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Table S1. The reaction energy (AE/eV) of the adsorption of H, N, and the protonation of nitrogen on Mo/Re embedded MoS,.

System AE/eV
*H *NN *NNH *NN*H *IN,- *IN,- *IN,- *2N,- *2N,- *2N,-
NN NNH NN*H NN NNH NN*H
Mo/ MoS, -0.36 -1.09 0.25 -0.30 -1.20 0.33 -0.18 -1.25 1.02 1.09
Re/ MoS, -0.68 -1.55 0.15 -0.60 -1.33 0.40 -0.68 -0.67 1.25 1.65

Table S2. The reaction free energy (AG/eV) of the adsorption of H, N, and the protonation of nitrogen on different element embedded gt-

C;3Ny.
Element AG/eV
*H *NN *NN *NNH  *NNH  *NN*H  *IN,-  *IN,-  *INp-  *2N,-  *2N,-  *2N,-
NN NNH  NN*H NN NNH  NN*H

Sc -0.80 -0.48 -0.53 -0.19 -0.04

Ti -0.63 -0.73 -0.75 0.93 0.53 0.01 -0.51 1.15 0.63 -0.29 1.04 0.93
A% -0.69 -0.88 -0.78 0.93 0.62 0.06 -0.50 1.13 0.35 -0.35 0.83 1.05
Cr -0.32 -0.92 -0.40 1.04 0.63 0.19 -0.12 0.98 0.14 -0.70 1.26 1.79
Mn -0.53 -0.52 -0.24 1.05 0.95 0.32 -0.17 1.13 0.08 -0.32 1.75 2.52
Fe -0.39 -0.89 -0.54 1.18 1.12 0.23 0.01 0.54

Co -0.35 -0.77 -0.35 1.25 1.24 0.20 0.37 0.48

Ni 0.00 -0.82 -0.29 1.55 1.50 0.65 0.04 0.76

Cu -0.27 -0.52 0.00 1.92 1.87 0.75 *

Zn -0.35 0.41 0.45

Y -0.61 -0.20 -0.32 -0.21 -0.04

Zr -0.82 -0.77 -0.87 0.69 0.32 -0.37 -0.60 0.98 0.21 -0.37 0.88 0.44
Nb -0.67 -0.85 -0.85 0.68 0.28 -0.12 -0.72 0.74 0.34 -0.53 0.57 0.41
Mo -0.61 -1.18 -1.08 0.82 0.85 -0.04 -1.01 1.08 0.48 -0.71 1.04 1.15
Tc -0.71 -1.23 -0.69 0.97 0.67 -0.39 -1.01 1.24 0.02 -0.58 1.84 2.23
Ru -0.79 -1.01 -0.39 0.97 0.63 -0.65 -0.84 1.21 -0.43 0.43

Rh -0.52 -1.00 -0.35 0.90 0.51 -0.52 -0.49

Pd -0.32 -1.00 -0.66 1.90 1.76 0.80 0.36

Ag -0.23 0.35 0.35'

Cd 0.62 0.40 0.45

Ta -1.17 -1.08 -1.30 0.56 0.07 -0.59 -0.94 0.63 0.00 -0.76 0.49 0.29
w -1.19 -1.29 -1.56 0.45 0.61 -0.64 -1.32 0.81 0.07 -1.01 0.87 0.92
Re -1.26 -1.42 -1.15 0.58 0.43 -0.84 -1.33 0.91 -0.44 -0.98 1.58 2.14

*NN*H represents the geometry where one nitrogen is adsorbed on the metal, when H is also adsorbed on the metal. * represent the structure

does not exist.

Table S3. PDS and UL for g¢-C3Ny supported different element-N, complex to catalyse N,-fixation.

Element *2N>-NN
PDS Uy
v *IN,-NN + (H+e") — *2N,-NNH -0.83
Cr *2N,-NN + (H'+¢) — *2N,-NNH -1.26
Mo *2N,-NN + (H*+e) — *2N,-NNH -1.04
w *IN,-NN + (H'+e") — *2N,-NNH -0.87

Table S4. Net effective charges calculated from Bader Charge analysis of the systems on the H@Sc/gt-C5N4, IN,-H@Rh/g#-C3Ny, 2N,-
H@Ru/gt-C5Ny4, 3N,-H@Zr/gt-C3N4 which correspond to low selectivity, and H@V/gt-CsN4, 1N,-H@V/gt-C3Ny, 2N,-H@V/gt-CsN4 and

3N,-H@V/gt-C3N, which correspond to high selectivity.



Bader valence Bader valence

H@Sc/gt- Ny 2N 3N H@V/gt- IN- 2Ny 3N,-
(A H@Rh/gt- H@Ru/gt- H@Zr/gt- N, H@V/gt- H@V/gt- H@V/gt-

N, N, CN, (A (A C:N,

metal Sc: +1.87 Rh : +0.50 Ru : +1.04 Zr 42,01 V4136 V4142 V4142 Vi 4145

H on metal 0.65 0.16 0.18 -0.41 052 0.47 -0.41 0.20

adsorbed N, 0344012 -029/+40.09  -0.38/+0.14 -0.26/-0.01 -0.25/+0.01 0.26/+0.03
0.24/+0.04  -0.38/+0.07 03944015 -0.31/+0.05
0.36/+0.11 -0.26/+0.03

Table S5. Net effective charges calculated from Bader Charge analysis of TM/gz-C3Ny.

Bader valence of metal

Sc/gt-  Ti/gt- Vi/gt- Cr/gt- Mn/gt-  Felgt- Co/gt-  Ni/gt- Cu/gt-  Zn/gt-
C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4

substrate 1145  +1.18 +1.03 +0.95 +0.79 +0.90 +0.75 +0.63 +0.65 +0.11

*NN +1.42 +1.38 +1.15 +1.15 +1.03 +0.86 +0.67 +0.83
*IN,-NN +1.48 +1.41 +1.26 +1.11
*2N,-NN +1.51 +1.45 +1.28 +1.21

Bader valence of metal
Y/gt- Zr/gt- Nb/gt-  Mo/gt-  Tcl/gt- Ru/gt-  Rh/gt-  Pd/gt- Ag/gt-  Cd/gt-
C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4 C3N4

substrate +1.44 +1.65 +1.35 +1.02 +0.84 +0.67 +0.52 +0.17 +0.20 +0.11

*NN +1.77 +1.63 +1.22 +1.07 +0.81 +0.47 +0.29
*IN,-NN +1.85 +1.72 +1.35 +1.19 +0.97
*2N,-NN +1.92 +1.87 +1.41 +1.28

Bader valence of metal
Ta/gt- W/gt- Re/gt-
C3Ny C3Ny C3Ny

substrate 4132 4097 +0.80
NN 4161 +1.41 +1.15
*IN,-NN 178 +1.56 +1.38
#IN,-NN +184  +1.64 +1.50

Table S6. Net effective charges calculated from Bader Charge analysis of the systems on the IN,@V/gt-C3Ny4, 2N,@V/gt-C3N4 and

3N.@V/gt-C5N,.

Bader valence
IN,@V/gt-C3N, 2N,@V/gt-C3N,y 3N,@V/gt-C3Ny
adsorbed N, -0.40/+0.01 -0.40/+0.08 - -0.29/+0.02 -

0.37/+0.05 0.30/40.02
-0.38/+0.10
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Figure S1. Numbers of nitrogen molecules effectively binding on TM/gz-C;N,(orange, green, blue and yellow region represent 0, 1, 2, 3),
the reaction Gibbs free energy (eV) of the formation of *NNH(AG+wn), the adsorption free energy of H on the metal for TM/gt-C3Ny

(AGrvn), and the potential difference (U) between the formation of *NNH and TM-H (AU = Uswwi— Umnvn= —AG=wn/e — [~AGmww/e]).
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Figure S2. Flowchart of the screening procedure of eNRR on TM/gz-C3Ny.

(d)
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Figure S3. Structural snapshots of the (a) 3N,@V/gt-C3Ny, (b) 3NL@Cr/gt-C3Ny, (¢) 3N, @Mo/gt-C3Ny, and (d) 3N,@W/gt-C3N4 for AIMD

simulation at 300 K after 5.0 ps.
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Figure S4. Temperature vs time for (a) 3N,@V/gt-C3Ny, (b) 3N,@Cr/gt-C3Ny, (¢) 3N, @Mo/gt-C3Ny, and (d) 3N>@W/gt-C3Ny during the

MD simulation after 5.0 ps.
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Figure S5. The energy of the second protonation of nitrogen for 3N, adsorbed on TM/gt-C3N, (TM =V, Cr, Nb, Mo, Ta, and W).
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Figure S6. Free energy diagram at U =0 V (vs SHE) for the reaction intermediates by adsorbing three N, on the V/gt-C3;N,. The dashed
lines indicated the possible reaction pathways.
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Figure S7. Free energy diagram at U = 0 V (vs SHE) for the reaction intermediates by adsorbing three N, on the Cr/gs-C;Ny4. The dashed

lines indicated the possible reaction pathways.
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Figure S8. Free energy diagram at U =0 V (vs SHE) for the reaction intermediates by adsorbing three N, on the Mo/gt-C5Ny4. The dashed

lines indicated the possible reaction pathways.
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Figure S9. Free energy diagram at U =0 V (vs SHE) for the reaction intermediates by adsorbing three N, on the W/gzt-C3N,. The dashed

lines indicated the possible reaction pathways.
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Figure S10. Molecular dynamics simulation at T = 300 K with 5 ps.



