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Abstract
A large number of single-crystalline Ag2V4O11 nanobelts with thickness of
10–30 nm, width of 70–200 nm, and lengths of 2–5 µm have been
successfully synthesized by a hydrothermal method. The morphologies and
structures of the nanobelts were characterized by x-ray powder diffraction,
x-ray photoelectron spectroscopy, transmission electron microscopy,
high-resolution transmission electron microscopy, and thermal gravimetric
analysis. The magnetic measurement data showed that Ag2V4O11 nanobelts
are paramagnetic materials. The nanobelts exhibited an electronic emission
turn-on field of 28.9 V µm−1, which is the expected macroscopic field
required to produce a current density of 10 µA cm−2. On the basis of the
analytical data, it was observed that Ag2V4O11 nanobelts could serve as a
novel candidate for a future field emitter.

1. Introduction

Attention has been focused on both the preparation
and the properties of one-dimensional (1D) nanostructure
materials (nanotubes, nanowires, nanobelts, and nanorods),
due to their distinctive geometries, novel physical and
chemical properties, and potential application in numerous
areas such as single-electron transistors [1], field-effect
transistors [2], interconnections in nanoelectronics [3],
lasers [4], photodetectors [5–7], and sensors [8–11].
At present there are a number of methods for the
preparation of 1D nanomaterials, including the sonochemical
method [12], microwave irradiation [13], microemulsion-
mediated systems [14], hydrothermal synthesis [15], and
chemical vapour deposition [16, 17]. Due to the advancement
in the synthetic methods, various nanowires and nanobelts have
been obtained, ranging from elementary substances to binary
components. All these have resulted in limited types of single-
crystal ternary component nanobelts being obtained so far,
because the preparation of new ternary component nanobelts
is still a challenge.

1 Author to whom any correspondence should be addressed.

The derivatives of vanadium oxide compounds are
important both in catalysis and cathode materials [18]. For
example, ReVO4 (Re = Pr, Er, Gd, Dy, and Nd) shows
catalytic performances in the oxidative dehydrogenation of
propane [19], whereas vanadium oxide compounds containing
silver are ideal cathode material in rechargeable high-energy-
density lithium batteries due to their high specific capacity
and high rate capability [20]. Present results have shown
that Li-doped Ag2V4O11 is unique in commercialized batteries
for powering the implantable cardiac defibrillator [21]. Such
materials would be of great significance because of the possible
novel properties induced by their reduced dimensionality.
Over the past few years, there have been some reports on
the synthesis of 1D nanomaterial of vanadium oxides and
vanadates. For instance, Yu et al prepared single-crystalline
Na2V6O16·3H2O nanobelts [22] by a hydrothermal method
using V2O5 and NaF. Wu et al synthesized single-crystalline
(NH4)0.5V2O5 nanowires [23] by a hydrothermal reaction
using NH4VO3 and prepared VO2 nanowires [24] and NdVO4

nanorods [25] using (NH4)0.5V2O5 nanowires as templates,
respectively. Xie et al [26] synthesized Ag2V4O11 gel by an
ultrasonic sol–gel method using V2O5 sol and Ag2O. Despite
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Figure 1. Powder XRD pattern of the as-prepared Ag2V4O11

nanobelts.

all these, the preparation of high-quality Ag2V4O11 nanobelts
and their electronic field-emission properties have not been
reported in literature. In view of the above, we report herein
a controllable and convenient approach to the manufacture of
single-crystalline Ag2V4O11 nanobelts, which requires neither
sophisticated techniques nor catalysts.

2. Experimental section

The Ag2V4O11 nanobelts were synthesized by a hydrothermal
method. All the reagents used in this experiments were of
analytical purity and were used without further purification.
In a typical procedure, a mixture of 2.5 mmol vanadium
pentoxide powders, 2.5 mmol silver nitrate and 2.5 mmol 1,6-
hexanediamine (as organic template) was dissolved in 40 ml
distilled water. This solution mixture was then placed into a
Teflon-lined stainless steel autoclave, sealed and maintained at
180 ◦C for 2 days, after which a grey precipitate was formed.
On cooling the sample at room temperature, the precipitate
was separated by centrifuging at a rotation rate of 9000 rpm.
It was then washed with distilled water and absolute ethanol
in sequence, and dried in air at room temperature.

Powder x-ray diffraction (XRD) was carried out on a
Philip X’pert x-ray diffractometer with Cu Kα radiation (λ =
1.5418 Å). X-ray photoelectron spectra (XPS) were recorded
on an ESCALAB MK II x-ray photoelectron spectrometer,
using nonmonochromatized Mg Kα x-ray as the excitation
source and choosing C 1s (284.6 eV) as the reference line. The
TEM images and SAED (selected area electron diffraction)
images were recorded on a JEOL JEM-200CX transmission
electron microscope, using an accelerating voltage of 200 kV.
SEM images were taken by a LEO-1530VP scanning electron
microscope. The HRTEM images were recorded on a Philips
Tecanai F20 transmission electron microscope, using an
accelerating voltage of 400 kV. Thermal gravity analysis was
performed on a Pyris 1 TGA from 30 to 700 ◦C at 10 ◦C min−1.

3. Results and discussion

XRD measurement was carried out to determine the crystalline
phase of the as-prepared powder. The XRD pattern of the as-
synthesized Ag2V4O11 nanobelts is shown in figure 1. All
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Figure 2. XPS spectra of the as-prepared Ag2V4O11 nanobelts.
(a) Wide scan spectrum. (b) High-resolution spectrum for O (1s)
and V (2p). (c) High-resolution spectrum for Ag (3d).

diffraction peaks can be perfectly indexed to the monoclinic
system with the lattice constants a = 15.3, b = 3.6, c = 7.6 Å,
and β = 102◦ , which are in good agreement with the literature
values [27]. No peaks of any other phases were detected,
indicating the high purity of the product.

XPS measurements provide further information for the
evaluation of the composition and purity of the product. The
wide-scan XPS spectrum of the product is shown in figure 2(a).
The C 1s binding energy in the XPS spectrum is located at
285.4 eV, and it was standardized using C 1s as reference at
284.6 eV. All other peaks were calibrated accordingly. No
obvious impurities could be detected. The two strong peaks at
the Ag region of 368.2 and 374.2 eV are respectively assigned
to Ag 3d (5/2) and Ag 3d (3/2), whereas the two peaks located
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Figure 3. Morphologies of as-prepared Ag2V4O11 nanobelts. (a) A typical SEM image; (b) a typical TEM image; (c) TEM image and
SAED pattern of a single nanobelt, (arrows represent small Ag particles on the surface of as-prepared Ag2V4O11 nanobelts); (d) HRTEM
image of a Ag2V4O11 nanobelt taken from the highlighted area.

at 517.2 and 524.2 eV correspond to V 2p (3/2) and V 2p
(1/2), respectively. The other peak located at 529.9 eV is
attributed to O 1s. The atomic ratio of the Ag:V:O in Ag2V4O11

calculated from the peak area is approximately 1:2:6, which
is consistent with the given formula for Ag2V4O11 within
experimental errors.

The size and morphology of the product were examined
by scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). It can be observed in figure 3(a)
that the product represents a belt-like morphology with
thickness of 10–30 nm and a rectangular cross-section. A
representative TEM image of the as-prepared Ag2V4O11

nanobelts (figure 3(b)) reveals that this sample is composed of
a large quantity of nanobelts with widths of 70–200 nm, and
lengths of 2–5 µm. The TEM image (figure 3(c)) indicates
the presence of a few Ag particles on the surfaces of the
nanobelt, which is due to the loss of silver during the sample
preparation [27]. The SAED pattern (inset in figure 3(c))
recorded on an individual nanobelt indicates that as-prepared
nanobelts exhibit a single-crystalline structure with a preferred
growth oriented along the [302̄] crystalline plane. Figure 3(d)
is a representative HRTEM image of a single-crystalline
nanobelt, which exhibits good crystalline structure and clear
lattice fringes. The interplanar spacing is measured to be about
0.59 nm, which is in good agreement with the [201̄] crystalline
plane of the monoclinic system of Ag2V4O11. These lattice
fringes are parallel to the belt axis of Ag2V4O11 nanobelts.

The influence of reaction conditions, such as temperature,
reaction time, and organic template, on the morphology
has been investigated. A series of experiments showed
that the lower temperature resulted in impurity phase due
to incomplete reaction, and shorter reaction times led to

poor crystallization. From our findings, pure Ag2V4O11

nanobelts could not have been obtained on addition of 1,6-
hexanediamine or dodecylamine. The product obtained with
different amine molecule showed the same morphology and
pure phase, because the amine reacted with Ag+ forming a
complex compound, and the remaining Ag+ and V2O5 can be
dissolved by amines. Hence, the amine molecules play an
important role in the formation of pure Ag2V4O11 nanobelts.

The formation of nanobelts can be expressed by the
following equation:

2AgNO3 + 2V2O5 + 2OH− → Ag2V4O11 + 2NO−
3 .

As the temperature increases, vanadium pentoxide is
dissolved and hydrolysed under hydrothermal conditions to
form various species such as VO−

3 , VO3−
4 , and H2VO−

4 .
When the reaction proceeds to a certain extent, these species
and organic template co-condense and polymerize to form
a distorted VO6 octahedron, further linking up through
sharing the edges or the corners to form a V4O2−

11 framework
structure [28, 29]. The silver ions can accommodate these
framework tunnels.

The thermal stability of as-prepared Ag2V4O11 nanobelts
was studied by thermal gravity analysis in N2 flowing
atmosphere (including 5% oxygen). The thermal gravity curve
(figure 4) shows only one minor lost weight between 19 and
486 ◦C, which corresponds to the decomposition of residual
organic templates and the loss of water between vanadium
oxide layers respectively. With the increase in temperature,
there was an increase in mass, which is related to the oxidation
of vanadium in lower oxidations by oxygen [28].
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Figure 4. TGA curve of the Ag2V4O11 nanobelts.
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Figure 5. Current–voltage curves of the Ag2V4O11 nanobelts. The
inset is the corresponding FN plot.

Since the Ag2V4O11 nanobelts are vertically aligned with
very rough edges (figure 3(a)), they are potential candidates for
field-emission studies. Field-emission measurements of the
nanobelts were conducted in a vacuum chamber at a pressure
of 8.5×10−5 Pa. A stainless probe was used as the anode, and
screen-printed nanobelts with 1.76 cm2 cross section served
as the cathode. The distance between cathode and anode was
0.1 mm. A DC voltage sweeping from 0 to 3000 V was
applied in the measurement. Figure 5 is a typical plot of the
field-emission current density versus the applied electric field
of Ag2V4O11 nanobelts. The Ag2V4O11 nanobelts exhibited
a turn-on field of 28.9 V µm−1, which is defined to be
the macroscopic field required to produce a current density
of 10 µA cm−2. The maximum current obtained with our
nanobelts sample is 29.55 µA cm−2, which is lower than
that of the carbon nanotube films reported recently [30],
but is higher than that of NbS2 nanowires [31]. Therefore,
Ag2V4O11 nanobelts can serve as a novel candidate for a future
field emitter. The inset in figure 5 shows the corresponding
Fowler–Nordheim (FN) plot of the field-emission properties of
Ag2V4O11 nanobelts. The FN plot exhibits two linear regions
due to the space charge effect [32]. If they are fabricated into a
nanowire array on the conducting substrate, the field-emission
property is probably improved. This work is under way in
our laboratory.

The magnetization of the nanobelts was measured with
a superconducting quantum interference device (SQUID)
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Figure 6. Magnetization curves of the Ag2V4O11 nanobelts.

magnetometer. Figure 6 shows the magnetization curves as a
function of temperature between 2 and 300 K in a 2000 Oe field,
which indicates that Ag2V4O11 nanobelts are paramagnetic
materials. This paramagnetism is attributed to the oxygen
deficiencies [28].

4. Conclusion

In summary, a monoclinic single-crystalline Ag2V4O11

nanobelt has been successfully synthesized by a hydrothermal
method using V2O5 powders with 1,6-hexanediamine or
dodecylamine. The magnetic measurement data show that
Ag2V4O11 nanobelts are paramagnetic materials, and as-
prepared nanobelts show an electronic emission turn-on field
of 28.9 V µm−1 at a current density of 10 µA cm−2.
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