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FH 27004 NE Hlete] NHE Adshe 7] S0l 4 3¢ RES-(nitrogen reduction reaction, NRR)Y AH]
oAl oUA] AHE AAAE = Qs st VER TS B3 vk N5 S38k @dse 5 Qe Sl =
#W F wol ARE-ER= Ni(100) E719] o] §h= 0] AlAH(density-functional
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Abstract — The nitrogen reduction reaction (NRR), which produces NH; by reducing N, under ambient conditions, is
attracting attention as a promising technology that can reduce energy consumption in industrial processes. We
investigated the adsorption behaviors at various active sites on the Ni (100) surface, which is widely used among
catalytic metal surfaces capable of adsorbing and activating N,, based on density-functional theory calculations. We also
investigated two N, adsorption structures, so-called end-on and side-on structures. We find that for the end-on case, N, is
adsorbed on a top site, and the reaction proceeded in a distal pathway, while for the side-on case, N, is adsorbed on a
bridge site, and the reaction proceeded with enzymatic pathway. Finally, this study provides insight into the adsorption
of metal catalyst surfaces for the NRR reactions based on the calculated Gibbs free energy profiles of the
thermodynamically most favorable pathways.
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Fig. 1. Schematic illustration of NRR reaction pathways.

Korean Chem. Eng. Res., Vol. 61, No. 4, November, 2023



606

(100)

(110)

@

P

Fig. 2. Low index of Ni surfaces, Ni (111) at left panel, Ni (100) at
center panel, Ni (110) at right panel.
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Fig. 3. Optimized Ni bulk cells (left panel), top (center panel) and
side (right panel) views of optimized Ni(100) surface model.

Table 1. Solvation energy for each structure

Solvation ener; BE Solvation ener;

TP End-on (V) ® Side-on (eV) ®
* -0.025 * -0.025
*N2 0.410 *N2 -0.041
*NNH -0.071 *NNH -0.119
*NNH2 -0.196 *NNH2 -0.098
*N -0.026 *NNH3 -0.073
*NH -0.060 *NNH4 -0.022
*NH2 -0.078 *NH2 -0.078
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Fig. 4. Optimized N,, H,, NH; molecules.
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Table 2. Energy for structure by adsorption site of N,

Form Site E, (V) E(eV) difference
BE -0.057 0.176
End-on TP -0.233 0
HL 2.027 2.26
BE 0.088 0
Fig. 5. Different adsorption sites on the Ni (100) crystal surface Side-on TP 0.396 0.308
(BE: bridge site, TP: top site, HL: hollow site). HL 0.687 0.599
End-on Side-on
BE-end on TP-end on HL-end on BE-side on TP-side on HL-side on
-89.551 eV -89.727 eV -87.467 eV -89.406 eV -89.098 eV -88.807 eV

Fig. 6. Different structures depending to adsorption site on the Ni(100) crystal surface.
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Fig. 7. Possible pathway configuration of the first proton-electron
pair transfer reaction.
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Table 3. Comparison by path in the form of end-on and side-on

Form Pathway Structure E(eV) difference
Distal pathway *N-NH2 0
End-on .
Alternating pathway *NH-NH 1.206
. Enzymatic pathway *NH-NH* 0
Side-on .
Consecutive pathway *N-NH2* 0.607
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Fig. 8. Possible pathway configurations of the second proton-electron pair transfer reaction.
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