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�We have synthesized nanostructures
of ZrO2–Cuo doped with CeO2 by
simple chemical precipitation
method.
� The PL emission has emission bands

at UV and visible regions as a result of
2p ? 4f transition.
� In Surface analysis crystalline size of

nanosized powders were calculated
using BET techniques.
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a b s t r a c t

In the present study, the fluorite cubic phase of bare and ZrO2–CuO co-doped ceria (CeO2) nanoparticles
have been synthesized through a simple chemical precipitation method. X-ray diffraction results revealed
that average grain sizes of the samples are within 5–6 nm range. The functional groups present in the
samples were identified by Fourier Transform Infrared Spectroscopy (FTIR) study. Surface area measure-
ment was carried out for the ceria nanoparticles to characterize the surface properties of the synthesized
samples. The direct optical cutoff wavelength from DRS analysis was blue-shifted evidently with respect
to the bulk material and indicated quantum-size confinement effect in the nanocrystallites. PL spectra
revealed the strong and sharp UV emission at 401 nm. The surface morphology and the element consti-
tution of the pure and doped nanoparticles were studied by scanning electron microscope fitted with
energy dispersive X-ray spectrometer arrangement. The thermal decomposition course was followed
using thermo gravimetric and differential thermal analyses (TG-DTA).

� 2014 Elsevier B.V. All rights reserved.

Introduction

Nanomaterials contain particles with one dimension in the
nanometer regime. Recently, there is a growing interest from the
scientific community in the applications of these nanomaterials,
which are sometimes referred to as ‘‘the next industrial revolution’’
[1]. Nanoparticles have received much attention in the field of

material science because of their fascinating mechanical and
physico-chemical properties which are entirely different from their
bulk counterparts. Semiconductor nanoparticles are of great
interest due to their electronic and optical properties [2]. Among
these semiconductor nanoparticles, cerium oxide has been of great
interest in versatile applications due to its chemical stability and
close lattice parameter with silicon [3]. It is a noticeable functional
material with an extraordinary capacity to store and release oxy-
gen with cubic fluorite structure [4]. Among oxides, the cubic
CeO2 phase (fluorite) has long been considered as one of the most
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promising materials because of high refractive index, good
transmission in visible and infrared regions, strong adhesion, and
high stability against mechanical abrasion, chemical attack and
high temperatures [5]. Cerium oxide (CeO2) particles have been
extensively studied owing to their potential uses in many
applications, such as UV absorbents and filters [6,7], buffer layers
with silicon wafer [8], gas sensors [9], photo catalysts in the fuel
cell technology [10–12], catalytic wet oxidation [13], engine
exhaust catalysts [14], NO removal [15], and photo catalytic oxida-
tion of water [16]. However, the material performances in practical
uses are strongly influenced by the properties of constituent CeO2

particles. Many methods have been employed to produce doped-
cerium oxide nanoparticles such as the chemical precipitation,
sol–gel method, microwave-assisted hydrothermal processes
[17–23], mechano-chemical processing [24], polyvinyl pyrrolidone
(PVP) solution route [25], electrochemical synthesis [26], combus-
tion method [27], direct sono-chemical route [28] and gas–liquid
co-precipitation [29]. In this study, we have used the chemical-pre-
cipitation method to synthesize bare and co-doped CeO2 powders.
The main advantage of the chemical precipitation technique has
the capability of producing ultrafine powders with high purity
and homogeneous phase composition at lower temperatures.
Recently, simultaneous doping of two kinds of atoms (co-doping)
into semiconductor materials has attracted considerable interest,
as it could result in a higher photocatalytic activity and special
characteristics compared with single element doping into semi-
conductor oxides, such as Ag+ and La3+, metallic silver and V, Ga/
Al/Co co-dopants [30–32].

In the present work, we have synthesized ZrO2–CuO co-doped
ceria nanoparticles and the effects of doping on the structural
and optical properties of CeO2 were analyzed.

Materials and method

In the chemical precipitation method the, stoichiometric ratios
of the materials Ammonium Ceric Sulfate ((NH4)4 [Ce(SO4)4]�2H2-

O), Oxalic acid (C2H2O4�2H2O), Copper acetate (C4H6CuO4�H2O),
Zirconium nitrate (Zr(NO3)2�H2O) were used as precursors. All
chemicals were used as received in analytical reagent (AR) grade
with 99% purity. 0.2 M of ((NH4)4 [Ce(SO4)4]�2H2O) was dissolved
in 25 ml of deionized water and then stirred the solution
vigorously. Next the solution 0.2 M of (C4H6CuO4�H2O) and
(Zr(NO3)2�H2O) was dissolved in 10 ml of deionized water was
added drop wise to the solution. Finally 0.3 M of (C2H2O4�2H2O)
was dissolved in 25 ml of deionized water was added drop wise
to solution under vigorous stirring. The solution was heated at
60 �C and continuously stirred for 5 h using magnetic stirrer. By
gradually mixing these of solutions a pale blue precipitate were
formed. After the obtained precipitate was washed repeatedly
with deinosied water and then filtered. The precipitate was dried
in hot air oven at 100 �C for 1 h, and then the product was
annealed at 400 �C in muffle furnace for 6 h to get phase pure
and doped ceria nanopowders. The possible chemical reactions
are given below:

The preparation of bare and co-doped CeO2 nanoparticles by the
chemical precipitation method is illustrated in Scheme 1.

Results and discussion

Powder X-ray diffraction study (XRD)

The XRD pattern of bare and ZrO2–CuO–CeO2 is given in Fig. 1(a
and b). All the marked diffraction peaks of CeO2 can coincidently be
indexed by the standard CeO2 (JCPDS card No: 81-0792). The crys-
tallographic phase of bare CeO2 belongs to the face-centered cubic
(FCC) fluorite type and the space group Fm-3m. The relatively high
intensity of the plane (111) is indicative of anisotropic growth and
implies a preferred orientation of the crystallites. Fig. 1b shows the
XRD pattern of ZrO2–CuO–CeO2 nanoparticles. It is different from
that of bare CeO2 pattern. In the ZrO2–CuO–CeO2 system, there is
a shift in the diffraction peaks which correspond to ZrO2–CuO.
These shift at high angle side due to the dopant ions take intersti-
tial positions of host matrix (or) placed on a metal surface. This
confirms the loading of ZrO2–CuO on CeO2. Broadening of diffracto-
grams indicate that the reduction of the size of the particle when
compared to bare CeO2.

The crystallite size of the ceria nanoparticles was determined
using Scherrer’s equation,
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Scheme 1. Schematic representation for preparation of ceria Nps.
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