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Development of Functional Materials Using Nonmetal Light Elements Professor

for a Sustainable Society Yoshinori Sato
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Our laboratory is in the research area of advanced nanomaterials for clean energy (alternative energy and hydrogen energy). To fabricate, assemble,
and composite organic/inorganic materials with high-performance functions created from combinations of each material’s properties is one of the most
fascinating and necessary areas of research. In this laboratory, we design, synthesize, and characterize the assembly, composites, and organic/inorganic
materials based on surface/interface design to apply nanomaterials’ properties to bulky materials. In particular, we have challenged ourselves to create
and develop highly functional nonmetal light element materials (carbon-based materials including boron, nitrogen, oxygen, fluorine, sulfur, and
phosphorus) with high-performance surfaces and interfaces. Such materials are necessary for the field of next-generation clean energy, which in turn

is needed to meet sustainable development goals (SDGs).
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Controlled doping of nonmetallic light elements
and defects into carbon materials via
halogenation-dehalogenation processes

The basal plane of carbon materials with sp>-hybridized covalent bonds
is chemically stable. However, when vacancy defects and nonmetal light
elements, such as boron, nitrogen, fluorine, sulfur, and phosphor, are
introduced in the basal plane, their chemical and physical properties
change drastically. In our study, we attempt to control the surficial,
chemical, and physical properties of carbon materials using a
halogenation—dehalogenation process. For example, when fluorinated
carbon materials are defluorinated through heat treatment, light elements
can be doped into the carbon material if a light element source is present
while defects can be introduced into carbon materials if no light element
source exists. In addition, the halogenation—dehalogenation process can
create carbon-carbon bonds, enabling the joining of carbon materials.

Design and creation of functional carbon
material catalysts for polymer electrolyte fuel
cells and low-temperature ammonia fuel cells

Building a low-carbon and sustainable energy society is essential, and
there are high expectations for fuel cells utilizing hydrogen and

Fig. 1 Controlled doping of nonmetallic light
elements and defects into carbon materials via
halogenation—dehalogenation processes.

Fig. 2 Design and creation of functional carbon
material catalysts for polymer electrolyte fuel cells
and low-temperature ammonia fuel cells.

Fig. 3 Creation of functional materials
for energy harvesting.
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Fig. 4 Open Campus 2025.

ammonia. In particular, polymer electrolyte fuel cells (PEFCs), which
are already used as fuel cell vehicles and residential fuel cells, are low-
carbon, high-efficiency energy devices that generate heat and electrical
energy through the reaction of hydrogen and oxygen. They are one of the
most essential batteries for the next-generation society. PEFC
performance is determined by the oxygen reduction reaction (ORR) at
the air electrode. Currently, carbon black supported with Pt nanoparticles
as the catalyst metal is used for ORR catalysis. However, the instability
of Pt prices and the resulting high device costs are unavoidable, posing a
major obstacle to PEFC commercialization. This research focuses on
synthesizing ORR catalysts using carbon nanomaterials with highly
functional surfaces and interfaces doped with light elements, such as

Fig. 5 Snapshot at MMIJ Fall Meeting 2025, Sapporo.
Tomoki Ikeda (left) and Kosei Morita (right).

boron, nitrogen, oxygen, sulfur, and phosphorus elements, and
investigating their catalytic activity mechanism.

Creation of functional materials for
energy harvesting
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Energy harvesting is a technology that captures minute amounts of
energy from a living environment, converts them into electricity, and

utilizes the converted electricity. These minute energy sources are light,
heat, vibration, and electromagnetic waves. Energy harvesting, which
generates electricity unnoticed and utilizes it effectively, is attracting
attention for building a sustainable society related to the SDGs. This
research challenges the creation of functional energy harvesting
materials utilizing light, load, heat, and biomass.

Awards

* Ruka Takahashi, 7th Academic Forum on Environmental Studies, Best
Presentation Award

Grants

*JSPS KAKENHI 23K26748 (Scientific Research (B)/PI)
*JSPS KAKENHI 25K22865 (Challenging Research (Exploratory)/PI)
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Fig. 6 Best Presentation Award at 7th
Academic Forum on Environmental
Studies. Ruka Takahashi (left) and Prof.
Yoshioka, dean of the GSES (right).
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