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Abstract

Thermally induced sintering and redispersion of Au nanoparticles supported on

Ce1xEuxO, nanocubes have been investigated. The decisive role of Eu doping in
the restriction of thermally induced redispersion of Au nanoparticles supported
by Ce;xEuxO, nanocubes has been established and discussed. The effect of pre-
treatment temperature on surface cleaning of Au/Cei1.«EuxO,., catalysts from —
OH, -CO3; and NO3 groups, likely sources of distortion in CO-oxidation tests,
has been studied in-situ. Furthermore, we have also explored the effect of Eu
doping of ceria support on the number of cationic forms of supported gold
nanoparticles. The key role of gold nanoparticle redispersion on active Ce-O-Au

sites formation and appropriate - activity in CO-oxidation have shown.


mailto:O.Bezkrovnyi@int.pan.wroc.pl

Introduction

CeO; is a well-known ™"active support" for -catalytically active gold
nanoparticles. The reason for this is its ability to supply oxygen to the metal
nanoparticle (e.g., Au) to form active sites [1]. The efficiency of this process
depends on oxygen diffusion over the ceria surface, which is facilitated by the
presence of oxygen vacancies. There are two main ways of increasing the
concentration of oxygen vacancies at the ceria surface. The first one is to obtain
ceria nanocrystals shaped as nanocubes terminated by highly active (100)
planes, since the energy of oxygen vacancy formation is surface sensitive and
follows the sequence {110} <{100} < {111} [2]. Another way is the ceria
doping with aliovalent ions [3]. Substitution of two trivalent rare-earth ions for
two Ce*" ions in the ceria lattice creates one oxygen vacancy for maintaining

electrostatic charge neutrality.

Several factors are determining the activity of Au/ceria catalysts in Red-Ox
steps of catalytic reactions such as CO oxidation and the water-gas shift. At first,
gold atoms at the periphery of the gold nanoparticles deposited on the support
play the primary role as active centers [4,5]. Therefore, high dispersion of metal
Is required, and any sintering of Au during the reaction will decrease declineef
its catalytic activity. Fortunately, some examples of the reverse process have
been reported. Adibi et al. observed thermally induced redispersion of Pt
nanoparticles on Al,O3 support, resulting in the bimodal size distribution of Pt
nanoparticles: ~2 and <1 nm in size. The small particles are formed by the
redispersion, which is driven by Ostwald ripening mass transport via surface
diffusion [6]. Therefore, a proper thermal treatment of Au/ceria catalyst could
also increase its catalytic activity due to the formation of small (<1 nm)
nanoclusters as a result of the redispersion process.

It should be expected that the efficiency of both processes (sintering and

redispersion) is strongly sensitive to the concentration of oxygen vacancies at



the surface of ceria support. Ta et al. showed that Au nanoparticles are firmly
fixed on ceria support through intimate contact with the surface oxygen
vacancies [5]. As discussed above, the number of oxygen vacancies at the
surface of ceria nanoparticles directly depends on the concentration of aliovalent
dopant ions (e.g., Eu®*). Thus, Eu®* incorporation into the crystal lattice of ceria
support should have a significant impact on the thermally induced
sintering/redispersion processes of Au nanoparticles. Though such effect can
significantly affect the total catalytic activity of Au/ceria systems, it remains
unexplored until now [7].

The second factor, responsible for the high efficiency of the Au/ceria system in the
CO-oxidation process is charging of gold nanoparticles. DFT calculation revealed
some electronic charge transfer from Au to the support at the Au-ceria interface,
leading to oxidation of Au and reduction of ceria support [8]. Moreover, Guo et al.
demonstrated that single Au atoms on ceria support are fully oxidized, gold
clusters smaller than 2 nm have mixed cationic and metallic states, while 3-4 nm
particles are metallic Au structures [9]. Thus, thermally induced
sintering/redispersion processes should have a significant impact on Au
nanoparticles charging, which is a crucial step in CO-oxidation reaction. Despite a
large number of publications devoted to Au/CeO,, information about Au/Ce;.
xLNnxO2.y (Ln — trivalent lanthanide) systems is scarce.

The present study aims to determine the effect of Eu doping on the thermally
induced sintering and redispersion of Au nanoparticles on ceria nanocubes and
on charging of Au nanoparticles. The influence of these processes on the
catalytic activity of the Au/Ce1.xEuxO,.y nanoparticles in the CO oxidation was
also investigated and discussed.

Experimental part

Cube-shaped nanocrystals of ceria were synthesized by microwave-assisted

hydrothermal method (MAHT), described in more detail in our previous works



[10,11]. In short, Ce(NOs3)3:6H,0 and Eu(NOs)3-5H,0 first dissolved in distilled
water. Next, the obtained solution was mixed with an appropriate amount of
aqueous NaOH solution and then stirred for 60 min. The final solution was
treated at 200°C for 3 h under autogenous pressure in an autoclave. The obtained

precipitate powder was washed and dried at 60°C for 12 h.

Au nanoparticles were deposited on the ceria nanocubes using a deposition-
precipitation method similar to that used by Lin et al. [12]. 100 mg of ceria
nanocubes, 4 mg HAuUCI,, 256 mg (NH2),CO and 12 ml H,O were mixed to
form a suspension. The suspension was stirred and kept at 80°C in a silicone oil
bath for 24 h. Au/ceria particles were washed and dried at 50°C for 12 h. The as-

prepared particles were annealed in air at 300°C for 2 h.

Crystal structure of the samples was determined by powder X-ray diffraction
(XRD) using X'Pert PRO PANalytical diffractometer with CuKa radiation.
X'Pert High-Score Plus program was used for display and analysis of the
diffraction patterns by Rietveld method. Chemical composition and element
distribution in the samples were checked with FEI NovaNanoSEM 230 and
JEM-F200 STEM microscopes equipped with Energy Dispersive Spectrometers
(EDS).

The morphology of the particles was determined by transmission electron
microscopy (TEM), using a Philips CM-20 SuperTwin instrument operating at
160 kV and FEI Titan (S)TEM operating at 300 kV. The samples for TEM
measurements were ultrasonically dispersed in methanol, and a droplet of the

suspension was deposited on a copper grid coated with a carbon film.

DRIFT spectroscopy was carried out using a Thermo Nicolet Nexus FT-IR
equipped with a Smart Collector Accessory and a MCT/A detector, configured
to record with a resolution of 4 cm™ and to collect 60 scans/spectrum. The

catalyst sample was placed inside the catalytic chamber where a thermocouple



controlled the temperature, and a synthetic air was purged through the system at

20 ml min. Spectra were recorded in the 4000-650 cm™* wavenumber range.

The surface composition and the oxidation state of the atoms in the materials
were measured by X-ray photoelectron spectroscopy (XPS), using a SPECS
system equipped with a Hemispherical Phoibos analyzer operating at 225 W, 13
kV and 17.5 mA in constant pass energy, using Mg Ka radiation (hv = 1253.6
eVv).

H,-TPR (temperature programmed reduction) was performed by heating the
samples with a heating rate of 10°C min up to 900°C in H, (5 vol.%)/Ar flow.
The hydrogen consumption was monitored by a thermal conductivity detector
(TCD). Weights of the samples were 50 mg.

The catalytic activity of the samples was tested in CO oxidation. Typically, 50
mg of the catalyst was placed in a quartz microreactor (Autochem 11 2920,
Micromeritics). The gas stream containing 1% CO, 5% O,, balanced with He
(total flow rate 50 ml/min), was introduced into the reactor at room temperature
and the light-off curves were obtained with a temperature ramp rate of 3°C min
1. The outlet gas was analyzed by a mass spectrometer (OmniStar QMS-200,
Pfeiffer Vacuum) calibrated with gas mixtures of known composition. All used

gases were of high purity (>99.99 %).



Results and discussions.

I) TEM investigations

Figure 1. STEM images of Au/CeO,., (a) and Au/Ceg70EUq3002-y (b) samples
pre-treated at 300°C for 3 h in air. HR-STEM images of Au nanoparticles (NP)

and nanoclusters (NC) are shown as insets.

In our previous works, we have shown that ceria nanocubes (supports for Au
nanoparticles) are single crystals, predominantly terminated by {100} faces,
with a small contribution of {110} and {111} faces at the edges and corners,
respectively [11;13]. Figure 1 presents overview images of CeO,, and
Ceo.70EU0.3002.y nanocubes decorated with gold nanoparticles and pre-treated at
300°C for 3 h in air. The Au nanoparticles (NP) are single crystals, exposing
{100} and {111} faces (see insets to Fig. 1b). EDS data show that the actual
europium concentrations in the samples agree with the nominal content set by
the Eu concentration in the precursor solution and the Au content in all samples
IS appx. 1lat.% (See Electronic Supporting Information Table S1).

Interestingly, Au particles supported on pure CeO,., have bimodal size

distribution. Both nanoclusters (NC) less than 1 nm in size and 3-6 nm



nanoparticles (NP) are present (see Fig. 1-a). On the contrary, Au NP supported
on Ceg70EU0 3002 are more homogeneous having dimensions of 2-4 nm (see
Fig. 1-b).

It should be noted that typical sizes of Au nanoparticles on CeO,., and
Ceo.70EU03002.y nanocubes after deposition (after drying at 60°C) were 2-4 and
1-3 nm (cf. Fig. S1 and Fig.S2).

The differences in the dispersion of Au NP over pure and Eu-doped ceria
nanocubes after treatment at 300°C can be explained in the following way.
There are two primary mechanisms of the thermally driven growth process of
noble metal nanoparticles. In the first (PM), individual particles migrate on the
support surface and coalesce with other particles after collision [14, 15]. The
second mechanism is Ostwald ripening (OR), where single atoms detach from
small particles and diffuse to larger ones, either over the support surface or via
the gas phase [15]. Akita et al., [16, 17] show that Au nanoparticles are
iImmobile at the surface of CeO, support in the air at temperature up to 600°C,
and atomic transport is responsible for the observed particle growth. The authors
also noted significantly hindered growth of Au particles in reducing atmosphere
in the same temperature range and attributed this to the presence of oxygen
vacancies. Thus, in our case (at temperatures up to 300°C) OR should be a
dominant process responsible for the sintering of Au nanoparticles on a ceria
support. The efficiency of the OR process depends directly on the rate of surface
diffusion of gold atoms over ceria support. In turn, there is a reason to believe
that the rate of surface diffusion of gold atoms strongly depends on the number
of oxygen vacancies on the surface of ceria support. Ta et al., show that Au
nanoparticles are firmly fixed through intimate contact with the surface oxygen
vacancies on ceria nanorods [5]. We increased the number of oxygen vacancies
at the surface of ceria nanoparticles by doping with aliovalent Eu®* ions, so that
the doped ceria nanocubes have more anchoring sites for gold nanoparticles than

pure CeO; nanocubes.



Therefore, the surface diffusion of gold atoms over ceria support decreases with
Eu doping. It results in inhibition of the sintering of Au nanoparticles. Typical
sizes of Au nanoparticles in the as-prepared Au/CeO,.y and Au/Ceq70EUg3002.y
are 1-3 and 2-4 nm respectively, while after annealing at 300°C they are 5-8 nm
and 2-3 nm, respectively (cf. Fig. S2). Moreover, dopant induced anchoring of
Au nanoparticles prevents the “redispersion” process responsible for the
formation of < 1nm gold nanoclusters on undoped CeO..y. It has a significant
implication on the reducibility and total catalytic activity of Au/ceria system

(see more details in chapters “H,-TPR” and “CO-oxidation”™).

I1) DRIFT investigations

The presence of extraneous groups adsorbed on the catalyst surface has a
significant impact (both positive and negative) on catalytic activity (cf.
supplementary materials). In order to determine the evolution of species present
on the surface of the catalysts during pre-treatment (thermal activation), we
examined the Au/Ce;xEuxO,.y (X=0; 0.30) samples using in-situ diffuse
reflectance FTIR measurements. Fig. 2 shows the in-situ DRIFT spectra of the
Au/CeO,.y sample acquired in the air at various temperatures. Analogous spectra
of Au/Ceg70EUg3002.y Sample are presented in the supporting information (cf.
Fig. S3).
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Figure 2. DRIFT spectra of the Au/CeO.., sample acquired at different

temperatures.

DRIFT spectra of the as-prepared samples show the following characteristic
features. The broad, intense bands at 3300 and 1570 cm™ correspond to the
v(O—H) mode of (H-bonded) water molecules and 8(OH), respectively [18,19].
The OH vibration bands show a non-negligible shift towards lower
wavenumbers with respect to that normally observed for the pure oxide surface
(3420 and 1640 cm™, respectively). The weak bands at 2922 and 2850 cm™ are
assigned to the v(C—H) mode of organic moieties [18; 20]. The low-intensity
band at 2182 cm™ can most likely be attributed to v(-N=C=0) vibrations of
Isocyanate groups adsorbed on metal (Au) NPs [21]. Two strong bands at 1600
cm? and 1340 cm? are attributed to v(COj3) vibrations of carbonate groups,

whereas the band at 1470 cm? is attributed to v(NOs) vibrations of nitrate



groups [21]. The band at 1058 cm™ may be assigned to the stretching v(C-O)

mode of adsorbed organic mentions [20].

It should be noted that DRIFT spectra of the as-prepared Au/CeO,., and
Au/Cep70EU0 3002y samples show some differences (compare Fig. 3 and Fig.
S3). For instance, increasing europium content in ceria leads to enhancement in
the intensity of hydroxide and especially carbonate related bands. Thus, the
main impurities in the as-prepared Au/ceria samples are hydroxyl groups,
adsorbed water, carbonates and nitrates.

Annealing in air significantly attenuates the —OH, -COs, -NO3 and also organic
moieties related bands (cf. Fig. 3 and Fig. S3). It appears that annealing at 300°C
Is enough for almost complete surface cleaning of the Au/Ce;«EuyO-.y catalysts
from —OH, -CO3; and NO; groups, likely sources of distortions in the CO-

oxidation tests.

I11) XPS investigations

Surface composition of our samples was investigated by XPS technique. As we
mentioned in the introduction the charging of gold nanoparticles plays a critical
role in CO oxidation reactions, therefore, we focused on the study of an

oxidation state of gold nanoparticles.

The XPS spectra of Au 4f region of the Au/Ce;.xEuxO,.y samples are presented
on Fig. 3. The spectra comprise three Au 4f;, and Au 4fs;, doublets of Au®, Au*
and Au**. The deconvolution of the Au 4f spectra was carried out considering an
Au 4f;, Au 4fs, band split of 3.7 eV and using the ratio of 4:3 between the

integrated intensities of the Au 4f;, and Au 4fs, contributions.
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Figure 3. Au 4f regions of XPS spectra for Au/CeQO,.y(a), Au/Ceg.90EU0.1002-y(D),
Au/Ceg g0EUg 2002.y (C), Au/Ceg70EU0300-.y (d). All samples are pre-treated at
300°C for 3 h in air. Measured spectra (black), their deconvolution into three
doublets: Au® (red), Au* (green) and Au®* (blue) as well as summary (dash red)

are shown.

Table 1 presents Au® (metallic gold) and Au®® (Au®* - a cationic form of gold,
i.e., Au" and Au®") contents for the samples, calculated by comparison of areas
under Au®, Au* and Au** curves. As seen from Table 1, the Au®* content
depends in a complicated way on the europium content in ceria support. It first
increases up to x=0.10, then starts to decline.



Table 1. Au® and Au®* content in Au/Ce;xEuxO,., samples.

Sample AU, %  |AU, %
Au/CeO,.y 84 16
Au/Cep 90EUp.1002.y 69 31
Au/Ceg 0EU0 20052-y 72 28
AU/Ceg70EUg 3002.y 79 21

To explain the observed dependence, we must consider the morphology of Au
phase in the samples. For Au/CeO, a bimodal size distribution of Au particles
was observed. Both very small (<Inm) and large (> 5 nm) particles were
detected by HAADF method (MEANING OF HAADF?). According to the
literature, single Au atoms on ceria nanorods are fully oxidized, gold clusters <
2 nm have mixed cationic and metallic states, while 3-4 nm particles are reduced
Au structures [9]. We may expect therefore some content of cationic Au®* due
to the presence of very small Au structures (atoms or clusters).

In our case, doping with Eu®* increases initially the net positive charge of Au
particles, especially Au®* (Table 1), though according to TEM, it decreases the
number of the smallest particles (< 1 nm). Explanation of this apparent
inconsistency is based on the fact that Au®** contribution mainly comes from
individual Au atoms adsorbed at the ceria surface [22], that are invisible in
HAADF images. Due to the presence of a large number of surface defects in the
Eu doped ceria, the Au atoms are strongly bonded to the surface, and do not
aggregate during pretreatment at 300°C, as it happens for pure ceria support. In
consequence, they are not detected by HAADF. At the highest Eu content (x =
0.3) there is a net decline in the amount of cationic gold (Table 1). The possible
reason is an aggregation of oxygen vacancies, with a simultaneous decrease of

the number of single atoms at the surface.



However, presented above explanation of the effect of Eu doping of ceria
support on the gold nanoparticles charge is presumptive and needs more

experimental confirmation.

IVV) Ho-TPR investigations

H,-TPR profiles of the Au/Ce;.xEuxO,., samples can be divided into two regions:
low (< 200°C) and high (600 — 900°C) temperature. High-temperature peak (at
600-900°C) is very similar to that observed for bare Ce;xEuxO..y (cf. Fig. S4)
[11], and shifts smoothly to lower temperatures with increasing europium

content. It is thus assigned to a bulk reduction of ceria.
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Figure 4. The low-temperature region of H,-TPR profiles of the Au/Ce;1.xEuxOy.
catalysts (pre-treated at 300°C for 3 h in air). IMPROVE THE LEGEND...x=0,
0.1.

Since the easily reducible species at the Au-ceria interface are vital to catalytic
performance in oxidizing reactions, we will discuss the low-temperature region
of the H,-TPR profiles in detail (Fig. 4). According to the literature, hydrogen

consumption in this region (< 200 °C) of H,-TPR curve of Au/ceria system is



mainly attributed to the surface reduction of ceria [23-25], but the reduction of
oxidized gold species cannot be excluded [26]. In our case, two reduction peaks
at ~35 and ~90°C can be distinguished for all samples. Acerbi et al., also
reported a double peak structure in this region and stated that the first
component could be assigned to the reduction of metal oxide species, while the
second component to the surface reduction of ceria [27]. Though Chang et al.,
reported that the reduction of gold oxides (Au*Oy) occurs at a much lower
temperature of —90°C in Au/Al,O; [28], we assume, in accordance with
Concepcion et al., [29], that ceria support stabilizes Au* and Au** forms of gold,
so Au-O peak can be shifted to higher temperatures. Moreover, H,-consumption
for 100 mg Au/CeO,.y sample (which has a maximum intensity of the first peak
at ~35°C) is ~2.8:10° mol. However, hypothetic H,-consumption for 100 mg of
Au/CeOgy.y (2.7 wt % Au) with fully oxidized gold (Au.Os) is almost three orders
of magnitude higher (~4.2:102 mol). Thus, we attribute the first peak (at ~35°C)
to the reduction of Ce®*-O-Au®" species on the gold—ceria perimeters. The
remaining O-Au®" sites in the first layer of atoms at the interface with the
support are shielded from the environment and don’t have a significant impact
on the 35°C peak.

Another issue is the observed decline of the intensity of the first peak with
increasing concentration of europium. As we mentioned above (see Fig. 2),
thermally activated Au/CeO,., sample contains Au particles with bimodal size
distribution: gold clusters less than 1 nm in size and 5-8 nm nanoparticles. On
the contrary, highly Eu-doped Au/Ce;«EuxO,., materials contain few nanometer-
sized gold nanoparticles and individual Au atoms. We assume that the reduction
of Ce®-O-Au®" species on small (<0.5 nm) gold clusters makes the main
contribution to the first peak (at 35°C). Taking into account that doping of ceria
support with Eu inhibits the formation of Au sub-nanometer clusters (see Fig 2),
the lowering of Ce**-O-Au® related peak with increasing of the Eu-doping level

becomes clear.



The second peak (at 90°C) does not change noticeably with Eu doping. We
attribute this peak to the surface reduction of ceria support, facilitated by the

presence of Au particles, which activate hydrogen molecules [23-25].

V) CO-oxidation tests

CO-oxidation light-off curves were measured for Au/Cel-xEuxO2-y samples (x
= 0; 0.10; 0.20; 0.30) to evaluate the effect of Eu doping of ceria nanocubes on
the catalytic activity of the supported Au particles (Fig. 5).
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Figure 5. CO oxidation light-off curves for the Au/Ce;«EuO-., samples, where
x=0; 0.10; 0.20; 0,30. On the insert — dependence of Tsy on the Eu content in
ceria support.

The dependence of the catalytic activity (defined as a temperature of half-
conversion Tsp) of the Au/Ce;.xEuxO,., samples on the europium content has two

regions. Initially, an increase of the europium content in ceria support from x=0



up x=0.10 results in the decrease of the catalytic activity (Tso increases from 60
to 95°C). Then, the increase of the europium content up to x=0.30 diminishes

the catalytic activity (Tso decreases from 95 to 47°C).

This observation agrees well with XPS data, and with the literature [30],
showing that neutral (Au®) in Au nanoparticles, but not ionic Au®*, is mainly

responsible for the activity in low-temperature CO oxidation.

It is known, that doping ceria with trivalent ions increases the concentration of
oxygen vacancies and, as a consequence, enhances the oxygen mobility, which
is crucial for high activity in CO oxidation [31]. Hernandez et al., [32] studied
the activity of Au/CeO, and Au/CegoEUo 10,5 catalyst in CO oxidation and
observed that Eu-doped catalyst was less active (Tsp = 134 and 185°C,
respectively; catalysts activated at 300°C in air). The result was somehow
unexpected, because, in other work they showed, that doping ceria with 10 at%
of europium enhances its activity in CO oxidation [31]. Raman spectroscopy
showed that deposition of gold on the Eu doped ceria caused the signal from
oxygen vacancies to vanish due to filling oxygen vacancies by gold [32].
Unfortunately, they did not study catalysts with a higher concentration of Eu. As
can be seen from our results, the higher concentration of Eu (x=0.20-0.30)
enhanced catalysts activity. To explain this, the electronic structure of Au must
be considered. According to XPS, the activity of the catalysts correlates quite
well with the concentration of cationic gold species, i.e., the least active sample
contains the highest concentration of cationic Au. In the literature, there is no
consensus which state of gold is active in CO oxidation. Some authors assigned
the high activity of gold catalysts to the high concentration of cationic Au
[29,33,34]. Other authors reported that cationic gold is not active in the low-
temperature CO oxidation, and the metallic gold is the active one [35,36]. Our
results show that there is no direct positive correlation between the content of

cationic gold species and the activity in CO oxidation.



Ta et al., proposed that Au atoms at the gold—ceria periphery are the active sites
for the reaction of adsorbed CO molecules with active oxygen species on ceria
to form CO; molecules [5]. Thus, we attribute the initial decline of the catalytic
activity to the decreased population of small (<Inm) Au nanoclusters on Eu-
doped ceria support (See Fig. 2). This hypothesis consents with H,-TPR data
(See Fig. 4) — the intensity of Ce3*-O-Au®" peak decreases with the increase of

the europium content in ceria support.

It can be attributed to the preferential formation of active Ce-O-Au sites due to
the high number of Eu-induced oxygen vacancies at the surface of ceria support.
This supposition agrees with Reddy et al., [37], who state that oxygen vacancies
act as active sites for the dissociation of gaseous oxygen. Thus, doping of ceria
with Ln® facilitates the reduction of ceria and increases the oxygen
storage/release capacity 4-5 times compared to pure ceria [37]. Our previous
results are also in good agreement with their data because we demonstrated that

the doping of ceria nanocubes with Eu®* increased their reducibility [11].

Conclusions

The effect of Eu doping on thermal stability of Au nanoparticles on ceria
nanocubes was investigated by HR-STEM technique. It was shown that pre-
treatment of Au nanoparticles supported by pure CeO,., at 300°C results in
extensive Au particle growth via the Ostwald ripening mechanism. As a result, a
bimodal particle size distribution occurs having two different sizes: <1 nm and
3-6 nm. Doping of ceria support with Eu leads to the anchoring of Au
nanoparticles. It prevents the "redispersion” process responsible for < 1nm gold
nanoclusters formation. The effect of pre-treatment temperature on the
desorption of extraneous groups adsorbed on Au/Ce;«EuxO,., catalyst surface
was investigated by in-situ DRIFT technique. It was shown that the pre-

treatment at 300°C is enough for almost complete surface cleaning of all the



Au/Ce;14EuyO,.y catalysts from —OH, -COs; and NO; groups, -likely sources of
distortion in CO-oxidation tests. The valency of gold nanoparticles supported on
Ce1.xEuxO,.y nanocubes was examined by XPS. It was shown that Eu doping of
ceria support decreases the contribution of Au®* forms of gold. The key role of
gold nanoparticle redispersion on the formation of active Ce-O-Au sites and in
consequence on the activity in CO-oxidation was shown by H,-TPR and

catalytic tests in CO-oxidation reaction.
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