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Ni-based Materials for
Electrochemical Ammonia Oxidation



The Ammonia Economy
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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
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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).



Surface Processes
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The Computational Hydrogen Electrode (CHE)

Origin of the overpotential for oxygen reduction at a fuel-cell cathode
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The Computational Hydrogen Electrode (CHE)

Our reference is the half-reaction
;
H™(ag) + e~ = > Ho(g) (1

This reaction is defined to be at equilibrium at U =0V, pH =0, and py, = 101325

Pa. Then we can equate the chemical potentials of the proton-electron pair with
half that of the gas-phase H, molecule

1

HHt(aq) T He- = i,U«Hz(g) 2)
Additional terms are added to include the effects of pH and potential shifts
1 /Pr,
=) ([H7]) + e (U) = Sy + RT N ( [Hf] > —eU (3)

Ng@rskov, J.K; Rossmeisl, J.; Logadottir, A; Lindqvist, L Kitchin, J. R; Bligaard, T; Jonsson, H. J. Phys. Chem. B 2004, 108, 17886-17892.
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Applying the CHE in Alkaline Conditions

1
H,O(l) + e~ = 5 H.(g) + OH (aqg), U® = —0.83V versus SHE, pH =14 (4)

v/Pr; [OH]

Ay, o)

1
HOH~(aq) — He~ = Hio() — SHiye) + RTIN < ) —(0.83+el) (5)

To calculate the energy change of an adsorption step

Al+ OH™(aq) — AlOH* + e~ (6)
We have
1 /Pr, |[OH™
AG = Gaone — Gal — |::UJHzO(l) — Sl T RTIN (%{)}) —(0.83 + eU)] )
2

Chen, L. D; Ngrskov, J. K; Luntz, A. C. J. Phys. Chem. Lett. 2014, 119, 19660-19667.
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Applying the CHE in Alkaline Conditions
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Structure of 3-NiOOH
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Hubbard U Determination
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Reaction Intermediates

*NH-NH *NH-N *NH *NH2
Choueiri, R. M;; Tatarchuk, S. W;; Klinkova, A; Chen, L. D. In Prep.
UNIVERSITY#GUELPH




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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Formation of NO on 3-NiOOH
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Comparison of Limiting Potentials for 5-Ni(OH), and 5-NiOOH
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Ammonia Oxidation Pourbaix Diagram
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Electrochemical Reduction of Carbon
Dioxide on TiO,@Au Nanoparticles




Computational Model for TiO, @Au

-

---6

—-417.5 =

—420.0 -

—422.5 s

E (eV)

—425.0

—-427.5 7

—430.0 N -

1.5 2.0 2.5 3.0 3.5 4.0
d (R)

UNIVERSITY»GUELPH 27



HER and CO,RR Pathways on Au(111)
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HER and CO,RR Pathways on Au(100)
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HER and CO,RR Pathways on TiO,(110)@Au(100)
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Free Energy Diagram on Au(111)
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Free Energy Diagram on A
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Free Energy Diagram on TiO»(110)@Au(100)
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