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The discovery of the extraordinary activity exhibited by small
gold clusters on certain oxide suppéfthas stimulated considerable
researchr ! to address the origin of this unusual behavior. We
report, relevant to this question, a study of the oxidation of CO to
CGO;, over Au clusters supported on MgO, annealed to temperatures
between 900 and 1300 K prior to deposition of the Au cluster.
Treating MgO at temperatures within this range has been shown
previously to produce an F-center concentration within the surface
region that is proportional to the anneal temperature. The results
of Figure 1 show a direct correlation between the F-center
concentration in the MgO support and the catalytic activity of the
subsequently deposited Au, implying a critical role of surface
F-centers in the activation of Au in Au/MgO catalysts.

The highly dispersed Au catalyst was prepared using the
tetranuclear amidinate gold(l) complex [Aform),], form = [(p-
tolyl)NCN(p-tolyl)]. 12 Supported Au clusters were synthesized by
grafting this complex to the MgO support (Fisher, Light) by
dissolving the complex in tetrahydrofuran, followed by deposition
onto the MgO support at 300 K to a nominal Au loading of 1 wt
% with respect to the support. The MgO support was annealed to
temperatures between 900 and 1300 K prior to deposition of the
Au. The supported Au clusters, prior to reaction, were treated in
flowing oxygen at 773 K fo 3 h toremove any traces of the Au
precursor ligands. Previous wdflhas shown that relevant surface
defects, for example, F-centers, are stable below 1100 K, and
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Figure 1. (a) Conversion of CO to Cf£by Au/MgO as a function of the
anneal temperature of the MgO support prior to deposition of the Au. The
data were measured at 373 K in a mixture of C@i#@ (1:2:25), maintaining

a flow rate of 45 mL/min. (b) The relative concentration of F-centers in
MgO as determined by electron energy loss spectroscopy as a function of
the anneal temperatuté Figure 1b was adapted from ref 14.
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Figure 2. (&) Transmission electron micrograph of a Au/MgO catalyst
where the MgO support was annealed to 1073 K prior to deposition of the
Au. (b) Transmission electron micrograph of a Au/MgO catalyst where the
MgO support was annealed to 1173 K prior to deposition of the Au.

therefore the process of depositing Au and the subsequent ligand
removal should not alter the relevant defect concentration at the
MgO surface. The subsequent Au cluster size was measured (Figure
2) with transmission electron microscopy and found to average 4.3
nm on the 1073 K annealed MgO support and 3.8 nm on the 1173
K annealed sample, consistent with an enhanced stability of Au
clusters bound to a defect-rich MgO surfdce.

The conversion of CO to COwas monitored as the reaction
temperature was varied between 298 and 573 K in a mixture of
CO/O/He (1:2:25), maintaining a flow rate of 45 mL/min. The
conversion plotted in Figure 1a is that measured at 373 K and is
uncorrected for the variation in the dispersion between the various
cluster sizes of the catalyst. At higher anneal temperatar@273
K), the specific surface area of MgO dropped dramatically, with a
corresponding increase in the Au cluster sizes and reduction in the
CO catalytic oxidation activity.
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The data shown in Figure 1b, published previousiyé were
acquired for MgO thin films using electron loss spectroscopy
(EELS) to characterize the electronic transitions associated with (1) 4H§éUtax M.; Kobayashi, T.; Sano, H.; Yamada Qhem. Lett1987 405~
various def_ects in MgO: Spec!flc defect as§|gnments were deter- (2) Haruta, M.Catal. Today1997, 36, 153-166.
mined by direct comparison with data acquired for bulk MgO. In 3} yaigen, M.; Lai, X.; Goodman, D. WSciencel998 281, 1647-1650.
Figure 1b, the normalized intensity of the EELS feature identified (1) sanchez, A.; Abbet, S ; Heiz, U.; Schneider, W.-D.; Hakkinen, H.; Barnett,
specifically as due to F-centers in or near the MgO surface is plotted R. N.; Landman, UJ. Phys. Chem. A999 103 9573-9578.
as a function of the anneal temperature of the MgO support prior (5 g"O%V”kakis' M.; Stoltze, P.; Norskov, J. [Catal. Lett.200Q 64, 101~
_to deposition _of the_A_u clusters. The correlation bet\_/veen the change ©) Lop.ez, N.: Norskov, J. KJ. Am. Chem. So@002 124, 11262-11263.
in the catalytic activity of the subsequently deposited Au clusters 7y veyer, R.; Lemire, C.; Shaikhutdinov, Sh. K.; Freund, HGald Bull.
and the change in the concentration of F-centers in the MgO support 2004 37, 72-124.
is consistent with F-centers playing a direct role in the activation  (8) 2/Igi|£|)s, G.; Gordon, M. S.; Metiu, HChem. Phys. Let2002 359, 493~
of the Au_cluster§. Recent theoretical results have shown that_ (9) Fu, Q.: Saltsburg, H.: Flytzani-Stephanopoulos, S#ience2003 301,
F-centers in MgO serve to anchor Au clusters and to control their 935-938.
charge state by partial transfer of charge from the substrate F-center (10) Schubert, M. M.; Hackenberg, S.; van Veen, A. C.; Muhler, M.; Plzak,
to the Au cluster, thus promoting their catalytic activAty. V.; Behm, R. J.). Catal.2001, 197, 113-122.

. (11) Guzman, J.; Gates, B. G. Am. Chem. So2004 126, 2672-2673.
The results for the Au/MgO system are likely relevant to other (12) Mohamed, A. A.: Abdou, H. E.. Inwin, M. D.: Lopez-de-Luzuriaga, J.
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