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The Ammonia Economy
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Why Study Ammonia Oxidation at All?
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NH; Oxidation on Pt
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NH; Oxidation on NiOxH,
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NH; Oxidation on NiOxH,
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NH; Oxidation Mechanisms

Oswin-Salomon mechanism
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Our goal: map out the O-S
and G-M mechanisms for N,
formation on Ni(OH), and
NiOOH, and propose new
mechanisms for the
production of NO,™ and
NOs~ (previously unknown).
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Our Proposed Mechanism

Steps considered in pathway toward dinitrogen formation:

NHs(g) + OH™(ag) + * — *NH, + H,0(1) + e~
*NHz + OH™(ag) — *NH + H,0(l) + e~
*NH + OH™(ag) — *N + H,0(l) + e~
*NH, + *NH, — *NH,-NH,

*NH + *NH — *NH-NH
*NH-NH + OH™(ag) — *N-NH + H,0(l) + e~
*N + *NH — *N-NH
*N-NH + OH™(ag) — *N-N + H,0(l) + e
*N+*N — *N-N
N-N — Ny(g) + *

Choueiri, R. M,; Tatarchuk, S. W,; Klinkova, A.; Chen, L. D. Electro. Chem. Sci. Adv. 2021, 2100142.
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Our Proposed Mechanism

Additional steps considered for nitrite formation:

*NH, + OH (ag) — *NH,0OH + e~
*NH + OH™(aq) — *NHOH + e~
*N+OH” (aq)—> NOH + e~
*NOH + OH (aq) — *NO + H,0(l) +
*NO + OH (ag) — *NO,H + e~
*NO,H + OH ™ (ag) — NO, (aq) + H,0(l) +

Choueiri, R. M,; Tatarchuk, S. W,; Klinkova, A; Chen, L. D. Electro. Chem. Sci. Adv. 2021, 2100142.
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Our Proposed Mechanism

Additional steps considered for nitrate formation:

*NO,H + OH ™ (ag) — *NO, + H,0(l) + e~
*NO, + OH™(ag) — *NOzH + e~
*NOsH + OH ™ (ag) — NOs; (aqg) + H,O(l) + *

Choueiri, R. M,; Tatarchuk, S. W,; Klinkova, A,; Chen, L. D. Electro. Chem. Sci. Adv. 2021, 2100142.
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Simulating 3-Ni(OH),
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Formation of N, on 3-Ni(OH),
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Formation of NO,~ on 5-Ni(OH),
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Formation of NO;~ on 5-Ni(OH),
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Structure of 3-NiOOH
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Choueiri, R. M. and Chen, L. D. ChemRxiv 2022, Preprint.
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Formation of N, on 3-NiOOH with Two OH Vacancies
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Formation of N, on 3-NiOOH with Two O Vacancies
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Formation of NO,~ on 3-NiOOH with an OH Vacancy
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Formation of NO,™ on 3-NiOOH with an O Vacancy
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Formation of NO;~

AG (eV)
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on $-NiOOH with an OH Vacancy
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Formation of NO3~™ on 5-NiOOH with an O Vacancy
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Comparison between 3-Ni(OH), and 3-NiOOH

| Slab | Uimiing (Vske) | Pathway | LimitingStep |
Dinitrogen formation
B-Ni(OH), +0.87 NH-NH coupling *NH; —*NH
OH/OH +0.47 NH,-NH; coupling *NHs —*NH,
0/0 +0.32 NH-NH coupling *NH; —*NH
Nitrite formation
B-Ni(OH), +1.00 via *N *NO —*NOH
OH +0.64 via *NH,0OH *NH; —*NH,0OH
0 +0.52 via *NHOH *NH —*NHOH
Nitrate formation
B-Ni(OH), +1.13 via *N *NO; —*NOsH
OH +0.95 via *NH,0H *NO; —*NOsH
0] +1.21 via *NHOH *NO,; —*NOsH

Choueiri, R. M. and Chen, L. D. ChemRxiv 2022, Preprint.
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Ammonia Oxidation Pourbaix Diagram

—N, * N, Shih 2018
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Choueiri, R. M,; Tatarchuk, S. W,; Klinkova, A.; Chen, L. D. Electro. Chem. Sci. Adv. 2021, 2100142.
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