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Construction of new catalyst preparation method using solution plasma and
rational design of artificial photosynthetic catalyst
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Silver nanoparticles (Ag NPs) were synthesized by a solution plasma method
in an aqueous solution. Optical emission spectra of the plasma revealed that Ag NPs are fabricated
with the sputtering of Ag rods as electrode. In-situ optical absorption measurements of the solution

during the discharge, which controlled the size of Ag NPs. The synthesized Ag NPs were loaded on
gallium oxide, and the sample was used for photocatalytic CO2 reduction with water

Although the photocatalytic reaction proceeded over the sample to produce CO, the CO production
rates decreased with the reaction time. Measurements of DR UV-vis spectra and TEM images revealed
that a part of the Ag NPs aggregated to become larger particles during the photocatalytic reaction,
which would be related to the decrease of the photocatalytic activity.



B X C—19, F—-19—1. Z—19 (@@

1. WFFERIMR SO 5

PRI DT BRIZ WV TS, MBEHERERT G- - I O 720 OB 7251k & LT, [EABEI 45 i
BT R ORI 24T > TS - LinL, 1EROEET / K F-aiEIcsW T, 7/
RIF- DEEEINSE] - A XHIHHD 72D, BRI BARCHREN F 2R L TV D 7w, il
BOGIZ 8 U Icifv R in 2 Fr o A Xl Sl 7 22 88T 2 Z LITE#HOETH 7.
THCH L THIEREE 1L, L7 7 A TETRELOOH 5T 77 X<k (Solution
Plasma: SP 7£) O®NTHFHEICE B L, MIESOSICEE 2 YA XD &R T/ KT % 5y B A 1
BLF 2 WD Z RS BMT 22 LN TE L LBWEST. /2R F ORI RRT, ORsE
DI RIERE & @O it D R BFE D BERBUE THED S, KT 77 AETIIO L QilEft sz 7
7 A= RAERM & WHAREIZ K > THMSLIZHIBE T X 5720, AEEOY A XITHIE ST/ kL
FOERMNREIT D LB

2. WHEDOHBY

7T R TR bSO =— 7 @A LY, /T T T X~ B IS A LA B o8
LA RN E AT D Z L A AR O BEE L 375, BID, IR THRAET 27 7 X<
ZRALT, iR CEEDIICAOGEEZEITSEDL 2 LICEY, ZhE TRETH - HBICY
A RS =BT kIO Gk L, 2 OF R O ERfREA~OEE(LE BT
5.

ZOFEEFALT, A XHIE S I-a&mT b1 % 8RR ISR EA S W7 e &
L, NIOGEREIG OKIC K 2 ZEbiRFE OB TS TS E L. BICEG S ILHHTIC
R DA DVETMIZ K 0, BUfliiE D ¥4 XA« BAARRED SOGTEPELZ KT %) R % i B
L, AR EHR AR T2 2 HNE T 5.

3. WDk

W77 A~ B AT 5 (X OEREW & B SV ABEN DMK ZHEL, 77X
~ REBHRIEC, KB OBEREZHIE L O BMOE&RT /T2 EHNICERSE 572
DO EERY D, £, 77 XA<HE RO UV-vis KR A7 MAZOHHEIZ L - T,
AT DB ROV A X AR T 2 MR ES D Z L2k o C, Inm~#t nm F
TOMLEDOY A X TH R 5135120 D i a LT 5.

ZOEMNEIGHA LT, 0T R B A R LT Y v A B EAL S BTk il
ZRELL, NTORAREIE (CEBEERFOKICE 2BITE) Z2H#ITSE 5. SEBERISTHTEC
K& BE 52 5T /R o(b5 - EIRE (ke &) oA XIZ-2\ T XAFS, FT-
IR, UV-Vis JEESCRIE 72 & D53 TS TEM JIGE 2 BEEE L 72 A TS L - CREMIC
RL. ZHICEY, B A XALERAE, EIREEN, SURIEMEIC KT R AR,
SRR AT R O 72 0 O A BRI EHES 2 4R T 5,

4. WFFERCR

SP 5% W72 Ag/GarOs HMEDFHRLCIE, A /TR 28% DT =7 KKK 0.1 mL
LIREEK 180 mL DIRATRIE Z AR, HEAA 1 mm D Ag 1 v REM 2 K& HWT, Fo—ES
Wi, Ve —ESREE Ag T /R TAERE OREM AR TR L, KBSt E LTEE 2.7



kV &t 2.0A 23R L7z, 2D Ag T /R A1ERIT & 2 WIERER O KERIRIZ Ga,0s By K& At
TH L%, Al EARBKICL DS ZITV Ag/Ga0; #1537-. Ag HEFEIL ICP-AES HIEIZ
LRI,

SP 1A THHHL L 72 Ag/GarOs Sl 2 -\ CTKIZ XL %D COx IBITSEBREZIT - 72, Ag/GarOs
fibii 0.2 g ARSI, KIEFRD CO, [E# (Jif: 3 mL/min, 1 h) & 300W Xe 7 v 7
2L BN Gt 25 mW/em?, 1h)

=
ATV, ZIRKE FI2T NaHCOs AK¥EE 2 i:
% (ZRH7K:10 mL, NaHCO05:0.92 g) g 10 b o
AEAL, B hiEgkLE. bEo € 8 f o
S g e g I e = / O O o)
ATALERTR, KAHER/3IZ CO, (iiE: 3 E 6 0.06W1% Ag/Ga,0,
mLimin) %l S, weaseL 504 , Gu:0;

2 k-
RBDIMI R, JERME —a—8—8—48
GC-TCD % HWNT 1 IKefE] 2 & 2o 8 0 1 2 3 4 5 6

L7c. KIZE D COBEITRUSFRE Reaction time (h)
fTofcl 25, RISHETL, CO,  Figl Ga0s & Ag/GarOs & FIV T RIS &1T - 2B
Ha, O» 2VER L7, #RIC CO iz CO ZERUEE ORI AL
DWTIE, Gax03 £V & Ag/GarOs Sl D 5 A3 v iEMEZ 7= L7z, Fig. 1 (S B RRa Re i 1k
% CO ARuHE DA Z 7”7 . CO ARGEREIISUSHIINITEm A, RF & HZHd L, 5 R
BT —EMITINK S D Z & nnnot.
Ag/GayOs AR D JEE S ST UV-vis A2 kL% Fig2 12787, 350 nm £ ¥ B EANZEN &
NAHWINIE Ag T/ KL FIZHRT 277 XE VRIS RE S 4L, Ag KL OH A AT 513
EWIUIEREMICS 7 52 E0MbnTW5. SPIETHEE D Ag/Gay0; 13 400~800nm
D/NS 72N E R L, Ag Bl &)

AT LTV D 2 ERmD. 0 0.08
LR R IHOE IR % b R S T L gz i
B, SEMRIER T R 0D IR R 0os | o R
WL LTS LD, KEHA 2 o0 |
LG EH#ETSE D L Ag Fir-Ofr & 0.03 |

=

LHENMEZDEEXLND. 0.02 |
Ag/Ga,05 IZ O\ T, FUSHIH D TEM 0.01 - Je N A
&% i U 7= /55, BOGATIZIE 5~10 0 5 s BT

200 300 400 500 600 700 800

nm BEE DN S 22 Ag RT3, K Wavelength (nm)

JEFRISIE 20 nm FEEEOKE 75 Ag Hi Fig2 SO, AILBRAE . RS I 81T 5
TOMEINY DR AT BT Ag/Gay03 DHEHIB S UV-vis 237 b L DZEAL,
SPIETEHEEHF D Ag F /i - DIRFEIZHOWTH R 2557201, JEH OKERIZOWT in-

situ UV-vis WL A7 ")V ORE 2 ik Fr Tz, BARBNTITIRE S OKEHKIZ Xe 7 7T De% 7 7
AN—%B L CAH S, BRE~NLT T ¥ RV TF T4 % — (PMA-12: Ak h =27 R)

ERHWTHEMRMT 5 2 & CHRERMICK TS UV-vis LRI ART ML OZALZ B L 72,

(Fig.3 a). KWL AT MBIV D 250 nm (T OWIIE, AghE72iX(Ag)w 7 7 AZ —HkD
WL IZ, 400nm FFTOWRIIE, Ag(0)T / Rit-DJFfERT 77 A€ o HIB(LSPRIIFE S, +
72, ZOKEHED TEM BBIEN SR 10 nm BRED Ag i+ ER L TWD Z ENH LN E
725 7- (Fig.3b).



400 nm fHE OWINIE, KR ERGE & ITBERHEML, REEM~7 v — M3 52 &n
G0, EREBREICL > T10m BED Ag T/ KON L7721 T2 <, 20 nm F2E
DR EBRLTED Ag T /BT HAER LTS Z LMD - 7=(Fig3 ¢). SPIEICEHITS Ag T/
B F-DARE - BRI B I E RO T B =T OWEIC L > TELT A2 L b ARHEN, 2hb
DRF, Ag T /RFOV A XJHEICERE THLZ L bHLMNE o T,

9 10
Time: 75 (s)
8 | 8 (b av. : 11.6 = 4.9 (nm)
71 6
6 | < 4
s 5 | = 2
= =
:1 N T T T T T T
<4 _g 0 Time: 600(s)
3 = 8 (C) av. : 18.0 == 9.7 (nm)
2 2 6
a
1 4
0 2
200 300 400 S00 600 700 800 0

1 4 71013161922252831343740
Particle size (nm)

Wavelength (nm)

Fig.3 (a) SP T Ag F /KL T-YERL P O KBS D UV-vis WL Z 27 R L DZEAL (b) iR
il 75 B2 D Ag F / KL+ DRI (¢) HERH] 600 F01% D Ag F / R 1 DRIES3 A



6 6 0 2

Aoki Tomomi Yamamoto Muneaki Tanabe Tetsuo Yoshida Tomoko 46

Mixed phases of GaOOH/P -Ga203 and o -Ga203/p -Ga203 prepared by high energy ball milling as 2022

active photocatalysts for CO2 reduction with water

New Journal of Chemistry 3207 3213
DOl

10.1039/D1NJ05245D

Aoki Tomomi Ichikawa Kyoshiro Sonoda Kenta Yamamoto Muneaki Tanabe Tetsuo Yoshida Tomoko 12

Synthesis of meso-porous o -Ga203 from liquid Ga metal having significantly high photocatalytic 2022

activity for CO2 reduction with water

RSC Advances 7164 7167
DOl

10.1039/D1RA09039A

Sonoda Kenta Yamamoto Muneaki Tanabe Tetsuo Yoshida Tomoko 542

Synthesis of nanometer-sized gallium oxide using graphene oxide template as a photocatalyst for 2021

carbon dioxide reduction

Applied Surface Science

148680 148680

DOl
10.1016/j .apsusc.2020.148680

Sonoda Kenta Yamamoto Muneaki Tanabe Tetsuo Yoshida Tomoko

Synthesis of a --Ga203 by Water Oxidation of Metallic Gallium as a Photocatalyst for C02
Reduction with Water

2021

ACS Omega

18876 18880

DOl
10.1021/acsomega.1c02088




Yamamoto Muneaki Kuwabara Akihide Yoshida Tomoko

Influence of Ag Clusters on the Electronic Structures of B --Ga203 Photocatalyst Surfaces

2021

ACS Omega

33701 33707

DOl
10.1021/acsomega.1c04730

Kitajima Daiki Yamamoto Muneaki Tanabe Tetsuo Yoshida Tomoko 375

Real time measurements of UV-vis diffuse reflectance of silver nanoparticles on gallium oxide 2021
photocatalyst

Catalysis Today 501 505

DOl
10.1016/j .cattod.2020.04.063

8 2 8

Tomomi Aoki, Ryota Ito, Kenta Sonoda, Masato Akatsuka, Muneaki Yamamoto, Tetsuo Tanabe, Tomok Yoshida

Improvement of photocatalytic activity of Ga203 by applying high energy ball milling

The international Chemical Congress of Pacific Basin Societies 2021

2021

Itsuki Tanaka, Tomoko Yoshida, Masanobu Higashi

Fabrication of metal sulfide photoanodes for CO2 reduction under visible light

The international Chemical Congress of Pacific Basin Societies 2021

2021




Muneaki Yamamoto, Yuma Kato, Tetsuo Tanabe, Tomoko Yoshida

Application of nitrogen doping to the fabrication of visible light response metal oxide photocatalysts

International Conference on Mixed-Anion Compounds

2021

Tomoko Yoshida, Akiyo Ozawa, Tetsuo Tanabe, Shinya Yagi, Muneaki Yamamoto

Application of soft X-ray spectroscopy to chemical state analysis of nitrogendoped TiO2 photocatalyst

The international Chemical Congress of Pacific Basin Societies 2021

2021

Tomoko Yoshida, Masato Akatsuka, Ryota Ito, Kokoro Yoshioka, TetsuoTanabe, Muneaki Yamamoto

Surface modification effects of gallium oxide photocatalyst for carbon dioxide reduction

The international Chemical Congress of Pacific Basin Societies 2021

2021

Itsuki Tanaka, Tomoko Yoshida, Masanobu Higashi

Fabrication of CdS photoanodes for CO2 reduction under visible light

13th International Symposium on Atomic level characterizations for New Materials and Devices ' 21

2021




Tomoko Aoki, Muneaki Yamamoto, Tetsuo Tanabe, Tomoko Yoshida

Structural modification of  -Ga203 to improve the photocatalytic activity for CO2 reduction

13th International Symposium on Atomic level characterizations for New Materials and Devices ' 21

2021

Muneaki Yamamoto, Tetsuo Tanabe, Shinya Yagi, Tomoko Yoshida

Chemical state analysis of Ag loaded Ga203 as a CO2 reduction photocatalyst

13th International Symposium on Atomic level characterizations for New Materials and Devices ' 21

2021

, 2021

558

(Yamamoto Muneaki)

(50823712) (24405)







