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Introduction
Conventional Haber-Bosch process

• Intensive resource and energy consumption

• Contribute ~2% of global CO2 emissions

NH3 electrosynthesis

• Allow to occur under mild 

ambient conditions

• Green & zero emission

• Powered by renewable energy

N2 and H2O can be converted into NH3 via
electrochemical process enabled by renewable electricity 

Li-mediated nitrogen reduction (Li-NRR): the most promising way to synthesize 

NH3 with high faradaic efficiency and prospective rates.

• Common proton carrier: Ethanol

• Alternative: Phosphonium-based ionic liquids with unique properties

New phosphonium-based ionic liquids 
as proton shuttles for the NRR

Diffusion coefficients of Li+ and phosphonium cations 
in the electrolyte solution

Effects of potential at 20 bar N2 Long-term operation

Electrochemical analysisCyclic transformation of phosphonium IL (31P NMR) 

Objectives
§ Investigation of the mass-transport effects of phosphonium-based 

ionic liquids

§ Designing an effective continuous flow cell to study mass-transport 

in the Li-NRR system

§ Kinetic modelling and simulation for discovering mechanistic insight 

for the Li-NRR

Lithium-mediated NRR performance 

Electrochemical and control procedure

Experimental

Ammonia quantification: Spectrophotometric Berthelot method

• Standard addition method: eliminate matrix interferences

• Ammonia concentrations correspond to absorbance of

indophenol chromophore 

ü[P6,6,6,14][eFAP]: a stable proton shuttle for Li-NRR

üNH3 yield rate ~ 53 ± 1 nmol s-1 cm-2 ; Faradaic efficiency ~ 69 ± 1 % 

in 20h under 19.5 bar N2 & 0.5 bar H2

üContinuous operation is successfully conducted in 3 days
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Improved Phosphonium Proton Shuttle

Phosphonium Proton Shuttle for the NRR

2.5 M LiNTf2 in THF solvent

0.1 M ILs in LiNTf2 / THF electrolyteNeat [P1,4,4,4] [NTf2]

Neat [P6,6,6,14] [NTf2]
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