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Renewables Intermittency-Chemical Energy Storage
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Photo-Electrochemical Ammonia Synthesis
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NH, H N, H,O 0,

N,(g) + 6H* + 6e” —» 2NH3; (Nitrogen Reduction-Cathode)
3H,0 - 3/20, + 6H*+ 6e~ (Water Oxidation-Anode)

M. Nazemi, M. A. EI-Sayed, et. al. Nano Energy, vol. 49, pp. 316-323, 2018.

M. Nazemi, M. A. El-Sayed, The Journal of Physical Chemistry Letters, vol. 9, pp. 5160-5166, 2018.

M. Nazemi, M. A. EI-Sayed, The Journal of Physical Chemistry C, 123, 18, 11422-11427, 2019. L D
M. Nazemi, M. A. El-Sayed, Nano Energy, vol. 63, 103886, 2019.



Scientific Thrusts of Our Research

Catalysis
6H*, 6e-

N, == ONH.
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Plasmonic Nanostructures




Gas-phase Elecirochemical Cell




Modular (Photo)Elecirochemical System for Ammonia
Synthesis

N,(g) + 6H* + 6e” —» 2NH;3; (Nitrogen Reduction-Cathode)

3H, » 6H"+ 6e~ (Hydrogen Oxidation-Anode)
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Energy Dispersive X-ray Elemental Mapping of Trimetallic
Nanoparticles




Elecirochemical Characterization and Catalytic Performance
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Source of N in Electrochemical Nitrogen Reduction Reaction
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Operando Surface Enhanced Raman Spectroscopy (SERS) in
Electrochemical Nitrogen Reduction Reaction

Ag/AgCl- s
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Cyclic Voltammograms during Operando SERS
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M. Nazemi, M. A. El-Sayed, et. al, Journal of The Electrochemical Society, 167(5), p. 054511, 2020.
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SERS Spectra of Trimetallic Nanoparticles
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SERS Spectra of Standard Ammonia and Hydrazine

N,H NH,+ S

Nt “<:gﬁe"°‘"ﬂ 1401 1610 2923
1121 1369 1620 h N—H |
= o H _ = . Asym. Stretching
E : N <H3Wagg|ng E |
> >
.a H .a
c [
) Q
= <
200 I1000I1500I2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Raman Shift (cm™) Raman Shift (cm™)



Pd-Ag Nanoparticles
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M. Nazemi, M. A. El-Sayed, et. al., ACS Catalysis, 10, 10197-10206, 2020.




Cyclic Voltammograms during Operando SERS
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SERS SPECTRA OF Pd-Ag NANOPARTICLES

N,-Saturated electrolyte

0.97VT

0.57V
017V
-0.23V

Red.

-0.63 VYL

Intensity (a.u.)

-0.23V

017V |&

0.57 V

e’ N 097V

500 1000 1500 2000 2500 3000 3500 4000
Raman Shift (cm™)

B

St;'etchin'g Blendingll | ' ' IN;HI — T T

A NTN /t'_ T_H StretchinA—_
chu— N
T . ' ) ——’“/__A

J — __J/\__

A |
500 1000 1500 2000 2500 2500 2750 3000 3250 3500 3750 4000

Raman Shift (cm) Raman Shift (cm™)
L D



Feasibility of Electrochemical Ammonia Synthesis
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Summary

« There is an opportunity to utilize ammonia

as a medium for renewable energy

storage (Electrons to fuels) and transport.
Catalyst Discovery

o The optimization of the structure,
morphology, and composition is critical
to enhancing the rate of electro-
reduction of N, to NH,.

Photo-electrochemistry

o Cell design that integrate membrane-
electrode assembly (MEA) is an effective

route to reduce ohmic losses and
achieve high energy efficiency!
Operando Speciroscopy
o Operando SERS revealed that

electrochemical NRR takes place on the
Pd-based catalyst surface through an
associative mechanism with N,H, as an
intermediate species.
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High Energy Efficiency
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Pd - Ag Nanoparticles

Liquid Phase
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't High Selectivity
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