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Abstract CuVCe oxides were prepared by impregnation
of copper and/or vanadium precursors on ceria support.
The solids freshly prepared were calcined under air be-
tween 400 and 700 °C. Physico-chemical properties of
these oxides were then studied using different techniques:
Thermal Analysis (DSC/TG), X Ray Diffraction (XRD),
Electron Paramagnetic Resonance (EPR), °'V Magic Angle
Spinning Nuclear Magnetic Resonance (°'V-MAS-NMR)
and X-Ray Photoelectron Spectroscopy (XPS). X-ray dif-
fraction and thermal analysis revealed cerium orthovana-
date phase formation during the calcination of the
1CulV10Ce solid. This CeVO, phase is not observed for
the 10CulV10Ce sample. The EPR study revealed two
well-resolved copper signals: the first corresponds to
isolated Cu”* species and the second to Cu®* dimers. The
>1V-MAS-NMR confirmed the presence of CeVO, phase
for 1CulV10Ce sample and revealed polymeric V-O-V
chains in interaction with a copper ceria matrix for
10CulV10Ce sample. Finally, the XPS study indicated
high vanadium content on the solid surface. This phe-
nomenon is enhanced by the copper content in the solid and
could explain the absence of the CeVO, phase in
10CulV10Ce sample. Thus the ceria orthovanadate phase
formation is inhibited by the presence of a high copper
content in the solid.
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Introduction

In recent years, the oxides such as CeO,, V,05 and CuO
have received considerable attention for oxidation cataly-
sis. These systems can lead to interesting catalytic prop-
erties in the depollution reactions [1-5]. CeO, is well
known for its low temperature reducibility, oxygen storage
and release properties in the presence of noble metal par-
ticles. The redox couple (Ce**/Ce*") in contact with metal
particles promotes the catalytic activity in ceria-based
materials [6-10].

Cu-modified fluorite-CeO, compounds have been re-
ported to be active catalysts for many reactions. The con-
ventional co-precipitation and impregnation methods are
widely employed to prepare CuO/CeO, materials [2, 4, 11—
14] in which the interaction of CuO with fluorite-CeO, has
been studied by thermal, surface and bulk techniques.
These studies generally show the existence of (i) amor-
phously dispersed active surface Cu®* clusters, (i) small
crystallites of CuO dispersed on CeO, particles, (iii) iso-
lated Cu** ions and Cu®* dimers incorporated in ceria and
(iv) Cu** ions in substitutional positions in the ceria lattice
depending on the preparation procedure, composition and
thermal treatment. It has also been reported that during
preparation, some CuO may enter into CeO, lattice form-
ing solid solutions which act as support for Cu?* clusters
and small CuO particles [2].

Vanadia supported on various oxide carriers is used as
catalyst in different oxidation processes [15-18]. It has
been also proved to be quite effective for the selective
catalytic reduction (SCR) of nitric oxide. It has been
demonstrated that the selectivity and activity of these cat-
alysts depend on, among other factors, the vanadium
loading, calcination temperature, type of support, and its
surface acidity. In addition, depending on the nature of the
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oxide carrier (i.e. Al,O3, TiO,, MgO, ZrO,), vanadia oxi-
des may exhibit different catalytic properties, since the
metal oxide—support interaction affects both dispersion and
redox behaviour of the active phase and also work function
properties. However, surface vanadium oxide stability can
be limited if ternary compounds of the type M,V,0, are
formed between the carrier and the vanadia phase. Indeed,
in a previous work [19], we have observed that V,05 can
react with CeO, carrier at high temperature (=600 °C) to
form the cerium orthovanadate CeVO, compound. Thus, it
provided deep modifications of the supported vanadium
phase. Such studies could be provided by the determination
of the local structure of these species following the calci-
nations treatment and the vanadium content. Solid-state
>V-NMR has also been used by various investigators [20—
22], toward the determination of the molecular structure of
these surface metal oxide species on oxide support due to
the favourable magnetic properties of the 'V nucleus. In
addition, magic angle spinning experiments (MAS-NMR)
provided precise discrimination between different species
that may simultaneously be present in the sample.

In order to combine the physicochemical and catalytic
properties of these elements (Cu, V and Ce), different
oxides constituted by cerium, vanadium and copper have
been synthesised. An investigation of the nature of Cu—V-
Ce species could provide useful information to understand
elementary step in the catalytic reaction. Thus, the objective
of this work is to identify the species in Cu—V—Ce oxides
and evaluate their stability depending on the copper content.

Experimental
Oxides preparation

Ceria [CeO,] was prepared by precipitation of cerium
hydroxide from cerium nitrate [Ce(NO;5);-6H,0O] with a
sodium hydroxide [NaOH] solution as described in refer-
ence [23]. The solid was calcined at 700 °C for 4 h under a
flow of dried air. Subsequently, vanadyl oxalate [VOC,0,]
and copper nitrate [Cu(NO3),-3H,0] were impregnated on
ceria to prepare xCul V10Ce samples with different atomic
content (nearly x = 0, 1, or 10). After drying at 100 °C, the
solids freshly prepared were calcined between 400 and
700 °C under a flow of dry air for 4 h. Chemical analyses
of the different samples give the Cu, V and Ce expected
atomic content.

Samples characterization
Thermal Analysis measurements were performed on a

Netzsch STA 409 Apparatus. For each dried solid, a mass
of 50 mg was considered and placed in an Al,O; crucible.

Simultaneous thermo gravimetric-differential scanning
calorimetric (TG-DSC) curves were obtained while sam-
ples were heated from 50 to 700 °C with a rate of
5 °C min™" under a flow of air.

XRD analysis was performed on a BRUKER Advance
D8 powder X-Ray diffractometer using Cu K, radiation
(4 = 0.15406 nm). The XRD patterns were recorded over a
26 range of 15-65° and using a step size of 0.02° and step
time of 4 s.

The electron paramagnetic resonance (EPR) measure-
ments were performed at —196 °C on a EMX Bruker
Spectrometer, using a cavity operating with a frequency of
9.5 GHz (X-Band). The magnetic field was modulated at
100 kHz. The g values were determined from precise fre-
quency and magnetic field values.

Magic angle spinning (MAS) >'V-NMR spectra were
recorded at room temperature on a Brucker ASX 400
spectrometer operating at 105.2 MHz and equipped with a
MAS probe for 4 mm outer diameter rotors. Rotation fre-
quencies of 10—15 kHz have been used. In all experiments,
a single pulsed excitation of 1.5 pus was applied, a dead
time of 10 ps and a recycle time of 5 s were used. The
isotropic chemical shifts were referred to external VOClI;.

XPS spectra were acquired with a VG Escalab spec-
trometer equipped with a 150 W Al K,, (hv = 1486.6 eV)
X-ray source. The samples were crushed into a fine powder
and pressed onto an indium support, itself fixed to a
stainless steel plate. The spectra were recorded under a
vacuum of 107 Torr. The binding energies (E,) values
were determined by using the Ce 3d satellite peak at
916.7 eV for standardisation.

Results and discussion
Thermal analysis

The TG-DSC curves of 1V10Ce, 1CulV10Ce and
10CulV10Ce are illustrated in Fig. 1. Characteristics of
these thermal data, i.e., mass loss and temperature of
thermal phenomenon, are presented in Table 1. For
1V10Ce solid, a weight loss of 1.65% associated with a
broad endothermic phenomenon was evidenced at low
temperature (<160 °C) and corresponds to the removal of
water. The second weight loss of 3.75% between 160 and
300 °C was associated with an intense exothermic peak
that could indicate the oxidation of the organic function of
the VOC,0, precursor. This exothermic peak was assigned
to the oxalate decomposition [24]. Finally, a slight weight
loss of 0.14% obtained between 450 and 700 °C was as-
cribed to the formation of CeVO, from vanadium (V)
oxide and ceria, and this is in agreement with our previous
work on V-Ce—-O catalysts using EPR and °'V-MAS-NMR
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Fig. 1 TG-DSC curves of
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Table 1 Thermogravimetric data of solids and their attribution

250 350 450 550 650
Temperature (°C)

Sample Experimental data Attribution
Temperature (°C) Weight loss (%) Transformation Calculated weight loss (%)
1V10Ce 50-160 1.65 Water removal -
160-300 3.75 Decomposition of oxalate 341
450-700 0.14 Partial formation of CeVO, 0.44
1CulV10Ce 50-305 5.90 Water removal and decomposition of precursors -
450-700 0.16 Partial formation of CeVO, 0.39
10CulV10Ce 50-350 30.93 Water removal and decomposition of precursors -
450-700 - Nothing -

[19, 25]. Concerning the 1CulV10Ce sample, similar
phenomena could be observed. At low temperature,
(<305 °C) endothermic and exothermic peaks associated
with weight loss correspond to water removal and pro-
gressive decomposition of precursor (oxalate and nitrate).
We could also observe a slight weight loss between 450
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and 700 °C corresponding to the CeVO, formation phase.
However, the thermal analysis of the 10Cul V10Ce sample
presented a characteristic water removal and precursor
decomposition at low temperature (<350 °C), but no
weight loss at a temperature range of 450-700 °C is ob-
served. It seems that no CeVO, phase is formed for the
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10CulV10Ce solid. In order to investigate the influence of
the copper content on the CeVO, phase in the Cu—V-Ce
oxide, the XRD analyses were performed to evaluate the
different phases or solid structure.

X-ray diffraction

Figure 2 shows the XRD patterns obtained for the different
solids previously calcined at 400, 500, 600 and 700 °C. A
ceria phase is evidenced in all the solids. This phase is typical
from cerianite structure (JCPDS-ICDD: 43-1002). For
1V10Ce solid, a CeVO, phase is revealed (JCPDS-ICDD:
12-757) when the solid is calcined up to 500 °C. This for-
mation phase was already studied in previous works [18, 19,
25, 26]. It was shown by EPR and XRD techniques that the
formation of CeVO, phase from CeO, and V,05 occurs via
an intermediate step in which an electron is trapped in non-
stoichiometric oxides like V,0Os_, and CeO,_, matrices
which are obtained at high calcination temperature. This
trapped electron was characterised by an 29-line EPR signal
corresponding to unpaired electron over four equivalent
vanadium. The trapped electron is responsible for reduction
of Ce** into Ce** whereas V>* remains intact.

V205 +2CeO, > VzOs.X EI 2 C602_y — 2CeVO4 + 20,

Several authors [18, 26] have confirmed by XRD,
Raman and IR spectroscopy that the oxidation state in
CeVO, is V>* and Ce**.

In this work, when copper is present in the solid with
the same atomic content as vanadium (1CulV10Ce), the
orthovanadate phase is observed. However, no CeVO,

phase is revealed for the 10CulV10Ce solid but a copper
oxide phase is evidenced for all calcinations temperature.
According to the thermal analysis results, it seems that the
CeVO, formation phase was inhibited by the high copper
content. To investigate the insertion of copper and vana-
dium ions in the CeO, matrix, an EPR study was per-
formed.

EPR measurements

EPR is a powerful and sensitive technique for investigating
the oxidation states, surfaces, bulk coordination and the
physical form of a transition metal oxide. EPR technique
has been extensively employed to study powder oxide
catalytic systems, in particular Cu—Ce and V-Ce oxide [2,
3, 12, 19]. In order to study the existence of interaction
effects and compare the ternary systems (Cu—V-Ce) with
binary systems (Cu—Ce and V—Ce), the EPR spectra of Cu—
V—Ce compounds were measured. Figure 3 shows the EPR
spectra of 1CulV10Ce and 10CulV10Ce solids calcined
under air at different temperatures between 400 and
600 °C. The spectra are constituted of a superposition of
several signals with different g values in the range ~2.
These signals are characteristic to copper and cerium spe-
cies. The EPR spectra of these components were compared
with binary compounds (Cu-Ce) studied in a previous
work by Aboukais et al. [12]. A signal with g values <2
was observed and designated as Ce. Similar signal was
observed in the literature [23] and assigned to an interac-
tion between conduction electrons and the vacant orbital of
Ce** ions in the CeO, matrix. It is important to notice that
these signals were also present on the EPR spectrum of the
ceria support before the impregnation of vanadium or/and
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Fig. 2 X-ray diffraction patterns of 1V10Ce, 1CulV10Ce and 10CulV10Ce at different temperature treatments
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Fig. 3 Experimental EPR
spectra recorded at —196 °C for
1CulV10Ce and 10CulV10Ce
at different temperature
treatments
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copper salts. Other signals with g values >2 were attributed
to Cu®* species. The spectrum (Fig. 4) shows complex
hyperfine structures consisting of an ‘‘A’’ signal due to
isolated monomeric Cu®* ions on CeO,, and a set of “‘K”’
signals characteristic of Cu®* dimers. Similar EPR spectra
were reported in literature for Cu—Ce oxides [11, 12, 27—
30] prepared by coprecipitation and impregnation methods
and calcined above 700 °C.

The EPR parameters of signal ‘‘A’’ are reported in
Table 2. After the calcination at 400 °C of the dried solids,
all the recorded EPR spectra revealed this signal ‘‘A”’
characteristic of Cu(Il) species. It is clear that the EPR
parameters of the Cu(Il) species were very similar for the
two ternary compounds 1CulV10Ce and 10CulV10Ce,
whereas for the 1CulOCe sample, the parameters were
slightly different. These EPR parameters observed for the
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Magnetic field (Gauss)

samples were very similar to those of Cu®* signal assigned
to well-dispersed Cu?* ions on ceria. In all cases, the value
of the splitting constant (=130 G) indicates that the Cu(I)
species are located in octahedral sites tetragonally distorted
and surrounded by less than six ligands. However, for the
ternary solids (1CulV10Ce and 10CulV10Ce) sample, the
Ag value (Ag =g,—g,) is more higher (respectively
Ag =0.318 and 0.316) than in the case of the binary
sample (1CulOCe, Ag = 0.289). This difference reveals
that the symmetry site distortion seems to be more pro-
nounced for ternary oxide (Cu—V-Ce). This phenomenon
may result from the presence of the vanadium (V) species
in the solid which could modify the environment of copper
species. When the calcination temperature increases (at
600 °C), in addition to monomeric Cu** species signal, a
“K signal’”” consisting of parallel and perpendicular

Fig. 4 Experimental EPR
spectrum for 1CulV10Ce
sample calcined at 600 °C

1CulV10Ce calcined at 600°C
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Table 2 EPR parameters of Cu?* monomeric species (A signal) in the different samples

Sample 8 81 8iso Ag Ay AL Aiso
1CulV10Ce 2.364 2.046 2.152 0.318 131 26.2 61.1
10CulV10Ce 2.357 2.043 2.148 0.314 130 26 60.7
1Cul0Ce 2.321 2.032 2.128 0.289 131 27.5 62.0
CuCe [12] 2.237 2.037 2.104 0.200 160 22 68.0

(A, A, and Ajs, in Gauss)

hyperfine structures is evidenced (Table 3, Fig. 4). A well-
resolved copper dimer signal is observed when the Cu—V-
Ce oxides are calcined at 600 °C. A similar signal has been
obtained in the case of CuCe oxide and has been attributed
to copper(Il) ion pair [12, 27]. In fact, seven components
with relative intensities 1:2:3:4:3:2:1 are observed in the
parallel and perpendicular components of the fine structure.
Such a structure is produced by the coupling between two
unpaired electrons (S = 1) with the nuclear spins of two
Cu?* ions (I = 3/2 + 3/2). Moreover, a well-resolved signal
with a weak intensity is observed at half normal magnetic
field (=1650 G); its EPR parameters are given in Table 3.
The fine structure of the spectrum and the presence of the
half magnetic field signal are characteristic of copper(Il)
ion dimers. The EPR dimer parameters are very similar for
the three samples: 1Cul0Ce, 1CulV10Ce and
10CulV10Ce and are slightly different from these obtained
in literature [12, 27]. The different preparation method
could explain this variation. In this work, it could be no-
ticed that the same copper dimer species consisting of two
Cu”* ions bridged by oxygen are observed for all samples.
Thus, the vanadium presence in the solids has no effect on
the copper dimer EPR parameters. Finally, it is important
to notice that no signal relative to V(IV) species is ob-
served indicating that the totality of the vanadium species
are in V(V) oxidation state. In order to characterise the
vanadium species in these solids, a °>'V-MAS-NMR study
was performed.

S1V_MAS-NMR measurements

Solid-state 'V nuclear magnetic resonance (NMR) is a
suitable technique to investigate supported V>* oxides

since the nuclear spin of vanadium is 7/2; its natural
abundance is almost 100% and its capability to discrimi-
nate between different coordination environments of
vanadium oxides [25, 31]. Sly-MAS-NMR spectra of
1V10Ce solid previously calcined at different temperature
between 400 and 700 °C are shown in Fig. 5. The solid
calcined at 400 °C gives two well-resolved signals: the first
one is characterised by an isotropic chemical shift i, =
—750 ppm and numerous associated symmetric spinning
sidebands; the second one by J;,, = —609 ppm with an
asymmetry of the sidebands pattern. This latter signal
is well known and can be typically attributed to V,0s5
[32-34]. Note that this phase was not detected by XRD but
>'V-MAS-NMR possesses a higher sensitivity. The species
responsible of the signal at J;, = =750 ppm has been
previously observed for V-Ce-O systems [31] and corre-
sponds to slightly distorted tetrahedral sites. In addition, a
broad signal appears on this spectrum which could reveal
the presence of amorphous V>* species in this sample.
With the increase of the calcination temperature
(500 °C), a strong decrease of the signal at Ji, =
—750 ppm is observed as well as a slight increase of the
signal related to polycrystalline V,0s. It is important to
notice the appearance of a new signal centrered at iy, =
—427 ppm. Its intensity strongly increases after calcination
treatments at higher temperature whereas other signals
completely disappear. The evolution of the signal at
diso = —427 ppm can be linked to the progressive formation
of CeVO, evidenced by XRD. In agreement with literature
data, this signal corresponds to V" sites located at the
centre of isolated tetrahedral of the orthovanadate CeVOy4
structure. In this solid, CeVO, seems to be result from the
progressive reaction of the tetrahedral V(V) species and

Table 3 EPR parameters of Cu>* dimer species (K signal) in the different samples calcined at 600 °C

Sample 8n 8L 8iso Ay AL Ajso dy dy

1CulV10Ce 2.209 2.042 2.097 85.9s 14.5 38.3 1228.3 674.7
10CulV10Ce 2.209 2.041 2.097 86.4 14.5 38.5 1227.1 674.7
1Cul0Ce 2.209 2.042 2.097 86.4 144 38.4 1228.3 676.7
CuCe [12] 2.217 2.043 2.101 85.0 12.0 36.3 1264.0 693.0

(Ay, AL, Aiso, dyy and d, in Gauss)
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Fig. 5 >'V-MAS-NMR spectra of 1V10Ce sample calcined at
different temperatures

ceria. It can be excluded that these tetrahedral species
firstly agglomerate to give V,0s5 and then react with ceria.
It is in accordance with previous work [18] of Martinez-
Huerta et al. which suggest that Ce>*—0* —V°* sites form
when vanadia is well dispersed on the CeO, support. These
Ce**—0%"-V°" sites can be considered precursors of a well-
developed CeVO,.

In order to evaluate the effect of the presence of copper
in V-Cu/CeO, solids on the nature of vanadium species,
1CulV10Ce, 10CulV10Ce have been characterised by
>'V.MAS-NMR considering solids calcined at 600 °C
(Fig. 6).

The spectrum of 1CulV10Ce solid calcined at 600 °C
exhibits the signal relative to CeVOy, (J;s, = —427 ppm)
slightly less intense than in the case of 1V10Ce solid. The
signal corresponding to V,0s5 (J;5, = —609 ppm) is not
detected in 1CulV10Ce suggesting that the presence of
copper in this solid inhibits the formation of this oxide
phase. With the increase of the copper content in Cu—V-Ce
oxides (10CulV10Ce), neither CeVO,4 nor V,0s5 are evi-
denced in the solid. In these solids treated at 600 °C, the
high concentration of copper appears to have an important
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Fig. 6 >'V-MAS-NMR spectra of 1V10Ce, 1CulV10Ce and
10CulV10Ce calcined at 600 °C and VCe reference compound
[29]. v, =15 kHz

effect on the nature and the environment of V>* sites. In-
deed, our results show that the formation of V,0Os and the
reaction leading to the formation of CeVO, are hindered.

In fact, 10CulV10Ce solid gives a signal characterised
by Jiso = =549 ppm and an asymmetry of the sideband
pattern. The shape of this sideband pattern and the position
of the isotropic component were found close to NMR
parameters obtained for vanadium species in distorted
octahedral sites (V-O-V chains) in V-Ce oxides with low
vanadium content [31]. Species with the same geometrical
environment could be formed in 10CulV10Ce but the shift
of the d;5, component observed in the presence of copper
toward low magnetic values can be discussed in the light of
the literature data [32, 35, 36].

V>* species in 10CulV10Ce appear to be less shielded
than the polymeric V-O-V in V-Ce oxides [31]. It can be
assumed that the magnetic shielding of vanadium is di-
rectly affected by the electron density around oxygen
atoms which depends on the electronegativity of the second
neighbouring metal atom in the second coordination
sphere. SIY_NMR studies on different metavanadates [32,
35] and on V,05—Nb,0O5 [36] catalysts showed that the
values of isotropic chemical shifts of vanadium move to-
ward more negative values as the electronegativity of the
second metal atom decreases. In our case, a shift of J;y,
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toward a less negative value is expected as Cu possesses a
higher electronegativity value than Ce. Consequently, the
shift of the J;,, component in the presence of copper is due
to a smaller electron density around vanadium in
10CulV10Ce in comparison with V-Ce oxide. This
observation shows that vanadium is in interaction with
copper in Cu—V—Ce oxide.

XPS measurements

The surface composition of Cu—V—-Ce oxides calcined at
600 °C has been studied by X-ray photoelectron technique
which confirmed the oxidation state of copper and vana-
dium elements in these catalysts. Qualitative and quanti-
tative XPS analyses have been reported (Table 4) for the
binary and the ternary oxides to determine and compare the
bulk and surface composition. Concerning the qualitative
study, the binding energies were determined by using the
Ce 3d satellite peak at 916.7 eV for standardisation. In the
XPS results (Table 4), binding energy of 933.5-934 eV for
the Cu 2ps, peak, Auger;smasmas peak and shake-up
peaks are characteristic of Cu®* species and specially of
CuO [37]. These results showed that Cu** species were
present at the surface on all oxide systems. The binding
energy of the V 2p3/2 level for the three samples (Table 4)
near to 517 eV is characteristic to the literature [38—41]
values for V>*. These results are in accordance with the
previous XRD, EPR and NMR analysis.

Furthermore surface atomic ratios Cu/Ce and V/Ce
generally possess higher value than the bulk atomic ratios
(Table 4). This observation was expected since V and Cu
were impregnated on calcined CeO, support. Additional
information on the dispersion of V and Cu on the CeO,
surface can be deduced from Cu/V surface atomic ratio.
For 1CulV10Ce experimental nc,/ny from XPS reaches
1.89 whereas a theoretical homogeneous dispersion of
these elements corresponds to a value of 0.99. This result
indicates that Cu®* ions are more dispersed on the surface
than V> ions. It can be suggested that the low dispersion of
V>* arises from the formation of CeVO, crystallites. With
the increase of the copper content (10CulV10Ce solid), we
notice a Cu/V surface atomic ratio of 6.85, lower than the
theoretical homogeneous distribution of V and Cu on

the CeO, surface. In agreement with EPR data showing the
presence of Cu®* species inside the CeO, matrix, this result
tends to confirm the incorporation of copper in the solid.
This phenomenon also explains on the contrary a better
dispersion of vanadium on the solid surface. It is in
accordance with the °'V-MAS-NMR study which revealed
for the 10CulV10Ce sample, polymeric V-O-V chains in
interaction with a copper—cerium system. This phenome-
non could be due to the impregnation method on the ceria
support which possesses a low specific area (35 m%/g).
Indeed, after copper and vanadium impregnation on the
ceria and thermal treatment at 600 °C, the specific area of
the 10CulV10Ce solid is equal to 6 m*/g. This value is
close to those obtained for pure CuO (5 m%/g). The high
concentration of copper precursor seems to block the pores
of the support. After thermal treatment at 600 °C, primarily
copper (II) species are not only inserted in the CeO, solid
but also cover the ceria surface. Besides, the vanadium
species could be located on the upper layer of the solid. But
these species are in interaction with a copper ceria matrix
as mentioned above by the SIV_.MAS-NMR. In fact,
vanadium and cerium species react to form CeVO, grains.
This phenomenon is inhibited by the copper content be-
cause copper ions are preferentially incorporated into the
ceria matrix. Thus, this could explain the absence of the
CeVO, phase in 10CulV10Ce sample.

Conclusion

The combination of different physicochemical techniques
used in this study has allowed us to define the nature and
evaluate the stability of different copper and vanadium
species present in Cu—V-Ce-O compounds. X-ray dif-
fraction and thermal analysis revealed cerium orthovana-
date phase formation during the calcination of the
1CulV10Ce solid. This CeVO, phase is not observed for
the 10CulV10Ce sample. The ceria orthovanadate phase
formation is inhibited by the presence of a high copper
content in the solid. The EPR study revealed two well-
resolved copper signals: the first corresponds to isolated
Cu* species located in octahedral sites tetragonally dis-
torted surrounded by less than six ligands and the second to

Table 4 Experimental XPS data and bulk atomic ratio for the different sample calcined at 600 °C

Sample E, Cu2p/2 (eV) Cupsma,smas (€V) E1V2p3/2 (eV) nCu2p3/2/nCc:3d nV2p3/2/nCc3d nCu2p3/2/nV2p3/2
1V10Ce - - 517.2 - 0.21 (0.101)* -

1Cul0Ce 934.0 917.2 - 0.24 (0.098)* - -

1CulV10Ce 933.9 917.6 517.0 0.51 (0.101)* 0.27 (0.102)** 1.89 (0.99)*
10CulV10Ce 933.5 918.0 516.7 5.62 (0.972)* 0.82 (0.097)* 6.85 (10.02)*

()* bulk atomic ratio determined by chemical analysis from Vernaison Analysis Center
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Cu?* dimers consisting to two Cu”* ions bridged by oxy-
gen. The same copper species were observed in both
samples (1CulV10Ce and 10CulV10Ce). The °'V-MAS-
NMR confirmed the presence of CeVO, phase for
1CulV10Ce sample and revealed polymeric V-O-V
chains in interaction with a copper ceria matrix for
10CulV10Ce. Finally, the XPS study showed an exaltation
of vanadium ions on the solid surface. Copper ions are
more preferentially incorporated than vanadium atoms in
ceria matrix. Thus the high copper content in the CuVCe
oxides inhibits the CeVO, phase formation.
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