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Figure S1. Ab initio molecular dynamics (AIMD) simulations of FeO4–gra structures at 500 K for 10 

ps in the NVT ensemble using the Nosé–Hoover thermostat. Inset in each panel shows the final atomic 

configuration obtained at the end of the simulation (t = 10 ps). 

Table S1 Adsorption energy ΔEads (eV) of reactive species on Fe-N-O-gra.

. 
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Table S2  The optimal adsorption configurations of O2*on Fe–N–O-Gra.

*O2FeN4-Gra
End-on Side-on

Top

Side

*O2FeN3O-Gra
End-on Side-on

Top

Side

*O2FeN2O2-p-

Gra End-on Side-on

Top

Side
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*O2FeN2O2-h-

Gra End-on Side-on

Top

Side

*O2FeN2O2-o-

Gra End-on Side-on

Top

Side

*O2
FeNO3-Gra

End-on Side-on

Top

Side
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The d-band center was computed with respect to the Fermi level using the expression:

𝜀𝑑=

+∞

∫
‒ ∞

𝐸 ∙ 𝐷𝑑(𝐸)𝑑𝐸

+∞

∫
‒ ∞

𝐷𝑑(𝐸)𝑑𝐸

Where  is the density of states of Co 3d orbitals. 𝐷𝑑(𝐸)
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Figure S2 Correlation between the Fe d-band center (εd) after O₂ adsorption and the ORR/OER 

overpotentials for different Fe–N–O coordination structures.


