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Electrodeposited Ni(OH)2 on nickel foam with porous and

3D nanostructures has ultrahigh capacitance in the potential

range �0.05–0.45 V, and a maximum specific capacitance as

high as 3152 F g�1 can be achieved in 3% KOH solution at a

charge/discharge current density of 4 A g�1.

Electrochemical capacitors (ECs), also called supercapacitors

or ultracapacitors, have raised considerable attention over the

past decade because of their higher power density and longer

cycle life than secondary batteries and their higher energy

density compared to conventional electrical double-layer

capacitors.1–4 To develop an advanced EC device, an active

electrode material with high capacity performance is indispen-

sable.5 Amongst the numerous materials studied to date,

various forms of ruthenium oxides have been extensively

studied as active electrode materials for supercapacitors as

they exhibit a capacitance as high as 863 F g�1 in aqueous

acidic electrolytes.6 However, the expensive nature of ruthe-

nium has limited it from commercialization. Hence, much

effort has been aimed at searching for alternative inexpensive

electrode materials with good capacitive characteristics, such

as NiO,7 CoOx,
8 MnO2,

9 and so forth. Ni(OH)2, known as a

promising electrode material for applications in energy/power

storage devices, especially ECs, is attractive in view of its

low cost, its well-defined electrochemical redox activity and

the possibility of enhanced performance through different

preparative methods.10–14

It is well accepted that the overall performance of an

electrode material depends not only on the microstructure

but also the conductivity of the electrode.15–17 Nickel foam, as

a commercial material with high electronic conductivity and a

desirable 3D structure can be the electrode substrate material

of choice. It would not only reduce the diffusion resistance of

electrolytes but also enhance the facility of ion transportation

and maintain the very smooth electron pathways in the very

rapid charge/discharge reactions.

In this Communication, a-Ni(OH)2 coatings are directly

electrodeposited on nickel foam. A maximum specific capaci-

tance of 3152 F g�1, was obtained (see ESI for detailsw). To the

best of our knowledge, our value is the highest reported for

ECs (the highest value for specific capacitance reported is

3108 F g�1 for a Co(OH)2/zeolite nanocomposite).18

The field emission scanning electron microscopy (FESEM)

images in Fig. 1 show that foamed nickel has a 3D, cross-linked

grid structure, with considerable and uniform wrinkles on its

surface, which would provide a high porosity and a high

specific surface area. Fig. 2 displays a Ni(OH)2 thin film

electrodeposited onto the nickel surface. The thickness of the

coating is approximately 200 nm (Fig. S2w). Comparing

Fig. 1B with Fig. 2B, one can see that the electrodeposition

of Ni(OH)2 results in a significant morphology change in the

nickel foam surface. In Fig. 2B, Ni(OH)2 coatings are stacked

by very small grains (about 10 nm in diameter), forming a 3D

and porous superstructure.

Associated with the favorable morphology change, the

electrochemical capacity performance of Ni(OH)2 is markedly

improved. Fig. 3A shows the CV curves obtained for our

Ni(OH)2 in 3% KOH solutions. It is clear that the peak

Fig. 1 FESEM photographs of nickel foam: (A) an overview and (B)

the surface of a branch.
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shapes, especially that of the anodic peak, are different from

those of the bulk Ni(OH)2. For bulk Ni(OH)2, the peaks are

sharper, indicating a dominance of charge transfer control.

While for nano-sized Ni(OH)2 the peaks have a diffusion tail,

suggesting a mass transfer dominance in the redox mechanism.

The difference in peak shapes could be attributed solely to

particle size. Apart from inter-grain conduction, loosely

packed nano-sized Ni(OH)2 grains increase the shift of

conduction and valence band leading to a greater charge

separation.19

The specific capacitance values of the Ni(OH)2–Ni foam

electrode are calculated to be 3152, 1848, 1000 and 280 F g�1

corresponding to the charge/discharge current densities of 4, 8,

12 and 16 A g�1, respectively (Fig. 3B). The maximum specific

capacitance value is supported by EIS (see ESI for detailsw).
The surprising enhancement of the specific capacitance is

mainly attributable to the effective utilization of Ni(OH)2.

Different from the previously reported Ni(OH)2 materials,

which were packed tightly in bulk, our Ni(OH)2 grains are

loosely dispersed on nickel foam, making every Ni(OH)2
‘‘island’’ contact with the conductive Ni substrate and expo-

sing itself to electrolytes. Besides, the 3D structure of nickel

foam together with the porous Ni(OH)2 superarchitecture not

only facilitate the penetration of electrolytes into the whole

hydroxide matrix, but also shortens the proton diffusion

distance, providing an important morphological foundation

for a ultrahigh specific capacitance.

From Fig. 3C, we notice that the repetitive charge/discharge

induces degradation of the porous structure, resulting in a

noticeable discharge specific capacitance loss (about 48% after

Fig. 2 FESEM photographs of the Ni(OH)2 sample deposited on the

surface of a nickel foam branch (A) and an enlarged view (B).

Fig. 3 The electrochemical properties of the as-prepared Ni(OH)2–Ni

foam electrode: (A) CV curves at different scan rates within a potential

window of �0.05 to 0.55 V vs. SCE; (B) discharge curves in the

potential range from �0.05 to 0.45 V at different discharge current

densities; (C) cycle life data at a discharge current density of 4 A g�1.
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300 cycles). The flaking off of Ni(OH)2 grains from nickel

substrate may be unavoidable due to their loose packing.

Despite the relatively poor electrochemical stability, the

attractive specific capacitance exhibited by this electrode

material inspires us to improve it in latter studies.

In summary, an advanced electrode material with ultrahigh

capacitance is simply designed and tailored by the electro-

deposition method. Loosely packed nanometre scale Ni(OH)2
grains spread on nickel foam maintain a much greater surface

area for reaction and result in the effective utilization of the

electrode material. Its intriguing architectures consisting of

mesopores and 3D networks definitely enhance the capacity

performance due to the facile electrolyte penetration and fast

proton exchange. This simple approach will have potential

applications in fabricating a wide range of EC materials.

We gratefully acknowledge the China Postdoctoral Science

Foundation funded project.

Notes and references

1 B. E. Conway, Electrochemical Supercapacitors, Scientific
Fundamentals and Technological Applications, Kluwer Academic/
Plenum Press, New York, 1999, ch. 2, pp. 11–31.

2 M. Winter and R. J. Brodd, Chem. Rev., 2004, 104, 4245.
3 H. Y. Lee and J. B. Goodenough, J. Solid State Chem., 1999, 144,
220.

4 D. Liu, Q. Zhang, P. Xiao, B. B. Garcia, Q. Guo, R. Champion
and G. Cao, Chem. Mater., 2008, 20, 1376.

5 C.-C. Hu, K.-H. Chang, M.-C. Lin and Y.-T. Wu, Nano Lett.,
2006, 12, 2690.

6 H. S. Kim, N. Branko and B. N. Popov, J. Power Sources, 2002,
104, 52.

7 J. P. Zheng, P. J. Cygan and T. R. Jow, J. Electrochem. Soc., 1995,
142, 2699.

8 C. Lin, J. A. Ritter and B. N. Popov, J. Electrochem. Soc., 1998,
145, 4097.

9 K. W. Nam and K. B. Kim, J. Electrochem. Soc., 2002, 149,
A346.

10 H. Bode, K. Dehmelt and J. Witte, Electrochim. Acta, 1966, 11,
1079.

11 T. N. Ramesh, R. S. Jayashree, P. V. Kamath, S. Rodrigues and
A. K. Shukla, J. Power Sources, 2002, 104, 295.

12 W.-K. Hu and D. Noreus, Chem. Mater., 2003, 15, 974.
13 Z. Chang, H. Tang and J. G. Chen, Electrochem. Commun., 1999,

1, 513.
14 D. Zhao, W. Zhou and H. Li, Chem. Mater., 2007, 19, 3882.
15 J. W. Long, B. Dunn, D. R. Rolison and H. S. White, Chem. Rev.,

2004, 104, 4463.
16 G. Che, B. B. Lakshmi, E. R. Fisher and C. R. Martin, Nature,

1998, 393, 346.
17 T. Xue, C.-L. Xu, D.-D. Zhao, X.-H. Li and H.-L. Li, J. Power

Sources, 2007, 164, 953.
18 L. Cao, F. Xu, Y. Y. Liang and H. L. Li, Adv. Mater. (Weinheim,

Ger.), 2004, 16, 1853.
19 M. Jayalakshmi, M. Mohan Rao and K.-B. Kim, Int. J.

Electrochem. Sci., 2006, 1, 326.

This journal is �c The Royal Society of Chemistry 2008 Chem. Commun., 2008, 6537–6539 | 6539


