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Computational Details on adsorption Gibbs free energy AGopy+, AGo+, AGoon*
The AGo+, AGoy+ and AGgoy+ are obtained by:
(la)OH—(aq) + * — OH* + ¢~

=A = -E,— H —e | = —E,—G[H
GOH* OH* * G[O (a'q) e] GOH* * G[ 20'
(9)]-0.8277 eV

(1b) OH" + OH (aq)=0" + H,0() + e~

Gy =G, +G[H,0]~G_,~GIOH (aq)—e] _

*

G ,—G +1/2G[H —-0.8277 eV
=G+ 1/26]Hy(g)] e

(1ab) 20H—(aq) + * 0" +H0(D) +2e”

*

AG , =AGy+AG,=G , +G[H,0(D)]~E -2+ GIOH (aq)—e"] _
G .—E.~G[H,0(D)] + G[H,(g)]~1.6554 eV

(1c) 0* + OH(aq) - OOH* + ¢~

AG,=G -G ,—G[OH™ —e
3 OOH* 0* [ (aCI) e ]

= — —G[H 1/2G[H —-0.8277
GOOH* GO* G[H,0()] + 1/2G[H,(g)]—-0.8 eV

(labc) 30H(aq) + * ~OOH * + H,0() + 3e”

AG
OOH

=AG,; + AG, + AG; = G . T G[H,0(D]—E ,-3*G[OH (aq)—e ] = GOO

—E,—2G[H,0(D)] + 3/2 2(g) —2.4831 eV

(1d) OOH* + OH-(@Q) — 0, (g) + * T H20D + -
AG,
=G[02 (g)] +G[H,0(D] + E,—Gpoy.—G[OH (aq)—e | =2G[H,0(D]—
H,(g)] + 49148 eV + G[H,0(D)] + E ,—Gppp . —GIH,0(D)] + 1/2G]
H,(g)]—-0.8277 eV

= 2G[H,0(D]- /2 H,(9)] + E,—Gppy . +4.0871 eV



(1abed) 40H-(aq) —02(9) + 2H0() + 4e-

DGy =AGy +AG, + MGy +AG, = 1.604 eV
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Figure S1. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Col11-NG.
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Figure S2. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Co21-NG.
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Figure S3. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c¢) C atoms,



and (d) the total DOS in Co22-NG.
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Figure S4. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c¢) C atoms,

and (d) the total DOS in Co31-NG
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Figure S5. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Co32-NG.
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Figure S6. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Co41-NG.
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Figure S7. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Co42-NG.
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Figure S8. PDOS (partial density of state) of (a) Co atoms, (b) N atoms, (c) C atoms,

and (d) the total DOS in Co43-NG.
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Figure S9. PDOS (partial density of state) of (a) N atoms, (b) C atoms, and (c) the

total DOS in NG.
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Figure S10. Energy band structure profile of (a) Col1-NG, (b) Co21-NG, (c) Co22-
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Figure S11. The computed free energy profiles and optimized intermediate structure

for OER on Coxy-NG (x=1-4,y=1-3).



(a) C022-O0H* (b) Co43-O0H*

Figure S12. Charge differential density (CDD) of the rate determining step (RDS) of
C022-NG and Co43-NG.



Table S1. The Millikan charges (in e) for each Co atom and all N atoms (total charge)
of Coxy-NG (x=1-4, y=1-3).

Catalyst Charge Population
In-plane Co  Out-plane Co N

Coll-NG 0.147 \ -1.426
Co21-NG 0.161 0.134 -1.498
Co022-NG \ 0.052(Col), 0.067(Co2) -1.320
Co31-NG 0.283 0.079(Col), 0.078(Co2) -1.562
Co32-NG 0.273 0.069(Col), 0.069(Co2) -1.611
Co41-NG 0.256 0.076(Col), 0.121(Co2), 0.119(Co3) -1.617
Co42-NG \ 0.124(Co01),0.124(Co02),0.124(Co03), 0.123(Co4)  -1.836

Co43-NG \ 0.051(Col), 0.051(Co2), 0.052(Co3), 0.052(Cod) -1.327




Table S2. The computed binding energies (E,, eV), cohesive energies (E., eV),
shortest distances between Co and N atoms (dc.n, A), corresponding descriptor
(AGon*, AGo+,AGoon*, all in eV) , the RDS barrier (Erps, €V), and overpotential
(MOER, V) for Coxy-NG (x=1-4; y=1-3).

Catalyst Eb EC dCo—N AGOH* AGo* AGOOH ERDS T]OER

*

Coll-NG -11.25  -7.67 190  0.28 0.90 1.65 0.75 034
Co21-NG(Wi)  -13.17 -749 2.03 0.20 0.73 1.58 0.85 045
Co21-NG(Wo)  -13.17 -7.49 2.03 -1.75 -1.43 -0.16 1.77  1.37

C022- 1132 743 188 -1.54 234 004 . 198
NG(Wol) '
C022- 195 235 3120 433
NG(Wo2) '

Co31-NG(wi) -16.13 -735 190  0.11 0.79 1.50 0.71  0.31
Co31-NG(wol) -16.13 -735 190 -2.12 -259  0.05 264 224
Co31-NG(wo2) -2.12 257 -394 555 515
C032-NG(wi) -16.10 -736 2.02  0.12 0.52 1.52 099 0.59
Co32-NG(wol) -16.10 -736 2.02 -2.06 -247 -097 258 2.18
Co032-NG(wo2) -2.06 -2.46 -3.84 545 5.05
Co41-NG(wi) -19.78 -7.25 215  0.01 0.66 1.39 0.73 0.33
Co41-NG(wol) -19.78 -7.25 215 -129 -0.73 0.28 1.33  0.93

Co41-NG(wo2) 193 258  -414 575 535
Co42- 1740 718 202 -148 208 046 . 214
NG(Wol) '

Co42- 154 205 281 402
NG(Wo2)

Co43- 1648 715 191 149 -125 007 o 128
NG(Wol) '

Co43- 159 221 A4 o 595

NG(Wo2)




