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1 Temperature and pressure dependence on formation energy

In order to gain a comprehensive understanding of the stability of Fe-DACs under various conditions, we
also calculate the nitrogen chemical potential at specific temperatures and pressures using the following

formula:
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where, E,\'?ZFT represents the total electronic energy obtained through density functional theory (DFT) calcula-
tions, ZPEy, denotes the zero-point energy obtained from quantum mechanical calculations, S,‘\)|2 represents
the entropy value at standard conditions acquired from experimental data, kg is the Boltzmann constant, T
is the temperature, and Py, is the pressure of nitrogen gas. In Fig. 77, we illustrate the formation energy’s
dependency on Apuy, the difference between the nitrogen chemical potential at specific temperature T and
pressure P and that at standard conditions (T =298 K and P=1 bar). Apn=0 corresponds to py from
N, under standard conditions, while Apn=0.54 eV represents uy from graphitic carbon nitride (g—C3N,).
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Figure S1: Relative formation energy of Fe,Ng active sites as a function of Apupy, the difference between
the nitrogen chemical potential at specific temperature T and pressure P and that at standard conditions
(T =298 K and P =1 bar). The bottom axes show the corresponding N, chemical potentials at specific T

and P.



2 Nitrogen effects on the stability of Fe-DACs

To confirm the importance of nitrogen in the stability of Fe-DAC structures, we also computed the formation
energy of Fe-DAC in the absence of nitrogen atoms (denoted as Fe;). We then compared the result with
the formation energy of Fe,Ng at standard conditions, where the nitrogen chemical potential is calculated
at T =298 K and P =1 bar. Significantly, as shown in Fig. ??, the formation energy of Fe, is much higher
than that of Fe,Ng across all configurations, confirming the crucial role of nitrogen atoms in stabilizing the
Fe-DAC structures.
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Figure S2: Formation energies of Fe-DACs with and without nitrogen.



3 Molecular adsorption energies on FeDAC active sites

Table S1: Adsorption energies of intermediate molecules (O,, OOH, O, 20H, and OH) on each active site.
The adsorption energies is defined as £29 = g, 1 adsorbate — (Esurf + Eads), Where Equfiadsorbater Esurf, and
E.dsorbate represent the total energy (obtained from DFT calculations) of the clean surface, the adsorbed
system, and the adsorbate in gaseous phase, respectively. Here, it is assumed that the adsorbed OOH is
derived from O, molecule and one-half of H, molecule; adsorbed OH is derived from one-half of an H,
molecule and one-half of an O, molecule; and 2 OH is determined by combining O, and H, molecules.

Active Sites E> eV]

*0, *OOH *O *20H *OH
Pt(111) —-1.04 -208 -0.12 —-420 -1.96
(FesNg)o/G -094 -136 -040 -387 -1.73
(Fe,Ng),/G ~197 —479 -244 —544 —312
(FesNg)o®@z -0.77 —-273 -053 -3.88 -2.02
(FeyNg)p@z —-217 -5.06 —-276 —-552 —3.22
(Fe,Ng)o©@ay -097 -138 —-0.60 —-391 -—1.60
(Fe,Ng)p@ay —-220 -541 -281 -6.00 -3.33
(Fe,Ng)p-OH/G —0.89 —2.84 —-0.83 —-433 -225
(Fe,Ng)p-OHOZz,  —0.97 —-158 —1.07 —428 —2.33
(Fe,Ng)p-OH@a; —1.39 —353 —151 —490 —2.66




4 Rate determining step (RDS)

Table S2: The rate determining step (RDS) of the ORR with associative and dissociative mechanisms via
both pathways A and B. RDS is determined by using surface coverage analysis.

Rate Determining Step (RDS)

Active sites Associative
A B
Pt(111) (6) (8b)
(FeoNg)o/G (6) (6)
(FeaNg),/G 9 ()
(FeyNg)o®z; (7ra) (7b)
(FezNg)p @z © 9
(FeaNg)o©ay (6) (6)
(FeaNg),0a 9 (9
(FeyNg)p-OH/G  (8a) (7b)
(Fe;Ng),-OHOZ  (6) (6)
(Fe;Ng),-OH@a;  (9) 9)




5 Fe-DACs in para configuration
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Figure S3: Optimized structure of Fe-DACs in para configuration, i.e. (a) (Fe,Ng),-OH/G, (b) (Fe,Ng),-
OH@z; , and (c) (Fe,Ng)p,-OH®@a; |, after OH poisoning. Grey, gold, red, green, and cyan spheres represent
the C, Fe, O, N, and H atoms, respectively. Bond length is given in A.



6 Oxygen dissociation mechanism
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Figure S4: The O, dissociation on (Fe,Ng)o/G calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.



Figure S5: The O, dissociation on (Fe,Ng),/G calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.
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Figure S6: The O, dissociation on (Fe,Ng),@z; calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.
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Figure S7: The O, dissociation on (Fe,Ng),@z; calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.

10



1.35 1.35 1.46
1.99 2.08 1.98 2.07 1.86 1.84

1.68 1.69 1.71 1.71 1.76 ! i 1.76

Figure S8: The O, dissociation on (Fe,Ng)o,@a; calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.
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Figure S9: The O, dissociation on (Fe,Ng),@a; calculated using NEB method. Grey, gold, red, green, and
cyan spheres represent the C, Fe, O, N, and H atoms, respectively. Bond length is given in A. IS and FS
indicate the initial and final states, respectively.
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7 Gibbs free energy profile
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Figure S10: Gibbs free energy profile of (Fe;Ng)o/G active site for the ORR associative mechanism at
U =0V via both pathways A and B.
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8 Logarithmic turnover frequency (ToF)
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Figure S11: (a-b) Logarithmic turnover frequency (ToF) and (c-d) surface coverage as a function of electrode
bias potential U in the ORR associative mechanism for (Fe,Ng),/G via both pathways A and B.
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Figure S12: (a-b) Logarithmic turnover frequency (ToF) and (c-d) surface coverage as a function of electrode
bias potential U in the ORR dissociative mechanism for (Fe,Ng),@z; via both pathways A and B.
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9 Surface coverage
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Figure S13: Surface coverage of (Fe;Ng)o@a; in ORR dissociative mechanism for both pathways (a) A and
(b) B.
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