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Vanadium dioxide nanowires and nanobelts were synthesized from vanadium pentoxide xerogel
through a hydrothermal process. V>* was reduced to V* by a polyblend of poly(vinyl pyrrolidone)
(PVP) and poly(vinyl alcohol)(PVA), and by poly(vinyl alcohol)(PVA). Scanning electron microscopy
(SEM) images confirm that polyblend (PVP+PVA) as a reducing agent resulted in nanowire morphol-
ogy, PVA resulted in nanobelt morphology of vanadium dioxide. Thermal gravimetric analysis (TGA)
curves exhibit weight gain in the temperature range 380 °C — 420 °C indicating oxidation of v, X-ray
diffraction results of heat treated nanobelts confirmed the oxidation of V** and the formation of vana-
dium pentoxide. Electrochemical studies show that the working electrode made of nanowires yields
higher current density than the working electrode made of nanobelts.
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1. INTRODUCTION

In recent years, low-dimensional nanostructured materials, such as nanobelts, nanowires,
nanotubes and nanorods have received significant attention because of their extraordinary properties
[1,2]. On the other hand, the awareness of practical low-dimensional nanostructured materials depends
not only on the quality of the size and dimensionality of the materials but also on their spatial direction
and orientation. The development of realistic strategies in the fabrication of patterns of well-arranged
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nanocrystallities, particularly the arrangement of nanobelts, nanorods, nanowires and nanotubes will
require significant study.

Among a number of known vanadium oxides, metastable oxides, designated as VO, (B), V,03,
V6013, V205 and V307, were widely used in electrochemical devices as a cathode [3-7]. A number of
polymorphs of vanadium dioxide are well known such as: VO,(M), a monoclinically distorted rutile
structure associated with a metal—insulator transition; VO,(R) with the rutile structure; VO2(A) with a
tetragonal structure; and VO,(B), which is isostructural with TiO,(B) [8-10]. The polymer intercalated
metal oxide nanomaterials [11-14] show high conductivity because of the enhanced surface area. Many
studies have been conducted on polymer intercalated metal oxide thin films [15, 16] but only a few
studies are available on polymer intercalated metal oxide nanopowders.

Using various techniques vanadium oxide nanostructures were successfully synthesized [1].
Recently we made an attempt on the bulk quantity synthesis and characterization of H, V303 nanobelts
using PEO, PEG[17], and VO,(B) nanorods using PVP as a reducing agent and Li" as a template be-
tween vanadium oxide layers [3]. In this work, we describe the synthesis, structure, morphology and
Li*-extraction and intercalation of VO,(B) nanowires and nanobelts using polyblend(PVP+PVA) and
PVA as reducing agents from V,0s xerogel through a simple hydrothermal synthesis.

2. EXPERIMENTAL PART

A brownish V,0s xerogel was obtained through V,0s melt quenching. The V,0s powder
(99.5%) was heated up to 800 °C and kept at this temperature for 10 min; then quickly poured into dis-
tilled water. A red V,0s xerogel was obtained after one week aging of the solution. For the preparation
of vanadium dioxide nanomaterials, 20 ml of reducing agent solution (PVA and poly-
blend(PVP+PVP)) were added to 80 ml of V,05 xerogel. The resulting mixture was transferred into
an autoclave for hydrothermal reaction at 180°C for 15 days. The final product of vanadium dioxide
nanomaterials was then washed and dried at 100 °C for 10 h.

Crystallographic information of the samples was obtained using an X-ray powder diffractome-
ter (D8 Advance Brucker) equipped with graphite monochromatized Cu Ko radiation (A = 1.54187 A).
Diffraction data were collected in the 20 range 5° to 70°. FTIR absorption spectra of the nanomaterials
were measured using a Brucker IR spectrometer (4 cm’ resolution) in the range 400 to 4000 cm’'. The
morphologies of the resulting products were characterized using a scanning electron microscope
(SEM, JEOL JSM 6390). For the TGA measurements, a model TA 600 operating in dynamic mode
(heating rate =10°C/min) was employed. The electrochemical properties of the nanomaterials were in-
vestigated with a three-electrode cell with a platinum foil counter electrode and a silver (Ag) wire as a
reference electrode. The working electrode, prepared by mixing 80 wt% of active material, 15 wt% of
acetylene black and 5 wt% of polytetrafluoroethylene (PTFE), was coated on ITO glass (1.0 cm?). A
solution of 1 M lithium perchlorate (99.99%, Aldrich) in propylene carbonate (99.7 %, Aldrich) was
used as the electrolyte after purification by recrystallization and distillation, respectively. Cyclic volt-
ammetric (CV) measurements were carried out between the potential limits -1.0 V and +1.0 V versus a
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Ag wire with a potentiostat/galvanostat (PRE 273). The CV curves were recorded at a scan rate of 10
mV/s.

3. RESULTS AND DISCUSSION

Figs. 1 and 2 show the XRD patterns of the VO,(B) nanomaterials. All diffraction peaks can be
indexed to the VO,(B) monoclinic structure with lattice constants of @ = 12.03 A, b=3.693 A andc=
6.42 A, and £ =106.6" JCPDS # 31 -1438). No peaks of any other phases or impurities were ob-
served, demonstrating that VO,(B) nanomaterials with high purity could be obtained using the present
synthetic process where (PVP+PVA) and PVA serve as surfactants as well as reducing agents. The
peak separation is noticed clearly at 20 =15°, 30° and 45° with increasing (PVP + PVA) composition.
The products were in black color after the hydrothermal process, which indicates that V°* cations were
reduced to V** cations [3]. The (PVP+PVA) and PVA played a critical role in the formation of VO»(B)

nanowires and nanobelts during the hydrothermal process.
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Figure 1. XRD patterns of reduced vanadium dioxide nanomaterials from V,0s xerogel using
PVP+PVA as a surfactant.

Fig. 3 shows the XRD patterns of the converted V,Os nanobelts by heat-treatment of VO»(B)
nanobelts at 400 °C [4]. All the diffraction peaks can be indexed to the orthorhombic structure V,0Os
with lattice constants of a = 11.516 A, b =3.5656 A and c = 4.3727 A (JCPDS # 00-041-1426).

The FTIR spectra of VO,(B) nanowires are shown in Fig. 4. The bands between 1000 — 400
cm’ can be assigned to various vibrations of V-O bonds. The broad band at 531 cm’ can be assigned
to the V-O-V octahedral bending modes. The band at 917 cm’' can be associated with the stretching of
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short V=0 bonds [18]. The weak band appears at 1011cm™ due to initial disorder from VO, (B) octa-
hedral arrangement. The broad absorption band at 3414 cm™ is due to water in the xerogel [3].
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Figure 2. XRD patterns of reduced vanadium dioxide nanomaterials from V,0s xerogel using PVA as
a surfactant.
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Figure 3. XRD patterns of V,0s nanomaterials from vanadium dioxide (PVA as a surfactant).
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Figure 4. FTIR patterns of reduced vanadium dioxide nanomaterials from V,Os xerogel using
PVP+PVA as a surfactant.
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Figure 5. TGA curves of vanadium dioxide nanomaterials

The thermal gravimetric analysis (TGA) curves of VO, (B) nanowires and nanobelts are shown
in Fig. 5. The first weight loss is 0.14 mg with (V,0s5 + PVP + PVA) (1: 0.25 :0.25) — VOx(B)
nanowires in the temperature range 50 - 186 °C, whereas the first weight loss is 0.175 mg with (V,0s
+ PVA) (1: 0.5) — VO, (B) nanobelts in the range 50 - 230 °C. This first weight loss can be attrib-
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uted to evaporation of water from the layers of vanadium oxide xerogel. The second weight loss is
0.387 mg for nanowires in the temperature range 186 - 380 °C and 0.177 mg for nanobelts in the tem-
perature range 230 - 380 °C due to decomposition of (PVP+PVA) and PVA trapped in the layers of
vanadium oxide xerogel. The weight gain (0.02 mg) observed in the temperature range of 380 - 420 °C
in both nanowires and nanobelts is due to the oxidation of V** yielding V,0s [4,7]. These results were
confirmed by the XRD patterns of nanobelt samples heat-treated at 400 °C (Fig. 3).

DS,

Figrue 6a. SEM photographs of reduced vanadium dioxide nanomaterials from V,0Os xerogel using 0.
5 M (PVP+PVA) as a surfactant.

-
Figure 6b. SEM photographs of reduced vanadium dioxide nanomaterials from V,0s xerogel using
1.0 M (PVP+PVA) as a surfactant.
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Figure 6c. SEM photographs of reduced vanadium dioxide nanomaterials from V,0Os xerogel using 0.
5 M PVA as a surfactant.

Figure 6d. SEM photographs of reduced vanadium dioxide nanomaterials from V,0Os xerogel using 1.
0 M PVA as a surfactant.

The surface morphology and size of VO, (B) nanowires and nanobelts are shown in Fig. 6. The
SEM images of (V205 + PVP + PVA) — VO, (B) (Fig. 6a, 6b) show the homogenous phase of
nanowires with uniform size 1 — 5 pum in length and about 100 nm in average diameter. The SEM
photographs of (V,0Os + PVA) — VO, (B) (Fig. 6¢, 6d) reveal the nanobelts’ morphology size to be
about several micrometers in length and about 200 nm in average width. Fig. 6e shows the SEM image
of nanobelts that have been heat-treated at 400 °C. The nanobelts are maintaining the same morphol-
ogy with increased dimensions, even after heat-treatment. This also clearly observed from XRD pat-
terns of nanobelts heat-treated at 400 °C (Fig.3). In comparison, as the peak width of heat-treated
nanobelts decreases, thus particle size increases [19].
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Figure 6e. SEM photographs of V,0s nanomaterials from vanadium dioxide (using 0. 5 M PVA as a
surfactant) at 400 oc.
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Figure 7. Cyclic voltammagram of reduced vanadium dioxide nanomaterials from V,0Os xerogel using

0.5 M (PVP+ PVA) as a surfactant in non-aquous electrolyte (1 M LiClO; dissolved in propylene car-
bonate).

The cyclic voltammograms (CV) of (V2,05 + PVP + PVA) (1: 0.25:0.25) — VO, (B) nanowires
and (V205 + PVA) (1: 0.5) — VO, (B) nanobelts are shown in Fig. 7 and 8. The CV of the working
electrode made of nanowires shows broad anodic and cathodic peaks at 0.4 V and -0.25 V, respec-
tively. These peaks are attributed to Li* extraction from the working electrode and intercalation into
the working electrode [1]. The CV curves of the working electrode made of nanobelts also exhibits two
broad cathodic peaks and one anodic peak at - 0.79 V, -0.6 V and + 0.44 V. The oxidation of V** —
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vt happens at the anodic peak, and the reduction of V> — V** occurs at the cathodic peak. The CV
curves of the working electrode made of nanowires show higher current density than the working
electrode made of nanobelts due to higher conductivity of the polyblend(PVP+PVA) surfactant [20].
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Figure 8. Cyclic voltammagram of reduced vanadium dioxide nanomaterials from V,0s xerogel using
0. 5 M PVA as a surfactant in non-aquosis electrolyte (1M LiClOy dissolved in propylene carbonate).

4. CONCLUSIONS

Vanadium dioxide nanomaterials were synthesized through a simple hydrothermal process with
the assistance of (PVP + PVA) and PVA. The conversion of V* = V** was confirmed from TGA and
XRD analysis. The morphology of the nanowires (V205 + PVP + PVA) — VO, (B) and the nanobelts
of (V,05 + PVA) — VO, (B) have been confirmed by SEM micrographs. The cyclic voltammograms
show the higher current density in the working electrode made of nanowires than that in the working
electrode made of nanobelts.
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