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Gold supported CeO,/Al,O3 catalysts for CO oxidation: influence
of the ceria phase
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A series of low loading gold supported ceria/alumina catalysts have been prepared by the deposition—precipitation method,
varying the pH of the synthesis. The catalysts were characterised by means of XRD, TEM, Sggt, XRF and UV-Vis techniques, and
their catalytic activity towards CO oxidation in the absence and in presence of water in the stream, were tested. It has been found
that in this low loading gold catalysts, where the metallic particles are far away one from another and the oxygen transportation is
not the limiting step of the reaction, the electronic properties of the ceria phase and the structure of the metal-support perimeter
more than the diameter of the gold nanoparticles is the determinant factor in the catalytic performances of the solid.
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1. Introduction

In the last years, the use of gold supported catalysts
for oxidation reactions has been widely improved [1-6].
In particular, a large number of works has focussed on
the high catalytic activity of gold catalysts towards low
temperature CO oxidation [7,8]. The catalytic perfor-
mance of gold strongly depends on the particle size, in
such a way that smaller the particles higher the activities
[1]. Typically, gold particles lower than 4 nm are needed
for a good activity. On the basis of this observation,
most of the studies focussed on the preparation of cat-
alyst with supported gold nanoparticles as small as
possible [9, 10]. On the other hand, the nature of the
support is also a key factor. In this sense it has been
proved that when a reducible transition metal oxide
such as Fe,O3 or MnO, is used as support, the catalytic
performances of the gold catalyst for CO oxidation are
improved, due to the support ability of provide reactive
oxygen to the gold particles [11]. CeO, is one of these
“active” supports, Ceria has a high oxygen storage
capacity and well known catalytic and redox properties,
On the other hand, it is a structural promoting com-
ponent which enhances metal dispersion and partici-
pates in the stabilisation against thermal sintering of
other common used supports, as alumina [12]. In a
previous work we have demonstrated that CeO,/Al,O;
is a suitable support for obtaining well dispersed and
active gold catalyst for CO and volatile organic com-
pounds oxidation [13,14]. The objective of this work is
to demonstrate that in the case of low loading gold
supported ceria/alumina catalysts, where the metallic
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particles are far away one from another and the oxygen
transportation is not the limiting step of the reaction,
the electronic properties of the ceria phase and the
structure of the metal-support perimeter more than the
diameter of the gold nanoparticles is the determinant
factor in the catalytic performances of the solid.

2. Experimental
2.1. Catalysts

CeO,/Al,03 supports were prepared by a son—gel
method. First, 170 mL of 2-propanol was added drop-
wise to 17 g of Al[(CH3),CHOJ]; (Aldrich, 98%) under
continuous stirring. Afterwards, the solution was heated
to 80-90 °C, maintained at such temperature for 5.5 h
and cooled down to room temperature under stirring.
Cerium was incorporated by gently adding to the sol a
solution of 1.19 g of Ce (NO3); - 6H,O (Alfa, 99.5%) in
14 mL of 2-propanol. A solution of 1.4 mL of NHj; in
10.2 mL of H,O was slowly added for hydrolysing the
alkoxide. In such conditions, gelification takes place
instantaneously. The resulting gel is dried at 40 °C for
two days in an oven, and calcined for 5 h at 500 °C.

The gold containing catalysts were prepared by the
deposition—precipitation method first developed by Ha-
ruta et al. [15]. The adequate amount of HAuC143H,0
(Alfa, 99.99% pure) was dissolved in 150 mL of deionized
water and the pH of the solution adjusted around 5, 7,9 or
11 by addition of NaOH 0.1 M. The solution was heated
to 70 °C and then, the support was added and kept under
continuous stirring for 1 h. In order to evaluate the effect
of the temperature, one preparation was performed at
room temperature. In this conditions the hydrolysis
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degree of the [AuCly]™ anion is reduced with respect to the
standard conditions. The obtained solids were washed
several times with deionised water in order to remove the
Cl” and Na " ions and dried for two days in an oven at
100 °C. Table 1 shows the code and the synthesis condi-
tions of the studied solids.

All the prepared solids presented similar chemical
composition, table 2, with only minor amounts of Si, Na
and CI. X ray fluorescence measurements stated that the
concentration of Si, Na and Cl was lower than 1%, for
Si, expressed as SiO, and less than 0.1% for sodium and
chlorine.

2.2. Characterisation

BET specific surface area was measured by nitrogen
adsorption liquid nitrogen temperature in a Micromer-
itics ASAP 2000 apparatus. Before analysis, the samples
were degassed 2 h at 150 °C in vacuum.

The Ce, Al and Au contents of the samples were
determined by X-ray fluorescence spectrometry (XRF)
in a Siemens SRS 3000 sequential spectrophotometer
with a rhodium tube as the source of radiation. XRF
measurements were performed onto pressed pellets
(sample included in 10 wt% of wax).

XRD analysis was performed on a Siemens D 5000
powder X-ray diffractometer. Diffraction patterns were
recorded with detector-sided Ni-filtered Cu Ko radiation
(40 mA, 40 kV) over a 260-range of 10°-60° and a posi-
tion-sensitive detector using a step size of 0.05° and a
step time of 1 s.

Transmission Electron Microscopy (TEM) observa-
tions were carried out in a Philips CM200 microscope
operating at 200 kV. The samples were dispersed in
ethanol by sonication and dropped on a copper grid
coated with a carbon film.

Diffuse Reflectance UV-Vis spectra of the solids
diluted in BaSO,4 were recorded at room temperature on
a Shimadzu UV-2101PC spectrometer equipped with an
integrating sphere and using BaSQ, as reference. They
are presented in Kubelka-Munk mode without any
other transformation.

The isoeletric point (IEP) of the support was
determined by measuring (Malven Zetamaster)

Table 1
Code, Z-point and synthesis conditions of the studied solids

Code Z-point Synthesis

pH; pH¢ Temp (°C) Support
CeAll 8.14 - - - -
CeAl2 8.14 - - - -
AuCeAl5 5.24 7.92 70 CeAll
AuCeAl7 7.60 7.97 70 CeAl2
AuCeAl9 9.02 8.65 70 CeAll
AuCeAlll 11.0 10.28 70 CeAl2
AuCeAl7rt 7.05 7.56 25 CeAll +

CeAl2

electrophoretic mobilities of aqueous dispersions as a
function of pH, at constant ionic strength
(1072 mol dm™ NaCl). The pH was varied by adding
HCI1 or NaOH, as needed.

2.3. Catalytic Activity

Carbon monoxide oxidation reaction was carried out
in a conventional continuous flow U-shape glass reactor
(7 mm inner diameter) under atmospheric pressure.
Eighty milligrams of catalyst (¢ <100 ¢ m) was placed
between two plugs of glass wool and, then, the feed
mixture, 84 mL/min of a reactive stream (5% Molar in
CO, 5% Molar in O,, balance He) controlled by mass
flow controllers (Bronkhorst) was admitted into the
reactor. In order to evaluate the influence of water in the
catalytic performances of the samples, a second test was
carried out in which the reactive stream was saturated
with water at room temperature before the admittance
into the reactor. Preliminary tests were carried out at
different gas linear velocity and partial size to discard
diffusional limitations. The composition of the inlet and
outlet gases was analysed with a Balzers Omnistar
benchtop mass spectrometer controlled by the software
Balzers Quadstar 422 with capabilities for quantitative
analysis. Catalytic results are measured in the steady
state of reaction at the selected temperature, as deduced
from the constant measurement of the CO and CO,
concentration in the exhaust gas. The reactor showed no
activity under these conditions.

3. Results and discussion

The introduction of the CeO,/Al,O5 support in the
gold solution resulted in a modification of the solution
pH that evolves from the fixed initial one (pH;) to a
steady final value (pHg). The difference between these
two values (ApH) is a function of the initial pH
(figure 1), by fitting this experimental data points a
ApH=0 is obtained for a pH value equal to 8.21,
extremely close to the support IEP (8.14). However, we
have to take into account that our support, CeO,/Al,03,
present islands of CeO, on the alumina surface which
result in an average IEP of 8.14 but with surface patches
of different IEPs.

At the pH values considered in this work the gold
species present in solution are [AuCl(OH);]” and
[Au(OH)4]” being their relative amounts controlled by
the equilibrium constant that relates then [9]. During the
interaction of the gold solution with the alumina sup-
port the solution pH smoothly evolves towards the pH
of the IEP of the support, figure 2, changing the relative
proportion of [AuCl(OH);]” and [Au(OH),]” species
and hence the interaction mechanism with the support.

Anchoring of the gold species on the support at pH
below the surface IEP may result in an exchange reac-
tion with surface hydroxyls giving rise to an increase in
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Code Composition (% w/w) Textural properties
Au CeO, ALO; Sger (M2 g7 AV. Pore size (A) AV. pore area (m* g™ AV. pore volume (cm® g™")

CeAll - 11.3 87.6 362.4 129.2 515.1 1.6636
CeAl2 - 11.1 88.1 387.1 131.7 545.2 1.7960
AuCeAl5 0.23 11.5 87.2 361.0 38.3 495.9 0.4747
AuCeAl7 0.37 11.0 88.0 335.8 36.6 449.9 0.4115
AuCeAl9 0.24 11.4 86.9 359.8 41.8 486.9 0.5096
AuCeAlll 0.21 11.0 87.1 289.6 37.5 375.6 0.3519
AuCeAl7rt 0.32 11.8 87.0 298.7 44.8 396.3 0.4434

the pH as experimentally observed. For pH above the
surface IEP such an exchange reaction should not be
possible resulting in a precipitation reaction that resul-
ted in a decrease of the solution pH. Such acid-base
equilibria may imply the modification of the support
surface as a function of the solution pH and hence a
possible modification of the electronic properties of the
support.

The deposition—precipitation method proposed by
Haruta and coworkers [3,15] is one of the most suc-
cessful to obtain nanometer size supported gold catalyst.
In this method the surface of the support acts a nucle-
ating agent for the anchoring of the gold particles, being
their surface properties, such as the acid/base ones, a
key factor that strongly affects the final dispersion of
gold. In this sense it has been proved that the average
size of the obtained gold particles depends on the syn-
thesis conditions, specially the pH. Obviously, the
optimal pH changes from one support to another. In
general, it seems that it is needed a pH equal or higher
than the Z-point of the support for obtaining the lower
particle size. Our support, a 11% w/w CeO,/Al,05 solid,
has a Z point of 8.14. Thus, it is attended that prepa-

ApH

Figure 1. Incremental pH (ApH) between the steady final value and
the fixed initial one, as a function of the later, for the considered
preparations.

rations of gold catalyst carried out at pH higher than
this value drives to gold supported particles with aver-
age size lower than the ones prepared at pH lower. Our
preparation method that allows the pH of the solution
to be continuosly modified may result in a broad
distribution of particle sizes.

It is clear from these data that if the gold particle size
depends on the interaction pH a wide distribution of
diameters should be obtained in every case and, in brief
we may suggest that in our case the gold particle size
may be independent of the interaction pH.

The textural properties of both support and catalysts
are obtained from N, adsorption—desorption isotherms.
Figures 3 and 4 show adsorption—desorption isotherms
and pore size distributions of the support and one of the
catalysts, since all of them behave similarly. The
isotherms correspond to typical mesoporous materials
with complex pore structures made up of interconnected
networks of pores of different size and shape. The gold
samples are also mesoporous materials, showing a type
of isotherm characteristic of ink-bottle pores which
indicates that the gold particles are deposited around
pores reducing their size. The surface area, pore volume
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Figure 2. pH evolution during preparation of the gold samples. (@)
AuCeAlS5; (O) AuCeAl7; (A) AuCeAl9; (O) AuCeAlll; (M) Au-
CeAl7RT.
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Figure 3. Typical example of the N2 adsorption—desorption isotherm
of the prepared supports (O) and gold catalysts (@).

and average pore size are independent of the pH of the
solution except for the sample prepared at the higher pH
and those prepared at room temperature in which case
the surface area is considerably lower.

The above mentioned modification of the support
surface as a function of the gold solution pH is stated by
XRD measurements. In general the crystallinity of all
the samples is fairly low. The diffractogram corre-
sponding to the support only shows broad bands that
can be assigned to the fluorite phase of CeO,, (figure 5)
After interaction with the gold solution two different
effects can be clearly seen. First, the diffraction lines
corresponding to CeO, become narrower and more
intense which indicates particle size growth, Second, if
the pH of the solution is 29 or the temperature is low
hydrous alumina phases are evident in the diffractogram
(bayerite and gibbsite). XRD diagrams are not suitable
for determining Au particle size since no diffraction lines
are observed except in the case of the catalyst prepared
at room temperature which allows to determine that the
average Au particle size is much bigger in this catalyst.
Ceria particle size was calculated using the Debye
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Figure 4. Typical example of the pore size distributions for the
prepared supports () and gold catalysts (@).
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Figure 5. XRD patterns of the studied solids: (a) CeAll; (b) CeAl2; (c)
AuCeAlS; (d) AuCeAl7; (e) AuCeAl9; (f) AuCeAlll; (g) AuCeAl7rt.
(W), CeOy; (#), y-ALO;; (@), AI(OH); Gybbsite; (A), AI(OH);
Bayerite; (*), Gold).

Sherrer equation, (table 3). It can be observed the
modification of the ceria particle size as a function of
the initial pH of the gold solution indicating again the
modification of the support surface upon interaction
with the gold solution. This modification of the support
surface correlates with the decrease in surface area dis-
cussed above.

The UV-Vis spectra of the considered solids are
presented in figure 6. The spectrum of the CeO,/Al,O3
supports present an intense absorption band with max-
imum at about 307 nm, which is ascribed to the
overlapping of theCe** «— O~ charge transfer and in-
terband transitions, reported in pure CeO, at 278 and
313 nm, respectively [16, 17]. The introduction of gold
in the samples induces a shift of this maximum to higher
wavenumbers. The increase of the wavelength of the
adsorption of a semiconductor oxide when doping with
transition metal ions has been reported early in the
literature and it is ascribed to the introduction of energy
levels in the interband gap and implies a decrease in the
band gap of the material [18,19]. The band gap of a
material can be estimated from the adsorption edge
wavelength of the interband transition. The most
accepted method for determining the band gap energy

Table 3

CeO, average crystalline size of the studied solids calculated from
XRD measurements

Code CeO, Average crystalline size (nm)
CeAll 32
CeAl2 2.1
AuCeAlS 5.1
AuCeAl7 43
AuCeAl9 3.6
AuCeAlll 5.2
AuCeAl7rt 5.4
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Figure 6. Diffuse Reflectance UV—Vis spectra of the studied solids: (a)
CeAll; (b) CeAl2; (c) AuCeAlS; (d) AuCeAl7; (e) AuCeAl9; (f)
AuCeAlll; (g) AuCeAlT7rt.

values of an insulator or semiconductor is by plotting
the square root of the Kubelka-Munk function multi-
plied by the photon energy versus the photon energy and
extrapolating the linear part of the rising curve to zero
[20-22]. The results are shown in table 4. The value
obtained for the support is close to that reported for
CeO, [23] corresponding to the gap between the occu-
pied 2p O band and the empty f Ce band. The band gap
energy value provides evidence of the position and
donating properties of the top of the valence band and
can be used as a measure of the basicity of the solid [24].

As said above, the presence of gold introduces energy
levels in the interband gap decreasing the band gap of
the material. The band gap observed for the gold sam-
ples are different each other, thus pointing to the exis-
tence of differences in the electronic and acid/base
properties among them. It has been proposed that the
energy of the band gap carry information about the
average crystalline domain size of the oxide (CeO, in our
case) particles, in such a way that the domain size
increase when the band gap energy decreases [16, 17],
however as the measured band gap for the supported
ceria particles is quite close to that measured for the
bulk oxide, 3.1 eV [16, 25], it should be considered that
all the observed modifications are due to the presence of

Table 4
Band gap energy of the studied solids, calculated from DR-UV-Vis
measurements
Code Band gap energy value (eV)
CeAll 2.92
CeAl2 3.00
AuCeAlS 2.50
AuCeAl7 2.69
AuCeAl9 2.44
AuCeAlll 2.78
AuCeAl7rt 2.81

gold levels being independent of the domain size of ceria
particles.

In addition to the charge-transfer bands due to CeO»,
the UV-Vis spectra of the gold samples present a wide
band in the 450-700 nm region which did not appear for
the supports. This band is due to the surface plasmon
resonance of the Au metal fine particles [26] and it is
affected by the dispersed metal particle size and shape
and the dielectric properties of the environment that
surrounds it [27]. In our samples, a shift in the position
of this band is observed from one sample to another (see
table 5). However, as stated in the literature the position
of the surface plasmon depends on, among others, the
electric field generated by the support. As mentioned
above ceria particle size change as a function of the
preparation condition preventing correlations between
the surface plasmon resonance and the catalytic prop-
erties of the solids.

Figure 7 shows two typical micrographs of the gold
catalysts. In all samples, the gold particles are regularly
distributed on the whole support, the particle size
ranging from 1 to 20 nm. No clear differences in dis-
persion, size and shape are evidenced among the cata-
lysts. However, we must take into account that the high
atomic weight of cerium atoms in the samples makes the
detection of gold particles with a very low diameter very
difficult, due to the low mass and diffraction contrast.
Thus, only the larger gold particles are probably detec-
ted. EDX analysis reveals that the presence of gold
particles is associated with a higher concentration of
cerium atoms in the surface (figures 8 and 9) which
could be indicative of the participation of cerium atoms
in the gold deposition process. As seen in figure 9, a
significant gold content is obtained for Al/Ce atomic
ratios lower than 20. This value corresponds to a 15%
w/w CeO,/Al,O5 composition. Thus, it seems that, in
CeO,/Al,05 systems, gold is deposited preferentially
over the ceria phase, or in surface places where a local
concentration of CeO, is at least of 15% w/w. A similar
conclusion was deduced in a previous work from XPS
results [13]. Recently it has been reported that when the
gold deposition—precipitation process is carried out on a
titanium oxynitride support where a TiO, and a TiN
phase coexist, gold is selectively deposited on the oxide

Table 5
Experimental position of the DR-UV-Vis surface plasmon resonance
band of gold particles for the studied gold catalysts

Code Position (nm)
CeAll -
CeAl2 -
AuCeAlS 537
AuCeAl7 570
AuCeAl9 535
AuCeAlll 539

AuCeAlT7rt 551
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Figure 7. Typical TEM micrographs of catalysts.

particles, showing that the acid-base properties of the
support play a decisive role in the success of the gold
deposition process [10]. From here, the preferential
precipitation of gold over the ceria phase can be
explained by the more basic character of CeO,
compared to alumina. In fact, it has been described that
when cerium is in direct contact with alumina, Ce-bound
oxide ions are more basic than aluminate-type ligands
since Ce is less electronegative than Al [28,29].

Figure 10 shows the CO conversion as function of
temperature on the considered catalysts in dry and wet
conditions. CeO,/Al20; supports themselves begin to be
active at temperatures higher than 300 °C, The support
is slightly active at high temperatures reaching a 80%
CO conversion at 450 °C in the absence of water in the
reactive stream, The introduction of gold strongly
enhances the activity of the samples. Due to the low gold
content of the samples, the activity is not extremely
high, achieving a complete CO conversion at 220 °C in
the most active situation (AuCeAl7rt, dry conditions).
The influence of the presence of water in the reactive
stream can be observed in figure 11. At temperatures
lower than 120 °C water exerts a positive influence in the
catalyst‘s activity, however, above this temperature the
water effect becomes negative. In order to compare
the activity performances of the catalysts, the temperature
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Figure 8. Typical EDX analysis of gold samples.
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Figure 9. Some experimental EDX relationships obtained for the
studied gold catalysts.

at which the 50% of the initial CO is converted into CO,
(Tso) is presented in table 6.

On the other hand, the surface and electronic prop-
erties of the support used have resulted determinant in
the final surface and catalytic properties of the obtained
gold catalysts. In this sense, the UV-Vis results are very
illustrative. The band gap in CeO, represents the
difference in energy between the O°~ and the Ce** lev-
els. As said in the results section, the presence of gold
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Figure 10. CO conversion for the studied catalysts, as a function of
temperature, in wet (a) and dry (b) conditions. (l) AuCeAlS; (@)
AuCeAl7; (O) AuCeAl9; (O) AuCeAlll; (*) AuCeAl7RT; (A) CeAll;
(A) CeAl2.
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Figure 11. Influence in the CO conversion, as a function of temper-
ature, of the presence of water in the feed on AuCeAl7.

introduces energy levels in the interband gap decreasing
the band gap of the material. The band gap measured in
gold samples is therefore the difference in energy
between the gold and the Ce*™ levels. The catalytic
activity to CO oxidation of the samples is a function of
this band gap, (figure 12), in such a way that the higher
band gap the higher the activity. This behaviour can be
interpreted in terms of separation between energy levels,
showing that the higher catalytic activity is obtained
when the energy levels introduced by gold are closer to
the O?~ ones, (figure 13), that means, when the easiness
of the electron transfer between oxygen atoms of ceria
and gold is higher. This observation indicates that the
interface between ceria and gold particles is a key factor
to explain the activity of Au/CeO,/Al,O5 catalysts in the
CO oxidation reaction, which agrees with the preferen-
tial deposition of gold over the ceria phase of the
support. On the other hand, most of the literature data
agree with the assumption that CO oxidation reaction
over gold supported samples takes place between CO
molecules adsorbed on gold particles and oxygen mol-
ecules adsorbed at the interface with the support [30,31].
In the case of Au/CeQO, catalysts, the reaction sites have
been described to be placed at the borderline of the small
gold particles on the surface of defective ceria [31].

Table 6

Activity of the studied gold samples in the CO oxidation reaction.
Temperature at which the 50% of the initial CO is converted into CO,

(Ts0)
Code Wet Conditions Tsy (°C) Dry Conditions Ts, (°C)
CeAll 521 432
CeAl2 484 420
AuCeAl5 272 218
AuCeAl7 190 170
AuCeAl9 326 253
AuCeAlll 216 179
AuCeAl7rt 160 143

400

O  Wet
[ ] Dry
350
o
300
o
o 2504 L4
re)
-
o o
200
.
150 °
T °
100 5 T T v T T T -
24 2,5 2,6 27 28 29

Band Gap eV

Figure 12. Relationship between the activity towards CO oxidation
and the band gap of the gold samples.

The oxidation state of reactive gold species is also a
topic under discussion, Metallic gold are generally the
considered active species for oxidation reactions [7, 30],
although oxidized ones have been also proposed to
contribute [13,32, 33]. Even Au’" sites have been also
describe as active centers at the beginning of the water
gas shift reaction over Au/CeO, catalysts [31]. Our
observation of the higher activity of the gold/ceria
samples with the lower gold to oxygen energy levels
separation implies a predominant role of the Au’”"
species. The role of the ceria phase is to control and
maintain the adequate oxidation state of gold active
sites and enhance the lattice oxygen mobility. In this
sense it is well known the high oxygen storage capacity
of ceria due to their redox properties associated to the
fast reduction/oxidation cycles CeO; « Ce;O3. It is
recently established that in the presence of gold the
reducibility of ceria is enhanced [31]. The same authors
proposed that on Au/CeQO, catalysts, CO is adsorbed on
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Figure 13. Relationship between the activity towards CO oxidation

and the separation in energy between the gold and the O~ levels, for
the studied gold samples.
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gold step sites close to the support and Ce®* centers,
which when reoxidate produce oxygen molecules which
dissociates in adsorbed atomic oxygen and react with
CO to give CO,. On the other hand, water is able to
reoxidize reduced ceria at room temperature [31,34].
From here, the observed positive effect of the presence
of water in the CO oxidation activity of the samples at
temperatures lower than 120 °C (figure 11) can be
ascribed to the improved of the control of the redox
reactions implied in the reaction mechanism of the cat-
alytic system, favouring a more oxidation degree of ce-
ria. Above 120 °C, the effect of water in the CO
oxidation reaction becomes negative, According to
Padeste et al [34], the efficiency of water to reoxidize
reduced ceria is maintained at elevated temperature (at
least 550 °C), even with low partial pressures of H,O.
On the other hand, the oxygen mobility is increased with
temperature by thermal activation, such leading to the
enhanced catalytic activity of the system. In such con-
ditions, the oxidative properties of water can shift
the Ce*t — Ce** equlibrium to the left, decreasing the
amount of Ce®>" and the speed of the oxidation/reduc-
tion ceria cycles which imply a lower oxygen storage
capacity, and a decrease in the CO oxidation activity.
Our results agree with the ones of Fu et al. [33], which
found a correlation between the high catalytic activity of
their gold-ceria catalysts for low-temperature water—gas
shift reaction and the ceria structure and the oxygen
transfer properties of the solids.

The catalytic activity of the samples also correlates
with the position in the UV—Vis spectra of the surface
plasmon resonance band of gold particles, (figure 14).
The position of this band is affected by the dispersed
metal particle size and shape and the dielectric proper-
ties of the environment. As already stated, we have a no
direct measurement of the gold particle size in the
samples although indirect ones make us think that it
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Figure 14. Relationship between the activity towards CO oxidation
and the experimental position of the DR-UV-Vis surface plasmon
resonance band of gold particles.
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would increase when decreasing the pH of the synthesis.
if it so, figures 10 and 12 shows that the catalytic activity
does not correlate with the gold particle size. Then, we
can assume that electronic properties of the environment
are the determinant factor in the activity and, probably,
in the observed shift of the gold plasmon band.

4. Conclusions

We have prepared a series of low loading (circa 0.3%
w/w) gold supported ceria/alumina catalysts by the
deposition—precipitation method, varying the pH of the
synthesis, from 5 to 11. In all cases, gold is preferentially
deposited onto the ceria phase, as deduced from EDX
analysis. The catalytic activity to CO oxidation of the
gold samples is a function of the measured band gap,
which is the difference in energy between the gold and
the Ce* " levels, in such a way that the higher catalytic
activity is obtained when the energy levels introduced by
gold are closer to the O®~ ones, that means, when the
easiness of the electron transfer between oxygen atoms
of ceria and gold is higher. From here, the key role of
the interface between ceria and gold particles in the
activity of Au/CeO,/Al,0O;5 catalysts in the CO oxidation
reaction, is deduced. In these low loading gold samples,
the electronic properties of the ceria phase and the
structure of the metal-support perimeter are more
determinant than the diameter of the gold nanoparticles
in the catalytic performances of the solid.

On the other hand, the observed positive effect of
the presence of water in the CO oxidation activity of
the samples at temperatures lower than 120 °C can be
ascribed to the improved of the control of the redox
reactions implied in the reaction mechanism of the
catalytic system, favouring a more oxidation degree of
ceria
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