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Synthesis and characterization of M3V2O8 (M ¼ Ni or
Co) based nanostructures: a new family of high
performance pseudocapacitive materials
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Frank C. Walsh, Man Xing, Chao Lu, Xue-Jing Ma
and Yong-Chun Luo

M3V2O8 nanostructures are designed and synthesized as new
materials for supercapacitors according to their structural
characteristics and pseudocapacitive properties; they exhibit
superior electrochemical performance to traditional metal
oxides.
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Synthesis and characterization of M3V2O8

(M ¼ Ni or Co) based nanostructures: a new
family of high performance pseudocapacitive
materials†

Mao-Cheng Liu,a Ling-Bin Kong,*ab Long Kang,b Xiaohong Li,c Frank C. Walsh,c

Man Xing,a Chao Lu,a Xue-Jing Maa and Yong-Chun Luob
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Binary metal oxides have recently attracted extensive attention from researchers in the energy storage field

due to their multiple oxidation states and high energy density. In the present work, Ni3V2O8, Co3V2O8, and

the Ni3V2O8/Co3V2O8 nanocomposite are designed and synthesized as a new class of high performance

electrode material for supercapacitors. Ni3V2O8 and Co3V2O8 show a structure comprising nanoflakes

and nanoparticles, respectively. The Ni3V2O8/Co3V2O8 nanocomposite is prepared by growing Co3V2O8

nanoparticles on the surface of Ni3V2O8 nanoflakes. The composite inherits the structural characteristics

and combines the pseudocapacitive benefits of both Ni3V2O8 and Co3V2O8, showing higher specific

capacitance than Co3V2O8 and superior rate capability as well as better cycle stability to Ni3V2O8. The

dependence of pseudocapacitive properties of the Ni3V2O8/Co3V2O8 nanocomposite on the Ni/Co mass

ratio is also investigated, indicating that the high specific capacitance of the composite is contributed by

Ni3V2O8, while its excellent rate capability and cycle stability can be attributed to the Co3V2O8 component.
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1. Introduction

Supercapacitors are electrochemical devices that store and
release energy at a high rate (in seconds) with a high power
density (10 kW kg�1) and long cycle life; they have potential
applications in electronic devices, hybrid electric vehicles and
military devices.1–6 For high power applications, however, a
major disadvantage is that they have an unsatisfactory energy
density (typically, 4–5 W h kg�1 for those based on porous acti-
vated carbon) compared to batteries (e.g., 26–34 W h kg�1 for
lead acid batteries).7,8Therefore, improving the energy density of
supercapacitors whilemaintaining their high power density and
long cycle life has been the key driving force in developing future
supercapacitors.9,10 Generally, transition metal oxides and con-
ducting polymers deliver higher energy density than carbon
materials due to their pseudocapacitive characteristics. As
pseudocapacitivematerials, multiple oxidation states/structures
ing and Recycling of Nonferrous Metals,
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will enable rich redox reactions for the improvement of capaci-
tance.11–13 Transition metal oxides are such a class of materials
and have attracted considerable attention.14–16

Among transition metal oxides, mixed metal oxides17–19 and
binary metal oxides20–22 possess multiple oxidation states that
enable multiple redox reactions; they have been reported to
exhibit a higher supercapacitive performance than single
component metal oxides, and seem to be some of the most
promising and low cost materials for pseudocapacitors. For
example, spinel nickel cobaltite aerogels,14 urchin-like NiCo2O4

nanostructures,23 NiCo2O4–SWCNT nanocomposites,24 nickel
cobaltite/carbon aerogel composites,25 mesoporous NiCo2O4

nanosheets on conductive substrates26 and hierarchical porous
NiCo2O4 nanowires27 have been reported as new electrode
materials for supercapacitors and shown excellent pseudoca-
pacitive properties, indicating that the design and synthesis of
binary metal oxides is an effective way to improve pseudoca-
pacitance of the metal oxides. Our previous studies on the
binary metal oxides NiCo2O4,20 NiMoO4,28 and CoMoO4

29,30 also
suggest that they exhibit higher pseudocapacitance than single
component metal oxides. Thus, it appears that binary metal
oxides could be a material of choice for pseudocapacitors.
However, these studies are only focused on the design and
realisation of the unique microstructure; no generation mech-
anism of pseudocapacitance is involved for binary metal oxides,
though it is important for the design of new binary metal oxides
with higher pseudocapacitance.
J. Mater. Chem. A, 2014, xx, 1–8 | 1
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In order to explore the contribution of both metal elements
to the pseudocapacitance of binary metal oxides, the binary
metal oxides (AxByOz) are classied as AB2O4, ABO4, and A3B2O8

types in our studies, where A and B represent the metal
elements having low and high oxidation states, respectively.
Detailed studies on these materials indicate that the element A
plays a signicant role in the generation of pseudocapacitance,
while B has a minor inuence on the capacitances of the binary
metal oxides (see Fig. S1† and the discussion). This means that
binary metal oxides (A3B2O8 type) with a higher atom proportion
of A would exhibit a higher pseudocapacitance. This concept
inspired us to design and synthesize an A3B2O8 type binary
metal oxide having a high content of A to achieve excellent
properties, where B is a pentavalent metal ion. In the periodic
table of elements, only vanadium is such an element that can
serve as a B metal element (pentavalent vanadium) and form an
A3B2O8 type binary metal oxide. Interestingly, it is reported that
A3B2O8 (M ¼ Ni or Co) has a crystalline structure in a Kagome-
staircase geometry and shows interesting magnetic behavior as
well as excellent catalytic activities due to its unique structural
feature.31–34 It is an important kind of binary metal oxide with a
higher A/B ratio (3 : 2) than MMoO4 (1 : 1) and MCo2O4 (1 : 2),
where M represents Ni or Co. However, the supercapacitance of
the M3V2O8 based materials has not yet been investigated and
reported.

In this work, we report M3V2O8 (M ¼ Ni or Co) materials as a
new family of high performance pseudocapacitive materials,
and synthesize them by a simple and facile chemical co-
precipitation technique. The rate capability and cycle stability
of Co3V2O8 are excellent, while Ni3V2O8 exhibits high specic
capacitance. Based on these studies, to combine the advantages
of both Ni3V2O8 and Co3V2O8, a hybrid Ni3V2O8/Co3V2O8

nanocomposite was designed and synthesised by growing
Co3V2O8 nanoparticles on Ni3V2O8 nanoakes; the resultant
composite provides an excellent combination of the properties
of Co3V2O8 and Ni3V2O8 and exhibits superior electrochemical
performance including an ultrahigh specic capacitance,
excellent rate capability, and exceptional cycle stability.
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2. Experimental section
2.1 Synthesis of materials

All chemical reagents were analytical grade and purchased from
Sinopharm Chemical Reagent Co. Ltd. In a typical synthesis of
Ni3V2O8 and Co3V2O8, 5 mmol of NiCl2$6H2O and CoCl2$6H2O
were dissolved in 30 ml distilled water and stirred at 70 �C.
30 ml distilled water containing 6 mmol of Na3VO4$12H2O was
added dropwise and the resulting suspension was stirred at
70 �C for 4 h. Ni3V2O8/Co3V2O8 composites were prepared by the
same method using Ni3V2O8 as the backbone material. Typi-
cally, 5 mmol of NiCl2$6H2O was dissolved in 30 ml distilled
water and stirred at 70 �C. 60 ml distilled water containing
12 mmol of Na3VO4$12H2O was added dropwise and the
resulting suspension was stirred at 70 �C for 4 h. Finally, 20 ml
distilled water containing 5 mmol of CoCl2$6H2O was added
dropwise and stirred for an additional 4 h. The resultant solids
2 | J. Mater. Chem. A, 2014, xx, 1–8
were ltered, washed with a copious amount of distilled water
and dried at 80 �C for 12 h.

2.2 Structural characterization

The microstructure and morphology of the materials were
characterized using a transmission electron microscope
(TEM, JEOL, JEM-2010, Japan) and a eld emission scanning
electron microscope (SEM, JEOL, JSM-6701F, Japan). Crystallite
structures were determined by X-ray diffraction (XRD) using a
Rigaku D/MAX 2400 diffractometer (Japan) with Cu Ka radiation
(l ¼ 1.5418 Å) operating at 40 kV and 60 mA. The surface areas
were investigated by volumetric nitrogen adsorption/desorption
experiments (ASAP 2020) using a BJH algorithm for extraction of
pore data.

2.3 Preparation of the electrode

80 wt% of the active material was mixed with 7.5 wt% of acet-
ylene black and 7.5 wt% of conducting graphite in an agate
mortar until a homogeneous black powder was obtained. 5 wt%
of poly(tetrauoroethylene) was added together with a few
drops of ethanol. The resulting paste was pressed at 10MPa into
an open-cell nickel foam (ChangSha Lyrun New Material Co.
Ltd, grade 90 PPI (pores per linear inch), 2 mm thick), then
dried at 80 �C for 12 h. Each electrode contained 4 mg of
the electroactive material and had a geometric surface area of
1 cm2.

2.4 Electrochemical measurements

The electrochemical measurements were carried out using a
conventional three-electrode system with an aqueous solution
(electrolyte: 2 M KOH). A platinum sheet electrode (1.5 cm �
1.5 cm) with a surface area of 2.25 cm2 was used as the counter
electrode and a saturated calomel electrode (SCE) served as the
reference electrode. The cyclic voltammetry (CV), charge–
discharge tests, and electrochemical impedance spectroscopy
(EIS) measurements were performed using an electrochemical
workstation (CHI660C, Shanghai, China). The EIS plots were
obtained in the frequency range from 100 kHz to 0.1 Hz at the
open-circuit potential with a sinusoidal ac perturbation of 5mV.
The cycling performance was tested using a CT2001A battery
program controlling test system (China-Land Com. Ltd). The
specic capacitance of the electrodes was calculated from the
following equation:

Cm ¼ C

m
¼ I � Dt

DV �m
(1)

where Cm (F g�1) is the specic capacitance, C is the total
capacitance, I (A) is the discharge current, Dt (s) is the discharge
time,DV (V) represents the potential drop during discharge, and
m (g) is the mass of the active material.

3. Results and discussion

The crystallographic phases of Ni3V2O8, Co3V2O8, and the
Ni3V2O8/Co3V2O8 nanocomposite determined by XRD are
shown in Fig. 1.
This journal is © The Royal Society of Chemistry 2014



Fig. 1 XRD patterns of Ni3V2O8, Co3V2O8, and the Ni3V2O8/Co3V2O8

nanocomposite with a Ni/Co molar ratio of 1 : 1.
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The patterns of the components Ni3V2O8 and Co3V2O8 are in
good agreement with the standard patterns for Ni3V2O8 (PDF
74-1484) and Co3V2O8 (PDF 74-1486); typical diffraction peaks of
Ni3V2O8 and Co3V2O8 are apparent. The pattern of the Ni3V2O8/
Co3V2O8 nanocomposite contains the diffraction peaks of both
Ni3V2O8 and Co3V2O8. Because Ni3V2O8 (PDF 74-1484: a ¼ 8.24
Å, b ¼ 11.38 Å, c¼ 5.91 Å) has a similar crystal lattice parameter
to Co3V2O8 (PDF 74-1486: a ¼ 8.30 Å, b ¼ 11.50 Å, c ¼ 6.03 Å),
lattice matching between Ni3V2O8 and Co3V2O8 can readily
occur and the pattern of the composite is almost consistent with
that of a Ni3V2O8 and Co3V2O8 mixture. The weak diffraction
Fig. 2 TEM images of (a) Ni3V2O8 nanoflakes, (b) Co3V2O8 nanoparticles
1 : 1. (d) HRTEM and (e) SEM images of the Ni3V2O8/Co3V2O8 nanocompo
Ni/Co molar ratio of 1 : 1.

This journal is © The Royal Society of Chemistry 2014
intensity of the samples reveals a poor crystallization or an
amorphous form of the M3V2O8 based materials prepared by a
facile chemical co-precipitation technique. This is favorable for
improving the capacitance since a material having poor crys-
tallinity may result in more transportation channels than a
highly crystalline one.35 X-ray photoelectron spectroscopy (XPS)
was also carried out to determine the materials, as shown in
Fig. S2;† Ni2+, Co2+, and V5+ were revealed to be present in
M3V2O8 based materials, agreeing well with the results of the
XRD.

Fig. 2a and b show the TEM images of the Ni3V2O8 and
Co3V2O8 samples. A nanoake and a nanoparticle structure are
observed for Ni3V2O8 and Co3V2O8, respectively. For preparation
of the Ni3V2O8/Co3V2O8 nanocomposite, we consider that the
ake-like structure of Ni3V2O8 is more suitable to serve as the
skeleton structure for growing Co3V2O8 nanoparticles because
of its larger surface area. The microstructure of the prepared
Ni3V2O8/Co3V2O8 nanocomposite is shown in Fig. 2c and d; it is
obvious that the Ni3V2O8 nanoakes are serving as the
‘substrate’ and the Co3V2O8 nanoparticles are growing on the
surface of Ni3V2O8 nanoakes. Fig. 2e shows the surface
morphology of the composite, as the Ni3V2O8 nanoakes are
coated by Co3V2O8 nanoparticles; only nanoparticles are
observed in the SEM image. The growth of Co3V2O8 nano-
particles on the surface of Ni3V2O8 nanoakes will not only
prevent the agglomeration of the Co3V2O8 nanoparticles, but
also avoid the crimple and the shrink of the Ni3V2O8 nanoakes
in the later drying process aer synthesis. The nanoake and
nanoparticle structure characteristics of Ni3V2O8 and Co3V2O8

are perfectly retained in the composite; this helps achieve a
, and (c) Ni3V2O8/Co3V2O8 nanocomposite with a Ni/Co molar ratio of
site. (e) EDS spectrum of the Ni3V2O8/Co3V2O8 nanocomposite with a

J. Mater. Chem. A, 2014, xx, 1–8 | 3
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Table 1 Structural parameters of Ni3V2O8, Co3V2O8, and the Ni3V2O8/
Co3V2O8 composite with a Ni/Co molar ratio of 1 : 1

Samples

BET specic
surface area
(m2 g�1)

BJH specic
pore volume
(cm3 g�1)

BJH pore
size (nm)

Ni3V2O8 210.9 0.11 4.4
Co3V2O8 146.4 0.24 7.8
Ni3V2O8/Co3V2O8 208.6 0.18 4.4
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robust structure in the nanocomposite materials. Energy
dispersive spectroscopy (EDS) microanalysis reveals that the
composite consists of Co, Ni, V, and O elements, while the Cu
comes from the copper grid. The results are consistent with the
XRD analysis. The composite is made of Ni3V2O8 and Co3V2O8.

Fig. 3a shows the N2 adsorption/desorption isotherms of
Ni3V2O8, Co3V2O8, and the Ni3V2O8/Co3V2O8 nanocomposite.
All of the isotherms exhibit the characteristics of type IV
isotherms with hysteresis loops, indicating a typical meso-
porous structure.36,37 Fig. 3b displays the corresponding pore
size distribution of the three samples. All the samples exhibit a
distribution in the mesopore region. The relevant structural
parameters derived from the isotherms are summarized in
Table 1. The specic surface area of Ni3V2O8 is higher and the
pore volume is lower than those in Co3V2O8 because the
nanoake structure of Ni3V2O8 possesses a large surface area,
while the nanoparticle structure of Co3V2O8 shows a higher pore
volume. The Ni3V2O8/Co3V2O8 nanocomposite not only inheri-
ted the high surface area of Ni3V2O8, but also achieved a high
pore volume by the coating of Co3V2O8 nanoparticles. The
combination of the structural advantages of both Ni3V2O8 and
Co3V2O8 is a key for the success of the present structural design.
Not only does the mesoporous structure of the composite favor
the fuller extent immersion of the electrolyte by increased pore
volume but also provides a higher reaction surface area by
retaining the original advantageous structural features of the
Ni3V2O8 nanoakes.

To evaluate the electrochemical properties of the Ni3V2O8

and Co3V2O8 electrodes, the cyclic voltammetry (CV) curves and
charge–discharge curves were measured (see Fig. S3† and the
discussion). The corresponding specic capacitances calculated
from the discharge curves are shown in Fig. 4a; Ni3V2O8 exhibits
a higher specic capacitance (1181 F g�1) than Co3V2O8 (505 F
g�1) at a current density of 0.625 A g�1. However, only 52.9% of
this value was retained for the Ni3V2O8 electrode at a current
density of 6.25 A g�1, which is lower than that of 81.8% for
Co3V2O8. However, the specic capacitances of A3B2O8 type
binary metal oxides are higher than those of AB2O4 and ABO4

types; this means that binary metal oxides with a higher atom
proportion of A exhibit a higher pseudocapacitance. The
cycling data shown in Fig. 4b reveal that though the specic
Fig. 3 (a) N2 adsorption/desorption isotherms and (b) pore size distribut
with a Ni/Co molar ratio of 1 : 1.

4 | J. Mater. Chem. A, 2014, xx, 1–8
capacitance of Ni3V2O8 is increased over the rst 200 cycles due
to complete activation of the active materials,38,39 only 73% of
the capacitance was retained aer 1000 cycles. Interestingly, the
Co3V2O8 electrode exhibits excellent cycle stability with only
7.4% reduction of capacitance aer 1000 cycles. The results
indicate that the Ni3V2O8 electrode possesses a high specic
capacitance, but its rate capability and cycle stability are inferior
and need further improvement. Conversely, Co3V2O8 exhibits
excellent rate capability and cycle stability, while its specic
capacitance is lower than that of most reported oxides.

Although the specic capacitance of Ni3V2O8 is very high,
and the rate capability as well as cycle stability of Co3V2O8 is
excellent, it is still difficult to obtain a Ni3V2O8 or Co3V2O8

material combining high specic capacitance, excellent rate
capability, and good cycle stability. Studies on MnMoO4/
CoMoO4 heterostructured nanowires40 and CoMoO4–

NiMoO4$xH2O bundles41 indicate that the composite can
combine the pseudo-capacitive advantages of both single
components to some extent. However, the sizes of MnMoO4/
CoMoO4 and CoMoO4–NiMoO4$xH2O particles are several
microns; this may introduce limited improvements in the
capacitance. In order to combine the advantages of both
Ni3V2O8 and Co3V2O8, the nanocomposite Ni3V2O8/Co3V2O8 was
prepared by coating Co3V2O8 nanoparticles on Ni3V2O8 nano-
akes. Electrochemical impedance spectroscopy (Fig. S4†)
shows that the Ni3V2O8/Co3V2O8 nanocomposite has lower
charge transfer resistance and ion diffusion resistance than
Ni3V2O8, which are benecial to the rate capability.

Cyclic voltammetry has been carried out to give an estimate of
the active surface area of materials used for the electrochemical
reactions. Fig. 5a shows CV curves of the composite electrode at
ion curves of Ni3V2O8, Co3V2O8, and the Ni3V2O8/Co3V2O8 composite

This journal is © The Royal Society of Chemistry 2014
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Fig. 4 (a) Specific capacitances of Ni3V2O8 and Co3V2O8 electrodes at controlled current densities. (b) Cycling performance of Ni3V2O8 and
Co3V2O8 electrodes at a current density of 1.25 A g�1.

Fig. 5 Electrochemical characterizations of the Ni3V2O8/Co3V2O8 composite with a Ni/Co molar ratio of 1 : 1. (a) CV curves at different scan
rates. (b) Charge–discharge curves and (c) specific capacitance at controlled current densities. (d) Cycling performance at a current density of
1.25 A g�1.
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various sweep rates; a pair of redox peaks is visible in each scan.
The charges associated with the anodic and cathodic peaks are
equal and the peak current densities are proportional to the
potential scan rate. From the Pourbaix diagram of Ni, Co and V
(shown in Fig. S5†), it can be seen that V does not participate in
any redox reaction; the capacitance of Ni3V2O8/Co3V2O8 is
contributed by Ni and Co. Therefore, the redox peaks are asso-
ciated with surface conversion betweenmetal oxides e.g.M(OH)2
and MOOH,42–45 as expressed in eqn (2).

M(OH)2 + OH� % MO(OH) + H2O + e� (2)

The shape of the peaks and the charge balance between
total anodic and total cathodic charges conrm that the
This journal is © The Royal Society of Chemistry 2014
electrochemistry is reversible and occurring within a surface
layer. To understand the rate capability and to calculate the
specic capacitance of the composite, constant-current charge–
discharge measurements were performed at various current
densities, as shown in Fig. 5b. The calculated specic capaci-
tance of the composite (shown in Fig. 5c) is 1284 F g�1 at a
current density of 0.625 A g�1 and 85.1% of this value is retained
at 6.25 A g�1; it is higher than 52.9% and 81.8% of the Ni3V2O8

and Co3V2O8 single component electrodes. The high specic
capacitance and excellent rate capability of the composite are
attributed to three contributions. First, it is ascribed to the
unique microstructure consisting of Co3V2O8 nanoparticles
coated on Ni3V2O8 nanoakes, which provides a large surface
area for Faraday reactions and enhances the kinetics of ion and
J. Mater. Chem. A, 2014, xx, 1–8 | 5
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electron transport inside the active materials. Second, it is due
to the feasible oxidation states contributed by both Co3V2O8 and
Ni3V2O8 components. Third, it can be reasonably attributed to
the synergistic effects between Co3V2O8 and Ni3V2O8. The
cycling performance of the composite is recorded as shown in
Fig. 5d. Aer 1000 times of continuous cycling at a current
density of 1.25 A g�1, 96.7% of the capacitance was retained
which is also higher than that of Co3V2O8 (92.6%) and Ni3V2O8

(73.0%). We consider that the excellent cycling stability of the
composite is mainly due to the stable microstructure and
surface morphology during the charge–discharge process (see
Fig. S6†). This means that the composite combines the advan-
tages of the high specic capacitance of Ni3V2O8 and excellent
rate capability as well as remarkable stability of Co3V2O8. This
performance is remarkable compared with recently reported
V2O5,46,47 NiO,48,49 MnMoO4/CoMoO4 heterostructured nano-
wires,40 CoMoO4–NiMoO4$xH2O bundles,41 Co3O4 nano-
wire@MnO2 ultrathin nanosheet core–shell arrays,50 V2O5–TiO2

nanotube arrays,51 and H–TiO2@MnO2//H–TiO2@C core–shell
nanowires.52 The prepared Ni3V2O8/Co3V2O8 nanocomposite
shows high specic capacitance and excellent rate capability as
well as outstanding cycle stability; considering that the specic
capacitance, rate capability, and the cycle stability are three of
the most important characteristics for high-performance
Fig. 6 (a) CV curves of Ni3V2O8, Co3V2O8, and the Ni3V2O8/Co3V2O8 c
specific capacitances on Ni/Co molar ratios.

Fig. 7 (a) Specific capacitances and (b) Ragone plots of the assembled a

6 | J. Mater. Chem. A, 2014, xx, 1–8
supercapacitors, the Ni3V2O8/Co3V2O8 nanocomposite is a
promising material for supercapacitors.

In order to determine the contribution of both Co3V2O8 and
Ni3V2O8 components to the electrochemical properties of the
Ni3V2O8/Co3V2O8 composite, CV curves of Ni3V2O8, Co3V2O8,
and Ni3V2O8/Co3V2O8 were recorded at a scan rate of 20 mV s�1,
as shown in Fig. 6a. Though each CV curve shows redox peaks,
the charges associated with the anodic and cathodic peaks are
different from each other. The charges associated with the redox
peaks of Co3V2O8 are equably distributed in the whole scan
potential window, while those of Ni3V2O8 are almost centered on
the redox peaks. This indicates that the faradaic reactions of
Co3V2O8 can take place in the whole potential window, but those
of Ni3V2O8 can only occur around redox peaks. The charges
associated with the anodic and cathodic peaks of the Ni3V2O8/
Co3V2O8 composite, as comparedwith those of Ni3V2O8, show an
obvious increase on the reverse cathodic scan. We consider that
this increased charge is mainly contributed by the Co3V2O8

component. This means that both Co3V2O8 and Ni3V2O8

components are favorable to improve the supercapacitive
performance of the Ni3V2O8/Co3V2O8 composite. Fig. 6b shows
the dependence of the specic capacitances on Ni/Co molar
ratios in the Ni3V2O8/Co3V2O8 composites. The specic capaci-
tances of the composites increased at higher Ni/Co molar ratios
omposite with a Ni/Co molar ratio of 1 : 1. (b) The dependence of the

symmetric supercapacitor and AC symmetric supercapacitor.

This journal is © The Royal Society of Chemistry 2014
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which indicates that the high capacitance of Ni3V2O8 noticeably
improves the capacitances of the Ni3V2O8/Co3V2O8 composites.
The composite with a Ni/Co molar ratio of 1 : 1 shows the
highest specic capacitance and the best rate capability; this
value is also higher than that of bare Ni3V2O8 and Co3V2O8,
indicating a synergistic effect at this ratio. When the mass ratio
further increases above 1 : 1, the specic capacitances of the
composites are decreased and the rate capability is retained,
suggesting that the rate capability of the composites is contrib-
uted by the Co3V2O8 component, while the high specic capac-
itances are ascribed to the Ni3V2O8 component.

For further evaluationof thepropertiesof theNi3V2O8/Co3V2O8

composites, an asymmetric supercapacitor was assembled using
Ni3V2O8/Co3V2O8 as the positive electrode and activated carbon
(AC) as the negative electrode. The CV curves, charge–discharge
curves, and cycling performance of the asymmetric super-
capacitor are shown in Fig. S7.† Fig. 7 shows the specic
capacitances and Ragone plots of the assembled supercapacitor.
The specic capacitances of the asymmetric supercapacitor are
higher than that of the AC symmetric supercapacitor, which
reveals that the application of the Ni3V2O8/Co3V2O8 electrode as a
positive electrode can improve the specic capacitances of the
supercapacitor. In addition, the potential window of the asym-
metric supercapacitor (1.6 V) is also higher than that of the AC
based symmetric supercapacitor (1.0 V) in aqueous electrolytes.
On the basis of the larger potential window and higher specic
capacitances, the asymmetric supercapacitor exhibits superior
energy density to the AC symmetric supercapacitor.

4. Conclusions

In summary, we have demonstrated the design and fabrication of
M3V2O8 (M ¼ Ni or Co) based nanostructures as a new family of
electrode materials for high performance pseudocapacitors; the
study conrmed that binary metal oxides (AxByOz) with a higher
atom proportion of A exhibit a higher pseudocapacitance. The
prepared ake-like Ni3V2O8 possesses a high specic capacitance
while the particle-like Co3V2O8 exhibits an excellent rate capa-
bility and cycle stability. To combine the pseudocapacitive
advantages of both Ni3V2O8 and Co3V2O8, a Ni3V2O8/Co3V2O8

composite was designed and prepared by growing Co3V2O8

nanoparticles on the surface of Ni3V2O8 nanoakes. The
composite provides an excellent combination of both Co3V2O8

andNi3V2O8, andexhibits superior electrochemicalperformances
including ultrahigh specic capacitances, excellent rate capa-
bility, and exceptional cycle stability. The results also indicate that
the high specic capacitance of the composite is contributed by
Ni3V2O8, while the excellent rate capability and cycle stability are
attributed to the Co3V2O8 component. The excellent electro-
chemical properties of the composite are attributed to its unique
microstructure, feasible oxidation states, high surface area, and
synergistic effects between Co3V2O8 and Ni3V2O8.
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