Direct evidence of confinement enabled electrosynthesis towards Urea
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Electrochemical urea synthesis is a rapidly growing field in part due to its potential to replace the Bosch-Meiser process. Still, this is a non-trivial task. The electrocatalytic synthesis of urea via co-reductive pathways however depends on a multitude of factors.1 Finding suitable electrocatalyst is therefore just as complex, however optimizing existing catalyst remains largely unexplored. One possibility to alter and optimize catalyst selectivity is introducing confining elements.2 Herein, we present the application of a covalent organic framework (COF), to enable reductive urea electrosynthesis on Au electrodes based on the co-reduction of CO2 and NO3− via confinement. We prove this in-situ by employing electrochemical surface enhanced infrared absorption spectroscopy (EC-SEIRAS). We observed the emergence of a carbonyl stretch (1680 cm-1)  band as well as a surface-bound C-N stretch (1450 cm-1) band both likely related to urea on metallic Au modified with a, a electrochemically inert COF containing a  Azo-function in its linker.3 To further validate urea formation, we performed long-term electrolysis and determined a urea formation rate of  via the coulometric DAMO (diacetylmonoxime) approach. This work highlights the possibilities of identifying and exploiting confinement to steer reaction pathways and selectivity based on knowledge driven electrocatalyst design.
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Figure 1: Schematic showing electrochemical urea synthesis with a Covalent organic framework modified Au electrode.
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