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P-Fe4N@NPG/S cathode at 1 C.
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Fig. S12. The electrochemical performances of Fe2O3@rGO/S cathode. (a) CV curves 
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charge/discharge profiles and (c) Long-term cycling performance of Fe2O3@rGO/S 
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Fig. S14. Long-term cycling performance of P-Fe4N@NPG/S cathode at 2 C.



Fig. S15. (a) CV curves of NPG/S cathode at a scan rate of 0.1 mV s-1. (b) Cycling 

performance and coulombic efficiency of NPG/S cathode at 0.2 C. (c) The typical 

galvanostatic charge/discharge voltage profiles of P-Fe4N@NPG/S and NPG/S 
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Fig. S16. (a) The electrochemical impedance spectra (EIS) of P-Fe4N@NPG/S, 

Fe4N@NG/S and Fe2O3@rGO/S cathodes before cycling. (b) The relationship between 

the Z′ square root of angular frequency(ω-0.5).

To further explore the reasons for the excellent performance and high conductivity 

of P-Fe4N@NPG, we tested electrochemical impedance spectra (EIS) of P-

Fe4N@NPG/S, Fe4N@NG/S and Fe2O3@rGO/S cathodes before cycling. The 

depressed semi-circle in the high-middle frequency region was attributed to the charge 

transfer resistance, and the slope part in the low frequency region was related with the 

ion diffusion process within the cathodes. The electrochemical impedance parameters 

were calculated according to the following equations (1-2).

    Zre= Re + Rct + σω-0.5    (1)

    DLi+
 =0.5(RT/AF2Cσ)2    (2)

In which the gas constant, angular frequency and the absolute temperature are 

expressed in terms of R, ω and T, while the electrode surface area, the Faraday constant, 

and molar concentration of Li+ are donated by A, F and C, respectively. 



Fig. S17. (a, b) Coulombic efficiency of P-Fe4N@NPG/S cathode of lean electrolyte at 

0.2 C and 0.1 C, respectively.



Fig. S18. Density of states of P-Fe4N.



Table S1. The electrochemical performance of the obtained P-Fe4N@NPG/S in this 

work compared with other similar materials reported in lithium-sulfur batteries. 
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