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Fig. S1 AFM image of BGQD on mica substrate and its height distribution.

Fig. S2 AFM and TEM images of G-BGQD composite.



Fig. S3 (a) Cyclic voltammogram of different BGQD at a scan rate of 10 mV s-1. (b) LSV 
curves of various concentrations of graphene in G-BGQD composites. The 40 mL GO 
solution  of 0.2, 0.5 and 1.0 mg/mL  was mixed with  the 20 mL BGQD4 solution (0.03 
mg/mL) for G-BGQD4a, G-BGQD4b and G-BGQD4c, respectively. (c) The electron transfer 
number (n) for different G-BGQD composites at -0.8 V.



Fig. S4 Different optimized structures of O
2
 adsorption on BC

3
 bond structure in BGQD.

Fig. S5 Different optimized structures of O
2
 adsorption on BC
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O bond structure in BGQD.

Fig. S6 Different optimized structures of O
2
 adsorption on BCO
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 bond structure in BGQD.



Fig. S7 The electric conductivity of different G-BGQD composites.

Fig. S8 Nyquist plots of different G-BGQD composites and the fitted parameters from the 
Nyquist plots. The inset (top) is the equivalent circuit used to fit the EIS spectra. In the circuit, 
the Rs represents the resistance of electrolyte solution, Rct is charge-transfer resistance of 
catalyst, CPE is a constant phase element and Zw is the Warburg diffusion impedance.
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Table S1 Summary of the reported ORR performance of doped carbon materials
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