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The composition and vanadium valence state of the
surface of typical V3O7·H2O and VO2(B) nanobelts were
investigated by XPS test, as shown in figure S1. The
survey spectra (figures S1a and S1c) reveal that both
V3O7·H2O and VO2(B) only consist of vanadium and
oxygen (C1s peak appeared, which might be due to some
CO2 absorbed on the surface of the sample). It was
reported (Mendialdua et al 1995; Chen et al 1998;
Silversmit et al 2004; Alov et al 2006; Liu et al 2008)
that the V5+
2p1/2 peak is located at about 524⋅3 eV and
4+
V5+
2p3/2 peak is located at 516⋅9–517⋅7 eV; V 2p1/2 peak is
4+
located at about 523⋅4 eV and V 2p3/2 peak is located at
515⋅7–516⋅2 eV; and V3+
2p1/2 peak is located at about
523⋅0 eV and V3+
2p3/2 peak is located at 515⋅2–515⋅9 eV.
As can be seen from figure S1b, the binding energies of
V2p1/2 and V2p3/2 centred at 524⋅32 and 517⋅10 eV are consistent with the above mentioned results of V(V). However, we also observe a weak intensity peak at around
516⋅10 eV, which represents the +4 oxidation state of
vanadium. The binding energies located at 516⋅08 (V2p3/2)
and 523⋅32 eV (V2p1/2) in figure S1d are the characteristic
of vanadium in the +4 oxidation state. Therefore, high

resolution XPS region spectrum further confirms that
V3O7·H2O consists of V(V) and V(IV), while VO2(B)
consists of V(IV).
Figure S2a shows FT–IR spectrum of the V3O7⋅H2O
nanobelts. For the V3O7·H2O nanobelts, the peaks at
1021 cm–1, 972 cm–1, and 566 cm–1 are attributed to the
characteristic of V–O vibration band. The bands at 1021
and 972 cm–1 correspond to the symmetric stretching of
the νs (V5+ = O) and νs (V4+ = O) bonds, respectively
which indicates the similarity of the as-prepared phase
with the structure of the layered orthorhombic V2O5
(Gilson et al 1973). The peak located at 566 cm–1 is assigned to the stretching vibrations of the νs (V–O–V)
bridging bonds (Valmalette et al 1998). The peaks at
3419 and 1632 cm–1 come from the νs (H–O–H) and
δ (H2O) vibrations, which might indicate that a certain
amount of water molecules is embedded between the
layers (Shi et al 2007). In addition, the absorptions at
2360 cm–1 and 1381 cm–1 are due to carbon dioxide and
nitrate, respectively adsorbed on the KBr and can be disregarded (Ros et al 2002). The results demonstrate that
the sample consists of mixed valence state vanadium

Figure S1. XPS spectra of typical V3O7⋅H2O nanobelts (a and b: 0⋅067 g of glucose,
150°C) and VO2(B) nanobelts (c and d: 0⋅267 g of glucose, 180°C). (Reaction conditions: 0⋅91 g of V2O5, 30 ml of H2O and 12 h).
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Figure S2.

(a) FT–IR pattern of V3O7⋅H2O nanobelts and (b) TG curve of V3O7⋅H2O nanobelts.

Figure S3. XRD patterns of vanadium oxides synthesized at
different temperatures (Reaction conditions: 0⋅067 g of glucose,
0⋅91 g of V2O5, 30 ml of H2O and for 12 h).

atoms and water. It is in accordance with the results of
XPS and XRD analyses. To confirm phase evolution of
the as-synthesized V3O7·H2O nanobelts upon heating,
thermogravimetric analysis (TGA) was performed in
flowing N2 atmosphere, as shown in figure S2b. A weight
loss of ca. 6⋅20 wt% starting at room temperature and
ending at about 400°C is associated with one molecule
crystal water being removed from this sample. Assuming
phase of the sample is V3O7⋅H2O, theoretical weight of
water of crystallization is 6⋅36 wt%. This value is close to
the result (6⋅20 wt%) obtained from the TGA analysis.
Effect of temperature
The reaction temperature is a significant factor for preparing vanadium oxides with different morphologies. To

investigate the effect of temperature on synthesizing
V3O7⋅H2O and VO2(B) nanobelts, a series of experiments
were also carried out at different temperatures from 60 to
250°C with a fixed 0⋅067 g or 0⋅267 g of glucose used in
the designed experiments. Figures S3 and S4, respectively represent the corresponding XRD patterns and
TEM images of the samples obtained with 0⋅067 g of glucose. The results indicate that the temperature at 150–
180°C is favourable for the fabrication of orthorhombic
V3O7⋅H2O nanobelts. When the reaction temperature was
decreased to 60°C, only V2O5 was obtained (figure S3a),
indicating that the redox reaction did not occur at this low
temperature. With increase in temperature from 80–
120°C, blue–green solution colloid (colour of V3O7⋅H2O
solid state) was obtained. From the colour of the products, it can be deduced that some vanadium in +5 oxidation state was partly reduced to that of +4 oxidation state
and the amorphous crystal nuclei of V3O7⋅H2O might be
formed. After the samples were dried in vacuum, they
became olive and they were mainly V2O5⋅xH2O by XRD
tests (figures S3b and c). Those compounds probably
contained vanadium atoms in +4 oxidation state as confirmed by a previous study (Livage 1998). TEM image
(figure S4a) of the sample obtained at 120°C revealed
that it consisted of a number of nanosheets, but very short
nanobelts were also seen. With increase in temperature to
140°C, the phase of V3O7⋅H2O was synthesized (figure
S3d), but the morphology was very irregular (figure S4b).
Naturally, when the reaction was carried out at 150–
180°C, regular V3O7⋅H2O nanobelts were obtained, as
shown in figures S6c and S4d. However, when the temperature increased to 200 or 250°C, V3O7⋅H2O could be
obtained, but some VO2(B) peaks were detected by XRD
measurements (figures 3g and f). Specially, the VO2(B)
peaks became stronger with increase in temperature.
From TEM images (figures S4e and S4f), the morphologies were seen to be in disarray and irregular at 200°C
and 250°C. Therefore, to synthesize good V3O7⋅H2O
nanobelts, suitable temperature was 150–180°C. Very
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Figure S4. TEM images of vanadium oxides obtained with fixed 0⋅067 g of glucose at 180°C for
12 h: (a) 120°C; (b) 140°C; (c) 150°C; (d) 180°C; (e) 200°C and (f) 250°C.

Figure S5. XRD patterns of vanadium oxides synthesized at
different temperatures (Reaction conditions: 0⋅267 g of glucose,
0⋅91 g of V2O5, 30 ml of H2O and for 12 h).

similarly, the quantity of glucose was changed to 0⋅267 g,
and their corresponding results of XRD patterns and
TEM images were, respectively depicted in figures S5
and S6. For preparing regular VO2(B) nanobelts, most
favourable temperature was 180°C.

Figure S6. TEM images of vanadium oxides obtained at
180°C for 12 h: (a) 140°C; (b) 150°C; (c) 180°C and (d) 200°C
(Reaction conditions: 0⋅267 g of glucose, 0⋅91 g of V2O5, 30 ml
of H2O and for 12 h).

Effect of time
To reveal the evolution processes of formation of vanadium oxides with nanostructures, a series of timedependent experiments were carried out. Keeping other
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parameters constant, only the reaction time was changed
in our designed experiments. The synthetic process was
ceased at definite reaction periods of 1, 3, 6, 12, 24 and
48 h, and the as-obtained intermediate products were
separated for XRD and TEM tests.
The samples were synthesized with a fixed 0⋅067 g of
glucose used at 150°C and their corresponding XRD
patterns and TEM images were, respectively shown in

Figure S7. XRD patterns of vanadium oxides synthesized
with a fixed 0⋅067 g of glucose at 150°C at different times (Reaction conditions: 0⋅067 g of glucose, 0⋅91 g of V2O5, 30 ml of
H2O and 150°C).

Figure S8. TEM images of V3O7·H2O obtained with different
times: (a) 3 h; (b) 6 h; (c) 12 h and (d) 48 h.

figures S7 and S8. As seen in figure S7, when the reaction was carried out for 1–6 h, the blue–green colloid
solution was obtained at the bottom and XRD patterns
(figures S7a–c) of their dried solid showed that they were
main phases of V2O5⋅xH2O and VO2⋅xH2O. To further
verify this inference, the reaction using only dry powder
(obtained by the reaction after 3 h) and redistilled water
was carried out at 150°C for 12 h, and pure V3O7⋅H2O
were obtained, which corresponded to the previous report
(Livage 1998). A lot of fragments and sheets were prepared after 3 or 6 h (figures S8a and b), indicating that
the regular nanobelts were not formed in these defined
times. It is worth noting that some belt-like structures
were occasionally seen in our field of vision, which may
be the trend of V3O7⋅H2O nanobelts. When the reaction
time was prolonged to 12 h, all the diffraction peaks
could be indexed as the orthorhombic phase of V3O7⋅H2O
(figure 9d). After heating at 24 and 48 h, pure phase of
orthorhombic V3O7⋅H2O with good crystalline structure
were also synthesized (figures S7e and f). TEM image of
the sample after a reaction time of 12 h reveals that the
as-synthesized samples mainly consists of uniform belts
with a length of about tens of micrometers. Note that uniform belts were also formed with the reaction time
extended to 48 h (figure S8d), in agreement with the result after 12 h, which revealed that uniform V3O7⋅H2O
nanobelts were grown well at 12 h. The growth progress
of the nanobelts needed suitable time, and indicated that
the growth of V3O7⋅H2O nanobelts could mainly be
dependent on the previous period, which is an effective
proof for the HRES mechanism discussed in this paper.

Figure S9. XRD patterns of vanadium oxides synthesized
with a fixed 0⋅267 g of glucose at 180°C for different times
(Reaction conditions: 0⋅267 g of glucose, 0⋅91 g of V2O5, 30 ml
of H2O and 180°C).

Supplementary Material 2

Figure S10. TEM images of VO2(B) obtained with different times: (a) 1 h; (b) 3 h;
(c) 6 h; (d) 12 h; (e) 24 h and (f) 48 h (inset shows an enlarged image).

Figure S11. XRD patterns of vanadium oxides synthesized
with a fixed 0⋅267 g of glucose at 150°C at different times.

Figure S12.
(d) 48 h.

TEM images of VO2(B) obtained with different times: (a) 3 h; (b) 6 h; (c) 12 h and
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Figure S13. XRD patterns of vanadium oxides synthesized
with different qualities of glucose. (Reaction conditions:
0⋅91 g of V2O5, 30 ml of H2O and at 150°C for 12 h).

Figure S14. TEM images of vanadium oxides synthesized with different qualities of glucose:
(a) 0⋅033 g; (b) and (c) 0⋅067 g; (d) 0⋅198 g; (e) 0⋅267 g; (f) 0⋅54 g; (g)–(j) 2⋅20 g. (Reaction conditions: 0⋅91 g of V2O5, 30 ml of H2O and at 150°C for 12 h).
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Similarly, to get an insight into the evolution processes
of the formation of VO2(B) nanobelts (0⋅267 g of glucose
and at 180°C), the synthetic process was ceased at definite reaction periods of 1, 3, 6, 12 and 48 h, whose products were examined thoroughly by detailed XRD (figure
S9) and TEM (figure S10) tests. The main phase of the
resulting products was VO2(B) by XRD tests after 1 h
(figure S9a), indicating that the redox reaction had been
finished quickly. VO2(B) was obtained by prolonging the
time to 3 h or longer (figures S9b–f). From TEM images
(figures S10a–c), the nanobelts were grown longer with
extending time, showing that the growth process did
undergo slowly. After 12 h, good nanobelts were formed,
as shown in figure S10d. With the increased reaction time
to 24 or 48 h (figures S10e and f), regular nanobelts were
also synthesized, but the morphology did not change significantly compared with that of 12 h. Specially, we can
occasionally see that the carbon was coated on the surface of some VO2(B) nanobelts, as depicted in figure
S10f (inset). On the basis of the above results, the formation mechanism of synthesizing VO2(B) could be concluded as follows: V2O5 was quickly reduced to VO2 with
the presence of glucose, and then irregular vanadium
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oxides were grown into VO2(B) nanobelts with definite
time. When the above experiments were carried out at
150°C, similar results were obtained, as shown in figures
S11 and S12.
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