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Interfacial fluxionality in electrocatalysis: in and out of equilibrium

(‘Department of Chemistry and Biochemistry, Department of Materials Science and
Engineering, University of California, Los Angeles, USA) O Anastassia N. Alexandrova'
Keywords: electrocatalysis, grand canonical DFT, grand canonical genetic algorithm, CO»
reduction, hydrogen evolution reaction

Electrocatalytic interfaces under applied potential and in the presence of adsorbates
dramatically reshape, as seen, for example, inin situ STM. 1 will present a theoretical
framework to describe the dynamics of electrocatalytic interfaces, combining grand canonical
DFT, global optimization under potential and adsorbate coverage, and the network of
concurrent reaction pathways constituting the catalytic mechanism. Conditions radically
reshape the interface, and change the accessible reaction mechanisms. To illustrate this, I will
discuss size-selected supported Pt cluster electrocatalysts for HER. By combination of theory
and experiment, we demonstrate that these clusters have exhibit strong fluxionality of structure
and coverage as a function of voltage and the stage of the catalyzed reaction.'> Metastable local
minima are involved in the mechanism. The nature of the active sites strongly depends on the
potential. This behavior inevitably leads to breaking scaling relations.” I will further show how
fluxionality can actually be used as a tool in cluster electrocatalyst design.* While clusters are
particularly fluxional, bulk interfaces are also prone to ongoing dynamism, and feature
significantly off-equilibrium properties. The Cu cathode in the presence of CO, and H or OH,
characteristic of CO(2)RR, strongly restructures. Theory describes this only when off-
equilibrium dynamics is considered, and predicts no reconstruction in equilibrium conditions.
Theory then proposes viable active sites for CO2RR and the parasitic HER reactions on such
restructured electrodes.>®
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Study of Complex Molecular Systems by Development and Application of Advance Molecular

Spectroscopy (RIKEN) (OTahei Tahara

Spectroscopy is the "eye" of modern science, and it plays essential roles in a variety of
research fields covering physics, chemistry, biology, and engineering. We have been
developing and utilizing advanced spectroscopic methods to elucidate the properties and
dynamics of molecular systems in the condensed phase. In particular, we have developed new
types of ultrafast spectroscopy, interface-selective nonlinear spectroscopy, and single-molecule
spectroscopy for observing fundamental phenomena of complex molecular systems such as
protein/DNA/RNA and molecular assemblies, and liquid interfaces. In this presentation, I will
overview the highlights of our research using new spectroscopies that we developed and
discuss future directions.

Keywords : Ultrafast Spectroscopy, Nonlinear Spectroscopy; Single Molecule Spectroscopy,
Structural Dynamics, Interface
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Functionalized Surface Chemistry Enabled by Precision-Controlled Nanocluster
Immobilization (Department of Chemistry, Keio University) O Atsushi Nakajima

The creation of nanomaterials with new functionalities at the nanometer scale is essential for
advancing science and technology. Nanoclusters, around 1 nanometer in size, demonstrate
novel physical properties due to unique structural patterns not found in bulk materials. Gaining
attention in materials science for their potential in catalytic activity and plasmonic optical
properties, nanocluster science utilizes the synergistic effects of elemental combination.
Remarkable developments in high-quality, high-strength nanocluster generation and precise
immobilization methods have bridged the gap from gas-phase to surface chemistry. This
research advances the functional chemistry of supported nanoclusters, encompassing the
development of new surface modification techniques using M@Siis superatoms, evaluation of
the physical properties of supported nanoclusters, and their applications in functional materials
chemistry. This strategic approach significantly enhances functionalized surface chemistry.
Keywords : Nanocluster, Organic Substrate; Superatom; M@Siis; Functionalized Surface
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