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Abstract: The activation of molecular oxygen is a fundamental
step in almost all catalytic oxidation reactions. We have studied
this topic and the role of surface vacancies for Co3O4(100)
films with a synergistic combination of experimental and
theoretical methods. We show that the as-prepared surface is Blayer terminated and that mild reduction produces oxygen
single and double vacancies in this layer. Oxygen adsorption
experiments clearly reveal different superoxide species below
room temperature. The superoxide desorbs below ca. 120 K
from a vacancy-free surface and is not active for CO oxidation
while superoxide on a surface with oxygen vacancies is stable
up to ca. 270 K and can oxidize CO already at the low
temperature of 120 K. The vacancies are not refilled by oxygen
from the superoxide, which makes them suitable for long-term
operation. Our joint experimental/theoretical effort highlights
the relevance of surface vacancies in catalytic oxidation
reactions.

Introduction
Co3O4, an antiferromagnetic mixed valence transition
metal oxide with spinel structure, has versatile useful properties. It finds application as a blue pigment in pottery, as anode
material in Li ion batteries[1, 2] and also for gas sensing.[1, 3]
Beyond this, Co3O4 is an important material for catalytic
applications. Ammonia oxidation,[4] CO oxidation,[5–15] water
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gen reduction reaction)[22, 23] and hydrocarbon oxidation[24–26]
are among the studied reactions. An attractive aspect of
Co3O4 is its low cost as compared to catalysts based on
precious metals, which are being employed as high performance catalysts for many of these reactions.
The role of surface vacancies and activated molecular
oxygen on Co3O4 for the catalytic oxidation of CO at low
temperature are in the focus of this manuscript. CO oxidation
has been reported to occur already at 196 K on Co3O4
nanorods with (110) facets.[5] The authors claimed that Co3+
sites are the active centers, while for Co3O4 nanosheets with
(111) termination[9] and mesoporous CoOx[13, 14] it was argued
that Co2+ sites have this role. Some studies propose that
surface vacancies play a role,[6, 27] likewise an involvement of
activated molecular oxygen species was proposed.[6, 12] Studies
on powder Co3O4 catalysts indicated the presence of several
types of reactive oxygen species, but the nature of the
different species and their role in catalytic reactions remained
mostly unclear.[6, 8, 13, 28, 29] A clear spectroscopic evidence of the
existence of activated oxygen species is still missing.[6, 13, 30, 31]
Adsorbed activated molecular oxygen can supply oxygen
for the CO oxidation, but also substrate lattice can do
this.[32–34] In the latter case the task of the gas phase oxygen is
to restore the catalyst by refilling the oxygen vacancies. This is
a so-called Mars-van-Krevelen (MvK) mechanism and some
authors report that this is the way how CO oxidation on
Co3O4 proceeds.[5, 7]
From this discussion it is clear that the current state of
knowledge about the CO oxidation mechanism, the role of
vacancies and the source of oxygen for the reaction is
somewhat insufficient. Most of the cited studies have been
performed on powder polycrystalline samples, which are
more realistic systems than crystalline systems, but their
inherent complexity often prevents a deeper understanding
due to the manifold of processes occurring on the mostly
hidden surfaces.
With the aim to provide new fundamental insight into
structure–reactivity correlations, we have developed Co3O4(100) thin film model catalysts supported on Au(100). The
Co3O4(100) surface is reported to be relevant for catalytic
processes, but its structure has not yet been determined.[31, 35–37] Therefore, regular vacancy-free Co3O4(100)
and reduced Co3O4(100) surfaces were subjected to a structural characterization prior to the catalytic studies, using lowenergy electron diffraction (LEED), scanning tunneling
microscopy (STM), and density functional theory calculations
including a Coulomb term (DFT + U) for the simulation of
the STM images.
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O2 activation, CO oxidation
and the effect of vacancies were
investigated with temperature
programmed desorption (TPD)
and reaction (TPR), surface
action spectroscopy (SAS),
and DFT + U calculations.
SAS is a novel vibrational surface spectroscopy method, able
to identify surface and adsorFigure 2. a) LEED pattern (70 eV electron energy) and b, d) high-resolution STM images of an as-oxidized
bate structures via a fingerprint
Co3O4(100) film. b) was recorded with a positive and d) with a negative sample bias voltage.
technique in combination with
c),e) Simulated STM images (DFT + U) for B-layer terminated Co3O4(100) with positive (c) and negative
DFT vibrational modelling.[38]
(d) sample bias voltage. The unit cell structural motif and the surface unit cell (see Figure 1) are
In this study we cover the
indicated in (b) and (d).
temperature range from ca.
100 K to 700 K to examine CO
oxidation far below room temperature. We provide clear
displays the LEED pattern of as-oxidized Co3O4(100). Sharp
evidence of the relevant role of vacancies which stabilize
LEED spots and a low background intensity demonstrate that
superoxide species up to ca. 270 K and we show that the
the surface is very well ordered and has a low defect density.
stabilized superoxide can oxidize CO already at 120 K via
There are no signs of surface reconstruction: the LEED
a mechanism that does not follow the Mars van Krevelen
surface unit cell corresponds to the real space unit cell
(MvK) paradigm.
indicated in Figure 1.
The high-resolution STM image in Figure 2 b reveals that
there are two protrusions with a distance of ca. 2.7 c per unit
Results and Discussion
cell. Commonly discussed terminations of Co3O4(100) are the
A-layer termination, which has only one surface cation (Cotet)
Figure 1 a shows a top-view ball-stick model of a B-layer
per surface unit cell, and the B-layer termination, which has
terminated Co3O4(100) surface and introduces the notation
two cations (Cooct),[8, 30, 35, 37, 39–42] see Figure 1. The brightest
for the different types of surface atoms (consistent with
protrusions in the image simulated for a positive sample bias
Zasada et al.[39]) used throughout this text. O2O, which bonds
voltage, Figure 2 c, are the Cooct atoms. As expected, there are
to two surface octahedral Co ions and a subsurface tetrahetwo atoms per unit cell, which are clearly visible also in the
dral Co ion, and Cooct are the topmost ions on the B-layer
experimental image, Figure 2 b. This observation is a first
terminated Co3O4(100) surface. The O3O ions connect to two
indication that the as-oxidized Co3O4(100) surface is termisurface and one subsurface octahedral Co ion. They are some
nated with a B-layer. The Cotet ions are somewhat weaker in
tenth of an c lower according to the DFT + U calculations. In
the simulation and they are also weakly visible in the
the notation used throughout this text, O13O would be an O3O
measured image. To add further support to the hypothesis
ion labeled with “1” in Figure 1 a. (b) indicates the sequence
that the surface is terminated with a B-layer we have
of A- and B-layers along [100].
additionally recorded an STM image with a negative sample
bias voltage, see Figure 2 d, and computed the corresponding
The surface structures of as-oxidized and mildly reduced
Co3O4(100) were investigated with LEED and a combination
simulation, (e). The O2O atoms are the brightest spots in the
of experimental and computed STM images. Figure 2 a
simulated image, followed by the Cooct ions. This motif is also
clearly visible in the STM image (d), which adds additional
support to the interpretation
that the surface is terminated
with a B-layer, as previously
also suggested by Arman et al.
for a thin Co3O4(100) layer on
Ag(100).[37] We note that the
intensity strings in b and d are
rotated by 9088 with respect to
each other since they are due to
the O2O ions at negative bias
and to the Cooct ions at positive
bias. STM simulations for Aand B-layer terminated Co3O4(100) are compared in the supFigure 1. a) Ball-and-stick model of B-layer terminated Co3O4(100) with the surface unit cell indicated.
porting information, Figure S2.
The inset at the lower right introduces the notation used throughout this text for the different types of
surface atoms. b) Side view indicating the sequence of A- and B-layers along [100] in bulk Co3O4.
Angew. Chem. Int. Ed. 2021, 60, 16514 – 16520
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A number of authors have computed surface phase
diagrams of Co3O4(100),[8, 35, 39, 40, 43, 44] where the surface energy
of differently terminated surfaces is plotted as a function of
the oxygen chemical potential. A phase diagram computed in
the context of this work is shown in the supporting information, Figure S3. The B-layer is oxygen-rich and, therefore, has
a stability range towards elevated chemical potentials in most
Co3O4(100) surface phase diagrams,[8, 35, 39, 40, 43, 44] starting at
some negative potential. In view of our low Co3O4(100)
preparation temperature and the procedure of cooling the
sample in an oxygen ambient atmosphere it is plausible that
the as-oxidized surface is B-layer terminated, in agreement
with previous results.[8, 35, 39, 40, 43, 44]
As a next step we identify the nature of surface oxygen
vacancies on the B-layer terminated Co3O4(100); their surface
stability is also shown in the phase diagram in Figure S3.
Additionally, we have computed the formation energies of
single and double vacancies with DFT + U, see Table 1.
Table 1: Computed formation energies of oxygen vacancies on a B-layer
terminated Co3O4(100) surface.[a]
Computational
unit cell

Vacancy
density (ML)

Type of
vacancy

Formation
energy [eV]

c(2 W 2)
(1 W 1)
(1 W 1)
(1 W 1)
(1 W 1)

1/8
1/4
1/4
1/2
1/2

Vac(O3O)
Vac(O3O)
Vac(O2O)
Vac(O13O , O23O )
Vac(O13O , O22O )

1.19
1.52
2.25
4.12
3.43

[a] The given energies are calculated as DE = EB-layer with vacancy + 0.5 EO2@EBlayer for a single vacancy and as DE = EB-layer with double vacancy + EO2@EB-layer for
a double vacancy. Results for a c(2 W 2) unit cell are included in order to
show the effect of a vacancy density reduction. The notations “Vac(Oxx)”
and “Vac(Ouxx , Ovzz )” denote one and two vacancies per unit cell,
respectively. The superscripts u and v label the position in the unit cell,
see Figure 1 a, where the oxygen vacancy is created.
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imentally reveal the nature of the surface oxygen vacancies.
The LEED image of a reduced thin Co3O4(100) film, Figure 3 a, is different from that of the as-oxidized film, Figure 2 a, in that the (11) spots are missing. The missing spots
become visible again at different electron energies (see
supporting information, Figure S4). This means that the
two-dimensional surface unit cells are identical for the asoxidized and the reduced surfaces, but the atomic arrangements within the unit cells are different, as expected if oxygen
ions are removed by annealing in vacuum. This would also
lead to a shift of the cobalt atoms, which affect the LEED
pattern more strongly than the oxygen atoms due to their
higher scattering cross section, which may explain the
complete removal of the (11)-type spots by reduction, see
Figure 3 a. The absence of these spots also reveals that the
reduction process did not just affect a small part of the surface
but most of it.
Figure 3 c,e displays simulated STM images of Co3O4(100)
terminated with a B-layer having one Vac(O3O) per unit cell
for positive (c) and negative (e) sample bias voltages. As also
found for vacancy-free Co3O4(100), the Cooct ions dominate
the simulated image at positive sample bias voltage and at
negative sample voltage O2O prevails. However, due to the
presence of the vacancy, the two O2O ions have different
intensities in Figure 3 e. The brightness difference of the two
O2O atoms in the simulated image is also seen in the upper
part of the measured STM image shown in Figure 3 d, which
supports the structural model put forward above. The bottom
part shows a somewhat different structure, and the Supporting Information, Figure S4 g (Figure 3 d has been cut out from
this Figure) in the supporting information reveals that
a significant part of the surface is covered by this structure.
We attribute this to a higher degree of reduction. If the degree
of reduction is above 1/4 ML, then double vacancies, Vac(O13O ,
O22O ), may form. These are the vacancies with the lowest
formation energy according to Table 1. If the non-reduced
phase would contribute significantly to the surface area, then
the LEED pattern would exhibit intensity at the positions of
the (11)-type spots, which is not the case. This is another
indication that double vacancies occupy part of the surface
area.
The effect of vacancies on the interaction with dioxygen
was studied with TPD, SAS and DFT + U. As one may expect,

Apparently, Vac(O3O) has a smaller formation energy than
Vac(O2O), in agreement with some previous DFT calculations,[8, 41] but at variance with others.[31, 39] Double vacancies
have higher formation energies since two oxygen atoms have
to be removed. Nevertheless, they will form if the vacancy
density exceeds 1/4 (a vacancy density of one is defined such
that all four surface oxygen atoms in the unit cell are
removed), in which case
Vac(O13O , O22O ) would be energetically favored. From these
results one would expect that
for vacancy concentrations of
up to 1/4 ML, Vac(O3O) dominates, and above this concentration Vac(O13O , O22O ) is
formed. This is also consistent
with the appearance of these
configurations in the surface
phase diagram in Figure S3 in
Figure 3. a) LEED pattern (70 eV electron energy) and b),d) high-resolution STM images of a reduced
the Supporting Information.
Co3O4(100) film. Image (b) was recorded with a positive + 2.6 V and (d) with a negative @2.2 V sample
LEED patterns and STM
bias voltage. c),e) STM simulations (DFT + U) for B-layer terminated Co3O4(100) with one Vac(O3O) per
images combined with STM
unit cell for positive and negative sample bias voltages. The surface unit cell and the position of the O3O
simulations were used to experoxygen vacancy (open circle) are indicated in (e).
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The vibrational properties of the adsorbed oxygen were
characterized with SAS, see Figure 5. The SAS spectra reflect
the situation already indicated by the TPD spectra in
Figure 4: at 190 K all O2 has left the oxidized surface while
a small signal of molecular oxygen is seen even at 270 K on the
reduced surface. Peroxide (O2@
2 ) vibrations are expected in an
energy range of about 640 to 970 cm@1 and superoxide (O2@)
vibrations are commonly identified between 970 and
1180 cm@1.[33, 45–47] Peroxide signals were not found, but both
surfaces are able to activate molecular oxygen towards
superoxide. Two superoxide states are identified for the asoxidized and five for the reduced Co3O4(100). To substantiate
the assignment of these bands to superoxide O@O vibrations,
a spectrum of a reduced surface exposed at 190 K to isotopic
dioxygen, 18O2, is also shown (spectrum (iv)). It is obvious that
the vibrational energies are smaller, demonstrating that the
vibrations are related to the adsorbed dioxygen. The energies
of the line markers at the 18O2 spectrum have been computed
Figure 4. TPD spectra (heating rate = 1 K s@1) of O2 dosed at 80 K on
from the vibrational energies of 16O2, spectrum (iii), using the
as-oxidized (a) and reduced (b) Co3O4(100) surfaces. The spectra have
harmonic oscillator approximation (see Figure caption). The
been displaced with respect to each other along the ordinate axis; the
experimental energies in spectrum (iv) fit quite well the
respective axis zero points are indicated.
calculated energies, which supports the assignment of the
measured features to O@O vibrations.
The multitude of superoxide vibrational bands in Figure 5
O2 binds differently to reduced and as-oxidized Co3O4(100).
TPD spectra (Figure 4) show that most molecular oxygen is
may be attributed to different molecular states at the surface.
This may include high-coverage states not included in the
desorbed below ca. 120 K from the as-oxidized surface, while
O2 is found up to ca. 270 K on the reduced surface. We
theoretical models but also molecules bound to surface
estimate from these data that the average number of adsorbed
structural defects and steps. Overall, we conclude that
oxygen molecules per Co3O4(100) surface unit cell is 1.4 for
superoxide is stabilized on the reduced surface up to
reduced and 0.76 for as-oxidized Co3O4(100). The three
a temperature of about 270 K, while it is observed on the
desorption maxima in the spectrum of the reduced surface are
as-oxidized only up to ca. 120 K.
tentatively assigned to different adsorption sites and/or phase
The adsorption of molecular oxygen on B-layer termitransitions within the adsorbate layer. To check whether there
nated Co3O4(100) with and without vacancies has been
is an exchange of oxygen between the substrate lattice and the
modeled with DFT + U. Computed binding energies and O@
adsorbate we have performed a TPD experiment with 18O2 on
O bond lengths are listed in Table 2. In agreement with TPD
reduced Co3O4(100) (see the Supporting Information, Fig(Figure 4), the computed energies in Table 2 show clearly that
ure S5), which shows that isotopic exchange with lattice
dioxygen binds significantly more strongly to reduced surfaoxygen does not occur.
ces. Reasonably strongly bound molecular oxygen is found on
the reduced oxide for both, the
lowest energy single and double
vacancy
[Vac(O3O)
and
Vac(O13O , O22O )]. A simple Redhead analysis[48] using an attempt frequency of 1013 s@1,
a heating rate of 1 K s@1 and an
O2 desorption peak temperature of 220 K (see Figure 4) for
the reduced oxide yields an O2
desorption activation energy of
0.6 eV, which is in the range of
the values compiled in Table 2
for single vacancies. We note
that only a rough agreement
between the Redhead values
and the computed energies is
expected since the latter are
binding energies, while the
Figure 5. SAS spectra of an oxygen adsorbed layer on a) as-oxidized and b) reduced Co3O4(100). Oxygen
18
Redhead equation computes
was dosed at the given temperatures. In (b) the spectrum of adsorbed
O
is
shown.
The
energies
of
the
E
C 2 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
desorption activation energies
line markers at this spectrum have been calculated according to E 18 O2 ¼ ð8=9ÞEð16 O2 Þ.
Angew. Chem. Int. Ed. 2021, 60, 16514 – 16520
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Table 2: DFT + U computed adsorption energies and O@O bond lengths
of molecular oxygen in different adsorption geometries on reduced
(different vacancy configurations) and non-reduced B-layer terminated
Co3O4(100).[a]

and a double vacancy (case 7), respectively, which is in the
range of values computed by other authors for superoxide.[41, 49] Figure S6 in the SI displays ball-stick structural
models for all cases in Table 2. Projected densities of state
Case Vacancy type
Binding energy [eV] O@O bond length [b]
before and after adsorption are shown in Figure S7.
Several studies report that catalytic CO oxidation occurs
1
Vac(O3O)
@0.89
1.40
at low temperature (< 300 K) on oxygen-treated Co3O4, and it
2
Vac(O3O)
@0.42
1.34
3
Vac(O3O)
@0.42
1.35
was speculated that activated oxygen might be the responsible
4
Vac(O13O , O22O )
@1.07
1.39
chemical species.[6, 8, 13, 28, 29] We have employed TPR to inves5
Vac(O13O , O22O )
@0.76
1.47
tigate this topic. In the experiments, the temperature was
6
Vac(O13O , O22O )
@0.62
1.34
increased at a constant rate while maintaining a constant CO
1
2
7
Vac(O3O , O2O )
@1.21
1.41
pressure. The present setup does not permit to measure the
8
Vac(O13O , O22O )
@0.40
1.47
CO pressure directly at the sample surface, but from the
9
No vacancy (B-layer) @0.11
1.25
pressure increase in the measuring chamber during the
[a] The corresponding structures of cases 1, 7 and 9 are shown in
experiments we estimate that the CO pressure at the sample
Figure 6 and a full set of structures is presented in the Supporting
surface was in the 10@8 mbar range. The reaction products
Information, Figure S6.
were detected with a QMS facing the sample. To minimize
contributions of contaminations from the chamber back(i.e. these energies include activation barriers) and the used
ground atmosphere to the spectra, we have used isotopic
attempt frequency is just a standard value. The Redhead
carbon monoxide (13C16O) and isotopic dioxygen (18O2) for
equation yields a desorption activation energy of 0.25 eV for
this experiment, Figure 7.
molecular oxygen on the as-oxidized surface, which is
Figure 7 shows 13C16O TPR data for as-oxidized and
significantly smaller than the Redhead-computed value for
reduced Co3O4(100) with and without 18O2 pre-adsorption.
dioxygen on the reduced surface, in agreement with the values
Mass 47 (13C16O18O) spectra are shown for surfaces pre-dosed
listed in Table 2. Table 2 also lists O@O bond lengths. Values
with 18O2 and for the surfaces without O2 pre-dosage, mass 45
[33]
above ca. 1.45 c are characteristic of peroxide (cases 5 and
(13C16O2) spectra are displayed, since in the latter case the
8 in Table 2), which has not been observed experimentally.
production of 13C16O18O is not expected. We note that the
Figure 6 shows charge density difference plots and the
production of 13C16O2 was not observed for the surfaces presurface structures before and after O2 adsorption for those
dosed with 18O2.
cases where the dioxygen is most strongly bound according to
The data reveal clearly that only reduced Co3O4(100) with
Table 2. Substantial electron density redistribution is obpre-dosed 18O2 is active for CO oxidation below 700 K
served in particular for the first two cases, where multiple
[spectrum (iv)] and that the reaction occurs already at the
cations in the surface and subsurface layer are involved,
very low temperature of ca. 120 K. Obviously, the reduced
consistent with the strong bond of the O2 molecules. The
surface is activated by dioxygen pre-dosing, while the
change of the magnetic moments reflects this charge reoxidized surface cannot be activated in this way. The set of
data shows, that both, vacancies and superoxide, are required
arrangement. The computed charge transfers from the oxide
to the adsorbed O2 molecule are 0.1 and 0.22 electron charges
for the low-temperature CO oxidation on Co3O4(100), and
for the most strongly bound O2 molecules on a single (case 1)
that CO oxidation below 700 K does not occur via a MvK
mechanism since the surfaces
that were not exposed to 18O2
are inactive.
For the reduced surface one
might expect that the superoxide oxidizes the vacancies. If
this were the case, then spectrum (iv) should be similar to
spectrum (i) above ca. 300 K,
since at this temperature the
molecular oxygen is desorbed
according to TPD (see Figure 4) and the surfaces would
be identical (except for the
Figure 6. Top row: electron density difference plots indicating the re-arrangement of charge when
incorporation of isotopic oxymolecular O2 binds to Co3O4(100) for those cases where O2 is most strongly bound according to Table 2.
gen into the reduced surface).
Case 1: single vacancy per unit cell; case 7: two vacancies per unit cell; case 9: no vacancies (B-layer).
However, the spectra are clearThe isosurface levels were set to : 0.008 e b@3. Yellow: charge accumulation, cyan: charge depletion. The
ly different. Furthermore, the
bottom row of images indicates the atomic positions before and after O2 adsorption, and the spin
(11)-type LEED spots do not
densities. Substrate oxygen atoms are red, cobalt atoms are blue and the atoms of the adsorbed O2
reappear when the surface is
molecules are orange. Blue and red halos around the atoms correspond to positive/negative spin density
treated with oxygen (see supand numbers are the magnetic moments of the respective Co ions in mB.
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Conclusion

Figure 7. CO TPR spectra for (i) oxidized Co3O4(100), detection of
mass 45 (13C16O2); (ii) oxidized Co3O4(100) pre-dosed with 18O2,
detection of mass 47 (13C16O18O); (iii) reduced Co3O4(100), detection
of mass 45 (13C16O2); (iv) reduced Co3O4(100) pre-dosed with 18O2,
detection of mass 47 (13C16O18O). The Co3O4(100) layer was prepared
with 16O2.

porting information, Figure S8), which demonstrates that the
superoxide does not re-oxidize the vacancies. In order to
further support this conclusion, we have performed three
subsequent TPRS runs for reduced Co3O4(100) pre-covered
with oxygen (see supporting information, Figure S9), which
reveal that the surface reactivity does not decline after TPRS.
The robustness of the vacancies with respect to oxidation is an
important parameter for continuous catalytic operation since
it prevents quick deactivation. A possible reason for this
robustness could be a large activation energy for superoxide
dissociation.
According to the TPD (Figure 4) and SAS data (Figure 5)
the superoxide is completely desorbed at ca. 270 K in case of
a pure O2 adsorbate, but there is apparently still CO2
production above this temperature in spectrum (iv). This
means that processes occurring below 270 K produce an
environment which can oxidize CO even above 270 K. This
reaction path is presently being investigated. First results
point towards the presence of a complex intermediate species
produced by the interaction of CO with the superoxide at low
temperature.
For Co3O4 powder catalysts a correlation between the
presence of defects and the catalytic activity was assumed by
Yu et al.[6] In the present work we could explicitly demonstrate that it exists.

The structure of well-defined Co3O4(100) thin films has
been resolved with LEED and a combination of STM and
DFT-based STM simulations. We could clearly show that asoxidized Co3O4(100) is terminated by a B-layer. Mild
reduction leads to a surface with oxygen vacancies in the Blayer. According to the DFT + U calculations, O3O single
vacancies prevail for low vacancy concentrations, while
Vac(O13O , O22O ) double vacancies become relevant for higher
degrees of reduction.
Both, the as-oxidized and the reduced surfaces are able to
transform molecular oxygen into superoxide. SAS data reveal
several different co-existing states at the surface. According
to TPD, the activated oxygen desorbs below 120 K from the
as-oxidized surface and below 270 K from the reduced one,
consistent with computed O2 adsorption energies. TPRS and
LEED data show that the superoxide species do not reoxidize the reduced surface, which is relevant for continuous
catalytic operation.
The superoxide on the as-oxidized surface is not active for
CO-oxidation, while the superoxide on the reduced surface is
able to promote CO oxidation already at ca. 120 K. The
surface remains active even above 270 K, the superoxide
desorption temperature. Indications of a MvK reaction path
below 700 K could not be found.
These results outline the critical role of oxygen vacancies
for the catalytic activity of Co3O4 : they are able to activate O2
towards a superoxo form which acts as an oxygen supplier for
CO oxidation. Our findings are highly relevant for the
understanding of reactivity data on Co3O4 powder and to
establish correlations between the presence of defects and the
enhanced catalytic activity of the material.
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