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a b s t r a c t

Lanthanum oxycarbonate (La2O2CO3) hollow microspheres with novel porous architectures were suc-
cessfully fabricated by a simple one-pot hydrothermal treatment of an aqueous solution containing
glucose, La(NO3)3·6H2O, and subsequent calcination. The as-prepared La2O2CO3 porous hollow spheres
ccepted 8 September 2010
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eywords:
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are composed of nanoparticles with a mean particle size of 15 nm. Carbon microspheres act as not only
templates but also carbon sources for the formation of La2O2CO3 hollow spheres. Interestingly, the as-
prepared La2O2CO3 hollow spheres show a green emission band under UV excitation, which may be used
as fluorescent biological labels.

© 2010 Elsevier B.V. All rights reserved.
ydrothermal
hotoluminescence

. Introduction

Lanthanide compounds, as important member of rare earth (RE)
aterials, possess some phases, such as La2O3, La(OH)3, La2O2CO3.
uch effort has been made for the studies of La2O3 which is

ery attractive for its applications in the fields of phosphors [1],
atalysts [2] and catalyst supports [3,4]. The lanthanum oxycarbon-
te (La2O2CO3), however, receives much less attention. La2O2CO3
ould be used as catalyst supports for hydrogen production [5].
oreover, La2O2CO3 is a novel rare earth luminescent material
hich exhibits bright green emission to the naked eyes under irra-
iation of the 320 nm UV lamp [6]. In fact, the impressive activity of
a2O3 for methane coupling has been found earlier to be linked with
a2O2CO3 [7,8]. During the catalytic process, La2O3 was found to
ransform into hexagonal La2O2CO3, which would suppress coking
ffectively, prevent the catalyst from sintering, and finally afford
igh dispersion of catalysts at elevated temperatures [2,9,10].

As is known to us all, the hollow spherical structures pos-
ess low density, large surface area, stability, surface permeability
nd well-aligned nanoporous structures, all of which make them

ttractive for scientific study. For instance, they might be used
or nanoreactors [11], environmental applications [12], drug deliv-
ry [13,14], catalysts [15,16], batteries [17,18], supercapacitors
19], gas sensors [20], cancer SERS imaging [21], photoacoustic

∗ Corresponding author. Tel.: +86 551 5107342.
E-mail addresses: niuhelin@ahu.edu.cn, niuhelin@gmail.com (H. Niu).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.09.056
imaging [22], etc. Meanwhile, the hollow phosphors might radi-
ate more light than its counterpart due to their interior hollow
structure. Various synthetic strategies have been developed for
the preparation of such hollow structures including template [23]
and template-free methods [15], hydrothermal [24] and solvother-
mal approaches [25], ultrasound [13,16] and microwave assisted
synthesis [26], Ion-exchange synthesis [20], saerosol route [27],
chemical vapor deposition [28], Ostwald ripening [12], phase-
inversion [29], excimer laser ablation [30] and ultra-high voltage
hard anodization [31], and so on. However, to the best of our
knowledge, there are few reports about hollow spherical La2O2CO3
materials with photoluminescence (PL) properties.

Here, we report a simple one-pot method to prepare porous
hollow microstructures La2O2CO3 using hydrothermal treatment
of glucose and La(NO3)3·6H2O, and subsequent calcination. The
hydrothermal carbon microspheres act as not only templates but
also carbon sources of the La2O2CO3 hollow spheres. The advan-
tage of this approach is to avoid a multistep process and is very
attractive with high synthetic efficiency.

2. Experimental

2.1. Preparation methods
All reagents in analytic grade were used as received without further purification.
In a typical experiment, 25 mmol glucose, 3 mmol La(NO3)3·6H2O and 50 ml distilled
water were added into a Teflon-lined stainless steel autoclave with 60 ml capacity.
Then the autoclave was maintained at 180 ◦C for 4 h. The precipitate was filtered
and washed with distilled water and ethanol, and finally dried at 80 ◦C for 6 h. The
obtained products were calcined in air at 500 ◦C for 4 h to remove the carbon core.

dx.doi.org/10.1016/j.jallcom.2010.09.056
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:niuhelin@ahu.edu.cn
mailto:niuhelin@gmail.com
dx.doi.org/10.1016/j.jallcom.2010.09.056
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ig. 1. XRD pattern (a) of the sample calcined at 500 ◦C for 4 h; SEM (b) image of th
h.

.2. Characterization

The as-prepared sample was characterized by X-ray diffraction (XRD, X’pert PRO
UPER, Cu K� radiation, � = 1.54056 Å), field emission scanning electron microscopy
FESEM, FEI Sirion 200), transmission electron microscopy (TEM, Hitachi H-800),
ltraviolet–visible (UV–vis) diffuse reflectance spectroscopy (Hitachi U-4100) and
hotoluminescence spectroscopy (PL, Hitachi F-4500).

. Results and discussion

.1. Phase structures and morphologies

XRD is used to investigate the crystalline phases and crystallite
ize of the as-prepared samples before and after calcination. No
rystalline peaks can be observed before calcination, indicating that
he sample precalcination is amorphous, which confirms that after
ydrothermal treatment, the metal ions are evenly dispersed in the
ydrophilic shell of the carbon spheres as amorphous clusters. As
hown in Fig. 1a, after calcination at 500 ◦C for 4 h, all the peaks of
he products could be indexed to tetragonal La2O2CO3 (JCPDS file
o. 23-0320). No evidence of impurities can be found in the XRD
attern. Notably, the peaks are obviously broadened, a typical fea-

ure of nanostructured material, and the crystalline size is around
5 nm according to the Debye–Scherrer formula. The SEM image of
he composite microspheres before calcination is shown in Fig. 1b, it
s seen that the diameter of the microspheres is about 4–5 �m. The
ample has poor monodispersity and a slight aggregation appears.

Fig. 2. Schematic illustration of the formation
-calcined sample; SEM (c) and TEM (d) images of the sample calcined at 500 ◦C for

Fig. 1c and d shows SEM and TEM images of La2O2CO3 products,
respectively. The products are relatively uniform and porous hol-
low spheres and possess diameters around 600–700 nm. The shell
walls of the hollow spheres are composed of aggregated La2O2CO3
nanoparticles of 15 nm in average size. A large number of pores
with a size of about 30 nm can be seen on the spheres, suggesting
that the sample is a kind of porous material.

3.2. Formation mechanism

The formation of La-based porous hollow spheres is assumed to
involve two steps. The formation process is illustrated in Fig. 2.

First, considering the fact that the surface of carbonaceous
polysaccharide microspheres is hydrophilic [24], which can
bind La3+, metal ions are supposed to be incorporated into
their hydrophilic shell via the hydrothermal treatment of glu-
cose/water/melt salt. Then, the sequential removal of carbon cores,
densification, cross-linking, and phase transformation of La in the
layer via calcination result in the formation of La2O2CO3 hol-
low spheres. The reaction equations are expressed as follows:
La(C6H12O6) + O2 → La2O2CO3 + CO2 + H2O

When the calcination temperature was around 500 ◦C, carbon
composite spheres with La3+ transformed to La2O2CO3. It is obvi-
ous that the carbonaceous polysaccharide microspheres act as not

process for La2O2CO3 hollow spheres.
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the hole in valence band. The luminescence spectra of the sam-
ples are shown in Fig. 5b. At an excitation wavelength of 252 nm,
two luminescent bands can be found. One is a relative weaker UV
band peaking at 368 nm, and the other is a stronger green emission

In
te
ns
ity
(a
.u
.)

00
4

1
0
1
1
0
2 1
0
3

0
0
6

1
0
6

11
0

1
0
7

1
1
4

2
0
1 2
0
3

2
0
4

Fig. 3. XRD pattern (a), SEM (b) and TEM (c

nly templates but also carbon sources for the formation of the
a2O2CO3 porous hollow spheres.

The temperature effect on the formation of La2O2CO3 hollow
pheres was studied. As above, the calcination for La2O2CO3 hol-
ow spheres was typically completed at 500 ◦C. If the calcination

as performed below 400 ◦C, the La2O2CO3 hollow spheres were
ot produced since the sufficient oxidization of the carbon compos-

te spheres with La3+ could not take place at such low temperature
23]. However, the products calcined at 700 ◦C can be indexed
o La2O3 (JCPDS card no. 74-2430) and hexagonal (II-) La2O2CO3
JCPDS card no. 25-0424) (Fig. 3a), among which La2O3 dominate,
ith an average crystalline size around 22 nm. As shown in Fig. 3b

nd c, compared to the samples calcined at 500 ◦C, the hollow
pheres calcined at 700 ◦C show more broken spheres, and the
hell is formed out of larger nanoparticles about 100 nm in size.
his is because that tetragonal La2O2CO3 was instable at above
00 ◦C, it would decompose into La2O3, i.e. La2O2CO3 = La2O3 + CO2
32].

In addition, additive Co(NO3)2·6H2O in the hydrothermal treat-
ent process has a significant effect on crystallite phase of the

nal product. Fig. 4 shows the XRD patterns of the final products
n the presence of Co(NO3)2·6H2O after calcination at 500 ◦C for
h, the phase was hexagonal La2O2CO3 (JCPDS card no. 25-0424)
ith poor crystallinity, compared with the tetragonal La2O2CO3

n the absence of Co(NO3)2·6H2O. So, the addition of cobalt salt
as believed to play the role of catalyst in the reaction or
hase structures transformation. However, the true mechanism

eeds to be further investigated. Interestingly, there is no obvi-
us Co-containing phase. This is probably because the smaller
osage of the cobalt content incorporated in the carbon shell
han lanthanum, as well as the high dispersivity in the prod-
cts.
es of the product calcined at 700 ◦C for 4 h.

3.3. UV–vis diffuse reflectance spectra and photoluminescence
(PL)

Fig. 5a shows the UV–vis diffuse reflectance spectra of porous
hollow La2O2CO3 microspheres. A main absorption band at 252 nm
for La2O2CO3 is assigned to low-energy oxygen-to-metal charge
transfer band [33]. The band at 380 nm can be attributed to the
exciton band edge emission of La2O2CO3 and the band at 460 nm
is assigned to the green-wideband emission, which is the reasons
for this result that the electron of oxygen vacancies combine with
706050403020
2θ(deg.)

Fig. 4. XRD pattern of the product formed in the presence of Co(NO3)2·6H2O, fol-
lowed by calcined at 500 ◦C for 4 h.
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Fig. 5. UV–vis (a) diffuse reflectance spectrum and PL (b) e

and ranging from 430 to 530 nm centered at 465 nm, indicating
he lower radiative photon energy compared with the absorption
hoton energy.

Based on the luminescence theory of rare-earth atoms, LaIII

hows a weak luminescence spectrum in the ultraviolet region as
here is no f–f transition possible due to absence of 4f electrons
n La3+ions [33]. The UV emission shown in Fig. 5b may be due to
he transition from the conduction band to the valence band, while
he green emission may result from the radiative recombination
f a photogenerated hole with an electron occupying an oxygen
acancy [10,34,35].

. Conclusions

In summary, porous hollow La2O2CO3 microspheres have been
ynthesized via a one-pot approach. The calcination tempera-
ure can influence the phase structures of the final products. The
btained lanthanum-based oxides materials show visible lumines-
ence, implying their potential applications in biological labeling.
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