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Supported Au catalysts have shown a remarkable activity in a Tat|7/e 1. Particle Sf?iéeS. A(;J—AuI CoorO(Iination Nu?gers (CN), and
i . idati ; ivatinn Relative Amount of d-Band Depletion (Determined by Integration
variety ?z low: temperature emd_anon react_lons, such as the oxidation of the XANES Resonances Shown in Figure 2) of AU/TIO,
of CO12 Despite extensive investigations of powtéf and Catalysts under Various Gas Atmospheres?

model-12catalysts, the mechanism by which molecular oxygen is

) . . . ; d-band depleti
activated in these reactions is not underst&d@old single crystals and depletion (au) CNav-ny
. . - . 0 COI0 CO" COIOF  OFf  dug(Nm)  (inHe)
are inactive toward oxygen unless energy is provided to break the
Au/TiO2 0.16 0.30 0.32 0.36 0.21 1.7 6.8

O—0 double bond# Activation of O, on the gold particles has Lwton
been observed for Au/TiLand Au/AbO3.151860n the other hand, '(Au/TiO"Z) 0.08 006 009 006 005 17 8.1
for reducible supports (such as B)At has been suggested that (4wt %)

this step proceeds on the support, which then provides active oxygenAu/Al .03 nla nla 0.31 nla n/a 15 5.7
to the gold cluste?517-20 This view is supported by the low (0.3 wt%y?
reactivity of bulk gold toward @?* Density functional theory (DFT) aConditions: 298 K, 20 mL/min, 100 kPa total pressure, 10 kPa reactive

calculation8>23 predict two oxygen activation pathways for gold  gas mixture (pure @ 1:1 CO/Q or pure CO), balance He. nf not

supported on oxides: (i) an activation on the gold cluster and (i) available.” First exposure cyclet Second exposure cycle.

activation on the support oxide. However, experimental data

elucidating Q activation over these catalysts is scait€. The

measurements reported here provide strong evidence for activated 2

gold—oxygen complexes formed by gold supported on a reducible

oxide (TiQy). Fully reduced gold particles appear to take part in

the activation of molecular oxygen. 15
Au/TiO; catalysts with two different nominal metal loadings (4

wt % and 1 wt %; AAS indicated actual loadings of 3.2 wt % and

1.0 wt %, respectively) were prepared via depositiprecipitation

with urea3# Catalytic reaction rates (plug-flow, 1% CO, 2%,0

balance He, total flow 230 mL/min) were 0.35 (1 wt %) and 0.29

(4 wt %) moko s~ moly, 1. TEM images of the reduced catalysts 05

(see Supporting Information) revealed small average particle sizes

of approximately 1.7 nm (Table 1). After reduction (20 mL/min

5% H,/He, 373 K, 1 h), the catalysts were consecutively exposed B 1 . 1 . 1 :

to Oy, a CO/Q mixture and CO at 298 K (Table 1), while Au N0 oton Eneray oV 11940

Ls-edge X-ray absorption spectra were measured in transmigsion Figure 1. Au Ls XANES of 4 wt % Au/TiO, catalyst exposed to£and

(station 9.3, SRS, Daresbury, U.K.). The main features of the X-ray He: also shown are &t (AuCls) and Au metal references. The bottom
absorption near-edge structure (XANES) at the Agedge are spectrum is the difference between the two catalyst spectra.

determined by dipole-allowed, intra-atomic electronic transitions
from a 2, core level state to unoccupied d-states in the Au valence
region. In compounds containing cationic gold there is an intense

near-edge resonance (“white line”) that arises from unoccupied .
d-states, as for example for AuQ{Figure 1). The antibonding that exposure to ©decreases the d-band occupancy, that is, an
' : interaction of Au with adsorbed oxygen. The decrease was even

component of chemls_orptlve adsorbate/cluster |nte2r:1ct|0ns also Ieadsmore pronounced for the 1 wt % catalyst (Table 1), indicating that
to d-band depletion in the same spectral regfeti:

Immediately after reduction of the 4 wt % Au catalyst the Au the fraction of Au atoms in contact with oxygen was larger. TEM

Ls-near-edge (in He) essentially resembles that of Au foil, indicating images suggested identical average particle sizes for both catalysts,

that all gold resides in metallic clusters. There is no evidence for .bUt the EXAFS (higher AuAu coordination number, Supporting

the presence of cationic gold species. Subsequent exposure o O|nf0rmation) and a lower catalytic reaction rate also indicate that
P 9 P ’ q POSUEE Au in the 4 wt % sample is overall less disperse than in the 1 wt

% catalyst.

Aucl, (Au® Reference)

4wt% AuTiO,, 0,

4 wt% Au/TiO,, He

Au foil (Auo Reference)

Intensity / a.u.

4wi% AurTiO,, (O,-He)
magnified x20

leads to an increase of the intensity in the d-band region, as evident
from the magnified difference spectrum(O,) — u(He), at the
bottom of Figure 1. The resonance at 11920 eV clearly indicates

T School of Chemical Engineering and Analytical Science, The University of

Manchester. _ _ Further differential XANES spectra in Figure 2 reveal that d-band
s ony S iiePlerre et Marle Curie. depletion is also caused by exposure to the GO¥ixture and to
I'School of Chemistry, The University of Manchester. CO only. The variations in the amount of the d-band depletion

2240 = J. AM. CHEM. SOC. 2007, 129, 2240—2241 10.1021/ja067316¢c CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

0.03} — 1% exposure cycle

nd
== 2" exposure cycle

0.02

Difference Spectrum (1(CO/O,)-u(He))
o
o
2

1
11920
Photon Energy / eV

L 1 L
11910

L 1
11930

11900 11940

Figure 2. XANES difference spectra(reactive atmosphere} u(He),

for 4 wt % Au/TiO,. The position of the XANES resonance differs in pure
O, (A) and pure CO (B). Dashed lines denote a second exposure cycle.

(Table 1) and energy positions of the corresponding XANES

resonances allow a more detailed analysis of the interaction between

More experiments are necessary to elucidate the nature of the
active gold-oxygen complex, and detailed kinetic measurements
are required to determine its role in the reaction mechanism.
Although we cannot distinguish whether, @ activated on the
gold clusters only or at the cluster-support interf&®, the
formation of similar activated A4O complexes on reducible
(TiO,)15:3Lthis studygnd on nonreducible (ADs)!56supports suggests
that the modified electronic structure of Au nanoclusters contributes
to the high catalytic activity of these materials.
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