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Calculation for electrochemical parameters;

The specfic capacity of pseudocapacitive electrode material in three electrode 

electrochemical cell was calculated from GCD curve using the equation; 

𝐶 =
2𝐼 × ∫𝑉𝑑𝑡𝑑 × 1000

𝑚 × 𝑉 × 60 × 60                                                                                                                  (1)

where, C is the specific capacity (mA h g-1), I is the constant discharge current (A), td is the 

discharging time (s), V is the voltage difference in discharge (V), ∫Vdtd is the integral area of 

the discharge curve and m is the mass of the active electrode material (g).

To assemble the asymmetric supercapacitor device (ASC), optimal mass ratio of electrode 

materials was calculated using equation (2). 

𝑚 +

𝑚 ―
=

𝐶 ―

𝐶 +

× 𝑉 ―

× 𝑉 +
                                                                                                                                    (2)

where C+, C-, m+, m-, V+, and V- are specific capacity (mA h g-1), mass (g) and potential 

window (V) of positive and negative electrodes respectively. After preparation, electrodes 

were soaked into 2 M aqueous KOH electrolyte and assembled in a coin cell device using 

cellulose paper separator (NKK, Nippon, Kodoshi Corporation). The performance of the 

device was evaluated using the following equations;

𝐸 =
𝐼 × ∫𝑉𝑑𝑡𝑑 × 1000

𝑚 × 60 × 60                                                                                                                    (3)

𝑃 =
𝐸 × 60 × 60

𝑡𝑑
                                                                                                                               (4)

𝑛 =
𝑡𝑑

𝑡𝑐
                                                                                                                                                   (5)

where tc is the charging time (s), E is the energy density (W h kg-1), P is the power density 

(W kg-1) and  is the Coulombic efficiency of the assembled ASC device.𝑛
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Fig. S1 EDX spectrum of 3D Co3O4/C@HCNFs nanocomposite

Fig. S2 XPS spectra of 3D Co3O4/C@HCNFs  nanocomposite; (a) Survey spectrum and (b) 

High resolution spectrum of O 1s
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Fig. S3 Cross sectional view of 3D Co(CO3)0.5OH.0.11H2O@HCNFs

Fig. S4 Elemental mapping of HCNFs in the 3D Co3O4/C@HCNFs nanocomposite 
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Fig. S5 3D Co3O4/C@HCNFs-35 nanocomposite; (a) FE-SEM image, (b) TEM image and 

(c) XRD pattern

Fig. S6 3D Co3O4/C@HCNFs-70 nanocomposite; (a) SEM image, (b) FE-SEM image and 

(c) XRD pattern
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Fig. S7 Plot of log (i) vs log v of 3D Co3O4/C@HCNFs, (b) Separation of capacitive and 

diffusion controlled current at 10 mV s-1 and (c) Relative contribution of capacitive and 

diffusion processes in the charge storage at different scan rate
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Fig. S8 Electrochemical data of as-prepared HCNFs in the range to that of 3D 

Co3O4/C@HCNFs; (a) CV curves and (b) GCD curves

Fig. S9 Electrochemical data of as-prepared Co3O4/C after deposition on Ni foam; (a) CV 

curves and (b) GCD curves
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Fig. S10 Electrochemical performance of 3D Co3O4@HCNFs nanocomposite; (a) CV curves 

and (b) GCD curves 
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Fig. S11 Comparative CV curves at 30 mV s-1
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Fig. S12 Cyclic stability performance at 7 A g-1

Fig. S13 Electrochemical performance of 3D Co3O4/C@HCNFs-35 nanocomposite; (a) CV 

curves and (b) GCD curves 
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Fig. S14 Electrochemical performance of 3D Co3O4/C@HCNFs-70 nanocomposite; (a) CV 

curves and (b) GCD curves 
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Fig. S15 N2 adsorption-desorption isotherm of 3D Co3O4/C@HCNFs-35
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Fig. S16 Comparative CV curves 
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Synthesis of nitrogen-doped graphene hydrogel: Nitrogen-doped graphene hydrogel 

(NGH) was prepared by reported method.1 Briefly, 30 mg of graphene oxide (GO) was 

dispersed in 30 ml DI water by sonication for about 15 min. 900 mg of urea was dissolved in 

10 g of DI water and it was added into the GO suspension drop by drop with constant stirring. 

After stirring for about 30 min, it was subjected to hydrothermal process in 50 mL Teflon 

vessel at 160 °C for 3 h. The hydrogel formed was taken out, washed with DI water to 

remove excess urea and freeze-dried for 24 h. 

Fig. S17 NGH; (a and b) SEM images, (c) CV curves and (d) GCD curves

Based on GCD curve, as-prepared NGH exhibits specific capacity of 94 mA h g-1 (287 F g-1) 

at 1 A g-1.
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Fig. S18 Comparison of CV curves of NGH and 3D Co3O4/C@HCNFs measured in a three- 

electrode electrochemical cell  

For the ASC device, the optimal mass ratio of the electrode materials were calculated using 

equation (2);

 0.0051 𝒎 ― =
𝑪 +

𝑪 ―

×  𝑽 +

×  𝑽 ―
× 𝒎 +,        =

𝟏𝟗𝟗
𝟗𝟒

× 𝟎.𝟔𝟓
×  𝟏 × 0.004,         =

Therefore, mass ratio of positive to negative electrode materials is (m+:m-) =1:1.3

Fabrication of asymmetric supercapacitor (ASC) device: A sheet of as-prepared 3D 

Co3O4/C@HCNFs nanocomposite was used as a positive electrode. Calculated weight of 

NGH was used to prepare negative electrode. A mixture of 80% NGH, 10% acetylene black 

and 10% poly(vinylenedifluoride) were intimately mixed in N-methyl-2-pyrrolidinone (NMP, 

showa) to form a homogeneous slurry. The obtained slurry was coated onto freshly cleaned 

and dried nickel foam, dried at 60 °C for about 8 h. Electrodes were  assembled into a coin 

cell device using a paper separator (NKK, Nippon, Kodoshi Corporation). Before assembling 

into ASC coin cell device, the separator and the electrodes were soaked into 2 M aqueous 

KOH electrolyte.
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Table S1. Elemental composition of 3D Co3O4/C@HCNFs nanocomposite as obtained by its 

XPS survey scan

Element C 1s O 1s Co 2p

Atomic % 27.83 47.71 24.46

Table S2. BET surface area of as-prepared materials

Material BET surface area (m2 g-1) Pore volume (cm3 g-1)

3D Co3O4@HCNFs 89.1 0.22317

3D Co3O4/C@HCNFs 225.7 0.46531

3D Co3O4/C@HCNFs-35 137.2 -
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Table S3. Performance of some of the recently published Co3O4 based materials for 

supercapacitors

SN Material Specific capacitance Cyclic stability Published 

year

Ref

1 Co3O4 polyhedra/rGO 1187.4 F g-1 at 10 mV s-1 2019 2

2  Co3O4@PDA  1183  F g-1 at 1 A g-1 - 2019 3

3 Co3O4/C 875.6 F g-1 at 1 A g-1 87.8 % after 1000 

cycles

2019 4

4 Co3O4@MCS 1409.5 F g-1 at 0.5 A g-1 93.2 % after 1000 

cycles

2019 5

5 Co3O4@NiCo2O4 879.4 F g-1 at 10 A g-1 81.2 % after 3000 

cycles

2019 6

6 Co3O4/Ni 1230.6 F g-1 at 1 A g-1 95 % after 5000 

cycles

2019 7

7 Mn@Co3O4 909 F g-1 at 1 A g-1 71.2 % after 5000 

cycles

2019 8

8 Co3O4-NiO/GF 766  F g-1 at 1 A g-1 86 % after 5000 

cycles

2019 9

9 Co3O4-SnO@SnO2 705  F g-1 at 0.5 A g-1 91.5 % after 2000 

cycles

2019 10

10 Co3O4 nanospheres 837.7 F g-1 at 1 A g-1 87 % after 2000 

cycles

2019 11

11 Mn doped Co3O4 668.4 F g-1 at 1 A g-1 104 % after 10000 

cycles

2019 12

12 NiO/Co3O4@Graphene 1361 F g-1 at 1 A g-1 76.4 % after 5000 

cycles

2019 13

13 Co3O4/Carbon Areogel 298.9 F g-1 at 0.5 A g-1 82 % after 1000 

cycles

2019 14

14 Co3O4-G>N-PEGm 1625.6 F g-1 at 0.5 A g-1 87 % after 5000 

cycles

2018 15

15 Co3O4/NPC  885 F g-1 at 2.5 A g-1  94 % after 10000 

cycles

2018 16

16 Co3O4/3D NG/MWCNTs 2039.4 F g-1 at 1 A g-1 94 % after 6000 

cycles

2017 17

17 3D Co3O4/C@HCNFs 199 mA h g-1 (1623 F g-

1 ) at 1 A g-1

85.2 % after 

7000 cycles

This 

work
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Table S4. Summary of some of the recently published Co3O4 based ASC devices

ASC device Electrolyte Device 

window 

(V)

Energy 

density

(W h kg-

1)

Power 

density

(W kg-

1)

Cyclic stability Ref.

Co3O4@NiCo2O4//AC 1 M KOH 1.7 36 852 89.5 % after 10000 cycles 18

RGO/HSP-Co3O4//GFRGO 2 M KOH 1.7 51 800 92.3 % after 10000 cycles 19

Co3O4/Co(OH)2//MPRGO 1 M KOH 1.4 37.6 4700 91% after 5000 cycles 20

Co3O4-rGO/NF//AC 1 M KOH 1.6 20 1200 94.5% after 10000 cycles 21

Fe2O3//Co3O4@Au@CuO 1M Na2SO4 1.4 33.8 40400 100 % after 10000 cycles 22

3D CoWO4/Co3O4//PC PVA-KOH 1.5 45.6 750 90.5 % after 5000 cycles 23

ZnO/Co3O4//AC 1 M KOH 1.6 47.7 7500 83 % after 5000 cycles 24

Co3O4//AC 2 M KOH 1.6 46.5 790.7 86.4 % after 8000 cycles 25

Co3O4/NHCS//AC 2 M KOH 1.5 34.5 753 84.4 % after 5000 cycles 26

Co3O4/Ni(OH)2//RGO 6 M KOH 1.6 41.90 36.10 100 % after 11000 cycles 27

Co3O4-NS-H//AC 2 M KOH 1.6 134 1111 80 % after 800 cycles 28

CoWO4/Co3O4//AC 3 M KOH 1.5 57.8 750 85.9 % after 5000 cycles 29

Co3O4/PANI NCs//AC 6 M KOH 1.6 41.5 800 83.4 % after 5000 cycles 30

Co3O4/ZnO//AC 6 M KOH 1.4 43.2 1401 - 31

NiCo2O4/ZnO/Co3O4 //AC 2 M KOH 1.6 83.11 8006.8 33.4 % after 3000 cycles 32

Co3O4PANI@ZIF8NC//ZIF8NC 3 M KOH 1.5 52.1 751.5 88.4 % after 10000 cycles 33

v-Co3O4/CC//NC PVA-KOH 1.6 45.5 16300 84.5 % after 5000 cycles 34

3D Co3O4/C@HCNFs//NGH 2 M KOH 1.6 36.6 471 85.4 % after 7000 cycles This 

work
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