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N
a-ion batteries, as an alternative to
Li-ion batteries,1,2 have attracted
extensive investigations,3,4 owing

to abundant supply and widespread terres-
trial reserves of sodium mineral salts. Much
progress on developing cathode materials
for Na-ion batteries has been achieved. For
example, Zaghib et al. reported the synthe-
sis of olivine NaFePO4 (a frameworkmaterial
based on the phosphate polyanion) and
obtained a specific capacity of 147 mA h g�1.5

However, its reversibility is very poor
(50.6 mA h g�1 in the second cycle). Fluoride-
based cathode materials (NaMF3, M = Fe,
Mn, V, and Ni) have been prepared with
specific capacities ranging from 30 to
170 mA h g�1.6,7 Moreover, layered transition
metal oxides, such as P2-NaxCoO2,

8,9 P2-
Na2/3[Fe1/2Mn1/2]O2,

10 Na2/3(Ni1/3Fe1/3Mn2/3)O2,
11

NaCrO2,
12,13 NaxMnO2,

14,15 and NaxVO2,
16

with stable capacities were reported. Fluo-
rophosphate and fluorosulfate materials
were also developed as cathode materials
for Na-ion batteries.17�20 We have succ-
essfully prepared R-MnO2, β-MnO2,

21 and
Na0.7MnO2

22 as cathode materials for Na-ion
batteries. Rechargeable Li-ion or Na-ion

batteries rely on ametal oxide cathode host,
from and into which alkali ions can be
inserted and extracted reversibly.23�29 The
lithium ion is small enough to have an
acceptable mobility and a solid-solution
range in close-packed oxide�ion arrays.
However, the larger sodium ion and its
higher ionization potential require a more
open framework for Na-ion intercala-
tion and deintercalation.11�30 On the basis
of this principle, the NASICON structured
Na1þ3xZr2(P1�xSixO4)3 with the hexagonal
framework exhibited fast sodium-ion con-
ductivity due to its unique open-frame
M2(XO4)3 structure.

31 However, the M2(XO4)3
units in the framework are rotated to induce
a monoclinic structure, and the substitution
of a transition metal of interest for Zr(IV)
generates a monoclinic structure when Naþ

is the guest alkali ion, resulting in the
decrease of sodium-ion mobility.32 Alterna-
tively, the Goodenough group success-
fully prepared the KMFe(CN)6 compounds
(M = transition-metal ions: Mn, Fe, Co, Ni,
and Zn),33 which have a cubic framework
withM(II) and Fe(III) on alternate corners of a
cube of corner-shared octahedra bridged
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ABSTRACT Single-crystalline bilayered vanadium oxide nanobelts were

synthesized by a simple solvothermal method. FESEM and AFM analyses

identified the nanobelt morphology of the as-prepared vanadium oxide with

a rectangular cross-section and a thickness of approximately 50 nm. XRD and

TEM characterizations revealed the presence of a large (001) interlayer spacing

(∼11.53 Å), which can accommodate Na-ion insertion and extraction. When

applied as cathode materials in Na-ion batteries, vanadium oxide nanobelts

exhibited a high capacity of 231.4 mA h g�1 at a current density of 80 mA g�1. This corresponds to the theoretical capacity to form Na2V2O5 on Na-ion

insertion. Vanadium oxide nanobelts also demonstrated an excellent high-rate performance and a satisfactory cyclability. These superior electrochemical

performances could be ascribed to the unique bilayered vanadium oxide nanobelts with dominantly exposed {100} crystal planes, which provide large

interlayer spacing for facile Na-ion insertion/extraction. Single-crystalline bilayered vanadium oxide nanobelts could be promising cathode materials for

high-performance Na-ion batteries.
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by linear (CtN)� anions. This crystal structure opens
the elementary cubes for sodium ion tomove between
half-filled body-centered positions. Although the ma-
terials in this family demonstrated good reversibility as
electrode materials in Na-ion batteries, they suffered
from low specific capacity (about 100 mA h g�1).
Therefore, it is challenging to discover other high-
capacity cathode materials with open-framework
structures for Na-ion batteries. Vanadium pentoxide
(V2O5) has been investigated as cathodes for Li-ion
batteries34�36 and supercapacitors.37 The layered struc-
ture of V2O5 could facilitate Li-ion insertion and
extraction.38 It has been reported that the bilayered
V2O5 with larger d-spacing than orthorhombic V2O5

achieved a good electrochemical performance as cath-
odes in Na-ion batteries.39

In this study, we report the successful synthesis of
single-crystalline bilayered vanadium oxide nanobelts
with large interlayer spacing of (001) crystal planes
(∼11.53 Å). Vanadiumoxide nanobelts exhibited a high
capacity of 231.4 mA h g�1, an excellent high-rate
performance, and a satisfactory cycling performance.

RESULTS AND DISCUSSION

Phase, Morphology, and Structure Characterization. The
morphology of the as-prepared vanadium oxide nano-
belts was observed by field emission scanning electron
microscopy (FESEM). As shown in Figure 1, the low-
magnification SEM images (Figure 1a and b) show that
the product consists of 100% one-dimension (1D)
nanobelts with a homogeneous size and shape dis-
tribution. The lengths of V2O5 nanobelts extend to a
few micrometers. The high-magnification FESEM
images (Figure 1c and d) clearly confirmed the nano-
belt feature of vanadium oxide, with a rectangle cross-
section (Figure 1d). The width of the V2O5 nanobelt is

estimated to be about 90 nm. AFM measurement was
conducted to observe the topography of V2O5 nano-
belts (as shown in Figure 2a). From the scanning profile
of three V2O5 nanobelts, we can determine the height
of V2O5 nanobelts to be about 50 nm.

The phase of vanadium oxide nanobelts was iden-
tified by X-ray diffraction (XRD) (Figure 3a) and refined
by the Rietveld method40,41 (as implemented by the
GSAS software suite) between 5� and 90�. The possible
structural model is shown in Figure 3b�d. The lattice

Figure 1. FESEM images of bilayered V2O5 nanobelts. (a and b) Low-magnification images, showinghomogeneous shape and
size distribution of nanobelts. (c and d) High-magnification images, which illustrate the features of individual V2O5 nanobelts.

Figure 2. AFM image of the 1D bilayered V2O5 nanobelts'
topography (a) and corresponding height profiles (b).
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parameters were calculated as a = 3.4607(3) Å, b =
11.4817(4) Å, c = 11.5324(5) Å, R = 89.9713(6)�, and β =
89.9003 (2)� (triclinic, space group P1), with satisfactory
convergence factors (χ2 = 8.5, Rwp = 10.36%, Rp =
9.32%). This result is consistent with a previously
reported bipyramidal layered structure of V2O5.

39 As
indicated by narrow features in the XRD diffraction
peak at the low d-spacing range of the diffraction
patterns, it can be concluded that the as-prepared
V2O5 nanobelts do have large intercalation space in
the crystal structure, which was confirmed by the
d-spacing-dependent XRD patterns (the top axis of
Figure 1a and Figure S1 in the Supporting Information).
This crystal structure consists of 2D bilayered stacks,
separated by large interlayer spacing, which corre-
sponds to a strong diffraction peak at 2θ = 7.7� with
a d-spacing of 11.53 Å. As illustrated in Figure 3b�d,
base-faced square-pyramidal VO5 units are arranged in
parallel at positions of equal distance. There are two

V2O5 units per unit cell, which are built up from dis-
torted trigonal bipyramidal coordination polyhedra of
O around V, sharing edges to form (V2O4)n zigzag
double chains along the [100] direction and cross-
linking along the [010] direction through shared cor-
ners. This leads to the formation of sheets in the ab-
plane (Figure S2). Along the c-axis, the as-prepared
V2O5 presents a noticeable distance between the
closest approach bilayer stacks (∼11.53 Å), which is
more than twice those of the orthorhombic V2O5

(Figure S3). This unique crystal structure renders the
bilayered V2O5 as potential cathode materials for Na-
ion batteries.

The formation of a large interlayer distance in the
as-prepared bilayered V2O5 nanobelts could be asso-
ciated with the chemisorption of preferred mole-
cules.42 When deionized water was used as solvent
without the pyridine additive during the synthesis, the
final products were orthorhombic V2O5 powders with
the space group Pmmn (a = 11.516, b = 3.5656, and c =
4.3727 Å), as shown in Figure S3 and Figure S4.

The bilayered V2O5 nanobelts were further charac-
terized by Raman and Fourier transform infrared (FT-IR)
spectra andcomparedwithorthorhombicV2O5 (Figure 4).
Figure 4a shows the crystal structure model of V2O5

nanobelts. In each sheet layer (along the ab-plane), V is
6-fold coordinated. These include (i) three V�O bonds
(d1, d2, and d3 with 1.78, 1.88, and 2.03 Å bond length,
respectively, involving 3-fold-coordinated oxygens be-
longing to V2O4 chains (Oc)), (ii) one V�O bond (d4) of
1.77 Å (involving 2-fold-coordinated oxygen constitut-
ing bridges between two chains (OB)), and (iii) one
short V�O bond (d5) of 1.54 Å (involving the apex
oxygen (OA)) and one long V�O bond (d6) of 9.99 Å
bond length, involving the OA oxygen atoms, which
ensures the cohesion of two successive layers. Under
the D2h factor group (k = 0), the crystal modes can be
classified as 21 Raman- and 15 IR-active modes.43,44

Raman scattering spectra are shown in Figure 4b.
Generally, both bilayered V2O5 and orthorhombic
V2O5 display a similar spectrum. The predominant
low-wavenumber bond at 146 cm�1 is attributed to
the skeleton bent vibration, which is a characteristic of
the layer-type structure of V2O5. The peaks at 198 and
286 cm�1 are originated from the bending vibrations
of the OC�V�OB bond. The bending vibration of
V�OC, the bending vibration of the V�OB�V bond,
and the stretching vibration of the V�OC bond occur at
about 300, 404, and 706 cm�1, respectively.45,46 More-
over, the peak at 995 cm�1, which is associated with
the vanadyl mode, corresponds to the stretching of
vanadium atoms connected to oxygen atoms by dou-
ble bonds.45,47,48 The skeleton bent vibration at
146 cm�1 and the stretching vibration of vanadyl
VdOA at 995 cm�1 are the fingerprints of the perfect
layer-type structure of V2O5. It should be noticed that
the as-prepared bilayered V2O5 presents reduced

Figure 3. (a) X-ray diffraction pattern and Rietveld refine-
ment of as-prepared V2O5. The observed and calculated
intensities are represented by red dots and a blue solid line,
respectively. The bottom purple line shows the fitting
residual difference. Braggpositions are represented by light
green ticks. (b�d) Refined structural model of the bipyr-
amidal layered structure of V2O5 viewed along the [010] (b),
[100] (c), and [001] (d) directions. The blue base-faced
square-pyramidal VO5 unit consists of one vanadium atom
and five oxide atoms, which are colored blue and red,
respectively.
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intensities of these two peaks (as shown by insets in
Figure 4b), compared with orthorhombic V2O5. This
indicates that the structure of bilayered V2O5 is dis-
torted, which could be due to the increase of the (001)
crystal plane distance, because the d6 bond of bi-
layered V2O5 is larger (9.99 Å) than the counterpart in
orthorhombic V2O5 (2.8 Å, Figure S5).49

The FT-IR spectrum of bilayered V2O5 nanobelts is
different from that of orthorhombic V2O5 (as shown in
Figure 4c). The orthorhombic V2O5 exhibits four main
vibration modes in the 400�1200 cm�1 region:
the terminal oxygen symmetric stretching mode (νs)
of VdOA (1021 cm�1), the 3-fold-coordinated oxy-
gen asymmetric stretching mode (νas) of V�OC�V
(603 cm�1), and the bridge oxygen asymmetric and
symmetric stretching modes (νas and νs) of V�OB�V
(832 and 504 cm�1, respectively).48 While the FT-IR

spectrum of bilayered V2O5 shows peaks at 524, 665,
738, 915, and 965 cm�1, the νas(V�OC�V), νs(V�OB�V),
and νas(V�OB�V) modes shift to higher wave-
numbers (665, 915, and 524 cm�1, respectively) with
decreased intensities. Furthermore, the νs(VdO) band
slightly shifts to a lower wavenumber from 1021 cm�1

to 965 cm�1. The symmetric stretching mode
νs(V�OC�V) at 738 cm�1 appears in the spectrum.
The changes of vibration modes should be ascribed to
the change of V2O5 crystal structure, especially the
large interlayer distance along the c-axis, which results
frommore H atoms bonding with OA atoms due to the
H-bonding effects.50 Consequently, it will decrease the
strength of the VdOA bonds and, correspondingly,
strengthen the V�OB�V bond,51 leading to the shift
of the bond vibration.

The detailed crystal structures of the bilayered V2O5

nanobelts were characterized by transmission electron
microscopy (TEM), high-resolution TEM (HRTEM), and
selected area electron diffraction (SAED) analyses
(Figure 5). From the typical low-magnification TEM
images (Figure 5a and Figure S6), it can be confirmed
that the as-prepared bilayered V2O5 nanobelts present
the well-separated free-standing feature for individual
nanobelts. The SAED patterns (the inset in Figure 5b
and Figure 5d) verified the single-crystalline nature of
V2O5 nanobelts. All SAED spot patterns can be fully
indexed along the [100] zone axis, from which we can
determine that V2O5 nanobelts grow along the [010]
direction. Through the lattice resolved HRTEM image
(Figure 5c), the 11.5 Å distance of the interlayer along
the c-axis was identified. From the atomic resolution
HRTEM image (Figure 5e), we can directly observe the
interlayer gap of the (100) crystal plane, which corre-
sponds to the large distance between bilayer stacks
along the [001] direction, as illustrated by the simu-
lated (100) V2O5 crystal plane (inset in Figure 5e).
Furthermore, combining the rectangular cross-section
architecture of V2O5 nanobelts (as determined by
FESEM and AFM analyses), it can be concluded that
the as-prepared bilayered V2O5 nanobelts are enclosed
by the {100}, {001}, and {010} crystal planes (as
illustrated by the geometric model in Figure 5f).
Obviously, the {100} facets are the predominantly
exposed facets on which the large interlayers between
the (001) crystal planes provide a facile channel for Na-
ion diffusion. Moreover, the small height (approximate
50 nm) of the as-prepared V2O5 nanobelts can shorten
the sodium ion's diffusion distance when applied as
electrodes in Na-ion batteries.

Electrochemical Properties of Bilayered V2O5 Nanobelts for
Na-Ion Batteries. When the bilayered V2O5 nanobelts
were used as cathodes in Na-ion batteries, the electro-
chemical performances were evaluated by galvano-
static charge and discharge cycling. Figure 6a shows
charge�discharge profiles tested at 80mAg�1. The as-
prepared bilayered V2O5 nanobelts delivered an initial

Figure 4. (a) Bilayered V2O5 crystal structure, in which the
6-fold-coordinated V and three structurally different oxy-
gen atoms are presented. (b) Raman scattering spectra of
bilayered and orthorhombic V2O5. Insets are the magnified
scale spectra. (c) FT-IR spectra of bilayered and orthorhom-
bic V2O5.
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discharge capacity of 206.3 mA h g�1 with a voltage
plateau at about 2.4 V. It should be noted that the
discharge profiles in the second and third cycles are
different from those of the first one, with increased
capacities (231.4 and 222.9 mA h g�1, respectively). We
proposed that electrolyte gradually diffused into the
large space between bilayer stacks along the [001]
direction in the first cycle. Consequently, the electro-
lyte between the stacks will facilitate the electroche-
mical reaction, leading to the increase of capacity in
the subsequent cycles. This phenomenon is similar to
mesoporous structured electrode materials, in which
capacity increases with cycling in the initial few
cycles.52 The irreversible capacity in the first cycle could
originate from the reaction of the cathode surface
with the electrolyte, particularly with the high cutoff
charge voltages of 4.0 V.53 Two discharge plateaus
were observed in the discharge voltage profiles
(Figure 6a). The discharge plateau at 2.5�2.3 V
corresponds to sodium-ion insertion into the lattice
framework of V2O5 nanobelts, which is similar to the
previous report on the tunnel structured cathode
material.54 The discharge plateau at 1.5�1.2 V could
be ascribed to the formation of the solid electrolyte

interphase (SEI) layer on the surface of the elec-
trode.55,56 The high capacity of bilayered V2O5 nano-
belts is close to the theoretical capacity (236 mA h g�1)
for the formation of Na2V2O5, in which each unit
cell can accommodate approximately two sodium
ions.39 The bilayered V2O5 nanobelts demonstrated a
stable cycling performance. The electrode still deliv-
ered a discharge capacity of 170 mA h g�1 after 100
cycles (Figure 6b). We also cycled bilayered V2O5

nanobelt electrodes at different current densities:
40, 160, 320, and 640 mA g�1. As shown in Figure 7a,
bilayered V2O5 nanobelt electrodes achieved high
discharge capacities of 235.7, 195.7, 151.2, and
134 mA h g�1, respectively, in the second cycle.

After 100 cycles, the discharge capacities were
maintained at high values when cycled at different
current densities. To evaluate the tolerance toward
varied current densities of bilayered V2O5 nanobelts,
a stepwise density test was conducted. As shown in
Figure 7b, the electrode recovered to the high values as
long as the current density reversed back to low
current densities. In comparison, the orthorhombic
V2O5 as cathodes was also tested under the same
measurement conditions (Figure S9). Orthorhombic

Figure 5. (a) Low-magnification TEM image of typical free-standing V2O5 nanobelts. (b) High-magnification TEM image of an
individual V2O5 nanobelt. Inset is its corresponding selected area electron diffraction (SAED) spot patterns. (c) Lattice
resolution TEM image, in which the (001) crystal plane can be identified. (d) Corresponding SAED spot patterns of c, further
signifying its single-crystal feature. (e) Atomic resolution HRTEM image of a V2O5 nanobelt, from which the interlayer
structure of the bilayered V2O5 can be directly observed. Inset of e is the simulated V2O5 (100) crystal plane, which
demonstrates the distance of adjacent layers of V2O5 along the c-axis (V and O atoms are marked as black and white color,
respectively). (f) Geometrical model of as-prepared bilayered V2O5 nanobelts, in which enclosed crystal planes ((100), (010),
and (001)) are colored differently.
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V2O5 powders exhibited much lower capacities and
poor cycling performances.

To further understand the mechanism of sodium-
ion insertion in bilayered V2O5 nanobelts, an ex-situ

XRD measurement was performed. We monitored the
structural change of bilayered V5O2 nanobelts at the
fully discharged status. As shown in Figure 8, only the
(001) diffraction peak at 5.7� is well-defined. All other
diffraction peaks are broad and weak. No new phase
was detected at the fully discharged state. The lattice
parameters were refined to be a = 3.3904(4) Å, b =
12.0317(1) Å, and c = 15.3531(5) Å, based on the
Na2V2O5 crystal structure with the convergence factors
of χ2 = 10.2, Rwp = 15.03%, and Rp = 13.68%. Due to the
intercalation of sodium ions, the unit cell has ex-
panded. In particular, the interlayer spacing of the
(001) crystal plane has expanded from 11.5324 to
15.3531 Å (as illustrated by the d-spacing-dependent
XRD patterns: top axis in Figure 8 and Figure S10).

The superior electrochemical performance of bi-
layered V2O5 nanobelts as cathode material in Na-ion
batteries could be ascribed to the unique crystal struc-
ture with large interlayer spacing. Moreover, V2O5 nano-
belts contain predominantly exposed (100) facets, on
which the large (001) interlayer spacings are exposed to
the surface. This crystal structure provides open channels
for facile Na-ion insertion and extraction, which is similar
to the previously reported LiMn2O4 nanotubes with
some excellent eletrochemical performances due to the
preferred orientation.57 The thin nanobelt morphology
(∼50 nm in thickness) also offers a short path for Na ion
diffusion in the V2O5 crystal structure, leading to an
excellent high-rate performance.

CONCLUSION

Bilayered V2O5 nanobelts were successfully synthe-
sized by a solvothermal method. FESEM and atomic

Figure 6. (a) First, second, and third discharge and charge
profiles of bilayered V2O5 nanobelt at 80 mA g�1 current
density. (b) Charge and discharge capacities versus cycle
number at current densities of 80 mA g�1.

Figure 7. (a) Discharge capacities versus cycle number at cur-
rent densities of 40, 160, 320, and 640mAg�1. (b) Rate perfor-
manceof a bilayeredV2O5 nanobelt at varied current densities.

Figure 8. X-ray diffraction patterns and Rietveld refinement
of V2O5 after the first discharge process. The observed and
calculated intensity are represented by red dots and a blue
solid line, respectively. The bottom purple line shows the
fitting residual difference. Bragg positions are represented
by light green ticks. The inset is the demonstration of a
refined structural model of a bipyramidal V2O5 layered
structure after insertion of sodium ions, with the increased
bilayer distance (15.35Å), viewed along the [100] directions.
The blue base-faced square-pyramidal VO5 unit is com-
posed of one vanadium atom and five oxide atoms, which
are colored blue and red, respectively, while the sodium
ions are colored yellow.
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force microscopy (AFM) observation confirmed the
nanobelt morphology of the V2O5 product. XRD, Raman,
FT-IR, and TEM revealed that the bilayered V2O5 nano-
belts have a large d-spacing of (001) crystal planes with
an interlayer distance of 11.53 Å. Furthermore, bilayered
V2O5 nanobelts consist of predominantly exposed (100)
facets, on which the large d-spacings of the (001) planes
are perpendicular to them. This unique crystal structure

provides exposed channels for facile Na-ion insertion and
extraction. When applied as cathode materials in Na-ion
batteries, bilayered V2O5 nanobelts exhibited a high
discharge capacity of 231.4 mA h g�1, corresponding to
the formation of Na2V2O5. This has been verified by the
ex-situ XRD analysis. Moreover, bilayered V2O5 nanobelts
also demonstrate an excellent high-rate capacity and a
satisfactory cycling performance.

EXPERIMENTAL SECTION
Synthesis of Bilayered V2O5 Nanobelts. Bilayered V2O5 nanobelts

were synthesized by a hydrothermal method. In a typical
synthesis process, 1 mmol of VCl3 (Sigma-Aldrich, g 97%) was
dissolved in a mixture of pyridine (5 mL, Sigma-Aldrich) and
deionized water (10 mL) under vigorous stirring at room
temperature. After that, the precursor solution was heated at
160 �C in a Teflon-lined autoclave (25 mL in capacity) for 12 h.
The precipitate was cooled to room temperature naturally,
collected, andwashedwith deionizedwater and ethanol several
times. After drying at 100 �C in a vacuum oven overnight, the
final products were obtained. The orthorhombic V2O5 powders
were also prepared by the same procedure, but without pyr-
idine in the solvent.

Structural and Physical Characterization. The crystal structure and
phase of the as-prepared materials were characterized by X-ray
diffraction (Siemens D5000) using Cu KR radiation (operation
voltage 40 kV, current 20 mA) at a very slow scanning step of
0.0025� s�1 (9.67 h from 3� to 90�). Rietveld refinement was
implemented using the GSAS software suite.33 Themorphology
was analyzed by FESEM (Zeiss Supra 55VP). The structure details
were further characterized by TEM andHRTEM (JEOL JEM-2011).
SAEDpatternswere recorded by aGatan CCD camera in a digital
format. The thickness of as-prepared bilayered V2O5 nanobelts
was measured by AFM using a Bruker Dimension 3100 instru-
ment under a MicroMasch NSC16 tip with 40 N m�1 of spring
constant. The AFM sample was deposited on the silicon sub-
strate for AFM measurement. Raman spectra were measured
usingaRenishaw inViaRamanspectrometer system(Gloucestershire,
UK) equippedwithaLeicaDMLBmicroscope (Wetzlar,Germany) and
a 17 mW at 633 nm Renishaw helium neon laser source. FT-IR
spectra were recorded on a Nicolet Magna 6700 FT-IR spectro-
meter with 0.9 cm�1 standard optical resolution by using a KBr
beam splitter.

Electrochemical Testing. The electrodes were prepared by dis-
persing the as-prepared bilayered V2O5 nanobelts (70 wt %),
acetylene carbon black (20 wt %), and poly(vinylidene fluoride)
binder (10 wt %) in N-methyl-2-pyrrolidone to form a slurry. The
resultant slurry was pasted onto aluminum foil using a doctor
blade and dried in a vacuum oven for 12 h, followed by pressing
at 200 kg cm�2. The loading of each electrodewas approximatly
1.2 mg. Electrochemical measurements were carried out using
two-electrode coin cells (CR2032) with Na metal as reference
and counter electrode and the glass microfiber (Whatman) as
the separator. The CR2032 coin cells were assembled in an
argon-filled glovebox (UniLab, Mbraun, Germany). The electro-
lyte solution was 1 M NaClO4 dissolved in a mixture of ethylene
carbonate and propylene carbonate with a volume ratio of 1:1.
Cyclic voltammetrywas carriedoutonaCHI 660Celectrochemistry
workstation with a scan rate of 0.1 mV s�1 from 1.0 to 4.0 V. The
charge�discharge measurements were performed at ambient
temperature at different current densities in the voltage range
from 1.0 to 4.0 V. In order to investigate the sodium-driven
structural and morphological changes of the as-prepared V2O5,
Swagelok-type cells were assembled. The cells were discharged to
the required voltages and thenopened in the glovebox. The active
materials were removed from the electrodes and washed with
propylene carbonate before being used for ex-situ XRD analysis.
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