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Single-crystal cerium hydroxide carbonate (Ce(OH)COs;) triangular microplates with the hexagonal phase have
been successfully synthesized by a hydrothermal method at 150 °C using cerium nitrate (Ce(NO3)3+6H,0) as the
cerium source, aqueous carbamide as both an alkaline and carbon source, and cetyltrimethylammonium bromide
(CTAB) as a surfactant. Single-crystal ceria (CeO,) triangular microplates have been fabricated by a thermal
decomposition—oxidation process at 650 °C for 7 h using single-crystal Ce(OH)CO3 microplates as the precursor.
The shape of the Ce(OH)COs microplate was sustained after thermal decomposition—oxidation to CeO,. The products
were characterized by X-ray powder diffraction (XRD), transmission electron microscopy (TEM), field-emission
scanning electron microscopy (FE-SEM), differential scanning calorimetric analysis (DSC), and thermogravimetric

analysis (TG).

Introduction

Cerium hydroxide carbonate (Ce(OH)gOhas been
extensively studied and employed because of its optical

In the past decade, extensive research has been Cameﬁropertie&” Ce(OH)CQ has either orthorhombic or
out in the design and preparation of nanostructures with hexagonal structure and is composed of‘C€0:>, and
different shapes and sizes because of their corresponding,ygroxyl ions. Ceria is of interest for widespread applications

novel properties and potential applicationd. Recently,

in catalysts}-*2 fuel cells}* ultraviolet absorber®, hydrogen

various methods have been employed to control the shapesiorage material®$, oxygen sensor¥, optical deviced?
and size of nanomaterials. For example, a biological synthetic ygjishing materiald? etc. It is well-known that the new

system involving an extract from the lemongrass plant was properties and applications of materials are related to their

adopted for generating a high percentage of thin, flat, single-

crystal gold nanotrianglesTruncated triangular silver nano-

plates were obtained through a seed-mediated growth in the
presence of micelles of cetyltrimethylammonium bromide

(CTAB).® Single-crystal In(OH)nanocubes were formed by
an oxidation hydrothermal route, and@ nanocubes were
subsequently obtained by calcination of In(QHRI et al.
reported the synthesis of single-crystal Ce(OH}@&ls by
a sonochemical method and Ce@ds by the thermal
conversion of the as-synthesized Ce(OH)YCO
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26/degree Figure 2. (a) SEM and (b) TEM images of Ce(OH)GQriangular
microplates.

Figure 1. XRD pattern of the as-synthesized Ce(OH)}Ctangular
microplates.

shapes and sizes. However, the controllable synthesis of
triangular platelike Ce(OH)Cg£and CeQ structures is still

a challenge to material scientists. Herein, we report a simple
method for the synthesis of Ce(OH)génd CeQtriangular
microplates with single-crystal structure.

Experimental Section

In a typical synthesis, 0.005 mol of Ce(N@6H,0 and 0.01mol
of cetyltrimethylammonium bromide (CTAB) were dissolved in 40
mL of a carbamide solution with a concentration of 0.5 mol/L. The
solution was transferred to a Teflon-lined stainless steel autoclave
and maintained at 15%C for 16 h; it was then air-cooled to room
temperature. The resulting white precipitate was collected, washedFigure 3. SEM image of Ce(OH)Coparticles prepared in the absence
with water, and dried in air at room temperature. The as-synthesizedOf CTAB.

Ce(OH)CQ was calcined to produce straw-yellow Cei@ air at microlat re shown in panel nd b. r tivel f
650 °C for 7 h. X-ray powder diffraction (XRD) patterns were cropiates areé sho panels a a » respectively, o

recorded using a D/MAX-500 X-ray powder diffractometer with Figure 2. SEM observation (Figure 2a) reveals that the as-

Cu Ko radiation ¢ = 1.5418 A at 40 KV and 70 mA). SEM images ~ Synthesized Ce(OH)G(possesses regular triangular platelike
and TEM images were taken with a JSM-6700F field-emission Structures with sharp corners and a smooth surface. The edge

scanning electron microscope and a JEM-2000EX transmissionlengths range from 400 nm to 1:@n and the thickness is
electron microscope, respectively. Differential scanning calorimetric about 306-500 nm. The triangular microplates of as-
analysis (DSC) and thermogravimetric analysis (TG) were carried synthesized products are further confirmed by the TEM
out with a Netzsch-449c simultaneous TG-DTA/DSC apparatus jmage (Figure 2b). The edge lengths are consistent with those
(Germany) with a heating rate of T@ min* under flowing air. ot the SEM image (Figure 2a). The electron-diffraction (ED)
pattern (Figure 2b inset) taken from a triangular microplate
can be assigned to hexagonal Ce(OH)Ciddicating that

Figure 1 shows a typical XRD pattern of the as-synthesized g triangle is a single crystal with its [001] orientation
Ce(OH)CQ triangular microplates by hydrothermally treat- parallel to the electron beam.

olonized water a 150C or 16 . All poake n s paern 1" 1e hyrothermal process, catbarmide was hydrolyzed
can be well-indexed to a pure hexagonal phase of Ce(OH)-:CntO CCf)z gnd Nokh'?fc.)' The cerium ;O?S can gxtlrs]t n Ef;e
CO; (space group:P62c) with calculated lattice constants orm 03+[ . e(HO)] !N agueous solu |onz,+.ar'1 en [Ce-
a=12.52 A andc = 10.00 A, which is in good agreement (H20)*" is changed into [Ce(OH)(D)r-1]*"; finally, Ce-
with the JCPDS file for Ce(OH)CE(JCPDS 52-0352). No  (OM)CQs is obtained by the reaction between [Ce(OH)-
impurity peaks are observed, indicating a high purity of the .(Hzo)”‘l] anq cQ™. The.surfactant CTAB .plays an
final products. wnportant role in the format!on of Ce(OH)QCDrlangular
The reaction process for the formation of Ce(OH)@@y microplates. When the reaction was carried out without the
be summarized by the following reactions aid of CTAB, only spherical particles were observed (Figure
3). It is supposed that the triangular microplate is obtained
CO(NH,), + 3H,0 — CO! + 2NH,H,0 (1) through a seed-mediated growth in the presence of micelles
of cetyltrimethylammonium bromide (CTAB). CTAB, as a
[Ce(H,0),]*" + H,0 — [Ce(OH)(H,0),_,]*" + H,0" (2) capping reagent, is adsorbed selectively on the different
oy . planes of Ce(OH)C®seeds, helps to lower the surface
[Ce(OH)(HO),_,]”" + CO;" — tension and stabilize the plates, and results in a different
Ce(OH)CQ + (n— 1)H,0 (3) growth rate of different planes to form the triangular platelike
structures. The real formation mechanism of triangular Ce-
Typical SEM and TEM images of Ce(OH)G@riangular (OH)CQG; structures needs further investigation.

MOME 5l ii] T W B.0mm

Results and Discussion

4168 Inorganic Chemistry, Vol. 45, No. 10, 2006



Single-Crystal Ce(OH)C@and CeQ Triangular Microplates
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Figure 4. DSC-TG pattern of the as-synthesized Ce(OH}a@angular Figure 6. XRD patterns of the obtained Ce®iangular microplates.

microplates under flowing air.

individual CeQ triangular microplate indicates that each
triangle is a single crystal with its J11] orientation parallel
to the electron beam.

Figure 6 shows the XRD pattern of CgQ@riangular
microplates obtained by calcination of the as-synthesized Ce-
(OH)CG:s. All of the peaks can be well-indexed to a pure
face-centered cubic (fcc) structure of Ge@pace group:
Fm3m) with lattice constana = 5.412 A, which is in good
agreement with the JCPDS file for CeQCPDS 81-0792).

e 5 SEM and (b) TEM i  Coi lar micronlat It is worth noting that the overwhelmingly intensive diffrac-
e . LS a0 () YEN images of Cediangula IGOBIES  ton peak is located ayB= 28,660, which i from the [111]
lattice plane of fcc Ce@ This clearly demonstrates that the

Figure 4 is a typical DSETG pattern of the as- basal plane, i.e., the top crystal plane of the microplates,
Synthesized Ce(OH)CptriangL"ar micr0p|ates_ The TG should be the [111] It is known that this structural feature
curve (Figure 4, curve a) shows that Ce(OH)Carts to is quite common for the nanoplates, because similar structure
decompose (weight loss) at about 290 The total weight ~ Were also found in the cases of sil@rgold,* and Cd$!
loss between 290 and 60T is measured to be about Plates. Itis highly possible that this plane may possess the
21.86%; this value is close to the result in the theoretical Iowest surface tensions, as in the case of the [111] plane of
value calculated from the following reaction lead crystaf?

Conclusion

In summary, we have demonstrated a simple route for
preparing single-crystal Ce(OH)G@iangular microplates
in the presence of the surfactant CTAB by hydrothermal

4Ce(OH)CQ + 0,— 4Ce0, + 2H,0 + 4C0O,  (4)

The DSC curve (Figure 4, curve b) shows one endothermic
peak with a maximum located at 294@. The temperature treatment. Furthermore, Cg@riangular microplates with

range of the epdotherm'ic peak in the DSC curve fit; well single-crystal structures are obtained after the calcination of
with that of weight loss in the TG curve, corresponding to the Ce(OH)CQ precursor. Surfactant CTAB plays an
endothermic behavior during the thermal decomposition important role in the grévvth of uniform Ce(OH)GO
oxidation of Ce(OH)CQto CeQ. triangular microplates, and the triangular shape of single-

_Af:%rsgoeé(f)H)YCr(lgglan?ylar n|1|croplate|s ?re calcf:lned ('jn crystal Ce(OH)C@was sustained in the conversion process
ara or 7'h, CeQtriangular microplates are formed. to CeQ. It is expected that these materials with triangular

As shown in Figure 5, SEM and TEM images reveal that structures can find potential applications in multiple fields

:I;e mlcl::joplate sh?_pe Of dCt('a (O?)(é@/a?;us?meld afttr?r as catalysts, storage hydrogen devices, and optically or
ermal decompositionoxiaation to €@ Thee ge ‘engins electrically functional host materials.

and thickness of CefQriangular microplates are in the range
of 300 nm-1 um and 106-200 nm, respectively. In  1C052189R

comparison with Ce(OH)C£In Figure 2, the sizes of CeO  (20) Jin, R.; Cao, Y. W.: Mirkin, C. A.; Kelly, K. L.; Schata, G. C.: Zheng,
triangular microplates are smaller than that of Ce(OHJCO J. G.Science2001, 294 1901-1903. _ -
because the density of the former is higher than that of the (1) “';'_”Sig'hbvrxﬁ:fgbgi’ f%c';éggf%g'ﬁ” Vogel, W.; Urban, J.; Pileni,
latter. The ED pattern (Figure 5b inset) recorded on an (22) Heyraud, J.; Metois, C.; J. Surf. Sci1983 128 334342,

Inorganic Chemistry, Vol. 45, No. 10, 2006 4169



