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CO; electrolysis using molecular metal complex catalysts
(Toyota Central R&D Labs., Inc.) OShunsuke Sato, Keita Sekizawa, Naonari Sakamoto,
Teppei Nishi, Takeshi Morikawa

Electrocatalytic carbon dioxide (CO;) reduction using water is the key to artificial
photosynthesis systems designed to produce fuels. Molecular metal complex catalysts for CO,
reduction have been researched by a lot of researchers because they have a high selectivity for
CO; reduction reactions. However, because of the low durability for CO, reduction, new
catalysts need to be developed. In this presentation, we will talk about new metal complex
catalysts for CO; reduction using a flow cell and photovoltaic-electrolyzer system.

Keywords : CO; reduction, electrocatalyst, metal complex catalysts, electrolysis, photovoltaic-
electrolyzer system
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Catalyst development for CO; electrolysis and its fusion with m-DAC technology
(\Insititute for Materials Chemistry and Engineering, Kyushu University, *Advanced Institute
for Materials Research, Tohoku University)OMiho Yamauchi'-?

Electrochemical CO, reduction (¢CO2R), which upgrades CO> to high-value chemicals, such
as CO, hydrocarbons and the alcohols, by using H,O as the hydrogen source, is attracting
attention as an important chemical process to contribute to the realization of carbon neutrality
on Earth. So far, we have succeeded in highly selective production of C,:+ chemicals by
optimizing the dispersion of Cu catalyst cites on nanoalloy catalysts' and by controlling the
local pH and hydrophobicity on the electrode surface.? In particular, we demonstrated 87% of
Faraday efficiency for the production of C,+ compounds on the super ultrathin and hydrophobic
macroporous Cu electrode.’

When considering the practical application of eCO2R systems, the selection of the CO, source
is another critical issue in achieving carbon neutrality. Professor Fujikawa of Kyushu
University is developing a highly efficient membrane-based direct air capture (DAC) device
(m-DAC) to collect CO, from the atmosphere and we are currently planning to build an eCO,R
system (m-DAC-U) using the CO; which is captured by m-DAC. The presentation will discuss
the performance required for eCO,R to use CO; captured from the air by m-DAC.*>
Keywords : Electrochemical CO; reduction, Cu electrode; Direct air capture
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Design and development of membranes, catalysts, and MEAs for anion exchange membrane
water electrolysis ('Institute of Integrated Research, Laboratory for Chemistry and Life
Science, Institute of Science Tokyo) oTakeo Yamaguchi

To utilize renewable energy on a large scale, converting it into hydrogen through water
electrolysis is essential. In this presentation, we will highlight the necessity of a hydrogen-
based society and focus on anion exchange membrane water electrolysis, a highly efficient
method for hydrogen production that does not require precious metals. Specifically, the current
status and challenges in materials and system development—such as electrolyte membranes,
electrode catalysts, and MEAs—will be discussed based on our research. Additionally, we will
explore design guidelines and development strategies, including Materials Informatics-based
approaches, to address these challenges.

Keywords : Anion exchange membrane, Electro catalyst, Water electrolysis, Systematic
material design
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373(1-2), 107-111 (2011); 6)S. Miyanishi, T. Yamaguchi, Polymer Chem. 11, 3812-3820 (2020);
7)R. Soni, T. Yamaguchi, et al., ACS Appl. Ener. Mat., 4(2), 1053-1058 (2021); 8) Y. Sugawara,
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Investigation of the reaction mechanism of water electrolysis catalysts using advanced analysis
methods (Graduate School of Human and Environmental Studie, Kyoto University) O
Yoshiharu Uchimoto

To elucidate the reaction mechanism of water electrolysis catalysts, advanced ex situ and
operando measurements, as well as theoretical calculations, are required. These methods are
essential for uncovering intrinsic catalytic properties during reactions, including identifying
actual electrocatalytic sites, elucidating electrochemical reaction pathways, and understanding
the behavior of electrochemical species during for the water electrolysis reaction. Herein, we
examined IrOx proton-exchange membrane (PEM) water electrolysis anodes with different
degrees of crystallinity and revealed the relation between their structures and oxygen evolution
reaction (OER) activities. Advanced techniques such as hard X-ray photoelectron spectra, ex
situ and operando X-ray absorption spectroscopy (XAS), operando surface-enhanced infrared
absorption spectroscopy (SEIRAS) further clarified the origin of high activity. Additionally,
density-functional theory calculations suggest that the monoclinic crystal structure has the
lowest theoretical overpotentials, reducing the energy barrier for OER activity.

Keywords : water electrolysis, x-ray absorption spectroscopy, crystal structure, oxygen
intermediates
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