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Abstract
Nanomaterials have achieved remarkable technological advances in bulk materials

due to their excellent physical, chemical and biological properties. cerium oxide (CeO2)
nanostructured doped with Fe ions is attractive due to improvement in redox properties,
transport property and surface-to-volume ratio. In this research, Fe-doped CeO2

nanoparticles (NPs) were prepared by simple solgel method. The as-synthesized and
annealed samples were studied by transmission electron microscopy (TEM), field
emission scanning electron microscopy (FESEM) and x-ray diffraction (XRD). The
XRD result revealed the cubic crystal structure of Fe-doped CeO2 NPs. The FESEM
images showed that the uniformity of the NPs increase with increasing calcination
temperature. The TEM studies demonstrated the 20 nm uniform NPs.
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Introduction
Metal oxide semiconductor (MOS) NPs have greatly

applications such as magnetic recording media,
nanocatalysis and biology sciences [1–28].
Nanostructured materials are one of the most popular
materials in science and engineering and will have many
applications in the coming technologies [29-36].

Due to excellent physical and chemical properties
such as fuel cells, CeO2 has recently received much
attention [37]. Cerium oxide is one of the most
important rare earth metal oxides and has many
applications in the industry, including in solid oxide
catalysts and fuel cells. Cerium oxide, as a relatively
high dielectric constant, has attracted researchers'
attention in applications such as dielectric capacitors
available in dynamically accessible memory and oxygen

sensors. Another important application is magnetic
oxides diluted at a temperature higher than room
temperature, creating a new classification for the study
of magnetic properties. This kind of oxide has a
potential electrolyte for medium-temperature solid
oxide fuel cells and has recently become a promising
material for second-generation spintronics due to the
ferromagnetic properties observed at room temperature.
Nanostructured materials based on CeO2 have achieved
significant impact in practical applications due to the
overall improvement of catalytic, electrical and optical
properties. Solid oxide fuel cell technology is currently
the most suitable field in which CeO2 applications can
be found. CeO2 is a semiconductor with UV (λ ≥
388nm, Eg= 3.2eV) and visible light absorption.

Defects of CeO2 include rapid formation and
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elimination, and formation in the concentrated or
decentralized 4f electron layer. The doping element
needs to be biocompatible. In that context, Fe3+ seems to
be a good candidate for cosmetic application, which has
not yet been studied for UV filtration applications.
Indeed, this biocompatible element has a lower valence
state than Ce4+, as well as being cheap and abundant.
Furthermore, it can bring a brown color to the CeO2

phase, which is naturally pale yellow in colour,and thus
give a brown tinge to the final product [38]. High
oxygen storage capacity is one kind of applications of
Fe-doped CeO2.

Fe3+-doped CeO2 nanocrystals have been prepared by
various methods such as sol–gel [39], hydrothermal
[40], coprecipitation method [41] and ball milling
process [42]. Among these methods, the sol gel method
has been widely used for easy reaction control and
synthesis of single-size nanoparticles [17].

Materials and Methods

Fe-doped CeO2 NPs were fabricated by a simple
solgel synthesis. Firstly, 3g CeCl2·5H2O was dissolved
in 100 mL pure water and then 3g FeCl3.6H2O was
disolved to the solution and then stirred at room
temperature for 10 min and finally synthesis
temperature was increased to 85oC. The pH=4 was
adjusted during the fabrication. The product were
synthesized for 3 hours and annealed at 500oC for 3
hours. The crystal structure and morphology of the as-

prepared and calcined NPs were done by XRD, FESEM
and TEM analyses.

Results and Discussion

Crystal structure and crystalline phases was
identified by XRD analysis.  Figure 1 shows the XRD
spectra of the sample after calcination at 500 oC for 3
hours. The peaks, which were formed at 2θ angles of
28.67°, 33.25°, 47.59°, 56.45°, 69.53°, 76.80° and
79.16°, were indexed to the x-ray reflections of (111),
(200), (220), (311), (400), (331) and (420) respectively,
representing the cubic structure (according JCPDS Card
no. 21-1272). The average size of the NPs has been
determined by Sherrer formula [43].

The crystallite size for as-synthesized sample was
determined in the range size of 15-25 nm from the
Sherrer formula. The results showed that iron impurities
ions penetrate the crystalline network of cerium oxide
nanoparticles and decrease their size in the boundaries.
In addition, the increase in iron ions dopant increases
the depletion in the Ce network through the oxygen
present in the crystalline network, thereby reducing the
size of the nanoparticles. In fact, doped ions of iron are
dispersed in the CeO2 lattice and replaced with cerium
atoms. In addition, decrease in the size of the particles is
due to adding Fe atoms on the surface of the
nanoparticles.

In order to specify the morphology of the samples,
FESEM analysis was used for as-prepared and annealed

Figure 1. XRD pattern of annealed Fe-doped CeO2 sample
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NPs. Figure 2(a) reveals the FESEM image of the as-
synthesized Fe-doped CeO2 NPs. Figure 2(b)
demonstrates the FESEM image of the heated FeCe NPs
at 500oC for 3 hours. The FESEM analysis shows that
the uniformity of the particles increase with increasing
annealing temperature. In fact, the interatomic forces

increase with decreasing size of the nanoparticles,
causing the nanoparticles to become closer to each
other, resulting in their aggregation. The results is in
correspondence with the average size of the
nanoparticles measured by XRD analysis.

To estimate the actual size and shape of the NPs

Figure 2. FESEM images of the (a) as-prepared (b) annealed Fe-doped CeO2 NPs at 500 oC
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TEM analysis was carried out. Figure 3 shows the as-
prepared TEM image of Fe/CeO2 NPs with mean
diameter of 20 nm prepared by solgel method. TEM
also shows that the particles have been aggregated,
which is due to the removal carboxylic group at 500oC.

Conclusions
Fe/CeO2 NPs have been fabricated using simple

solgel method. XRD spectrum shows single-crystal with
face-centered cubic crystal cell of the CeO2 structure
and crystallizes in the cubic Fm-3m space group.
FESEM images showed that the uniformity of the
annealed NPs increased with less agglomeration. TEM
image exhibits good uniformity of the as-prepared Fe-
doped CeO2 NPs with a mean diameter of 20 nm.
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