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a  b  s  t  r  a  c  t

Hydrogen  activation  is  a  key  step  in  many  reactions  like  hydrogenations  and  other  processes  as the
reverse  water  gas  shift  reaction.  Therefore,  the  comprehension  of  the  mechanism  of  hydrogen  activation
would  sustain  the understanding  of  the whole  reaction  mechanism  as  well  as  of  the  role  played  either  by
the gold  or  by  the  support.  FTIR  spectroscopy  has  been  employed  as  a tool in  order  to  improve  the  actual
knowledge  on  these  topics.  Hydrogen  interaction  with  the  Au/TiO2 reference  catalyst  provided  by  the
World  Gold  Council,  containing  mainly  gold  nanoparticles,  and  with  two  samples,  Au/CeO2 and  Au/ZrO2,
in which  gold  clusters  are  present,  has  been  performed.  Hydrogen  is  dissociated  at  room  temperature
on  the  edge  and  corner  sites  of  both  nanoparticles  and  clusters,  independently  from  the  nature  of the
u nanoparticle
old hydride
old hydroxyl

support.  FTIR  evidences  of  the  formation  of Au–H  and  Au–OH  species  are  presented  for  the  first  time.
These  species  are  strongly  bonded  to  Au  and  compete  with  CO  adsorption.  In addition,  the  spillover
of  the  H  atoms  takes  place  on  titania,  H  atoms  are  ionized  to  H+ and  the  released  electrons  populate
the  conduction  band,  as  testified  by  a monotonous  absorption  that  grows  at increasing  contact  time  and
pressure.  The  species  observed  in  this  paper  can  play  a  role  on  the  activity  and  selectivity  of  gold  catalysts

roge
in reactions  involving  hyd

. Introduction

Hydrogen has great potential as an environmentally clean,
enewable and high efficient energy carrier. The development of
uel cell technology has focused a considerable research interest
o the design of active, stable and poison-resistant catalysts for
ow temperature water gas shift (WGS) reaction as well as active
nd highly selective catalysts for CO preferential oxidation (PROX).
he discovery of Haruta that ultrafine gold particles supported on
educible oxides exhibit an exceptional activity in CO oxidation at
ow temperature inspired increased level of interest in catalysis by
old [1]. The catalytic activity of gold has been attributed to various
ffects such as the presence of low coordinated atoms, electronic
onfinement, particle shape and support.

It has been extensively reported that supported gold catalysts
re highly active in the WGS  reaction at low-temperature [2,3] and
ore recently also in many hydrogenation reactions [4]. Recent

nvestigations have revealed the beneficial application of ceria as
upport of active catalysts for methanol decomposition [5] and

elective hydrogenation of acetylene [6].

Solymosi et al. [7] have just published a study on the decom-
osition and reforming of ethanol on supported Au catalysts. They

∗ Corresponding author.
E-mail address: flora.boccuzzi@unito.it (F. Boccuzzi).

920-5861/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.cattod.2011.07.029
n  dissociation.
© 2011 Elsevier B.V. All rights reserved.

found that the formation of hydrogen and the product distribution
depended sensitively on the nature of the support. In particular, the
highest rate of hydrogen evolution was observed on Au/CeO2, that
did not show any deactivation, even after 8 h at 623 K.

Hydrogen activation is a crucial step in many reactions such as
some among those reported previously. The comprehension of the
activation mechanism of this molecule would led to a significant
improvement in understanding the whole reaction mechanism as
well as the role played either by the nanodispersed gold or by the
support, assisting the design of better catalysts for more efficient
processes. However, it is quite difficult to get experimental evi-
dences of the catalytic activity of gold toward hydrogen dissociation
and to disentangle size and support effects.

Recently, Bernal et al. [8] observed strong and fast
spillover effects of hydrogen to the support of a preoxidized
Au/ceria–zirconia catalyst, while these effects were strongly
inhibited by CO coadsoption or by reductive pretreatment.

Density functional theory calculations [9] showed that the cat-
alytic activity of gold supported on stoichiometric and reduced
titania surfaces in the H2 dissociation is strongly affected by the
presence of low-coordinated Au atoms. In particular, the number
of potentially active sites for H2 dissociation, that are neutral cor-

ner or edge gold atoms in low coordination state and not directly
bonded to the support, depends on the shape of the cluster, which
is influenced by the nature of the support and by the presence of
vacancies and defects. It has been shown that the particles with the

dx.doi.org/10.1016/j.cattod.2011.07.029
http://www.sciencedirect.com/science/journal/09205861
http://www.elsevier.com/locate/cattod
mailto:flora.boccuzzi@unito.it
dx.doi.org/10.1016/j.cattod.2011.07.029
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argest number of active sites are the two layer particles, consisting
f at least one bottom layer of gold atoms in contact with the sup-
ort and inactive, and one top layer, separated from the support,
ith low coordinated gold atoms on which H2 is adsorbed and acti-

ated. The presence of Ovac, produced by a reductive pretreatment,
tabilizes these two layer clusters.

Here we will present FTIR spectroscopic evidences of the forma-
ion of Au–H and Au–OH species as a consequence of the hydrogen
nteraction with different gold samples.

The reference Au/TiO2 catalyst provided by the World Gold
ouncil (WGC) [10] is compared with two samples, Au/CeO2 and
u/ZrO2. The gold reference catalyst data sheet reported that this
ample exhibits well dispersed gold particles with average diame-
er of 83.8 nm ± 1.5 nm;  on the contrary, both Au/CeO2 and Au/ZrO2
re characterised by the presence of gold clusters [11,12].  The last
wo samples are very effective in the reverse WGS  reaction, where
he dissociation of the hydrogen molecules is needed.

The role of the amount of highly uncoordinated gold sites
resent on the clusters dispersed on zirconia and ceria rather than
hose exposed at the surface of the nanoparticles supported on
itania will be discussed. In addition, the possible effect of the (neg-
tive) charge of the Au clusters on ceria will be compared with
hat of the neutral clusters on zirconia and of the nanoparticles
n titania. Therefore, the main goal of the paper is to improve the
ctual knowledge on the role of the size of the gold species and of
he nature of the support in hydrogen dissociation by FTIR spectra
nalysis.

. Materials and methods

.1. Materials

The main features of the catalysts here examined are sum-
arised in Table 1. More in detail, the data presented are inherent

o the previous characterisation to which the catalysts were under-
one and the references have been indicated.

All samples have been prepared by the deposition–precipitation
ethod, while the Au loading is quite different, as well as the sur-

ace area obtained by the Brunauer–Hemmet–Teller (BET) method
nd the Au particles size. The molCO/molAu ratio is also reported.
his parameter allows to compare directly all samples, since it
efers to the number of moles of Au in each sample and above all, it
ives us a measure of the number of uncoordinated gold sites able to
dsorb CO and presumably to dissociate hydrogen. Looking at the
ata in Table 1, the Au/TiO2 reference sample, that contains only
anoparticles has the lowest amount of uncoordinated Au sites. On
he contrary, Au/ZrO2, where only Au clusters are present, shows
he highest molCO/molAu ratio. Finally, the Au/CeO2 catalyst is char-
cterised by an intermediate molCO/molAu value (0.074), due to the
imodal Au particle size distribution observed in this case. There-
ore, the uncoordinated gold sites can be related to the molCO/molAu
atio.

.2. Methods
The FTIR spectra were collected on a Perkin-Elmer 1760 spec-
rometer (equipped with a MCT  detector) with the samples in
elf-supporting pellets introduced in a cell allowing thermal

able 1
ain physico-chemical properties of the catalysts.

Sample Refs. Au content (wt%) BET surface area (m2/g)

Au/TiO2 [10,11] 1.5 55 

Au/ZrO2 [12] 0.47 80 

Au/CeO2 [13] 3.0 118 
day 181 (2012) 62– 67 63

treatment in controlled atmospheres and spectrum scanning at
controlled temperature.

The curves reported in the figures are the spectral differences
between the spectrum related to the bare sample and the spectrum
of the sample after the inlet of hydrogen (or also CO, as in the case of
Au/ZrO2). As for hydrogen interaction, the spectra were collected at
increasing contact times and/or at increasing pressures. The differ-
ence spectra, except those reported in Fig. 5, are not normalized in
respect to the gold content or to the amount of the uncoordinated
gold sites, determined by the amounts of CO ads/Au at 157 K.

All samples have been submitted to an oxidative pretreat-
ment before the spectroscopic experiments. Moreover, Au/CeO2
and Au/ZrO2 have also been reduced. A reductive pre-treatment
is needed in the case of Au/CeO2 and Au/ZrO2 in order to remove
the oxygen atoms or molecules adsorbed on the gold clusters after
oxidation. These species, in fact, can inhibit the hydrogen dissocia-
tion. On the contrary, Au0 sites are already exposed at the surface
of the reference Au/TiO2 even after the thermal treatment in oxy-
gen, as a consequence of the bigger size of the metal particles (see
Table 1).

More in detail, the oxidative treatment included heating from
room temperature (r.t.) to 473 K under outgassing; followed by an
inlet of O2 (20 mbar) and heating up to 673 K; at 673 K the oxygen
was  changed three times (20 mbar for 10 min  each one). After that,
the sample was cooled down to r.t. in oxygen and finally outgassed
at the same temperature.

As for the Au/ZrO2 and Au/CeO2 catalysts, the reductive treat-
ment was carried out (after oxidation) by heating from r.t. up to
423 K in H2 (10 mbar), keeping that temperature for 10 min.; then
the sample was  cooled to r.t. under outgassing.

3. Results and discussion

3.1. Hydrogen interaction with gold nanoparticles

The interaction of hydrogen (from 3 to 50 mbar) with the refer-
ence Au/TiO2 sample at room temperature and at increasing contact
times (10 min  each step) is shown in Fig. 1. The main peculiarities
are a broad absorption at ∼3380 cm−1 in the OH stretching region,
that gradually increases up to 20 min  in 10 mbar H2 (curve d) and
then almost does not change in intensity with the pressure and the
contact time and a monotonous absorption extending from 3000
down to 1000 cm−1, that on the contrary increases markedly with
the contact time. A band at 1620 cm−1, that grows superimposed
to the monotonous absorption, is also evident. This band increases
with the pressure and the contact time analogously to the band at
3380 cm−1 and reaches its maximum intensity (curves d–f).

The different behaviour of the observed features, i.e. of the 3380
and 1620 cm−1 and of the monotonous absorption, indicates that
they are due to two different phenomena: the first one is due to the
formation of hydrogen containing species involving gold sites, that
are quickly saturated, while the monotonous absorption, slowly
increasing with the contact time, is related to hydrogen atoms that

spillover on the support. It must be stressed that both these features
are not observed at all by interaction of hydrogen with the bare
support, indicating that the presence of gold sites is essential for
the hydrogen dissociation.

 Au particles average size (nm) molCO/molAu (at 157 K)

3.8 ± 1.5 0.033
<1.5 0.13
clusters < 1 nm and particles 10–25 nm 0.074
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reduction treatment. The electrons are strongly localized in the f
orbitals of the Ce3+ ions, as testified by the narrow absorption at
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ig. 1. FTIR difference spectra collected upon admission of 3 mbar of H2 (curve a),
 mbar of H2 (curve b), after 10 min  (curve c), after 20 min  (curve d), 50 mbar of H2

curve e), after 10 min  (curve f) on the reference Au/TiO2 sample at r.t.

More in detail, the band at 3380 cm−1, that is irreversible to the
utgassing at r.t. (data not shown for the sake of brevity), appears
uite similar to the broad band at 3100–3500 cm−1 detected and
ssigned to Au–OH hydrogen bonded species [14] over an unsup-
orted gold powder after interaction with hydrogen. At the same
ime, the band at 1620 cm−1, in spite of its position, is not due
o the bending mode of water. Firstly, we found that also this
and is not reversible to the outgassing and secondly, in additional
xperiments involving water interaction with the same sample,
e observed the formation of bands in the OH stretching and in

he water bending region whose relative intensity and shape are
ompletely different from those of the bands here discussed. More-
ver, the bands significantly decrease in intensity upon outgassing
t the same temperature. Finally, water adsorption on bare tita-
ia produces a spectrum in the OH stretching region with different
hape and absorption frequency of the bands, that show intensities
ignificantly larger than that in the water bending region ([2] and
eferences therein).

On these basis, we conclude that hydrogen is dissociated on gold
ites giving Au–OH and Au–H species. Therefore, we assign the band
t 3380 cm−1 to Au–OH species on gold atoms at the interface with
he titania, where the Au atoms of the nanoparticles are in close
ontact with the oxygen of the support, representing the only pos-
ibility to form Au–OH species. We  propose here the assignment
f the 1620 cm−1 band to the Au–H stretching mode of a hydride
dsorbed on the edge or corner sites of the metallic particles. The
ssignment, that will be more deeply discussed later on, is sup-
orted by a similar absorption frequency observed for gold hydrides
btained by reaction of laser-ablated gold atoms from metallic gold
ith H2 in cryogenic conditions [19].

As for the monotonous absorption, it is ascribed to population
f the titania support conduction band, occurring as a consequence
f the ionization of atomic hydrogen, dissociated on gold uncoordi-
ated sites and spilt over on the support. On titania, as reported by
anyatov and Yates [15], H atoms may  be ionized to H+ by donat-
ng an electron into a shallow trap state close to the bottom of the
onduction band, thereby making H an n-type dopant. The donated
lectron enters into a shallow defect state located in the band gap
bout 0.12 eV below the bottom of the conduction band [15] and,
pon thermal excitation, it is excited into the conduction band
here it is highly delocalized. Atomic hydrogen is able to induce

etallicity in metal/metal oxide systems. The n-doped electronic

ystem can absorb IR radiation over a continuum of IR photon ener-
ies, leading to the observed increase in the background absorbance
n the IR spectral range (see curves b–f in Fig. 1). The electronic
Fig. 2. FTIR difference spectra collected upon admission of 3 mbar of H2 (curve a),
15  mbar of H2 (curve b), 50 mbar of H2 (curve c) and after 3 h (curve d) on the Au/ZrO2

sample at r.t.

absorption is completely depleted upon interaction with oxygen
(data not shown), indicating that the contact with oxygen, adsorbed
at the surface of titania as O2

− species, induces a localization of
the free electrons produced by the interaction with hydrogen and,
consequently the loss of the metallization effect reported in Fig. 1.

3.2. Hydrogen interaction with gold clusters

The FTIR spectra collected on Au/ZrO2 and Au/CeO2 upon hydro-
gen interaction at room temperature are reported in Figs. 2 and 3,
respectively. In both cases there is no formation of any monotonous
absorption neither increasing pressures nor extending contact
times, differently from what happens on the reference Au/TiO2
catalyst.

The lack of the monotonous electronic absorption (Fig. 2) is
expected in the case of the zirconia-supported sample. In fact, as a
consequence of the insulator nature of ZrO2, the hydrogen spilled
over cannot induce population of the conduction band.

Surprisingly, also for the Au/CeO2 sample, there are no changes
in the overall IR absorbance (Fig. 3). Ceria is an n-type semicon-
ductor oxide, as titania. The different behaviour of ceria may  be
Fig. 3. FTIR difference spectra collected upon admission of 50 mbar of H2 (curve
a), after 10 min  (curve b), after 1 h (curve c) and after 3 h (curve d) on the Au/CeO2

sample at r.t.
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Fig. 4. FTIR difference spectra of 3.5 mbar CO adsorbed at low temperature before (dashed curve) and after (solid curve) hydrogen interaction on Au/ZrO2 in the carbonylic
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egion  (A) and in the Au–H stretching region (B).

126 cm−1, that increases immediately after the inlet of H2 and
radually reaches the maximum intensity by increasing the con-
act time (3 h, curve d). This band has been already observed by
ome of us on reduced Au/CeO2 catalysts before CO admission
13] and assigned, according to Daturi et al. [16], to the forbidden
F5/2 → 2F7/2 electronic transition of Ce3+ located at defective lattice
ites. Therefore, the free electron-like absorption is not produced.
owever, similarly to the depletion of the monotonous absorption
bserved for Au/TiO2, the band at 2126 cm−1 disappears by con-
act with oxygen (not shown for sake of brevity). In both cases the
epletion is a consequence of the formation of surface O2

− species
y reaction with the free electrons on Au/TiO2 and by reaction with
he strongly localized f electrons of Ce3+ centers on Au/CeO2.

More in detail, the interaction of hydrogen with Au/ZrO2
reported in Fig. 2) produces a broad absorption in the OH stretching
egion, centered at ∼3180 cm−1, that significantly increases with
he contact time, and a component at 1621 cm−1, that grows up
t the same time. The same interaction of hydrogen with Au/CeO2
Fig. 3) produces a band at 3200 cm−1 that depends on the contact
ime (up to 3 h), together with the narrow and strong component
t 3660 cm−1, peculiar of the reduced Au/CeO2 sample, and a com-
onent at 1800 cm−1. Both absorptions at 3180–3200 cm−1 can be
ssigned to Au–OH stretching modes.

In the case of Au/CeO2, a band at 3660 cm−1 is observed (Fig. 3).
t is assigned to OH groups close to Ce3+ ions, generated on ceria
urface during the reductive treatment in H2. These sites are few
n number and behave as isolated ones, as evidenced by the shape,
ery sharp, of the band. The same feature has been already observed
t 3670–3650 cm−1 on reduced CeO2 [13,16].

The band at 1621 cm−1 observed on Au/ZrO2 (Fig. 2) could be
elated either to the formation of a water-like species or to hydride
pecies, Au–H and Zr–H. A FTIR study of hydrogen adsorbed on
u/ZrO2 [17] reported spectroscopic features which are in some
xtent similar to those shown in Fig. 2. The assignment there
eported was to a water-like species and it was strongly supported
y isotopic exchange with D2. In those experiments, three bands
ere detected at 1604, 1411 and 1186 cm−1, indicating the forma-

ion of water-like species and excluding the assignment of the band
o Ru–H or Zr–H species. We  also performed this kind of experiment

nd observed that, after heating in D2 up to 423 K, only two  bands
t 1621 and at 1290 cm−1, rather than three, have been produced
not shown for sake of brevity). Therefore, in our case, the band at
621 cm−1 should be due to an hydride species.
The assignment to Zr–H can be ruled out, as a consequence of
the band behaviour to the outgassing: in the present paper it is
completely irreversible to the outgassing up to 473 K, while it has
been previously reported that bands at 1562 and at 1371 cm−1,
due to two different Zr–H species, gradually disappeared by gentle
evacuation of hydrogen at r.t. [18].

As for gold hydrides, they have been obtained by reaction of
laser-ablated gold atoms with H2 in cryogenic conditions [19]. The
Au–H stretching frequency observed and calculated was in the
range of 1636–1642 cm−1, quite close to the one here reported.
Therefore, we  assign the band at 1621 cm−1 to the stretching mode
of a Au–H species. Coming back to the band at 1620 cm−1 observed
on the Au/TiO2 sample (Fig. 1) we  confirm also for this band the
assignment to a Au–H species.

The band at 1800 cm−1, detected in the case of Au/CeO2 (Fig. 3),
has been already detected by some of us on the same sample and
tentatively assigned to an Au–H vibrational mode [20]. Its fre-
quency is higher than that related to the band found on Au/ZrO2
and on the reference Au/TiO2, and also higher than that reported for
the Au–H species observed by reaction of laser ablated atoms [19].
This feature is possibly due to an effect on the negative charge of the
gold clusters on reduced Au/CeO2. Gold hydride species have been
also extensively studied by theoretical calculations, looking either
at the size of gold or at the effect of the charge [21,22]. In particular,
in [22] it is shown that an increase of the stretching vibrational fre-
quency is produced going from neutral to negatively charged gold
clusters, according to our findings.

3.3. Probing the gold sites after interaction with hydrogen

In order to get additional information on the gold sites able to
dissociate the hydrogen molecule, CO adsorption at low tempera-
ture before and after hydrogen interaction has been performed. For
the sake of brevity, only the results of the experiment performed
on Au/ZrO2 have been reported in Fig. 4.

A symmetric band at 2085 cm−1 is produced on the freshly
reduced sample after CO adsorption at low temperature (dashed
curve in Fig. 4A). This absorption has already been assigned by
some of us to carbonylic species on uncoordinated sites of Au clus-

ters [12]. The inlet of CO after interaction with hydrogen reveals a
dramatic decrease in intensity of the band at 2085 cm−1, that now
is shifted at 2095 cm−1. At the same time, upon interaction with
hydrogen, the band at 1621 cm−1 related to Au hydride is formed
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ig. 5. FTIR difference spectra normalised on the molCO/molAu ratio and collected
pon admission of 50 mbar of H2 at r.t. on the reference Au/TiO2 sample (dashed
urve), on the Au/ZrO2 sample (fine curve) and on the Au/CeO2 sample (bold curve).

Fig. 4B). Fig. 4 well evidences that almost no CO is adsorbed on the
u/ZrO2 catalyst when the Au–H species is present, indicating that
oth CO and H2 compete for the same uncoordinated gold sites: at
oom temperature the CO probe is not able to take off the H atoms
rom the Au adsorption sites, indicating, in agreement with the lit-
rature [8],  that the Au–H bond is strong and energy is needed to
reak it.

.4. Correlation of hydrogen dissociation with the amount of gold
ncoordinated sites

As already stated in the experimental section the spectra of
he hydrogen interaction on the three samples are not normal-
zed. However, as shown in the previous paragraph, a competition
etween hydrogen and CO has been put in evidence. In Fig. 5 we
ave tried to compare directly the FTIR difference spectra of the
eference Au/TiO2 sample (dashed curve), the Au/ZrO2 sample (fine
urve) and the Au/CeO2 sample (bold curve) after maximum con-
act time with 50 mbar of H2 at r.t. The spectra are normalised by
he parameter molCO/molAu ratio, reported in Table 1, that provides
he amount of uncoordinated gold sites able to adsorb CO, referred
o the number of moles of Au in each sample (see Table 1).

The comparison shows that the intensities of the bands related
oth to hydroxyls and hydride species observed on the samples
re quite comparable after the normalisation, more similar for
u/CeO2 and Au/ZrO2. This finding can be taken as an indication

hat the uncoordinated Au sites which chemisorb the CO molecule
re also involved in the hydrogen dissociation, as evidenced in
ig. 4.

Au/TiO2 reference sample behaves slightly differently, with a
and related to Au–H species that appears weaker. This feature

s probably observed with a reduced intensity because the free
lectron population of the titania conduction band induces “a
etal-like reflectivity” of the sample, causing a reduced penetra-

ion of the beam and preventing the vibrational bands from being
ully revealed; moreover the band concerns only a small amount of
he total gold particles. In fact, if considering the size distribution
eported in Table 1, the Au–H vibrational mode observed must be
elated only to the species formed on the very small size fraction of
old particles, while for the particles of bigger size present on this

ample (see Table 1), the metallic nature of gold makes inactive
he IR mode. This is well known on platinum and on other met-
ls where there are chemisorbed hydrogen species which have not
een detected by infrared spectroscopy. If the hydrogen atoms form

[
[

day 181 (2012) 62– 67

bridges between two or three metal atoms, the stretching mode
would be expected to give dipole changes parallel to the surface.
Taking in account the unique property of metals, that is the freedom
of the conduction electrons to respond to an electrical stimulation,
an antiparallel dipole change will be also produced at the metal sur-
face: the result will be an overall IR inactive mode, as a consequence
of the “metal-surface selection rule” [23].

As for the apparently lower intensity also of the hydroxyl band
observed for Au/TiO2 if compared to the corresponding absorptions
observed for Au/CeO2 and Au/ZrO2, it can be related to the presence
for these last samples of a larger concentration of gold sites in con-
tact with the support as a consequence of the small size of their
gold clusters [11,12].

4. Conclusions

Hydrogen molecules are dissociated at room temperature on
both gold nanoparticles and clusters, independently from the
nature of the support. However, on the three examined samples, the
FTIR spectroscopic features are quite different: on gold supported
on titania, hydrogen is dissociated on the edge and corner sites
of the nanoparticles with size 3.8 ± 1.5 nm.  Some H atoms remain
adsorbed on the gold metallic sites of the smallest particles and
the Au–H species is detected at 1620 cm−1. At the same time, other
H atoms are adsorbed on the gold sites in contact with the oxide,
producing an absorption due to Au–OH species at 3380 cm−1 and
some H atoms spilled over the support, where they are ionized as H+

and e−. Atomic hydrogen spillover is testified by the monotonous
absorption that grows with the contact time and the pressure, indi-
cating that the donated electrons populate the shallow donor sites
of titania, easily producing almost free electrons.

As for gold on zirconia and on ceria, as a consequence of the
presence of small non metallic clusters, with a large amount of gold
atoms in contact with the oxidic supports, a quite strong band at
3200 cm−1 related to Au–OH species is produced. Moreover, Au–H
bands at 1620 and 1800 cm−1 are detected. These species are quite
strongly bonded and compete with CO for the adsorption on the
uncoordinated gold sites.

A relationship between the uncoordinated gold sites present
on the samples in different amounts and the formation of the
hydroxyl and hydride species has been found: the gold sites able to
chemisorb CO are able to dissociate hydrogen, too.

The different species observed and discussed in this paper may
play a role on the activity and selectivity of gold catalysts involving
the hydrogen molecule.
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