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Figure S1. C 1s core level XPS spectra of the carbonized products of PPy aerogel at different 

temperatures: PPy/C-500 (a), PPy/C-700 (b), PPy/C-900 (c), PPy/C-1050 (d). N 1s core level XPS 

spectra of PPy/C-500 (e), PPy/C-700 (f), PPy/C-900 (g) and PPy/C-1050 (h). O 1s core level XPS 

spectra of PPy/C-500 (i), PPy/C-700 (j), PPy/C-900 (k), PPy/C-1050 (l). 
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Figure S2. S 1s core level XPS spectra of the carbonized products of PPy aerogel at different 

temperatures: PPy/C-500 (a), PPy/C-700 (b), PPy/C-900 (c), PPy/C-1050 (d). 
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Figure S3. CV curves before (a) and after 1500 cycles (b) of PPy/C-500, PPy/C-700, PPy/C-900 , 

PPy/C-1050 and Pt/C in the N2-saturated H2SO4 solution, scan rate: 20 mV s-1. 
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Figure S4. LSV curves at different rotating speeds from 400 to 3600 rpm of the carbonized 

products of PPy aerogel at different temperatures: PPy/C-500 (a), PPy/C-700 (b), PPy/C-900 (c), 

PPy/C-1050 (d); (e, f, g, h) K-L plots of the ORR at different potentials (0.3, 0.4, 0.45 and 0.50 V vs. 

RHE) of PPy/C-500 (e), PPy/C-700 (f), PPy/C-900 (g), PPy/C-1050 (h), in O2-saturated 0.5 mol L-1 

H2SO4, scan rate: 20mV s-1. 
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Figure S5 LSV curves at different rotating speeds from 400 to 3600 rpm (a) and K-L plots at 

different potentials (0.3, 0.4, 0.45 and 0.50 V vs. RHE) (b) of the commercial Pt/C catalyst, in 

O2-saturated 0.5 mol L-1 H2SO4, scan rate: 20 mV s-1. 
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Figure S6  (a) Peroxide yield of the PPy/C-1050 and Pt/C catalysts before 1500 cycles at the 

rotating speed of 1600 rmp in the O2-saturated H2SO4 solution; (b) Chronoamperometric 

current-time response of the Pt/C and PPy/C-1050 catalysts in the O2-saturated H2SO4 solution at 

0.6 V vs. RHE, the arrow indicates the addition of 2% (v/v) methanol into the solution, io means the 

initial current. 
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Figure S7. Current density of PPy/C-500 (a), PPy/C-700 (b), PPy/C-900 (c), PPy/C-1050 (d) and 

Pt/C (e) at respectively 0.25, 0.35, 0.45 and 0.55 V vs. RHE at the rotating speed of 1600 rmp after 

every 100 cycles in the O2-saturated 0.5 mol L-1 H2SO4, scan rate: 20 mV s-1. 
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Figure S8. (a) CV curves before 1500 cycles for PPy/C-1050 in the N2-saturated and O2-saturated 

0.5 mol L-1 H2SO4, scan rate: 20 mV s-1; (b) LSV polarization curves before 1500 cycles of the 

PPy/C-1050 catalyst at the rotating speed of 1600 rmp in the O2-saturated H2SO4 solution, scan 

rate: 5 mV s-1 and 10 mV s-1. 
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 Figure S9. CV curves before and after 1500 cycles for PPy/C-500 (a), PPy/C-700 (b), PPy/C-900 

(c) , PPy/C-1050 (d) and Pt/C (e) in the N2-saturated 0.5 mol L-1 H2SO4, scan rate: 20 mV s-1. 

 

 

 



 

Table S1. Comparison of the ORR performance of some metal-free carbons reported in literature, 

under different LSV scan rates (5 mV s-1, 10 mV s-1, 20 mV s-1). 

Catalyst 

ORR activity (V vs. RHE)a  
Scan rate 

(mV s-1) 

Loading 

(µg cm-2) 
Ref. 

Onset potentialb 
Half-wave 

potentialb 

PPy/C-1050 0.85 0.695 

5 

160 
this 

study 

N-CX 0.85 0.662 380 [1] 

N/3D-GNS-850 0.71 0.51 200 [2]  

N-CNF 0.93 unknown 245 [3] 

CyNz–NH3 0.73 0.52 600 [4] 

N-PCNF 0.8 0.59 485 [5] 

PPy/C-1050 0.85 0.705 

10 

160 
this 

study 

N-CSH 0.809 0.529 100 [6] 

N400oC-doped 0.7 0.4 1550 [7] 

NG-800 0.796 0.498 280 [8] 

NH3-NCNTs 0.717 0.52 200 [9] 

AC900NH3 0.75 unknown 200 [10] 

CNX 0.74 0.54 800 [11] 

PVP/PAN 0.84 0.69 unknown [12] 

NCNF 0.797 0.58 200 [13] 

PPy/C-1050 0.85 0.711 

20 

160 
this 

study 

NCS-800 0.725 0.45 50 [14] 

NC-1000 0.70 0.52 100 [15] 

N-HPC/RGO-1 0.71 0.55 100 [16] 

a Conversion of Hg/HgO electrode, Ag/AgCl electrode, and SCE into RHE scale was achieved by 

adopting the calibration results. 

b Onset potential and half-wave potential were obtained from LSV performed on RDE in 

O2-saturated 0.5 M H2SO4 solution with a rotation rate of 1600 rpm. 
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