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Fig. S1. TG curve of PNCNF precursor films under (a) air and (b) N2 atmosphere.

Fig S2. Digital images of PNCNF film under flatting, bending (90°, 180°) and recovered states.
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Fig. S3. Digital image of CuOx-Co3O4@PNCNF electrode.

Fig. S4. SEM images of the (a) NCNF (without CTAB) and (b) PNCNF (with CTAB) at different magnifications.

Fig. S5. SEM image of CuOx-Co3O4@NCNF electrode without CTAB.
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Fig. S6. SEM images of the (a and b) Co3O4@NCNF and (c and d) CuOx@PNCNF at different magnifications.

Table S1 The elemental composition of CuOx-Co3O4@PNCNF composite.

Element Weight % Atomic %

C K 6.69 20.82

N K 0.96 2.56

O K 10.97 25.63

CoK 63.04 40.15

CuK 18.34 10.84
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Fig. S7. (a) N2 adsorption/desorption isotherms and (b) pore size distributions of NCNF, PNCNF and CuOx-Co3O4@PNCNF samples.

Fig. S8. (a) XPS survey scan spectrum for Co3O4@PNCNF and Core level spectra of (b) Co 2p; (c) XPS full spectrum of CuOx@PNCNF and 

(d) high-resolution spectra of Cu 2p. 
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Fig. S9. XRD pattern of CuOx-Co3O4@PNCNF lithiated to 0.01V.

Fig. S10. The first three consecutive CV curves of (a) Co3O4@PNCNF and (b) CuOx@PNCNF. 

Fig. S11. Discharge–charge curves at a current density of 200 mA g-1, (a) Co3O4@PNCNF and (b) CuOx@PNCNF.  
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Fig. S12. (a) Cycling performance and Coulombic efficiency of CuOx-Co3O4 electrode at current density of 500 mA g-1, (b) Galvanostic 

charging/discharging curves at various rates of CuOx-Co3O4 electrode.

Fig. S13.The first cycle at 0.2 A g-1 between 0.01 and 3 V.

Fig. S14. XPS core level spectra of (a) Co 2p and (b) Cu 2p for CuOx-Co3O4@PNCNF at a current density of 200 mA g-1 after 100 cycles.
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Fig. S15. (a) Nyquist plots of three electrodes e after the 100th at 200 mA g-1; (b) the corresponding relationships between Zre and ω-1/2 in 

the frequency region of 0.1–0.01 Hz.

Fig. S16. SEM image of CuOx-Co3O4@PNCNF electrode after the 100th cycle at 200 mA g-1.
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Fig. S17. SEM image of CuOx@PNCNF electrode after the 100th cycle at 200 mA g-1.

Fig. S18. SEM image of Co3O4@PNCNF electrode after the 100th cycle at 200 mA g-1.
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Fig. S19. (a) Schematic illustration of the full lithium-ion cell with CuOx-Co3O4@PNCNF- LiFePO4/Al couple; (b) Charge and discharge 

curves and (c) cycling performance of the full battery at 0.5 A g-1 in the voltage range of 0.01–3.0 V; (d) digital photo of CuOx-

Co3O4@PNCNF- LiFePO4/Al full cells to light red LED.

Table. S2. Comparison of the electrochemical lithium storage performance of the CuOx-Co3O4@PNCNF electrodes presented in this 

work and reported electrodes in the literature.

Reversible capacity (mAhg-1)/Cycle number

Materials Current 

density 

100mA g-1

Current 

density 

200mA g-1

Current 

density 

500mA g-1

Current 

density 

1000mA g-1

Current 

density 

2000mA g-1

Ref.

CuO@C octahedra 512/300th 1

F-CuO 785/100th 624/300th 370/10th 2

CuO@NiO 1061/200th 523/100th 376/100th 193/400th 3

MWCNTs/Co3O4       813/100th 514/10th 4

Co3O4@TiO2 803/100th 400/600th 5

Co3O4/N–C 883/130th 612/500th 6 

Co3O4/ZnCo2O4 409/500th 7

NiCo2O4–C nanorods 1183/200th 863/200th 594/200th 8

CoO@C  991/300th 840/300th 587/550th 9 

CuOx-Co3O4@PNCNF 1122/100th 889/10th 812/10th 663/1000th This work
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Table. S3. Rct, σ and DLi+ values determined from the EIS for all the electrodes.

Rct（Ω） σ（Ω cm2 s-0.5） DLi+（cm2 s-1）

CuOx@PNCNF 73.5 386.8 1.0×10-15

Co3O4@PNCNF 88.9 280.2 1.9×10-15

CuOx-Co3O4@PNCNF 35.9 196.6 3.9×10-15
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