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Atomic-level surface design for eco-friendly, novel catalyst materials

Ecomaterial Design and Process Engineering

Material Process for Circulatory Society
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From catalytic perspective, molecular-level understanding of surface reactions proceeding on nano-sized metal (alloy) particles is a key for

developing highly active and durable heterogeneous catalysts. Our experimental approach for the subject is preparations of well-defined

metals or alloy surfaces by using molecular-beam-epitaxy (MBE) techniques in ultra-high vacuum (UHV). We routinely use UHV-MBE,

scanning probe microscopy (SPM), photo-electron spectroscopy (XPS), ion-scattering spectroscopy (ISS), electrochemical (EC) voltammetry,

surface vibrational spectroscopy (IR, Raman), gas-chromatography (GC) etc., to clarify the solid surface phenomena on atomic, molecular-

levels. We believe our research results directly link to future eco-friendly society.
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KRHRDOERICTIE, BEARIRILF—ICLZKREE Z0D
FREFIBY A METOER. ISKRBEAEZBVWTEEIXR
LF—ZBRIXILF—ICERT D, KREFEFELEYE - TXIL
F—RBREMBICESD D ENTARTHD, FRMRRAFKELZOH
BEM EICBI T B RIEHY - fRATAIEREAILFEL T WS (Fig.1). BIZIE.
BT/ MNFLTEOKELVEETZLERIG (AERE ) ICET
DEBERE, SEMERRE. OVWTEIKREERRRICA T
EERE—RD 1 DTH 3, RELFBE (RIT) DEEREBHFICIE.
RE - RFEOMEZ BF. A FLNILTHBLEIZDENH D, &
ARIPBFTIE. LRESN (well-defined) £EB - & ET /LR
WESFRIEYF> (MBE) EvP7—0 75 XML (APD) I &D
BRL. ZOFEIZEETO—7 BEME (AFM,STM) ® X X EF
2 (XPS), {ERA AV EEL DK (LE-ISS) B EZRWTEAMICTT
L\, EMEREAEMRIBRICE T T BEREHEHZERT - B FLAILT
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Fig.1 H, circulation in “Hydrogen Society”
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1. EF I BEREERADBRBETRENE

BNIBRETRIS (ORR) EEZRIREIS PtESSMEDOET
IVEREREEEZ UHV-MBE ZAWTEEL. SEICEBERG SN
AERREEFEEOBRZEREHICHIELTNS, E<IERER,
Pt-Ni %% Pt-Pd RETILERERZRETIMEDF L LUBER
EME (AN ) ZHR5E Uiz,

1.-1 Ni/Pt %

Pt,Ni1(111)(x=75,50,25) & & BiERER LICPtBERFEZ
MBE #BUTHERULLETIVEIEREOEIEE ORRELEDERZ
AELL (Fig.2)e ETI/LAEREMOBRRAINARPICE T2
ROFEREMIE. PL(111) OZNITXHL 110 ~120mV BESEM Y
ZhUTEHED, EEETHEERERD Ni L OEMICRE->THALE
TBHIEN DN D, CORERIGKRESE 2 FFED Ni fHA L DB
FEHDOET) ICHEWN RRE Pt AFVICRIFTEBEADNKRELE>
FefER. RIGEEN A LTS EZRRUTED. KFRE Pt ¥ V&
BITH—T 2D Pt-Ni AL OFREFIEA. =EME Pt-Ni 2=
BRXKICEETHZIENEBHEIND,
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Fig.2 UHV-STM images, surface models for Pt/Pt,Ni, (111) (top)
and corresponding ORR activity enhancement factors (bottom).
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1.-2 Pt/Pd %

Pd(111) EiR EICEWTREA Pt YT LEDOFEBEEZZELESET
& LTz Pt/Pd(111) @ ORR JEMEZ&E R UTc (Fig.3). HBERE
ES573KEBLTB73KICEWTETIL Pt Yz LBEFER LEE.

m&EED 50-100nm BEDEWT FRBZE D >LRFLANILTHFIE
BRRETERINTWSZ D UHV-SPM BRE#ERI Shh ofc,
REESREFREIT/NY v EEDE THERE Pt EIZ PA(111) Btk LI
IEYFIvILERY DI EDOMND, WED ORRIEEEN Pt(111)
tkcEnTN 5 BEELV 4 ETHOHIENBEEERT, BEAAY
MELDHICEDRE. REEFEOD Pt/Pd RFUERZTFMI D&, dl
& (573K ) BEDRIEA Pt/PA(111) REZFEELTWSZ &N
bhh, 7 =7 ABFOREBELN MEEEICEEICEETS
ZEZERASMIC LT,
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Fig.3 ORR activity enhancements for the 2ML-covered Pd(111) (top)
and Pt/Pd atomic ratios evaluated by LE-ISS (bottom).
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BRILZRETICE TS PtESSH/MAFOBEREEE. Rt
HOMAKZHERIDLTHEICEETHD. BRAKEIZT771b
(HOPG) Lic APD Lfc Pt F/HIFICH LT, AulRF 2B APD
LTIV MEOBERIL AN BEREHZ MG L TR Ulc, BIEX
Tlc, BHNAPD Ufc Au [RF & Pt /AL F DECAI B YA ~
LICBENICAIEBEL. BUEHYAVILEREIIC Pt 7/ FORE-
BTHCRESIFIS N, BEREEN A LI B ENHSM LT,
RERHCMEARRBREEZ 80CEL. MEEHDEEIC LR
WEHTZOBEREEZIRN U, ZORR. RELEBEICHITS
Pt/Au fHA HHERLIETARBE ICBUR T, MEF/HFEE AudR
HARFLLENZEICEELTWS I D DD 0T,

IXNF—FrUTP2EFRETIKELROERRICEIF T, ARER
. MEBZ BRAEEFIRE U TIDHEENEMERANRIC, £+
U7RFDEKRBANADTANTER (BRKER) I2cHDEIEE
BHRENETSND, FARDEFTR. FTFH/ LN TEERGS
NIcBERALICEITZAFIL7ONFTY (MCH) DBKRRIG
ICEB ULICRZToTW\W3 (Fig.4)e REIFBIERISERY DENL
REEZDNIBIOAY A VEEMTEEZHAFEL. TDRE/
UIN\VICEIBHMREER U, SSICBRISERYATDOIHDE
ENMBLCHRIAOYKI 72D DHEBHRECRZFHIEL.
BEXEZE LU RIBEEZ LBREZRB L,
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Fig.4 H, transportation by using organic-hydride (MCH).
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MHLEEHAEBZRFRFREZEEZHEHTVD, 2015 FiF. EEREIC
FWT2HDHEEEITV. Pacifichem2015 (12 B, ZXUAh HR/ILIL)
TRT&EKHES N P-M(111) BESKREOBR BT RIGEES ORI,
EBT DB REZIT olco £lo. P EKFAERY Y RIILT/IIRK IR N &,
EFEEH 7T 2015 APEKRRIRILF—tEIF—THIEEBMZHED
feo BISERSBHEEZ 1 . TEHURNEESR (12 B, 7H) THERESE
BEfTofco MAEFMBORER . ER- N ZEaLEE 8 hOFRFEKRET oI,
BERBEOSERKERH Electrochemical Society meeting (10 B, 7 X
UA K/JLIL) T Student Poster Third Place %z, £/ELRREOELE
IHAEREESR (3B, #E) THAERILZSMBEIAEKS - SOFC MR
BRRY—HZ, ISIKETFEOPNRENEAEEFZR 9B, EM) T
BHERRAI—EXZTNZENRE UK (Fig.5), MO Y hELTIE. NEDO
TEES FRRHE MR B ER MR/ BRI R /(EaS (Ll
(H27 £ 3 BET) &4V TEAEES FRANEBABARELRNHERERE/
ERIBAREEBIRITFR /& BRI ERMER, (H27 £6 Bh5) =X
Ufc, SSICHIALARIZAREMBSERIAR (A) ICEWT, TH/@BEHITE
BERAROVEBBRICED WA VR—RIKRAED ZRLNILEE &

BOIEFWE (B) '@ERLAYFIEICEZ 27—y oILEMBOEHKEEL &
ELTW2, MERRBRTRENBARBEFMRIEZBRETRN 27 £E
BN MEERFI SN -SB/N\I 7V Yy RMEORIREEE—ER
BADGAL. FH 27 FE ARECS ERAREE " nAFSEzRIAT
ZEEREBEDOHF). DHELEEANERILER 2015 EERBEFHARE
DEBERRBREZ Tz,

Fig.5 Poster awards in ECS meeting
(Phoenix, USA), electrochemical society
of Japan meeting (Yokohama), The Japan

Ll institute of metals and materials meeting
T, Welanioer pok).
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