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Nanosheets-assembled discus-like Ni(OH)2 
hierarchical structure as high performance electrode 
materials for supercapacitor 
 

Mengqi Shen,a Lianbo Ma,b Jun Zhu,b Xiang Li a and Ce Wanga,* 

Nanosheets-assembled discus-like Ni(OH)2 hierarchical structure is synthesized through a 
facile solvothermal method without any surfactant used in the synthesis. Morphology and 
microstructure of the Ni(OH)2 products can be well tuned by solvothermal temperature. The as-
prepared Ni(OH)2 samples as electrode materials for supercapacitors are investigated. It is 
found that the nanosheets-assembled Ni(OH)2 hierarchical structure exhibits excellent 
capacitive performance with a specific capacitance as high as 1830.3 F g-1 at the current 
density of 1.0 A g-1, great electrochemical stability with the capacitance retention of 98.9% 
after 1000 cycles at a constant current density of 10 A g-1, and high energy density of 146.4 
Wh/kg. The remarkable capacitive performance can be attributed to the unique hierarchical 
structure of the Ni(OH)2 product, which can facilitate the penetration and migration of the 
electrolyte ions, shorten the diffusion distance of charges and increase the utilization of active 
materials. The excellent capacitive performance makes the Ni(OH)2 hierarchical architecture a 
promising electrode material for electrochemical energy storage application. 

Introduction 

Energy storage facilitates effective utilization of intermittent 
renewable sources and allows renewable and fossil sources to 
integrate.1,2 Supercapacitors, the new type energy storage and 
conversion systems, have attracted extensive research due to 
their high power density, rapid charge-discharge rate, long 
cycle life and low maintenance cost.3-7 They demonstrate high 
potential applications in a variety of fields such as portable 
electronic devices, micro electromechanical systems, and 
hybrid electric vehicles.8-10 However, the energy densities 
(usually lower than 10 Wh/kg) of them are much lower than 
that of a lithium secondary battery (~200 Wh/kg).11 Thus, 
numerous efforts are still needed to exploit novel materials with 
high energy densities. 

Depending on the energy storage mechanism, 
electrochemical capacitors can be divided into two types: 
electric double layer capacitor (EDLCs) and 
pseudocapacitors.12 The EDLCs, where charges are stored at 
the interface between the electrode and the electrolyte,13 usually 
suffer from low specific capacitance (100-200 F g-1),14 and thus 
hinder their wide applications. Pseudocapacitors, the most 
extensively investigated supercapacitor type, stored charges 
through the Faradic redox reactions occurring at the 

interfaces.15 They usually undergo fast reversible Faradic redox 
reactions, and result in a specific capacitance 10-100 times 
higher than that of EDLCs.16 At present, transition metals 
oxides,17-21 hydroxides22,23 and sulfides24-26 have been 
developed for electrode materials for pseudocapacitors, and 
they exhibit desirable capacitive performance. As a typical 
transition metal hydroxide, nickel hydroxide [Ni(OH)2] has 
attracted much attention due to its high theoretical capacity, low 
cost, low toxicity, and sufficiently large pseudocapacitive 
behavior.27,28 

Nanostructured materials have been proved to possess 
improved electrochemical properties.29 A variety of methods, 
such as hydrothermal,30 hard template,31 solvothermal,32 and 
microwave-assisted synthesis,33 have been applied in the 
synthesis of nickel hydroxide nanomaterials. Among them, the 
solvothermal approach has been demonstrated to be highly 
effective to Ni(OH)2 nanostructure synthesis. Electrochemical 
behavior of the Ni(OH)2 prepared by solvothermal method 
strongly depends on its morphology, porosity and surface 
area.34 For instances, Du et al. reported flower-like Ni(OH)2 
nanostructures composed of nanowires with a specific 
capacitance of 1788.9 F g-1 at a discharge current density of 0.5 
A g-1.32 Wang et al. reported that Ni(OH)2 spheres composed of 
flakes exhibit a specific capacitance of 987 F g-1 at the current 
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density of 2.7 A g-1.35 In these syntheses, surfactants are needed 
to obtain the desirable nanostructures. The development of 
surfactant-free approach to novel Ni(OH)2 nanostructures with 
remarkable electrochemical performance still remains a big 
challenge. In this work, nanosheets-assembled discus-like 
Ni(OH)2 hierarchical structure is fabricated by a surfactant-free 
solvothermal method. The material exhibits remarkable 
electrochemical capacitive performance with large specific 
capacitances, high cycling stability and extraordinary energy 
density, which make it a promising candidate for 
electrochemical energy storage applications.  
 
Experimental 

Synthesis 

All chemicals used in this research are of analytical reagent and 
used without further purification. In a typical synthesis, 0.12 g 
of NiCl2·6H2O was dissolved in a mixture solvent containing 40 
mL of absolute ethanol and 2 mL of deionized water to form a 
clear solution by magnetic stirring, and then 2.0 g of sodium 
acetate was added into the solution. After stirring for about 1 h, 
the mixture was transferred to a Taflon-lined stainless autoclave 
and heated at 120 oC for 12 h. The solid product (denoted as N-
120) was then collected, washed with deionized water and 
absolute ethanol for several times, respectively, and dried in a 
vacuum oven at 45 oC for 24 h. For comparison, the 
solvothermal reaction temperature was changed to 100, 140, 
160 and 180 oC, and correspondingly the final products were 
designated as N-100, N-140, N-160 and N-180, respectively. 

Instrumentation and characterization 

The phase structure of the as-synthesized samples were 
characterized by power X-ray diffraction (XRD) on a Bruker 
D-8 Advance diffractometer using Cu Kα (λ = 1.5406 Å) 
radiation. The morphology and microstructure were examined 
by scanning electron microscopy (SEM, JSM-6480) and 
transmission electron microscopy (TEM, JEM-2100). 

Electrochemical measurements 

Electrochemical measurements were performed on a typical 
three-electrode system using a CHI 760D electrochemical 
analyzer (Chen Hua Instruments, Shanghai, China) at room 
temperature. Pt foil and Hg/Hg2Cl2 (Saturated KCl) were used 
as the counter and reference electrode, respectively. The 
working electrodes were prepared by mixing 80 wt% active 
materials (N-100, N-120, N-140, N-160 and N-180), 10 wt% 
acetylene black and 10 wt% poly(vinylidene fluoride) (PVDF) 
binder in N-methyl-2-pyrrolidone solvent to form a 
homogeneous slurry. The slurry was then pressed onto a nickel 
foam (1×1 cm2). After that, the nickel foam was placed into a 
vacuum oven at 60 °C to remove the solvent. The masses of the 
samples in the electrodes are about 1.5, 1.4, 1.6, 1.5 and 1.7 mg 
for N-100, N-120, N-140, N-160 and N-180, respectively. 
Cyclic voltammery (CV) and chronopotentiometry techniques 

were performed to evaluate the electrochemical properties of 
the as-prepared composites in 3 M KOH aqueous solution. 

Results and discussion 

Structural and morphological characterization 

Ni(OH)2 products were fabricated through a facile one-pot 
solvothermal process and no any surfactant is involved in the 
preparation. Fig. 1a shows the XRD patterns of the final 
products obtained with different reaction temperatures. It can 
be seen that at the lower temperature of 100 °C, though the 
main diffraction peaks of the N-100 sample can be ascribed to 
the cubic phase Ni(OH)2 (JCPDS No.14-0117), several 
diffraction peaks from impurity are also detected, suggesting 
the purity of the Ni(OH)2 product synthesized at 100 °C is low. 
With increasing the reaction temperature to 120, 140, 160 and 
180 °C, each sample exhibits eight diffraction peaks at 2θ 
values of 19.3°, 33.1°, 38.5°, 39.1°, 59.1°, 62.7°, 70.5° and 
73.1°, respectively, which can be attributed to the (001), (100), 
(101), (102), (110), (111), (103) and (112) planes of cubic 
phase Ni(OH)2 (JCPDS No.14-0117). No peaks from impurity 
are observed, indicating the high phase purity of Ni(OH)2 in the 
samples of N-120, N-140, N-160 and N-180. It can be noted 
that the diffraction peaks become sharper when the reaction 
temperature increases from 120 to 180 °C, suggesting the 
improved crystallinity at the higher temperature. The relatively 
weak crystallinity of N-120 would be favorable for protons 
permeation when used in supercapacitor electrode.36 

SEM images of the as-prepared products are presented in 
Fig. 1b-f. For N-100 sample, spherical micro-units with sizes in 
the range of 0.6-1.5 μm are observed (Fig. 1b). When the 
reaction temperature increases to 120 °C, nanosheets-assembled 
discus-like architectures (Fig. 1c) are observed for N-120 
sample. Further increasing the reaction temperature to 140, 160 
and 180 °C, the corresponding products display the 
morphologies of thin layers (Fig. 1d), nanoplates (Fig. 1e) and 
nanoparticles (Fig. 1f), respectively. The results may be 
attributed to the different nucleation and growth rate of 
Ni(OH)2. At the lower temperature of 100 °C, the formation 
rate of Ni(OH)2 particles is slow and they has enough time to 
assemble into the microspheres. When the reaction temperature 
is increased to 120 °C, the growth of Ni(OH)2 becomes 
relatively faster, and the nanosheet units are formed due to the 
intrinsic layered crystal structure of Ni(OH)2. The subsequent 
assembly of the nanosheets results in the discus-like 
architecture. In addition, it is well acknowledged that a 
decrease in the surface tension with increasing preparation 
temperature results in weak electrostatic interaction.29 The 
reduced surface tension lowers the aggregation of Ni(OH)2, 
enabling the formation of the two-dimensional (2D) sheets at 
140 and 160 °C. Moreover, at a higher reaction temperature of 
180 °C, the product (N-180) is composed of small particles, 
probably owing to the high nucleation rate at the high 
temperature.  
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Fig. 1 (a) XRD patterns of (1) N‐100, (2) N‐120, (3) N‐140, (4) N‐160 and (5) N‐180 
products. SEM images of (b) N‐100, (c) N‐120, (d) N‐140, (e) N‐160 and (f) N‐180 
products. 

 
 Fig. 2 (a‐c) FESEM and (d) TEM images of N‐120 product. The inset of (d) shows 
the HRTEM image of the product. 

Considering the interesting hierarchical architecture of the 
N-120 sample, its morphology and microstructure are further 
illustrated in Fig. 2. Well-dispersed discus-like particles with a 
narrow size distribution can be observed in Fig. 2a. The size of 
the particles is in the range of 0.8-1.2 μm. From the high 
magnification SEM images (Fig. 2b and 2c), it can be seen that 
the discus-like architectures are actually composed of a great 
number of nanosheets, which assemble layer by layer in a well-
ordered way, and the gaps between the assembled nanosheets 
can be clearly observed (as marked with the red arrows in Fig. 

2c). The thickness of the nanosheets is about several 
nanometers. Further, from the TEM image (Fig. 2d), the 
microstructure of the nanosheets is observed. It is found that 
there is a strong aggregation trend of the nanosheets, consistent 
with the nanosheets-assembled structure of the product. Also, 
there are numerous nanoscaled pores in the nanosheets (Fig. 2d), 
which may result from the solvothermal process. The high-
resolution TEM (HRTEM) image (inset of Fig. 2d) shows clear 
lattice fringes with a spacing of 0.23 nm, which match well 
with the (101) planes of Ni(OH)2, further confirming the 
successful fabrication of Ni(OH)2 product. 

Electrochemical performance 

To examine the electrochemical properties of the as-prepared 
products, CV measurements were firstly conducted in 3 M 
KOH solution, and the results are shown in Fig. 3. Each CV 
curve displays a pair of prominent redox peaks. The anodic 
peak in the potential range of 0.25 ~ 0.35 V is due to the 
conversion from Ni(OH)2 to NiOOH, while the cathodic peak 
in the range of 0.10 ~ 0.25 V results from the reverse process, 
as shown by the redox reaction:23,37 Ni(OH)2 + OH- → NiOOH 
+ H2O + e-. These CV curves reveal the Faradic 
pseudocapacitive characteristics of the Ni(OH)2 electrodes.38, 39 
Thus, the capacitance is mainly generated from the redox 
reaction on the electrode surface, which is different from the 
double-layer capacitor. 

 
Fig. 3 (a) The CV curves of the samples of N‐120, N‐140, N‐160 and N‐180 at the 
scan rate of 5 mV s‐1; (b) The CV curves of N‐120 at various scan rates. 

Based on the CV curves, the specific capacitance of the 
electrodes can be calculated by the following formula:40  

Cs = (∫I(V)dV)/(νm V) 
Where I is the response current, V is the potential range, ν is 
the potential scan rate, and m is the mass of the active materials 
in the electrodes. It can be seen that the specific capacitance is 
negatively correlative to the scan rates. Fig. 3a shows the CV 
curves of the electrodes at the scan rate of 5 mV s-1. The 
specific capacitances for N-120, N-140, N-160 and N-180 
electrodes are calculated to be ca. 1786.0, 1458.4, 1239.2 and 
1044.8 F g-1, respectively. Thus, N-120 owns the highest 
specific capacitance among these electrodes. Fig. 3b presents 
the CV curves of N-120 electrode at various scan rates. The 
current density of the N-120 electrode increase with the 
increase of the scan rate, from 5 to 40 mV s-1. The specific 
capacitance values of N-120 at the scan rate of 5, 10, 20, 40 mV 
s-1 are ca. 1786.0, 1533.5, 1356.2 and 1165.9 F g-1, respectively. 
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The CV curves of other electrodes at various scan rates are also 
presented in Fig. S1a-c (see Supporting Information), all the 
electrodes display similar behavior as observed from N-120 
electrode. The curves of the specific capacitances as a function 
of the scan rates for all the electrodes are shown in Fig. S1d 
(see Supporting Information). It can be seen that for all the 
electrodes, the specific capacitance decreases with the 
increasing scan rate, which may be attributed to the different 
diffusion rates of the electrolyte ions went into/out the active 
materials.41 At a low scan rate, the electrolyte ions could fully 
diffused and migrated into the active materials, while at the 
high scan rate, the short time constrains the diffusion and 
migration of electrolyte ions, and only the surface zone of the 
active materials could participate in the redox reaction for 
capacitance generation.42 In addition, the N-120 electrode 
shows higher specific capacitance and better rate capability 
than other electrodes under the same scan rate, indicating the 
promising applications of N-120 in electrochemical energy 
storage. This result may be attributed to the unique hierarchical 
architecture of N-120, in which the gaps between the 
nanosheets as well as the pores in the nanosheets will facilitate 
the penetration of the electrolyte, reduce the contact resistance 
at the electrode/electrolyte interface, shorten the diffusion 
distance of charges and increase the utilization of active 
materials.43,44 Moreover, such hierarchical nanostructures with 
high structure stability can accommodate the volume changes 
during the charge-discharge processes, and thus resulting in 
high cycling stability of the electrode as shown below.45 

 
Fig.  4  (a)  Charge‐discharge  curves  of  N‐120,  N‐140,  N‐160  and  N‐180  at  the 
current density of 1.0 A g‐1; (b) The charge‐discharge curves of N‐120 at various 
current densities of 1.0, 2.0, 5.0 and 10 A g‐1; (c) The specific capacitance values 
of  N‐120  sample  as  a  function  of  the  current  densities;  (d)  The  cycling 
performance of N‐120 product within 1000 cycles at a constant current density 
of 10 A g‐1. 

To further evaluate the electrochemical properties of the 
as-prepared products, galvanostatic charging and discharging of 
these electrodes were performed in 3 M KOH solution. The 

specific capacitance of the electrode can be estimated by the 
following formula:46,47 

Cs = I t/(m V)                        
Where Cs (F g-1) is the specific capacitance, I (mA) is the 
charge-discharge current, t (s) is the discharge time, V (V) 
represents the potential drop during discharge, and m (mg) is 
the mass of the active material within the electrode. It should be 
noted that the formula is appropriate for the ideal charge-
discharge curve, and the calculated specific capacitance here 
refers to the average specific capacitance. 

Fig. 4a shows the charge-discharge curves of the as-
prepared electrodes at the current density of 1.0 A g-1. The 
average specific capacitances of the N-120, N-140, N-160 and 
N-180 electrodes are determined to be ca. 1830.3, 1521.5, 
1305.1 and 1098.4 F g-1, respectively. Obviously, the N-120 
electrode possesses the highest specific capacitance among 
these electrodes, which is in good agreement with the CV 
results. The charge-discharge curves of the N-120 electrode at 
various current densities are shown in Fig. 4b. For comparison, 
the charge-discharge curves of other electrodes are shown in 
Fig. S2a-c (see Supporting Information). The average specific 
capacitance is negatively correlated with the current density. As 
shown in Fig. 4c, the average specific capacitance of N-120 
electrode at 1.0 A g-1 is ca. 1830.3 F g-1, and at a high current 
density of 10 A g-1, the average specific capacitance is ca. 
1187.4 F g-1. This suggests that about 64.9% of the specific 
capacitance value at 1.0 A g-1 is retained when the current 
density increases to 10 A g-1, which is higher than that of other 
electrodes (Fig. S2d, see Supporting Information), indicating 
that the N-120 electrode possesses better rate capability. This 
result is in good agreement with the result obtained from CV 
measurements. 

Electrochemical stability is another important parameter to 
evaluate the active materials for supercapacitor 
applications.48,49 Fig. 4d shows the cycling performance of the 
N-120 electrode within 1000 cycles at the current density of 10 
A g-1. The specific capacitance increases slightly at the first 360 
cycles, and then it remains almost constant in the residual 
cycles. The slight increase in the specific capacitance may 
originate from the activation process in the electrolyte, which 
allows the trapped electrolyte ions diffuse out gradually. The 
cycling stability is excellent with a decay of only 1.1% at the 
end of the 1000th cycle, which can be attributed to the unique 
microstructure of N-120. 

As important parameters, power density and energy 
density are further used to estimate the electrochemical 
performance of the as-prepared samples. The energy densities 
and power densities of the electrodes are calculated according 
to the following equations:13,50,51 

E = Cs( V) 2/2 
P = E/ t 

Where E is the energy density, Cs is the specific capacitance, 
V represents the potential window, P is the power density, and 
t is the discharge time. Fig. 5 shows the Ragone plot of the as-

prepared electrodes. The energy densities reduce gradually with 
the increase of the power densities, and the energy density of 
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N-120 electrode at the same power density is much higher than 
those of other electrodes, which means that the N-120 electrode 
is superior in terms of both energy and power.52,53 The N-120 
electrode delivered an energy density of 146.4 Wh/kg at the 
power density of 197.6 W/kg. More importantly, the energy 
density reaches up to 95.0 Wh/kg even at a power density of 
2375 W/kg, much higher than those reported in literatures.54-57 
The excellent rate capability of the N-120 electrode ensures that 
it can effectively deliver energy at short discharge time, and a 
high energy density can be achieved at relatively high power 
density. These results further demonstrate that the N-120 
electrode with high energy density shows a promising 
application as an inexpensive energy storage system. 

 
Fig. 5. The Ragone plots of N‐120, N‐140, N‐160 and N‐180 products. 

Conclusions 

In summary, nanosheets assembled discus-like Ni(OH)2 
hierarchical architecture is prepared by a facile surfactant-free 
solvothermal method. It is found that the morphology and 
microstructure of the as-synthesized Ni(OH)2 products can be 
tuned by adjusting the reaction temperature. The nanosheets 
assembled Ni(OH)2 superstructure exhibits excellent capacitive 
performance, high cycling stability and extraordinary energy 
density since the unique hierarchical structure can facilitate the 
penetration and migration of the electrolyte ions, and has high 
structural stability during charge-discharge cycle. This study 
further demonstrates that the capacitive performance of a 
material can be significantly improved by rationally designing 
suitable hierarchical structures, and the nanosheets assembled 
discus-like Ni(OH)2 promises the potential application in 
supercapacitor electrode materials. 
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