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Abstract Currently, the electrocatalytic nitrogen reduction reaction (NRR) is a significant catalytic process under ambient
conditions. For the N2 fixation reaction, the metal-based catalysts are the most widely explored catalysts, but compared to the
traditional Haber-Bosch process, the poor resistance and low selectivity to acids or bases, and the low Faradaic efficiency,
production rate, and stability of metal-based catalysts, make them uncompetitive with industrial N> fixation. During these
years, inspired by applications of carbon material catalysts for electrocatalytic field, the carbon material catalysts have at-
tracted great attention, especially for transition-metal-doped carbon material catalysts. In this work, to obtain insight into the
influence of water ambient condition on the catalytic performance of transition-metal-doped carbon material catalyst for elec-
trochemical NRR, and to screen out the optimal catalyst structure with excellent catalytic performance, herein, under actual
ambient conditions, we systematically described the thermodynamic stability and catalytic performance of a series of transi-
tion-metal-doped carbon material catalysts (TMN,.C,, TM=Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, x=1~4, y=4—x, 40
models) for NRR by means of density functional theory (DFT) and ab initio molecular dynamics (AIMD) simulations. To
simulate water condition during the NRR, we employed a mixed implicit+explicit solvation model, in which explicit water
molecules are included in the first solvation shell, forming hydrogen bonds with the intermediate adsorbates of NRR, and an
implicit solvent model captured longer-range solvation effects. The calculation results indicate that the 40 catalysts possess
high thermodynamic stability, even at 700 K, and can be used as potential catalysts toward ammonia synthesis. It is noted that
VN;C catalyst exhibits the best performance via a NRR enzymatic pathway under the actual water ambient condition with a
mixed implicit+explicit solvation model, which has a lowest change value of free energy of 0.35 eV (at U=0 V vs. RHE)
for potential-determining step. These results may reveal a new perspective for artificial ammonia synthesis using a sin-
gle-atom catalyst under actual ambient conditions.
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Figure 5 At U=0 V (vs. RHE), the Gibbs free energy diagrams for NRR on TMN,C, (TM=Ti, V, Cr, Mn, Fe and Co) catalysts via (a) distal and (b)
enzymatic mechanisms with implicit solvation model. The reaction intermediates structures of (c) FeN;C, and (d) VN;C, catalysts with explicit solvation
model. Gibbs free energy diagrams on (e) FeN;C; and (f) VN;C, via distal and enzymatic mechanism, respectively
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