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Ternary metal oxides have attracted extensive attentions for supercapacitor applications due to their
enhanced performance compared to their binary counterparts. In this work, 3D CuCo0,04@NiCo,0,
core/shell nanostructures have been synthesized via a two-step method on nickel foam followed by a post
annealing process. Morphological characterizations show that the porous CuCo,04 nanowires are well
covered by NiCo,04 nanosheets. The hybrid electrode is used as a binder-free electrode, showing a high
specific capacitance of 2029 F g™ (while the areal capacitance is 2.59 F cm'z) at the current density of 10
mA cm, higher than the CuCo,0, electrode. After 4500 cycles, the specific capacitance remains 1548 F
g, ~80% of the original capacitance. In particular, the hybrid electrode exhibits great rate capability, the
hybrid electrode retains 1551 F g as the current density increases to 30 mA cm™, which can be ascribed

to the excellent electron transport properties of core/shell CuCo,0,@NiCo,0, structures.

1. Introduction

With the rapid development of electric vehicles and portable
devices, there is an urgent need for electrochemical energy
storage. Compared to lithium-ion batteries, supercapacitors
(SCs) have attracted extensive interest due to their higher
power densities, fast charge rate and long cycle life. In general,
SCs can be divided into two types defined by the storage
mechanism, i.e., electrical double layer capacitors (EDLCs) and
pseudocapacitors (PCs). Specifically, EDLCs store the charged
ions from an electrolyte onto electrodes forming a double layer
structure via a physically adsorbing-desorbing process. Current
commercial capacitors mainly belong to EDLCs, which based
on carbonaceous materials including carbon aerogel,” ? carbon
fiber,® carbon nanotube and graphene.*® However, EDLCs have
suffered from the low energy density which restricts its
extensive applications. On the contrary, PCs can provide much
higher energy density due to their fast and reversible faradic
redox reactions. Therefore, much more attentions have been
focused on the study of PCs recent years.

Seeking for better electrode materials is essential to develop
PCs. Transition metal oxides,” " hydroxideslz'14 and sulfides'

'7 have been widely reported for PCs owing to their high
theoretical capacity, low cost and environmental compatibility.
Among the transition metal oxides, Co3;O, has become a
promising electrode material because of its high theoretical
capacity.'" '¥22 However, the relatively low conductivity and
high cost restrict its commercial application. In order to
realize  better
electrochemical performance, some attempts have been made to
synthesize ternary oxide via replacing Co in Co;0, partially
with alternative metals (e.g., Zn, Cu, Ni, Mn, and Fe).n'29 Bao

overcome these  disadvantages and

et al. synthesized mesoporous ZnCo,0O, nanosheet arrays on Ni
foam via a simple hydrothermal method with a ultrahigh
specific pseudo-capacitance of 2468 F g! at 5 A g and
excellent cycling stability.”* Chen and co-workers fabricated
porous NiCo,0O, flowerlike nanostructures by a simple
hydrothermal and subsequent annealing process with an
enhanced specific capacitance of 658 F g at 1 A g compared
to C030,.% Obviously, ternary metal oxides which possess
multiple oxidation states exhibit a higher supercapacitive
performance in comparison with their binary counterparts.
Besides, in order to further enhance the electrochemical
ability, lots of electrode materials with hierarchical core/shell
nanostructure have been investigated.23’ 3036 In a typical

|1



RSC Advances

core/shell system, the core can provide better conductivity for
charge transfer, while the shell can serve as active electrode
materials with high surface areas. As a result, researchers have
demonstrated that such core/shell nanostructure can realize a
the
synergistic effect. For instance, Huang et al. have shown that
hybrid composites Ni(OH),@NiCo,0, exhibited a notable
increased capacitance and good cycle performance compared

higher electrochemical performance due to

with a pristine Ni(OH), array.*' In addition, the materials grown
on substrate can be directly used as electrode for SCs without
using a polymer binder, which can improve the ion diffusion
and electron conductivity. Then the better electrochemical

performance can be realized.’” **

Qian and co-workers
synthesized the ultralight, high-surface-area, multifunctional
graphene-based aerogels as binderless monolithic electrodes for
supercapacitors with a good electrochemical performance. Yu
group reported the free-standing Co-Co(OH), composite
nanoflakes on 3D nickel foam for supercapacitors, which
exhibited a high specific capacitance.

On the basis of the above considerations, we designed and
synthesized a hierarchical core/shell structure of CuCo,0,
nanowires@NiCo,0, nanosheets on Ni foam in this work. We
used thin CuCo,0,4 nanowires as the scaffold cores to deposit
the “shell” composed by NiCo,04 nanosheets. Taking the
advantage of the synergistic effect and 3D core/shell
the hybrid electrode exhibited a notable

increased electrochemical performance with a high specific

nanostructure,

capacitance of 2029 F g at the current density of 10 mA cm™
and an excellent rate capability (61.6% capacity retention at 30
mA cm?). Moreover, the hybrid electrode retains 76% of the
original capacity after 4500 cycles at 10 mA cm™, which
indicates an excellent cycling stability.

2. Experimental

Materials synthesis
All the reagents used in the experiment were analytical grade
(purchased from Sinopharm) without further purification. The
Ni foam was cleaned by sonication in acetone, ethanol, and
deionized (DI) water in sequence for 30 min, respectively.

Synthesis of CuCo0,0, nanowires arrays (NWAs).In a
typical procedure, 0.474 g of CoCl,, 0.171 g of CuCl,, and 0.54
g of urea were dissolved in 30 mL distilled water under
constant magnetic stirring. After being stirred for 30 min, the
as-obtained solution and Ni foam were transferred into a 50 mL
Teflon-lined stainless steel autoclave. The autoclave was sealed
and maintained at 120°C for 6 h in an electric oven and then
cooled down to room temperature naturally. The obtained
sample was collected and washed by distilled water and
absolute alcohol several times. Finally, the sample was put into
a quartz tube and annealed at 300°C for 2 h in flowing nitrogen
(50 scem), thus the final sample was obtained.

Synthesis of CuCo0,0,@NiCo0,04 hybrids (NWSAs).The
CuCo0,04@NiCo,0, arrays synthesized by the
electrodeposition of NiCo,0, nanosheets on the surface of

were

CuCo0,04 NWAs. The co-electrodeposition was performed in a
standard three-electrode glass cell at the room temperature,
including a Ni foam supported CuCo,0, arrays as the working
electrode, a Pt foil as the counter-electrode and saturated
calomel electrode (SCE) as the reference electrode. The
electrochemical synthesis of NiCo,04 was performed in a
Co(NO3), 6H,0 (4mM) and Ni(NO3),-6H,0 (2mM) mixture by
the cyclic voltammetry (CV) method for 30 cycles. The CV
deposition was conducted in the potential range from -0.6 to -
1.2V with a sweep rate of 20 mV s using a CHI660e
electrochemical workstation. The CVs of the electrodeposition
was shown in Figure S1. The as-prepared sample was taken off
and rinsed with distilled water. Finally the sample was put into
a quartz tube and annealed at 300°Cfor 2 h.

The mass of the samples was weighed by an electronic
balance with an accuracy of 0.001mg. The mass of the pure Ni
foam, CuCo,04 NWAs on Ni foam after hydrothermal process,
and CuCo,0,4@NiCo,0, on Ni foam after eletrodeposition were
noted as M; M, and M; respectively. The mass of CuCo,04
NWAs (noted as M,) was calculated via the following formulas:

M=M,-M; (D

and the mass of CuCo,0,@NiCo0,0, (noted as M;) was
calculated to be:

Ms=M3-M;, (@)

Characterizations

The morphology of as-prepared samples was characterized by
S-4800).
high-
resolution transmission electron microscopy (HRTEM) images
were obtained with JEM-2100F equipped with Oxford X-
Max80 EDS detector. The crystallographic phases of the
CuCo0,0,4 nanowire@NiCo,0, nanosheet core/shell arrays were

scanning electron microscopy (SEM, Hitachi

Transmission electron microscope (TEM) images,

observed by X-ray diffraction spectroscopy (XRD Rigaku
2550).

Electrochemical measurements

The electrochemical tests were carried out in a three electrode
electrochemical cell containing 3 M KOH aqueous solution as
the electrolyte. The as-prepared sample was directly used as the
working electrode. A saturated calomel electrode (SCE) was
used as the reference electrode and a platinum electrode as the
counter electrode. The area of the working electrode was made
about 1 x 1 cm? According to the equation (1) and (2), the
mass loading of CuCo0,0, on Ni foam was 0.98 mg cm™ and
the mass loading of CuCo,0,@NiCo0,0, hybrid was 1.28 mg
cm? The cyclic voltammetry (CV) measurements and
galvanostatic charge—discharge measurements were carried out
(CHI  660e).

Electrochemical impedance spectroscopy (EIS) measurements

with an  electrochemical  workstation
were performed by applying an AC voltage with 1 mV
amplitude in a frequency ranging from 0.01 Hz to 100 kHz at
open circuit potential. The areal capacitance (C,) and specific

capacitance (C) were calculated by following equations:
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Where m is the mass (g) loading of electrode material on Ni
foam, S is the geometrical area (cm?) of the working electrode,
V is the potential window (V), I represents the discharge
current (A) and t is discharge time (s).

3. Results and discussion

As schematically shown in Figure 1, the unique hierarchical
core/shell structure of CuCo,0, NWs@NiCo,04 NSs on Ni
foam was synthesized via two-step method with a post-
annealing process.

CuCo,0,NWS
Hydrothermal I I I
process

Flgure 1. Schematic illustration of the fabrication process of 3D hybrid

CuCo,0, @NiCo,0,

Electro- |
deposmon

Nifoam

hierarchical CuCo,0,4 nanowire@NiCo,0,4 nanosheet core/shell arrays on Ni foam.

In this paper, 3D porous Ni foam was used as the substrate.
The low-magnification SEM image of Ni foam was shown in
Figure 2a. First, the CuCo,04 nanowire arrays were grown on
Ni foam by a facile hydrothermal and post-annealing process.
Figure 2b shows the close-up image of the interface between
the Ni foam and CuCo,0,4 nanowires. Figure 2¢ and 2d shows
the scanning electron microscopy (SEM) images of the
CuCo0,0,4 nanowires on Ni foam. It is obvious that the Ni foam
is covered by the CuCo,04 nanowires uniformly with an
average diameter of ~100 nm and length of ~4 um. Then, the
CuCo0,0,4 nanowire arrays grown on Ni foam were used as the
scaffold for the electrodeposition of NiCo,04 nanosheets, while
the NiCo,0, nanosheets served as the “shell”. The CuCo,0,
nanowires can provide a vast quantity of sites for the growth of
NiCo,0,4 nanosheets. Figure 2e and 2f shows the SEM images
of the CuCo0,04,@NiCo0,0, core/shell arrays. Obviously, the
surface of CuCo,0,4 nanowires becomes rough and covered by
ultrathin NiCo,0, nanosheets after the electrodeposition
process. As shown in Figure 2f, the obtained
CuCo0,0,4,@NiCo,0, core/shell arrays are well aligned on Ni
foam. The CuCo,0, nanowire arrays are partially covered by
the interconnected NiCo,0O,4 nanosheet shells, which means that
both the “core” and the “shell” can take part in the
redox reaction during the charge/discharge process. Typically,
core/shell arrayed structures can enhance the surface areas,
providing more electrochemical active sites to boost the area
capacitance during the reversible redox reaction.
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Figure 2. SEM images of the fabricated structures. (a) Low-magnification SEM
image of Ni foam. (b) The close-up image of the interface between the Ni foam
and CuCo,04 nanowires. (c and d) Bare CuCo,04 nanowire arrays under different
magnification. (e and f) CuCo,0,4 nanowire@NiCo,0, nanosheet core/shell arrays
under different magnification.

XRD was used to investigate the structural properties of the
fabricated structures. To avoid the strong XRD signal of Ni
foam substrate, the CuCo,0, and CuCo,0,@ NiCo,0, were
synthesized on carbon cloth for XRD. The successful
preparation of CuCo,0, on carbon cloth was confirmed by
XRD. As shown in Figure S2 (a), all the diffraction peaks can
be well indexed to the CuCo,0, phase (JCPDS no. 1-1155)
except the XRD signal resulted from carbon cloth. Similarly,
the X-ray diffraction was used to confirm the composition of
CuCo0,04@NiCo0,0,4. As shown in Figure S2 (b), all the
diffraction peaks can be well indexed to the CuCo,0, phase
(JCPDS no. 1-1155) and the spinel NiCo,0, phase (JCPDS
73-1702).

In order to further verify the structural properties of
CuCo0,0; and NiCo0,0,, the detailed microstructure and
morphology of CuCo,0, and CuCo,0,@NiCo,0, hybrid
electrode were analyzed by high-resolution transmission
electron microscopy (HRTEM). Figure 3a shows the low-
magnification TEM image of as-prepared CuCo,0, nanowires,
demonstrating that the CuCo,0, nanowires are highly porous
structures. Besides, according to the Figure 3b, the image of
selected area electron diffraction (SAED) pattern indicates a
good crystallinity of CuCo,0,. Furthermore, the fringe spacing
is measured to be 0.28 nm, which is well corresponding to the
(220) plane of the spinel CuCo0,0,. The SAED result is well
consistent with the previous XRD results. Figure 3¢ shows the
typical TEM image of CuCo,0,@NiCo,0, hybrid electrode.
Obviously, the highly porous CuCo,0,4 nanowires are covered
by a NiCo,0,4 nanosheet layer, forming a unique core/shell



RSC Advances

ARTICLE

nanostructure. It is worth noting that some of the nanosheets
might be damaged during the sonication process for preparing
the TEM sample. As shown in Figure 3d, the selected area
electron  diffraction (SAED) pattern indicates the
polycrystalline characteristic of the NiCo,0O, nanosheets. In
addition, the fringe spacing is measured to be 0.24 nm, which is
well corresponding to the (311) plane of the spinel NiCo,0,4and
in accordance with the XRD data.

®

Lm .

¥ 1
. / R
Figure 3. (a) and (c) TEM images of pristine CuCo,0, and CuCo,0,@NiC0,0,
hybrid electrode. (b) and (d) HRTEM image and the corresponding SAED pattern
of pristine CuC0,0,4 and CuCo,0,@NiCo,0,4 core/shell arrays respectively.

The “oriented attachment” and “selfassembly” processes,
involving a spontaneous self-organization between neighboring
particles to share a common crystallographic orientation,
Nanowire@NiCo0,0,
Nanosheet Core/Shell array.® ** Specifically, the total free

dominated the growth of CuCo,0,

energy in the system was reduced by eliminating the surface
energy associated with unsatisfied bonds of the nanocrystallines
through the bonding between the particles. In our experiments,
on the one hand, CuCo,0, nanowire acts as the backbone to
guide the self-assembly of NiCo,(OH)s (the precursor of
NiCo,04) in aqueous solution during the co-electrodeposition
processes. On the other hand, the “oriented attachment” can
guide the oriented growth of the nanoparticles. Nanoparticles
can attach to the surface of CuCo,0, to decrease surface energy

due to their high surface energy and thermodynamics instability.

As shown in Figure 2e, the nanoparticles attached on the
surface of CuCo,0, gradually grew into the nanosheets with the
increase of the co-electrodeposition time. As shown in Figure
S3, the nanowires would be covered completely by NiCo,O,
finally.

The hierarchical CuCo,0,4 nanowire@NiCo,0, nanosheet
core/shell arrays on Ni foam were used as electrode to
the All
electrochemical tests were carried out in a three electrode (a

investigate pseudocapacitive  performance.

saturated calomel electrode was used as the reference electrode

and a platinum electrode as the counter electrode)

Journal Name

electrochemical cell containing 3 M KOH aqueous solution as
the electrolyte. At first, in order to exclude the contribution of
the substrate, the blank measurement of Ni foam was carried
out and the CVs curve was shown in Figure S4. For comparison,
CuCo,04nanowire arrays on Ni foam were also investigated by
the same method. Figure 4a shows the cyclic voltammetry (CV)
performance of CuCo,04 and CuCo,0, nanowire@NiCo,0,
nanosheet core/shell arrays grown on Ni foam with a scan rate
of 5 mV s™'. The non-rectangular shape of the CV curve means
that the capacitance is from the Faradaic reactions of electrode
materials.*' Apparently, a pair of redox peaks at 0.21 and 0.34
V are observed for the bare CuCo,0, electrode, which are due
to the Co®" /Co*" and Cu®'/Cu' transitions associated with
anions OH". A similar CV curve was observed for the CuCo,0,
nanowire@NiCo,0,4 nanosheet core/shell arrays. However, the
CV curves of the hybrid electrodes significantly expanded
compared to the bare CuCo,0, electrode, indicating that the
CuCo0,04@NiCo0,0, electrode has a larger capacitance.42 The
phenomena can be attributed to the deposition of NiCo,0O,
nanosheets which enhanced the mass loading and enlarged the
surface area of the active materials.

Figure 4b shows the charge/discharge curves of the
CuCo0,0, electrode and CuCo,04@NiCo,0,4 hybrid electrode
within the potential range from 0 to 0.42 V at the current
density of 10 mA cm™> The specific capacitance of
CuCo0,04@NiCo0,0,4 hybrid electrode is calculated to be 2029 F
g, which is higher than the pristine CuCo,0, electrode (1512 F
g"). Figure 4c shows the typical CV curves of the
CuCo0,04@NiCo0,0,4hybrid electrode within the potential range
of 0—0.5 V at various scan rates. As the scan rate increases, the
anodic peak potential shifts to a higher potential while the
cathodic peak potential shifts to a lower potential. It may be
resulted from the polarization effect of the electrode.*’ Figure
4d  shows the  charge/discharge curves of  the
CuCo0,04@NiCo,0, hybrid electrode at different current
densities ranging from 2 to 30 mA cm?™ According to the
equation (3), the specific capacitances of the hybrid electrode
are calculated to be 2517, 2373, 2029, 1767 and 1551 F g'l at
the current densities of 2, 5, 10, 20 and 30 mA cm?,
respectively. Obviously, the specific capacitance decreases with
the current density increasing. For comparison, the specific
capacitances of pristine CuCo,0, electrode under the same
pretreatment were also tested. As shown in Figure Sa, the
specific capacitances of the pristine CuCo,0, electrode are
calculated to be 2150, 1794, 1512, 1158 and 923 F g’lat the
current densities of 2, 5, 10, 20 and 30 mA cm?, respectively.
Evidently, the hybrid electrode shows a much higher specific
capacitance compared to the pristine one. Furthermore, when
the current density increases from 2 to 30 mA cm™, the specific
capacitance of the hybrid electrode still retains 1551 F g™(61.6%
of the highest value at 2 mA cm?), which is much higher than
the pristine one (42.9% of the highest value), indicating much
better rate performance of the hybrid structures.
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Figure 4. (a) CV curves of the CuCo,04 and CuCo,0,@NiCo,0, hybrid electrodes
at a scan rate of 5 mV s™. (b) Charge/discharge curves of the CuCo,04 and
CuCo,0,@NiCo0,0,4 hybrid electrodes at a current density of 10 mA cm™ (c) cv
curves of the CuCo,0, and CuCo,0,@NiCo,0,4 hybrid electrodes at various scan
rates. (d) Charge/discharge curves of the CuC0,0,@NiC0,0, hybrid electrodes at
different current densities.

The cycling stability is another important factor for the
application of supercapacitors.** The cycling performance of
CuCo,0, electrode and the CuCo,04@NiCo,0, hybrid
electrode were tested after activation at the current density of
10 mA cm™. The galvanostatic charge—discharge measurements
were conducted in the potential range of 0-0.42 V with 3M
KOH as the electrolyte. As shown in Figure 5b, the specific
capacitance of the hybrid electrode retains 1548 F g which is
76% of the original value after 4500 cycles, while the specific
capacitance of the pristine CuCo0,0, electrode retains 1153 F g™!
(75.8% of the original value after the same cycles) at the same
current density. That indicates the process of electrochemical
deposition increases the specific capacitance while does not
affect the cycling stability, which can be further proved by the
SEM image, as shown in Figure 5d, of CuCo0,04,@NiCo0,0,
hybrid electrode after 4500 cycles. The 3D core/shell
nanostructure only changes slightly after 4500 cycles compared
with the SEM images before 4500 cycles, almost same as the
original one. The corresponding areal capacitances were
calculated and shown in Figure S5.

To further explain the excellent electrochemical properties
of CuCo0,0,4,@NiCo0,0, hybrid electrode, EIS was carried out in
a three electrode system. The corresponding impedance Nyquist
plots of the  pristine CuCo,O; electrode  and
CuCo0,0,4,@NiCo0,0, hybrid electrode are shown in Figure Sc,
and the inset shows the blowup image at high frequency. In the
low frequency region, where the slope of the curve represents
the Warburg impedance, the hybrid electrode shows a more
ideal straight line, suggesting more efficient electrolyte and
proton diffusion. This result can be attributed to the typical 3D
core/shell nanostructure which enlarges the specific surface
area and shortens the diffusion distance between the electrolyte
and electrode. In the high frequency region, the intersection of
the curve at real part Z' indicates the bulk resistance of the

RSC Advances

electrochemical system, and the semicircle of the Nyquist

diagram represents the Faradic reaction during the
charge/discharge  processes. =~ From  Figure 5S¢, the
CuCo0,04@NiCo,0, hybrid electrode shows a low bulk

resistance and charge-transfer resistance compared to the
pristine CuCo,0, electrode. The EIS data indicates that the
electrodeposition of NiCo,0, nanosheets improves the
electrical conductivity of the hybrid electrode, resulting in
enhanced electrochemical properties compared to the bare
CuCo0,0;,.
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Figure 5. (a) Specific capacitances of CuCo,0, and CuCo,0,@NiCo,0, hybrid
electrodes at different current densities. (b) Long-term cycling stability of
CuCo,0,4 and CuCo,0,@NiCo,0,4 hybrid electrodes at a current density of 10 mA
cm™. (c) Impedance Nyquist plots of the hybrid structure and the pure CuCo,0,4
nanowires on nickel foam at an open circuit potential. (d) SEM image of the
CuCo,0, nanowire@NiCo,0,4 nanosheet core/shell arrays after 4500 cycles.

Table 1 summaries some state-of-the-art results about the
different materials for supercapacitors. As a matter of fact, our
results are superior to other electrode system. Several
contributing factors result in the high specific capacitance, good
rate capability and excellent cycling stability of the
CuCo0,04@NiCo0,0,4 core/shell arrays. First, the CuCo,0,
nanowires were directly grown on Ni foam with a robust
adhesion. The obtained samples were used as the electrode
without using polymer binders, which enhanced the utilization
of electrode materials and improved the ion diffusion and
electron transport. Second, the NiCo,04 nanosheets synthesized
via the electrodeposition process were well wrapped on the
porous CuCo,0, nanwires, which maintained the cycling
stability of the core/shell structure during the charge/discharge
process. Third, the porous CuCo,0O, nanowires served as the
“core” owing to its outstanding electrical conductivity, while
the ultrathin NiCo,0,4 nanosheets served as the “shell” with a
high theoretical capacity enabled by the multiple oxidation
states for the Therefore, the
CuCo0,04@NiCo0,0, core/shell structures were able to realize

redox reaction.

the outstanding supercapacitive performance.
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Materials Structure Capacitance Reference

NiCo204@NiCo,04 Core/Shel .20Fcm™ (5mAcm” 6
iC0204@NiC0;0 /Shell 2.20F em” ( %) 3

Nanaoflake arrays

NiCoSy Nanosheets 1418F g (5Ag™) 20
C0304 Nanowires 754Fgt(2Ag™Y) 25
NiCo20,@Mn0; Core/Shell 2.24F cm? (2mA cm'z) 31

Nanowire arrays

CuCo,04@NiCo,04 | Core/Shell 2.59 F cm™ (10 mA cm®), This work

2029Fg* (7.8Ag™)

Table 1. The electrochemical capacitances of different electrode materials.

4. Conclusions

In conclusion, we have developed an easy and effective strategy
to prepare the unique hierarchical core/shell structure of
CuCo0,0, NWs@NiCo,04 NSs on Ni foam, which can be
directly used as the electrode for supercapacitors. The as-
prepared electrode shows good electrochemical performance.
The capacitance is calculated to be 2029 F g (2.59 F cm™)
when the current density is 10 mA cm™. Furthermore, when the
current density increases from 2 to 30 mA cm?, the specific
capacitance of the hybrid electrode retains 1551 F g (61.6% of
the highest value). Besides, the hybrid electrode still delivers a
high specific capacitance of 1548 F g™ (76% of the original
value) after 4500 cycles with a current density of 10 mA cm™.
Its outstanding electrochemical performance takes advantages
of the material system which have high theoretical capacitance
and 3D core/shell nanostructures which are able to shorten the
diffusion distance between the electrolyte and electrode,

enlarge the specific surface area and offer more active materials.

Therefore, the CuCo,0; nanowire@NiCo,O, nanosheet
core/shell arrays may serve to be a promising candidate as
electrode material for supercapacitors.
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