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Supplementary data 

 

Figure S1. AFM image of N-S-G 1000. 

 

 

Figure S2. XRD patterns of GO and N-S-G-1000. 
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Figure S3. XPS broad scan spectrum and the high-resolution N1s spectrum of N-G 1000. 

 

 

Figure S4. High-resolution C1s XPS spectra of GO and N-S-G 1000. 
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Figure S5. CV curves of (a) bare GC electrode, (c) N-S-G 850 and (e) N-S-G 1000 electrode in 5 

mM Fe(CN)6
3-/4-/1 M KCl at various scan rates from 20 to 300 mV s-1; plots of ip vs. v

1/2 for (b) 

bare GC electrode, (d) N-S-G 850 and (f) N-S-G 1000. 

The electrochemically effective surface area of the electrode was estimated by cyclic 

voltammetry using 5 mM Fe(CN)6
3-/4- in 1 M KCl. The electroactive surface area can 

be estimated according to the Randles-Sevcik equation: 

ip = 2.99 × 105
nACD

 1/2
 v

1/2                                        (1) 

Where ip is the peak current, D and C are the diffusion coefficient and bulk 
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concentration of the redox probe (5 mM K3[Fe(CN)6]), respectively. n is the number 

of electrons transferred (n=1), v is the scan rate. Figure S3b, d and f demonstrate the 

linear relationship between the peak current (ip) and the square root of scan rate (v1/2), 

implying that the process is diffusion controlled. The electrochemically effective 

surface area of the bare GC electrode, N-S-G 850 and N-S-G 1000 modified 

electrodes calculated is 0.051, 0.096 and 0.301 cm2, respectively. 
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Table S1 Comparison electrocatalytic performance of recently reported nitrogen and 

sulfur co-doping materials as catalysts for ORR in alkaline media. 

Materials ΔEonest 
a,c 

(mV) 
ΔE1/2

 a,c
 

(mV) 
ΔJL 

b,c 

(mA cm-2) 
Electrolyte 
solution  

Reference 
electrode  

Rreference 

N-S-G 1000 -30 -70 1.88 0.1 M NaOH  Hg/Hg2Cl2  In this work 
N-S-G -30 -200 0.3 0.1 M KOH Ag/AgCl  1 
Fe/ANT/C -100 -110 0.1 0.1 M KOH Ag/AgCl  2 
N-S-HC850 -70 -70 2.1 0.1 M KOH Ag/AgCl 3 
PAC/5S -50 -100 -0.6 0.1 M KOH Ag/AgCl 4 
N-S-CF-1000 -10 -50 1.6 0.1 M KOH Ag/AgCl 5 
NSG700 -150 -180 -0.5 0.1 M KOH Hg/Hg2Cl2 6 
N/S-GFs -200 -200 -0.3 0.1 M KOH Ag/AgCl 7 

a represents the difference of onset potentials or half-wave potentials between various 

catalysts and Pt/C.  

b represents the difference of diffusion-limited current densities of various catalysts 

between various catalysts and Pt/C at rotation speed of 1600 rpm.  

c The onset (Eonset) and half-wave (E1/2) potential are reported from the corresponding 

literatures and the corresponding figures in the present studies.  
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