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Fig. S1: SEM images of clean Ni foam.

Fig. S2: SEM images of NiCo2O4 nanoneedle arrays grow on Ni foam.
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Fig. S3: XRD pattern of the as-prepared precursor.

Fig. S4: EDX pattern of the NiCo2O4 nanoneedle arrays.

Fig. S5: BET isotherm plots and corresponding BJH pore distributions (insets) of the 
NiCo2O4 nanoneedle arrays.



Fig. S6: Cyclic voltammetry curves of the hierarchical NiCo2O4 array electrodes in a 
three-electrode cell with 2 M KOH aqueous solution at various scan rates: (a) 
nanosheet (1 h); (b) nanosheet (2 h); (c) nanosheet-nanoneedle (4 h); (d) nanoneedle 
(8 h) arrays.

Table S1. Comparison of the electrochemical performances of the 3D hierarchical 
NiCo2O4 nanoneedle arrays with other reported ones.

Nanostructures Areal capacitance Special capacitance Mass loading Refs

 𝑁𝑖𝐶𝑜2𝑂4
nanoneedle arrays

3.71 F/  at 1 𝑐𝑚2

mA/𝑐𝑚2
2193 F/g at 1 A/g 1.64 

mg/cm2

This 
work

 𝑁𝑖𝐶𝑜2𝑂4
nanoneedle arrays

3.12 F/  at 1.1 𝑐𝑚2

mA/𝑐𝑚2

1118.6 F/g at 5.56 
mA/cm2 0.9 mg/cm2

[1]

 𝑁𝑖𝐶𝑜2𝑂4
nanoneedle arrays

0.41 F/  at 10 𝑐𝑚2

mA/𝑐𝑚2
0.3 mg/cm2 [2]

𝐶𝑜0.5𝑁𝑖0.5 𝐷𝐻𝑠/𝑁𝑖𝐶𝑜2𝑂4/𝐶𝐹𝑃 ℎ𝑦𝑏𝑟𝑖𝑑
 composites

2.3 F/  at 2 mA/𝑐𝑚2

𝑐𝑚2
1.0 mg/cm2 [2]



 𝑁𝑖𝐶𝑜2𝑂4
nanoneedle arrays

0.66 F/  at 2 𝑐𝑚2

mA/𝑐𝑚2
660 F/g at 2 A/g [3]

 nanowire 𝑁𝑖𝐶𝑜2𝑂4

arrays

2.01 F/  at 2 𝑐𝑚2

mA/𝑐𝑚2

~900 F/g at 10 
mA/cm2

1.15 
mg/cm2 [4]

@  𝑁𝑖𝐶𝑜2𝑂4 𝑀𝑛𝑂2

core/shell  
nanowire arrays

3.31 F/  at 2 𝑐𝑚2

mA/𝑐𝑚2
1471.4 F/g at 10 

mA/cm2 1.4 mg/cm2 [4]

 𝑁𝑖𝐶𝑜2𝑂4
nanosheet arrays

3.51 F/  at 1.8 𝑐𝑚2

mA/𝑐𝑚2

1743.4 F/g at 7.08 
A/g 1.2 mg/cm2 [5]

@  𝐶𝑜3𝑂4 𝑁𝑖𝑂

nanowire arrays

2.56 F/  at 2 𝑐𝑚2

A/g
853 F/g at 2 A/g

~ 2.1 
mg/cm2 for 

 and 𝐶𝑜3𝑂4

~ 0.9 
mg/cm2 for 

NiO

[6]

@𝑁𝑖𝐶𝑜2𝑂4

 𝑁𝑖𝐶𝑜2𝑂4
core/shell  

nanoflake arrays

2.20 F/  at 5 𝑐𝑚2

mA/𝑐𝑚2

1115.6 F/g at 5 

mA/𝑐𝑚2

1.34 
mg/cm2 for 

core and 
0.63 

mg/cm2 for 
shell

[7]



Fig. S7: Charge and discharge curves of (a) nanosheets-1, (b) nanosheets-2, (c) 
nanosheets-nanoneedles, and (d) nanoneedles at different current densities of 1, 2, 5, 
and 10 A/g.

Fig. S8: Charge and discharge curves of (a) nanosheets-1, (b) nanosheets-2, (c) 
nanosheets-nanoneedles, and (c) nanoneedles at different current densities of 1, 2, 5, 
10, and 20 mA/cm2.



Fig. S9: Ragone plot of the power and energy density of (a) nanosheets-1, (b) 
nanosheets-2, (c) nanosheets-nanoneedles, and (d) nanoneedles at different current 
densities of 1, 2, 5, 10 and 20 A/g.

Fig. S10: SEM image of NiCo2O4 nanoneedle arrays after 2000 cycles.
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