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Highly dispersed gold supported on metal oxides is an active confirm our assignments of gold oxidation states in the Au/CeO
catalyst for several reactiofsincluding CO oxidation at low samples and provide evidence of the presence &f @&s on the
temperature3.Although it is accepted that factors, such as gold surface of the nanocrystalline Cg6upported gold catalyst,
particle size, synthesis method, pretreatment conditions, and supportconsistent with previous results showing3€én nanocrystalline
influence the reactivity of the supported gold catalystse nature CeQ,.13
of the active sites and the reaction mechanism for CO oxidation ~ When Q was introduced in the IR cell containing a sample of
are still subjects of debate. In particular, the role of the support gold supported on nanocrystalline Cetbat had been pretreated
and the oxygen supply for the catalytic reaction remain contro- with CO, the intensity of the IR bands at 2148 and 2130&tm
versial*—® We recently reported that the characteristics of the cerium decreased at a faster rate than that of the intensity of the band at
oxide surface are extremely important in determining whether a 2104 cnrt (Supporting Information), suggesting that although both
CeQy-supported gold catalyst is active or not for CO oxidatidn.  cationic and metallic gold participate in the oxidation of CO, the
It was found that nanocrystalline Ce@ncreases the activity of  catalytic active sites incorporate cationic gold, consistent with
gold for CO oxidation by 2 orders of magnitude with respect to a previous reports of the enhanced catalytic activity of cationic gold
conventionally precipitated Ce@upport. In the present work, we  for cO oxidation and watergas shift reaction¥15 Furthermore,
report for the first time spectroscopic evidence that nanocrystalline i resylts presented in Figure 1 clearly show a direct correlation
CeQ; supplies reactive oxygen in the form of surfagesuperoxide between the concentration of Auspecies and catalytic activity.

species and peroxide adspecies at the one-electron defect site i, ¢orrelation was found between catalytic activity and the
the supported active species of gold for the oxidation of CO. concentration of At or Au (Supporting Information).

Nanocrystalline _CeQwas prepgred from a C_OHOidal dispersion Raman spectroscopy was used to characterize the nature of the
of CeO _nanopartlcl_es (Sgpportlng InformatioH).Gald on a . Ce(O, support and the oxygen species formed on it. It is well
nanoparticulated cerium oxide catalyst was prepared by dePos't'onestablished that the first-order Raman band near 462 EnCe0,

preupltatlon of HAUC using NaOH foIIowmg a_procedure nanoparticles, which is assigned to the vibrational mode oFthe
described elsewhef€ The catalyst was not calcined. The total Au . . . A . .
symmetry in a cubic fluorite lattice, shifts to lower energies, and

content of the final catalyst was 1.92 wt % as determined by - . . .
. . .. 2 the line shape of this feature gets broader as the particle size gets
chemical analysis. The catalyst was tested for CO oxidation. 15 . . .
. o - . - smaller'® Consistently, we observed this behavior when we
Expecting that the characteristics of the cerium oxide surface might . .
compared the Raman spectra characterizing the conventionally

affect the stabilization of different reactive gold and oxygen species, s .
we characterized the gold catalysts prepared on nanocrystalline and’ recipitated (464 .le) and ngnocrystallln_e : (457 crhy _CeQ
supports (Supporting Information). In addition to the first-order

conventionally precipitated Ce@ith CO—TPR, XPS, and in situ band . f d-order band b d at 1174. 598
infrared (IR) and Raman spectroscopy during CO an@@sorp- and, a Series o second-order bands were observe at ’ '
422, 258, and 170 cm (Supporting Information).

tion—reaction experiments. : } X ]

IR spectroscopy characterizing CO adsorption on gold supported  Because of the differences in crystalite size and surface
on nanocrystalline CeQlemonstrates the presence offAUAUT, properties between precipitated and nanocrystalline Cet@
and AW species as indicated by their characteristicAGO thought that the oxygen species formed on them.rr.nght be d_lfferent,
frequency at 2148, 2130, and 2104 dnrespectively (Supporting as well. Ind_eed, the Raman spectrum characterizipgd3orption
Information)89 An additional band was observed at 2175ém on conventionally prepared CeGhows bands at 1314, 1361, 1408,
which is assigned to @&—CO (this band was the only one observed 1428, 1470, 1527, and 1571 chwhereas the spectrum character-
under our experimental conditions when CO was adsorbed on iZing O; adsorption on nanocrystalline Ce€hows bands at 1123,
nanocrystalline Ce§). Interestingly, during CO adsorption experi- 964, 871, and 831 cm (Supporting Information). The band at 1571
ments and without any oxygen in the gas stream, ®&s formed cm1is assigned to adsorption of moleculay, @d the bands above
as indicated by the band at 2350 tnThis result indicates that 1300 cnt* may be assigned to (0 < 6 < 1) adspecie$’ 8
nanocrystalline Cegis able to supply reactive oxygen to the gold The band at 1123 cni is assigned toy* superoxide speci€8:°
active species for the oxidation of CO, consistent with the idea of In the peroxide range, the band at 964 ¢éris assigned to peroxide
CeG acting as an oxygen buffer by releastngptaking oxygen adspecies at the one-electron defect site, whereas the bands at 871
through redox processes involving the *@€e*" couple!? In and 831 cm! may be attributed to nonplanar bridging peroxide
contrast, when gold was deposited on precipitated L£efy Au’ species and to thg? peroxide species, respectivéfy2® These
(band at 2110 cm) and a small fraction of At (band at 2135 results indicate that nanocrystalline Gestabilizes @ as superoxide
cm1) species were detected by IR spectroscopy during CO and peroxide species, whereas the conventionally precipitategl CeO
adsorption. Furthermore, no G@rmation was detected during  tends to stabilize @~ (0 < 0 < 1) adspecies and moleculap.O
CO adsorption experiments. XPS results (Supporting Information) This might explain the enhanced reactivity of gold supported on
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Results of CG-TPR confirm the oxidation of CO to CQeven
at room temperature, and the participation of four different surface
oxygen species with different operating conditions (Supporting
Information). The high-temperature oxygen species (83Bare
associated with lattice oxygen, which do not participate in the
catalytic oxidation of CO at low temperatur®sThe oxygen species
with a maximum uptake at 113 and 20C may be attributed to
surface oxygen species (superoxide and peroxide adspecies, re-
spectively), in agreement with Raman restfitsurthermore, cyclic
TPR experiments (Supporting Information) demonstrate the regen-
eration of the gold active sites during reduction and oxidation of
the catalyst.

In summary, the data demonstrate that both cationic and metallic
Figure 1. Correlation between Atf and AW species and specific rate for ~ gold are present in the gold catalyst prepared with nanocrystalline
CO oxidation catalyzed by gold supported on nanocrystalline;Cefared CeQ, and that the catalytic active sites incorporate cationic gold.
e et o A oo o e ***Nanocrystallne CeDstablzes @ as superoxide and peroxive
at 2104 cm! representing AtCO). species, whereas the precipitated @@ds to stablll_ze Is) an_d

molecular Q. Furthermore, nanocrystalline Ce8upplies reactive
oxygen in the form of surface! superoxide species and peroxide

Specific rate for CO oxidation
(mc'lco I "
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’ adspecies at the one-electron defect site to the supported active
— species of gold for the oxidation of CO.
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Figure 2. Raman spectra characterizing the 1.92 wt % Au/Cs&@nple
(a) at the beginning and (b) at the end of CO oxidation reaction.

nanocrystalline Ce®in comparison with that prepared with
conventionally precipitated CeO

To investigate the reactivity of the oxygen species observed on
the highly active gold catalyst, a sample of gold supported on
nanocrystalline CePwas placed in contact with a flow of £and
was followed by CO+ O, under reaction conditions. The Raman
spectra characterizing the sample at the beginning and at the end
of the CO oxidation are shown in Figure 2. The fresh catalyst shows
Raman bands at 1123, 966, 870, and 831%¢mwhich are assigned
as before to;! superoxide species, peroxide adspecies at the one-
electron defect site, nonplanar bridging peroxide specieszand
peroxide species, respectivély2® However, when the catalyst was
characterized after CO oxidation, the intensity of the Raman band
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Furthermore, the results provide evidence that nonplanar bridging
peroxide specieg;? peroxide species, molecular oxygen, or lattice
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Cée* and oxygen vacancy sites, where peroxide species could be
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