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Introduction

Interest in the fabrication of inorganic particles with con-
trolled size and shape is driven by their potential unique and
tunable physical properties and the desire to engineer
advanced bulk materials from micro- or nano-scale building
blocks [1, 2]. CeO, is a technologically important rare earth
material because of its wide applications as fast ion con-
ductors, oxygen storage capacitors, catalysts, UV blockers,
polishing materials, and optical displays [3—7]. Both single
crystal and polycrystalline ceria micro- or nano-structures
with different shapes, such as nanopolyhedra [8], nanocubes
[9], nanospheres [10], nanorods/nanowires [11-16], core-
shell nanowires [17], nanotubes [18, 19], and triangular
microplates [20] have been synthesized by us and other
research groups in recent years. It is found that the properties
and applications of micro- or nano-materials are related to
their morphologies and sizes. For example, Guo et al. [20]
synthesized CeQO, triangular microplates by a thermal
decomposition—oxidation process using Ce(OH)CO3 micro-
plates as the precursor, and suggested that these materials
with triangular structures could find potential applications in
multiple fields as catalysts, storage hydrogen devices, and
optically or electrically functional host materials. Zhong
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et al. [21] reported that the flowerlike micro-ceria can be
used as not only an effective sorbent for the removal of
pollutants in water treatment but also as an excellent support
for gold nanoparticles to remove CO by catalytic oxidation,
demonstrating a promising potential in environmental
remediation. Sun et al. [22] reported that the monodisperse
flowerlike ceria microspheres can be used as a support for
catalysts with various purposes. Previous reports show that
micro-ceria with the special morphology has a potential
application in various fields. However, few studies have been
reported on the fabrication of CeO, rhombic microplates.

Recently, we synthesized CeO, nanoplates, nanorods, and
nanotubes using CTAB as a surfactant under a low-temper-
ature hydrothermal condition [23], and we also developed a
facile template-free liquid precipitation method to synthe-
size CeO, nanorods, nanotubes, nanowires, and nanocubes
[24]. Herein, we first report a simple surfactant-assisted
method to synthesize CeO, rhombic microplates.

Experimental section

All chemicals supplied by Shanghai Chemical Reagent
Company (P. R. China) were of analytical grade, and were
used as purchased without further purification. Deionized
water was used throughout.

In a typical synthesis, a mixture of 1.0 mmol Ce(NOj3);
and 20.0 mmol urea was first uniformly dispersed in
40 mL deionized water with the assistance of ultrasonic
radiation at room temperature, in which 0.1 mmol CTAB
was added. The obtained solution was refluxed with agi-
tation for 10 h. After rinsing repeatedly and drying at
60 °C, the final product was obtained by calcination at
~500 °C in air for 0.5 h to obtain the desired crystalline
and to remove the CTAB [20].
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The samples were observed by a field emission scanning
electron microscope (SEM, JEOL JSM-6700F) and a trans-
mission electron microscope (TEM, JEOL JEM-2010F), and
the powdered samples were dispersed in absolute ethanol
by ultrasonication for 10 min in a KQ-250B ultrasonic bath.
X-ray diffraction (XRD) measurements were performed
with Rigaku D/MAX-RB X-ray diffractometer by using Cu
Ko (40 kV, 40 mA) radiation and a secondary beam graphite
monochromator.

Results and discussion

The direct evidence of the formation of CeO, rhombic
microplates was given by SEM and TEM images. Figure 1
shows that the obtained products possess regular rhombic
platelike structures with sharp corners and a smooth sur-
face, and the edge length of rhombic plates ranges from
500 nm to 2 pm. The SEM image (Fig. 1b, inset) shows
that the thickness of rhombic plates is 100400 nm.
The BET surface area of CeO, rhombic microplates is
29.1 m%/g, which is calculated by nitrogen adsorption—
desorption measurements.

The phase of the sample was examined by XRD as
shown in Fig. 2. It is confirmed that the obtained ceria
rhombic microplates are pure phase products with a face-
centered cubic structure according to JCPDS 78-0694. No
obvious peaks corresponding to cerium nitrate or other
cerium oxides were observed in the powder pattern.
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Fig. 2 XRD pattern of CeO, rhombic microplates

The formation process of CeO, rhombic microplates has
also been investigated. In this preparation experiment, the
surfactant CTAB plays an important role in the formation
of CeO, rhombic microplates. When the reaction was
carried out without the aid of CTAB, no rhombic micro-
plates but the irregular particles as shown in Fig. 3a. It is
noted that these irregular particles are in the range of
500 nm to 2 pum with irregular edges and corners.
Figure 3b shows that CeO, rhombic microplates are
formed with the addition of CTAB, but the size distribution
is wide. It is clear that the particle size is becoming uniform
with increasing the ratio of CTAB. So it may be suggested

Fig. 1 SEM (a, b) and TEM (c, d) images of CeO, rhombic microplates
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Fig. 3 TEM images of samples
(a) prepared without CTAB, (b)
prepared with the addition of
CTAB, (c) prepared at 60 °C,
and (d) prepared by reflux for
l1h

that the oriented crystal growth is directed by CTAB,
which results in the formation of rhombic microplates. It is
found that the reaction temperature and time also play an
important role in the formation of rhombic microplates.
When the reaction temperature is lower than the boiling
point of water (100 °C), the mixture of nanoparticles,
nanorods and irregular microrods was observed in the
products (Fig. 3c), indicating that the high temperature
favors the growth of regular rhombic microplates in the
aqueous solution. Similarly, when the reflux time is not
enough, some nanoparticles and nanoplates are also
observed in the rhombic platelike products (Fig. 3d). It
could be concluded that the rhombic microplates may
evolve from these nanoparticles, and CTAB plays an
assistant role in the evolution.

Conclusions

In summary, for the first time, ceria rhombic microplates were
prepared by water reflux techniques with the assistance of
CTAB under ambient air. It is found that the obtained ceria

rhombic microplates are pure phase products with a face-
centered cubic structure with the edge length of 0.5-2 um and
the thickness of 100400 nm. Such CeO, rhombic micro-
plates are very interesting for further studies on their physical
and chemical properties. Considering the convenience of the
procedure, this surfactant-assisted reflux route is promising
and may be extended to fabricate other nanostructures.
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