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Development of Functional Near-Infrared Probes and Their Application to Biological Imaging
(‘Dept. of Applied Chemistry, Faculty of Science and Technology, Keio Univ.) OYuki Hiruta'

Fluorescence and bioluminescence imaging are analytical techniques that enable the non-
invasive acquisition of image-based information from live cells and animals in real-time with
high spatiotemporal resolution. In particular, near-infrared (NIR) light offers high tissue
penetration, making it suitable for deep tissue imaging. Furthermore, utilizing the NIR region
allows for the simultaneous use of probes that emit in the visible spectral region, enabling
applications in multicolor imaging. In this presentation, the development of highly practical
and unique NIR fluorescent probes responsive to calcium ion (Ca*"), magnesium ion (Mg?"),
and pH were reported.

Keywords : Fluorescent Probe; Near-Infrared; Magnesium lon,; Calcium lon; pH
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(1) Y. Hiruta et al., Near-Infrared Fluorescent Probes for Imaging of Intracellular Mg?" and Application
to Multi-Color Imaging of Mg?', ATP, and Mitochondrial Membrane Potential, Anal. Chem. 2020, 92,
966-974. (2) Y. Hiruta et al., Development of Phosphinate Ligand-Based Low-Affinity Ca*" Fluorescent
Probes and Application to Intracellular Ca®* Imaging, 4nal. Chem. 2023, 95(45), 16683-16691. (3) Y.
Hiruta et al., Rational design of pH-responsive near-infrared spirocyclic cyanines: the effects of
substituents and the external environment, Chem. Commun. 2024, 60, 5984-5987

© The Chemical Society of Japan - [F14201-3am-01 -



[F]4201-3am-02 A& 10555454 (2025)

EZRGEFREZTI NN EEEREBEDEIL
(REKBESCEHEE) ORMR Ffd !

Creation of external stimuli-responsive metal complexes exhibiting flexible electronic states
(Priority Organization for Innovation and Excellence, Kumamoto University) O Yoshihiro
Sekine

The development of materials that exhibit electron transfer in the solid state is an important
theme in materials science because it can lead to the expression of various physical properties
associated with changes in structure, electronic state, and spin state. In particular, in the case
of molecules or aggregates composed of redox-active electron donor (D) and acceptor (A) units,
the control of the electron transfer between DA units is interesting because it can be expected
to change not only the spin state but also various physical properties.

Therefore, I have tried to create new materials that can flexibly control the electronic and
spin states using redox-active building blocks. In this presentation, I will discuss the synthesis
and electronic properties of the stimuli-responsive metal complexes that exhibit flexible
electronic states.

The first example is the two-dimensional Fe layers composed of tetraoxolene ligand. The Fe
layers exhibited intra-lattice electron transfers between Fe and ligands, resulted in the magnetic
property and conductivity changes. The solvation/desolvation process also control the electron
transfer behavior through the changes of interlayer interactions.

Another example is the cyanide-bridged CoFe dinuclear complexes. The assembly of the
redox-active Fe and Co building block yielded the dinuclear complexes, but it did not exhibit
any electronic and spin state changes by external stimuli. However, after co-crystallization of
chiral carboxylic acid molecules with the dinuclear CoFe unit forms the hydrogen-bonded
assembly, with the activation of thermally driven intramolecular electron transfers.

Keywords : Electron Transfers; Magnetic Switching; Electron Donor/Acceptor;
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Cover)
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Mechanistic Studies on the Molecular Catalysis for Energy Conversion
(‘Kyushu University) OKosei Yamauchi

Energy conversion based on H: evolution from water [1] and CO; reduction into various
chemicals [2-3] are the key technologies to solve the global warming and shortage of fossil
fuels. It is also important to couple these reduction reactions with water oxidation [4] to convert
solar energy into chemical energy. To fabricate water-splitting systems enabling higher solar
energy conversion efficiency, it is of great importance to develop molecular systems promoting
photocatalytic hydrogen evolution reaction (HER) with high efficiency.

As part of the efforts in this area, we demonstrated that a cobalt N-heterocyclic carbene
complex (Co-NHC1) promotes photochemical HER even with low driving force (150 meV).
This is the first 3d-metal complex catalytically active in the classical aqueous photosystem
consisting of [Ru(bpy);]** and methylviologen (MV?*). It was suggested that the HER by Co-
NHC1 proceeds via the concerted proton-electron transfer (CPET) to afford a
hydridocobalt(IIT) intermediate (Co(II) + H" + ¢= — Co(III)(H)), but the overall mechanism
leading to H» evolution was unknown.

We recently achieved the first demonstration of the Volmer-Heyrovsky-like molecular
catalysis of HER, although such mechanism is often adopted by some metal electrodes. The
detailed experimental and theoretical investigations unambiguously clarified that Co-NHC1
and its methoxy-substituted derivative (Co-NHC2) undergo metal-centered CPET to yield the
Co(IIT)(H) species as a key intermediate, as previously expected (Figure 1). The energy
diagram developed by estimating the pK. and redox potentials for the possible intermediates
allows us to conclude that the following H, elimination also proceeds via the CPET path
(Co(IIN)(H) + H* + e~ — Co(II) + Hy) (Figure 2). This unique double CPET pathway has a close
similarity to the metal-catalyzed HER through the Volmer step (M + H" + ¢© — M(H¥))
followed by the Heyrovsky step (M(H*) + H" + e — M + H,). Interestingly, the structures of
two intermediates involved in the 1st and 2nd CPET steps (i.e., Co(Il) and Co(III)(H) species)
are well superimposable to reveal that the consecutive CPET reactions are substantially
minimized in the reorganization energy, which rationalizes the exceptional reactivity of Co-
NHC catalysts.

Keywords : Hydrogen Evolution Reaction (HER);, Cobalt-NHC; Artificial Photosynthesis;
Molecular Catalysts; Proton-coupled Electron Transfer (PCET)
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[3]. C.Liao, K. Yamauchi*, K. Sakai*, ACS Catal., 2024, 14, 11131-11137.

[4]. Y. Aimoto, A. R. Parent*, K. Yamauchi*, K. Sakai*, J. Am. Chem. Soc., 2024, 146,
16866-16877.
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Composite catalytic systems consisting of coordination polymers
(Institute of Advanced Studies, Kyoto University) Hiroyasu Tabe

Heterogeneous catalysts consisting of multiple functional moieties are known as composite
catalysts. Coordination polymers (CPs)/metal-organic frameworks (MOFs) are candidates as
substrates of composite catalysts because CPs immobilize catalysts and functional species in
their pores. Several classes of CPs exhibit ion conduction and phase transition, and these
physical properties open a new direction to the design of composite catalysts. For example, a
composite CP glass membrane was obtained by dissolving metalloporphyrin in
[Zn(HPO4)(H2PO4):](imidazolium), glass (Zn-1g). The obtained membrane showed
photocatalytic CO; reduction ability without unexpected light scattering by the grain-boundary.
A membrane-electrode assembly for CO; reduction has been prepared by compositing Zn-1g
as a solid electrolyte, catalyst and gas-diffusion electrodes. We also scrutinized phase-transition
behaviors of composites of two meltable CPs to obtain binary phase diagrams.

Keywords : metal-organic framework, CO; reduction, proton conductivity, phase transition
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