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Crystalline copper doped ceria nanoparticles have been synthesized using cationic
surfactant     Cetyl trimethyl ammonium bromide, (CTAB) by a chemical
precipitation method. The synthesized powders were characterized by, X-ray
diffraction (XRD), UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS),
Photoluminescence (PL) spectroscopy and Atomic force microscopy (AFM)
respectively. The XRD pattern showed the cubic fluorite structure of CeO2 without
any impurity peaks, and it revealed that the high purity of the samples. The AFM
study showed the formation of spherical shape and uniform nano crystallites with
smooth morphology.
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INTRODUCTION
Rare-earth metal oxides arise great interest in materials
science, because the presence of 4f electrons results in
attractive optical, magnetic, and chemical properties [1]. Ceria
(CeO2) is one of the most frequently studied rare earth metal
oxides and possesses unique physicochemical properties, such
as absorption of ultraviolet radiation [2], gas sensing [3], and
catalytic properties [4, 5]. Moreover, it is a wide band gap
semiconductor, with a band gap of 3.2 eV [6]. Most of the
advanced applications of CeO2 generally appear in the
nanosized regime, in which many physical properties are
strongly size dependent and shows significant quantum size
effects. Previously, reported that the new potential applications
for nanometric ceria including solar cells, nanolasers, and
other highly functional and effective devices [7]. Several
techniques have been proposed to synthesize nano-sized CeO2

particles with promising control of properties, such as
combustion synthesis, spray pyrolysis, microemulsion, semi-
batch reactor, sonochemical, mechanochemical and sol–gel [8,
9]. However, it has difficult to obtain nanoparticles with low
degree of agglomeration or these techniques required a very
stringent control on various processing parameters, together
with a low production yield. Therefore, the simple and low
cost routes to synthesize CeO2 nanoparticles with low degree
of agglomeration are still the key issues in nano field. The
surfactant mediated chemical precipitation method can
overcome the above issues, owing to the advantages of simple
process, mild synthesis condition, easy scale-up and low cost
respectively. The surfactant not only provides favorable site
for the growth of the particulate assemblies, it also influences
the formation process, including nucleation growth,
coagulation and flocculation [10].

The present investigation describes the synthesis of CuO-CeO2

nanoparticles with low degree of agglomeration using cationic
surfactant Cetyl trimethylammonium bromide (CTAB). In this
connection, the present study is made an attempt to find out the
structural, morphological, and optical studies of the
synthesized samples. In addition, the formation mechanism of
CTAB passivated     CuO-CeO2 nanoparticles were discussed.

MATERIALS AND METHOD
Chemicals

Analytical grade ammonium ceric sulphate (NH4)4

[Ce(SO4)4].2H2O, copper acetate (C4H6CuO4.H2O), oxalic acid
[C2H2O4.2H2O] and  cetyl trimethyl ammonium bromide
(CTAB) [C19H42BrN], from Merck were used for the
preparation of CuO-CeO2 nanoparticles without further
purification. The water used in the entire experiment was ultra
pure in nature.

Synthesis of CTAB capped CuO-CeO2 nanoparticles

In a typical experiment, 0.2M of ammonium ceric sulphate was
dissolved in 25 ml of deionized water and 0.2M of  copper
acetate were mixed up drop by drop. Further, CTAB from
different concentrations (0.1-0.3g) were added to the above
solution. Finally, 0.3M of oxalic acid was dissolved in 25 ml
of deionized water, water and added drop wise to the above
mixed solution with vigorous stirring. The solution was heated
at 60 °C and continuously stirred for 5 hr using magnetic
stirrer. The gradual mixing of these solutions formed a pale
blue precipitate. Then, the precipitate was washed for several
times with water to remove the impurities. The obtained
product was dried in a hot air oven at 100 °C for 2 hr, and then
the product was annealed at 400 °C in muffle furnace for 6 hr
to get CuO-CeO2.

RESULTS AND DISCUSSION
Powder X-ray Diffraction Study (XRD)

Fig.1 shows the XRD patterns of surfactant (CTAB) assisted
Cu2+ doped CeO2 nanoparticles. The X-ray reflections from the
mesoporous capped CuO-CeO2 samples are relatively broad
and low in intensity, and this is due to the relatively small size
of the nanocrystalline Ce–Cu–O. If there is substitution of Cu2+

ion in the Ce4+ site, the lattice parameter should decrease, as
the ionic radius of Cu2+ (0.76 Å) is smaller than that of Ce4+

(1.01 Å). The two weak diffraction peaks associated with
characteristic of CuO can be detected at 35º and 38º in the
spectra [11]. The lattice parameters of cubic CeO2 slightly
decrease after the addition of copper species, which provides
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evidence that some Cu2+ ions are incorporated into ceria
lattice, probably forming Cu–O–Ce species, by considering
that the radius of Cu2+ ion is smaller than that of Cerium ions.
On CTAB capped CuO-CeO2, samples the grain sizes
decreases with increasing the concentration of surfactant. This
indicates that addition of surfactant has controlled the degree
of growth. The broad diffractions of the synthesized samples
indicating that the crystallite sizes are very small. The
crystallite size of the ceria nanoparticles was determined using
Scherer’s equation




Cos

K
D  (Å) ----------- (1)

Where, D is the particle diameter in Å, k is a constant (shape
factor) with a value of 0.89, β is the full width half maximum
and λ is the wavelength of the X-rays (1.5406 Å). The
determined sizes of the ceria nanoparticles were 7.2 nm for
0.1g, 6.3 nm for 0.2g and 4.8 nm for 0.3g of CTAB capping.
Among the three concentrations, on the basis of improved
crystallinity, 0.3g of CTAB was chosen as best concentration
of capping. The crystallite size of the sample prepared by
CTAB (0.3g) is smaller than that of other samples (0.1g &
0.2g of CTAB).

It seems that 0.3g CTAB is a more effective than the others for
inhibiting crystal growth. The smaller crystallite size derived
from 0.3g of CTAB surfactant may be attributed to the fact
that the nucleation and subsequent growth of particles took
place in a controlled manner on the smaller droplets of water
phase, which were dispersed in a continuous oil phase with
CTAB molecules residing at the interface [12]. The values of
lattice parameter (a) were calculated from the XRD spectra and
are listed in Table 1.

Ultra Violet- Visible Diffuse Reflectance Spectra (UV-Vis
DRS)

Fig.2 shows the UV-Vis DRS spectra of surfactant assisted
CuO-CeO2 nanoparticles. The spectra showed the samples
have intense absorption in the UV region, which trails into the
visible region of the spectra. If concentrations of the surfactant
increase the absorption edges of capped ceria were shifted

towards the lower wavelength region was observed. The band
gap energy (Eg) of copper doped CeO2 was obtained from the
wavelength value corresponding to the intersection point of the
vertical and horizontal part of the spectrum, using the equation


1240

Eg  eV ----------- (2)

The band gap energy corresponds to the absorption limit and
can be roughly evaluated by the above relation. Where, Eg is
the band gap energy (eV), h is the Planck’s constant (6.626 x
10-34 J s),   C is the light velocity (3 x108 m/s) and λ is the
wavelength (nm).

From Fig.2 the absorption edges are positioned at 323 nm and
312, and 310 nm which, corresponding the band gap values of
3.83, 3.97 and 4.0 eV for cerium oxide of CTAB addition
respectively. When the crystallite size of the material is less
than 10 nm and hence they obey the quantum confinement
effect. This phenomenon has been well explained for particle
sizes down to less than a few nanometers.  From our results,
the values of band gaps increased with decreasing crystallite
sizes, which exhibit blue shifts in the UV absorption spectra
inferred from the band gap calculated for surfactant assisted
CeO2 nanoparticles. This blue shift has been reported to be an
electrostatic potential effect due to a cerium valence change
when the particle size is larger than a few nanometers (e.g., ≥8
nm). The Ce4+ ions coexist with Ce3+ ions, and these ions can
be attributed to oxygen vacancies at the surface [13]. For
CeO2, the fundamental absorption is due to a charge transfer
between the full O2p and Ce4f states (O2p → Ce4f) in O2- and
Ce4+. The O2p →Ce4f transition is very sharp due to the low
energy broadening of the Ce4f band.

Photoluminiscence (PL)

The PL spectra of copper doped CTAB assisted CeO2

nanoparticles with the excitation wavelength of 320 nm are
shown in Fig.3. The weak emission UV peak at 344 nm is
corresponding to the near band-edge emission resulting from
the recombination of free excitons. The violet/blue light
emission peak at 401 nm observed with decreased particle size

Fig.1: XRD patterns of copper doped and different concentrations of
CTAB capped CeO2 nanoparticles

Table1 Structural properties of surfactant assisted CuO-CeO2 nanoparticles
CuO-CeO2 surfactant content for

gm
Average grain size from XRD

peak  (nm) Lattice constanta  (Å) Volume(Å³) X-Ray DensityDx

0.1g  CTAB Capped       CuO-CeO2 7.2 5.40 157.46 1.4519
0.2g  CTAB Capped       CuO-CeO2 6.3 5.44 160.98 1.420
0.3g  CTAB Capped       CuO-CeO2 4.8 5.41 158.34 1.443

Fig.2 UV-Vis DRS spectra of different concentrations of CTAB
capped CuO-CeO2
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could be explained by charge transitions from the 4f band to
the valence band of CeO2. It is easy to observe the hopping
from Ce 4f to O 2p. The low intense blue emission of the
cerium oxide samples at 468 nm is related to the abundant
defects such as dislocations which is helpful for fast oxygen
transportation. The defects energy levels between Ce 4f and O
2p are dependent on the temperature and density of defects in
the crystal [14].The weak blue-green emission peak at 481 are
possible due to surface defects in the CeO2 nanoparticles, the
low intensity of the green emission at 527 nm may be due to
the low density of oxygen vacancies during the preparation of
the CeO2 samples. It is noticed that there is a change in the
intensity of emission peaks by increasing the capping agent,
which indicates that the capping layers did result in size
changes or increased surface defect. As a result change in the
optical properties of synthesized copper doped CeO2

nanoparticles is ascribed to the effects of surfactant CTAB on
the band structures of ceria nanoparticles and further have
impacted the electronic transitions, give rise to uniform
particle growth behaviors, the content of oxygen vacancies,
and the presence of low valence ions [15-16].

Atomic Force Microscopy

AFM was used to investigate the surface morphology of the
surfactant assisted copper doped ceria nanoparticles. From the
Fig.4 capped (0.3g) copper doped ceria nanoparticles revealed
that the sample surface exhibits well defined crystalline
nanoparticles of spherical shapes with soft agglomeration to
some extent due to slow and mild combustion of CTAB
surfactant having particle size are less than 10 nm.

CONCLUSION
Copper doped CeO2 nanoparticles were successfully
synthesized using the cationic surfactant CTAB by chemical
precipitation method. The XRD patterns of pure and surfactant
assisted products show pure phase of cubic-fluorite ceria
structure. Among the various levels of capping, 0.3g was
chosen as best concentration showing smaller sized and well
crystalline nanoparticles of CeO2. However, capping of the
ceria nanoparticles with CTAB shows uncontrolled growth
behavior. The The UV–Vis DRS spectra showed the blue shift
phenomenon with band gaps of Eg = 3.8 - 4.0 eV, which was
attributed to the quantum confinement effect of ceria
nanoparticles. The sample also exhibited photoluminescence of
violet/blue light and weak green luminescence emission
around 527 nm. Because of its unique structure and properties,
the prepared CuO-CeO2 nanoparticles may be used as sensors
and optoelectronic applications. The AFM analyses showed
dense and uniform distribution of nanoparticles and are
spherical in shape with smooth morphology.
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