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ABSTRACT: CeO2−CuO nanorods with mesoporous structure were
synthesized by a facile and mild strategy, which involves an interfacial
reaction between Ce2(SO4)3 precursor and NaOH ethanol solution at
room temperature to obtain mesoporous CeO2 nanorods, followed by a
solvothermal treatment of as-prepared CeO2 and Cu(CH3COO)2.
Upon solvothermal treatment, CuO species is highly dispersed onto the
CeO2 nanorod surface to form CeO2−CuO composites, which still
maintain the mesoporous feature. A preliminary CO catalytic oxidation
study demonstrated that the CeO2−CuO samples exhibited strikingly
high catalytic activity, and a high CO conversion rate was observed
without obvious loss in activity even after thermal treatment at a high
temperature of 500 °C. Raman spectroscopy, X-ray photoelectron
spectroscopy (XPS), and hydrogen temperature-programmed reduc-
tion (H2-TPR) analysis revealed that there is a strong interaction between CeO2 and CuO. Moreover, it was found that the
introduction of CuO species into CeO2 generates oxygen vacancies, which is highly likely to be responsible for high catalytic
activity toward CO oxidation of the mesoporous CeO2−CuO nanorods.
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■ INTRODUCTION

Ceria has been widely studied as both catalyst and catalyst
support for various reactions because of its unique properties,
including excellent redox property and high oxygen storage
capacity.1−10 To enhance ceria catalytic activity, generally, one
may either optimize its morphologies/structures or combine it
with secondary species, for example, noble metals or other
metal oxides, to form composites.11−23 In the former strategy,
various kinds of morphologies/structures of ceria have been
designed and realized and its structure-dependent properties
have been well studied as well.7,12−14 Especially, the structure
with high surface area, for example, a mesoporous structure, is
highly desired since this kind of structure not only facilitates the
dispersion of secondary components, but also enables reactant
molecules to diffuse into the active sites easily.8,15,16,24 In the
latter strategy, although incorporated noble metals can
significantly enhance the catalytic activity of ceria, their high
price and limited resource hinder their practical applications to
a certain extent. Alternatively, due to the synergistic effect,
ceria-based bimetal oxides by combining ceria with other cheap
transition metal oxides exhibit remarkable catalytic activity,
which is even comparable to that of noble metal-based catalysts

in some reactions.19 Therefore, the construction of ceria-based
bimetal oxides with high surface area could take full advantages
of two strategies stated above, and thus is of particular interest
to optimize their catalytic activities.
Among ceria-based bimetal oxides, CeO2−CuO is one of

most widely studied catalysts for CO oxidation, preferential
oxidation, and water−gas shift owing to its high activity and
good selectivity as well as low price.19,25−34 Until now,
precipitation,27,28 impregnation,29−32 and sol−gel25,33 are
commonly used methodologies to synthesize CeO2−CuO
catalysts. However, it is difficult to control morphology of the
obtained catalysts, and furthermore, high temperature calcina-
tion is a necessary step in these methodologies. In addition, the
obtained particles generally have a large size, low specific
surface area and porosity. In order to increase the surface area
of CeO2−CuO composites, nanocasting has been employed.
For example, Shi et al. prepared mesoporous CeO2−CuO
composites by a two-step approach, in which mesoporous
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CeO2 was first synthesized via nanocasting route followed by
etching off silica KIT-6 hard template by NaOH solution, and
then CuO was loaded into the CeO2 through impregnation
method.32 In another case, Zhou et al. prepared mesoporous
CeO2−CuO composites by conanocasting technique, in which
mixed Ce and Cu precursor solutions were coimpregnated into
the mesoporous KIT-6 template, followed by calcination and
template removal.33 Although the nanocasting method provides
a general and promising way in the synthesis of mesoporous
materials, there are still remaining challenges with this strategy:
the requirement of many synthesis steps, high temperature for
calcination, and harsh conditions for template-removal process.
Porous/hollow CeO2−CuO composites with high surface

area can also be obtained through thermal decomposition of
suitable precursors. For example, hollow CeO2 was first
obtained via calcination of Ce(OH)CO3, which was prepared
in the presence of acrylamide and ammonia under a
hydrothermal condition for 72 h at 180 °C, and CuO was
subsequently loaded by impregnation and calcination.34 Hu et
al. also prepared porous CeO2−CuO composites through
thermal decomposition of Ce−Cu binary precursor, which was
synthesized from hydrothermal treatment of Ce(NO3)3,
Cu(NO3)2, and urea mixed solution.27 Recently, Zhang group
synthesized porous CeO2:Cu nanorods and nanobundles by
means of calcination of Ce(Cu)-1,3,5 benzenetricarboxylic acid
nanocrystals at 600 °C.25 When porous CeO2−CuO
composites are derived from corresponding precursors, as
stated in above examples,25,27,34 the selection of precursors with
designed structure becomes particularly important. An ideal
precursor should (1) be easily prepared to simplify the whole
preparation process, (2) be easily transformed into CeO2−
CuO, that is, avoiding calcination at high temperature, and (3)
have a well-controlled morphology. Therefore, the develop-
ment of novel precursors remains one of the hottest topics for
construction of porous CeO2-based binary metal oxides.
So far, various cerium-containing precursors, for example,

Ce-alkoxide,15 Ce(OH)CO3,
35,36 and Ce2(C2O4)3,

37 are used
to construct CeO2 or CeO2-based composites. For example, we
have prepared Ce−Mn binary oxide nanotubes by the
interfacial reaction between Ce(OH)CO3 templates and
KMnO4 aqueous solution.36 However, very little attention is
paid to Ce2(SO4)3 as a precursor, possibly due to its high
decomposition temperature (up to 850 °C for transformation
into CeO2) and water-soluble characteristic. Recently, we
synthesized hierarchically flowerlike CeO2 by means of
interfacial reaction between Ce2(SO4)3 and NaOH, and
demonstrated that the as-prepared CeO2 is a good support
for Au nanoparticles toward CO oxidation reaction in
comparison to the CeO2 derived from direct calcination of
Ce2(SO4)3.

38 The advantages of choosing water-soluble
Ce2(SO4)3 as precursor involve its easy preparation without
the aid of surfactants, well-controlled morphology, and efficient
transformation into CeO2 without calcination. Furthermore,
the residual Ce2(SO4)3 can be washed away completely by
water after interfacial reaction. Considering the advantages of
one-dimensional structures and the synergistic effect in CeO2-
based bimetal oxide composites, herein, we choose Ce2(SO4)3
nanorods as the precursor to synthesize mesoporous CeO2−
CuO bimetal oxide nanorods. The obtained CeO2−CuO
composites not only inherit initial rod-morphology of the
Ce2(SO4)3 precursor, but also generate mesoporous structure.
Owing to the mesoporous structure, homogeneous dispersion
of CuO, and close contact between CeO2 and CuO, the as-

prepared mesoporous CeO2−CuO rods exhibit enhanced
catalytic activity toward CO oxidation. Although the focus
herein is on the CeO2−CuO, we also demonstrate that this
method can be easily extended to synthesize other mesoporous
structures, such as Ce−Ni and Ce−Co oxide composites.

■ EXPERIMENTAL SECTION
Materials. Cerium(III) chloride heptahydrate (CeCl3·7H2O),

copper(II) acetate monohydrate (Cu(CH3COO)2·H2O), nickel(II)
acetate tetrahydrate Ni(CH3COO)2·4H2O), cobalt(II) acetate tetra-
hydrate (Co(CH3COO)2·4H2O), sodium hydroxide (NaOH), con-
centrated sulfuric acid (H2SO4), and ethanol were purchased from
Sinopharm Chemical Reagent Co. Ltd. All the chemicals were of
analytical grade and used as received without further purification.

Synthesis of Ce2(SO4)3 Precursor. Ce2(SO4)3 nanorods were
prepared by mixing CeCl3·7H2O and H2SO4 in ethanol. In a typical
synthesis, 148 mg of CeCl3·7H2O was first dissolved in 14.7 mL of
anhydrous ethanol under vigorous magnetic stirring. Then, 1.3 mL of
H2SO4 (0.75M) was added into the ethanol solution. The obtained
white slurry was transferred into a Teflon-lined steel autoclave and
heated for 3 h at 160 °C in an electric oven. Finally, the white product
was collected by centrifugation and washed 3 times with absolute
ethanol followed by drying at 80 °C overnight.

Synthesis of CeO2. Mesoporous CeO2 nanorods were prepared
through the interfacial reaction between Ce(SO4)3 nanorods and
NaOH. In a typical procedure, saturated NaOH ethanol solution was
first prepared by dissolving NaOH into ethanol under ultrasonication
and stirring for 1 h. Then 150 mg of as-prepared Ce2(SO4)3 precursor
was added into 30 mL of saturated NaOH ethanol solution and kept
still for 2 days. Finally, the sample was washed with adequate ultrapure
water 3 times followed by drying at 80 °C.

Synthesis of CeO2−CuO. Different amounts of Cu(CH3COO)2·
H2O were dissolved in 16 mL of ethanol under stirring. Then the as-
prepared CeO2 was added into the above clear green solutions under
stirring. Subsequently, the obtained slurry was transferred into a
Teflon-lined stainless steel autoclave and heated at 120 °C for 12 h.
Finally, the sample was thoroughly washed with ultrapure water and
dried at 80 °C.

Characterization. The phases and purity of the prepared samples
were studied by X-ray powder diffraction (XRD) performed on a
Rigaku D/Max-γA rotating anode X-ray diffractometer with Cu Kα
radiation (λ = 1.54178 Å). N2 adsorption−desorption isotherms were
acquired using a Micromeritics ASAP 2020 surface area and pore size
analyzer at 77 K. Before the measurement, the samples were outgassed
in vacuum at 300 °C for 3 h. The surface areas were then estimated by
the Brunauer−Emmett−Teller (BET) method, and the pore size
distribution was calculated from the desorption branch using the
Barrett−Joyner−Halenda (BJH) method. The morphology and
structure of samples were studied by transmission electron microscopy
(TEM; JEM 2100) and X-ray photoelectron spectrometer (XPS) with
Al Kα radiation. The sample was dropped onto Au grid to analyze
energy dispersive spectroscopy (EDS). Hydrogen temperature-
programmed reduction (H2-TPR) experiment was performed with a
thermal conductivity detector on 50 mg sample in 80% (molar) argon
and 20% (molar) hydrogen gas mixture, using a gas flow rate of 100
mL min−1 with a temperature ramp rate of 10 K min−1. Micro-Raman
measurements were taken with an LabRAM HR800 equipped with an
excitation laser of 633 nm. The Cu contents in CeO2−CuO samples
were determined by inductively coupled plasma mass spectrometer
(ICP-MS, Thermo Scientific XSeries-2).

Catalyst Test. Catalytic activity was studied using a continuous
flow fixed-bed microreactor at atmospheric pressure. In a typical
experiment, the system was first purged with high purity N2 gas and
then a gas mixture (1% CO, 10% O2, 89% N2) passed through the
reactor at a flow rate of 50 mL/min, corresponding to a space velocity
of 60 000 mL·h−1·g−1 of catalyst. Composition of the gas exiting from
the reactor was analyzed with an online infrared gas analyzer
(Gasboard-3100, China Wuhan Cubic Co.), which can simultaneously
detect CO, CO2 and O2.
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■ RESULTS AND DISCUSSION
Since Ce2(SO4)3 is soluble in water, ethanol was chosen as
reaction medium for the synthesis of CeO2.

39 The phase purity
and crystal structure of the synthesized samples were first
examined by XRD. As shown in Figure 1, the Ce2(SO4)3

precursor mainly exists as orthorhombic Ce2(SO4)3·nH2O
(JCPDS file no. 38-0572). In view of the great diversity of
Ce2(SO4)3 in hydrate number, other phases with different
hydrate number possibly coexist.40 After reaction at room
temperature for 2 days, followed by a thorough water-washing
step, the diffraction pattern of the sample can be well indexed
as a pure, face-centered cubic phase of ceria (JCPDS no. 34-
0394). It is reasonable that the residual Ce2(SO4)3, if any, could
be washed away by water during the sample purification
process. Upon solvothermal reaction of the mixture of CeO2
and Cu(CH3COO)2, no characteristic diffraction peaks of CuO
were observed with the prepared sample. It indicates that either
the CuO species is well dispersed onto the CeO2 surface or/
and copper is incorporated into the CeO2 lattice. The broad
diffraction peaks in both CeO2 and CeO2−CuO samples reveal
their small crystalline size. Following the Scherrer equation,
CeO2 and CeO2−CuO samples were found to show similar
crystallite size, which is 2.9 nm for CeO2 and 3.1 nm for
CeO2−CuO.
The morphology of the samples was investigated by TEM.

Figure 2a shows that the as-synthesized Ce2(SO4)3 precursor is
characteristic of one-dimensional rod structure. After the
Ce2(SO4)3 precursor was treated with NaOH in ethanol,
most of the synthesized CeO2 nanostructures still maintain the
rod morphology of the precursor. But interestingly, porous
characteristic can now be clearly identified in these nanorods
(Figure 2b). After further reaction between CeO2 and
Cu(CH3COO)2 at 160 °C, the obtained CeO2−CuO
composites still keep the rod morphology with porous structure
without any obvious disturbance from severe solvothermal
treatment (Figure 2c-f). Some pores spread over the rod, as
shown in Figure 2e, f. The lattice fringes are clearly visible with
spacing of 0.31 nm and the measured interplanar angle of
around 70.5°, corresponding to the {111} crystal planes of ceria
(Figure 2f).
To further investigate the elemental distribution of Ce and

Cu in the porous nanorods, high angle annular dark field
(HAADF)-scanning transmission electron microscopy (STEM)

image and elemental maps of an individual rod are collected. As
shown in Figure 3, Ce, Cu, and O are uniformly distributed in
the whole porous nanorod. This kind of uniform elemental
distribution is absolutely favorable for the interaction between
CeO2 and CuO.

Figure 1. XRD patterns of Ce2(SO4)3, CeO2, and CeO2−CuO (9 mol
%) composites.

Figure 2. TEM images of (a) Ce2(SO4)3, (b) CeO2, and (c−f) CeO2−
CuO (9 mol %) with different magnifications. Some mesopores are
outlined by white dashed lines in (f). Inset in (b) is the magnified
image of CeO2 porous nanorod.

Figure 3. HAADF-STEM image (a), and Ce (b), O (c), and Cu (d)
STEM-EDX maps of an individual CeO2−CuO (9 mol %) rod. Scale
bar: 50 nm.
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The nitrogen adsorption−desorption isotherms of CeO2 and
CeO2−CuO composites exhibit the type-H3 hysteresis loop
that is characteristic of mesoporous materials (Figure 4). The
measured BET areas are around ∼105 m2 g−1 for CeO2 and
∼104 m2 g−1 for CeO2−CuO. The corresponding pore size
distribution curves, determined from the desorption branches
using the BJH method, are shown in the insets in Figure 4.
They clearly confirm that both of the CeO2 and CeO2−CuO
samples show bimodal size distributions of pores, which are
composed of the mesopores of ∼3.5 nm in diameter and large
voids ranging from 20 to 160 nm. The significant increase in
surface area of CeO2, compared with that of Ce2(SO4)3 (∼7.4
m2 g−1) (Figure S1), further implies generation of mesopores
within CeO2, which is consistent with the TEM results.
Since hydrated Ce2(SO4)3 has a chain structure by the edge

sharing of cerium polyhedra that are held together by sulfate
group,39 the Ce2(SO4)3 prepared by mixing CeCl3 and H2SO4
could develop into rod morphology under solvothermal
conditions. Upon the addition of Ce2(SO4)3 nanorods into
NaOH ethanol solution, there is a liquid−solid interface
reaction between the Ce2(SO4)3 and OH−. The Ce3+ ions
slowly dissociated from Ce2(SO4)3 react with OH− to generate
Ce(OH)3, which is easily converted into CeO2 through
oxidation-dehydration during the drying process. The decrease
in density from Ce2(SO4)3 to CeO2 and the loss of crystal water
from Ce2(SO4)3 precursor are possibly responsible for the
generation of pores in CeO2.

38 A little amount of residual
Ce2(SO4)3 precursor, mainly located at central part of rods,
would be removed during the purification process by water,
creating hollows in those rods (Figure 2b and Figure S2).
During the second solvothermal process, alcoholysis of
Cu(CH3COO)2 produces Cu(OH)2 on the surface of CeO2,
followed by decomposition of Cu(OH)2 into CuO. The
formation mechanism is illustrated in Scheme 1. When

Ce2(SO4)3 nanorods were directly mixed with Cu(CH3COO)2
under the same experimental conditions, separate, spherical
CuO nanoparticles with the average diameter of ∼50 nm were
obtained instead of the rod structure (Figure 5a). XRD analysis

indicates that the product is crystalline CuO with monoclinic
phase (JCPDS file no. 44-0706) (Figure 5b). These results
demonstrate that the well dispersion of CuO onto mesoporous
CeO2 surface could be ascribed to hydroxyl groups on the
CeO2 surface, which easily interact with Cu(OH)2 nuclei
through hydrogen bond. Using the same approach, mesoporous
Ce−Ni and Ce−Co oxide composites were synthesized when
mesoporous CeO2 rods were mixed with Ni(CH3COO)2 or
Co(CH3COO)2, where pores were once again observed in
TEM images (Figure 5c, d) and both Ce and Ni or Ce and Co
elements coexist in the selected rods (insets in Figure 5c, d).
These results demonstrate the importance of formation of the
porous CeO2 nanorods and the universality of this strategy in
the synthesis of mesoporous binary metal oxide nanorods.

Figure 4. Nitrogen adsorption−desorption isotherms and corresponding BJH pore size distributions (insets) for the CeO2 (a) and CeO2−CuO (9
mol %) composite (b).

Scheme 1. Schematic Illustration of Formation of CeO2−
CuO Mesoporous Structured Materials

Figure 5. TEM image (a) and XRD pattern of CuO (b). TEM images
of Ce−Ni (c) and Ce−Co (d) composites. Insets in (c) and (d) are
corresponding EDS patterns.

ACS Applied Materials & Interfaces Research Article

DOI: 10.1021/acsami.5b06495
ACS Appl. Mater. Interfaces 2015, 7, 23538−23544

23541

http://pubs.acs.org/doi/suppl/10.1021/acsami.5b06495/suppl_file/am5b06495_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsami.5b06495/suppl_file/am5b06495_si_001.pdf
http://dx.doi.org/10.1021/acsami.5b06495


As aforementioned, CeO2−CuO composites are being used
in many catalytic reactions.25−34 Herein, CO catalytic oxidation,
being a model reaction, was carried out to evaluate the catalytic
performance of the obtained CeO2−CuO nanorods with
different Cu contents and porous CeO2 for comparison.
Their light-off curves for CO oxidation are presented in Figure
6a. Since mesoporous CeO2 has a similar physical feature to
that of CeO2−CuO, for example, surface area, pore size, and
pore volume (Table S1), the enhanced catalytic activity of
CeO2−CuO must be due to the incorporation of CuO into
porous CeO2 instead of their difference in physical features.
Specifically, when 5.6 mol % CuO was introduced, T50

(temperature at which 50% CO conversion has been achieved)

decreased to ∼139 °C, in contrast to ∼336 °C for porous
CeO2. With further increase of CuO content to 9 and 14.1 mol
%, even higher catalytic activity was achieved, with their T50

decreasing to ∼104 and ∼101 °C, respectively. The stability of
catalyst is another important performance indicator. To study
the durability of the mesoporous catalyst, the CeO2−CuO (9
mol %) sample was selected as a typical example and CO
oxidation reaction was continuously carried out for 48 h. As
shown in the inset of Figure 6a, CO oxidation of 81% could still
be achieved with only ∼10% of decrease in the catalytic activity
in comparison with initial conversion at 120 °C. To study the
thermal stability of the CeO2−CuO catalyst, the sample was
precalcined at 500 °C for 2 h. As shown in Figure S3, the

Figure 6. (a) CO conversion as a function of temperature for mesoporous CeO2 (blue sphere), CeO2−CuO (5.6 mol %) (purple star), CeO2−CuO
(9 mol %) (pink sphere), and CeO2−CuO (14.1 mol %) (white triangle). Inset in (a) is the stability testing of CeO2−CuO (9 mol %) catalyst at 120
°C for catalytic oxidation under the conditions of (a). (b) H2-TPR profiles of CeO2−CuO (9 mol %) sample (red line) and pure CuO (black line).

Figure 7. XPS spectra of (a) Ce 3d, (b) O 1s, (c) Cu 2p, and (d) Raman spectra of CeO2 and CeO2−CuO (9 mol %) composites. Blue curves refer
to CeO2, and red ones refer to CeO2−CuO.
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calcined sample essentially maintained the high catalytic activity
and complete CO oxidation was observed at 160 °C, although
the sample surface became rougher and crystallite size increased
(Figure S3 inset and Figure S4).
The CO oxidation reaction is dependent on the redox

properties of catalysts. Herein, H2-TPR analysis was performed
to gain the information about the reducibility and the chemical
state of copper species of the as-prepared CeO2−CuO (9 mol
%) composite. In general, a H2 consumption peak centered at
around 300 °C was observed in the pure CuO sample that was
synthesized using a conventional precipitation method, while
two peaks located approximately at 450 and 850 °C were
observed for the pure CeO2 sample.26,33 As shown in Figure 6b,
the H2-TPR reduction peak of CeO2−CuO (9 mol %)
composite is located at ∼196 °C, which can be attributed to
the reduction of the highly dispersed, small sized CuO species.
Compared with the reduction of pure CuO (∼286 °C), the
decrease in the reduction temperature of CuO in the prepared
CeO2−CuO composite reveals the strong interaction between
the CuO species and the CeO2.

28,31

In order to illuminate the surface composition of as-prepared
samples and to acquire detailed information on the chemical
states of the related components, XPS was performed. As
shown in Figure 7a, for the Ce 3d spectrum, both samples
exhibit similar profiles where the six peaks marked as v, v//, v///,
u, u//, and u/// are associated with Ce(IV), while the four peaks
marked as v0, v

/, u0, and u/ correspond to Ce(III).15,28,31 In
addition, the XPS O 1s spectra for the CeO2 and CeO2−CuO
were also examined (Figure 7b). In general, the main peak in
the range of 529−530 eV can be indexed to the lattice oxygen
and the peak located at high binding energy ranging from 531
to 532.8 eV is assigned to defective or adsorptive oxygen
species in CeO2. With the stronger Oβ peak, the CeO2−CuO is
expected to have a better capacity for oxygen storage.26 In
addition, the peak at 933−934.2 eV in combination with the
appearance of a shakeup peak, characteristics of Cu 2p3/2, and
the peak at 952.5−953.3 eV, characteristics of Cu 2p1/2 were
observed, indicating that Cu mainly exists as Cu(II) in the
CeO2−CuO sample (Figure 7c). This sample was further
studied by performing Raman spectroscopy measurements. As
shown in Figure 7d, the peak centered at ∼458 cm−1 is assigned
to the F2g Raman active mode of cubic-phase CeO2,
corresponding to the symmetric breathing mode of oxygen
atoms around cerium ions. However, a relatively high intensity,
broad band between 550 and 650 cm−1, which is commonly
related to the presence of oxygen vacancies,26,29,30 is clearly
present in the Raman spectrum of the CeO2−CuO sample
compared to that of the CeO2. This observation demonstrates
the presence of increased number of oxygen vacancies in the
composite sample.
During CO catalytic oxidation, it is widely accepted that the

whole process mainly involves the adsorption and desorption of
gas molecules on the surface/or at the interface of the catalyst.
In the case of CeO2−CuO, the incorporation of CuO species
into CeO2 could largely promote the creation of oxygen
vacancies at or around the CeO2−CuO interface in the
presence of an appropriate amount of CuO, if any CuO enters
the lattice of CeO2, or there is strong interaction between CuO
and CeO2 across the interface.26,27 In turn, the oxygen
vacancies increase the adsorption amount and capacity of
CeO2−CuO for oxygen molecules, and promote the dissoci-
ation of O2 into Oads, thus facilitating the CO oxidation.26,33

The number of oxygen vacancies will increase with increasing

Cu doping, which in principle leads to higher catalytic activity
of CeO2−CuO sample. However, an excessive amount of CuO
doped into CeO2 may block the pore channel and cover the
active sites of CeO2, consequently, resulting in reduced catalytic
activity.19

■ CONCLUSIONS
In summary, mesoporous CeO2−CuO binary oxide nanorods
were successfully fabricated by an interfacial reaction between
Ce2(SO4)3 nanorods and NaOH in ethanol, followed by a
solvothermal process with Cu(CH3COO)2. The advantages of
choosing Ce2(SO4)3 as precursor include its easy preparation,
well-controlled morphology, and efficient transformation into
CeO2 without calcination. More importantly, the trans-
formation from Ce2(SO4)3 into CeO2 enables the formed
CeO2 and CeO2−CuO mesoporous structures keeping initial
rod morphology. Meanwhile, the as-prepared mesoporous
CeO2−CuO nanorods display enhanced catalytic activity
toward CO oxidation. This work also provides a simple
approach for preparing porous binary metal oxide materials
with an interesting mesoporous structure from water-soluble
precursors by means of the interfacial reaction.
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