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Abstract

An approach correlating quantitative CO adsorption data with the
nanostructural properties of Au/CeO2­ZrO2 catalysts is dis-
cussed. It has been used to show that the CO adsorption occurs on
Au sites with coordination number ¯7, that Au dispersion has a
dramatic influence on the amount of CO strongly chemisorbed on
the support, and that a fully reversible SMSI effect may be
induced by successive mild reduction and reoxidation treatments.

� 1. Introduction

The discovery in 1987 by Haruta et al.1 that gold highly
dispersed on appropriate oxide supports shows much higher CO
oxidation activity than the analogous systems constituted by
noble metals of Groups 8­10 represents a major breakthrough
point in the history of the catalysis by gold.2 Following this,
in principle, unexpected finding,3 a dramatic increase in the
number of published papers on gold catalysts has been
observed.4 Despite the big research effort devoted to this topic,
many important questions about the ultimate origin of the
exceptional behavior of gold remain open to discussion.5

The adsorption of the reactant molecules is acknowledged
to be a key initial step of the heterogeneous catalytic processes.
Accordingly, to gain detailed information about the surface
chemistry of gold is certainly a relevant issue in order to arrive
at a finer understanding of its catalytic behavior. As recently
stressed,2 until some 20 years ago, very little information was
available on the chemisorptive properties of gold, the extreme
nobility which was traditionally assumed to characterize this
metal being invoked to justify this lack of studies. In the last two
decades, however, the number of papers dealing with this topic
has grown very rapidly,2,6 a considerable amount of data being
presently available. Though the adsorption of a relatively large
number of molecules and atoms has been investigated,6 CO is
certainly one of the most commonly used probe molecules for
gold surfaces.2

At present, the CO­Au interaction has been investigated on
a variety of systems including massive single crystals,6­12 small
clusters or nanoparticles supported on both planar model,13­24

and powdered oxides.25­34 Studies on the CO interaction with
gas-phase Au clusters have also been reported.35­37 Depending

on the specificities of the investigated systems, significantly
different experimental conditions and techniques have been
applied in the above-mentioned studies. Finally, CO adsorption
on gold has also been investigated from a theoretical point of
view.14­16,38,39 From all these studies a number of relevant
conclusions have already been obtained. Thus, with reference to
the noble metals of Groups 8­10, gold interaction with CO is
much weaker.2,6 Consistently, it is generally acknowledged that
the active sites for CO adsorption consist of defective, low-
coordination, surface gold atoms.2,6,22,40 This represents a first
problem very much limiting the conventional use of CO as a tool
for characterizing gold surfaces. In the case of supported gold
catalysts, the simultaneous occurrence of CO adsorption on the
support may constitute a second serious difficulty.2 Therefore,
in order to successfully use CO adsorption for characterizing
supported gold catalysts, specific developments have to be made
in order a) to make quantitative determination of the metal and
support contributions to the total amount of adsorbed CO; b) to
gain a deeper knowledge of the nanostructural characteristics
of the surface gold atoms involved in the CO chemisorption
process; c) to analyze the eventual role played by the dispersed
metal phase in the CO adsorption on the support and, also very
important in the case of catalysts including in their formulation
reducible supports, d) to establish on a quantitative basis the
influence of the redox state of the support on the adsorption
capability of the Au nanoparticles.

In this work, an approach recently developed to overcome
the problems mentioned above41­43 is briefly reviewed. By
combining in an appropriate manner experimental high-resolu-
tion transmission and high-angle annular dark field-scanning-
transmission electron microscopy (HRTEM and HAADF-
STEM), FTIR spectroscopy, and volumetric CO adsorption
studies with nanostructural computer modeling techniques,41 this
approach has first been applied to a series of catalysts consisting
of gold nanoparticles supported on ceria­zirconia (CZ) and
closely related mixed oxides.41­43 This is a relatively new family
of materials which has received increasing attention because
of its outstanding activity in a number of relevant catalytic
reactions having in common the participation as reactant of the
CO molecule.44­51 Herein, special attention will be paid to the
discussion of the chemical information that can be obtained
from the correlation of the CO adsorption data with the
nanostructural properties of the corresponding catalysts.
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� 2. Quantitative Estimate of Metal and
Support Contributions to the CO
Adsorbed on Au/CeO2–ZrO2 Catalysts

As revealed by the FTIR studies,33 at 298K under P(CO)
ranging from 0 to 300Torr, three major components contribute
to the CO adsorption on Au/CZ catalysts. The first one due
to CO adsorbed on Au(0) nanoparticles is characterized
by a ¯-CO stretching band typically occurring at about
2110 cm¹1.18,20,30,32,34 The other two contributions are due to
CO adsorbed on the support. They correspond to molecular
forms weakly interacting with the CZ surface cations, whose
characteristic ¯-CO stretching bands are observed above
2143 cm¹1,52,53 and to carbonate-like species resulting from
the strong interaction of CO with the surface anions of the
support, respectively. The features characterizing the latter
species appear at much lower wavenumbers, typically below
1700 cm¹1.52,53 It is, therefore, critically important to develop
an experimental approach allowing us to separate the three
contributions above.

The key observation for developing such an approach came
from FTIR studies of CO adsorption on a Au/Ce0.62Zr0.38O2

catalyst prepared by deposition precipitation with urea and
further activated at 523K under flowing 5% O2/He (Au/CZ).33

Details of the preparation and activation routines are given in
ref 33. The comparison of the spectra recorded at 298K under
P(CO) = 100Torr and after 30min evacuation at 298K
showed that the weak adsorbed forms, i.e., those corresponding
to CO­Au and CO interacting with the surface Ce4+ and Zr4+

ions disappear, whereas bands assigned to the strongly adsorbed
carbonate species remain practically unmodified.33 If so, a
volumetric adsorption routine consisting of two consecutive
isotherms at 308K separated by a 30min evacuation at the
same temperature would allow us to determine the specific
contributions of the strong and weak adsorbed forms. Actually,
the second isotherm would measure the joint contribution of the
two weakly adsorbed forms, whereas the difference between
the first and second isotherms would account for the strong,
irreversible CO adsorption on the support.41,42

To separate the contributions of the weakly adsorbed forms
due to the metal and support, the experimental routine applied to
Au/CZ was also used in the investigation of the pure CZ
sample.41 By analogy with the interpretation proposed for the
Au/CZ data, the second isotherm recorded for CZ would
account for the CO weakly adsorbed on the support; therefore,
the difference between the second isotherms for Au/CZ and CZ
would measure the amount of CO specifically chemisorbed on
the gold nanoparticles.41

Figure 1 summarizes an example of application to a Au/CZ
powder catalyst of the routine discussed above.42 In accordance
with the difference isotherm (2­3) reported in part B of
Figure 1, the experimental range of P(CO) at 308K is wide
enough as to reach the saturation coverage of gold. Similar
results have also been reported for other samples of this family
of powdered Au/CZ catalysts.41

Regarding the strong CO adsorption on the support, the
difference isotherm (1­2) included in Figure 1, part B, suggests
that an apparent saturation is also reached for P(CO) ² 50Torr.
Therefore, data reported in Table 1, all of them recorded

at P(CO) = 100Torr, may be considered to correspond to a
saturated surface. In accordance with them, for this specific
Au/CZ catalyst, CO strongly chemisorbed on the support is by
far the largest contribution (78%), that due to the metal not
exceeding the 17% of the total.

As will be discussed in the next sections, this approach
provides a powerful tool for characterizing Au/CZ catalysts.
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Figure 1. Application to a Au/CZ sample the approach for
determining the metal and support contributions to the total
amount of CO adsorbed on the catalyst. Part A) First (1) and
second (2) isotherms for Au/CZ, and second isotherm for CZ
(3). Part B) Difference isotherms resulting from the subtraction
of those reported in Part A: (1) ¹ (2), and (2) ¹ (3). Isotherms
recorded at 308K. Some catalyst data: metal dispersion D =
AuS/AuT = 0.49, and BET surface area: 63m2 g¹1. Reproduced
with permission of Wiley-VCH from ref 42.

Table 1. Metal and support contributions to the CO adsorption
on a Au/CZ catalyst as determined from the analysis of the
volumetric data reported in Figure 1

Separate contributions of Au and CZ
(strong and weak forms)

CO­Au
CO­CZ
(Strong)

CO­CZ
(Weak)

Total

Adsorbed amounta 21 97 7 125
aData (¯molCOg¹1catalyst) at T = 308K and P(CO) = 100Torr.
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From its application, rather detailed information about the
relationship existing between chemical and nanostructural
properties in this family of catalysts could be gained.

� 3. Nanostructural Analysis of the Au
Sites for CO Adsorption

To have available quantitative data for CO specifically
adsorbed on the metal in Au/CZ powder catalysts opens very
interesting possibilities to the analysis of the nanostructural
characteristics of the involved Au surface atoms. In fact, a
procedure has recently been proposed for correlating CO
adsorption data with the coordination number of the gold
surface sites occurring in the investigated catalysts.41 To do that,
a model shape for the supported Au nanoparticles ought to be
established.41 On the basis of HRTEM studies,41 a truncated
cuboctahedron was proposed to be the most representative
morphology among those experimentally observed in the
investigated catalysts.41 Computer simulation HRTEM imaging
techniques gave further support to this proposal.41 Though not
based on HRTEM studies, a similar proposal has earlier been
made for other supported gold catalysts.40

Figure 2 shows an example of model Au nanoparticle.41

From its analysis, some typical parameters such as total number
of atoms constituting the particle, AuT, and the total number of
surface atoms, AuS, may easily be determined. Also very
important, it is possible to evaluate the contribution to AuS of
atoms with the different coordination numbers (CN = j) occur-
ring at the surface of the model particles, AuS,j.

The approach developed in ref 41 implies four more steps,
a) determination of the Au nanoparticle size distributions, as
deduced from the analysis of experimental HRTEM and
HAADF-STEM images recorded for the investigated catalysts;
b) construction of a set of model nanoparticles covering the
whole range of sizes observed in the experimental distributions;
c) determination of the parameters, AuT, AuS, and AuS,j,
characterizing each of the members of the whole set of model
nanoparticles; and d) development of a computer program
allowing application to the experimental size distribution the
nanostructural information previously generated for the surface
atoms of the model nanoparticles. In this way, overall dispersion,
D = AuS/AuT, data but also the contribution to D of surface
atoms with a certain coordination number, CN = j, may be
determined. This contribution will be hereafter referred to as

Dj = AuS,j/AuT. The approach also allows us to determine the
contribution to D of the Au atoms located at the perimeter of
the metal/support interface, DP. Likewise, the contribution of
surface atoms with CN ranging from j = m and j = n may be
easily determined as Dm­n = ∑m­nDj. Obviously, the extension
of this equation to the whole range of observed CN values
would measure the overall dispersion, D.

This approach was first applied to two catalyst samples
consisting of 2.5wt% Au/Ce0.62Zr0.38O2 (Au/CZ) and 1.5wt%
Au/Ce0.50Tb0.12Zr0.38O2 (Au/CTZ).41 As deduced from
Figure 3, these catalysts show different nanoparticle size
distributions. Consistently with this, the sets of Dj, DP, and
Dm­n values determined for each of them, Table 2, are
significantly different too.

If data reported in Table 2 are compared with the amounts
of CO adsorbed on Au at saturation coverage, P(CO) = 100
Torr, as determined from the volumetric routine discussed above,
CO/AuT = 0.49 for Au/CZ and CO/AuT = 0.13 for Au/CTZ,
a number of interesting conclusions about the chemical proper-
ties of the supported gold phase could be drawn.41

First of all, D = D4­9 values for Au/CZ, 0.69, and Au/CTZ,
0.29, are significantly larger than the corresponding CO/AuT

: 9: 8: 7: 6: 5

Figure 2. Example of Au model nanoparticle. Particle size:
2.9 nm. The color code accounts for the coordination number
(CN) of its surface atoms.
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Figure 3. Representative HAADF-STEM images and Au
nanoparticle size distributions for Au/CTZ (upper part) and
Au/CZ (bottom part) catalysts.

Table 2. Contribution of Au surface atoms with CN = j to the
metal dispersion in 2.5wt% Au/Ce0.62Zr0.38O2 (Au/CZ) and
1.5wt% Au/Ce0.50Tb0.12Zr0.38O2 (Au/CTZ) catalysts as deter-
mined by application of the methodology developed in ref 41

Catalyst D4 D5 D6 D7 D8 D9 DP
a

Au/CZ 0.02 0.07 0.17 0.22 0.01 0.20 0.17
Au/CTZ 0.00 0.02 0.05 0.07 0.02 0.13 0.06

Catalyst D4­4 D4­5 D4­6 D4­7 D4­8 D4­9

Au/CZ 0.02 0.09 0.26 0.48 0.49 0.69
Au/CTZ 0.00 0.02 0.07 0.14 0.16 0.29
aAu atoms at the perimeter of metal/support interface showing
a certain CN = j are included in the corresponding Dj values.
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values. Therefore, in agreement with earlier studies on CO
adsorption on gold2,6,22,40 at saturation coverage, not all the
surface atoms are active in the process. Moreover, the
comparison of D4­j values reported in Table 2 with the
chemisorption data shows that the corresponding CO/AuT and
D4­7 data for both catalysts are in very good agreement.
Therefore, under the applied experimental conditions, the
surface saturation of gold particles is reached when sites with
a well-defined nanostructure, i.e., those with CN ¯ 7, are the
only ones involved in the CO adsorption process.

By following a completely different approach, some
quantitative studies of CO­Au adsorption in oxide-supported
powder catalysts have earlier been reported.31,54 However, a far
less detailed description of the relationship existing between
nanostructural properties of the Au surface atoms and their
chemisorptive behavior could be deduced from them.

The interpretation suggested above is fully consistent with
that proposed by Goodman et al.9 for the same adsorption
process on a Au(110) 1 © 2 reconstructed model surface at
much lower temperature (100­250K) and CO partial pressure
(1 © 10¹8­1 © 10¹4 Torr). As recently discussed,41 this model
surface actually consists of intersecting nanosized [111] planes
in which sites with CN = 7 (25%), CN = 9 (50%), and CN = 11
(25%) coexist. Sites with CN = 7 would be responsible for the
CO adsorption process. Accordingly, the chemical principles
governing the CO­Au adsorption on both model single-crystal
surfaces and conventional oxide-supported powder catalysts are
essentially the same.41 Obviously, some differences may be
expected to exist between the model single-crystal and the nano-
particle gold surfaces. Thus, sites with CN < 7, not present
in the model surface, may have a significant weight in the
supported nanoparticles.41 In effect, for Au/CTZ, sites with
CN ¯ 6 represent one fourth (24%) of the total surface atoms,
this contribution becoming even larger, 38% in the case of Au/
CZ, the catalyst showing the highest metal dispersion, Figure 3
and Table 2.41 Likewise, the thermodynamics of the CO­Au
adsorption and, therefore, the specific P(CO)-T relationship
observed in a supported gold catalyst may depend on variables
like the coordination number of the surface atoms,6,9,13,55 the
occurrence of some kind of metal/support interaction phenom-
enon,14­16,23,43 and, though open to debate,56 on quantum effects
associated to the size of the metal nanoparticles.

� 4. Quantitative Study of CO Strongly
Chemisorbed on the Support in Au/CZ
Catalysts

The methodology discussed above has also been used for
determining the amount of CO strongly chemisorbed on the
support in two Au/CZ samples, hereafter referred to as Au/CZ-1
and Au/CZ-2. The metal loading (2.5wt%), the CZ support, and
the BET surface area (63m2 g¹1) were the same for both
catalysts, the main difference between them being the Au
nanoparticle size distributions, Figure 4.

As shown in part B of Figure 1, for a certain Au/CZ
catalyst, the amount of CO strongly chemisorbed on the support
is measured by the difference between the two consecutive
isotherms recorded for it. Figure 5 summarizes the (1) ¹ (2)
difference isotherms for Au/CZ-1, Au/CZ-2, and the bare
support (CZ), the latter being included for comparison.

In accordance with Figure 5, at P(CO) = 100Torr the
amount of CO irreversibly chemisorbed on the support is found
to be 6¯mol g¹1

sample for the bare CZ oxide and much larger for
the supported gold catalysts, 97¯mol g¹1

sample for Au/CZ-1 and
220¯mol g¹1

sample for Au/CZ-2. Also very remarkable is the
difference observed between Au/CZ-1 and Au/CZ-2, particu-
larly if it is recalled that the CZ support and the metal loading
were the same for both catalysts.

A number of relevant conclusions could be drawn from this
study.42 a) The CO adsorption on the CZ support is kinetically
controlled. b) The kinetics of the process is dramatically
modified by the presence of gold, the Au nanoparticle size
distribution shown by the catalysts playing also a very relevant
role.42 To our knowledge, no quantitative data evidencing such a
strong influence of the metal phase on the chemical behavior of
the oxide support had earlier been reported. Moreover, it is
obvious from this study that the support contribution to the total
amount of CO chemisorbed on Au/CZ catalysts cannot be
determined from parallel adsorption studies carried out on the
bare support.
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Figure 4. Au nanoparticle size distributions for Au/CZ-1 (left
part) and Au/CZ-2 (right part) catalysts as determined from the
analysis of HRTEM and HAADF-STEM images. Reproduced
with permission of Wiley-VCH from ref 42.
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Figure 5. Volumetric study of the strong CO adsorption on
CZ. Difference between the 1st and 2nd isotherms recorded at
308K for the bare CZ support ( ), Au/CZ-1 ( ), and Au/CZ-2
( ) samples. Reproduced with permission of Wiley-VCH from
ref 42.
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The observations above clearly indicate that a mechanism
implying the initial CO adsorption on the metal and its further
transfer to the support (spillover) is much faster than the direct
CO­CZ process.42 Also interesting, the dependence of the CO
adsorption on the Au nanoparticle size distribution suggests that
the growth of the CO phase strongly chemisorbed on the support
follows an annular model, the metal nanoparticles being located
at the center of the annuli.42 To confirm this proposal, the radius
of these annuli (ra) was estimated for Au/CZ-1 and Au/CZ-2
by application to the corresponding Au nanoparticle size
distributions an adsorption model based on the following
assumptions: a) ra is constant and independent of the size of
the Au nanoparticles; b) the surface of the support consists of
[111] facets, the one showing the highest density of O2¹ ions and
thermodynamic stability;57 and c) the adsorption process
involves two surface O2¹ sites per CO molecule.42 The annulus
radii thus determined for Au/CZ-1 and Au/CZ-2 were 1.9 and
1.7 nm, respectively.42 Given the remarkable difference of Au
nanoparticle size distribution shown by these two catalysts, the
similarity of the annulus radius determined for them was
considered to support the proposed model.42

� 5. Influence of the Redox State of the
Support on the Chemical Properties of
the Metal in Au/CZ Catalysts

The methodology developed in ref 41 could also be
successfully applied to the quantification of the reversible metal
deactivation effects occurred in a Au/CZ sample successively
subjected to a series of treatments in which the support redox
state was varied.43 The starting point for this investigation
consisted of a FTIR study of CO adsorbed on a single sample
disk successively subjected to the following series of treatments:
a) Heating in a flow of 5%O2/He at 523K (1 h), followed by 1 h
evacuation at 523K (Au/CZ-O523); b) After CO adsorption
under P(CO) = 40Torr at 298K, the catalyst was evacuated at
298K, subjected again to routine (a), then reduced in flow of
5%H2/Ar at 473K (1 h), and finally evacuated for 1 h at 473K
(Au/CZ-O523-R473); and c) Reoxidation by applying routine
(a) to the catalyst resulting from the CO adsorption study on
Au/CZ-O523-R473; this sample is referred to as Au/CZ-O523-
R473-O523. Figure 6 summarizes the ¯-CO spectra recorded for
the three samples above.

As deduced from Figure 6, the spectrum for CO adsorbed
on the supported Au nanoparticles is fully reversibly modified
by the applied pretreatment and inherent to this by the support
redox state.43 Both the position, which is red-shifted from 2113
(spectra a and c) to 2101 cm¹1 (spectrum b), and the integrated
absorption (IA) of the band, which is approximately 15% lower
for Au/CZ-O523-R473 (spectrum b) than for Au/CZ-O523
(spectrum a) and Au/CZ-O523-R473-O523 (spectrum c), are
reversibly affected.

This experiment strongly suggests the likely occurrence of
a strong metal/support interaction (SMSI) effect, as originally
defined by Tauster et al.,58 i.e., the CO adsorption capability of
the gold nanoparticles may be reversibly modified as a function
of the redox state of the support.

To confirm the proposal above, a number of additional
studies were performed.43 The metal nanoparticle size distribu-
tions for the three catalysts above were determined by HRTEM

and HAADF-STEM techniques. It was found that, within the
experimental error,41 neither D (=D4­9) nor D4­7 parameters as
earlier defined41 (see also Section 3 of this work) were modified
throughout the whole series of applied pretreatments. This
allowed the authors to exclude eventual metal sintering and
redispersion effects as the likely origin of the changes observed
in the FTIR spectra.

Likewise, by applying the methodology developed in
ref 41, the amount of CO specifically chemisorbed on the
metal nanoparticles could be determined for the three catalysts.
The volumetric study was performed on the same sample
successively subjected to the series of pretreatments described
above. The corresponding data at P(CO) = 40Torr, the partial
pressure used in the FTIR study reported in Figure 6, were found
to be 19.4, 10.9, and 19.3¯mol g¹1

catalyst, for Au/CZ-O523,
Au/CZ-O523-R473, and Au/CZ-O523-R473-O523, respective-
ly. These results fully confirm the occurrence of reversible
changes in the CO adsorption capability of the supported gold
phase. These changes were interpreted as due to parallel
modifications in the electronic structure of the metal nano-
particles.43 In particular, the deactivation effect observed in the
Au/CZ-O523-R473 sample was proposed to be caused by
electron-transfer phenomena occurring from the reduced support
to the Au nanoparticles.43 This proposal is consistent with the
reversible changes that occur in the Au 4f XP spectrum upon
applying the successive series of pretreatments to the Au/CZ
catalyst.43

The comparison of the changes induced by the O523-R473
pretreatment on the IA of the ¯-CO­Au band and the amount of
CO adsorbed on Au, as determined from the volumetric studies,
is also interesting. As already mentioned, the IA value for the
reduced catalyst (Au/CZ-O523-R473) is a 15% lower than those
determined for Au/CZ-O523 and Au/CZ-O523-R473-O523,
the samples presenting a fully oxidized support. In the case of
the volumetric study, the relative effect is much stronger,
a decrease of 44% of the CO adsorption capability being
observed. This allowed the authors to conclude that the
absorption coefficient for the ¯-CO­Au band is sensitive to the
redox state of the support, it being larger for the metal under the

Figure 6. FTIR study of CO adsorbed on a Au/CZ catalyst
successively subjected to the following pretreatment routines:
a) O523; b) O523-R473); and c) O523-R473-O523. Spectra
recorded at 298K, under P(CO) = 40Torr. Reproduced with
permission of Wiley-VCH from ref 43.
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SMSI state. This in turns means that FTIR spectroscopy should
be carefully used in quantitative analysis of the strong metal/
support interaction effects eventually occurring in Au/CZ
catalysts.

� 6. Conclusion

A methodology recently developed for characterizing the
chemical properties of Au/CZ and closely related catalysts is
briefly reviewed. The approach combines conventional FTIR
and volumetric studies of CO adsorption with experimental
HRTEM and HAADF-STEM studies, HRTEM image simula-
tion, and computer modeling nanostructural techniques. Despite
the difficulties for using CO adsorption as a tool for character-
izing Au/CZ catalysts, this approach is shown to provide very
fine details about the chemical behavior of this family of
catalysts.

In addition to briefly analyzing the chemical principles
governing the approach, three major aspects of the CO­(Au/CZ)
interaction could be discussed on a quantitative basis.

Regarding the CO adsorption on Au, a correlation could be
established between the adsorbed amount and the nanostructural
properties of the surface metal atoms.41 At saturation coverage,
CO adsorption occurs on sites with CN ¯ 7. This observation
actually bridges the T and P(CO) gap existing between the
adsorption studies carried out on Au single-crystal surfaces and
supported nanoparticles. Provided that nanoparticle size distri-
butions are known, this methodology not only allows us to
interpret CO adsorption data, but also very promising, it opens a
way to make predictions about the chemisorptive behavior of
supported gold phases and even to analyze on a finer nano-
structural basis CO oxidation data like those recently discussed
in ref 59.

It has also been shown that the supported gold phase
strongly modifies the irreversible adsorption of CO on CZ
supports.42 Moreover, a model correlating the amount of this
adsorbed form and the Au nanoparticle size distribution could be
proposed.43 This model suggests an annular growth of the
adsorbed phase around the Au nanoparticles, the radius of the
resulting annuli being 2 nm approximately.42 This is relevant
information in analysis of activity data and catalyst deactivation
effects.

Finally, the developed methodology has been used to show
the occurrence of a SMSI-like effect in Au/CZ catalysts: a
conclusion with obvious and very relevant implications in the
analysis of activity data for reactions occurring under net
reducing conditions.43
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