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The goal of this study was to understand the structure–activity relationship for unpromoted and ceria-promoted MnOx/SiO2 catalysts
used in CO oxidation. SiO2 and CeO2-promoted SiO2 (20% CeO2) were used as supports to prepare MnOx/SiO2 catalysts with various
manganese (Mn) loadings. X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) data indicated a higher Mn dispersion
on ceria-promoted than on unpromoted MnOx/SiO2 catalysts. Analysis of the XRD patterns and Mn2p XPS spectra indicated that Mn
was present as MnO2 on MnOx/SiO2 with low Mn loadings and ceria-promoted MnOx/SiO2 catalysts and as mixed MnO2/Mn2O3 on
MnOx/SiO2 catalysts with high Mn loadings. Kinetic data obtained for CO oxidation on unpromoted and ceria-promoted MnOx/SiO2

catalysts are presented and interpreted in correlation with the catalyst surface and bulk structure. A synergistic catalytic effect was
observed in the case of the ceria-promoted MnOx/SiO2 catalysts. Post-reaction XRD and XPS analysis of catalysts indicated that
the presence of ceria precludes formation of the less catalytically active Mn3O4 species from MnO2 deposited initially on the SiO2

support.
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1. Introduction

Manganese oxide (MnO2) is used as the active phase
in several catalytic oxidation processes such as CO oxida-
tion [1,2], oxidative coupling of methane [3,4], ethylben-
zene oxidative dehydrogenation [5] as well as other types
of catalytic processes [6–17]. In general, manganese ox-
ides have a typical berthollide structure that contains labile
lattice oxygen. Their catalytic properties are attributed to
the variability of the Mn oxidation state allowing formation
of oxides with a variety of stoichiometries (MnO2, Mn2O3,
Mn3O4, or MnO) and to their oxygen storage capacity in
the crystalline lattice. Structural characterization of un-
supported or supported MnOx catalysts has identified the
presence of MnO2 or mixed MnO2/Mn2O3 as the active cat-
alytic components [5,14,16]. The ratio between the MnO2

and Mn2O3 phases is a function of the manganese load-
ing and the catalyst calcination temperature during prepa-
ration [14,16,17]. An increased dispersion of the MnOx
on the support surface leads to significant increases in cat-
alytic activity; this has been attributed to higher catalyst
surface exposed to the reaction feed [1,15–17]. The MnO2

dispersion depends on Mn precursor, loading, preparation
method, presence of promoters and post-preparation ther-
mal treatment [5,17].

Combinations of two elements deposited on a given sup-
port and used as catalysts in catalytic oxidation processes
exhibit different catalytic activity as compared to a single
component catalyst. The interaction of Mn with the support
as well as with other components present in the catalyst,
significantly influences its bulk and surface structure [5,11].

Previous studies have shown that when MnO2 is placed in
the proximity of La2O3 or CeO2, the oxygen mobility from
the MnOx structure is strongly affected [17,18]. Based on
catalytic activity data from CO oxidation and N2O decom-
position and thermogravimetric analysis, it is believed that
in Mn–Ce mixed oxides catalysts, Ce can provide oxygen
to Mn at low temperature and withdraws oxygen at elevated
temperatures (>500 ◦C) [18]. Thus, cerium improves the
activity of MnOx in oxidation processes at lower tempera-
ture and decreases its activity at high temperature, the ac-
tive component in this case being CeO2 which takes oxygen
away from MnOx [18].

The interest in the study of MnOx-based catalysts is an
indication of their importance in the chemical industry, par-
ticularly in selective oxidation and oxidative dehydrogena-
tion processes. Despite the considerable effort devoted to
the study of Mn-based catalysts, identification of the ac-
tive sites, the role of promoters, mixed oxide effects, and
the structure of any surface phases are still the subject of
many controversies. This work is directed toward under-
standing the relationship which exists between the structure
of the unpromoted and ceria-promoted MnOx supported on
high surface area SiO2 and their catalytic activity. Surface
and bulk structural information, for the MnOx/CeO2/SiO2

catalysts has been obtained using X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS). Kinetic data
and the proposed reaction mechanism for CO oxidation on
unpromoted and ceria-promoted MnOx/SiO2 are presented
in correlation with the surface and bulk structure of the
catalysts.
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2. Experimental

2.1. Catalysts preparation

Three different supports were used for MnOx catalysts
preparation; unpromoted SiO2 and two types of CeO2-
promoted SiO2 obtained by impregnation with Ce4+-nitrate
(CeN) and with Ce4+-methoxyethoxide (CeA). Details
about preparation of the support are given elsewhere [19].
MnOx supported catalysts were prepared using aqueous
manganese nitrate Mn(NO3)2·6H2O (Aldrich) precursors
by wet impregnation. The Mn content was chosen to be
12 wt% (Mn12N) and 23 wt% (Mn23N) MnO2 relative
to the support. The CeO2-promoted MnOx/SiO2 catalysts
were prepared by sequential impregnation (Ce followed by
Mn) and were designated as Mn12CeN (for CeN support)
and Mn12CeA (for CeA support). All samples were dried
at 125 ◦C and calcined for 16 h in air at 500 ◦C after each
impregnation step, prior to using them in the CO oxidation
process.

2.2. Structure analysis

Surface area measurements were performed using a
Quanta-Chrome Quantasorb Jr. Sorption System. Approx-
imately 0.1 g of catalyst was outgassed in N2 at 165 ◦C
for 12 h, prior to adsorption measurements. The measure-
ments were made using N2 partial pressures in He of 0.05,
0.08, and 0.15 Torr (N2 surface area = 0.162 nm2) at liq-
uid N2 temperature (77 K). The estimated error for the Sa

results is ±5%. X-ray powder diffraction patterns (XRD)
were obtained with a Rigaku XRD diffractometer employ-
ing Cu Kα radiation (λ = 1.541838 Å) and operated at
45 kV and 100 mA. The mean crystallite size (d̄) of the
MnOx samples was determined from XRD line broadening
calculations, using the Scherrer equation: d̄ = kλ/β cos θ,
where λ is the X-ray wavelength, k is the particle shape
factor (here, 0.9 for cubic particles), β is the full width
at half maximum (FWHM) in radians, and θ is the dif-
fraction angle [20]. XRD patterns for various MnOx and
CeO2 phases were identified by comparing the experimen-
tal results with those from the XRD data base [21]. X-ray

photoelectron spectroscopy (XPS) data were obtained us-
ing a Perkin-Elmer Surface Science instrument equipped
with a magnesium anode (1253.6 eV) operated at 300 W
(15 kV, 20 mA) and a 10–360 hemispherical analyzer op-
erated with a pass energy of 50 eV. Spectra were collected
using a PC137 board interfaced to a Zeos 386SX computer.
Samples were analyzed as powders dusted on tape. Bind-
ing energies for the catalyst samples were referenced to the
Si2p peak (103.4 eV). XPS binding energies were measured
with a precision of ±0.2 eV or better.

2.3. Activity measurements

CO oxidation was used to test the catalytic activity of
the unpromoted and ceria-promoted MnOx/SiO2 catalysts.
Rates for CO oxidation were measured by placing the thin
catalyst pellets into a quartz tubular reactor. The total pres-
sure in the reactor was maintained at atmospheric pres-
sure. Air was used as the oxidant and helium as the carrier
gas. The reaction was carried out with pCO = 5 Torr and
pO2/pCO = 1.1. Differential conditions were maintained for
all measurements, the CO conversions being typically less
than 10%. Activation energies are evaluated from the slope
of the Arrhenius plots. Rates were highly reproducible and
remained constant over a period of several hours. Prod-
uct analysis (CO2 and CO) was performed with an on-line
HP-5730A gas chromatograph, equipped with a methanator
and FID detector. All the reported rates were normalized
to the weight of the catalyst pellet.

3. Results

3.1. Catalysts characterization

The BET surface areas of the unpromoted and CeO2-
promoted MnOx/SiO2 catalysts are presented in table 1.
The surface area of SiO2 support was evaluated to be
300 m2/g. MnOx and CeO2 have negligible surface ar-
eas compared to SiO2. Consequently, the small variations
observed in the surface area are due to a weight effect from

Table 1
Characterization data for unpromoted and ceria-promoted MnOx/SiO2 catalysts.

Catalyst Sa d̄ a MnO2 Mn2p3/2
BEb (eV) XPSc IMn2p/ISi2p Ea

(m2/g) (nm) Fresh Used corrected (kcal/mol)

Mn23N 255 16.5 642.5 (640.8) 640.7 (642.6) 1.08 28.8
Mn12N 257 15.5 642.4 640.7 (642.6) 0.98 11.7
Mn12CeA 225 6.7 642.3 642.4 1.77 9.8
Mn12CeN 230 13.8 642.3 642.3 1.13 9.3
CeA 300 – – – – 14.9
CeN 303 – – – – 13.2

a Evaluated from XRD line broadening calculations.
b The values in parentheses are the BE of the deconvoluted peaks which appeared as a shoulder

to the main and most intense peaks from the XPS Mn2p3/2
spectra.

c Evaluation of XPS IMn2p/ISi2p ratio based on corrected area using the atomic sensitivity factor
of Mn and Si specific to the instrument.
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Figure 1. XRD patterns of unpromoted and CeO2-promoted MnOx/SiO2

catalyst: (a) Mn12CeN, (b) CeN, (c) Mn12CeA, (d) CeA, (e) Mn23N,
(f) Mn12N.

the MnOx and CeO2 phases present on the high surface area
SiO2 support.

The crystallinity and particle size of unpromoted and
ceria-promoted MnOx/SiO2 catalysts were estimated from
XRD data (figure 1). In the case of unpromoted MnOx/SiO2

catalysts the XRD data (figure 1, spectra (e) and (f)) in-
dicated that after impregnation with Mn-nitrate precursor
and calcination at 500 ◦C, MnO2 and Mn2O3 were readily
formed on the support. According to the XRD data (fig-
ure 1), a Mn2O3 phase was formed only on the Mn23N
catalysts. The differences in MnO2 particle size (table 1)
for the unpromoted MnOx/SiO2 catalysts considered in this
study were small. The Mn dispersion can be evaluated from
the XPS IMn2p/ISi2p values as well (table 1). Previous stud-
ies have shown that Mn dispersion varies with Mn loading,
pretreatment temperature of the catalyst, and the presence
of promoters [5,17,21]. Low values of IMn2p/ISi2p for un-
promoted MnOx/SiO2 (e.g., 0.98 for Mn23N) are indicative
of poor Mn dispersion on high surface area SiO2. The small
differences observed in IMn2p/ISi2p for the Mn12N catalyst
(1.08) compared with Mn23N (0.98) which is indicative of
comparable MnO2 dispersion, are consistent with compa-
rable particles size as calculated from XRD line broaden-

ing. The BE values for Mn2p3/2 are presented in table 1.
For the Mn12N catalyst, the symmetric peak located at
642.4 eV indicates the presence of Mn as Mn4+ in MnO2.
For the Mn23N catalyst, the asymmetric peak, deconvo-
luted in two separate peaks located at 642.5 and 640.8 eV,
indicates the existence of Mn as a mixed Mn4+/Mn3+ phase
from MnO2 and Mn2O3. These data are in good agree-
ment with the XRD results presented in figure 1 (e) and (f)
which show mixed patterns of these types of manganese
oxides [17,21].

The XRD spectra of CeO2-promoted MnO2/SiO2 cata-
lysts are presented in figure 1 (a) and (c). The XRD spectra
of the ceria-promoted silica supports are shown for refer-
ence in figure 1 (b) and (d), respectively. Analysis of the
XRD spectra of CeO2/SiO2 indicate a variation in the ceria
dispersion and crystallinity. The main difference between
the two ceria-promoted supports is the size of the ceria
crystallites, 2.5 nm on CeA support compared to 10 nm
on the CeN support. For the CeO2-supported MnOx/SiO2

catalysts (figure 1 (a) and (c)), diffuse and broad XRD pat-
terns specific to a MnOx crystalline phase together with
XRD patterns specific to CeO2 were observed. This can
be attributed either to formation of small MnOx particles
or to an amorphous Mn phase on the CeO2-promoted SiO2

catalysts calcined at 500 ◦C. Analyzing the positions of the
diffuse XRD patterns other than those specific to CeO2, in-
dicates that the most probable Mn species formed in these
cases is MnO2. It seems that the presence of ceria favors
MnO2 dispersion on the SiO2 support. The particle size of
MnO2 on Mn12CeA and Mn12CeN catalysts is presented in
table 1 together with BET surface areas and XPS data. For
Mn12CeA catalysts the mean crystalline particle size (d̄ ) of
MnO2 was 6.7 nm, significantly lower than that observed
for MnO2 on Mn12CeN (13.8 nm) or on Mn12N (15.5 nm)
catalysts. This fact can probably be attributed to an interac-
tion between the CeO2 promoter and MnO2 during impreg-
nation and calcination, which favored formation of small
MnO2 crystallites. For both types of ceria-promoted cata-
lysts, the XPS spectra of Mn2p3/2 show a symmetric peak
located at 642.2 eV, characteristic to Mn4+ from MnO2.
The XPS dispersion data presented in table 1 show a higher
IMn2p/ISi2p intensity ratio for Mn12CeA (1.77) or Mn12CeN
(1.13) catalysts as compared to that for unpromoted Mn12N
(1.08) and Mn23N (0.98) catalysts, indicating a better Mn
dispersion on the ceria-promoted catalysts.

3.2. Catalytic activity

Figure 2 shows Arrhenius plots for the CO oxidation
on unpromoted and ceria-promoted MnO2/SiO2 catalysts.
As observed, the CO oxidation rates on Mn12N or Mn23N
catalysts are situated around 8 × 1016 molecules/s gcat at
200 ◦C. The results show an increase in the CO conver-
sion rates with higher Mn loadings. The rates on CeA
catalysts are higher (doubled) than those obtained on CeN
catalysts and are situated around the same values as those
recorded for Mn12N catalysts. A significant increase in
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Figure 2. Arrhenius plots from CO oxidation: Mn23N (�), Mn12N (•),
CeN (N); CeA (H), Mn12CeN (�), and Mn12CeA (+) catalysts.

reaction rate was observed on ceria-promoted MnO2 cat-
alysts, where they are an order of magnitude higher than
those recorded for unpromoted Mn12N catalysts (same Mn
loading, 12% MnO2) or plain ceria-promoted SiO2 support.
This observation implies a synergistic effect between MnO2

and CeO2, where probably one component provides the ad-
sorption site for CO and the other provides a continuous
source of oxygen necessary for oxidation. The activation
energies (see table 1) determined from the data presented
in figure 2 are around 9–14 kcal/mol (except for Mn23N
catalyst), close to values previously reported in the litera-
ture [25–27]. A good MnO2 or CeO2 dispersion determines
an efficient and intimate contact between the reactants (CO)
and the active sites from the catalyst surface, favoring the
product formation (CO2). The neat SiO2 support shows the
negligible activity for CO oxidation, the rates being less
than 1× 1014 molecules/s gcat at 240 ◦C.

Further information about the kinetics and mechanism of
CO oxidation on ceria-promoted MnO2/SiO2 catalysts were
obtained from transient experiments data. Figure 3 shows
the variation in CO oxidation rates obtained on Mn12N
at 248 ◦C, and Mn12CeN and Mn12CeA at 180 ◦C as a
function of the time elapsed after the air supply was dis-
continued. Due to extremely low reaction rates at 180 ◦C
on Mn12N catalysts, the experiments had to be performed
at 248 ◦C. For all catalysts the rate of CO oxidation de-
creased significantly after 120 min. Compared to Mn12N
catalyst, both types of ceria-promoted catalysts (Mn12CeN
and Mn12CeA) show higher catalytic activity (higher rates)

Figure 3. Transient experiment data obtained for Mn12N (�), at 248 ◦C,
Mn12CeA (•) 180 ◦C, and Mn12CeN (N) 180 ◦C catalysts.

at lower temperature for longer time after the source of oxy-
gen was removed. For all catalysts, for a short period of
time it appears that the oxygen for CO oxidation can be pro-
vided by the lattice oxygen of the supported metal oxides.
This effect is more pronounced when the ceria-promoter is
present on the catalyst surface.

3.3. Used catalysts

The used catalysts from CO oxidation were analyzed
by XRD and XPS. Diffraction patterns obtained for these
catalysts are presented in figure 4. In the case of the
used Mn12N catalyst, new peaks are observed (figure 4(a))
compared to those for the fresh catalyst (see figure 1(f)).
These patterns were identified based on literature data and
analysis of reference compounds; they were attributed to
Mn3O4 (MnO·Mn2O3) species formed during the catalytic
process [21]. In the oxidation reaction, MnOx species act
as oxygen donors, and consequently, are reduced to Mn3O4.
It was observed that MnO2 can be regenerated by recalci-
nation at 500 ◦C in air. The XRD spectra of used CeO2-
promoted MnOx/SiO2 catalysts are presented in figure 4
(b) and (c), respectively. Compared with the fresh cata-
lysts (see figure 1 (a) and (c)), the XRD patterns of the
used catalysts remain mostly unchanged. However, traces
of XRD peaks specific to Mn3O4 species are observable in
the case of the Mn12CeN catalyst (figure 4(b)), whereas
they are absent in the XRD patterns of the Mn12CeA cat-
alyst (figure 4(c)). It appears that the presence of ceria
affects the resistance of MnO2 to reduction during the cat-
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Figure 4. XRD patterns of used unpromoted and CeO2-promoted catalysts:
(a) Mn12N, (b) Mn12CeN, (c) Mn12CeA.

alytic process, being able to provide oxygen to Mn and
maintain its oxidation state unchanged.

The Mn2p3/2 XPS spectrum for used Mn12N catalyst dis-
plays a shift in BE from 642.5 eV, a value characteristic to
Mn as Mn4+, to 640.8 eV, a value characteristic to Mn as
Mn3+ or Mn2+ (table 1). Literature data show that the BE
for Mn2p3/2 in Mn3O4 is situated between 641.3–641.4 eV,
and for Mn2O3 species between 641.3–641.9 eV [17,28].
Hence, it is hard to identify a signal specific to Mn2+ when
it is mixed with Mn3+ due to the overlap of their peaks
and relatively close BE values. For the ceria-promoted
MnO2/SiO2 catalysts the BE for Mn2p3/2 reported in table 1
is 642.5± 0.2 eV. This corresponds to Mn4+ from MnO2

and is similar to the value obtained for the fresh catalyst.
The Mn2p3/2 peak for the Mn12CeN catalyst shows a small
degree of asymmetry which might indicate the traces of
Mn3+ and Mn2+. Despite the low S/N of the Mn2p3/2 XPS
spectra, the results are in good agreement with those ob-
tained from XRD, that also show peaks specific to Mn3O4.
The Mn2p3/2 XPS spectrum for used Mn12CeA catalysts
shows that the major peak is located at 642.5 eV and cor-
responds to Mn4+. This indicates that Mn is present most
probably as MnO2.

4. Discussion

For Mn12N catalysts, the XRD and XPS results indi-
cated the formation of MnO2 phase with particles around
15.5 nm in diameter, after air calcination at 500 ◦C. Thus,
during calcination, Mn2+ is easily oxidized to Mn4+ form-
ing only a crystalline MnO2 phase. In the case of
Mn23N catalysts, Mn is probably forming large clusters
of Mn(NO3)2 less accessible to oxygen, during the impreg-
nation and drying process. Consequently, the oxidation of
Mn(NO3)2, which occurs during drying (H2O removal) and
air calcination (NO2 elimination) led to formation of both
MnO2 and Mn2O3 phases (observed as large crystallites on
the SiO2 surface). Because of the small difference observed
in the MnO2 particle size between Mn12N and Mn23N cat-
alysts, the variation in reaction rates shown in figure 2 can
be correlated to the Mn loading (higher rates for higher Mn
loadings). The activation energies calculated differs sig-
nificantly, 11.7 kcal/mol for Mn12N compared to 28.8 for
Mn23N. This fact can be attributed to the higher amount
of Mn2O3 phase present in the Mn23N catalyst, which is
less catalytically active. Hence, probably in the first step,
Mn2O3 is transformed into MnO2 (reaction (4)), which in
the second step catalyses the reaction. Both Mn12N and
Mn23N catalysts show formation of Mn3O4 species after
exposure to the reaction feed (CO), leading to a decrease
in time of their catalytic activity. Hence, the oxidation of
CO probably occurs by the following mechanism:

COads + 2MnO2 → CO2 + Mn2O3 (1)

CO + MnO2 + Mn2O3 → CO2 + Mn3O4 (2)

Mn3O4 + O2 (air)→ MnO2 + Mn2O3 (3)

Mn2O3 + (1/2)O2 (air)→ 2MnO2 (4)

The presence of CeO2 on the MnOx/SiO2 catalysts pre-
cludes the formation of Mn3O4 species during exposure to
reaction conditions, conferring a stronger oxidation power
(high rates, figure 2), lower activation energies (see table 1),
and resistance to deactivation to the catalysts. This effect
is more significant in the case of the Mn12CeA catalyst,
probably due to a stronger Mn–Ce interaction. The more
stable MnO2 on the ceria-promoted MnO2/SiO2 catalysts
can be related to the ability of ceria to provide lattice oxy-
gen to Mn2O3 or Mn3O4. MnO2 is regenerated while the
Ce2O3 can be readily reoxidized by air to CeO2.

Thus, the proposed mechanism in this case is as follows:

COads + 2MnO2 → CO2 + Mn2O3 (1)
Mn2O3 + 2CeO2 → 2MnO2 + Ce2O3 (5)

Ce2O3 + (1/2)O2 (air)→ 2CeO2 (6)

This mechanism explains the ceria promotion effect
and the synergistic effect observed from the activity
data (figure 2, crosses and diamonds) for ceria-promoted
MnO2/SiO2 catalysts. A similar effect was previously ob-
served for noble metals (Rh, Pd, Pt) supported on ce-
ria [26,27]. In this case, adsorbed CO on active sites from
the noble metal surface are oxidized by ceria lattice oxygen
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with the formation of Ce2O3. It is well known that Ce2O3

can be easily reoxidized to CeO2 by exposure to air or H2O
vapors [25,26]. In this case, CO is oxidized by the lattice
oxygen of MnO2 followed by oxygen migration from ceria
to regenerate the Mn catalyst.

On both types of used CeO2-promoted MnOx/SiO2 cat-
alysts, Mn remains well dispersed on high surface area
supports, with a structure similar to that of the fresh cata-
lyst. The activation energy on both types of ceria-promoted
catalysts is ≈9 kcal/mol, smaller than that calculated for
Mn12N and CeA (N) catalysts (close to 13 kcal/mol, see
table 1). Smaller MnO2 crystallites, lower catalytic activ-
ity, and no Mn3O4 phase formation on Mn12CeA compared
to Mn12CeN catalysts suggests the possibility of MnCeOx
mixed oxide formation with less accessible Mn sites, ei-
ther to CO molecules or to air [19]. In the case of the
Mn10CeN catalyst, MnOx deposits coexist in intimate con-
tact with CeO2 crystallites (probably just as a physical mix-
ture) favoring oxygen transfer between the two metal ox-
ides. This type of MnO2–CeO2 structure/interaction leads
to high catalytic activity and formation of small amounts
of a Mn3O4 phase. The formation of Mn3O4 on Mn12CeN
catalysts can be explained by considering the formation
of “islands” of MnO2 and CeO2, without any interaction
between them, which allows the formation Mn3O4 from
MnO2 in the absence of ceria interaction. For both types of
ceria-promoted MnO2/SiO2 catalysts, transient experiments
indicate a stronger oxidation power, the catalysts remaining
active for longer time in comparison with the unpromoted
MnO2/SiO2 catalysts. Again, this fact can be attributed
to the ability of ceria to provide oxygen to MnO2 which
finally oxidizes the CO to CO2. These data support the
proposed mechanism for CO oxidation on unpromoted and
ceria-promoted MnO2/SiO2 catalysts (reactions (1)–(6)).

5. Conclusions

XRD and XPS analysis of unpromoted MnO2 supported
on high surface area SiO2 indicated that Mn was present
in mixed MnO2/Mn2O3 crystalline phases on catalysts with
high Mn loading (23%) and as a single MnO2 phase on
catalysts with low Mn loading (12%). The reaction rates
for catalytic CO oxidation were proportional to Mn loading
and were near 8×1016 molecules/s gcat at 200 ◦C. Analysis
of the used catalysts showed that the Mn oxidation state
changes from Mn4+ to Mn2+, by providing oxygen to the
reactants (CO) and thus leading to the formation of the less
active Mn3O4 species. The formation of Mn3O4 might be
responsible for the decrease in the catalytic activity of the
unpromoted MnOx catalysts.

The presence of CeO2 favors the dispersion of the man-
ganese oxides deposited on the SiO2 catalyst during calci-
nation. Manganese was present as MnO2 species on the
fresh ceria-promoted MnO2/SiO2 catalysts. The rates ob-
served in the catalytic CO oxidation are an order of magni-
tude higher (9× 1017 molecules/s gcat) than those recorded

on unpromoted or just ceria-promoted SiO2 catalysts. This
observation suggests a synergistic effect between MnO2 and
CeO2 similar to that previously observed for noble metals
supported on ceria catalysts [26,27]. The ceria dispersion
on the high surface area silica plays only a minor role in
the catalytic activity of MnO2. The presence of CeO2 on
the MnOx/SiO2 catalysts precludes the formation of Mn3O4

species during the catalysis process, conferring to the cat-
alysts a stronger oxidation power and resistance to deacti-
vation.
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