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ChemOnTubes 2024 Conference Best Oral Presentation Award

Size-Tunable Diameter Separation of SWNTs by Changing the
Metals Coordinating with Phenanthroline-Based Nanobrackets

It was a great honor to attend ChemOnTubes 2024 in
Strasbourg, France, a conference focused on the
chemistry and applications of carbon nanoforms, including
nanotubes, graphene, fullerenes, and carbon dots. Bringing
together leading researchers and students from around
the world, the event featured a dynamic program of
invited lectures, contributed talks, and poster
presentations. During this inspiring conference, I had the
opportunity to present my research, engage in meaningful
discussions with international colleagues, and was deeply
honored to receive an oral presentation award. I am
sincerely grateful to be able to formally present my
research and to reflect on the insights gained through
this recognition.

Carbon nanotubes (CNTs) possess unique electrical and
optical properties which have provided great advantages
in the wide range of applications such as field-effect
transistors, sensors, solar cells, and cancer theranostics.
For these applications, CNTs with specific structures are
preferrable, because their properties are known to
strongly depend on their structures or roll-up index
denoted as (n,m) . This index (1,m) functions as a vector,
C,, indicating the relative positioning of two overlapping
carbon atoms when a graphene sheet is rolled into the
form of a single-walled carbon nanotube (SWNT). Figure
1 illustrates the structure of (9,3) -SWNT.

Due to limitation in selective synthesis of SWNTs,
diverse techniques have been developed for SWNT
separation in aqueous and organic systems, such as gel column
chromatography, density gradient ultracentrifugation,
aqueous two-phase extraction, DNA wrapping, molecular
recognition, and conjugated polymer (CP) extraction.
While numerous studies have reported successful
separation of SWNTs with narrow diameter ranges or
even specific (7,m) structures through the iterative
application of various techniques, either individually or in

Diameter
08 09 1.0 11 12 (nm)
0 13 i

(9,3)-SWNT
0.86 nm

C, = nay+may, = (n,m)

n,m: metallic SWNTSs with chiral structure
n,m: metallic SWNTs with achiral structure
n,m: semiconducting SWNTs with chiral structure BN
n,m: semiconducting SWNTs with achiral structure

Figure 1. (n,m) -SWNTs defined by rolling up the graphene map along the
roll-up vector C,.

combination, they often face challenges in complete
removal of the dispersants, potentially compromising the
performance of CNT-based devices.

Previously, we successfully applied tetragonal metal
complexes, “copper-tethered dipyrrin-based nanobrackets
(Cu-DNB)” to separate SWNTs with narrow diameters of
0.90-0.92 nm. In this work, we redesigned the host
molecule by replacing the dipyrrin moieties in DNB with
phenanthroline units, yielding phenanthroline-based
nanobrackets (PNB). This modification enables
coordination with a wider variety of metal ions and
enhances molecular rigidity, thereby improving diameter
selectivity. Upon metal coordination, PNB assemble into
supramolecular polymers (M-PNB, M=Pd(II) or Co(II))
that wrap helically around SWNTSs, as confirmed by
transmission electron microscopy (TEM). Compared with
DNB, PNB exhibits a 2.3-fold improvement in extraction
efficiency, attributed to their deeper cavity and broader,
flatter phenanthroline surface. As a result, PNB@SWNT
and M-PNB@SWNT dispersions remain free of precipitates
at room temperature for at least two weeks. Furthermore,
Pd- and Co-PNB enhances SWNT extraction efficiency by
2.2 and 1.7 times compared to PNB, respectively.
Importantly, we discovered a novel strategy for size-
tunable SWNT separation by simply varying the
coordinated metal ion. Owing to the distinct dihedral
angles of Pd (phen): and Co (phen): complexes, Pd-PNB
preferentially extracts smaller-diameter SWNTs (0.90-
0.92nm), whereas Co-PNB extracts larger ones (0.97-1.10
nm). Moreover, combining these separations (Pd-PNB/Co-
PNB or Pd/Co-PNB) further enhances selectivity. Figure
2 illustrates the procedure and the corresponding results.

This work was published as a research article in
Chem. Eur. J., 2025, 31 (40), 202501144 (7 pages)
[highlighted at the cover feature].
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Smaller diameter SWNTs
(0.90 - 0.92 nm)
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Figure 2. TEM observation of the helical wrapping structure and the
SWNT extraction with M-PNB.
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The Electrochemical Society PRIME2024 General Student Poster Session Award and The Electrochemical Society of Japan, Kansai branch Award

Developing fluoride-ion conductors for all-solid-
state fluoride-ion batteries

In October 2024, the Pacific Rim Pacific Rim Meeting
on Electrochemical and Solid-State Science (PRIME 2024)
was held in Hawaii, USA. This event brought together
experts in electrochemistry and solid-state science to
share their latest research and foster international
collaborations. With support from Kyoto University, it
was my privilege to travel across the globe to present
my work there where I was awarded a poster prize. 1
would like to take this opportunity to share about the
projects and their consequences.

Finding a material that allows fluoride-ion to mobilize,
or the so-called fluoride-ion conductor is currently one of
the bottlenecks in developing fluoride-ion batteries that
require fluoride-ion to shuttle between electrodes. We
primarily focused on the understanding of the fluoride-ion
conduction inside the fluorite materials under the theme
“Synthesis and F-ion Conduction of Bays;MysFss (M =Y,
La, Nd, Sm, Bt) as Solid Electrolytes for All-Solid-State
F-ion Batteries”.

In this study, we developed the fluorite compounds via
mechanochemical synthesis and examined their
electrochemical properties. Barium fluoride generally
possesses very low conductivity, but once combined with
aliovalent fluorides, the conductivity increases by several
orders of magnitude. Some of the materials, particularly
those containing yttrium and samarium reveal
extraordinary wide electrochemical stability windows
over 5 V with the cathodic stability below -3 V vs Pb/PbF,,
allowing them to be compatible with high energy
electrodes.

Unraveling the positions of the additional fluorines

To understand the ionic conduction mechanism and the
positions of the additional fluorines, we employed neutron
diffraction, which is a technique that is sensitive to the
nucleus of atoms. Thereby, the small fluorine atoms could
be located precisely. Originally, fluorines in a fluorite
structure fully fill in its tetrahedral unit while the
octahedral unit is left emptied. Our work shows that the
additional fluorines undergo into the octahedral unit of

48

which each fluorite material possesses different possible
fluorine sites. This finding introduced three additional
fluorine positions within the octahedral unit that expand
through the three-dimensional space.

Towards high energy all-solid-state fluoride-ion batteries

As a continuation of the previous study, we applied the
developed materials to the battery system which we
facilitated the redox reaction of La/La®" as the negative
electrode reaction in the project “LayoBay.Fhy (LBF) as a
high-energy negative electrode for all-solid-state fluoride-
ion battertes”. It was a demonstration of the potential of
this type of battery to be performing at high voltage.
This work was then presented at the end of November
2024 in the Kansai Electrochemical Society meeting, held
at Kyoto University, and received the poster award.

Receiving these awards does not only signify my
academic journey but also emphasizes the importance of
the work to bring energy security to the incoming
electrified society throughout the development of
electrical energy storage. The opportunity to join the
conferences enables me to connect with many experts in
and out of the field where the future collaboration may
be fostered. Such an opportunity would be impossible
without the support from Uchimoto laboratory and Kyoto
University that encourage the participation in meetings
on many occasions.

Outlook

Despite being awarded, the research in fluoride-ion
conductor is hitherto in an infancy. There are still a lot of
rooms of improvement; for example, developing the
materials to work at lower temperatures which is the
current goal that I am pursuing as a post-doctoral
researcher at Kyoto University. Achieving this could
bring the battery closer to industrial adoption and
commercialization. I am excited about the potential
societal impact of our discoveries and look forward to
seeing how they contribute to a sustainable energy
future.
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Han Zhang
WHEACFRERE SR 248

Advancing ZnO Photocatalysts: Stabilization Strategy
and Insights into Defect-Activity Relationships

I was honored to present my research at the Osaka-
Kansai International Symposium on Catalysis 2024
(OKCAT2024), held at Osaka Metropolitan University.
This poster presentation provided a valuable opportunity
to interact with researchers from Japan and abroad,
exchange ideas, and learn about the latest developments
in the field. I am truly grateful to have received the
Outstanding Research Award, and I am pleased to share
an overview of my work.

Methane is one of the most potent greenhouse gases,
with a global warming potential far greater than that of
carbon dioxide. Developing effective methods to convert
methane into carbon dioxide under mild and sustainable
conditions has therefore become an important challenge
in both environmental and energy research. Among the
various strategies being explored, photocatalysis is one
promising approach. In this process, semiconductor
materials absorb light and use that energy to drive
chemical reactions, making it a low-energy and eco-
friendly strategy.

Zinc oxide (Zn0), in particular, has drawn attention as
a candidate photocatalyst for methane oxidation because
it is inexpensive, abundant, and exhibits favorable
photocatalytic activity. However, despite these
advantages, the underlying factors that govern the
performance of ZnO photocatalysts remain insufficiently
understood. In our work, we focused on the relatively low
thermal stability of ZnO: under high-temperature
treatment, ZnO nanoparticles tend to undergo particle
growth, which leads to catalyst deactivation. This
limitation makes it difficult to apply high-temperature
treatments either during catalyst pretreatment for
analysis or as a post-synthesis process to improve
material stability.

To address this issue, we designed a strategy to coat
7ZnO nanoparticles with a thin layer of silica. This
protective layer enabled us to synthesize ZnO

50

Bare ZnO
Poor thermal stability

600 °C - 1h

SiO, Shell Zno@sio,
Zn0 Heat resistance
: 600 °C - 1h

photocatalysts that retained both their particle size and
photocatalytic activity even after heat treatment at 600 C.

We believe that these findings not only contribute to
the fundamental understanding of ZnO-based
photocatalysts but also offer a practical methodology for
their stabilization and functional enhancement. Looking
ahead, the development of thermally stable ZnO opens up
possibilities for broader applications where harsh
conditions are unavoidable. In fact, building on this work,
we have already applied the silica-coated ZnO materials
to investigate how thermally induced defects affect
photocatalytic activity under visible light. This study has
led to breakthrough findings, providing new insights into
the defect-activity relationship of ZnO and pointing the
way toward designing more efficient visible-light
photocatalysts. We are confident that this material can
also be applied to many other fields in the future.

In conclusion, presenting my work at OKCAT2024 and
receiving the Outstanding Research Award has been an
invaluable experience. It not only strengthened my
confidence in pursuing this line of research but also
inspired me to continue exploring new directions in
photocatalyst design and methane conversion. I am truly
grateful to my supervisor, colleagues, and collaborators
for their continuous support, and I look forward to
further advancing this research while contributing to the

broader scientific community.
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