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Nickel nanowire foams are primarily synthesized by calcinations of dimethylglyoxime nickel 

microfibers in Ar gas. Moreover, mesoporous nickel hydroxide-nickel nanohybrids are 

successfully obtained via oxidation of Ni nanowire foams in the alkaline H2O2 aqueous 

solution. Due to the mesoporous structure of nickel hydroxide and the high conductivity of 

central Ni metal, electrodes assembled with nickel hydroxide-nickel nanohybrids show the 

highly accessible surface-interface site and high conductivity, which are successfully applied 

as high-performance supercapacitor electrodes. 

 

 

1. Introduction 

Nowadays, more and more attention has been paid to various power 

source devices for clean and efficient energy storage, such as Li-ion 

batteries, supercapacitors, fuel cells and so on.1-5 In recent years, the 

electrochemical capacitors have received much attention due to their 

higher power density and longer cycle life compared to secondary 

batteries and higher energy density than conventional electrical 

double-layer capacitors. 6-8 In particular, electrochemical capacitors 

based on hydrous ruthenium oxides exhibit much higher specific 

capacitance than conventional carbon materials and better 

electrochemical stability than electronically conducting polymer 

materials. 9, 10 Nevertheless, the high cost of this noble metal material 

limits its commercialization. Hence, much effort has been aimed at 

searching for alternative inexpensive electrode materials with good 

capacitive characteristics, such as Ni-based materials, 11-20 Co-based 

materials 21-31 and Mn-based materials,32-39 etc. They show high 

specific capacitance and energy density, which can be ascribed to 

Faradic redox reactions.  

However, the poor electrical conductivity of metal oxides leads 

to lower electron transport rates. In order to solve this issue, recently 

there are a number of efforts on improving the electrical 

conductivity. Many strategies are tried and two prove effective: a) 

One is to incorporate directly electrochemically active materials are 

incorporated directly into good conductive carbon materials 

(activated carbon,40 mesoporous carbon, 41 carbon nanotubes, 42, 43 or 

graphene44). However, it always results in a decrease in the 

conductivity of the carbon materials when some functional groups 

are introduced onto the carbon materials for better bonding with the 

pseudocapacitor materials; b) The other one is to construct a 

pseudocapacitor material-conductive matrix hybrid nanostructure 45-

49. The matrix with a porous conductive network improves the 

electron transport rate leading to an enhanced supercapacitor 

performance. For instance, Chen et al. 45 synthesized a MnO2-gold 

matrix hybrid structure for supercapacitors. Xiao et al. 46 constructed 

monolithic NiO-Ni matrix composites for supercapacitors by 

mechanically compacting Ni powder to produce thin pellet disks, 

followed by a subsequent low-temperature annealing process.  

Recently, Ni(OH)2/nickel foam (NF) composites have been 

focused on preparing.50-52 Such as, a hydrothermal method is applied 

to deposit ultrathin primary nanowalls of Ni(OH)2 on NFs, and the 

composites show a capacitance higher than the theoretical value.50 

What’s more, porous and 3D nanostructured Ni(OH)2 is 

electrodeposited on NFs to synthesize the composites.51 And the 

Ni(OH)2/NF composites also are prepared by chemical bath 

deposition.52 The spike-piece-structured Ni(OH)2 multilayer 

nanoplate arrays on nickel foams are directly synthesized by a facile 

hydrothermal method, which shows high-performance for energy 

storage.53 Ni(OH)2 nanoflakes array on Ni foam were fabricated as a 

binder-free electrode material for high performance 

supercapacitors.54 Though these important developments have been 

done, there are no reports for synthesis of Ni(OH)2 nanoflakes on Ni 

micro/nanofibers and corresponding application of supercapacitors. 

Dimethylglyoxime (CH3(C=NOH)2CH3, DMG) is a common 

organic precipitant for Ni2+ in industry. 55 Herein, the red precursor 

was easily synthesized by mixing dimethylglyoxime and Ni(OAc)2 

in aqueous solution with vigorous stirring (see Experimental details 

and Figure S1). X-ray diffraction (XRD) analysis and scanning 

electron microscopy (SEM) observation confirm that the obtained 

product is Ni(DMG)2, which has a one-dimensional morphology, 

with an average diameter of ~1000 nm (corresponding XRD pattern 

and SEM image are shown in Figure S2, and S3). 

Dimethylglyoxime can chelate with Ni2+ ion to form a square planar 

configuration with Ni2+ in the centre. The central metal Ni2+ ions 

interact strongly with the adjacent molecular and the square planes 

stack face-to-face, resulting in a one-dimensional columnar 

structure.56 This inherent columnar structure would lead to the 

formation of Ni(DMG)2 microfibers. More importantly, we have 

successfully synthesized porous Ni nanowire foams (denoted P1) by 

the calcination of Ni(DMG)2 microfibers in Ar gas. The obtained Ni 

nanowire foams are further oxidized in alkaline H2O2 aqueous 

solution under hydrothermal condition. Thus the mesoporous nickel 

Page 1 of 7 Inorganic Chemistry Frontiers

In
or

ga
ni

c
C

he
m

is
tr

y
Fr

on
tie

rs
A

cc
ep

te
d

M
an

us
cr

ip
t



ARTICLE Nanoscale 

2 | xxxx, 2014, 00, 00 This journal is ©  The Royal Society of Chemistry 2014 

hydroxide-nickel (Ni(OH)2-Ni) nanohybrids (denoted P2) have 

successfully been obtained. The mesoporous structure and high 

surface area of Ni(OH)2 offer many nanochannels for the electrolyte 

or ions, and the central Ni improves the conductivity of the as-

prepared electrode. At a relatively low current density of 1.25 A g-1, 

the mesoporous Ni(OH)2-Ni nanohybrid electrode delivers a high 

capacitance of 1793 F g-1. Even when the current density is increased 

by 10 fold, namely 12.5 A g-1, the values remain as high as 850 F g-1. 

2. Experimental methods 

2.1 Materials preparation 

Synthesis of Ni(DMG)2 microfibers: Firstly, 0.25 g 

dimethylglyoxime were added into 100 mL ethanol with stirring. 

And then 0.15 g Ni (CH3COO)2·4H2O were added into above 

solution and stirred them for 30 min. After that, red precipitates were 

obtained. The precipitates were centrifuged, washed with deionized 

water as well as ethanol, and dried at room temperature. 

Synthesis of Ni nanowire foams: The as-prepared Ni(DMG)2 

microfibers were heated from room temperature to 500 oC at Ar 

atmosphere with a heating rate of 1 oC min-1, and maintained at 500 
oC for 30 min. 

Synthesis of mesoporous Ni(OH)2-Ni nanohybrids: 0.02 g Ni 

nanowire foams, 0.2 g NaOH, and 20 mL 30% H2O2 solution were 

put in a Teflon-lined stainless-steel autoclave, and heated at 180.0 oC 

for 18 h. After the hydrothermal process, the product was easily 

separated. Then the final product was thoroughly washed with 

deionized water and ethanol to remove ions possibly remaining in 

the final products, and dried in air. 

 2.2 Characterizations 

The morphology of the as-prepared samples was observed with a 

JEOL-6701F field-emission scanning electron microscope (FESEM) 

at an acceleration voltage of 5.0 kV. The phase analyses of the 

samples were performed by X-ray diffraction (XRD) on a Rigaku-

Ultima III with Cu Kα radiation (λ = 1.5418 Å). Nitrogen adsorption-

desorption measurements were performed on a Gemini VII 2390 

Analyzer at 77 K using the volumetric method. The specific surface 

area was obtained from the N2 adsorption-desorption isotherms and 

was calculated by the Brunauer-Emmett-Teller (BET) method. 

Transmission electron microscopy (TEM) images and HRTEM, 

STEM images were captured on the FEI Tecnai G2 F20 S-TWIN 

instrument microscopy at an acceleration voltage of 200 kV. 

2.3 Electrochemical measurements 

Electrochemical study on mesoporous Ni(OH)2-Ni nanohybrids 

electrodes were carried out on a CHI 660D electrochemical working 

stations (Shanghai Chenhua Instrument, Inc.). All electrochemical 

performances were carried out in a conventional three-electrode 

system equipped with platinum electrode and a saturated calomel 

electrode (SCE) as counter and reference electrodes, respectively. 

Before electrochemical measurement, we have purged out O2 from 

the solution by the inert gas-Ar. The working electrode was made 

from firstly mixing of active materials, acetylene black, and PTFE 

(polytetrafluoroethylene) with a weight ratio of 80:15:5, then coating 

on a piece of foamed nickel foam of about 1 cm2, and being pressed 

into a thin foil at a pressure of 5.0 MPa. The weight of the active 

sample was about 5 mg. The electrolyte is 3.0 M KOH solution. The 

capacitive properties of electrodes were determined by cyclic 

voltammetry and galvanostatic charge–discharge techniques. 

Electrochemical impedance spectroscopy measurements of all the 

samples were conducted at different biased potentials in the 

frequency range of 100 kHz to 0.01 Hz with AC voltage amplitude 

of 5 mV by using PARSTAT2273. 

3. Results and discussion 

 

Figure 1 A schematic illustration for the formation of various Ni 

nanofoams composed of nanowires, and mesoporous Ni(OH)2-Ni 

nanohybrids. 

Figure 1 presents a schematic illustration for the formation of 

various Ni nanofoams composed of nanowires and mesoporous 

Ni(OH)2-Ni nanohybrids from Ni(DMG)2 microfiber precursors. 

After the Ni(DMG)2 microfiber precursor was calcined at 500 oC in 

Ar, porous Ni nanowire foams (denoted P1) can be obtained. In 

Figure 2, the XRD analysis confirms that the Ni(DMG)2 microfiber 

precursor has been completely transformed to pure Ni (JCPDS-

040850). The XRD peaks are broad, indicating that the Ni 

nanocrystallites are in the nanometer range. Ni(OH)2-Ni nanohybrids 

(denoted P2) can be obtained by treating the Ni nanowire foams in 

alkaline H2O2 solution under hydrothermal condition. Corresponding 

XRD patterns are shown in Figure 1, it is seen that the # mark is 

indexed to Ni(OH)2 (JCPDS-140117). However, the strongest peak 

is indexed to pure Ni (JCPDS-040850) due to the existence of 

central Ni.  

 

Figure 2 XRD patterns of P1, Ni nanowire foams; and P2, 

mesoporous Ni(OH)2-Ni nanohybrids, and the # sign is indexed to 

Ni(OH)2 (JCPDS-140117). 
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Figure 3 FESEM images of (a-c) P1, Ni nanowire foams; and (d-g) P2, mesoporous Ni(OH)2-Ni nanohybrids. 

 

Figure 4 TEM images of (a-c) P1, Ni nanowire foams; and (d-g) P2, mesoporous Ni(OH)2-Ni nanohybrids, in inset of e, corresponding 

SAED patterns; (g) STEM HAADF image of P2; (h-j) Corresponding EDX-elemental mapping images of g. 

FESEM images of as-prepared samples are shown in Figure 3. In Figure 3a, one-dimensional morphology has been maintained, and 

some Ni nanowires have intertwined with each other. Unlike the Ni(DMG)2 microfiber precursor, the diameter of Ni nanowires is ~350 nm 

in Figure 3b, which is narrower than that of the Ni(DMG)2 microfiber. The surface of Ni nanowires seems smooth in the high magnification 

FESEM image (Figure 3c). In Figure 3d, it is clear that P2 has the one-dimensional morphology. And some nanowires assemble into big 

bundles. More importantly, there are many nanoplates on the surface of the one-dimensional structure. And the diameter of a single Ni(OH)2-

Ni nanohybrid is ~500 nm, which is wider than the Ni nanowire due to the formation of Ni(OH)2 nanoplates (Figure 3e). Some Ni(OH)2-Ni 

nanohybrids have the tube-like morphology as shown in Figure 3f. From Figure 3g, the size of a single nanoplate is determined to be ~60 

nm. 
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    To better illustrate the structure and porosity, representative TEM 

images taken from the as-prepared samples are given in Figure 4. In 

Figure 4a, the Ni nanowire shows the hollow or semi-hollow 

structure and its corresponding SAED pattern is shown in the inset 

of Figure 4a. The end of a single Ni nanowire is further magnified in 

Figure 4b. It is clear that the Ni nanowire has good crystallinity, and 

thus possesses good electron transfer ability because nearly perfect 

crystal shows little inner resistance. In the higher magnification 

image (Figure 4c), there is an amorphous layer on the fringe of the 

Ni nanowire. The TEM result shows there are many Ni(OH)2 

nanoplates formed on the Ni nanowire foams (Figure 4d) after 

hydrothermal treatment in alkaline H2O2 solution. The Ni(OH)2 

nanoplate is the polycrystalline in nature, which is further proved by 

its corresponding SAED in inset of Figure 4e. More importantly, at 

higher magnification, there can be found a lot of nanopores on the 

nanoplates (Figure 4f). It is well known that mesopores play critical 

roles in electrochemical processes, due to their capability of 

facilitating mass diffusion/transport (e.g., electrolyte penetration and 

ion transport) and ensuring a high electroactive surface area. To 

illustrate the spatial distribution of Ni(OH)2 and Ni in the composite, 

the elemental mapping is performed on a representative Ni(OH)2-Ni 

nanohybrids (Figure 4g) under TEM observation. The elemental 

mapping results (Figure 4h-j) demonstrate the generally uniform 

distribution of O and Ni within the nanohybrid. 

 

Figure 5 (a) N2 adsorption–desorption isotherms of as-prepared 

samples (P1 and P2); and (b) The pore-size distribution curves. 

To gain further insight into the specific surface area of the as-

prepared sample, Brunauer-Emmett-Teller (BET) measurements 

were performed. And the N2 adsorption-desorption isotherms of P1 

and P2 were shown in Figure 5. The BET surface area is 89.8 m2 g-1 

(P1) and 151.6 m2 g-1 (P2) respectively (Figure 5). The pore-size 

distribution (in Figure 5b) was determined by using the Barrett-

Joyner-Halenda (BJH) method from the desorption branch of the 

isotherm. The average pore diameter of the P1 is around 4.5 nm 

which may result from the intertwined hollow or semi-hollow 

structures and the amorphous fringe of P1, while that of P2 is around 

3.2 nm which may result from the mesoporous morphology of 

Ni(OH)2 nanoplates. As widely reported, an effective surface area 

usually offers many nanochannels for the electrolyte or ions to 

contact with the surface or interfaces of nanoporous 

micro/nanostructures. 

In order to determine the electrochemical capacitive properties of 

Ni(OH)2-Ni nanohybrids, cyclic voltammetry experiments within the 

0.0-0.5 V range at a scan rate from 5 to 50 mV s-1 were performed 

on the mesoporous Ni(OH)2-Ni nanohybrid electrode in 3.0 M KOH 

electrolyte at room temperature (Figure S4). The shape of the CV 

curves indicates the pseudocapacitive characteristics of the Ni(OH)2-

Ni nanohybrids samples. Rate capability is one of the important 

factors for evaluating the power applications of supercapacitors. The 

discharge curves of the Ni(OH)2-Ni nanohybrid electrode at different 

current densities are shown in Figure 6a. The discharge curves with 

an apparent plateau are consistent with the CV results. To calculate 

the specific capacitance during the galvanostatic charge–discharge 

processes, the following equation is applied: 30  

  
Vm

ti
C




               (1) 

Where m is the mass of electroactive materials (g), ΔV is 

the range of charge/discharge (V), and i is the discharge current 

(A) applied for time Δt (s).  

Figure 6b gives the specific capacitance derived from 

galvanostatic discharge processes of the mesoporous Ni(OH)2-Ni 

nanohybrid electrode at different current densities. The mesoporous 

Ni(OH)2-Ni nanohybrid electrode generally exhibits a high specific 

capacitance and excellent rate capability. At a relatively low current 

density of 1.25 A g-1, the mesoporous Ni(OH)2-Ni nanohybrid 

electrode delivers a high capacitance of 1793 F g-1. Even when the 

current density is increased by 10 fold, namely 12.5A g-1, the values 

remain as high as 850 F g-1. 

In view of the high capacitance and excellent rate capability, we 

further calculate the energy and power densities, specific energy and 

specific power which are two key factors for evaluating the power 

applications of electrochemical supercapacitors. A good 

electrochemical supercapacitor can provide high energy density and 

high specific capacitance. Specific energy (E) and specific power (P) 

derived from GV tests can be calculated from the following 

equations: 30  

           

2

2

1
VCE 

                (2) 

           t

E
P




                       (3) 

Where E (Wh kg-1), C (F g-1), ΔV (V), P (W kg-1) and Δt are the 

specific energy, specific capacitance, the range of the 

charge/discharge, specific power and discharge time, respectively.  
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Figure 6 (a) The galvanostatic discharge curves of P2 electrodes during current densities were 1.25-12.5 A g-1 in 3.0 M KOH electrolytes; 

(b) Specific capacitances of P2 derived from the discharging curves at the current density of 1.25-12.5 A g-1 in 3.0 M KOH electrolytes; (c) 

A plot of the estimated specific energy and specific power at various charge/discharge rates in 3.0 M KOH electrolytes, and (d) 

Charge/discharge cycling test at the current density of 5.0 A g-1 in 3.0 M KOH electrolytes. 

Figure 6c shows the plot of specific energy and specific power 

for the mesoporous Ni(OH)2-Ni nanohybrid electrode in 3.0 M KOH 

aqueous solution. The specific energy of the mesoporous Ni(OH)2-

Ni nanohybrid electrode decreases from 43.5 to 20.6 Wh kg-1, while 

the specific power increases from 131 to 1478 W kg-1. The good 

power density and energy density of mesoporous Ni(OH)2-Ni 

nanohybrid nanostructures make it a promising candidate for the 

electrode materials of supercapacitors. The cyclic stability of the 

mesoporous Ni(OH)2-Ni nanohybrid electrode is further evaluated 

under galvanostatic charge–discharge conditions (Figure 6d). It can 

be seen that only a very small capacitance drop is observed during 

the course of prolonged cycling. For example, the specific 

capacitance remains 98.4% of its initial value after 2000 cycles, and 

97.2% after 3000 cycles, revealing its excellent cycling stability. 

To identify the exact electrical conductivity of the electrode, we 

measured electrochemical impedance spectra (EIS) for the 

mesoporous Ni(OH)2-Ni nanohybrid electrode in 3.0 M KOH at 

room temperature under different biased potentials in the frequency 

range 0.01–105 Hz as shown in Figure 7. As seen in Figure 7, the 

impedance plot at 0.40 V in 3.0 M KOH exhibits a line with a slope 

close to 70o along the imaginary axis (Z”), and this is characteristic 

of an ideally polarizable electrode. At a potential of 0.6 or 0.8 V, the 

linear characteristic disappeared. Thus, the proper potential range, 

over which electrode can generate desirable capacitance, is ≤ 0.40 V.  

Such superior rate capability of the mesoporous Ni(OH)2-Ni 

nanohybrid electrode might be attributed to many reasons: the 

key one is to cause changes to the many paths of electrons, ions 

or electrolytes. For example, 1) the highly accessible surface 

area for mesoporous Ni(OH)2 structures; 2) the conductivity of 

the one one-dimensional inner Ni nanostructures. Different 

surface–interface characteristics and conductivity might have 

different physicochemical adsorption–desorption abilities 

towards the ion and diffusion paths of ions, resulting in 

different electrochemical activities. It is worth mentioning that 

the abundant mesopores are of great significance for the 

electrochemical processes.11, 33, 36, 37 The highly mesoporous 

framework allows the facile penetration of the electrolyte that 

promotes the surface and near surface redox reactions, and 

guarantees a relatively high electroactive surface area. Thus 

high specific capacitance can be obtained even at high rates. 

This could also satisfactorily explain the superior performance 

of the mesoporous Ni(OH)2-Ni nanohybrid sample with 

abundant mesopores. 
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Figure 7 Electrochemical impedance spectra of the P2 electrode at 

different potentials under room temperature in 3.0 M KOH solution. 

4. Conclusions 

In summary, we demonstrate the facile synthesis of mesoporous 

Ni(OH)2-Ni nanohybrid with excellent supercapacitive performance. 

The Ni(DMG)2 microfiber is synthesized as the precursor via a rapid 

precipitation method at room temperature, followed by controlled 

annealing to obtain Ni nanowire foams. Moreover, mesoporous 

Ni(OH)2-Ni nanohybrids can be obtained by treating the Ni 

nanowire foams in alkaline H2O2 solution under hydrothermal 

condition. It is found that mesoporous Ni(OH)2-Ni nanohybrids 

possesses more abundant mesopores and a higher BET surface area, 

and exhibits excellent supercapacitive performance in aqueous 

alkaline electrolytes. The remarkable electrochemical performance is 

likely due to the desirable nanohybrid and the unique mesoporous 

nanostructure. We also anticipate that the present synthetic strategy 

would be adopted to fabricate and optimize other promising 

nanohybrid materials for various applications. 
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ToC 

 

 

Mesoporous nickel hydroxide-nickel nanohybrids are successfully 

obtained via oxidation of Ni nanowire foams indirectly from 

coordination microfibers, which are successfully applied as high-

performance supercapacitor electrodes. 
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