new type of photocatalyst; however, research on plasmonic photocatalysts using Au has been
saturated, and most of them are combined with other photocatalysts, i.e., they are moving to the
stage of compounding. On the other hand, we do not follow the trend of such complex systems, and
challenged the unexplored area of plasmonic photocatalyst research. Specifically, a) search for a
method to improve the oxidation-reduction function of Au plasmonic photocatalysts by forming
hydroxide or oxide on Au particles, b) development and evaluation of Au immobilization materials
other than Ti02, c) preparation of plasmonic photocatalysts consisting of base metals, were
investigated.



X C—19. F—19—1, Z2—19 (58)

1. HRFABRLDNOER

i 36 L OMBHEF D LW B2 22 AT IS BRI AT S 11T D,
BTN ONF A FITHETE B,

#4771 (F—7#) : N F—2"TiO,, Rh F—7 SrTiO; 72 &£

2AT2 (N2 RX Y v 7 hhEA) : WOs, BiVOs, TasNs, (Culn)xZnyax)S: 72 &

2473 (AR ZmFE (CGNy) &

2 A7 4 (FUaEMBER) © fiA 4 HE TIO 72 K

2 A 75 (HRAEAT)  Ro3MERR TiO,, A HEER TiO, 72 &

AAT6 (FT7AXE=v 78 . AWTiOs, Au/CeO, 72 &

Tatsuma 513, TiO K% EHEN L-EMRICE (Au) T/ hi2HEFT 5 &, a[fEE Tz
BOWOLERMPEOND Z &2 RWE L (U Am. Chem. Soc.,127,7632 (2005)), %7z, Ohtani &
X, Tﬁt%%TlmﬁﬁT@MMMﬂﬁ&i@?Wﬂ~W®&]/m@%Mﬁﬁﬁﬁﬁfé
ZEEWE L TWS (Chem. Commun.,2009,241), Fex %, AuHEE{LE U 7 4 (Au/CeOy) 75,
RO (K 550 nm) FRET T I féﬁ%&@*A“mﬁE_mw%ﬁ%rT EHERWELE

(Chem. Commun., 46, 1287 (2010)), Z#uix., F /K7@D SPR ZF|H L. A, Lavh, #kta
KTEHRLEM B LD TOWRETHD, ZNEOWEDR, Au T /R FOXKE ST X
£ - 3nE  (SPR: Surface Plasmon Resonance) % FJH 32 # A 7 6 Bl Sefibigt, Wb d 75 X
E=y 7L O ERITENVWZ D,

WL T 7 R e = 7 D % < OFFR N RANTE S v7c, Au/CeOs 13 5F 7B LFFME %
AL, FEEHRE T, RUUAT L= L EEEICR AT IVT e R~EEH L (Chem.
Commun., 47, 10446 (2011)), F7=. GMILETH BT I 7 2L O VAT A a— /VLERED -
{EEARIRENZ T R ) RUAT VT & KRB SIS (U Am. Chem. Soc.,134,14526 (2012)), GV
SPR WX % 779~ Au/CeOr DA ATE (S B AT HHINE) D3B8 S dv, ISR S RIEIC k%<ﬁo
7oo T ORKEHEEHE AWTIO, DARRICER S v, FHZ2EE (Au 24 FEEAEE) |
FEE B AWTIO AR X7z (Langmuir, 28, 13105 (2012)), S 51 tﬁﬁ%kAuﬂ
0 NEHEERAEDED Z LI i@\%%ﬁ(M)EAu%@%KE%LkAMMhMﬁ
FHElX . T XFT=v 78 AWTIO; ﬁ'ﬁﬁﬁﬁ%@#&é E{/t (functionalization) D JF1ENHEN. S 7=,
BERB(L S 72 AWTION-M 13, FIHLDEIRS T fémﬁéﬁ(MPtmmamlstmm

ﬁémePtmxamzsw%amw%% faXBDT =0 o ~DEH (M: Ag. Chem.
Commun., 49,2551 (2013)) 123\ T, KEEREIL AWTIO thx | L @UVESZ 7R3 2 & nwmE
ahiz, it B LU m®ﬁ$&bfﬂ7/1wmﬁ@mén NS (PAd) =Lk
WA L2 Au@Pd/TiO, S AT B . 7 v o RV o O ERIG 2T SE 5 2 LA 5
(272> 7= (J. Phys. Chem., 117, 16983 (2013)), Au 7' 7 AE = v 7 SR e DE R & LT,
NiOx % Bhfift & U 72 AwTiO,-NiOx |2 £ 0 FIHGIRS Fick 1T 2 /KkD5E25 M 2H0 — 2H, +
0)) MBHESNT= (Chem. Sci., 8,2574 (2017)),

2. HEDEM

FLWZ A TORME L LT T XE = 7 JER RSN SE ST D 10 1T E R
WL, Au Z WA T I Xe=y 7 B OMIE E L CIIfafiL TR0, 20Z < il
®t%ﬁkﬁ&Abﬁé@E®@AM@&W B> T 5b, ABFZEIXZ @iﬁﬁ@%%@ﬁﬁ

IRELT, T T RTINS Bk U 7e, BARIIZIE, ) Auki T RIZ(OK)
ﬁ&ﬂ:%@%’:ﬁ/ﬁkﬁ“é Lizkn, Au772%%/7tﬁﬁﬁi@ﬁk{bii*fk %ﬁié)@éiﬁﬁa)
BREZ. b) TiO, LIS D Au BEEAAME OB & 2 OFHli, o) WHIEHE T 7 Xe= v 7 HAhBEAIKL
DAHENE, DWW THRE LT,

3. ARDHE

(A) JehrHiERea v A RESE, STHLEER Sl L 0 2 ki 28bTF % > (Ti0)) 72 ED
i@%%%#%%i WZEE Lz,
(B) 7 /KPR =V EEEANLE, Y=VEE LT, Btk as (CnOs). YU, 7
T =R, gk, Bbaov b, BILEY 7T 27 LRy Bk T kLT
IR LT,
@)%ﬁbt?7X%%y7t%ﬁ%%ﬁiﬁﬁfﬂﬁbto%%ﬁ% EZ KFAMBE, K
BRI RS, KO RIS S TR L 7=,



4. IERE

(1) EABBMAEZENHL-E) / HFEHEREF 2 VI K DRIENRKIE

AWTIO, 120 80 Cr(OH)s % & L 7= fih

B TR RS N CAKOBREG & Water splitting with hole-transferring cocatalyst
RO % B L 7o AwTiOn I AT ik
ZHVWTrZ o AfEl2EAL, TORRE, #
&, IR L R E B (TEM) .,
YRAN AT E (U V-vis) . XRG40k
£ (XPS) . X MR 53 6TE (XAFS) 128D
I LIzE 2 A AuT R BIZFRF I
\ Cr(OH); JB A TEAR S TH Y . Cr(OH)s 7>

Visible light

5 Au~D T 0 E TG AR Sz,
Cr(OH)s/AwWTiO; 1% [N T TR Dz h*_wc
{b)s (2H,0+4h" — Oy +4HY) & KSR
s 2QH0 — 2Hy+0,) O FIZEWT, r(OH)

AWTIO, LY RERIGEEEZ R LT, £
7=, B&1tén (PbO,) DERLAINTH & ZDH A FBERZ X V. Cr(OH)/Au L CEALEIGAE Z D |
Cr(OH); S IEALE BN & U THITE N TV D Z LR LN 5T,

(2) AIAREBHTICH TI2ESESFSBHBIETF I TS XE v U g E AUz KD 2
ZEELIZKEIEY D LBOZHEEM
Cr(OH)y/AwWTiO, &, Hy A Bt
(QH' + 27 — Hp) (TN FetE%
9 PNl A SR L. AT EIK Sy

it st L7z, Pt ° Rh R DX 9 °
7SR O/ & BRI 0, formation®® H, formati
I (Hy+ 120, —=H,0) 25| & 29, 2 or'rrg ion

% ZT, TiO, FICEE/ L Au B
L OVPt F / KiFDFKEIZ Cr(OH); 3
JE =TT DAl A TR L AT
TIZBIT 2 KDEICHND Z & & ) Tio,
Frlze ZORIZEBWT Cr(OH); HifE
X, Au T [EFLBE)] obhfilit s LT, Pt LT NISOIE] D= 0wE & L CHkE
5T b, DFEV IR ET2 DORGRDHERELRIET S 2 L2 WFF L7z, TEM & HW 78182
Lo T, Cr(OH) & Au B L Pt F 2R F BICHTHH L TWD 2 & 2R LT, i L7~ filfi %
FAIZIRE S, AMHRYE (A>400nm) ZHRE L CRDMENMIGERET LTI ZA, Ho & Oy 3 &
IR T D Z E R o T, T OREOKSREMEIL, AulEffi TiO, DK 8 5 & 720 . Cr(OH);
JE DOSKERENL DR & L HIZT T RE= 7 o R (L A Bk S T,

(3) SHRFEMEEETZ oAEEFERA N -/KOBIEREIZHT S AuOx REBRIELHEBDEE
HrHILBEIC &> TR L 72 AufE

iR b T & v % Oy £ 721L Hy H A it
TIZEBWT, Bk & 72 RS CEVILER L 7=

EZ A, O FCHLERL7-fbiiEA Hy T

TUE LD LD bEVIKOERL Visible light
EHEE RIS D &2 RV
L 770 XPS % VTS L 7= filtfit 2 45
Mro5& O FCTUELZMEED Au
F KL O IR b JE AT
5 LR SN, Bt EEH
J A A Hy T A X » CiETALE
95 Z & TROBRILEGEE 23/ & -
fpotZ Emb. Au T/ KT TiO,
W@ N FIET D2 L2k - T

KOS NIE S TND Z E BB SR 5T, ITAF CII Bl OS5 10 L > Tt
L SR DMEN K E < ITONTVDDITH LT, ZOMFFEIE, BT AE2ZE 2D EVD
HHIOE 2 TET Ay 77 X = v 7 e O misiE (b 2 3k L7261 & L CTLERM T B
2o

g+

A
U Reduction



(4) KEBEIEVOLRBDEAIZES Cu TS XEZ v AMEDRTEIL

WHTTESE T R+ & LT, 8 (Cu) ZAW-, CuT /R FITRFEEHEE (600 nm £f3T)
IZ SPR Z/RT 2 EMHBNTNDN, Frex ODHDHRIZEBWNT, BERT T AE= v 7 il
ELTEENT 2 &0 ) S HIIE 722\, Cu OAfif& L Au O ORKI 1 53D 1 Th D7 eHEk
W bHzed CTHERITH D, —H T CuF / RiFI13EEHE & UG L TERIEIZ R Do & v o R
NoDH, T2 T, T 7R FOREICE LIEWEREZRFTL, Z7eMbawn@ L Tnd Z & 5222
T kO, EOEMEEMEIA MFET LB RS20 E Lz, D&, Cu T/ k&~ Cr(OH);
BORKERA, M, BBHES a7 = bTbZ ENAREL o7z, HIfFE Y . Cr(OH);
JEE AN Cu 77 R = v 7 NI 22 BN eI ER 2773 2 E BB BT o 72,

(5) REX AUTa205s 75 XE= v Y BIEO/ER &L A RABE T TOKSBRIEADIE A
7 v # R—7 Sn0, HWEMH T A (FTO) 1T Au/Ta,0s &
HE LT 7 — REM (Au/TaOs/FTO) ZA{ERL L, ]
YIRS T BRI 7 KRS (2H,0 — 2Hy +
0,) ZHEtL7-, 1ER L7 B4 & A8 EF e
(SEM). TEM. XPS. XAFS CilffiL7= & Z A, ESHK
3um @ TaOs J& & PEPRL 728 6.4nm D AW KL 72 H T 5
Auw/Ta0s/FTO ERRNPEE I N TWAH I ERbh o7,
Au/Ta,Os/FTO A VEfM & LT, HECBE T CER
— B ERE L2 2 A, 0.5V vs. RHE LA EDOENT
ZEINL72BRI1Z Au 7/ R @D SPRIZFHIL XL 5 &
ZHE Lo, 7, 08V vs. RHE O EEN T,
Auw/Ta,Os/FTO FEARZ /F i, Ag/AgCl & 2 Mt Pt & %f
R Z W TC, KGR EREST L2 & 2 A, Al HERE I
Hy, & O DRI D EFRAVIZAER T 5 2 & & B TE
L7,




16 16 0 0

Fudo Eri Tanaka Atsuhiro Kominami Hiroshi 410

Bifunctions of a Cr hydroxide layer for water splitting over a platinized Au/Ti02 plasmonic 2023

photocatalyst under visible light irradiation

Catalysis Today 323 331
DOl

10.1016/j .cattod.2022.05.024

Fudo Eri Tanaka Atsuhiro Kominami Hiroshi 5

AuOx Surface Oxide Layer as a Hole-Transferring Cocatalyst for Water Oxidation over Au 2022

Nanoparticle-Decorated TiO2 Photocatalysts

ACS Applied Nano Materials 8982 8990
DOl

10.1021/acsanm.2c01186

Kominami Hiroshi Yato Ryuichi Tanaka Atsuhiro 14

Hydrogen- Free Hydrogenation of a Nitrogen- Containing Ring of Quinolines in an Alcoholic 2022

Suspension of a Titanium(1V) Oxide Photocatalyst Modified with Metal Cocatalysts (ChemCatChem

22/2022)

ChemCatChem -
DOl

10.1002/cctc.202201254

Fudo Eri Asakura Hiroyuki Tanaka Atsuhiro Kominami Hiroshi 7

Fabrication of a stable Au/Ta205 plasmonic photoanode for water splitting under visible light 2023

irradiation

Sustainable Energy &Fuels 1077 1083

DOl
10.1039/D2SE01677J




Fudo Eri Kiyota Yusuke Osawa Ryuto Tanaka Atsuhiro Kominami Hiroshi

657

One-pot synthesis of secondary amines from aldehydes and primary amines over trifunctional Au-
TiO2 as a water adsorbent, acid catalyst and photocatalyst without the use of hydrogen gas

2023

Applied Catalysis A: General

119156 119156

DOl
10.1016/j .apcata.2023.119156

Fudo Eri, Tanaka Atsuhiro, lguchi Shoji, Kominami Hiroshi 5

Modification of gold nanoparticles with a hole-transferring cocatalyst: A new strategy for 2021

plasmonic water splitting under irradiation of visible light

Sustainable Energy & Fuels 3303 3311
DOl

10.1039/D1SE00367D

Imai Shota, Kojima Yasumi, Fudo Eri, Tanaka Atsuhiro, Kominami Hiroshi 624

Controlling the performance of a silver co-catalyst by a palladium core in Ti02-photocatalyzed 2021

alkyne semihydrogenation and H2 production

Applied Catalysis A: General

118331 118331

DOl
10.1016/j .apcata.2021.118331

Yamamoto Yuhei, Toda Hibiki, Tanaka Atsuhiro, Kominami Hiroshi 14

Bromine Substitution of Organic Modifiers Fixed on a Titanium(1V) Oxide Photocatalyst: A New 2022

Strategy Accelerating Visible Light- Induced Hydrogen- Free Hydrogenation of Furfural to

Furfuryl Alcohol

ChemCatChem €202101496
DOl

10.1002/cctc.202101496




Kominami Hiroshi, Onogi Kazuhiro, Tanaka Atsuhiro

Glycerol as an excellent hydrogen and electron source for photocatalytic hydrogenation of
nitrobenzene in water

2022

Journal of Photochemistry and Photobiology A: Chemistry

113963 113963

DOl
10.1016/j . jphotochem. 2022113963

Soltani Tayyebeh, Yamamoto Akira, Singh Surya Pratap, Anzai Akihiko, Fudo Eri, Tanaka Atsuhiro, 4

Kominami Hiroshi, Yoshida Hisao

Simultaneous Formation of CO and H202 from CO2 and H20 with a Ag-MnOx/CaTi03 Photocatalyst 2021

ACS Applied Energy Materials 6500 6510
DOl

10.1021/acsaem.1c00510

Singh Surya Pratap, Yamamoto Akira, Fudo Eri, Tanaka Atsuhiro, Kominami Hiroshi, Yoshida Hisao 11

A Pd-Bi Dual-Cocatalyst-Loaded Gallium Oxide Photocatalyst for Selective and Stable 2021

Nonoxidative Coupling of Methane

ACS Catalysis

13768 13781

Dol
10.1021/acscatal .1c03786

Fukui Makoto Tanaka Atsuhiro Kominami Hiroshi 12

Photocatalytic Reductive Defluorination of Fluorinated Compounds in Aqueous Alcohol Suspensions 2020

of a Metal- loaded Titanium(l1V) Oxide

ChemCatChem 3298 3305
DOl

10.1002/cctc. 202000299




Fukui Makoto Tanaka Atsuhiro Kominami Hiroshi

59

Deoxygenation of Pyridine N-Oxides in Water at Room Temperature Using Ti02 Photocatalyst and
Oxalic Acid as a Clean Hydrogen Source

2020

Industrial & Engineering Chemistry Research

11412 11418

Dol
10.1021/acs.-iecr.0c00795

Araki Sakae Nakanishi Kousuke Tanaka Atsuhiro Kominami Hiroshi 389

A ruthenium and palladium bimetallic system superior to a rhodium co-catalyst for Ti02- 2020

photocatalyzed ring hydrogenation of aniline to cyclohexylamine

Journal of Catalysis 212 217
DOl

10.1016/j . jcat.2020.05.035

Soltani Tayyebeh Zhu Xing Yamamoto Akira Singh Surya Pratap Fudo Eri Tanaka Atsuhiro 286

Kominami Hiroshi Yoshida Hisao

Effect of transition metal oxide cocatalyst on the photocatalytic activity of Ag loaded CaTi03 2021

for CO2 reduction with water and water splitting

Applied Catalysis B: Environmental

119899 119899

DOl
10.1016/j .apcatb.2021.119899

Zhu Xing Yamamoto Akira Imai Shota Tanaka Atsuhiro Kominami Hiroshi Yoshida Hisao

274

Facet-selective deposition of a silver-manganese dual cocatalyst on potassium hexatitanate
photocatalyst for highly selective reduction of carbon dioxide by water

2020

Applied Catalysis B: Environmental

119085 119085

DOl
10.1016/j .apcatb.2020.119085




64 3 13

31 67
2022
1v)
31 67
2022
31 67
2022

Kaisei Kamitani, Atsuhiro Tanaka, Hiroshi Kominami

Reaction temperature dependence in reductive production of hydrogene peroxide over WO3 photocatalyst

OKCAT2022

2022




Tamaki Okamoto, Eri Fudo, Atsuhiro Tanaka,Hiroshi Kominami

Plasmon-induced hydrogenation of styrene over Au/Zr02

OKCAT2022

2022

130

2022

Pd

130

2022

130

2022




Eri Fudo, Atsuhiro Tanaka, Hiroshi Kominami

Acceleration of water splitting on Au/TiO2 by modification of a hole-transferring cocatalyst

12th International Conference on Environmental Catalysis

2022

Hibiki Toda, Yuhei Yamamoto, Atsuhiro Tanaka, Hiroshi Kominami

Acceleration of visible light induced hydrogenation by introducing Br to organic modifiers fixed on titanium dioxide: A
novel method for better photocatalytic material conversion

12th International Conference on Environmental Catalysis

2022

Chihiro Shiba, Hayami Kazuki, Atsuhiro Tanaka, Hiroshi Kominami

Photocatalytic and electrochemical evolution of H2 from alcohol in WO3-Cun+-H20-02 system

12th International Conference on Environmental Catalysis

2022

Eri Fudo, Atsuhiro Tanaka, Hiroshi Kominami

H2 evolution over Au/Ta205 plasmonic photocatalyst under cocatalyst-free conditions

The 13th Asia-Pacific Conference on Near-Field Optics

2022




Eri Fudo, Atsuhiro Tanaka, Hiroshi Kominami

Plasmonic water splitting over gold-loded titanium(1V) oxide modified with a hole-transfoerring cocatalyst under irradiation
of visible light

TOCAT9

2022

Hibiki Toda, Yuhei Yamamoto, Atsuhiro Tanaka, Hiroshi Kominami

Bromine substitution of organic modifiers fixed on a titanium(1V) oxide photocatalyst - A new strategy accelerating visible
light-induced hydrogen-free hydrogenation of furfural to furfuryl alcohol

TOCAT9

2022

Chihiro Shiba, Hayami Kazuki, Atsuhiro Tanaka, Hiroshi Kominami

Hydrogen evolution from alcohol in aqueous suspension of tungsten oxide in the presence of oxygen and copper ion

TOCAT9

2022

41

2022




41

2022

131

2023

SrTi03:Al

Au

131

2023

131

2023




131

2023

C-H

131

2023

131

2023

Hiroshi Kominami, Atsuhiro Tanaka, Eri Fudo

Plasmonic photocatalysts having core-shell structure

The 1st Japan-China Symposium on Catalysis (1stJCSC)

2021




Hiroshi Kominami, Atsuhiro Tanaka, Eri Fudo

Plasmonic photocatalysts having core-shell structure

International Symposium on Energy/Environmental Catalysis (ISEEC 2022)

2021

2021

12

2021

12

2021




12

2021

40

2021

40

2021

128

2021




av)

128

2021

128

2021

av)

128

2021

Pd Ru

11 CSJ 2021

2021




Eri Fudo, Atsuhiro Tanaka, Hiroshi Kominami

Cocatalyst-free hydrogen evolution over Au/Ta205 plasmonic photocatalyst under irradiation of visible light

18th Japan-Korea Symposium on Catalysis

2021

Hibiki Toda, Yuhei Yamamoto, Atsuhiro Tanaka, Hiroshi Kominami

Photocatalytic hydrogenation of carbonyl groups over titanium(1V) oxide modified with diol compounds under visible light
irradiation

18th Japan-Korea Symposium on Catalysis

2021

40

2021

40

2021




40

2021
40
2021
one-pot
66 30
2021
66 30

2021




Au

102
2022
102
2022
102
2022
129

2022




Au

CrOx

126

2020

126

2020

av)

126

2020

39

2020




(

)

25

2020

25

2020

39

2020

39

2020




30

2020

30

2020
102

2021
102

2021




102

2021

102
2021

102
2021

102

2021




2021

558

2022

304

https://ww.apch._kindai.ac.jp/laboratory/kominami/surface-index.html

https://ww.kindai.ac.jp/science-engineering/research/forefront-research/kominami-hiroshi/




