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@ﬂ" Li-mediated NRR - the one and only ;

- ,J.Electroanal, Chem (1994) — 50 bar
—‘ l { 40-60 % at 2 mA cm2}
S i 3-4 nmol st cm2

n H, e
%
m & Joule (2019) — 1 atm
9+29% at15 mAcm=2
(>) BH B- 4.5 + 1.0 nmol s cm2
N,

Nat. Catal. (2020) — 1 atm
ca 20 % at 20 mA

I ChemElectroChem (2020) — 1 atm
11+1%atl1 mAcm=2
0.38 £ 0.04 nmol st cm2

Elektrolytische Bindung von komprimiertem Stickstoff bei Energy.Env..Science (2020)=10bar ...
gewohnlicher Temperatur : 33+ 1 % at 2 mA cm?2 [interrupted regime]
von Fr. Fiechter, Pierre Girard!) und Hans Erlenmeyer. i 0.25 + 0.01 nmol st cm=2
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. ‘ Angew. Chemie (2021) - 1 atm
Li;N + 3R - OH = 3LiOR -+ NH; 34+5% at-4 V vs. Pt

0.80 + 0.02 nmol s1cm2at -8V vs. Pt
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3. Improving the Li-mediated NRR system
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Since the first detailed investigation of the Li-mediated R . _
. ‘ CH, Li*
NRR in 1993, the system has not evolved that much.... N Hzc\/ \/GHQ G owd o
S / e HC——CHp H\;C—ng
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Improving the electrolyte:
+ High ionic conductivity

+ Hydrophobic

+ Chemically stable

+ Non-sacrificial
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¢3%.. Advanced proton shuttle :
N

RESEARCH 10.1126/science.abg2371 @ﬁ' ¥ @.
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Nitrogen reduction to ammonia at high efflmency A Pagsl Rzi{w C& .
and rates based on a phosphonium proton shuttle * <\
Bryan H. R. Suryanto', Karolina Matuszek, Jaecheol Choi'?, Rebecca Y. Hodgetts'?, ./rLiSN
Hoang-Long Du*?, Jacinta M. Bakker'-2, Colin S.ll\é‘l. Kang'?, Pavel V. Cherepanov’, B NH,

Alexandr N. Simonov*?*, Douglas R. MacFarlane”

. Ry
[Pe 614l ylide * Rz\}P"'-C:""R“
| ;A
] R3 H
HA
C Regenerated
[P I
66,614 * R, H
Rz\P+_C/__.-R4
\
3 H

T T T T J i I I
40 30 20 " ° "
*'P NMR chemical shift (ppm)

00 () ARC Centre of Exce/(ence for




D

AR\ VoNASH

i"éﬁ CHEMISTRY

&

Phosphonium vs. ethanol

Performance in N, + H, <than in pure N, due to Li° + %2H, — LiH
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i CoH;OH i | [Pess14l[€FAP] :
i ' I
| |l . |
i Current density 8 mA cm? i | Currentdensity ~ 22.5 mAcm™ :
i Cell lifetime 18 minutes i | Test duration >20 h :
i Cell voltage > 12V i | Cell voltage <5V i
i NH, Yield rate 14 nmol sTcm-2 i i NH, Yield rate 53 1 nmol st cm= 1
i Faradic efficiency 47% i i Faradic efficiency 69 1 % j
® @ ARC Centre of Excellence for E E l Energy eff|C|ency up to 22% :
® : e e e e e e e B R R~ >
° Scienc:




82 ... New electrolyte compositions !
R

Operation at a constant potential of -0.55V vs. Li%*
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Ammonia yield rate / mol s cm-

1int. J. Hydrogen Energy, 38, p.14576
2ARPA-E (2016). REFUEL

3J. Electroanal. Chem. (1994), 367, p. 183
4Joule (2019), 3, p. 1127

SNature Catalysis (2020), 3, p. 463
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