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Recent strategies for electrocatalytic C-N bond formation for urea 
synthesis 

 

Abstract: Urea (CO(NH2)2) is utilized in nitrogen-based fertilizers for agriculture. Electrocatalytic 
urea synthesis has gained traction as an alternative technology to the conventional energy-
demanding industrial urea synthesis method.1 However, innovative approaches are required to 
boost the electrocatalytic C-N coupling process and impede the competing reactions. In this 
presentation, I will discuss recent electrocatalyst design strategies and the current mechanistic 
understanding of electrocatalytic C-N coupling. Huang et al. reacted CO2 and NO in water at 
monometallic zinc nanobelts for electrocatalytic urea synthesis. Characterization and 
theoretical simulations demonstrated that the C-N bond formation originated from coupling 
*CO and *NH2 intermediates. However, the overall efficiency for urea synthesis was modest 
with a Faradaic efficiency (F.E) of 11.26% at -0.92 V vs RHE.2 Zhang et al. proposed an approach 
to enhance the adsorption of N2 and CO2 molecules on the surface of ZnMn-N, Cl 
electrocatalysts. The authors used Mn to help elongate the N≡N bond to couple with a *CO 
intermediate to realize C-N coupling in a single step in the electrosynthesis of urea. Limited by 
the bond activation of N2, a moderate urea production rate and a F.E of 63.5% at -0.3 V vs RHE 
was achieved.3 Zhao et al. utilized a CuWO4 electrocatalyst and NO3

- as the nitrogen source to 
synthesize urea. To minimize C-C coupling, the catalyst was designed with alternating bimetallic 
sites, producing a high F.E of 70% at -0.2 V vs RHE. Mechanistic studies revealed *NO2 and *CO 
as the primary intermediates which likely amplified C-N coupling at a low overpotential.1 Based 
on the knowledge of this literature review, a perspective on the future of C-N coupling in urea 
electrosynthesis will be given. 
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