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Electrochemical measurements

The cyclic voltammetry (CV), galvanostatic charging/discharging curves (GCD), and 

electrochemical impedance spectroscopy (EIS) measurements were performed on a CHI660E 

electrochemical workstation. In a standard three-electrode setup, the NiCo2O4 HNSW electrode (1 × 

1 cm2), Hg/HgO electrode, Pt electrode (1 × 1 cm2), and 6 M KOH aqueous were employed as 

working electrode, reference electrode, counter electrode, and electrolyte, respectively. The 

frequency range of EIS measurement was 0.01~1.0×105 Hz with an amplitude of 5 mV. The 

asymmetric supercapacitor was assembled by using NiCo2O4 HNSW as the positive electrode and 

activated carbon (AC) as the negative electrode. The NKK membrane was used as the separator and 

the 6 M KOH solution was used as the electrolyte. The cycling stability was measured in a Land 

CT3001A battery tester.

The equations for the specific capacitance, energy density, power density, and mass ratio

The specific capacity (Cs, C g-1) of the electrode were calculated according to equation S1 to 

S2. The specific capacitance (Cd, F g-1), Energy density (E, Wh kg-1), and Power density (P, W kg-1) 

of the assembled asymmetric supercapacitor were calculated according to equation S3 to S5 1, 2.
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When m (mg), md (mg), v (mV s-1), I (A), and ΔV (V) represent the mass of the electrode, 

mass of electroactive materials in the assembled supercapacitor, scan rate, current density, and 

potential window, respectively. ʃVdt and Δt (s) are the integrated area of the discharge curve and 

discharge time.

The probable redox peaks of the chemical transformations of Ni2+/Ni3+ and Co2+/Co3+/Co4+.

     (S5)- -
2 4 2NiCo O  + OH  + H O NiOOH + 2CoOOH + e«

               (S6)- -
2 2CoOOH + OH CoO  + H O + e«

Charge storage mechanism and the calculation of the capacity contributions

Calculation of the parameter b 3.

                  (S7)bi av=

Where v (mV s-1) and i (A) is the scan rate and current density.

Calculation of the capacitive-controlled and diffusion-controlled contributions 4:

            (S8)/( ) 1 2
1 2i V k v k v= +

Where k1v and k2v1/2 represent the values of the capacitive-controlled and diffusion-controlled 

processes.

Charge balance calculation

The mass ratio of the positive electrode and negative electrode was calculated based on the 

charge-balance equation.
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In equation S6, m+ and m- represent the mass of the positive and negative electrodes, respectively. 

C+ and C- are the capacitances. ΔV+ and ΔV- represent the potential windows, respectively.
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Fig. S1. (a) EDS elemental analysis. The SEM images of (b) NiCo2O4 NWs and (c) NiCo2O4 NSs

Fig. S2. CV and GCD curves of the (a, b) NiCo2O4 NWs and (c, d) NiCo2O4 NSs at different scan 

rates and current densities.
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Fig. S3. The enlarged Nyquist plot.

Fig. S4. (a) GCD curves of the first ten cycles and the last ten cycles. (b, c) SEM images of the 

NiCo2O4 HNSW electrode after 12,000 charge-discharge cycles.

Fig. S5. CV curves of the capacitive and diffusion-controlled processes of the NiCo2O4 HNSW 
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electrode at (a) 5, (b) 10, (c) 20, (d)30, (e) 40, and (f) 50 mV s-1.

Fig. S6. (a, b) The CV and GCD curves of AC at different scan rates and current densities. (c) CV 

curves for NiCo2O4 HNSW and AC electrodes.

Table S1. The specific capacities (C g-1) of NiCo2O4 HNSW, NiCo2O4 NWs, and NiCo2O4 NSs.

Material 1 A g-1 2 A g-1 4 A g-1 6 A g-1 8 A g-1 10 A g-1 20 A g-1

NiCo2O4 HNSW 992.8 964.8 918.4 873.6 841.6 812.0 696.0

NiCo2O4 NWs 451.8 416.2 365.7 335.3 310.3 289.6 220.1

NiCo2O4 NSs 664.9 636.0 534.3 482.1 434.2 391.4 210.4

Table S2. Fitted results of the EIS data for NiCo2O4 HNSW, NiCo2O4 NWs, and NiCo2O4 NSs 

samples

Material
Rs

(Ω)

CPE1-T 

(mF)

CPE1-P

(F)

Rct

(Ω)

W1-R

(Ω)

W1-T

(Ω)

W1-P

(Ω)

CPE2-T

 (F)

CPE2-P

(F)

NiCo2O4 HNSW 0.65 0.077 1.2 0.014 0.55 0.047 0.28 0.27 1.0

NiCo2O4 NWs 0.63 2.2 0.90 0.31 4.9 6.2 0.37 0.24 0.79

NiCo2O4 NSs 0.67 0.13 1.2 0.018 0.41 0.030 0.25 0.30 0.95
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Table S3. Comparison of specific capacitances with reported NiCo2O4-based electrode materials.

Material Electrolyte
Capacitance

retention

Specific capacitance (F 

g-1) at 1 A g-1
Reference

NiCo2O4@MnMoO4 

core-shell flowers
3 M KOH

87.8% (1 A g-1, 5000 

cycles)
1118 5

NiCo2O4 Nano 

flowers
6 M KOH - 1030 6

NiCo2O4 Nanosheet 6 M KOH
90.9% (10 A g-1, 5000 

cycles)
2018 7

NiCo2O4 hexagonal 

nanostructures
2 M KOH

98.0% (10 A g-1, 2000 

cycles)
1525 8

NiCo2O4@NiWO4

Core-shell Nanowire 

Arrays

6 M KOH
87.6% (5 A g-1, 6000 

cycles)
1384 9

NiCo2O4 

Nanosheets
2 M KOH

99.0 % (10 A g-1, 3000 

cycles)
1472 10

NiCo2O4 

Nanobelt/Graphene
6 M KOH

98.6 % (10 A g-1, 3000 

cycles)
1073 11

Mesoporous 

NiCo2O4 nanorods
2 M KOH

84.3% (5 A g-1, 5000 

cycles)
790 12

NNCO-1 3 M KOH
97.0% (2 A g-1, 2000 

cycles)
503.5 C g-1 13

2D leaf-like 

NiCo2O4@CNPs
6 M KOH

97.3 % (2 A g-1, 2000 

cycles)
1265 14

NiCo2O4 HNSW 6 M KOH
77.0 % (10 A g-1, 

12,000 cycles)

1986

(992.8 C g-1)
This work
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Table S4. The energy densities, power densities, and specific capacitances of the HSC device at 

different current densities.

Material 1 A g-1 2 A g-1 4 A g-1 6 A g-1 8 A g-1 10 A g-1 20 A g-1

Specific 

capacitance (F g-1)
124.6 109.1 93.4 83.4 76.9 71.8 50.1

Power density 

(W kg-1)
800 1600 3200 4800 6400 8000 16000

Energy density 

(Wh Kg-1)
44.3 38.8 33.2 29.7 27.3 25.5 17.8
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