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V2O5
.nH2O nanosheets are fabricated hydrothermally

with the acidified peroxovanadate solution at 200 �C for 12 h.
The X-ray diffraction suggests that V2O5

.nH2O nanosheets
display lamellar ordering along c-axis direction. Transmission
electron microscopy, field-emission scanning electron microsco-
py, and selected area electron diffraction indicate that V2O5

.
nH2O nanosheets are very thin in thickness and micron-sized
in lateral dimension, and they are two-dimensional crystallites.
X-ray photoelectron spectroscopy and thermogravimetric analy-
sis are utilized to confirm the elemental composition of nano-
sheets. The formation process of nanosheets is also discussed
in terms of time- and temperature-controlled experiments.

Hydrated vanadium pentoxide (or V2O5
.nH2O xerogel)

have been known for more than a century and studied extensive-
ly for their electrical, ionic, and electrochemical properties.1–3

V2O5
.nH2O displays lamellar ordering whereas the structure

within the basal plane remains unclear.4 Several methods have
been established to fabricate V2O5

.nH2O, such as acidification
and polymerization of (meta)vanadate,5,6 hydrolysis and conden-
sation of vanadium alkoxide,7–9 reaction between V2O5 and
H2O2,

10,11 and directly pouring the molten V2O5 into water.4

In most cases, as-fabricated products are V2O5
.nH2O nanobelts.

In this letter, we performed a hydrothermal treatment on the
acidified peroxovanadate solution that was obtained by reacting
V2O5 and H2O2. The resulting products are V2O5

.nH2O nano-
sheets instead of traditionally observed V2O5

.nH2O nanobelts.
The controlled experiments further show that as-fabricated
V2O5

.nH2O nanosheets are the intermediate products between
V2O5

.nH2O nanobelts and crystalline V2O5 nanowires (For
detailed experimental procedure, see Supporting Information18).

Figure 1 demonstrates the reflection X-ray diffraction
(XRD) pattern of V2O5

.nH2O nanosheets. The pattern displays
only 00l reflections, implying that the V2O5 slabs and water lay-

ers may be assembled in an alternant way and nanosheets stack
along c direction. The basal plane distance is determined to be
14.2 Å, according to the 00l peak positions, much larger than
the basal spacing (4.37 Å) of orthorhombic V2O5 (JCPDS
77-2418).12 The presence of 002 reflection in our XRD pattern,
which is commonly absent in the literature, may hint some
differences in structure between V2O5

.nH2O nanosheets and
previous V2O5

.nH2O.
3,4,6,10

Figure 2 are the transmission electron microscopy (TEM)
images of as-prepared V2O5

.nH2O nanosheets. It is obvious that
all the nanosheets have an ultrathin thickness, as evidenced by
their faint contrast and folded morphology. As can be seen, the
nanosheets are several microns in lateral size and irregular with
respect to their brims. The inset in Figure 2a is a selected area
electron diffraction (SAED) pattern recorded on many nano-
sheets. Figure 2c is a single V2O5

.nH2O nanosheet and its
SAED pattern (bottom inset), which exhibits the monocrystal-
line nature of two-dimensional (2D) V2O5

.nH2O nanosheet.
Closer view revealed that the nanosheet is made up of several
monolayers (top right inset in Figure 2c). The 2D single-crystal
nanosheet may be useful for understanding the in-plane structure
of V2O5

.nH2O.
1,4 The field emission scanning electron micros-

copy (FESEM) image (Figure S1) further supports the ultrathin
character of nanosheets.18

The X-ray photoelectron spectroscopy (XPS) spectrum of
V2O5

.nH2O nanosheets is depicted in Figure 3a. The peaks
at 517.5 and 525.1 eV correspond to the binding energy of
V2p3=2 and V2p1=2 electron of V5þ, respectively.13 The peak at
530.35 eV represents the 1s electron binding energy of oxygen
atom that is bonded with vanadium atom.13 The binding energy
of O1s electron associated with interlayer H2O is 533.15 eV.14

The thermogravimetric analysis (TGA) on V2O5
.nH2O nano-

sheets is outlined in Figure 3b. The weight loss seems to undergo
Figure 1. The reflection XRD pattern of V2O5

.nH2O nano-
sheets.

Figure 2. The low (a) and high (b) magnified TEM images of
V2O5

.nH2O nanosheets fabricated at 200 �C for 12 h; inset of
(a) is the SAED pattern recorded on many nanosheets. (c) is
the TEM image of a single nanosheet, with its SAED pattern
(bottom inset) and a closer view (top right inset).
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three stages, being analogous to the literature data on V2O5
.

nH2O xerogel.12 The first stage is due to the loss of absorbed
and weak intercalated water; the second stage may represent
the gradual release of strong bonded interlayer water; and the
third stage corresponds to the abrupt exclusion of the interlayer
water, during which the V2O5 slabs condense together, and
V2O5 three-dimensional network forms as a result of structural
rearrangements. The residual sample after TG analysis is V2O5

by XRD detection (Figure S2).18 The corresponding XRD
investigations also support the above analysis (Figure S3).18

The n value in V2O5
.nH2O nanosheets is calculated to be 1.5,

according to the total weight loss.
In order to explore the formation process of V2O5

.nH2O
nanosheets, a series of controlled experiments are carried
out. All the products are analyzed by XRD, and some results
are shown in Figure S4.18 Figure 4a is the TEM image of the
products prepared hydrothermally at 100 �C for 12 h, which
are V2O5

.nH2O nanobelts. The SAED pattern (inset) shows
V2O5

.nH2O nanobelts are poor in crystallinity. The products
available at 200 �C for 2 h are also V2O5

.nH2O nanobelts.
Figure 4b is the TEM image of the products obtained at
200 �C for 60 h, which are a mixture of V2O5

.nH2O nanosheets
and V2O5 nanowires. The products obtained at 220 �C for 12 h
are the same mixture as those at 200 �C for 60 h. Figures 4c
and 4d are TEM and FESEM images of the products prepared

at 220 �C for 48 h, which are V2O5 nanowires.
15 All the results

indicate that, during the hydrothermal process, V2O5
.nH2O

nanobelts are initially formed, and they tend to develop towards
V2O5

.nH2O nanosheets, which transform to V2O5 nanowires by
dehydration. Obviously, the temperature and duration time of
hydrothermal treatment are two crucial factors for these changes.
The change process from nanobelts to nanosheets is rarely re-
ported and its driving force is still unknown to us, but similar
transformation from nanosheets to nanowires has been observed
in preparation of MnO2 and V2O4

.0.25H2O nanowires.16,17

The hydrochloric acid is vital to succeed in preparing
V2O5

.nH2O nanosheets; otherwise, the products are less in
amount and often the mixture of V2O5

.nH2O nanosheets or
nanobelts and V2O5 nanowires. The V2O5

.nH2O nanosheets
are grown by polymerization reaction of the acidified peroxova-
nadate species in precursor solution.11

In conclusion, V2O5
.nH2O nanosheets are fabricated in a

hydrothermal way using V2O5, H2O2, and HCl as the starting
reagents. The V2O5

.nH2O nanosheets are two-dimensional crys-
tals, and they are probably useful for understanding the structure
of V2O5

.nH2O. V2O5
.nH2O nanosheets are the intermediate

products between V2O5
.nH2O nanobelts and V2O5 nanowires.

As-fabricated V2O5
.nH2O nanosheets can be applied in

preparation of high-quality vanadium pentoxide film by the
layer-by-layer deposition.
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Figure 3. (a) The XPS spectrum of V2p and O1s electron in
V2O5

.nH2O nanosheets; (b) TGA curve of V2O5
.nH2O nano-

sheets measured in air with heating rate of 5 �C per minute.

Figure 4. The TEM images of products prepared at 100 �C
for 12 h (a) and 200 �C for 60 h (b); the TEM (c) and FESEM
(d) image of V2O5 nanowires prepared at 220 �C for 48 h. Inset
of (a) is a SAED pattern of V2O5

.nH2O nanobelts.
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