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Table S1. Summary of elemental concentrations in the carbon samples

Table S2. Summary of the ORR catalytic activities of heteroatom-doped carbon catalysts in 0.1 
M KOH (electrode rotating speed 1600 rpm).
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Table S3. Summary of the performance of Zn-Air batteries reported in recent literature.
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Fig.S1 Representative TEM images of (a) PPyNFs and (b)PPySp/Sh.

Fig.S2 Schematic diagram of pyrrole monomer adsorbed to the ketone group of PVP by a 

hydrogen bond.
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Fig.S3 (a) Optical image of polypyrrole nanosheets prepared by using ammonium persulphate as 

the polymerization initiator instead of FeCl3. (b) The corresponding carbon sheets derived from 

the carbonization of polypyrrole nano-sheets at 800℃.

Fig.S4 Typical XRD pattern of PPyNSs. The diffraction peaks at 2θ of 12° and 23° are ascribed 

to crystalline polypyrrole.
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Fig.S5 Representative TEM image of HPC-800 with apparent macropores of 50-100nm.

Fig. S6 (a) N2 adsorption/desorption isotherm and (b) the corresponding pore size distribution of 

HPC-800. 
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Fig. S7 RepresentativeTEM images of (a) PPyNSs, (b) HPC-300, and (c) HPC-500.

Fig. S8 XRD patterns of HPC-300 and HPC-500.

HPC-300
HPC-500
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Fig. S9 TGA curve of PPyNSs from 30 to 1000°C in a N2 atmosphere at a heating rate of 

5°Cmin1. 

Fig. S10 XPS survey spectra of PPyNSs and HPC-T (T = 700, 800 and 900).
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Fig. S11 Concentrations of graphitic N, pyrrolic N and pyridinic N in HPC-T (700, 800 and 900), 

PC(NF)-800 and PC(Sp/Sh)-800.

Fig. S12 C1s spectra of HPC-T (T=700, 800 and 900).
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Fig. S13  XRD patterns of HPC-T (T=700, 800 and 900℃). One can see that with increasing 

pyrolysis temperature, the FWHM of the HPC-T (002) diffraction peaks decreased, indicating an 

increasing degree of graphitization in the sample.

HPC-700, FWHM(002) = 5.45
HPC-800, FWHM(002) = 4.72
HPC-900, FWHM(002) = 3.85
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Fig.S14 Raman spectra of HPC-T (T = 700, 800 and 900). The graphitic D and G bands can be 

clearly seen at ca. 1354 cm–1 and 1578 cm–1, respectively for all samples, and the intensity ratio 

of the D and G band (ID/IG) varied slightly with the pyrolysis temperature, which was observed at 

0.94 for HPC-700, 0.97 for HPC-800 and 1.04 for HPC-900. That is, when the pyrolysis 

temperature was increased from 700 to 900 °C, one observed increasing graphitization of the sp2 

carbon walls in the macro/mesoporous carbon.
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Fig.S15 Electrochemical impedance spectroscopy (EIS) spectra of HPC-T (T = 700, 800 and 
900).The electrochemical impedance data was recorded in O2-saturated 0.1 M KOH at +0.85 V 
vs RHE with an AC amplitude of 5 mV in frequency of 10 kHz to 0.01 Hz. Electrode rotation 
speed was 1600 rpm.

Fig.S16 CVs of HPC-800 in a N2-saturated 6 M KOH aqueous solution at a sweep rate of 
1mVs1 to 100mVs1.
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Fig.S17 CVs, RRDE curves and K-L plots of (a) Pt/C, (b) PC(NF)-800, (c) PC(Sp/Sh)-800, (d) 

HPC-700, (e) HPC-800 and (f) HPC-900 in O2-saturated 0.1 M KOH at a potential sweep rate of 

10 mVs-1 and electrode-rotation speed of 400 to 2025 rpm.
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Fig.S18 (a) N2 adsorption/desorption isotherm and (b) the corresponding pore size distribution of 

PC(NF)-800. The BET surface area of PC(NF)-800 was determined to be 345.9 m2g1.The pore 

size distribution suggests that the PC(NF)-800 was composed of two kinds of pores, the small 

pores with a diameter size less than 4 nm, and the large pores with diameter in the range from 10 

to 100 nm.

Fig.S19 (a) N2 adsorption/desorption isotherm and (b) the corresponding pore size distribution of 

PC(Sp/Sh)-800 (BET surface area= 623.4 m2g-1, pore diameter< 3nm). The pore size distribution 

suggests that there was onlyone type of porous structure with a diameter less than 3 nm in 

PC(Sp/Sh)-800. 
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Fig.S20 Electrochemical impedance spectra of carbon catalysts derived from polypyrrole of 
different morphologies.  The electrochemical impedance data was recorded in O2-saturated 0.1 
M KOH at +0.85 Vvs RHE with an AC amplitude of 5 mV in frequency of 10 kHz to 0.01 Hz. 
Electrode rotation speed was 1600 rpm.

Fig.S21 LSV curves of HPC-800 and Pt/C in an O2-saturated 0.1 M HClO4 aqueous solution at a 

potential sweep rate of 10 mVs1 with the electrode rotation speed of 1600 rpm.
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HPC-800

Fig.S22 Chronoamperometric curves of a glassy-carbon electrode modified with indicated 

catalysts at +0.60 V vs RHE in an O2-saturated 0.1 M KOH solution. Electrode rotation speed 

was 1225 rpm.

HPC-800

Fig.S23 Chronoamperometric curves of a glassy-carbon electrode modified with catalysts at 

+0.60 V vs RHE in an O2-saturated 0.1 M KOH solution with 3 M methanol addition at 1000s. 

Electrode rotation speed 1225 rpm.
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HPC-800

Fig.S24 Chronoamperometric curves of a glassy-carbon electrode modified with catalysts at 

+0.60 V vs RHE in an O2-saturated 0.1 M KOH solution. CO was injected into the solution at 

240s. Electrode rotation speed 1225 rpm.


