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Figure S1. Optical image of carbon cloth and supported with CoAl-LDH, CoAl-LDH@PDA and Co-

CoO/N-C NSAs. 

 

 

Figure S2. The element mapping of Co-CoO/N-C NSAs. 
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Figure S3. SEM image of Co-CoO NSAs. 

 

 

Figure S4. SEM images of (a) PDA and (b) N-C on carbon cloth. 
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Figure S5. Full XPS spectrum of Co-CoO/N-C, Co-CoO and N-C. 

 

 

Figure S6. CV curves of (a) N-C, (b) Co-CoO, (c) Co-CoO/N-C NSAs and (d) commercial Pt/C in 

N2 and O2-saturated 0.1 M KOH. 
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Figure S7. LSV curves for ORR: (a, b) N-C, (c, d) Co-CoO and (e, f) commercial Pt/C at various 

rotation rates and the corresponding Kouteck–Levich plots at various potentials. 
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Figure S8. RRDE measurements of N-C, Co-CoO, Co-CoO/N-C NSAs and commercial Pt/C. 

 

 

Figure S9. EIS plots of Co-CoO NSAs, N-C and Co-CoO/N-C NSAs. 
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Figure S10. CV curves of (a) Co-CoO/N-C NSAs, (b) CoO NSAs and (c) N-C at a scan rate from 

20 to 120 mV s−1. (d) Cdl of Co-CoO/N-C NSAs, Co-CoO NSAs and N-C calculated from current 

density difference (Δj= ja−jc) plotted vs. scan rate. 

 

 

Figure S11. I-t curves of Co-CoO/N-C NSAs and commercial Pt/C in O2-saturated 0.1 M KOH 

solution with 2 M methanol. 
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Figure S12. (a) SEM image and (b) XRD pattern of Co-CoO/N-C after electrochemical 

measurements. 

 

 

 

Figure S13. (a) ORR and (b) OER performance of Co-CoO/N-C using Pt counter electrode and 

carbon rod counter electrode, respectively.  
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Figure S14. (a) ORR and (b) OER performance of Co-CoO/N-C synthesized with different pyrolysis 

temperatures. 

 

 

Figure S16. EIS plots of Co-CoO/N-C synthesized with different pyrolysis temperatures. 
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Figure S15. Raman spectra of Co-CoO/N-C synthesized with different pyrolysis temperatures. 

 

 

Figure S17. (a) EDS spectra and (b) elemental contents of Co-CoO/N-C with different Co/Al ratios. 
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Figure S18. TEM images of Co-CoO/N-C with different Co/Al ratios. 

 

 

Figure S19. (a) ORR and (b) OER performance of Co-CoO/N-C with different Co/Al ratios. 
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Figure S20. SEM images of CoAl-LDH@PDA NSAs with different polymerization times: (a) 3 h, (b) 

6 h, (c) 12 h and (d) 24 h. 

 

 

Figure S21. (a) EDS spectra and (b) elemental contents of Co-CoO/N-C with different polymerization 

times. 
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Figure S22. (a) ORR and (b) OER performance of Co-CoO/N-C with different polymerization 

times. 
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Table S1. The electron transfer number of as-synthesized electrocatalysts and commercial Pt/C at 

various potentials calculated from RDE measurement data. 

Potential (V) N-C Co-CoO Co-CoO/N-C Pt/C 

0.2 3.58 3.33 3.95 4.14 

0.3 3.51 3.23 3.88 3.77 

0.4 3.5 3.22 3.88 3.73 

0.5 3.54 3.18 3.80 3.83 

0.6 3.48 3.07 3.74 4.21 

Average 3.58 3.32 3.85 3.94 

 

Table S2. Comparison of the electrocatalytic activities of the recently reported bifunctional catalysts 

for ORR/OER. 

Catalyst E1/2 

(V vs. RHE) 

10 

(V vs. RHE) 

E Ref. 

NPMC-1000 0.85 1.92 1.07 1 

PCN-CFP 0.67 1.63 0.96 2 

Fe@N-C 0.83 1.71 0.88 3 

MnxOy/NC 0.81 1.68 0.87 4 

Mn oxide film 0.73 1.77 1.04 5 

Co3O4/Co2MnO4 0.68 1.77 1.09 6 

NCNF-1000 0.82 1.84 1.02 7 

ZnCO2O4/CNT 0.87 1.65 0.78 8 

N-GRW 0.84 1.59 0.75 9 

Co4N/CNW/CC 0.80 1.54 0.70 10 

NGSH 0.63 1.63 1.00 11 
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NC@GC 0.93 1.57 0.64 12 

Co-CoO/N-C NSAs 0.83 1.508 0.678 This work 

 

Table S3. Comparison of the ORR/OER electrocatalytic activities of Co-CoO/N-C with different 

synthetic condition. 

Catalyst j 

(mA cm-2) 

E1/2 

(V vs. RHE) 

10 

(V vs. RHE) 

E 

Co-CoO/N-C NSAs 600 -7.8 0.81 1.555 0.745 

Co-CoO/N-C NSAs 700 -7.0 0.78 1.581 0.801 

Co-CoO/N-C NSAs 800 -10.3 0.83 1.508 0.678 

Co-CoO/N-C NSAs 900 -4.5 0.71 1.591 0.881 

Co-CoO/N-C NSAs 1-1 -6.1 0.80 1.601 0.801 

Co-CoO/N-C NSAs 3-1 -8.6 0.81 1.595 0.785 

Co-CoO/N-C NSAs 4-1 -7.8 0.76 1.574 0.814 

Co-CoO/N-C NSAs 3 -5.1 0.73 1.590 0.860 

Co-CoO/N-C NSAs 6 -7.2 0.75 1.562 0.812 

Co-CoO/N-C NSAs 24 -9.1 0.68 1.562 0.882 
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