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Supplementary Figures and Tables 

 

 

Fig. S1 (a-d) Top view and (e-h) tilted view SEM images of VG, NVG-10, NVG-20 and NVG-30. 

 

 

Fig. S2 Relative pore area portions of VG, NVG-10, NVG-20 and NVG-30. 
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Fig. S3 XPS C 1s scans of (a) VG, (b) NVG-10, (c) NVG-20 and (d) NVG-30. 

 

 

Fig. S4 Contents of nitrogen species of NVG-10, NVG-20 and NVG-30. 
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Fig. S5 (a) RDE polarization curves of three NVG samples in O2-saturated 0.1 M KOH at different 

rotation speeds; (b) Koutecky-Levich plots (J-1 versus ω-1/2) and calculated electron transfer 

number at different potentials. 
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Fig. S6 (a) UPS spectra in the secondary cutoff region of VG and NVG-Xs. (b) Relationship 

between pyridinic N concentration, work function, Eonset and E1/2 for VG and NVG catalysts (Lines 

are guiding eyes). 

 

 

Fig. S7 SEM images of NVG-30 (a-b) before and (c-d) after stability test; (e) and (f) XPS narrow 

scans of N 1s for NVG-30.  
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Fig. S8 LSV curves for VG, NVG and commercial Pt/C catalysts in 0.1 M HClO4 solution with a 

rotation rate of 1600 rpm at 10 mV s-1. 

 

 

Fig. S9 Discharge polarization curves and the corresponding power density curves of NVG-Xs 

catalysts. 
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Fig. S10 SEM images of NVG-30 as catalyst layer in Zn-air battery (a - c) before discharge and (d - 

f) after discharge for 24 h. 

 

Table S1. Pore texture of graphene materials from the DFT pore size distribution measurements. 
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Table S2. Deconvolution of relative compositions of XPS C 1s and N 1s. 

 
 

Table S3. Electrocatalytic activities of the recently reported metal-free catalysts for ORR. 
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Table S4. The comparation of electrochemical performance for primary Zn-air batteries based 

on metal-free catalysts. 
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Supplementary note 1 

Generally, Pt wire is used as the counter electrode for ORR tests, because of its high stability 

and availability.1 Recently, some scientists postulated that Pt may be dissolved under anodic 

conditions and be transported electrochemically, which may influence the tested 

electrochemical performance.2,3 However, the Pt dissolution is related with applied potentials, 

pH values, transient potential conditions and temperature.4 So far, the dissolution of Pt and the 

influence on ORR performance during ORR process have not yet been confirmed, typically in the 

working potential of 0 < E < 1 V (versus RHE) in strongly alkaline solution. As is realized, many 

recent studies still adopt Pt as the counter electrode.5-8 

As a quick test about the possible influence of Pt on the ORR performance for our catalysts, 

we used a graphite rod as the counter electrode in a three-electrode system to evaluate the 

ORR activities of VG and NVG-Xs in alkaline solution and the obtained LSV curves are shown as 

below. We can see that the VG and NVG-Xs catalysts show similar ORR activities using a graphite 

rod as the counter electrode, to the results measured using a Pt wire as the counter electrode 

(Figure 3b). This suggests that Pt has little influence on the ORR performance in alkaline solution 

for our catalysts. As for the ORR tests in acid solution, we used a graphite rod as the counter 

electrode in order to eliminate the possible disruption about Pt dissolution. 

 

Figure Supplementary note 1 LSV curves for VG, NVG-10, NVG-20 and NVG-30 catalysts in 0.1 M 

KOH solution using a graphite rod as the counter electrode. 
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