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Experimental 

Preparation of P-NiCoO-ns@NF, P-NiO-ns@NF, P-Fe2O3-ns@NF and 

P-MnO2-ns@NF 

The PVP mediated nanocomposites of P-NiCoO-ns@NF, P-NiO-ns@NF, 

P-Fe2O3-ns@NF and P-MnO2-ns@NF were synthesized in the same manner to that of 

P-Co3O4-ns@NF. With the aim of preparing the above-mentioned four 

nanocomposites, the molar ratio of transitional metal nitrates to formamide was kept 

unchanged. Specially, 0.18g/0.12g Co(NO3)2‧6H2O/Ni(NO3)2‧6H2O, 0.3 g 

Ni(NO3)2‧6H2O, 0.416 g Fe(NO3)3‧9H2O, and 0.24 mL Mn(NO3)2 solution (50% wt. 

in H2O) were used as the corresponding metal sources, respectively. 

Electrochemical measurements 

After cutting into smaller pieces (ca. 1×1 cm2), the as-prepared nanocomposites were 

used as the electrodes directly. The electrochemical properties of the nanocomposites 

were measured in a three-electrode cell on CHI660e (Chenhua, Shanghai, China) 

electrochemical workstation. Saturated calomel electrode (SCE), platinum plate 

electrode and the nanocomposites were used as the reference electrode, counter 

electrode and working electrode, respectively. 3 M KOH was used as electrolyte. The 

active carbon (AC) electrode was prepared in a similar way as described in literature.1 

The specific capacity (Cs, Cg-1) of nanocomposites was calculated by using the 

following equation:2 
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where I, Δt and m were the discharge current (A), discharge time (s) and mass of 

electroactive materials (g), respectively.  

The specific capacitance (Csc, Fg-1) of AC electrode was calculated by using 

equation (2):3,4 
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where ΔV was the potential window (V). 

Fabrication of P-Co3O4-ns@NF//AC asymmetric supercapacitor 

The P-Co3O4-ns@NF//AC asymmetric supercapacitor (ASC) was assembled by a 

P-Co3O4-ns@NF electrode and an AC (XFNANO, Nanjing, China) electrode with an 

NKK separator. 3 M KOH was also used as the electrolyte. To achieve the optimal 

electrochemical performance of the ASC device, the mass of active materials between 

the two electrodes was balanced according to equation (3), so as to ensure the 

balancing of charge between the two electrodes.2 
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where m+ and Cs were the mass (mg) and specific capacity (Cg-1) of the 

P-Co3O4-ns@NF electrode, respectively, and m-, Csc and ΔV- were the mass (mg), 

specific capacitance (Fg-1) and potential window (V) of the AC electrode, 

respectively. 

The specific capacitance (Csc, Fg
-1) of the ASC device was also calculated by 

equation (2) based on the total mass of active materials. The energy density (E, 
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Whkg-1) and power density (P, Wkg-1) of the device were calculated as follows:2,3 
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where Csc, ΔV and Δt were the specific capacitance of ASCs, potential window (V) 

and the discharge time (s), respectively. 
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Figure S1. SEM images of the precursors for (a~c) P-Co3O4-ns@NF and (d~f) 

Co3O4-ns@NF. 

 

Figure S2. XRD patterns of (a) the PVP mediated precursors prepared at different 

temperatures and (b) the resulting nanocomposites. 
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Figure S3. SEM images of nanocomposites obtained via the thermal annealing of 

precursors prepared at the hydrothermal temperatures of (a, b) 160 °C and (c~e) 

180 °C (P-Co3O4-nw@NF) with the assistance of PVP. 

 

Figure S4. SEM images of (a~c) Co3O4-nw@NF obtained via the thermal annealing 

of precursor prepared at the hydrothermal temperature of 180 °C without the 

assistance of PVP. 
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Figure S5 (a) TEM and (b) HRTEM images of Co3O4 nanosheet scratched from 

Co3O4-ns@NF. 

  

Figure S6. TEM image and TEM-mapping of P-Co3O4-ns@NF. 
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Figure S7. (a) AFM image of Co3O4 nanosheets scratched from Co3O4-ns@NF. (b) 

Height profiles derived from the marked lines in (a). 

 

Figure S8. Wetting angles of water droplet on Co3O4-ns@NF. 
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Figure S9. SEM images of (a~c) P-NiCoO-ns@NF and (d~f) P-NiO-ns@NF obtained 

via the thermal annealing of precursor prepared at the hydrothermal temperature of 

140 °C with the assistance of PVP. 

 

Figure S10. SEM images of (a, b) P-Fe2O3-ns@NF and (c, d) P-MnO2-ns@NF 

obtained via the thermal annealing of precursor prepared at the hydrothermal 
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temperature of 140 °C with the assistance of PVP. 

 

Figure S11. (a) CV and (b) GCD curves of Co3O4-ns@NF. (c) EIS curves of 

Co3O4-ns@NF before and after cycling test. (d) Cycling performance of 

Co3O4-ns@NF at 30 mAcm-2. 

 

Figure S12. (a, c) CV and (b, d) GCD curves of P-Co3O4-nw@NF (top) and 

Co3O4-nw@NF (bottom). 
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Figure S13. SEM images of (a) P-Co3O4-ns@NF and (b) Co3O4-ns@NF after cycling 

test. 

 

Figure S14. (a) CV curves, (b) GCD curves and (c) specific capacitance of the AC 

electrode. The specific capacitance of the AC electrode is 291.2, 246.4, 226.2, 212.4, 

189, 150 and 114 Fg-1 at 1, 2, 3, 4, 6,10 and 15 Ag-1, respectively. 
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Table S1. Summary of electrochemical performance of cobalt oxides-based 

electrodes. 

Materials 
Specific capacity/Current 

density 

Capacity 

retention(%)/Cycles 
Ref. 

P-Co3O4-ns@NF (1.5 mgcm-2) 
1196.5 mCcm-2/5 mAcm-2 

(798 Cg-1/3.3 Ag-1) 
107%/5000 This work 

Co3O4-ns@NF (1.62 mgcm-2) 
1287.5 mCcm-2/5 mAcm-2 

(795 Cg-1/3.09 Ag-1) 
93%/5000 This work 

Phosphate ion functionalized 

Co3O4-ns@carbon cloth 

(0.56 mgcm-2) 

1030 Cg-1/4.5 Ag-1 85%/10000 5 

Ni/Co oxide@carbon nanosheets 

(4 mgcm-2) 
793 Cg-1/1 Ag-1 94.5%/10000 6 

Co8FeS8@NG (2 mgcm-2) 755.7 Cg-1/2 Ag-1 96.1%/1000 7 

Co3O4@NiCo2O4@carbon fibers 

(3.01 mgcm-2) 
580 Cg-1/1 Ag-1 95.8%/6000 8 

NiCo2O4 nanowire@Ni foam 

(3.0 mgcm-2) 
580 Cg-1/2 Ag-1 95.7%/10000 9 

Reduced mesoporous Co3O4 

nanowires 
488.5 Cg-1/2 Ag-1 90%/2000 10 

Co3O4 nanocube@Co(OH)2 

nanosheet (∼5 mgcm-2) 
477.2 Cg-1/1.2 Ag-1 97.4%/6000 11 

Co3O4 nanopillar array@ 

multi-channeled porous carbon 

(~5 mg) 

440.5 Cg-1/0.5 Ag-1 94.5%/2000 12 

Hollow fluffy Co3O4 cages 

(2~3 mg) 
427 Cg-1/1 Ag-1 ca. 150%/10000 13 

Co3O4/NiCo2O4 double-shelled 

nanocages (1 mgcm-2) 
408.2 Cg-1/5 Ag-1 92.5%/12000 14 

Co3O4/rGO/CNTs 245.7 Cg-1/2 Ag-1 96%/2000 15 

Co3O4/rGO (~5 mg) 244.8 Cg-1/0.5 Ag-1 55.7%/1500 16 
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