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Abstract. Vanadium oxides (V3 O7 ·H2 O and VO2 ) with different morphologies have been selectively synthesized
by a facile hydrothermal approach using glucose as the reducing and structure-directing reagent. The as-obtained
V3 O7 ·H2 O nanobelts have a length up to several tens of micrometers, width of about 60–150 nm and thickness
of about 5–10 nm, while the as-prepared VO2 (B) nanobelts have a length of about 1·0–2·7 μm, width, 80–140 nm
and thickness, 2–8 nm. It was found that the quantity of glucose, the reaction temperature and the reaction time
had significant influence on the compositions and morphologies of final products. Vanadium oxides with different
morphologies were easily synthesized by controlling the concentration of glucose. The formation mechanism was
also briefly discussed, indicating that glucose played different roles in synthesizing various vanadium oxides. The
phase transition from VO2 (B) to VO2 (M) were investigated and the phase transition temperature of the VO2 (M)
appeared at around 68 ◦ C. Furthermore, the electrochemical properties of V3 O7 ·H2 O nanobelts, VO2 (B) nanobelts
and VO2 (B) nanosheets were investigated and they exhibited a high initial discharge capacity of 296, 247 and 227
mAh/g, respectively.
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1. Introduction
In the past decade, much attention has been paid on low
dimensional nanomaterials with novel morphologies including nanobelts, nanotubes, nanowires, nanosheets, etc. They
exhibit specific physical and chemical properties and wide
potentials in nanodevices, which are different from their bulk
materials (Fasol 1998; Zhong et al 2003; Wu et al 2004;
Hu et al 2007; Wang et al 2007). It was reported that the
electrochemical properties of the batteries depend not only
on the structure, but also on the morphology of the electrode components (Huynh et al 2002). It was shown that 1D
nanostructures are more prone to charge transport than the
bulk crystalline structures. Therefore, to synthesize materials
with nanostructures is very meaningful and a challenge for
materials scientists.
Of the family of metal oxides, vanadium oxides and their
derived compounds as functional materials have received
extensive attention because of their structures, novel electronic and optical properties, which make them have a wide
range of practical applications, such as catalyst, gas sensor, cathode materials for reversible lithium batteries, electrochemical and optical devices, intelligent thermochromic
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windows, and so on (Chatterjee et al 2001; Parkin and
Manning 2006; Rao et al 2006; Gao et al 2009;
Strelcov et al 2009; Ye et al 2010). Vanadium usually
forms a variety of binary oxides with the general formula, VO2+x (–0·5≤ x ≤ 0·5), such as V2 O3 , VO2 , V2 O5 ,
V3 O7 , V4 O9 , V6 O13 . Recently, vanadium oxide hydrate,
V3 O7 ·H2 O and vanadium oxide, VO2 (B), have attracted
more and more attention due to their specific magnetism, catalyst and electrochemistry (Hironori et al 1979;
Liu et al 2004; Feyel et al 2006; Dong et al 2008).
Therefore, several methods such as thermal decomposition
(Michel et al 1973; Odani et al 2006), chemical vapour deposition (Su et al 2009), surfactant assisted approach (Shi et al
2007; Zhou et al 2007), templates methods (Yu and Zhang
2004; Sediri and Gharbi 2009), hydrothermal/solvothermal
routes (Liu et al 2004; Liu X et al 2007; Liu X H et al 2007),
etc, have been developed to synthesize VO2 (B) or V3 O7 ·H2 O
with nanostructures. Among above methods, the hydrothermal method has been receiving increasing attention because
of its uncomplicated route. However, as far as we know,
few reports focused on the synthesis of different vanadium
oxides with different morphologies in a single system by the
hydrothermal method. Therefore, it is significant to prepare
different vanadium oxides with novel structures using V2 O5
as starting material because it is the cheapest commercial
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vanadium compound. Although glucose and V2 O5 (molar
ratio = 1:1) as the starting regents were reported to synthesize VO2 (B) nanobelts at 180 ◦ C for 24 h (Li et al 2010), the
synthesis of V3 O7 ·H2 O nanobelts and VO2 (B) nanosheets
were not studied. Besides, thickness of the as-synthesized
nanobelts in our results was much thinner than the results
reported by Li et al (2010). To the best of our knowledge, it is
the first time a systematic study of the synthesis of vanadium
oxides with different morphologies using V2 O5 and glucose
by the hydrothermal method is reported. The quantity of glucose has great influence on the synthesis of these vanadium
oxides, which is discussed in detail in this paper.
2. Experimental
2.1 Synthesis of different vanadium oxides with different
morphologies
All the chemicals used in this work were of analytical grade.
In a typical synthesis, a range of 0∼2·20 g of D–(+)–Glucose
and 0·91 g of V2 O5 powder were dispersed into 30 mL of
deionized water with magnetic stirring for 5 min. And then,
the mixture was transferred into a 40 mL stainless steel autoclave. The autoclave was sealed and maintained at 60–250
◦
C for 1–48 h and then cooled to room temperature naturally. The resulting products were filtered off, washed with
distilled water and absolute ethanol several times to remove
any possible residues, and dried in vacuum at 75 ◦ C for future
characterization.
2.2 Characterization
The purity and crystalline structure of the resulting products were investigated by X-ray powder diffraction (XRD,
D8 X-ray diffractometer equipment with Cu Kα radiation,
λ = 1·54060 Å). X-ray photoelectron spectroscopy (XPS,
VGESCALAB MK II with Mg Kα, 1253·6 eV) was used
to confirm the oxidation state of vanadium. Fourier transform infrared spectroscopy (FT–IR) pattern was recorded
on a Nicolet 60–SXB spectrometer from 4000–400 cm−1
with a resolution of 4 cm−1 . Thermogravimetric analysis (TGA) was performed on SETSYS–1750 (AETARAM
Instruments). About 10 mg of the as-obtained samples
Table 1.
Sample
1.
2.
3.
4.
5.
6.
7.
a All

were heated in an Al2 O3 crucible in nitrogen atmosphere
from ambient temperature to 600 ◦ C at a constant rate
of temperature (10 ◦ C/min). The morphology and dimension of the products were observed by scanning electron microscopy (SEM, Quanta 200), transmission electron
microscopy (TEM, JEM–100CXII), and selected area electron diffraction (SAED, JEOL 2010). The samples used for
characterization were dispersed in absolute ethanol and were
ultrasonicated before TEM and SAED.
2.3 Electrochemical measurements
The electrochemical properties of samples were tested in
assembling experiment cells with metallic lithium as the negative electrode. The working electrode was made by dispersing with 85 wt % active materials (the as-obtained vanadium
oxides), 10 wt % acetylene back carbon powder, and 5 wt %
polyvinylidene fluoride (PVDF) binder in N -methyl-2pyrrolidone (NMP) solvent to form a homogeneous slurry.
The slurry was then spread and pressed on Al foil. The coated
electrodes were dried in vacuum at 125 ◦ C for 18 h. The
electrolyte was 1 mol·L−1 LiPF6 in a mixture of ethylene
carbonate (EC) and diethyl carbonate (DEC) (EC/DEC =
1/1, v/v). The cells were assembled in a glove box under
an argon atmosphere. Charge–discharge tests were carried
out in a voltage range of 4·0–1·5 V and current density of
0·2 mA/cm2 .
3. Results and discussion
The synthetic conditions, the crystalline phases, and the
morphologies of shape-controlled orthorhombic V3 O7 ·H2 O
and monoclinic VO2 (B) materials are mainly summarized in
table 1. In this paper, V3 O7 ·H2 O and VO2 (B) materials are
synthesized using V2 O5 as the starting vanadium source and
glucose (0–3·20 g) as the reducing and structure-directing
reagent by a facile hydrothermal approach at 60–250 ◦ C for
1–48 h. In our synthetic routes, neither surfactant nor other
reagent is used. It is well known that the hydroxyl group
has certain reducibility at the hydrothermal conditions (Liu
X H et al 2007; Zhang et al 2010) and the number of
hydroxyl groups (–OH) is 5 in glucose. Therefore, V2 O5 can
be reduced by glucose and the phases and morphologies of

Synthesis conditions, crystal phases and morphologies of the as-synthesized vanadium oxidesa .
Glucose (g)

Temperature (◦ C)

Time

Product

Morphology

0·067
0·198
0·267
0·267
0·267
1·60
2·20

150–180
180
150
180
180
180
150

12–48
12
12
12
48
12
12

V3 O7 ·H2 O
V3 O7 ·H2 O and VO2 (B)
VO2 (B)
VO2 (B)
VO2 (B) and VO2 (B)@C
VO2 (B) and carbon
VO2 (B) and carbon

Regular nanobelts
Long and short nanobelts
Short and irregular nanobelts
Nanobelts
Nanobelts, core-shell structure
Nanosheets and carbon sphere
Nanosheets, nanofibres and carbon sphere

samples were synthesized by hydrothermal process with 0·91 g of V2 O5 and 30 mL of water.
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Scheme 1. General synthetic procedure for controlled synthesis of different vanadium oxides.

the final products can be controlled by the quantity of glucose
in our synthetic routes.
The procedure for the synthesis of these materials at
150–180 ◦ C for 12 h is illustrated in scheme 1. V3 O7 ·H2 O
nanobelts were synthesized at a relatively low quantity
of glucose (0·067–0·100 g). With the amount of glucose
increased, much vanadium in the +5 valence state was
reduced to +4 valence state. Finally, VO2 (B) nanobelts
were obtained with a relatively high quantity of glucose
( 0·267 g). These results (discussed in the following section) indicate that phases and morphologies of vanadium
oxides can be easily controlled by only changing the quantity of glucose. A series of glucose-dependent experiments
were performed to understand the formation of vanadium
oxides nanostructures. The synthetic reactions were carried
out with different quantities of glucose (0, 0·033, 0·067,
0·100, 0·132, 0·165, 0·198, 0·232, 0·267, 0·334, 0·395, 0·790,
1·60 and 3·20) for 12 h and each experiment used the same
starting chemical composition mixture (i.e. 0·91 g of V2 O5
and 30 mL of H2 O). The suitable conditions to synthesize
V3 O7 ·H2 O nanobelts are as follows: 0·067–0·100 g of glucose, at 150–180 ◦ C for 12 h, while favourable conditions for
VO2 (B) are 0·267 g of glucose, at 180 ◦ C for 12 h.
3.1 Characterization of typical orthorhombic V3 O7 ·H2 O
nanobelts and monoclinic VO2 (B) nanobelts
The typical orthorhombic V3 O7 ·H2 O and monoclinic VO2 (B)
nanobelts were characterized by XRD, SEM, TEM,
SAED, XPS, FT–IR and TGA measurements. Figure 1b
represents typical XRD pattern of V3 O7 ·H2 O nanobelts
obtained with 0·067 g of glucose used in the experiment. All
the diffraction peaks from figure 1b can be readily indexed
as orthorhombic crystalline phase of V3 O7 ·H2 O with the calculated lattice constant a = 9·381, b = 16·881, c = 3·635 Å,
which corresponds to the V3 O7 ·H2 O (JCPDS No. 28–1433)
already described in the literature (Theobald and Cabala
1970). No peaks of any other phases are detected from the
XRD pattern, indicating as-prepared V3 O7 ·H2 O nanobelts
with high purity. However, a mixture of V3 O7 ·H2 O and
VO2 (B) is obtained when the amount of glucose increased
to 0·232 g, as shown in figure 1c. Figure 1e depicts typical
XRD pattern of VO2 (B) nanobelts synthesized with 0·267 g
of glucose. In a similar method, all the diffraction peaks from
the XRD pattern can be readily indexed as the monoclinic
crystalline phase (space group C2/m) of VO2 (B) with calculated lattice constant a = 12·067, b = 3·694, c = 6·431 Å,

Figure 1. XRD patterns of typical orthorhombic V3 O7 ·H2 O and
monoclinic VO2 (B) nanobelts synthesized using different quantities
of glucose: (b) 0·067 g; (c) 0·232 g; (e) 0·267 g; (f) 1·60 g. (Reaction
conditions: 0·91 g of V2 O5 , 30 mL of H2 O and at 180 ◦ C for 12 h).

β = 106·84, which corresponds to VO2 (B) (JCPDS, No. 81–
2392) already described in the literature (Oka et al 1993).
The as-prepared VO2 (B) nanobelts are of high purity because
no peaks of any other phases are detected from the XRD
pattern. With the amount of glucose increased to 1·60 g, the
main phase of the sample is VO2 (B), as shown in figure 1f.
But some peaks do not appear and the background ranging
from 10◦ to 20◦ is slightly bulged, indicating that a new phase
might exist (organic carbon) (Sun et al 2006; Xuan et al
2007), which is verified by TEM and FT–IR discussed in the
following section.
Furthermore, composition and vanadium valence state of
the surface of the typical V3 O7 ·H2 O and VO2 (B) nanobelts
were investigated by XPS test, as shown in figure S1 (supplementary data). The survey spectrums (figures S1a and S1c)
reveal both V3 O7 ·H2 O and VO2 (B) only consist of vanadium and oxygen. The high resolution XPS region spectrum confirms that V3 O7 ·H2 O consist of V(V) and V(IV),
while VO2 (B) contains V(IV). To get more information about
the structure of V3 O7 ·H2 O nanobelts, the corresponding FT–
IR and TG measurements were carried out. The results are
shown in figure S2 (supplementary data).
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Figure 2. TEM images of typical products: (a–c) orthorhombic V3 O7 ·H2 O nanobelts (0·067 g of glucose, 150 ◦ C);
(d–f) monoclinic (0·267 g of glucose, 180 ◦ C).

The morphologies and structures of the typical V3 O7 ·H2 O
and VO2 (B) nanobelts were investigated by SEM and TEM
measurements, as shown in figure 2. Figures 2a–c reveal that
it consists of a large quantity of V3 O7 ·H2 O nanobelts with
length up to several tens of micrometers, width of about 60–
150 nm and thickness of about 5–10 nm (clearly seen from
figure 2c). From figures 2b–c, we can infer that the products
are independent nanobelts with smooth surface and polycrystalline electron diffraction pattern (inset of figure 2b) reveals
the resulting nanobelts to be well crystallized. Figures 2d–f
represent SEM and TEM photographs of VO2 (B), which
describe the as-obtained VO2 (B) with length of about 1·0–
2·7 μm, width, 80–140 nm and thickness, 2–8 nm, which is
much thinner than the previous report (Li et al 2010). From
figure 2d, we can see that the as-synthesized VO2 (B) are
flexible. The SAED pattern (inset of figure 2f) from an
individual nanobelt reveals that it is well crystallized and the
growth direction of nanobelts is along [010].

3.2 Some parameters controlling phase and morphology of
resulting products
The reaction temperature and reaction time are significant
factors for preparing the vanadium oxides with different
morphologies. The results indicate that the temperature at
150–180 ◦ C for 12 h is favourable for the fabrication of
orthorhombic V3 O7 ·H2 O nanobelts, while the favourable
temperature is 180 ◦ C for 12 h for preparing regular VO2 (B)
nanobelts. The detailed discussion is represented in figures
S3–S12.

Figure 3. XRD patterns of vanadium oxides nanostructures synthesized with different quantities of glucose. (Reaction conditions:
0·91 g of V2 O5 , 30 mL of H2 O and at 180 ◦ C for 12 h).

The phase and morphology of vanadium oxides can be
easily controlled by only changing the quantity of glucose. A series of glucose-dependent experiments were conducted to understand the formation of vanadium oxides
micro/nanostructures. The synthesis reactions were carried
out with different quantities of glucose (0, 0·033, 0·067,
0·100, 0·132, 0·165, 0·198, 0·232, 0·267, 0·334, 0·395,
0·790, 1·60 and 3·20) at 180 ◦ C for 12 h and each
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experiment used the same starting chemical composition
mixture (i.e. 0·91 g of V2 O5 and 30 mL of H2 O). The
XRD patterns and TEM images of the vanadium oxides were
obtained with different quantities of glucose at 180 ◦ C for
12 h, while keeping other synthetic conditions unchanged
and are shown in figures 3 and 4. For the sample prepared
without glucose, only V2 O5 was obtained (figure 3a), which
means glucose should play the role of reducer in our system. When 0·033 g of glucose was added to the system,
the resulting products of the mixture (figure 3b) and many
sheets were also seen in figure 4a. Simultaneously, some
very short belt-like structures which might be the precursor of the V3 O7 ·H2 O nanobelts appeared. The reason given
was that they were restrained in growing into high-aspectratio nanobelts due to the lack of vanadium in +4 oxidation state in the system. Low-valence vanadium oxides were
synthesized using glucose as the reducing reagent. With the
quantity of glucose increased, the final products were from
V3 O7 ·H2 O to VO2 (B). However, V2 O3 could not be obtained
even with excess glucose (such as 3·20 g) used, which should
be due to the reducibility of glucose. When 0·067 and 0·100 g
of glucose were used, V3 O7 ·H2 O nanobelts were synthesized
(figures 3c–d and 4b–c). A lot of vanadium in the +5 oxidation state was reduced to that of +4 oxidation state with
0·165–0·232 g of glucose used, so the mixture of V3 O7 ·H2 O
and VO2 (B) was synthesized, as shown in figures 3e–h. Figure 1c represented a typical mixture (V3 O7 ·H2 O and VO2 )
obtained with 0·232 g of glucose. The morphologies of the
mixture were irregular as depicted in figure 4d. Regular
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VO2 (B) nanobelts were synthesized with 0·267 g of glucose,
which had been discussed in the above section (figures 2d–
f). With the increase of glucose to 0·334 g or more, only
VO2 (B) was obtained, and V2 O3 could not be detected by
XRD tests (figures 3j–n), but the morphology was dramatically changed. When 0·395 g of glucose was used, short
and broken belts were synthesized (figure 4e), while a great
number of nanosheets were fabricated when the amount of
glucose increased to 1·60 g (figure 4f).
Keeping other synthetic conditions unchanged and lowering the reaction temperature (150 ◦ C), we can get similar
results. Their corresponding XRD patterns and TEM images
are, respectively shown in figures S13 and S14. Note that
very regular V3 O7 ·H2 O nanobelts are synthesized at 150 ◦ C
(figures S14b and c) with 0·067 g of glucose used. A number of nanosheets of VO2 (B) were fabricated with 2·20 g
of glucose added in our experiment (figures S14g–h). What
is more, some nanofibres were occasionally seen at this
condition, as shown in figures S14i and j.
3.3 Formation mechanism for synthesizing vanadium
oxides
On the basis of the above results, vanadium oxides with
different phases were synthesized by the defined interval: V3 O7 ·H2 O (glucose: 0·07–0·10 g) and VO2 (B) (glucose: 0·27 g or more) at 150–180 ◦ C for 12 h. With the
increase of glucose, the morphologies of the as-obtained
vanadium oxides are dramatically different, which can be

Figure 4. TEM images of vanadium oxides nanostructures synthesized with different quantities of glucose: (a)
0·033 g; (b) 0·067 g; (c) 0·100 g; (d) 0·198 g; (e) 0·395 g; (f) 1·60 g. (Reaction conditions: 0·91 g of V2 O5 , 30 mL of
H2 O and at 180 ◦ C for 12 h).
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due to the effect of glucose. When a small amount of glucose was utilized (for the synthesis of V3 O7 ·H2 O), the main
effect of glucose is as the reductant and the formation of
V3 O7 ·H2 O nanobelts is probably due to the intrinsic growth
habit of V3 O7 ·H2 O, which is supported by the result that
V3 O7 ·H2 O nanobelts were synthesized by replacing glucose
with ethanol in the experiment by our team (Zhang et al
2010). Therefore, the formation mechanism of synthesizing V3 O7 ·H2 O nanobelts can be described as “hydrating–
reducing–exfoliating–splitting” (HRES) mechanism, which
has been proposed in our previous report (Zhang et al 2010).
This mechanism mainly contains four steps as follows: (i)
the raw material of V2 O5 is hydrated to form V2 O5 ·xH2 O
which is more active and is easily reduced by glucose; (ii)
V2 O5·xH2 O is reduced to V3 O7 ·H2 O with layered structure
by glucose; (iii) the hydrated vanadium oxides (V3 O7 ·H2 O)
with layered structure are exfoliated to nanosheets under the
drives of inter tension and crystal growth anisotropy; (iv) the
nanosheets are further split into nanobelts. The reducing ability in the system is strengthened with increase in quantity of
glucose, resulting in the synthesis of the phase of VO2 (B).
However, the morphologies of VO2 (B) are as follows: uniform nanobelts (figures 2d–f), the short and broken belts
(figure 4e), and sheets (figure 4f). These results might be
attributed to two reasons. First, the byproducts of glucose
affected the formation of VO2 (B) nanobelts with comparatively less glucose used (such as 0·267 g), but the effect
was limited because VO2 (B) nanobelts were finally formed.
Second, with excess glucose added to the system, the residual
glucose could be crosslinked with each other to form carbon
sphere (figure 4f, inset) (Sun and Li 2004) to prevent irregular vanadium dioxides growing into regular nanobelts, resulting in obtaining VO2 (B) nanosheets. This speculation was
proved by FTIR as seen in figure 5. The peaks at 1710 cm−1
and 1601 cm−1 were attributed to C=O and C=C stretches,
respectively. The transmittance of C=O was comparatively
weak, which might imply that the number of C=O bond

was much fewer than that of C=C in the carbon sphere. The
wavenumbers from 2950–2800 cm−1 , were the characteristic
C–H stretches. The peaks at 998 cm−1 and 545 cm−1 were
assigned to V4+ =O and V–O–V, respectively.

Figure 5. FT–IR spectrum of sample obtained with 1·60 g of
glucose.

Figure 6. XRD pattern of VO2 (M) (inset: a DSC curve of
VO2 (M)).

3.4 Phase transition from VO2 (B) to VO2 (M)
Since the discovery by Morin (1959), that the metal–
semiconductor transition temperature of VO2 (M) is close to
room temperature, many researchers have devoted their interest to synthesis and application of VO2 . Until now, VO2 was
being used in many areas (Hood and De Natale 1991; Li
et al 1994; Sella et al 1998; Lopez et al 2001; Parkin and
Manning 2006; Kim et al 2007), such as temperature sensing devices, optical switching devices, optical or electrical
modulators, rechargeable lithium batteries, optical data storage media, intelligent thermochromic windows, uncooled
infrared detectors, etc. From the literature investigated, the
methods of synthesizing VO2 (M) are commonly treated by
other phase of VO2 with high temperature at inert atmosphere. Therefore, in this paper, we investigated the transition from VO2 (B) to VO2 (M) by thermal treatment and the
metal–semiconductor transition of VO2 (M). The hydrothermal VO2 (B) was heated in a tube furnace with 5 ◦ C/min
heating rate under a flow of nitrogen gas at 700 ◦ C for 2 h,
and then cooled to room temperature in the nitrogen flow to
prevent oxidation of vanadium dioxide. VO2 (M) solids were
obtained through phase transition. Figure 6 represents XRD
and DSC results of the VO2 (M). All the diffraction peaks
from figure 6 can be readily indexed as monoclinic crystalline phase (space group: P21/c) of VO2 (M), which corresponds to the VO2 (M) (JCPDS No. 72–514, a = 5·74300,
b = 4·51700, c = 5·37500 Å) already described in the literature (Andersson 1956). No peaks of any other phases are
detected from the XRD pattern, indicating the as-prepared
VO2 (M) with high purity. The phase transition temperature
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of the sample was investigated by DSC (inset of figure 6).
The endothermic peak representing the phase transition temperature of the as-obtained VO2 (M) appeared at 68 ◦ C on
the curve, in accordance with the result reported by Morin
(1959).

3.5 Electrochemical properties
In past decades, the vanadium oxides (such as VO2 , V2 O5 ,
V3 O7 , V6 O13 ) with layered structure and their doped materials have attracted much attention, especially as an electrode for electrochemical applications. It was reported that
the electrochemical properties of the electrode materials are
influenced by many factors such as instinctive structure, morphology, preparation methods, etc. Thus, in this paper, we
have investigated the charge–discharge capability of samples obtained by the hydrothermal approach. Figure 7 summarizes the relationship between the cycle performance of
specific capacity and the cycle number for an electrode composed of different vanadium oxides in a voltage range of 4·0–
1·5 V and under a constant current density of 0·2 mA/cm2 .
The V3 O7 ·H2 O nanobelts, VO2 (B) nanobelts and VO2 (B)
nanosheets exhibit an initial discharge capacity of as high
as 296, 247, 227 mAh/g, respectively which is much higher
than the values in the references reported for 1D nanomaterials like VO2 and V2 O5 (Sun et al 2004; Li et al 2007).
The as-synthesized vanadium oxides with an initial high discharge capacity might be attributed to the large surface area
and short diffusion distance resulting from the nanostructures
(Wang et al 2005; Ng et al 2007). Nevertheless, with the
increase in cycling numbers, a drastic electrochemical degradation was observed. They retained about 27%, 22% and
45%, respectively of the initial discharge capacity after 10
cycles and reached a relatively stabilized capacity of about
78·6, 55·6 and 102·8 mAh/g, which might be due to the
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binder water in V3 O7 ·H2 O nanobelts. The decrease of discharge capacity of the samples is probably due to partial fracture of its shape and structural degradation after redox cycle,
which has been studied during the charge–discharge process
of other vanadium nanostructures (Patzke et al 2002). All the
results discussed above from the electrochemical investigation reveal that the electrochemical properties relate to the
crystal structure and morphology of the electrode material, in
agreement with the previous reports (Patzke et al 2002; Shi
et al 2007).
4. Conclusions
In summary, we have demonstrated a facile route to synthesize large-scale vanadium oxides (V3 O7 ·H2 O and VO2 ) with
different morphologies using commercial V2 O5 powder as a
precursor and glucose as the reducing and structure-directing
reagent. The as-obtained V3 O7 ·H2 O nanobelts have a length
up to several tens of micrometers, width of about 60–150 nm
and thickness of about 5–10 nm, while the resulting VO2 (B)
nanobelts with a length of about 1·0–2·7 μm, width, 80–
140 nm and thickness, 2–8 nm. Some parameters, such as the
quantity of glucose, the reaction temperature and the reaction
time had significant effects on the compositions and morphologies of final products. Vanadium oxides with different
morphologies were obtained by controlling the concentration
of glucose, and the formation process was also briefly discussed, indicating that glucose played different roles in synthesizing various vanadium oxides with different morphologies. VO2 (B) can be converted into VO2 (M) by heating up to
700 ◦ C, whose metal semiconductor transition temperature is
around 68 ◦ C. Finally, the as-obtained V3 O7 ·H2 O nanobelts,
VO2 (B) nanobelts and VO2 (B) nanosheets which exhibit
high initial discharge capacity of 296, 247, 227 mAh/g,
respectively are promising cathode materials in lithium–ion
batteries tested by the electrochemical measurements, indicating that these materials may have potential application in
the future.
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