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Fig S1. (a-b) Low and high magnification TEM images of Co3O4@Co-Pi, (c) EDS 

spectrum of Co3O4@Co-Pi.

Fig S2. (a) XPS spectra of Co 2p for Co3O4. (b) FT-IR spectra of Co3O4 and 
Co3O4@Co-Pi.
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Fig S3. Illustration of the proposed morphology evolution mechanism of Co3O4@Co-

Pi.

Fig S4. N2 adsorption-desorption isotherms with the corresponding pore size 
distribution (a) and (b): Co3O4; (c) and (d): Co3O4@Co-Pi.



Fig S5. (a) XRD patterns of Co3O4@Co2P4O12-400, Co3O4@Co2P4O12-500, and 
Co3O4@Co2P4O12-600 powders removed from the nickel foam. (b-d) SEM images of 
Co3O4@Co2P4O12-400, Co3O4@Co2P4O12-500 and Co3O4@Co2P4O12-600.



Fig S6. (a) CV curves of Co3O4@Co2P4O12 electrode with different annealing 
temperature at 10 mV s-1. (b-c) TEM image, HRTEM image Co3O4@Co2P4O12-500. 
(d) Elemental mapping images of Co3O4@Co2P4O12-500.



Fig S7. (a) Specific capacitance versus various current densities of Co3O4, Co3O4@Co-
Pi, and Co3O4@Co2P4O12. (b) CV curves of Co3O4@Co-Pi electrode collected at 
different scan rate. (c) GCD curves of Co3O4@Co-Pi electrode collected at different 
current density. (d) The voltage drop of three materials at a current density of 10 A g-1.



Fig S8. Schematic illustration of the phosphating process with different temperature 

and time for fabricating core-shell Co3O4@Co-Pi nanowires array.



Fig S9. SEM images of Co3O4@Co-Pi with different phosphating time for 250 °C, (a) 

1 h, (b) 2 h, (c) 3 h. (d) XRD patterns of Co3O4@Co-Pi prepared under 200 and 300°C, 

respectively, for 2 h.



Fig S10. SEM images of Co3O4@Co-Pi with different phosphating temperature for 2 

h: (a) 200°C; (b) 250°C; (c) 300°C. (d) XRD patterns of Co3O4@Co-Pi prepared under 

200 and 300°C, respectively, for 2 h.



Fig S11. Electrochemical characterization of Co3O4@Co-Pi: (a) CV curves of different 

phosphating time; (b) GCD plots; (c) CV curves of different phosphating temperature; 

(d) GCD plots.



Fig S12. (a) CV curves of activated carbon. (b) CV curves at 50 mV/s of Co3O4@Co-

Pi//AC supercapacitor.



Table S1. Electrochemical performance obtained from Co3O4 based electrodes.

Type of electrode Specific (areal) 
capacitance

Rate 
capability

Capacitance retention Ref.

Co3O4@Co-Pi core–
shell hybrid 

nanostructure

1692 F g−1 at   
of 1 A g-1

56.1% from 1 
to

10 A g−1

86% after 6,000 cycles This
work

RuO2/Co3O4 nanosheets 905 F g-1 at 1 A 
g-1

78% from 1 to 
40 A g−1

96% after 5,000 cycles [1]

layered Co3O4 265 F g-1 at 1 A 
g-1

64.6% from 1 
to 6 A g−1

89.6% after 1,000 
cycles

[2]

Co3O4 nanowires 746 F g-1 at 0.6 
A g-1

No data 86% after 500 cycles [3]

α-Co(OH)2/Co3O4 
nanorods

583 F g-1 at 1 A 
g-1

No data No obvious specific 
capacitance loss after 

2000 cycles

[4]

Co3O4@MnO2 560 F g-1 at 0.2 
A g-1

54.5% from 
0.2 to 10 A g−1

No negligible [5]

Co3O4 nanoparticles 370 F g-1 at 0.5 
A g-1

No data No negligible [6]

plate-like Co3O4 393.6 F g-1 at   
1 A g-1

No data 96.5% after 500 cycles [7]

ultralayered Co3O4 548 F g-1 at   
4 A g-1

59.4% from 4 
to 32 A g−1

98.5% after 2000 cycles [8]

Hollow Co3O4 nanowire 
arrays

599 F g-1 at   
2 A g-1

73.3% from 2 
to 40 A g−1

No negligible [9]

Co3O4/GO 157.7 F g-1 at   
0.1 A g-1

51.8% from 
0.1 to 2 A g−1

70% after 4000 cycles [10]

flower-like NiO-Co3O4 1190 F g-1 at   
4 A g-1

No data 99% after 5000 cycles [11]

PCO NWAs 1716 F g−1 at 5 
mV s−1

No negligible 85% after 1,0000 cycles [12]
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