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From Molecular Insights to Better Materials

1. Introduction

Chemistry is often referred to as the central science because it
connects so many other fields, enabling the creation of molecules and
materials that shape our modern world. From batteries powering our
devices to medicines saving lives, from solar panels capturing renewable
energy to environmentally friendly polymers reducing our ecological
footprint, chemistry is at the heart of innovation.

Our research aims to deepen the understanding of the complex
behavior of atoms and molecules. Using the tools of computational
chemistry, theory, and mathematics, we strive to uncover the fundamental
principles governing materials. With this knowledge, we seek to create
better materials and improve processes that benefit society.

Chemical simulation and data analysis in chemistry

2. Research
(1) Mechanisms of Catalytic Reactions

Catalysts drive many chemical reactions that are critical for energy,
materials, and environmental applications. Our research focuses on
transition metal-based catalysts, particularly those using sustainable,
earth-abundant metals like iron, for biomimetic oxidation catalysis. Using
density functional theory (DFT) simulations, we investigate the atomic-level
mechanisms of these reactions. By uncovering intricate pathways and
energetics, we aim to design more efficient and environmentally friendly
catalytic systems.

(2) Optical Properties and Reactivity of Nanomaterials

Our studies on oxide nanoparticles and surfaces focus on their
electrocatalytic properties, particularly in reduction reactions on materials
like TiO, and similar electrodes. These materials have potential applications
in energy storage and conversion, as well as environmental technologies.
Using computational methods, we explore how their optical and chemical
properties emerge from their atomic structures and how these properties
can be tuned for specific uses.

Oxalic acid

TiO, (anatase)

Reactions of oxalic acid on TiO; electrode surface

(3) Machine Learning and Al in Chemistry

The rapid advancement of machine learning and artificial intelligence
offers new ways to tackle complex problems in chemistry. We aim to
enhance traditional DFT-based simulations by integrating machine learning
methods that improve accuracy while significantly increasing
computational efficiency. This integration allows us to address challenges
that were previously considered intractable, opening new frontiers in the
simulation and prediction of chemical behaviors.

Free energy of the catalytic steps
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Energetics of concerted proton-electron movement on IrOx

3. Message to students

Are you curious about how chemistry connects with physics,
mathematics, and IT? Do you want to uncover the secrets of atoms and
molecules, seeing the world through an imaginary microscope that reveals
processes invisible to the naked eye? If so, our laboratory might be the
perfect place for you.

Here, we explore the molecular world with the freedom to imagine and
test all kinds of chemical systems and scenarios. Using computational
simulations, we break free from traditional experimental limitations,
venturing into the vast possibilities of theoretical and computational
chemistry. Join us in uncovering the mysteries of the molecular world and
experiencing the thrill of discovery. Let' s explore, innovate, and create
together.
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