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Fig. S1. (a) The atomic structure (b) total energy and (c) temperature of single Co atom supported 

by defective 2D–BN monolayer with a boron vacancy at 1000 fs during MD simulation at 1000 

K. The temperature is controlled by using the NVT ensemble via a massive generalized Gaussian 

moments thermostat.
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Fig. S2. The calculated initial state, transition state and product in the process of the transfer of a 

single Co atom from vacancy site to the neighboring hexagonal B3N3 ring.
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(a)

(b)
Fig. S3. The local density of states of O2 adsorbed on the Co/BN surface (a) and gaseous O2 (b).
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(1)  a: 2* 2*O O

        

(2)  c: +* + +e 2*OOH H OH 

        

(3)  g: * * *OOH O OH 

        

(4)  h: +
2* * + +e *O OH H O H O  

        

(5)  i: +* * + +e 2*O OH H OH 

        

(6)  j: 22* *OH H e OH H O    

Fig. S4. The optimized structures of initial state (left), transition state (middle) and final state (right) 
for the reaction step in Fig. 4.
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Fig. S5. Free energy diagrams for ORR on Pt (1 1 1) and CoN3 embedded grapheme (CoN3) and 
Co/BN catalyst.
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The cutoff radius of 4.6Å was adopted by calculation the energy of the system 

varied with cutoff radius. As seen in following Fig. S6, the energy of the system 

maintain stable until the cutoff radius more than 4.6Å. On consideration of the 

calculation cost, 4.6Å was set as the cutoff radius in this work.
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Fig.S6. The energy of the system varied with cutoff radius.
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The schematic diagram of PEMFC shown in Fig. S7, H2 is oxidized at anode and 

O2 is reduced at cathode as expressed in following:

Anode:  2 2 2H H e  

H2 is consumed at anode, producing H+ and electrons for cathode.

Cathode: 2 21/ 2 2 2O H e H O   

The H+ ions are conducted through the proton exchange membrane (PEM), and are 

combined with electrons and O2 to form water at the cathode.

Fig. S7. Schematic diagram of PEMFC.


