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Supercapacitors and Li-ion batteries are two types of electrical energy storage devices. To satisfy the 

increasing demand for high-performance energy storage devices, traditional electrode materials, such as 

transition metal oxides, conducting polymers and carbon-based materials, have been widely explored. 

However, the results obtained to date remain unsatisfactory, and the development of inexpensive 

electrode materials (especially for commercial manufacturing) with superior electrochemical 

performance for use in supercapacitors and in Li-ion batteries is still needed. The as-prepared NiMoO4 

nanosheets (NSs) with interconnecting nanoscale pore channels and an ultrathin structure provide a large 

electrochemical active area, which facilitates electrolyte immersion and ion transport and provides 

effective pathways for electron transport. Therefore, the as-prepared NiMoO4 NS electrode exhibits a 

high specific capacity and an excellent rate capability and cycling stability in supercapacitors and in Li-

ion batteries. Moreover, a high energy density (43.5 W h kg-1 at 500 W kg-1) was obtained for the 

symmetric supercapacitor (SSC) composed of two sections of NiMoO4 NSs. 

 

 

1. Introduction 

Because of the increasing concerns regarding the energy crisis and 
environmental pollution, considerable efforts have been focused on 
the design and development of advanced energy storage devices.[1-3] 
Among the various electrochemical energy storage and conversion 
devices, supercapacitors (SCs) and Li-ion batteries (LIBs) are two of 
the most popular types in consumer electronic devices and electric 
vehicles.[4,5] Carbon materials, such as graphene and carbon 
nanotubes, have been widely used directly for the current LIB 
anodes, commercial SCs and sodium ion batteries due to their 
advantages of low cost, superior rate performance and cycle life.[6-12] 
However, the relatively low charge storage capability of carbon-
based materials (theoretically, 372 mA h g-1 in LIB anodes[13] and 
<150 F g-1 in SCs[14]) has seriously limited their practical 
applications in energy storage. Meanwhile, transition metal oxides, 
such as NiO,[15,16] CoO,[17] Co3O4,

[18,19], Fe2O3
[20,21], and V2O5

[22]are 
generally considered to be promising electrode materials for the next 
generation of energy storage devices because they possess a higher 
charge storage capability compared with carbon materials. 
Unfortunately, most of these metal oxides often suffer from low 
capacitance and unsatisfactory cycling stability and/or rate 
performance due to their intrinsic properties, including low electrical 
conductivity and poor mechanical stability, which hinders the 
electrochemical reactions.[23] 

Recently, binary metal oxides, such as NiCo2O4, MnCo2O4, 
NiMoO4, CoMoO4, and MnMoO4, have attracted significant 

attention for their potential for energy storage because they possess 
multiple oxidation states and significantly better electrical 
conductivity compared with single-component oxides, resulting in 
higher capacitances.[24-26] Among these binary metal oxides, 
NiMoO4 has attracted significant research interest because of its 
excellent electrical conductivity and remarkable electrochemical 
energy storage performance resulting from the high electrical 
conductivity of the Mo element and the high electrochemical activity 
of the nickel ion.[27,28] However, developing methods to improve the 
electrochemical performance of binary metal oxides and to fully 
realize the advantages of the active materials for practical 
applications remains a major challenge. For example, Das and co-
workers[29] have synthesized NiMoO4·nH2O nanorods using a 
hydrothermal procedure, and the specific capacitances of the 
NiMoO4·nH2O nanorods were only 142 F g-1 at scan rates of 5 mV s-

1. Liu and co-workers[30] have reported that NiMoO4·xH2O 
nanobundles show a high specific capacitance of 1,136 F g-1 at a 
current density of 2.5 mA cm-2, but only 36.1% of this value 
remained at a high current density of 100 mA cm-2.  

Nanostructure engineering has been an effective strategy to 
enhance the electrochemical energy storage properties of LIBs and 
SCs because the nanostructures could shorten the ion transport 
pathways and increase the active surface areas, among other effects. 
Several different types of NiMoO4 nanostructures have been recently 
synthesized, including nanorods, nanosheets, and nanowires, and 
their electrochemical performances have been investigated. For 
example, Wang et al[31] have reported the synthesis of NiMoO4 
nanorods and hierarchical nanospheres through a hydrothermal 
method, achieving a high specific capacitance (974.4 and 944.8 F g-1 
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at the current density of 1 A g-1). Similarly, Low et al[32] have 
recently proven that the NiMoO4 nanosheet electrode can provide a 
higher specific capacitance (1,221.2 vs 1,091.1 F g-1) than NiMoO4 
nanorods at a current density of 1 A g-1. Furthermore, an asymmetric 
supercapacitor based on NiMoO4 nanosheets and active carbon as 
the positive and negative electrodes, respectively, exhibits a high 
energy density of 60.9 W h kg-1. However, the mentioned 
hydrothermal methods used to prepare the NiMoO4 nanostructures 
require tedious processing and/or relatively toxic additives, both of 
which restrict large-scale production and potential applications. 
Therefore, development of a facile, efficient and economical method 
is required to prepare nanostructured NiMoO4 with unique 
morphologies and enhanced energy storage capacity. To the best of 
our knowledge, the synthesis of NiMoO4 nanostructures through an 
electrodeposition process is reported here for the first time. In 
addition, most of the reported lithium storage capabilities of NiMoO4 
have focused on its use as a cathode material.[27,28] Therefore, its 
lithium storage capabilities as an anode material remain unexplored. 

Based on these considerations, we report the successful 
development of a simple electrochemical method coupled with a 
calcination treatment process to deposit honeycomb-like NiMoO4 
ultrathin NSs with porous nanostructures on a conductive Ni foam 
substrate that was directly used as the electrode for SCs and LIBs. 
Remarkably, the as-prepared ultrathin mesoporous NiMoO4 NSs 
exhibited high capacitance/capacity, excellent rate performance, and 
good cycling stability, presenting a promising difunctional electrode 
material for high-performance energy storage. 
 

2. Experimental Section 

2.1 Preparation of ultrathin mesoporous NiMoO4 NSs 

All of the solvents and chemicals were of reagent quality and were 
used without further purification. The Ni foam was cleaned with 
deionized (DI) water, ethanol, and acetone under ultrasonication. 
Electrodeposition was conducted using a CHI 760E model 
Electrochemical Workstation (Shanghai) with a standard two-
electrode glass cell at room temperature, a platinum plate (1.0 cm × 
1.0 cm) as the counter electrode and a piece of clean Ni foam as the 
working electrode. The Ni Mo precursor NSs were electrodeposited 
in a solution containing 5 mM Ni(NO3)2 and 5 mM Na2MoO4 at -0.5 
mA cm-2 for 5 min at room temperature. The as-prepared Ni Mo 
precursor was further calcined at 400℃  for 4 h in Ar with a 
temperature ramp rate of 2℃ min-1. The mass of NiMoO4 NSs was 
carefully weighted before electrodeposition and after annealing 
using electronic scales (averaging 0.4 mg).  
 

2.2 Material characterization  

The surface morphology and structure of the as-prepared samples 
were analyzed by field emission scanning electron microscopy (FE-
SEM, Quanta 400) and transmission electron microscopy (TEM, 
FEI, Tecnai™ G2F30). The crystallographic structure of the samples 
was analyzed using powder X-ray diffraction (XRD, Bruker, D8 

ADVANCE) with Ka radiation (λ = 1.5418 Å). The chemical state 
and composition of the products were analyzed by X-ray 
photoelectron spectroscopy (XPS, ESCALab250). 
 
2.3 Supercapacitor Performance Measurements  

The single electrode tests were conducted using an electrochemical 
workstation (CHI760E) in a three electrode cell, with an SCE 
reference electrode and a Pt plate counter electrode in 1 M aqueous 
KOH electrolyte at room temperature. The NiMoO4 NSs were 
directly used as the working electrode. The SSCs were assembled 
from two sections of NiMoO4 NS electrode (with the same mass) 
with a separator, and the electrolyte was 1 M KOH. 
 
2.4 Battery Performance Measurements  

The cells (CR2025) were assembled in an argon-filled glove box 
consisting of a piece of NiMoO4-Ni foam and lithium foil separated 
by a glass fiber membrane and were used for the LIB tests. LiPF6 (1 
M) in a solvent mixture of diethyl carbonate (DMC) and ethylene 
carbonate (EC) (1:1 by mass) was used as the electrolyte. The 
discharge and charge measurements of the cells were obtained on a 
Battery Testing System with the voltage ranging from 0.01 to 3.0 V 
(vs Li/Li+) at various current densities. The cyclic voltammetry (CV) 
studies were also performed on an electrochemical workstation 
(CHI760E) at a scan rate of 0.5 mV s-1. 
 

3. Results and Discussion 

3.1 Morphology and Structural Analysis 

The fabrication processes of the NiMoO4 ultrathin mesoporous NSs 
deposited on Ni foam are schematically illustrated in Figure 1. First, 
at the surface of the cathode, NO3

- can be reduced to OH-, as shown 
in Equation 1. Next, the Ni-Mo hydroxide precursor was co-
electrodeposited on the Ni foam, as shown in Equation 2.  

NO3
- + 7 H2O + 8 e- → NH4

+ + 10 OH-                                         (1) 

Ni2+ + Mo6+ + 8 OH- → NiMo(OH)8                                             (2) 

An annealing treatment at 400℃ in Ar2 along with the thermally 
induced dehydration of the Ni-Mo hydroxide precursor yielded 
ultrathin mesoporous NiMoO4 NSs, as described by the following 
equation: 

NiMo(OH)8 → NiMoO4 + 4 H2O                                                 (3) 

The crystallographic structures of the as-prepared samples are 
characterized by X-ray diffraction (XRD) measurements, and the 
corresponding results are shown in Figure S1 (Supporting 
Information). It can be observed that there is no diffraction peak 
pertaining to NiMoO4, except for the peaks from the Ni foam 
substrate, indicating that the grown NiMoO4 is amorphous[33],  

 
Figure 1. Schematic illustration of the fabrication process of the NiMoO4 NSs.
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Figure 2. XPS spectra of the NiMoO4 NSs. (a) Survey scan, 
(b) Ni 2p spectrum, (c) Mo 3d spectrum, and (d) O 1s 
spectrum. 

which is further confirmed by the TEM results. The elemental 
composition and valence state information of the as-synthesized 
samples are further characterized by X-ray photoelectron 
spectroscopy (XPS), as presented in Figure 2. The survey spectrum 
(Figure 2a) primarily shows the presence of Ni, Mo, and O, along 
with a small quantity of C from the reference. Using a Gaussian 
fitting method, the Ni 2p emission spectrum was fitted with two 
spin-orbit doublets and its shakeup satellites (Figure 2b). Two 
major peaks with binding energies at 873.4 and 855.9 eV 
correspond to the Ni 2p3/2 and Ni 2p1/2 levels, respectively. The 
spin-energy separation of 17.6 eV is characteristic of Ni2+.[34,35] In 
the Mo 3d high-resolution spectra (Figure 2c), two peaks with 
binding energies at 232.4 and 235.5 eV correspond to Mo 3d5/2 and 
Mo 3d3/2, respectively, which is characteristic of Mo6+.[29] The O 1s 
XPS spectrum can be divided into two main peaks (Figure 2d). The 
peak at 530 eV is typical of the metal-oxygen bonds, and the peak 
at 531.3 eV can be attributed to oxygen ions in low coordination at 
the surface.[36] The XPS results suggest that the chemical 
composition of the as-prepared NiMoO4 sample contains Ni2+ and 
Mo6+, which is in good agreement with previously reported data. 
 

 

Figure 3. (a) SEM images of the NiMoO4 NSs, (b) TEM images 
of the NiMoO4 NSs. 

Figure S2a (Supporting Information) shows the low-
magnification SEM image of the Ni-Mo hydroxide precursor. 
Clearly, the Ni-Mo hydroxide precursor with the microporous 
structure can be found uniformly developing on the surface of the 
Ni substrate. The high-magnification SEM image (Figure S2b) of 
the enlargement region from Figure S2a further reveals the 
microstructure of the precursor. Evidently, the Ni-Mo hydroxide 
precursor shows a nanosheet and mesoporous open space 
microstructure with a honeycomb-like morphology. After the 
annealing conversion into NiMoO4, the basic morphology of the 
sample is well-retained without obvious changes induced by 
annealing (Figure 3a). The as-formed honeycomb-like ultrathin 
nanosheet structure with abundant open spaces can provide more 
electroactive surface sites, resulting in effective penetration of the 
electrolyte and enhanced mass/charge transfer at the 
electrode/electrolyte interface.[37] The morphology and structure of 
the as-prepared samples were further investigated by transmission 
electron microscopy (TEM). Figure 3b shows a panoramic view of 
the as-synthesized NiMoO4 NSs. The interconnected honeycomb-
like characteristic with a distinct dark/light contrast strongly 
suggested the existence of nanosheets and open space structures, 
which are in good agreement with the SEM observation. There is 
no crystalline lattice fringe, as can be observed from the high-
resolution TEM (Figure S2c, Supporting Information), indicating 
that the honeycomb-like NSs are amorphous. The selected area 
electron diffraction (SAED) pattern further proves the amorphous 
morphology of the NiMoO4 NSs because of a highly ambiguous 
halo ring (the inset of Figure 3b). The EDX pattern clearly reveals 
that the product contains the elements Ni, Mo, and O, which agrees 
with the XPS results (Figure S3, Supporting Information). 

 
3.2 Performance of the Supercapacitors 

A conventional three-electrode cell with 1 M KOH as the 
electrolyte, an SCE reference electrode, and a Pt wire as the 
counter-electrode was used to evaluate the electrochemical 
performance of the NiMoO4 NSs. Figure 4a presents the CV curves 
of the NiMoO4 NS electrode at various scan rates ranging from 1 
mV s-1 to 100 mV s-1. A pair of well-defined redox peaks can be 
observed in all of the CV curves, corresponding to the Faradaic 
redox reactions, Ni (II) ↔ Ni (III) + e-, which is characteristic of a 
pseudocapacitive behavior. Furthermore, these CV curves exhibit 
unchangeable shapes, except for the slight shift in the redox peak 
position with the increasing scan rates, implying that the ultrathin 
nanosheet structure is conducive to rapid redox reactions, resulting 
in superior capacitive and high-rate performance. It is crucial to 
demonstrate the potential capacitance contribution from the Ni 
foam substrate. We tested the CV curves of the Ni foam using the 
same scan rates (Figure S5, Supporting Information). The anodic 
and cathodic currents of the Ni foam are significantly smaller than 
the NiMoO4 NS-NF composite electrode. Thus, the capacitance of 
the Ni foam can be neglected. Figure 4b shows that there is a linear 
relationship between the square root of the scan rate and the current 
of the redox peaks, indicating that the electrochemical process is a 
diffusion-controlled process [OH-]. To evaluate the electrochemical 
capacitive performance of the NiMoO4 NS electrode, galvanostatic 
charge-discharge (GCD) tests were performed within the potential  
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Figure 4. (a) CV curves of the NiMoO4 NSs at scan rates ranging from 1 to 100 mV s-1. (b) Correlation between Ip and v1/2 of the NiMoO4 
NS electrode. (c) GCD curves of the NiMoO4 NS electrode collected at different current densities. (d) Specific capacitance of the NiMoO4 
NS electrode as a function of current density. (e) Cycle performance of the NiMoO4 NS electrode measured at a scan rate of 200 mV s-1 for 
9,000 cycles. (f) Representative CV curves collected initially and at the 1, 3,000, 6,000 and 9,000 cycles. 

window of -0.05 to 0.45 V (vs SCE) at current densities ranging 
from 1 to 50 A g-1. As shown in Figure 4c, the nonlinear shape of 
the GCD curves further verified the pseudocapacitance behavior. 
Additionally, the GCD curves of the NiMoO4 NSs show the 
symmetric nature without an obvious IR drop, indicating again that 
the amorphous honeycomb-like NiMoO4 NSs exhibit a rapid I-V 
response characteristic and an excellent reversible redox reaction. 
Figure 4d presents the calculated specific capacitance of the 
NiMoO4 NS electrode as a function of current density (for the 
detailed calculation, see Supporting Information). The maximum 
specific capacitance (1,694 F g-1) of the NiMoO4 NSs was achieved 
at the current density of 1 A g-1

, which is similar to the values of 
specific capacitance obtained by CV technique (Figure S4, 
Supporting Information). Significantly, the specific capacitance 
remained as high as 1,220 F g-1 (72% retention), and even the 
current density increased to 50 A g-1, indicating the outstanding 
electron transport and ion diffusion ability. To the best of our 
knowledge, this present capacitance and excellent rate capability 
are considerably higher compared with most of the previously 
reported NiMoO4-based pseudocapacitive materials (Table S1, 
Supporting Information). 

The long-term cycling performance is an essential requirement 
for the practical application of SCs. Figure 4e presents the cycling 
stability of the NiMoO4 NS electrode at a scan rate of 200 mV s-1. 
As shown in this figure, the capacitance gradually increases during 
the first 1,200 cycles, which can be attributed to the full activation 
of the electrode.[38,39] Importantly, the capacitance retains 
approximately 92.7% of its initial value after 9,000 cycles. The 
specific CV curves present a slight electrochemical change, 
revealing the outstanding performance of the cycles (Figure 4f). 
This retention rate is comparable to the recently reported NiMoO4 

electrode (89.2% after 10,000 cycles) described by the Lou 
group[26] and is significantly higher than most of the previously 
reported values (Table S1, Supporting Information). The excellent 
cycling stability can be attributed to the strong contact between the 
NiMoO4 NSs and the Ni foam and its good structural stability. 
Figure S6 (Supporting Information) shows the SEM image of the 
NiMoO4 NS electrode after 9,000 cycles and reveals that there is no 
obvious structural modification. 
  To demonstrate the practical application of the amorphous 
honeycomb-like NiMoO4 NS electrode as high-performance SCs, a 
simple symmetric supercapacitor (SSC) device was assembled 
using two sections of the as-grown NiMoO4 NSs electrodes. Figure 
5a shows the CV curves of the as-fabricated NiMoO4// NiMoO4-
SSC device collected at a scan rate of 50 mV s-1 at different 
working voltages. The data proved that the voltage window of the 
as-fabricated NiMoO4// NiMoO4-SSCs device can be extended to 
1.2 V, and the best operating potential range is from 0-1.0 V. 
Figure 5b displays the CV curves of the fabricated SSC device at 
different scan rates ranging from 0-1.0 V. All of the CV curves 
exhibited a quasi-rectangular shape and did not display a 
significant change at a high scan rate, indicating that the fabricated 
SSC device possesses a rapid current response and good capacitive 
behavior.[40] Figure 5c displays the GCD curves and the relatively 
symmetric shapes at high current densities, demonstrating the good 
charge storage performance. The slightly nonlinear shape during 
the charging process of 1 A g-1 was primarily attributed to the redox 
reaction of metal oxides, which agrees with the CV results.[32] 
Based on the discharge times, the specific capacitances of the 
device are calculated as shown in Figure 5d. The 
NiMoO4//NiMoO4-SSC device achieved the highest specific 
capacitance (based on the total mass of the active materials of the 
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Figure 5. (a) CV curves of the NiMoO4 NS//NiMoO4 NS-SSC device collected at different scan voltage windows at 50 mV s-1. (b) 
CV curves of the SSC device at various scan rates over the voltage range of 0-1.0 V. (c) GCD curves of the SSC device at various 
current densities over the voltage range of 0-1.0 V. (d) The specific capacitance of the SSC device at various current densities. (e) 
Cycling performance of the SSC device (7,000 cycles). The inset shows the charge-discharge curves. (f) Ragone plot of the SSC 
device and comparison with other SC devices. 

two electrodes) of 392.9 F g-1 at 1 A g-1 and the capacitance 
retention of 53.7% at a current density of 20 A g-1, demonstrating 
its good rate capability. The electrochemical stability of the SSC 
devices was evaluated by a GCD test at a current density of 6 A g-1. 
As shown in Figure 5e, the as-fabricated SSC device shows a 
negligible loss of capacitance after 5,000 cycles (5% capacitance 
loss) and retained 83% after 7,000 cycles, which can also be 
observed in the GCD curves of the first and last ten cycles (the 
inset of Figure 5e). 
  The energy and power densities are two important parameters for 
an SC device. Figure 5f compares the energy densities and power 
densities of the NiMoO4 SSC devices with those recently reported 

for other SSCs and ASCs (for the detailed calculation, see 
Supplementary Information). Although there is only a small 
voltage window for the NiMoO4 SSCs devices, the maximum 
energy density (54.5 Wh kg-1) is slightly lower than the 
NiMoO4//AC ASCs (60.9 Wh kg-1)[32] and higher than those 
recently reported for other SCs, such as CoMoO4 SSCs (37.25 Wh 
kg-1),[25] Co3O4-NiMoO4// AC ASCs (37.8 Wh kg-1),[41] 
Ni(OH)2//AC ASCs (35.7 Wh kg-1),[42] Ni(OH)2-3D Ni//AC ASCs 
(24.2 Wh kg-1),[43] and NiO//RGO ASCs (39.9 Wh kg-1).[44] 
Additionally, a red light-emitting diodes array (2.7 ~ 3.5 V) can be 
powered by our SSC devices (three were connected in series, inset 
in Figure 5f) for 1 min after charging at 10 A g-1 for 30 s. 
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Figure 6. (a) CV curves of the NiMoO4 NSs at a scan rate of 0.5 mV s-1. (b) Charge-discharge voltage profiles of NiMoO4 NSs for the 
first three cycles at a current density of 0.2 A g-1. (c) The specific capacity of the NiMoO4 NSs at various current densities. (d) 
Specific capacity and Coulombic efficiency for 200 cycles at 1 A g-1 for NiMoO4 NSs. 

3.3 Performance of the Lithium-Ion Batteries  

As another demonstration, the NiMoO4 NSs were also tested as a 
binder-free anode for LIBs. To understand the Li-ion insertion and 
extraction process, the CV curves of the NiMoO4 NS electrode 
were obtained over the potential range of 0.01-3.0 V (vs Li/Li+) at a 
scan rate of 5 mV s-1. Figure 6a displays the first three CV curves 
of the NiMoO4 NS electrode. In the first CV curve, an intense 
cathodic peak located at approximately 0.25 V could be assigned to 
the lithium insertion reaction, which could be the reduction of Ni2+ 
and Mo6+ to form Ni, Mo, and Li2O, as in Equation 5. The 
following two oxidation peaks were in the first CV curve located at 
1.48 and 2.25 V, which can be attributed to the extraction process 
of Li+ to form NiO and MoO3, respectively (Equations 6 and 7).  

8Li → 8Li+ + 8e-                                                                             (4) 

NiMoO4 + 8Li+ + 8e- → Ni + Mo + 4Li2O                                     (5) 

Ni + Li2O → NiO + 2Li+ + 2e-                                                       (6) 

Mo + 3Li2O → MoO3 + 6Li+ + 6e-                                                (7) 

  In the subsequent lithiation processes, the decrease in the peak 
intensity and the position change indicate the irreversible Li-ion 

loss due to the SEI formation during the first cycle. Two pairs of 
redox peaks at 1.48/1.0 V and 2.25/1.75 V correspond to the 
reduction/oxidation of MoO3 and NiO, respectively. Meanwhile, 
there is no obvious structural modification of the CV shapes, 
indicating the good electrochemical reversibility after the first 
cycling. Figure 6b shows the representative charge-discharge 
curves of the NiMoO4 NS electrodes at a current density of 0.2 A g-

1, which is in agreement with the results of the CV curves. The first 
discharge and charge capacities can be achieved at 1,688 mA h g-1 
and 1,059 mA h g-1 (Coulombic Efficiency, 62.7%), respectively. 
The low initial coulombic efficiency can be attributed to a common 
disadvantage regarding the formation of the SEI layer for metal 
oxide- based anode materials. 

To evaluate the rate capability, the NiMoO4 NS electrode was 
cycle tested at various current densities ranging from 0.2 to 8 A g-1 
(Figure 6c). Note that irreversible capacity losses occurred during 
the first several cycles, which is presumably attributed to 
decomposition of the electrolyte and/or solvent.[45] As expected, the 
reversible capacity of NiMoO4 NSs was as high as 870 mA h g-1 
after ten cycles at 0.2 A g-1. Upon increasing the current densities 
to 8 A g-1 (the corresponding times of the charge-discharge 
processes are only 169 s), the average reversible capacities of 
NiMoO4 NSs can be perfectly maintained at 370 mA h g-1. This 
value is higher than most of the nickel oxide[16,46,47] and 
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molybdenum oxide anodes reported.[48,49] Furthermore, the capacity 
reverted to 900 mA h g-1 when the current densities returned to 0.2 
A g-1, demonstrating the excellent rate performance. 

To eliminate the capacity contribution from the Ni foam 
substrate, the rate capability of the bare Ni foam electrode was 
tested under the same current densities (Figure S7, Supporting 
Information). The first charge capacity of the nickel foam electrode 
was 161 mA h g-1 at 0.2 A g-1, and the capacity rapidly decreased to 
25 mA h g-1 when the current densities increased to 8 A g-1 in the 
subsequent cycles, indicating that the capacities derived from the 
nickel foam substrate are negligible compared with the total 
capacity of NiMoO4 NSs. Similar findings have also been 
demonstrated in our previous study.[17] Figure 6d presents the 
cycling performance and coulomb efficiency of the NiMoO4 NS 
electrode at a current density of 1 A g-1. The coulombic efficiency 
rapidly increased to nearly 95% after the first cycle. After 200 
cycles, the discharge capacities of the NiMoO4 NS electrode were 
stable at approximately 680 mA h g-1, and no capacity decay was 
observed. Therefore, the as-prepared NiMoO4 NS electrode also 
demonstrated superior electrochemical properties for high-
performance and high-power LIBs. 

 

 

Figure 7. Schematic of the application advantages of the 
NiMoO4 NSs on Ni foam. 

  These results prove the high capacitance, excellent rate capability 
and long-term cycling capability of the honeycomb-like NiMoO4 
NSs for high-performance SCs and LIBs. The superior 
electrochemical performance can be attributed to the honeycomb-
like NiMoO4 NSs with a unique morphology and structure that 
provide many benefits, as shown in Figure 7, including: (i) The 
NiMoO4 NSs with abundant open spaces provide high surface area, 
increasing the contact area between the electrolyte and electrode. 
(ii) The ultrathin NSs significantly shorten the ion (OH- or Li+) 
diffusion length, improving the rate performance. (iii) The NiMoO4 
NSs directly grown on Ni foam offer effective electron transport 
pathways between the Ni foam substrates and every NiMoO4 NSs 
and avoid the use of any binders or additives. (iv) The unique 

electrode architecture with robust adhesion can mitigate the 
mechanical degradation and volume expansion. 
 

4. Conclusions 

In summary, amorphous honeycomb-like NiMoO4 ultrathin NSs 
were synthesized via a facile and scalable electrochemical process 
followed by thermal treatment. The ultrathin mesoporous NiMoO4 
NSs on Ni foam with strong adhesion were directly evaluated as a 
binder-free electrode for SCs and LIBs. The large open spaces 
between the interconnected mesoporous NSs provide more 
electroactive surface sites and a facile electron transmission path, 
resulting in the high specific capacity (1,694 F g-1 at 1 A g-1 and 
1,220 F g-1 at 50 A g-1 in SCs, 870 mA h g-1 at 0.2 A g-1 and 370 
mA h g-1 at 8 A g-1 in LIBs) with outstanding rate performance and 
excellent cycling stability (92.7% after 9,000 cycles in SCs, and no 
capacity decay after 200 cycles in LIBs). In contrast to the 
previously reported hydrothermal processes, the electrochemical 
process is rapid and easily performed. Our study presents not only a 
promising difunctional electrode material for high-performance 
energy storage but also a simple and general fabrication process to 
design other binary metal oxide nanostructured electrodes for 
energy storage devices. 
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