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Development of High-Functional Non-Metal Light Element Materials
for a Next-Generation Sustainable Life Style
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Our laboratory is in the research area of advanced nanomaterials with clean energy (alternative energy and hydrogen energy). Fabricating, assembling, and
compositing organic/inorganic materials with high-performance functions, which are created from a combination of each material’s properties, is one of
the most fascinating and necessary research areas. In our laboratory, we design, synthesize, and characterize the assembly, composites, and organic/
inorganic materials based on surface/interface design to expand nanomaterials’ properties to those of bulky materials (Fig. 1). In particular, we have
challenged ourselves to create and develop high functional non-metal light element materials (carbon-based materials including boron, nitrogen, oxygen,
fluorine, sulfur, and phosphorus) with high-performance surfaces and interfaces, which are necessary for the field of next-generation clean energy to meet

the Sustainable Development Goals (SDGs).
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Fig.1 Our research topics.

Control doping of non-metal light elements and
defects for carbon nanomaterials via fluorination-
defluorination process

The basal plane of carbon materials with sp2-hybridized covalent bonds is
chemically stable. However, when vacancy defects and non-metal 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, by reacting fluorinated carbon
nanomaterials with ammonia gas at 300-600 °C, we succeeded in
synthesizing nitrogen-doped carbon nanomaterials (Fig.2). The nitrogen-
doping mechanism is as follows: when fluorinated carbon nanomaterials
are heated, fluorine groups are detached from the carbon structure along
with the carbon atoms to produce carbon fluorides. Moreover, vacancy
defects are formed by this process. Because the edges of the resulting
vacancy defects are energetically active, the active carbon atoms at the
edges react with ammonia and nitrogen atoms are introduced into the
carbon frame. We attempt to control the surficial, chemical, and physical
properties of carbon nanomaterials by controlling the fluorination—
defluorination process.
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Fig.2 Illustration of nitrogen doping to single-walled carbon
nanotubes via fluorination-defluorination process.

Fig.S1 Lab members (2020).

Fig.S2 B4 graduation photo (March 2020).
Yuichi Ito (left) and Yota Sakamoto (right).

Fig.S3 New crews. Ryutaro Nakata (left) and
Hiromu Morita (right).
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Fig.3 Tuning factors for efficient ORR catalytic
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activity of nitrogen-doped carbon materials.

Design and fabrication for platinum-free
oxygen reduction reaction catalysts

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been anticipated, they have not yet been
widely used. Platinum, which is used as an oxygen reduction reaction
(ORR) catalyst, is an expensive and non-abundant resource, and it has poor
durability for ORR activity. Therefore, metal-free carbon nanomaterials
have been developed as alternative platinum catalysts. Nitrogen-doped
carbon nanomaterials have been reported to exhibit especially high ORR
catalytic activity. However, the ORR mechanism has not been clarified. To
achieve highly efficient ORR activity, doping nitrogen species should be
precisely controlled in the carbon framework. In this study, we try to dope
nitrogen atoms to carbon nanomaterials selectively via a fluorination—
defluorination process to clarify the mechanism of ORR catalytic activity
for nitrogen-doped carbon materials (Fig. 3).
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