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X-ray absorption spectroscopy of composite metal oxide clusters
involving cerium
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[Abstract] X-ray absorption spectroscopy of size-selected cerium oxide clusters and
Cu-attached cerium oxide clusters has been carried out. X-ray absorption spectra
measured in the Ce Mys-edge, the O K-edge and Cu Ls-edge regions provided novel
experimental data for chemical analysis of the constituent atoms and for discussion of
geometric structures. Composition dependence of the spectra of Ce3047" near the
Ce Ms-edge indicated that the oxidation state of Ce atoms evolves from +3 to +4 as
an O atom is introduced one by one. The spectra near the O K-edge suggested that
the geometric structures of CesOs_;" retain the “framework” of CesO," with “peripheral”
O atoms bound on-top to the Ce atoms. For Cu-attached clusters, Cu;Ce30s.7", the
oxidation state of Ce atoms increased with the number of oxygen atoms as well as for
Ce304.7". The oxidation state of Cu atom, however, was revealed to be constant at +1,
likely because Cu was attached onto the cerium oxide cluster.
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Electronic structures of transition-metal-doped silver cluster ions
studied by reactivity with oxygen

oKento Minamikawa, Masataka Horioka, Tomoki Kawano,
Masashi Arakawa, Akira Terasaki
Department of Chemistry, Kyushu University, Japan

[ Abstract] We investigate reactivity of transition-metal-doped silver clusters toward an
oxygen molecule both for cations and anions, AgNM”* (M = Ni, Co, and Sc), to examine
electron-counting effects. ~We primarily focus on 18 valence-electron systems: Ag7Ni,
AgsCo™, AgoNi*, Ag10Co", AgiaSc™, and Agi¢Sc”. The larger four species among these were
found to exhibit a local minimum in the reactivity as a function of size N. This behavior is
explained by electronic-shell closure with contribution of 3d electrons through s—d
hybridization. In contrast, AgsNi~ and AggCo  are exceptions, showing moderately high
reactivity. DFT calculations reveal that the dopant needs to be encapsulated for 3d electrons
to be delocalized. Clusters show high reactivity when the encapsulation is incomplete, as
commonly observed for small clusters with N < 6.
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Study of O, adsorption on silver nanocluster ions
oKeijiro Ohshimo', Masayuki Kadoguchi’, Wataru Iwasaki', Hiroaki Yamamoto®,
Masahide Tona® , Keizo Tsukamoto® , Fuminori Misaizu'
! Graduate School of Science, Tohoku Univ., Japan
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[ Abstract] The inertness of metal clusters in air is important for their application to novel
materials and catalysts. The adsorption reactivity of silver clusters with O, has been discussed
in connection with the electronic structure of clusters because of its importance in electron
transfer from the cluster to O,. In the present study, mass spectrometry was used to observe
the adsorption reaction, Ag, + O, — Ag,0," (n=20-120), in the gas phase. The relative rate
constants for even n were found to be higher than those for odd n. This odd-even alternation
was clearly observed even for n > 40. In addition, inert Ag,fr nanoclusters were found at
around n = 40, 60, and 90. The electronic shell model was predicted that the Ag,” (n = 41, 59
and 93) clusters have closed electronic structures. These electronic shell closings of these
clusters correspond to the inertness for O, adsorption.
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Enhancement of Methane Activation Ability of Tungsten Cluster lons
by Carbon, Nitrogen and Oxygen Addition
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[Abstract] Gas-phase reactions of tungsten carbide, nitride, and oxide cluster cations,
WXn™ (X =C, N, O; n =2-5; m < 7), with methane are studied under single collision
conditions. Most of the WX clusters can dehydrogenate a CH4 molecule at near thermal
energies whereas W, " are unreactive. This indicates that the reactivity of tungsten clusters can
be greatly enhanced by the addition of carbon, nitrogen, and oxygen atoms. Particularly, the
introduction of oxygen atoms is effective, probably due to high ionic characters of the W and
O atoms in W,On", which promotes the heterolysis of a CH;—H bond and facilitates the
H-atom abstraction from methane.
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Reaction analysis of low-temperature NO reduction on Pt clustersdirectly
bound to Si substrate surface

Hisato Yasumatsu
Cluster Research Laboratory, Toyota Technological Institute: in East Tokyo Laboratory,
Genesis Research Institute, Inc., Japan

[Abstract] Surface-chemistry studies are reported, which sthaivPt clusters bound to a Si
surface function as electron-donation catalystevattemperatures owing to strong electronic
interaction between the Pt clusters and the Sasarf (1) NO reduction and CO oxidation
proceed at temperatures lower by ~100 K than bobk mano materials of Pt. (2) NO is
selectively reduced to ANbut neither partial reduction to,® nor oxidation to N@ occur.
(3) A temperature window exists, in which the NQluetion is preferable to the CO
oxidation.

[F)] SiEmicHfEENZ Pty 7 A% — PWSI (7 7 A% —H 4 X : N=20-60), F
TiE, BBRIC L D COmfbns, vy PtRE[L]L Y H 150 K HIKIR THEITTH 2 &
ZHALZ[2,3l, ZORIGIE, O DRRETAR SN DIEM R FIRERFE S CO ZRR1L
T 5, O, OfREEIL, = DOFEAMED FHLUE~DOE i TSN Z L2 EET 5
&L PWSIHITEFEGHEDOE LISVE EEZ O, EEEIT, EAEM b R
e A T2 R PTE IR FE R HAI[4] 72 © TN ;af(ﬂﬁa&iéﬁwr%[s]b)% Pty D% %z’»
SHZBIEFELNT, P& SIEBEHEDOTTF REICHEL TNDZ EEZH B
L7ce ZORAEEF D ElEMERE AU GO & IR L T 5,

EEh7 &R E ORWHAEAEH (SMSI : Strong Metal-Support Interactioni, ﬁﬁ
fbF & ATHFEFENTZAE8 T 2R 7 ETIREINTE Y . EHIREEO LT HE
DEALI E% b1 HF(6], KX 72T ki DA F O &R0 5 BT SMSI

DRBEZ T HOIE, RO mIHFICRES D, L, A XD EERERELL
TO&R7 7 AKX —TiX, HBRETORETI SMSIDFEELEZ T 5, R, bl
EHYT A XN 40 LN T D PRSI Tik, Pt & SitOWHAEERIZHE L T Py A HE
FETSI LA L TWAEZD[T]. &TH PRS2 SMSIDOEEELZZ T T\ D, 20D
Ab, PNSIDNEWEFILERNZFSERTH 5,

AFEFRTIL, PRSI 3 EW NO B ILAERE D b FFO Z L 2 ET 5, ZORIGTH,
NO D A& By FHLE~DE THiEIC L5 N & O ~DOfEE N EN B TH DT
D, i OEF MG N EDIEWE AT D, ERREFHEIL, (1)NO ELX CO
Fefb 3L 7 Pt/ Pthi+ L 0 6 100 KUA EEKIE TRt EN 5. (QNOETIC X
2% Np AN IRAIZHEE Z 1 L N2O ~DER53IEIES° NO, ~DELAVE Z 5721 (3)CO



B b LV b NO BTN Z HIRERDPFET D, T LDORRIT, BhRO
IR SR R T ORREE (U — 2 3—2) e 2 DEALAE 3 2 - IR R & 7 %,

[EBR] ~ /2 b2y X TP 2R L, WEMRERY 412 —TH A X85
L7z (A XERI#% O IL 80—1000 pA [2], PR F&H7= Y OFET RILX—%
1eVICFRE LT Si(111)-7xX7E A E R S5 = & T8l H—W 1 X Py & [ ME I
HERT, 7 TAX—OEBEEIT6X102 cm?UU FD-d, ER EThr 5242 —0
eV ITEH TE D, ROGSFHTIEAEBEE 24T (TPD) [3] & A 7 v —43#7[9] & H
Wz, TPD TiE, 100K (ZHEEIN L7z EFRLEEHI R L CT—E&D NO & CO #Wi& &
7o, FIRLARD D NoX® CO,DAMREEZEESITICE VEHI LTz, A7 a—404r
TlX. NO+ CO - Oy Z[RIRHIEGANIHE L2 D No X CO AR EZFIT S Z &
WL, EFRETOY —F—_"—VL A b (PURTFHZYDORIGLA ) ZIRE
OB E L TRD7-, PWSiIE 673 K THZEE TH H[10],

[ 5 - £22] Fig. 112, Pty/Si L Ti#4T9 5 NO+COSE D TPD ALY kL& 7RT,
340K TNy & COMNEMRSNTWS, ZOIREIT, P(LIIRE[LLS T V2 I HE
ST PtF ki CRiR 7 nm) [12]D[EISG & BT 100 KEREEAR VY, 512, N
& CODAERMIRENRFELTH S,

NO DFRHEIC & 5 IEMERESR S COZ g 409 4000 &

BT 52 L&EETHE NOD 5 3

fiREfE. CO L O L DR, B IO, ,\'% 3000 3000 8

N&NEDRRIZED N DA & %

M CIRE (340K TR I -T2 & 2000 2000
ZEERLTWS, Thbb, Z ,iz_ fo

D FIEDOHEITNO Ofigfi Ty, 2 1000 1000

N & N &DREETIEAR, T 2 j g

L. NO DiEjmERME, B LU, E 0 pmmermmaet o 2

NO : CO- O, [FIFf 45 HF D NO+CO 200 300 400 500 600

It & O+ CORCIRIRMEIZ B L C

LT Fig. 1. TPD spectra of N (blue) and C@ (green)

produced in an NO+CO reaction catalyzed ag/ &it
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