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Fig. S1. Top and side views of optimized configurations for DV-BaN3C (a)-(b) and DV-SrN3C (c)-
(d) systems, and the adsorbed *NO3 on DV-BaN;C (e)-(f) and DV-SrN3;C (g)-(h) systems by fixing
(a), (c), (e), (g) or relaxing (b), (d), (f), (h) the lattice parameters, together with their corresponding
lattice parameters and ¥*NOs adsorption free energies.

2/ 28



. T T
20 Spin-up PBE | (6] I PBE
a_ Spin-down ) 40{C __Ba )
N | A | ﬂ
1 1
04 00 A . AL
V V [ AV 2
| < |
-10+ 1 5 !
3.4.04
9-20 \ g |
A T T T @ T T T T T T T T
F201p HSEOG | g s00d | HSE0S
= ool JL
0- 0.0 L M
| | l |
-10- ! !
-4.01
204 Ex IEx
10 -8 2 4 10 8 -6 0 2 4

4 2 4 2
Energy (eV) Energy (eV)

Fig. S2. The calculated TDOS of DV-BaN;C system with PBE (a) and HSE06 (b) functionals, and
PDOS of *NO3 on DV-BaN3;C with PBE (c) and HSE06 (d) functionals. The Fermi level (Er) is
labeled by vertical dash line and set to 0 eV.
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Fig. S3. Free energy diagram together with corresponding intermediate configurations for eNO3RR
on DV-FeNa.
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Fig. S4. Total density of states (TDOS) of Mg-based SACs. The Fermi level (Er) is labeled by
vertical dash line and set to 0 eV. The positive and negative values of TDOS correspond to the spin-
up and spin-down states, respectively.
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Fig. S5. Total density of states (TDOS) of Ca-based SACs. The Fermi level (Er) is labeled by
vertical dash line and set to 0 eV. The positive and negative values of TDOS correspond to the spin-

up and spin-down states, respectively.
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Fig S6. Total density of states (TDOS) of Sr-based SACs. The Fermi level (Er) is labeled by vertical
dash line and set to 0 eV. The positive and negative values of TDOS correspond to the spin-up and
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spin-down states, respectively.
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Fig. S7. Total density of states (TDOS) of Ba-based SACs. The Fermi level (Er) is labeled by
vertical dash line and set to 0 eV. The positive and negative values of TDOS correspond to the spin-
up and spin-down states, respectively.
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Fig. S8. (a) The possible adsorption configurations of ¥*NO3 on the AE-SAC systems. (b) The initial
and optimized configurations of *NOs, *NO,, *NO, and *OH on DV-BaN;C system, where the
B(Ba-N/C) denotes the bridge sites between Ba and N/C atoms and T(N/C) represents the on-top
sites of N/C atoms.
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Fig. S9. The most stable configurations and corresponding adsorption free energies (black numbers
in the bottom) of NO3~ adsorption on the AE-SAC systems.
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Fig. S10. The most stable configurations and corresponding adsorption free energies (black numbers

in the bottom) of H atoms adsorption on the AE-SAC systems.
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Fig. S11. Free energy diagrams together with corresponding intermediate configurations for
eNO3;RR on DV-MgN>Co-II (a), DV-MgN>C»-I1I (b) and SV-MgNj3 (¢) under the potentials of 0 V.
The Uy is highlighted by red number.
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Fig. S12. Free energy diagrams together with corresponding intermediate configurations for
eNO3RR on DV-CaNjy (a) and DV-CaN,C,-11I (b) under the potentials of 0 V. The Uy is highlighted
by red number.
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Fig. S13. Free energy diagrams together with corresponding intermediate configurations for
eNO3;RR on DV-SrN4 (a) and SV-SrN>C (b) under the potentials of 0 V. The Uy is highlighted by

red number.
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Fig. S14. Free energy diagrams together with corresponding intermediate configurations for
eNO3RR on DV-SrN>Co-II (a) and DV-SrNoCo-III (b) under the potentials of 0 V. The UL is
highlighted by red number.
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Fig. S15. Free energy diagrams together with corresponding intermediate configurations for
eNO3;RR on DV-BaNy (a), DV-BaN>C»-I (b), and DV-BaN,C»-II (c) under the potentials of 0 V. The
Uv is highlighted by red number.
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Fig. S16. Free energy diagrams together with corresponding intermediate configurations for
eNO3RR on SV-BaNj (a) and SV-BaN,C (b) under the potentials of 0 V. The Uy is highlighted by
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Fig. S17. The adsorption free energies of NOs~ and H versus electrode potential from —1.0 to 0 V
on DV-BaNsC (a) and DV-SrN3C (b), respectively. The Uy are labeled with dash lines.
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Fig. S18. Free energy diagrams together with corresponding intermediate configurations for
eNO;3;RR under the potentials of 0 V on DV-BaN3C (a) and DV-SrN;C (b) with consideration of the

solvation effect. The UL is highlighted by red number.
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Fig. S19. Schematic diagram of three moieties of NO3;~ adsorption on DV-BaNsC, for example.
(moietyl: DV-N3C support; moiety2: Ba atom; moiety3: adsorbed NOs species)
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Table S1. The calculated zero-point energy (£zpe) and the product (TS) of the temperature (298.15
K) and entropy of various species along the reaction pathways for eNO3RR on the AE-SAC systems,
where * represents the active site.

Species Ezpe (€V) TS (eV)
*NO; 0.40 0.24
*OH+*NO> 0.55 0.39
*NO; 0.25 0.21
*OQH+*NO 0.48 0.35
*NO 0.13 0.13
*HNO 0.41 0.13
*HaNO 0.78 0.18
*H,NOH 1.09 0.23
*O 0.09 0.04
*OH* 0.32 0.16
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Table S2. The zero-point energy (Ezpe) and the product (TS) of the temperature (298.15 K) and
entropy for relevant free molecules, and their free energy correction referenced to the experimental
formation energy, AGcorrect.

Species Ezpe (€V) TS (eV) AGeorrect (€V)
HNO:;s (g) 0.70 0.83 1.06
NO2 (g) 0.23 0.74 0.93

NO (g) 0.12 0.65 0.18
NH;s (g) 0.89 0.60 0.18

Ha (g) 0.27 0.40 -

H>0 (g) 0.56 0.67 -
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Table S3. The key parameters of the AE-SAC systems: distance between AE metal and its bonded
N/C atoms, d(AE-N/C); net charge of AE metal, AQ; spin magnetic moment of the whole system,
M; formation energy, Er; and binding energy, Eb.

Systems d(AE-N/C) (A) AQ () Mus) Er(eV) Ep(eV)
DV-MgNy 197 197 197 197 1.58 0.00 -0.25 -5.59
DV-CaNy 226 226 226 226 1.48 0.00 -0.36 -6.05
DV-SrNy 241 241 241 241 1.52 0.00 -0.65 -5.50
DV-BaNy 2.56 256 256 256 1.50 0.00 -0.05 -5.68
DV-MgN;C 201 199 203 201 1.59 0.00 1.89 -5.11
DV-CaN;C 233 229 229 229 1.44 0.00 1.78 -5.56
DV-StNs;C 248 243 247 244 1.46 0.00 2.02 -5.02
DV-BaN;C 264 261 263 257 1.42 0.00 2.00 -5.27
DV-MgN,>Co-1 206 206 204 2.04 1.57 0.00 4.15 -4.64
DV-CaN,C»-1 235 235 234 234 1.40 0.00 3.96 -5.17
DV-StN,Co-1 2,51 251 249 249 1.42 0.00 4.19 -4.64
DV-BaN,C»-1 2.69 269 264 264 1.36 0.00 4.14 -4.92
DV-MgN,Co-11 2.02 202 206 2.06 1.56 0.87 4.16 -3.43
DV-CaN,C»-11 223 223 251 251 1.46 0.00 3.69 -4.24
DV-SrN2Co-11 238 238 266 2.66 1.49 0.00 3.72 -3.92
DV-BaN,C»-11 254 254 282 282 1.48 0.00 3.55 -4.32
DV-MgN,Co-III.  2.09 2.09 202 2.02 1.57 0.00 4.02 -4.66
DV-CaN,Co-111 240 240 230 230 1.40 0.00 4.02 -5.00
DV-StNLCo-111 2.55 255 243 243 1.41 0.00 4.26 -4.47
DV-BaN,C,-III 272 272 272 272 1.35 0.00 4.17 -4.79
DV-MgNC; 2.04 209 223 203 1.55 1.00 6.19 -3.13
DV-Ca N:1Cs 227 247 268 229 1.40 0.00 5.75 -3.91
DV-Sr NiC3 240 267 281 243 1.42 0.00 5.80 -3.56
DV-Ba N;C3 257 285 295 255 1.38 0.00 5.57 -4.03
DV-MgC4 239 239 239 239 1.14 0.00 8.61 -0.87
DV-CaC, 247 247 247 247 1.43 0.00 7.15 -2.66
DV-SrCy4 2.63 263 263 2.63 1.47 0.00 6.92 -2.60
DV-BaC, 2.81 281 281 281 1.43 0.00 6.47 -3.28
SV-MgNj3 2.00 2.00 2.00 -- 1.20 0.56 1.64 -3.40
SV-CaNj3 2.19 219 2.18 -- 1.45 0.00 0.76 -4.62
SV-SrN; 233 233 233 - 1.50 0.00 0.86 -4.23
SV-BaN3 249 249 249 - 1.49 0.00 0.67 -4.65
SV-MgN,C 196 196 1.99 - 1.51 0.00 3.35 -3.10
SV-CaN,C 222 222 226 - 1.37 0.00 241 -4.37
SV-SrN»C 236 236 240 - 1.41 0.00 2.54 -3.96
SV-BaN,C 253 253 253 - 1.39 0.00 2.32 -4.40
SV-MgNC, 198 2.06 2.06 - 1.44 1.00 5.54 -1.62
SV-Ca NC» 221 231 230 - 1.36 1.00 441 -3.09
SV-Sr NC, 235 245 244 - 1.40 1.00 4.46 -2.75
SV-Ba NC, 252 259 259 - 1.37 1.00 4.18 -3.26
SV-MgCs 212 213 213 - 1.29 2.00 7.64 -1.78

SV-CaCs 234 234 234 - 1.33 1.95 6.52 -3.24




SV-SrCs 248 250 248 - 1.38 2.00 6.49 -2.97
SV-BaCs 2.62 267 2.62 - 1.35 2.00 6.15 -3.55
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Table S4. The key parameters for NO3~ adsorption on the AE-SAC systems: distance between AE
metal and its bonded O atoms, d(AE-O); net charge of AE metal, AQ(M-NO3) and *NOsz, AQ(NO3);
and adsorption free energy of NO3~, AG(*NO3).

Systems d(AE-O1) (A) d(AE-0,) (A) AQOM-NO3)  AQO(NOs) AG(*NO3)

(e (e (eV)

DV-MgN4 2.13 2.13 1.65 -0.88 -1.65
DV-CaNy 2.36 237 1.55 -0.86 -1.94
DV-SrNy 2.52 2.52 1.61 -0.88 -1.84
DV-BaNy 2.70 2.70 1.62 -0.88 -1.58
DV-MgN;C 2.12 2.12 1.63 -0.89 -1.51
DV-CaN;C 2.36 2.38 1.53 -0.86 -1.77
DV-SrN3;C 2.51 2.50 1.61 -0.86 -1.71
DV-BaN;C 2.69 2.67 1.62 -0.86 -1.48
DV-MgN,Co-1 2.11 2.11 1.63 -0.88 -1.40
DV-CaN,C»-1 2.35 237 1.53 -0.85 -1.66
DV-SrN2Co-1 2.50 2.52 1.58 -0.87 -1.58
DV-BaN,C»-1 2.66 2.68 1.57 -0.86 -1.40
DV-MgN,Co-11 2.09 2.10 1.64 -0.88 -2.14
DV-CaN2Co-11 2.33 2.33 1.55 -0.84 -2.39
DV-S1N,Co-11 2.48 2.49 1.62 -0.86 -2.27
DV-BaN>C»-11 2.66 2.66 1.62 -0.86 -2.00
DV-MgN>C»-111 2.10 2.09 1.63 -0.88 -1.18
DV-CaN,C,-111 2.34 2.35 1.52 -0.85 -1.71
DV-StN,Co-111 2.51 2.51 1.58 -0.87 -1.70
DV-BaN,C,-111 2.66 2.65 1.61 -0.85 -1.46
SV-MgNj3 2.06 2.08 1.64 -0.87 -3.26
SV-CaNj3; 2.35 2.35 1.56 -0.85 -2.84
SV-SrN3 2.51 2.51 1.63 -0.87 -2.67
SV-BaN3 2.68 2.68 1.64 -0.87 -2.32
SV-MgN,C 2.05 2.06 1.63 -0.87 -2.45
SV-CaN,C 2.33 2.33 1.56 -0.83 -2.20
SV-SrN2C 2.50 2.48 1.62 -0.85 -2.16
SV-BaN,C 2.68 2.64 1.63 -0.85 -1.89
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Table S5. The key parameters of H atoms adsorption on the AE-SAC systems: distance between AE
metal and H atoms, d(AE-H); net charge of AE metal, AQ(M-H) and *H atoms, AQ(H); adsorption
free energy of H atoms, AG(*H).

Systems dAE-H)(A)  AG(*H) (eV)  AQM-H) (e) AO(H) ()
DV-MgNy 2.60 2.26 1.60 0.01
DV-CaN, 2.98 2.27 1.47 0.01
DV-SrN, 2.32 1.33 1.55 -0.59
DV-BaN, 251 1.54 1.57 -0.57

DV-MgN;C 1.78 1.35 1.43 -0.70
DV-CaN;C 2.13 1.44 1.48 -0.59
DV-StN;C 3.17 2.28 1.46 0.01
DV-BaN;C 2.40 1.53 1.51 -0.56
DV-MgN,Ca-1 1.76 1.31 1.32 -0.68
DV-CaN,C-1 2.11 1.53 1.47 -0.62
DV-StN,Cy-1 2.26 1.52 1.51 -0.59
DV-BaN,C-1 3.42 2.30 1.37 0.00
DV-MgN,Co-I1 1.76 0.61 1.56 -0.68
DV-CaN,Co-II 2.05 0.79 1.50 -0.71
DV-StN,C,-11 221 0.91 1.54 -0.71
DV-BaN,Co-II 2.36 1.14 1.53 -0.68
DV-MgN,Co-11I 1.78 1.56 1.55 -0.58
DV-CaN,C,-1IT 2.97 2.28 1.40 0.01
DV-StN,Co-11I 3.14 2.29 1.41 0.00
DV-BaN,C,-IIT 2.46 1.68 1.48 -0.53
SV-MgN; 1.73 -0.55 1.55 0.73

SV-CaNs 2.08 0.39 1.52 -0.76
SV-StN; 2.26 0.57 1.55 -0.71
SV-BaN; 2.45 0.95 1.58 -0.68

SV-MgN,C 1.72 0.22 1.54 -0.72
SV-CaN,C 2.96 2.28 1.37 0.01
SV-StNoC 2.20 0.9 1.53 -0.69
SV-BaN,C 2.33 1.20 1.51 0.67
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Table S6. The potential-determining step (PDS) and corresponding limiting potential (Ur) for
eNO3RR on the AE-SAC systems.

Systems PDS UL (V)
DV-MgN,4 *NO3; — *OH + *NO» -0.84
DV-CaNy *NO3 — *OH + *NO, -0.27
DV-SrNy4 *NO3; — *OH + *NO, -0.17
DV-BaNy *NO3; — *OH + *NO, -0.30

DV-MgN;C *NO3; — *OH + *NO, -0.84
DV-CaN;C *NO3; — *OH + *NO, -0.92
DV-SrNsC *NO, — *OH + *NO -0.05
DV-BaN;C *NO — *HNO -0.05
DV-MgN,C»-1 *OH — * + H,O -0.63
DV-CaN,C»-1 *NO3; — *OH + *NO» -0.93
DV-SrN,Cs-1 *NO3 — *OH + *NO, -0.88
DV-BaN,Cs-1 *NO, — *OH + *NO -0.36
DV-MgN,Co-11 *O — *OH -0.57
DV-CaN,C»-11 *OH — * + H,O -0.62
DV-SrNLCo-11 *OH — * + H,O -0.46
DV-BaN,C»-II *OH — * + H,O -0.24
DV-MgN,C,-I11 *NO3; — *OH + *NO» -0.60
DV-CaN,C,-I11 *NO,; — *OH + *NO -0.16
DV-SrN,Co-111 *H,NO — *H,NOH -0.06
DV-BaN,C,-III *NO3 — *OH + *NO, -0.80
SV-MgNj3 *OH — * + H,0 -1.48

SV-CaNj3 *OH — * + H,O -0.98
SV-SrN; *OH — * + H,O -0.79
SV-BaNj3; *OH — * + H,O -0.53

SV-MgN,C *OH — * + H,O -0.69
SV-CaN,C *H,NO — *H,NOH -0.63
SV-SrN»C *H,NO — *H,NOH -0.57
SV-BaN,C *H,NO — *H,NOH -0.26
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Table S7. The calculated adsorption free energy of *H>O (AG+m20, in €V) and the free energy change
of *OH — *H»0 (AG+*on—*H20, in eV) for the AE-SAC systems.

AG+m0 AG*oH—*H20
Systems
Mg Ca Sr Ba Mg Ca Sr Ba
DV-MNy -0.23 -0.13 -0.02 0.15 -0.38 -0.13 -0.16  -0.17
DV-MN;C -0.23 -0.11 -0.07 -0.01 -0.57 -0.26 -0.38  -0.35
DV-MN:C>-1 -0.19 -0.05 0.05 -0.01 -0.56 -0.27 -0.24  -049
DV-MN,C»-11 -0.56 -0.21 -0.15 -0.16 -0.27 0.41 0.31 0.08
DV-MN,C»-111 -0.16 -0.19 -0.11 0.20 -0.82 -0.36 -0.31  -0.13
SV-MN3 -0.51 -0.18 -0.06 -0.16 0.97 0.81 0.73 0.38
SV-MN,C -0.55 -0.11 -0.02 -0.19 0.14 0.30 0.33 -0.06
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