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Chemical Design of Advanced Structures and Reaction Control at Surfaces

Yasuhiro Iwasawa

Professor, University of Tokyo

The goal of this project is to design advanced surface structures active for catalysis
and chemical processes, and to control the reaction paths at the surfaces. The project
has been devoted to the topics; (1) to develop new surface analysis techniques at high
spatio-temporal resolution in situ under reaction conditions, (2) to observe and
understand surface chemical processes by them, (3) to find the principle of chemical
design of advanced surface structures, and (4) to control the reaction paths at the
surfaces. We have succeeded in developing a multi-probe emission electron
microscopic system, a multi-element semiconductor detector type X-ray absorption
fine structure spectroscopic system, and a time-resolved energy dispersive X-ray
absorption fine structure spectroscopic system. We have also succeeded in
discovering a nano-micro scale propagation of phase transition at a fabricated metal
surface, a three-dimensional analysis for anisotropic structures of active metal sites
on oxide surfaces, novel Re catalysts with highly efficient performances, and a new
concept “Surface Catalytic Reactions Assisted by Gas Phase Molecules”.
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ZRETED NO OB, REICEEZINAZW CO 27 (Spectator) (L DFEL{EExh
BHRTH D, CoNO),IZHBITS 2ED NO B FRIDAED CO FHEICIDAREIBKL. [
KFZ NO BE B RS 5, RIGHRIAEO#E & B4 CO Spectator DT L DEL < B2 IV,
WRELUTHEBERIGEEEINS (K1) ,

HBHNIL NU/SIO, M ETOTY ) — VB AKRKITIZBNT, KHICTY ) —IVBEELR
WETFLIANERKENZDIZHL. KMBICTY ) —IVBEETBHETERTILTFE RAER
KFEEND, DXV ALFNBENKHIY /) VK OBENSHESACEB I T &I
Y495, WIhoRES, ZEEH=ATThFI R (NKOCH,) Z&ETERTTIN. Z0bHD
70K fHETEETHD. TFLIAEFRE BK) ShBDIIHL. KHITY J—IVhE
ETHES50K L FTHORBNESBRRNCTE N7 ILTE R (BAkE) BERTHEDICRS,

ZOBRIIZFUNIVTERET SN LR 2 DOBE MBI A RO TR < — B0 7 il
BRTH D, HIZE MO ® ZnO O & 5 RHEMB{LY. H5WNITEZESBME Rh/CeO, TH
Bmansd, IS OME ETOAEHN A7 MRIGIK, FRGE L TRERE T 4> (HCOO)
ZEDN EOFEA A IITO H20 & CO EDRBENTRIBERYM TH S H, & CO, &13iF
EAEB NN, LML, SHICH0 2EES R EFBAFUIEH, & CO, EInnRENS
KIITRD., MERKIENETT 2, £, RIGEED 2HHHKT S,



AR T RN E NS, ZEICHR <3S U CHETS B RIS P RGO RSN, &
TV AETE LR W2 (1 Spectaton® 2 WM THHWERBE D TICE > THLZEIND
T ERT B S AR U T AR R S e 2 0 T 2 TR SR RE R & B 72 D BRI 2
TBHIENARETH B,

(a)

A - X - P
(b)
-4 \
|1 A O mow owom
& "Surface Catalytic

Reactions Assisted by Gas Phase Molecules” ;
R A = P ASEM O X 2R CEfTT 28, RmcBRIZW A T0F
ETHIEICED, P OEREEN2HIBEALED, BDWITERY Q 25X 5%
LCWRIGREENEENZDT 5,

(2)  Mo,C(0001) M D RFF THREIER S FBIRTy F > VR

EB SRR, Pt ROESBEMEICICET 2 & W AMEE OB 2 R T BN/ LFE
HEES TSR, TOXREMSIMERFTHTH 0. BSBEHRLUOMEEROFEBEOBHMIZDON
TIRHEL Ao TR, AHFEE. BENRESSEREY THBEY TF 2 H—NT R
(Mo,O)D(0001)F H % W T, F DEMMHE DR T/ FEE STM BEIR & KNEFED STM %
ZHELE, TOERE. ZEEEORFRICKEL T (V 3%/ 3)R30° -honeycomb #i&, —
KItH) zigzag chain 5725 cxDREE. RFH T AY —72 & O E Nz RBEXREREEH
ERT B ERFHSMIL., IS OBEP O & DRRBFE T2 B ORREBRE T2 2 L1890 T
RIhiL/= (K2) .

B2 Mo,C(0001) % ifi @ w73 ik BE. STM
% ; 4.4x4.3 nm?

o Tr WAEER NE EFN201F Mo,C EHEECNIBELEZBTHLII &N,
Mo,C(0001) % % SR THRICEH L T STM #E2#% L/, K3 Tld. honeycomb Hi&d



BFEFFIZ A < B UARWDIZH U, zigzag chain #§3% D & AR 7AW LT <J@EFEATHHERE
ENTND, MEROMEERZD, Mo,C EH D 1 KCIROEF % U7 kB FIIERTY 5 /%
RO T ERKISTHRAVKISERRFD EWIFHBINT v F > FRIGERWZ L,

B3 Mo,CO00D)EMEIZBITARIET, BFE (1.3x10°Pa) ik 0®RTyF 27
BB D STM % (7.5x7.5 nm?)

(3) TiO,(110)3 i D JFE 5T BlEL & il 5RO KRS R E

TiO.(110)FK A L TOFEHFTORIETOEHZ STM KL D#EETH &, FEREITTE 42>
EFLTTIETECEZHL, OCO @iE Ti B FHICEfTIc LT001]A Mz 0.15 nm min™ OE
T RITMNCHLE T %, 2O & S i —EHZELR L 7235 5 FRETIEBE W R 2ME < 729,
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FEDOMIFLZE 7 IV I FTEMITER L /2. TAFT IO MK SR N B S5 TR IR Y 2 7T 90
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BIRDEKED D NITEBEHAC Y 5 AY —ZRREE U THW S BIEbEE, S8 s
MHEEZ R TELHETH2W, &F /T EEKRT L ELERETHS, LML, As-
precipitated <& @/KEE (LY =B L HEORIRMAEE L THNL, SAT5E S LT Au(PPha)(NOs)E
FEEHNWD ZEIZL D D TEV CO KIREEIGME 2R DHEFS T /R Tl 22 Z &Ik
hi7= (7).

% Mesoporous
: pitated
| FelOM)y" or THOH), *

& M

Amorphous
B7 HERET Rl D s Crystaliine
FMELBFE ; Au(PPhy)(NO,) & e |
As-precipitated M(OH), # o N
AR & U Ciad. M/ /% AWTKOH), *

—-'1
2-3 nm



(3) #il SbRe, O # & EEALY O ALIEAEM
BIEEERRIE, EERMEETOCATH D, FHRATIV I > BLTAVTFL DT
EBALRIG, E5ITIEAY ) — I OEMBACSRISICEN M ER 2R T L WY > FE 22—
Lo AEEEEY) (SbRe,O : B48) ZHWE L, THET, AY /NS —ETAFZ
=) EERT BEN MRS SN TN SbRe,O; Mlld 93.5% b DE  ERE TA
FF-EER Uz, iz, SbRe,Oy KAV TH 2 BXOA VT F L 2OT7 BRI X
BAY U OZ S UIVERITEEZ R U AR REO Y > BRACSIN I LI il TH S,

(4) AF =)V DERIBACBIK ISR D L =7 L R AkED B FE

F1 A =M BEDAFT— )RR

M8 ¥ SbRe,O, filliD
(010 W DOREE ; (Re,Op)¥ i &
(SbO) @ &M S RE X 5.

Catalyst SBET MeOH conversion Selectivity / mol%

m'g! mol% Rate/mmolh” gy CH3(OCH;3); HCHO (CH;);0 HCOOCH; COy
Re/TiO,-rutile 5 53.7 351.2 83.1 1.9 0.7 9.1 5.2
Re/TiOz-anatase 50 595 389.1 78.5 4.1 1.1 11.7 4.6
Re/V,0s 6 21.5 140.6 93.7 0.0 4.3 0.0 2.0
Re/ZrO, 9 35.8 234.1 89.4 2.0 trace 7.6 1.0
Re/o-Fe;05 3 15.5 101.4 90.5 2.0 1.0 6.0 0.5
Re/y-Fe;04 16 48.4 319.2 91.0 2.4 1.0 4.6 1.0
Re/Si0; 36 15.1 98.8 60.7 1.3 trace 11.9 26.1
Re/a-Al,Os 10 16.3 106.6 88.3 2.8 trace 5.9 2.9
Re/Sby05 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Re/Bi O3 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Re/MoO; 5 9.1 59.5 80.0 0.0 19.0 0.0 1.0
a-FeOs 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V205 6 9.3 10.8° 1.0 91.5 7.4 0.0 trace
ReOs 1 12.4 10.2 99.0 0.0 0.5 0.5 0.0
ReO; 7 65.3 50.0 64.6 6.4 2.0 10.2 16.8

513 K; GHSV=40,000 ml-h"-g ", He/O,/MeOH=86.3/9.7/4.0 (mol%).
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IN5IE STM REHFENSBREIN TV B LI E< B, RHOOEEERY 1 FD 3K
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BT LT L,

7V 2 F(y -ALO)EHEKEE I, O 4 MRS 5 BEO/KER ORI EL O e
TR(FWHM) 150 em™ 2 ED 70— RARBRABERNANRT MV ELSZ D, ZORICBWTR T -7
O—7EBRZT, FWHM = 20 ecm™ OBHERIN A7 MVORIEIZRII Uiz, £72F OE#H
fir, #RiE, BELAENSEFD AN T LEZHE Lz, SSITHEKRELEZ NS EROERZTT
D EWXEIVBREORZ D AKEEEZ X TE SWHEMEDNH S,

! P A

16 JKBEEEELETIVIF(ER)
DAL AR BV 1) EBFETI A~
27 FIVW(F)

FETFIIFIEHKODBENREFRE L THLSN TS, ZROKEZESE LET IV I F ORI
AT BVEERNIK 1 6 O EHICRT EDICHEILTO—RTHD, ZOART MLO—HiZ
R THEHT, BERINART MILORIEZ{To7Z. K1 6 D FIDANRY BIVIREDHET
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(6) BEESFREFRNADNEBE2EATDEH L WEHRIEORRE
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LIt ZOBELREZERIMH TRIE L TRO-BERREFITUIZRER. T VBT 21D
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