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Development of catalysts efficiently converting
CO,/generating H, by utilizing unique atom
arrangements of atomic clusters
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In this study, we focused on cluster materials, which exhibit unique structures and reactivities
arising from pronounced quantum size effects, and investigated their application as highly efficient
catalysts for CO, conversion and H, production. A tetrahedral base-metal cluster, Mg, was designed
using our original “periodic table for clusters” concept in combination with quantum chemical
calculations, and was synthesized by the atom-hybridization method. The resulting cluster exhibited
higher catalytic activity than conventional nanoparticle catalysts in the dry reforming of methane, a
reaction that converts CH, and CO, into H, and CO.

1. AERS WA RT BB INTVS, AFEKTIE. 2

1.1 XAFKOBEH

AW T, BHEFERE T A R L DR
BHEEB X O RSN oK FIRIETH %
(7S 2% —YE) \CEBE L. HEEMNEFERFEL
T B OGRS X AR E e g e LT,
BRIz CO, 2548/ H, A iR~ o JE R REME %
Waf L7z 27 7 AX—YEIZ. — &7z T 7 kit
D HEXBHIT/NEWV 10~100 [EREE DR 15 58
RENZERN 1 nm OB TThHh, BT
A RNBROEELRLZITIZZ b, {ERDF
J R R S R VR R R B IR RS

DR EEH L. X &> (CHy) b kb=
(COy HBkFE (Hy) BIU—MtRE (CO)
BENT 52X X Vi ABERINICER Lz, AR
JEE AR OIRERR D 2 % B AL EERA R
AT &, DOKKRDEREMS Zeh b, B
B T F—ICBWTERERKIGE LTHE
HafiTwa, Rz, AR TIEMEDRHE L
T, BV EEST 227 79 22 —12EH L.
EDOTFMEIE I R 3 2 R 72 FE FIRRE B K R
THEAEIEHR S 2 2 2T, RO/ b1l v
WXEIR BT In ROGKE R 2 EBL L, CHy @ C-H



BHESH SR 55558
2024 (55 56 [B) Bk

FEE TR BE D 2 TG M LRREE o KgAKk % H 6
L7z,

1.2 FHEOEB

DI, AR VERBTERINCHE L7 7 X
R — DG 2T o /20 7 T AR — D ENFINE
EIER T 2R ISERTER T 2729, #i-
WCIEMEERE O E 2 H T2 HEE 7 7 X
X — iR e U GRE Lz, 77 A X —HiE
DTHNIE, HEEEDEE IR L kst
Hd 772K 2HW, ZOMmE
BHUFEIEEHAGDES Z2ICED, BER
EVEAT 7 5 2 & — DJRFEB & O FECERE
S Riamia | RO 137U S VY A S B b o 11) e i |
BFRO U I AR DG EBET LTz, T DORER.
ETHEEOREBEM»2»HME 7 7 A X —
(Mag) 23, ZCE 72 PRSI O 5 B A & %2 45D
AMREMEDS D 2 Z & %, HERINC TR 3 B FIR
RRICHESWTHHL 2 L,

BT, ZokatietHcEo X, HEEE DB
LiemndTh7erzefHT2HMBDY 7R &%~
BRFE T7 b oang 79w RiE) &b o
BREAT- 720 REKIEX, 2ROEH L=y
N ERNET 3 ED T TR ANERIC, BEOSE
WEEMEL, CheHEilr 3252 THZED Y 7

—ZHRTB2FEDDTH 5, RMFITIE.
N REEEROX 2R 7= v e T2 808
o (MX,) ZFERE L. ZHEHEERERKIGE
WU TH S RANERNC 28 R FER L 7=, BT
A2 2 2 TRESZ 7 AKX — Mg 21872,
Bolr 7 AR =361 —R U HEKREB X
OV RIS 2 2 e TRELEN - 72,
%@% EEEGHEFEMEE (STEM)., =31

—HO X f2oHr (EDX). X #tEEF otk
(XPS) X RN ARG T (XAFS) 72 &AL
DEESNTFEE W CEEHG 2T 72 2D
TR, ALz 0 7 A X —DEKETERETTHIL 72
[EEAREREEZ A L TWE Z e 2L LT,

BARSE s TR -T)L¥— - IR 2 F80 (PR)

RIRIT, Hi%T 7 A2 —fiiD X & >z elE
RGN\ DIGH Z2 il ATz, H TR O il oA >
AT % T FERRI Al RO0EAER %2 S0 U 7= A
R CHy BXUCO, Z[ARHITEA LM MicH
WT, 772Xz X% Hy, BXF COND
RO BHR MR T 2 2 eI Lz, &
5T, F—&ETHED LIRS N 2R I/ kL
TR LR L 728 2 A, RFECHFE L2 Z
AR — i E L SOWEEE 2R Lz, 2O
FERIT. BRI 7 A X —HEN A X D C-H
famEttzfeE L. EMEEEEZ K& RET
XZAREMERB T 2D TH D, ThHhbHB, K
e CIRE L TEtfn s 5 2 2 —2EH L7
LWilEEEEta 2 7" by OFRMEZ T 2K
ErEoh,

1.3 S&OKRE

BE, RISEBOFMZIAO»ICT 2720, i
RN, RO A BERENES X CRIGAH 2
FSARFENEIZBE 3 2 R 25t 2 D TV 5, Z
NHEOEBICED, ROFoEH bz sLEF—D
BHIR, DT ANE - #eagmE O 21T,
ARV ABBERINCBIT 57 7 AR~ DK
JOEFEB K ORI 0L BHig3, £/,
R PR L AE DRI 2 7 TR R —, KoY
WKMOBRITREDP HKDE 7 T AR —~DER D
D TW5, BFEMBIBIEIC X 2 RS & fil
BMERE Y OB Z AT T2 28T, 77 AKX —H
18 & RIS DBIRZ ARV L. S5O filth
REHESH ORSRICORIT A TETDH 5,

2. BR (AEBEROER)
CFARZB U IRRX-YER B TRV
A REDREL. T 7 - LA Ly RS
tEEES (T 5 - XLy 7 2026)
CEAZHL, 1 REFLARNLVTHREFTE 75 R&—
D3 FibEY . ATAC DAY 2026 'y F A4 N>
b GLerk—i, 2025)



BRGNS mREE 58558
2024 £ (55 56 []) Bk

BRI - TH—TH)L¥— - BI5 2 EBpL (RRY)
FFAEB U IRRX-YEREB T AHE
BRETEIR OB, 77 FIFAT ARSI S - ME
RlEICED S HREE - WM (O FRIERISERR.

2025)

- AR, “FEER Y HERD S BTV A XWHE
DFCFARIR . EARFZEEERE MANA £ 3
F— (WEMEZEHERE. 2025)

CBAREBL 7T RAR =B O~
DL FakatHam~", TRMY e B4 R AR
¥ U9—r>ay T (BEEHEERE, 2025)



