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The World of Atoms and Molecules with the
supercomputer Fugaku

Contributing to the development of fuel cells and polymer nanoparticles
for a more sustainable future
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* Faculty of Chemistry, Materials and Bioengineering —— Associate Professor Kazushi Fujimoto
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The conveniences of our daily life—like electricity, clean air, and warmth—are sup-
ported by special materials that can carry electricity, stop gases from passing through,
and keep heat inside. To make these functional materials, we need to understand what
is happening with atoms, which are too small to see. Associate Professor Kazushi Fuji-
moto of the Faculty of Chemistry, Materials and Bioengineering uses supercomputers
to show how atoms move, giving clues that help scientists create new technologies
such as fuel cells and tiny particles called polymer nanoparticles.
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Field of expertise: Theoretical Chemistry — What is MD Simulation?

—— Please tell us about your research field.

My specialty is theoretical chemistry. In chemistry, there are
many different fields, such as organic chemistry and inorganic chem-
istry, where researchers create materials with useful functions. For
example, some materials used in clothing can absorb moisture and
release heat. Theoretical chemistry, on the other hand, explores why
materials have the properties they do.

In the Department of Chemistry and Materials Engineering, where
| work, about 40 faculty members cover a wide range of specialties.
What we all share in common is a fascination with atoms and mol-
ecules.

My own research looks at materials at the atomic and molecular
level to reveal how their structures are connected to their functions.

—— How do you investigate these phenomena?

There are many ways to study materials, such as using X-rays or
light. Another powerful tool | use is computational science. My ap-
proach is called molecular dynamics (MD) simulation, which directly
models how molecules move. This cutting-edge technique employs
supercomputers to calculate the motion of individual atoms within a
substance, allowing us to track changes in their positions and energy
over time.

Contribution to fuel cell development
—— What can you tell us about research you’re conducting using theo-
retical chemistry?

My main research focuses on materials used in fuel cells. Fuel
cells generate electricity by combining hydrogen and oxygen. In this
process, hydrogen ions (H") pass through a polymer electrolyte placed
between two electrodes, the cathode and the anode. To function effec-
tively, these polymers must be lightweight and allow hydrogen ions to
move smoothly. Manufacturers work to create high-performance mate-
rials through repeated trial and error. Our aim is to use simulations to
uncover what is happening inside the polymer, so that our results can
help guide material development.

—— What have you discovered through your research?

Inside a polymer, the structure can be imagined like water flowing
through the gaps of a complex jungle gym. Hydrogen ions move within
this water. The jungle gym also has sulfonic acid groups (SOs ), which
carry a negative charge and attract the positively charged hydrogen
ions. Our MD simulations showed that the speed of hydrogen ion
movement depends on both the width of the water channels and the
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Structure of a fuel cell (schematic diagram)
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number of SOs~ groups. We believe that insights like these can help
make fuel cells lighter and improve their power generation efficiency.

—— You’re using the world-class supercomputer Fugaku for your simu-
lations.

The more powerful the computer, the better. The polymer struc-
tures we study are highly irregular, with features such as puddle-like
pools of water and winding channels. Because of this complexity,
simulating only a small part cannot capture the full picture. As the
number of atoms in the simulation increases, the use of a supercom-
puter becomes essential.

With a high-performance system like Fugaku, we can now run
calculations on a scale never attempted before, opening up new
possibilities in science. In fact, one could say that the rapid progress
of MD simulation has been driven by the dramatic advances in com-
puter performance.
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Simulation of polymer nanoparticle fracture
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Environmentally friendly polymer nanoparticles

—— What other research are you working on?

Another project is led by Professor Daisuke Suzuki of Okayama
University, who is developing environmentally friendly polymer
nanoparticles.

These nanoparticles range in size from a few dozen nanometers
(a nanometer is one-billionth of a meter) to several micrometers (a
micrometer is one-millionth of a meter). For example, the smooth,
film-like coating on certain packaging paper is created by attaching
polymer nanoparticles to its surface. Conventional polymer nanopar-
ticles tended to be brittle and limited in use, but Professor Suzuki and
his team discovered much more robust nanoparticles and have been
expanding their applications.

In our collaboration, we are analyzing why these nanoparticles
are so durable and exploring ways to design them with added func-
tionality, such as the ability to break down after use. If successful, this
research could lead to environmentally friendly materials that can be
reused and recycled.

—— What are the advantages of MD simulation?

MD simulation allows us to directly follow the motion of atoms
and molecules and to reveal why a material has its specific functions.
It cannot be applied to every substance, but when we can link a func-

tion to molecular structure, it brings a strong sense of achievement.

Another advantage is that we can model molecular structures
that do not yet exist in reality and predict their properties. Experi-
ments based on these predictions can then accelerate the pace of
material development.

Continuing research in energy and environmental fields

—— What kind of research do you plan to pursue in the future?

| plan to continue my work on fuel cells and polymer nanopar-
ticles, as well as research in the broader fields of energy and the
environment.

The global environment is undergoing major changes. For in-
stance, summers now feel hotter than before, and everyday life is
being affected in unexpected ways—for example, the price of Pacific
saury (sanma) has soared due to poor catches. We cannot afford to
ignore these issues. The quickest “solution” would be to simply turn
off all the air conditioners, but of course that is unrealistic. A better
approach, | believe, is to find ways to address environmental prob-
lems without forcing people to endure hardship.

With this in mind, | aim to contribute to building a sustainable
future by promoting the use of renewable energy and developing
functional materials with a low environmental impact.
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