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The conversion of carbon dioxide (CO,) into valuable carbon resources through
electrochemical and photocatalytic reactions has attracted attention as a promising method to
counteract the current environmental and global energy crisis. Although numerous kinds of
research on the development of catalysts for CO; electrochemical reduction (CO,ER) have been
reported, their performances are yet to be deployed for large-scale applications because of low
durability and reusability. Heterogenization of molecular catalysts on electrode surfaces has
emerged as a promising approach in terms of smaller catalyst loading, improving electron
transfer efficiency, and impeding any deactivation of catalysts by steric confinement effects.’

Previously in our laboratory, molecular iridium (Ir) complexes bearing PNNP-type
tetradentate ligands have been investigated to show superior performance in converting CO- to
formic acid (HCOOH) with high reactivity and selectivity under photoirradiation in the
presence of 1,3-dimethyl-2-phenyl-2,3-dihydro-1H-benzo[d]imidazole (BIH) as a sacrificial
electron donor.? Herein, the Ir complexes were successfully exploited to catalyze CO,ER in an
aqueous solution through heterogenization of the catalyst onto the surface of the carbon
electrode. Under optimized conditions, CO;ER was efficiently facilitated at a very low
overpotential (ca. 100 mV) to furnish mainly HCOOH with a current density of 8.4 mA ¢m™
at —0.28 V vs RHE. Employing this cathode catalyst, both high product selectivity (94%) for
HCOOH and Faradaic efficiency (> 90%) were achieved in an aqueous solution, where CO,ER
competes in selectivity with Hz evolution.

CO, Electrodreduction

Mes Me?‘+ |_> I : e‘l

— H — _
Zany BPh
\ N_| N / 4 i
F’/Ir\P o, i co, — Cathode
Ph, l Ph, Anode — :
Cl ho i co Het red
Mes-IrPPh2 embrane © | wcoon ™ MesrPPha

1) L. Sun, A. C. Fisher, X. Wang, Energy Environ. Sci., 2020, 13, 374. 2) a) K. Kamada, J. Jung, T.
Wakabayashi, K. Sekizawa, S. Sato, T. Morikawa, S. Fukuzumi, S. Saito, J. Am. Chem. Soc. 2020, 142,
10261. b) K. Kamada, J. Jung, Y. Kametani, T. Wakabayashi, Y. Shiota, K. Yoshizawa, S. H. Bae, M.
Muraki, M. Naruto, K. Sekizawa, S. Sato, T. Morikawa, S. Saito, Chem. Commun. 2022, 58, 9218.

© The Chemical Society of Japan - K502-3pm-04 -



	Electrochemical reduction of CO2 to formic acid at a low overpotential using a heterogenized molecular iridium complex

