
INTRODUCTION

The hollow carbon micro/nanometer spherical materi-
als (HCSs) have been paid close attention as they reveal
diverse properties and extensive applications.[1-5] The
specific properties of HCSs can be modified by change
of their structure and components. These HCSs mate-
rials can be applied in various fields including lithium
storage,[1] catalyst supports,[2] adsorbents,[3] template
materials,[4] encapsulation materials,[5] and so on.[6] Up
to now, many effective methods have been demon-
strated to prepare HCSs.[6-12] Among them, template ap-
proaches are commonly adopted for they show advan-
tages upon preparing high dispersion HCSs with con-
trollable grain size and narrow size distributions.[4,6,7]

However, these methods are either complex procedures
or time-consuming, because all templates must be elimi-
nated after the template @ carbon formation. In this
letter, we report a novel one-pot process for synthesiz-
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ing HCSs by using Co
2
O

3
 grain as template and glucose

as carbon resource under hydrothermal setting. Co
2
O

3

grains are eroded by the reduction of glucose, mean-
while some glucoses coated the grains are carbonized
under proper hydrothermal conditions. It is worthwhile
to mention that surfactants are not involved in the syn-
thesis system. The templates self-ablated process is prob-
ably alternative route to prepare hollow micro/nanom-
eter structure materials.

EXPERIMENTAL PROCEDURES

All reagents used in the reaction are analytical grade.
The typical reaction is carried out in a 20 ml capacity
Teflon-lined stainless-steel autoclave. Firstly, 2 mmol
Co

2
O

3
 powder, 0.5 g glucose and 15 ml deionized

water are added into the autoclave in turn, and the
mixture is sufficient dispersed in an ultrasonic gen-
erator about 20 min. Then the autoclave was sealed
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and maintained at 180 °C for 6 h in a digital type
temperature controlled oven, and then allowed to
cool to room temperature naturally. Dark purple
product is obtained after centrifugation at 4000rpm
for 20 min. Three cycles processes of centrifugation/
washing/redispersion were performed for rinsing
product with water or ethanol, respectively. Finally,
the as-obtained precipitates were dried in a vacuum
at 60 °C for more than 5h. The micro-morphologies
and nanostructure of the as-synthesized products are
inspected by scanning electron microscopy (SEM) and
Transmission electron microscopic (TEM). The crys-
tal phase of product is characterized by XRD
equipped with graphite monochromatized Cu Ká
radiation (ë = 1.54056 Å). The power X-ray diffrac-
tion (XRD) pattern is acquired in a 2è ranges from
5° to 70° at scanning rate of 0.02° s-1. The Infrared
spectrum (4000�400 cm-1) of product is recorded by
FTIR spectrometer with 1 cm-1 resolution.

RESULTS AND DISCUSSIONS

The typical SEM images of sample obtained via hy-
drothermal at 180 °C for 6 h are shown in Figure 1.
The SEM images indicate that the product is consisted
of various sized irregular sphere-like grains. A clear
hole in a sphere shown in Figure 1A, whose high mag-
nification image is shown in Figure 1B, unambiguously
reveals the as-obtained product should be hollow struc-
ture. Figure 1B further demonstrates that the shell (ca.
50 nm thickness) is made up of many small
nanoparticles. If 1.0 g glucose is added into the same
system, images shown in Figure 1C and Figure 1D of
the samples indicate the irregular sphere-like product
is obtained still, but the hollow structure is almost
never presented. Based on the above, it suggests the
irregular shape of product should be attributed to
Co

2
O

3
 template, which is common commercial pow-

der with wide size distribution. The more concentra-

Figure 1 : The typical SEM images of samples obtained at 0.5 g (A, B) and 1g (C, D) glucose, respectively.

tion process, the more glucose is carbonized, so the
size and the thickness of sphere significant increase with
the amount of glucose. Figure 3D image clearly dem-
onstrates the product include shell-like half sphere and
filled particle sphere-like structures.

Figure 2a show the typical XRD pattern of the typical
product obtained via the given hydrothermal. The large
broad peak between 10° and 30° indicates the sample
include amorphous phase, which is contributed to

carbonization of glucose forming non-crystallized
graphite particles[13]. Meanwhile, some peaks in the
patterns are indexed to hexagonal CoCO

3
 (spacing

group R-3c (167)) with lattice constants a = 4.656(5) Å
and c = 15.008(6) Å, which is comparable with the
data given in JCPDS (No. 11-0692). The correspond-
ing crystal facet indexes are labeled in the Figure 2a
pattern. The average size of the CoCO

3
 is estimated

about 20 nm by the Scherrer equation. So the product
is belong to nanocomposite consisted to nanoparticles.
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Because the diffraction peaks of Co
2
O

3
 are not found

in the XRD pattern, Co
2
O

3
 powder is completely ex-

hausted in the hydrothermal system. The experiment
result suggests that the Co

2
O

3
 powder is reduced into

CoCO
3
 by reacting with glucose. The Co

2
O

3
 template

is gradually eroded by glucose absorbed on its surface,
that is to say, the core of sphere is ablated by self inter-
nal reaction procedures.

The FTIR spectrum of the typical sample is shown in
Figure 2b. Various functional groups are indentified
by theirs characteristic absorption bands shown in the
FTIR spectrum. The absorption band in 3500-3000
cm-1 with the peak at 3413 cm-1 indicates hydroxyl
group existing in the products, which is assigned to

water and remainder -OH in carbonized process of
glucose[14], meanwhile, the weak absorption intensity
in 1000-1300 cm-1 further shows only a handful of -
OH is residual in the product Some remained C-H
groups are detected for its characteristic absorption
peaks at 2920 cm-1and 1374 cm-1 present in the FTIR
spectrum. The C=O group in the product is demon-
strated by the absorption peaks around 1690cm-1 and
below 800 cm-1 in the spectrum, which should be be-
long to CoCO

3
 or aldehyde or carboxyl groups. The

absorption band around 1617 cm-1 and 800cm-1 suggest
some C=C maybe exist in the product. These results
are confirmed that the carbonization of glucose is not
complete result into some still residual functional
groups in the product.

Figure 2 : The XRD pattern (a) and FTIR spectrum (b) of the typical as-obtained sample.

The TEM images further indicate the morphologies
and structure of as-obtained samples shown Figure 3.
The TEM images from Figure 3A to 3C show the
samples obtained at 0.5 g glucose in the given system.
The hollow structure of as-obtained sample is con-
firmed by the Figure 3A image. Low magnification
images of the sample shown in Figure 3B further
demostrate that the sample is consist of many various
sized hollow structures. On the other hand, the high
magnification image shown in Figure 3C further indi-
cates the shell of sample composed of many small
nanoparticles. The TEM images of the sample obtained
at 1 g glucose are shown from Figure 3D to 3F. The
high magnification image shown in Figure 3D indi-
cates the sample composes of solid microspheres, which
is self-assembled by many nanoparticles. Meanwhile,
some spheres with relative smooth surface are appeared
in the product (Figure 3f), which is probably attrib-
uted to self-carbonization of glucoses without template
presentation due to more easy formation of unmixed
carbon crystal seed at high concentration glucose hy-
drothermal conditions.

Based on above experiment results, at given hydro-
thermal conditions, the formation mechanism of HCSs

Figure 3 : The TEM images of samples obtained at 0.5g (A,B,C)
and 1g (D,E,F) glucoses in the hydrothermal conditions
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can be described as follow: Firstly, glucose is absorbed
on the surface of Co

2
O

3
 particles. Then Co

2
O

3
 is re-

duced to Co2+ by the inner glucose, meanwhile, the
outer glucose is in situ carbonized via hydrothermal
decomposition. Third, the produced carbonic
nanoparticles and CoCO

3
 nanoparticles co-form the

shell layer. The size of the cubage mainly depends on
the Co

2
O

3
 size. With the amount of glucose increas-

ing, the formed shell thick is boosted. When the elec-
tron beam does not transmit the thick, it is not evi-
dent whether the composed sphere is hollowed by
TEM. Meanwhile, some glucose is carbonized to gen-
erate single carbon crystal seed which further forming
relative unmixed smooth solid carbon spheres.

CONCLUSIONS

In the letter, we find a novel one-pot template self-
ablated hydrothermal method for preparing hollow
carbonic nanocomposite microsphere. The HCS
nanocomposite is consisted of carbon and CoCO

3

nanoparticles. In the synthesis system, the concentra-
tion of glucose is an important factor for the hollow
structure for some carbon sphere is formed at high
amount of glucose. Now we are further investigating
them to accomplish more optimal synthesis procedures.
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