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Figure S1. Top (upper) and side (lower) views of atomistic structures of the chemical oxidation 

of carbon next to FeN4 moieties through our proposed new carbon oxidation pathway on (a) I-

FeN4C10, (b) H-FeN4C10, (c) H-FeN4C4, and (d) I-FeN4C12.
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Figure S2. Top (upper) and side (lower) views of atomistic structures of  (a) I-FeN4C10, (b) H-

FeN4C10, (c) H-FeN4C4, (d) I-FeN4C12, and (e) H-FeN4C12 with different depth (coverage of 

*OH/ET functional groups) of carbon oxidation.
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Figure S3. Computed  and  of Fe atoms for (a) various FeN4 catalysts and (b) various FeN4 𝐸𝑓 𝑈𝑑𝑖𝑠𝑠

catalysts with full coverage of *OH/ET functional groups based on DFT(PBE)+U calculations 

with effective Hubbard-U parameter U-J=3.29 for Fe.1,2 It is known that PBE often fail to 

accurately simulate the systems with localized d or f orbitals. Therefore, we investigated the 

stability of various FeN4 catalysts and FeN4 catalysts with full coverage of *OH/ET functional 

groups using the DFT(PBE)+U method. The computed  and  of Fe atoms for various FeN4 𝐸𝑓 𝑈𝑑𝑖𝑠𝑠

catalysts and FeN4 catalysts with full coverage of *OH/ET functional groups obtained by 

DFT(PBE)+U are in good agreement with the PBE results (Figure 2a and 3b), which indicates that 

the stability of different FeN4 moiety models would not change when considering the self-

interaction corrections.
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Figure S4. Computed , , and  of Fe atoms for different FeN4 catalysts with full 𝐸𝑓 𝐸𝑢𝑛𝑟𝑒𝑙𝑎𝑥𝑒𝑑𝑓 𝐸𝑟𝑒𝑙𝑎𝑥

coverage of *OH/ET functional groups. 
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