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Fabrication and characterization of novel bowknot-like CeO,
crystallites and applications for Methyl-orange Sensors
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Abstract Bowknot-like CeO, bundles crystals were
successfully prepared from a single precursor via a thermal
decomposition route. The precursor was synthesized by a
hydrothermal reaction using Ce(NOj); - 6H,O with
CO(NH>), at 150 °C in a water-glycerol complex solution.
Glycerol plays a very important role for the formation of
precursor bowknot-like structures. The morphology of the
precursor was maintained during the heating process. The
optical absorption spectrum indicates that the CeO, den-
drites have a direct band gap of 3.42 eV, which is mostly
larger than values of bulk powders due to the quantum size
effect. The electrochemical characters of the CeO, bundles
structures are studied by their investigation of cyclic vol-
tammetry (CV). It was found that the CeO, bundles can
greatly improve the electron transfer ability.
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Introduction

As a typical kind of rare earth oxide, ceria has been the
subject of intense interest because of its unique properties,
including oxygen storage capacity [1] and oxygen ion con-
ductivity [2, 3]. Because of these characteristics, ceria has
been widely used for as a promoter in the three-way catalysts
for the elimination of toxic auto-exhaust gases [1, 4, 5], as
oxygen sensors [6, 7] and as solid electrolytes in the solid
oxide fuel cells utilizing their oxygen storage capacity
[8-10]; as absorbents for fluoride ion or arsenicbased com-
pounds; and as substances to filter out ultraviolet rays [11].
Cerium oxide also has optical properties, high thermal sta-
bility, and electrical conductivity and diffusivity. Previous
research has proved that nano/micro-crystalline CeO, has
superior properties compared with its bulk counterparts [12].
For example, hierarchically mesostructured ceria exhibits a
photovoltaic response, while normal ceria does not show this
response [13]. Thus, it is urgent to design functional ceria
materials with certain size and shape by simple morphology
controllable routes. In the past few years, the synthesis of
some novel CeO, structures, including nanorods [14-16],
nanowires [17-21], nanotubes [22, 23], nanocubes [24],
microplates [25], and other morphological structures
[26-31] have been reported by chemical scientists. In this
paper, bowknot-like CeO, structures were fabricated by the
thermal treatment of the cerium carbonate hydroxide pre-
cursor which was synthesized by a hydrothermal reaction
using Ce(NOs); - 6H,0O with CO(NH,), at 150 °C in a
water-glycerol (complex solution). It was found that the
CeO, bundles modified gold electrode was prepared and
used to catalysis oxidation of methyl orange in the solution.
The results show that the CeO, bundles exhibit excellent
sensing performance towards methyl orange, which provide
a new application of CeO, dendrites.
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Experimental details

All the reagents are of analytical purity grade and have
been received from commercial sources. In a typical syn-
thesis, 10 mL glycerol were added into 30 mL aqueous
solution of 0.01 M Ce(NO3); under stirring. Then 0.3 g
urea was added. The whole mixture was stirred for another
30 min to obtain a homogeneous solution and subsequently
transferred into a 50 mL autoclave. The autoclave was
maintained at 150 °C for 12 h and then allowed to cool to
room temperature by cold-water. Then, white-colored
precipitate was centrifuged, washed with absolute alcohol
and distilled water, and dried at 80 °C under vacuum.
Finally, for CeO, particles were obtained by calcining the
precipitate at 500 °C for 4 h accompanied by a color
change from white to slight yellow.

X-ray powder difffraction (XRD) patterns were deter-
mined using a Philips X’Pert PRO SUPER X-ray diffrac-
tometer equipped with graphite-monochromatized Cu Ka
radiation (4 = 1.5418 ;\). Field emission scanning electron
microscopy (FESEM) images were taken with a JEOL
JSM6700F scanning electron microscope. Optical absorp-
tion spectrum was recorded on a Shimadzu UV-2401PC
UV-vis recording spectrophotometer.

Results and discussion

Figure 1 presents the typical XRD pattern of as-prepared
Ce(OH)COj; samples. All the peaks could be indexed to the
hexagonal phase of cerium carbonate hydroxide (JCPDS
Data File # 32-0189). The strong and sharp reflection peaks
suggest that the as-prepared products are well crystallized.

The TGA curve of the precursor is shown in Fig. 2.
There are two weight loss steps at the temperature ranges
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Fig. 1 XRD pattern of the Ce(OH)CO; precursor
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Fig. 2 TG curve of the precursor
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Fig. 3 XRD pattern of the CeO, sample

30-275 and 275-340 °C. The first weight loss is mainly
attributed to the evaporation of H,O, whereas the second
one may be ascribed to the decomposition of the precursor.
The weight-loss process ceases at 340 °C, and the stable
residue can be reasonably ascribed to CeO,.

After the calcination of the obtained precursor at 500 °C
in air according to the TGA data, the precursor was con-
verted into CeO,. Figure 3 presents the typical XRD pat-
tern of as-prepared calcined samples. All the peaks could
be indexed to the cubic phase of ceria with fluorite struc-
ture (JCPDS Data File # 43-1002). No impurity peaks are
observed, indicating the high purity of the final products.
The strong and sharp reflection peaks suggest that the as-
prepared products are well crystallized.

The morphology and size of as synthesized products
were observed by a JEOL JSM6700F scanning electron
microscope. Figure 4 shows typical Field emission
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Fig. 4 FESEM images of
Ce(OH)COj3 precursor and
CeO, samples: a low
magnification of Ce(OH)CO;
precursor; b high magnification
of Ce(OH)COj; precursor; ¢ low
magnification of CeO, samples;
d high magnification of CeO,
samples
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scanning electron microscopy (FESEM) images of
CeOHCO3; precursor and CeO, samples. The overall mor-
phology of the CeOHCOj; precursor (Fig. 4a) indicates that
there exist great deals of uniform bowknot-like bundles and
this indicates the high yield and good uniformity achieved
with this approach. The overview morphology of individual
structure (Fig. 4b) shows bowknot-like bundles with their
two ends fanning out while the middle part tying together.
The bowknot-like structure is different from the structure of
“bunch of nanorods grown from the same nucleus” which
forms as many highly aligned individual nanorods growing
from one central point toward outside to form straw-bundle-
like architectures. After long-period ultrasonic treatment,
the bowknot-like CeOHCOj; precursor microstructures were
not destroyed, indicating the nanostructures were not due to
aggregation. It is well known that CeOHCOj; can be formed
by a simple solution process using urea as the precipitant
and the heat treatment process does not ruin the morphology
of the products [3, 25, 32]. So, the glycerol plays an
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important role in the formation of Ce(OH)CO; bowknot-
like structures. With regard to the effect of additives on
morphology and size of the crystal, there has not yet been an
adequate mechanism to account for except the adsorption
mechanism that seems to be more reasonable. It is supposed
that the bowknot-like structure is obtained through a seed-
mediated growth in the presence of glycerol. Glycerol is
adsorbed selectively on the different planes of Ce(OH)CO;5
seeds, helps lower the surface tension and results in the
different growth rates of different planes to form the bow-
knot-like structures. After Ce(OH)COsz; bowknot-like
structures are calcined in air at 500 °C for 6 h, uniform
bowknot-like of CeO, crystallites are formed. As shown in
Fig. 4c and d, FESEM images reveal that the bowknot-like
shape of Ce(OH)CO; was sustained after thermal decom-
position-oxidation to CeO,. Thus-prepared structures were
very stable, and even long-time ultrasonication of 20 min
could not break them into discrete platelets, suggesting that
the bowknot-like were integrative.
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The UV-visible absorption spectrum of the sample is
shown in Fig. 5. It shows that the absorption edge obvi-
ously shifts toward shorter wavelength, i.e., blue shift. An
estimate of the optical band gap, Eg, can be determined by
the following equation for a semiconductor: (chv)n =
B(hv — Eg), where hv is the photo energy, o is the
absorption coefficient, B is a constant relative to the
material, and »n is either 2 for a direct transition or 1/2 for
an indirect transition. The (ohv)> ~ hv curve for the
samples is shown in Fig. 5b; it reveals that the band gap of
the sample is about 3.41 eV, which is mostly larger than
the values of bulk powders (3.19 eV) because of the
quantum size effect [33].

Figure 6 exhibited the electrochemical response of
methyl orange at the bundles modified electrode, and then
cyclic voltammograms at 50 mV s~' of the modified
electrode. Under the same experimental conditions, there
was almost no obvious redox peak of methyl orange at the
bare gold electrode (Fig. 6, curve a). However, it can be
seen that the oxidation peak potential of methyl orange at
bundle-modified electrode (Fig. 6, curve b) appeared
compared with that at a bare gold electrode. Above all, the
oxidation peak potential of methyl orange at the modified
electrode moved to the negative direction and the peak
current for the same amount of methyl orange became
large. All these appearance means, the electrochemical
response of methyl orange on CeO, bundle-modified
electrode is better than that on bare electrode. The above
phenomena imply that the CeO, bundles can greatly
improve the electron transfer ability, which may be a direct
result of the large surface of the trigons structure. This
suggested that the electrocatalytic activity of the modified
electrode could be applied to the electrolysis of catalysis
oxidation of methyl orange.
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Fig. 6 CV performances of 100. 0 mg/L methyl orange on different

electrode at a scan rate of 50 mV s-1: (a) bare; (b) trigons-modified
GC electrodes

Conclusion

In summary, we have successfully synthesized bowknot-
like CeO, structures from a single precursor by a thermal
decomposition in a water-glycerol complex solution.
Glycerol plays a very important role for the formation of
precursor bowknot-like structures. The morphology of the
precursor was maintained during the heating process. The
optical absorption spectrum indicates that the CeO, den-
drites have a direct band gap of 3.42 eV, which is mostly
larger than the values of bulk powders due to the quantum
size effect. The electrochemical response of the as-pre-
pared bundles samples on methyl orange is also investi-
gated. The as-prepared CeO, bundles exhibit excellent
sensing performance toward methyl orange.
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