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Structures of Pt species derived from(PACH;COOQO) on ana-Al,05(0001) single-crystal surface were studied

by means of in-situ polarization-dependent total reflection fluorescence XAFS (EXAFS and XANES)
techniques. The Ptluster framework was destroyed upon the deposition £4fFEH;COQ) by the reaction

on theo-Al,O3 surface at room temperature. The isolated Pt species were converted to one-atomic layer
thick Pt rafts with the PtPt distance of 0.273 nm when the cluster was treated witlatrtB73 K. The

raftlike Pt clusters were stabilized by the formation of direct ®tAl bonding with thea-Al,O; surface.

The raftlike Pt clusters were redispersed to isolated oxidized Pt species by the reaction with NO. They were
also transferred to three-dimensional Pt particles by reduction witat H73 K.

1. Introduction on the bondings parallel to the surface. When the polarization
Industrial metal catalysts are usually used as metal particlesyector IS perpendicular to the surfage (p-polarization), t'he
supported on high surface area metal oxide surfaces. The roleInformatlon about the strL_jcture pe_rpendlcul_ar tothe surface, i.e.,
of support oxides is not only to disperse the metal particles but e Metat-support bond is selectively obtained.
also to modify the morphology, orientation, and electronic state ~ Since the conventional supported metal catalysts are used in
of the metal particles through metadupport interaction, which & powder form, the EXAFS oscillations are averaged over all
are the most relevant factor to supported metal catalysis. directions. On the other hand, when the flat oxide substrates
EXAFS (extended X-ray absorption fine structure) is regarded are used, the structural information parallel and perpendicular
as a powerful tool to gain the information about the morphology to the surface can be separately obtained by the polarization-
of metal particles and metasupport bonding. The particle  dependent EXAFS measurements. However, a problem is to
morphology can be obtained by the analysis of the coordination measure the surface species of low concentrations. Concentra-
number of metatmetal bondind. The metat-support distance  tions of monolayer metal on a flat surface are in the rangé-10
can be determined by detecting the EXAFS signal of atoms 10 atoms cm?, which is 4-5 orders of magnitude lower than
(mostly oxygen) at the support surface. However, it is not concentrations of metals for conventional catalysts in a powder
straightforward to obtain such a precise type of structural form. Usually fluorescence yield detection is more preferable
information from conventional EXAFS for powder catalyst for dilute samples than monitoring of direct absorption. In a
sample because of the following reasons. First, the coordinationsoft X-ray region, the fluorescence-detection mode successfully
number determined by EXAFS suffers from many factors like gives the EXAFS signals with high quality and the polariza-
the effects of thermal and static disorder or asymmetry of pair tion-dependent EXAFS studies determine the adsorption sites
distribution functior®* Second, the metalsupport bond,  of lighter elements such as C, O, S, Cl, an#%POn the other
especially metatoxygen bond with a small coordination hand, most of the catalytically important elements have the
number, has a small contribution to whole EXAFS spectra and X-ray absorption edges higher than 4 keV. The X-ray with
is hindgred by the metaimetal bon.d because 'ghe EXAFS  such a high energy can penetrate deeply into the bulk, yielding
oscillation for oxygen does not continue to the high k-region. 3 jarge amount of scattering X-rays which make it difficult to
The amplitude of EXAFS oscillation depends on the direction measure monolayer species supported on the flat substrate.
of X-ray electric-field vectoré.»* As a result the effective  \when the X-ray hits on the flat substrate with the incident angle
coordination numben\* is expressed by eq 1: less than the critical anglé., it undergoes a total reflection
and penetrates only a few nanometers into the bulk. Conse-
N* = 3ZCO§6J @) quently the scattering X-ray from the bulk is dramatically
! reduced® After Heald et al. showed the possibility of the
where6 is an angle between the polarization ve@and the detection of EXAFS signals from a monolayer Au film deposited
bond vectoff;. When the polarization vector is parallel to the ©na flat glass substrate by use of a total reflection fluorescence

surface (s-polarization), EXAFS will provide the information techniquet! the total-reflection fluorescence EXAFS technique
has been applied to semiconducting materials, electrodes, and
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SCHEME 1: Preparation Route of Pt Cluster on a-Al;,03(0001)

CH,CI H;at373K H, at 673K
2 4 - =B — > C
Pt4(u—-CHCOO)s+ 0-Al;03 5 o-AlL;0

NO atRT

D
a—Al03(0001) 7

Co oxides and Cu oxides on flat inorganic oxide substrates asdegree (109 of rotation of the sample around the X-ray light
model systems for supported powder catalysts. axis enables us to measure the XAFS of the same sample in
XANES (X-ray absorption near edge structure) spectra give different X-ray polarization vectors without exposure to air. The

information about electronic state and geometrical configuration fluorescence X-ray was detected by an Nal(Tl) scintillation
and also show similar polarization dependence. Thus the counter which can be set close to the sample surface. The XAFS
combination of EXAFS and XANES, so-called XAFS (X-ray was measured at BL-7C of the Photon Factory in the National
absorption fine structure), will give clear insight into the Laboratory for High Energy Physics (KEK-PF) using Si (111)
morphology, orientation, and metasupport interaction. sagittal focusing double-crystal monochromator.Higher
Moreover, the fluorescence XAFS allows us to carry out in- harmonics were removed by a double mirror made from fused
situ measurements on the structure of catalysts in the workingquartz. The energy resolution was about 2 eV at 9 keV. The
conditions. We have constructed an in-situ chamber for incident X-ray was monitored by a 5.5 cm ionization chamber
polarization-dependent total-reflection fluorescence EXAFS filled with N, gas. Although it is better to measure Rtédge
measurement under various conditions from UHV-Ba) to because eq 1 can be directly used for the analysis of the
high pressure (XOPa) and from low temperature (100 K) to polarization dependence of EXAFS amplitude, the edge height
high temperature (800 K In this paper this in-situ chamber  of Pt L; was so small that the EXAFS oscillation tolerable for
was employed for the measurement of the polarization- data analyses could not be obtained. Instead, we measured Pt
dependence total-reflection fluorescence XAFS (hereinafter we Ls-edge spectra. Thus eq 1 should be modified as discussed
use abbreviation of PTRF-XAFS) for Pt species deposited on later. All measurements were carried out at room temperature.
o-Al,05(0001) using a Rf«-CHsCOO) complex as a precursor.  One of the difficulty in the total-reflection fluorescence
The PTRF-XAFS technique demonstrated that isolated Pt technique is diffraction from the single-crystal substrate. We
monomeric species and one-atomic layer thick Pt rafts were can remove it by putting small pieces of lead plates at the
formed on then-Al,05(0001) surface and reversibly transformed positions of the detector window on which the Bragg diffractions
between them depending on the treatment and the atmospherehit. The other one is low intensity of the signals. The X-ray
beam was collimated onto the substrate surface using a pinhole
2. Experimental Section to eliminate undesirable scattering from the other part than
2.1. Preparation of Materials. The cluster [Piu-CHs- subsyrate surface. Ittook 12 hto qbtain a whole spe_c_trum. The
species A was measured under high-vacuum conditions. The
h Mmeasurements of samples B and C were done in the presence
of H, and the measurement of sample D was performed under
NO atmosphere.
+ 2.3. Data Analysis. The EXAFS spectra were calculated

COO})] was prepared following the literatut&:2> An optical-
grade polished.-Al;,03(0001) crystal was purchased from Eart
Jewelry Co. The single crystal (2030 x 1 mn®) was calcined
at 573 K for 2 h followed by evacuation at the same temperature
for 1 h. The preparation steps are summarized in Scheme 1. Pt A
was deposited on the-Al,0(0001) surface by a dropwise dlre_ctly from the ratio of the quorescenc_e f_rom the sample to
impregnation method using a GEl, solution of [P§(u-CHs- the mmdent X-ray S|gna_1l detected by an ionization chambér (
COOY] in the in-situ chambé under a flow of high purity Ar lo) without any correction for self absorption because 'ghe_Pt
(99.999%). The loading was estimated to be 1512 by atoms were located only on the surface. The EXAFS oscillation
XPS, which corresponds to an atomic ratio of platinum:surface #(K) was extracted from the spectra by a cubic spline method
oxygen= 4:10. The solvent was removed by evacuation under @"d normalized by the edge height using EXAFS analysis
high vacuum at room temperature. The incipient supported Program REX. The energy dependence of the edgg helght was
sampleA was then reduced at 373 K with H, (13.3 kPa) to tqker) into account using McMaster equat?én?l’he origin qf
form speciesB in the chamber. The speci@ was further kinetic energy of photoelectron was temporarily taken in an
reduced to specie§ by H, (13.3 kPa) at 673 K. Specid inflection point of the edge jump. The Fourier filtered data
was also exposed to NO (1.33 kPa) at room temperature in the'V&'® then analyzed by curve fitting analysis using eq 2:
chamber (Specieb).

: . N*F; (k)
2.2. PTRF-XAFS Measurements. The details of the in- . Il .
situ XAFS chamber was described elsewHéretere we briefly %K) = Z 2 exp(-207K) exp(=2r/2) sin(r; +
describe the in-situ XAFS chamber, in which the XAFS spectra ! T
can be obtained under various conditions: from high vacuum #i(k)) (2)

(1 x 107° Pa) to high pressure (X 1C° Pa) and from low
temperature (100 K) to high temperature (800 K). A wide wherek;, 1;, g, 4;, Fj(k), and¢;(K) are the wave-number of the
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photoelectron, the interatomic distance, the Debyéaller 50
factor, the mean free path of photoelectron, the backscattering
amplitude function, and phase shift function for fiie shell,
respectively. Therj(k) and ¢j(k) for Pt—Pt are derived from

Pt foil. Those for P+O were calculated from feff v5.05 with
Pt—O=0.20 nm?* Since the absolute value of the theoretically
derived amplitude is smaller by a factor of 8.0.9 than the
actual amplitude, it was corrected by using the coordination
number of 6 for PO bonding in (NH)4H4PtM0;024. The : .
origin of photoelectron kinetic energy was adjusted using the 0 20 40 60

N w H
o o o
T T T

-
o
T

Turnover number of CO,

following relation 3 in the curve-fitting process: _ t/ min _
Figure 1. The turnover number of formed GQer Pj cluster during
— HCOOH d iti ti the Pt ies derived fra(n-Pt
k‘? . - 2mAEj/h (3) ecomposition reaction on the Pt species derived fra(n

CHsCOO)/a-Al,05 (M) and Pi(u-CHsCOOY/SIO;, (O) at 288 K.

whereAE; andm are the deviation of the origin of photoelectron @nd one may observe PX bonding even though the PX

kinetic energy and the mass of electron, respectively. bo_nd direction is perpendicular to th_e X-ray polanzatlo_n. In
Errors in curve-fitting analysis were estimated wheA thls_ paper we use the terms, s_—polanzatlon and p-polarization,

defined in eq 4 exceeds 1 according to the report of Committee Which mean that the electric-field vectors are parallel to the

on Standards and Criteria in X-ray Absorption Spectroscgpy. Surface and perpendicular to the surface, respectively.
2.4. Catalytic Reaction. Catalytic activity for decomposi-

2 2 i i - - - -
€= (Ny/(Ny, — 1/N k) — K2/ o2 tion reaction of HCOOH on the-Al,0s-supported R{u-CHs
N/ (N = P data)z[(XObS( )~ Zeal)) E"OE]4) COOQO) powder was checked in a closed circulating system
connected to a gas chromatography (Shimadzu Co, GC-8A) with
wherep is a number of the used fitting parametegy, is a a Porapack PS column. The pressure of HCOOH was 1.47 kPa

number of data pointsyondK), ycak) and oeror are observed  and the reaction temperature was 288 K.
and calculateg,(k) and the estimated error, respectively. In
this work we took into account only statistical errors. The fitting 3. Results
parameters ardlqp is a number of freedom calculated®y 3.1. Catalytic Performance. Figure 1 shows the activity
_ of Pt(u-CH3COQY) dispersed om-Al,05; for the HCOOH

Nigp = 2AKAr 7 +2 ) decon(wlfaosition reaction at 288 K. HCOOH was selectively
decomposed to Cand H without any formation of CO and
H,0, contrasted to the HCOOH decomposition oGk
supported Pt particles prepared by a traditional impregnation
method using an aqueous solution, followed by the reduction
with H, where both C@Q+ H; and CO+ H,0 were produced
with a much lower activity. For comparison, the activity of
Pty (u-CH3COO) supported on Si@is shown in Figure £° As
has already been reported, the S8Dpported R{u-CH3;COO)
showed a long induction period which became much longer than

whereAk and Ar are the ranges of the Fourier transformation
in r andk space. Normally is 4(Nr,AE,Ac?) andNigp is 6.6
for 1 shell fitting.

The eq 1 is no longer valid for3edge spectra because the
Ls-edge EXAFS corresponds to the transition of angular
momentum froml = 1 tol = 0, 2. Therefore, the polarization
dependence of EXAFS is expressed by eq 6 fos &dgesy’
instead of eq 1.

F(k) that for DCOOH and DCOOI2® The reaction on the Si©®
1K) =S —— exp(2073) exp(2r/A) x {11+ supported B{u-CH3;COO) terminated at ca. 10 min after the
] ] 2 . A .
T kr? reaction initiation because the Pt species was reduced to Pt metal

j . R . . X

. . particles during the reaction. Unlike the Si€upported Pt
3 003291')|M21|2 Sm(z«i + ¢2J) + 1/2|M01|23|n(2krj + ¢01‘) + species, Pt species anrAl,O5; did not show any induction
Mg;M,,(1 — 3 cog 6)) sin(r, + ¢OZ)}/(|M21|2+ RAIYME! period. The initial rate for the formation of GOper Pj

(6) (turnover frequency) was 4.4 mihwhich is twice as large as
the maximum reaction rate for the,@t-CH;COO)/SiO..

whereMp; andM_; are dipole moments for the transitions from 3.2. A Structure of Pt Species A. Figure 2A shows the
| =1tol =0 andl = 2, respectively. ¢, ¢z, andgoy are EXAFS oscillations parallel (s-polarization) and perpendicular
phase shift functions for the transitions frdm= 1 to | = 0, (p-polarization) to thex-Al,03(0001) surface. The period and
from| = 1 to| = 2 and their cross term, respectively. Since amplitude of the EXAFS oscillations in both directions are
(Mo/M2y) is about 0.2, we adopted the following assumptions similar with each other. The corresponding Fourier transforms

for simplification in the present EXAFS analysis: ¢ijx(K) = overk = 30-90 nnt! give one peak around 0.17 nm (phase
@2i(K), (i) (Mo/M21) = 0.2, (iii) (Mo/M21)? is negligible small. shift: uncorrected) for both directions as shown in Figure 2B.
Then the eq 6 can be simplified to eq®: The original cluster R{u-CH3COO} has the Pt Pt distance at

0 0.2495 nm which will give the Fourier transform peak around
j 2 . 0.20 nm (phase shift: uncorrected).However, there was no
x(k) = ZNI* K2 exp(~207K) exp(=2r/2) sin(r; + peak in this region for both s and p-polarizations, indicating
! that the Pt4 cluster framework was destroyed. Moreover, no
¢21(ki) @) peak corresponding to PPt bond of Pt metal particles was
observed around 0.25 nm (phase shift: uncorrected) in the
Fourier transforms for both directions. Thus Pt atoms are
monoatomically dispersed on the-Al,Os; surface by the
interaction with the substrate surface.
We carried out the curve fitting analysis on the inversely
Note that the polarization dependence fgeldge is not perfect ~ Fourier transformed data of the first peaks filtered over-0.1

In this caseN* is expressed as follows:

N*= Z(o.7+ 0.9 codh)) (8)
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Figure 2. k?-weighted EXAFS oscillations for specigs (a) p-polarization, (b) s-polarization. (B): Fourier transforms ofkhereighted EXAFS
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< v TABLE 2: Calculated Effective Coordination Numbers (N*)
0.4 for Pt—O at Typical Three Adsorption Sites
0.8 coordination number
K710 nm’ polarization exptl atop bridge 3-fold
Figure 3. Best fitting results for inversely Fourier transformed data p 3.3+£0.5 1.6 2.4 3.1
of the speciesA: (@) p-polarization; (b) s-polarization. Solid line, S 3.0+05 0.7 1.8 3.0
filtered data, broken line, calculated data. expectedN* values in both polarizations and their ratios for
TABLE 1: Curve-Fitting Results for Pt Species A on the three Pt sites, only thg 3-fold site model can reproduce the
o-Al,03(0001) observed data as shown in Table 2. The location of Pt atoms

are illustrated in Figure 4. The-Al,03(0001) has two types

PO of 3-fold hollow site which are distinguished by the presence

sample N rinm Ad?lnm  AE/eV of the underneath Al atom. Here the site which has no Al atom
p-polarization 3.3£ 0.5 0.198+ 0.003 0.00H 0.001 3+2 underneath the Pt is called as fcc site and the other site which
s-polarization 3.6 0.5 0.201+0.003 0.00:0.001 3+2 has an Al atom below is called as hcp site. In our previous

0.22 nm. Figure 3 shows the curve-fitting results in p- report Co atoms on-Al,03(0001) were demonstrated to occupy
polarization and s-polarization. The structure parameters thusthe fcc hollow sites of the surface where no Al was located
obtained are summarized in Table 1. The-@tbonds are found  under the Co atoms in the second surface layer gbAbecause

at about 0.20Gt 0.003 nm in both directions. The effective we did not observe the CeAl interaction in the p-polarization
coordination numbers\¢) for p-polarization and s-polarization ~ PTRF-EXAFS spectrurff Although the peak appeared around
are 3.3 and 3.0, respectively (Table 1). The effective coordina- 0.3 nm in Figure 2B, it was difficult to assign it to PAl

tion numbers were calculated using eq 8 assuming typical because the peak height is nearly in the noise level. In this
adsorption site models for Pt atoms @Al ,O3(0001) in Table work, we can not determine whether the location of Pt is fcc or
2. We postulated three surface sites such as atop, bridge, andhcp sites.

3-fold sites on the unreconstructeeAl ,05(0001) surface (60O 3.3. Structure of Pt Species B. Figure 5A shows the
distance= 0.275 nm) as shown in Figure 4. Among the EXAFS oscillations for Pt specié® prepared by the reduction
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TABLE 3: Best Fitting Results of the EXAFS Data for Species B

Pt-O Pt-Pt
N r/nm Ad?inm AE/eV N r/nm Ac?nm AE/eV
p-pol 1.54+1.0 0.220+ 0.009 0.003+ 0.001 542 3+0.8 0.2744+ 0.003 0.00%: 0.001 3+2
s-pol né no no no 6t1 0.2734+ 0.003 0.002+ 0.001 3t2

apol = polarization.? no = not observed.
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Figure 5. (A): k>-weighted EXAFS oscillations of speciBsobtained k /10 nm

by the reduction of specigswith hydrogen at 373 K, (a) p-polarization, ~ Figure 6. Best fitting results for the inversely Fourier transformed
(b) s-polarization. (B): Fourier transforms of tkeweighted EXAFS data of the specieB: (a) p-polarization, (b) s-polarization. Solid line,

oscillations for specieB, (a) p-polarization, (b) s-polarization. observed data; broken line, calculated data.
of speciesA at 373 K with K, (Scheme 1). The oscillation in

s-polarization lasts to the high k-region compared to that in 10}

p-polarization. Figure 5B shows the Fourier transformation of g

the EXAFS oscillations. The peak appears around 0.22 nm E 8t

(phase shift: uncorrected) in both directions. However, the peak c

height for the Fourier transform of the p-polarization is 60% of 2 6}

that of the s-polarization. In addition, the p-polarization has a 5

shoulder structure in the lower side of the main peak. We g 4t

carried out a curve fitting analysis assuming that the main peak 2

in s-polarization was due to PPt bonding. Since the shoulder E 2F a)
structure appears only in p-polarization and it is attributable to w

Pt—0O bonding, we carried out two-term fitting incIuding_Pt TS s At e T 6 910
Pt and P+O. Since the number of fitting parameters in the Particle Diameter / nm
two-term fitting, 8, are near to thiig, = 9.6 (Ak = 60 nn!

and Ar = 0.2 nm), we fixedAE value to that obtained from 10}

EXAFS for s-polarization. Consequently, we obtained the best
fitting depicted in Figure 6 and in Table 3. The larger error
for Pt—0O arises from the smaller contribution from the-&
than that from PtPt and also the low signal to noise ratio of
the observed data.

The Pt-Pt distances are determined to be 0.273.003 nm,

Effective coordination number

which is 0.005 nm shorter than that of Pt foil. The effective 2l

coordination numberN¥) of Pt—Pt for s-polarization is twice b)

as large as that for p-polarization. If the Pt particles have a of

spherical shape, the* would give an equal value for s- and 01 23 45678910
p-polarizations. Thus it is suggested that the anisotropic Particie Diameter / nm

structures such as thin layer, semispherical, and ellipsoid areFigure 7. Calculated effective coordination numbers of-Pt for
formed for Pt clusters on the AD; surface. We calculated the ~ s-polarization (a) and p-polarization (b) as a function of particle size
N* based on the models such as one atomic layer, two atomic t_Jased on the one-layer model (solid line 1), ?he two-layer model (broken
layer, and three atomic layer raft using eq 8. Figure 7 shows line 2_) anq the three-la_yer model (dotted line 3). The observed data
. are given in a broken line with error bars.
the relation betweeN* for Pt—Pt and the number of the layer
as a function of the particle size (in diameter). The observed to be ca 1.5t 0.5 nm from the observed and calculatst
N*'s, 3 for p-polarization and 6 for s-polarization, fit the values for the p- and s-polarization as shown in Figure 7.
expected values only for the one atomic layer raft structure.  For the one layer raft structure a strong Pt-support interaction
The other model, such as more than two layer, semisphere, andnay be expected. In fact, we got the better fitting results for
ellipsoid do not entirely reproduce the observed data. Further-the p-polarization EXAFS when PO was assumed. The-PO
more, the particle size (diameter) of the Pt raft can be estimateddistance was determined as 0.220.009 nm as shown in Table
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) lations for specieD after the reaction of specieB with NO: (a)
p-polarization, (b) s-polarization.
B.0m560 11600 Ti6a0| 20 1560 11600 11640

dicular to the surface which is caused by the-8tbonding as
was detected in EXAFS. On the other hand, The XANES
spectrum is s-polarization (Figure 9c) resembles the metallic
Pt particles reflecting metaimetal bonding. Thus these facts
also support the raftlike structure of Pt particles strongly
interacted with surface oxygen well corresponding to the
EXAFS results described in section 3.3.

After the reduction of the specid at 673 K, the XANES
11560 17600 T16a0] 21560 71600 11640 spectra for s- and p-polarizations were found to be similar to
each other (Figure 9e,f). The structures A, B, and C in the
15 e) |15y 0 XANES spectra of Figures 9e,f appeared at the same positions
A c B as those for Pt foil, which suggests the formation of Pt particles.
1.0 1.0 No polarization dependence of the XANES spectra indicates
the growth of three-dimensional Pt particles on thél,Os-

05} 05 (0001) surface after the 673 K reduction.
3.5. Structure of Species D after the Exposure of B to
00 N 00 . NO. When specieB was exposed to NO at room temperature,
11960 11600 11640 11980 11600 11640 the Pt-Pt bond was cleaved. As shown in Figure 10b, no peak
E/eV E/eV due to Pt+Pt bond appeared in the Fourier transform for
Figure 9. XANES spectra at Pt4-edge for species (a, b), species  S-polarization in which the PtPt peak in the sample B had
B (c, d), and specie€ (e, f). Parts a, c, e are for s-polarization and been observed before NO adsorption. The Pt raft was destroyed
parts b, d, f are for p-polarization. to monomer species by the interaction with NO. The peak
observed in the Fourier transform (Figure 10b) was analyzed
to be due to PtO at 0.205 nm. In the p-polarization spectrum,
we were not able to find definite EXAFS oscillation and no
peak above noise level was observed in Figure 10a. The
EXAFS oscillation for p polarization might be composed of
platinum—oxygen (support) and PNO (adsorbed). We infer
that the EXAFS oscillation might smear out because of the
interference of the different interatomic distances between

0.5

Q.0

ut / arb. units

3. The model structure for Pt rafts interacted with the oxygen
layer of thea-Al;03(0001) surface is illustrated in Figure 8.
3.4. Structure of Pt Species Reduced after 673 KWhen
the Pt clusters were reduced at 673 K, the Pt atoms were
aggregated to 3-dimensional particles. Figure 9 shows the
polarization-dependent XANES spectra at theddge of Pt
species om-Al;03(0001). The ls-edge peak intensity reflects
the vacancy of ta 5 d staté®32i.e., stronger white line peak : :
suggests more electron deficiency in d state. The species Platinum—-oxygen (support) and platinum-adsorbates:— it
exhibits a strong edge peak for both s- and p-polarizations, which 20nd was cleaved in thepeciesD after the exposure to NO
indicates that the Pt atoms possess positive charge induced b)ﬁnd Pt monomer adsorbed W'th, NO was created on th@f”o‘l, .
the P-O—Al bonding as shown in Figure 4. surface though the fu'rther study is necessary to draw the definite
The species8 formed by the reduction at 373 K shows Structure for thespeciesD.
different XANES spectra between s- and p-polarizations. The
XANES feature of specieB for s-polarization (Figure 9c) is
similar to that of the supported small Pt metal particles adsorbed 4.1. Structure of Species A and Its Catalytic Activities.
by hydrogen, the feature of which was characterized by the The Pti-Al,O3 and the Pt/Si@catalysts derived from K-
broadening of the white line peak to the higher energy with CH3;COO) as precursor show high activity for the selective
decreasing the edge height induced by the adsorption ofdehydrogenation of HCOOH described above. While the Pt/
hydrogeni®33-40 On the other hand, the XANES spectrum in  SiO, has a long induction period, the &tAl,O3 shows no
p-polarization shows a strong white line p&akindicating the induction period (Figure 1). The active species on PtSi@s
presence of the more vacancy in the d electron states perpenfound to be Pt monomers which were bound to the,Si@face

4. Discussion
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Figure 11. Structural transformation of the Pt species @l ,Os-
(0001).

making Pt-O bonds?® During the induction period the Bt-
CH3COOQOY} cluster framework on SiPwas decomposed to
monomers via a Pt dimer structure with the-Pt distance at

J. Phys. Chem. B, Vol. 101, No. 28, 199555

The structural transformation of thesRtusters oro-Al ,0s-
(0001) is summarized in Figure 11. The Pluster framework
is destroyed to Pt monomers which occupy the 3-fold hollow
sites of the oxygen atoms @f-Al,03(0001) surface, making
Pt—0 bonds at the distance of 0.2800.003 nm. The isolated
Pt atoms are reduced to one-atomic layer thick raft cluster with
H, at 373 K. The PtPt and P+O bondings are observed at
0.273 nm and 0.220 nm, respectively. The Pt rafts are
redispersed to Pt monomers by the exposure of NO, or
agglomerated to three-dimensional particles by the 673 K
reduction.
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