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Development and Prospect of Molecular Porous Material Families (PCP/MOF, COF, and HOF)
(Institute for Integrated Cell-Material Sciences, Kyoto University) Susumu Kitagawa

Metal-organic frameworks (MOF) and porous coordination polymers (PCP) have grown
over the past twenty years into an innovative chemistry that has contributed to solutions for
humanity's problems in the environment, resources, energy, and health. Inspired by them,
porous materials prepared only of organic molecules (covalent bond-type COF and hydrogen
bond-type HOF) have been produced to be undergoing explosive development. This talk will
introduce the essence of this and look to the future.

Keywords : Porous materials, MOF, PCP, COF, HOF
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1) The development of molecule-based porous material families and their future prospects,
S Horike, S Kitagawa
Nature Materials, 2022, 21 (9), 983-985.
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Point of Singularity in Electronic Conductivity over 2D Conjugated Molecular Materials
(‘Department of Molecular Engineering, Kyoto University, Shu Seki

Organic conjugated molecular materials have been the center of materials chemistry on
electronic functional materials since the end of last century. Even without referring to the
functionals of graphene-based system, spatial arrangement of electronic conjugated molecules
confined into 2D-3D structures have been the key to tune electronic density of states, effective
mass of electrons, electron mobility and conductivity. The structures are, however, realized and
stabilized by “weak” and/or “medium” inter-molecular force fields which has been discussed
sophisticatedly by thermodynamics and statistical mechanics. The assessment technique of
charge carrier mobility in condensed phases of molecular materials allow us to overlook simple
and clear interplays between the structural fluctuation of the molecular condensates and
electronic properties, as well some exceptional structures giving unique electronic property in
terms of classical thermodynamics/statistical mechanics on “fluctuation”. Herein we approach
such interplays and the exceptional structures in electronics for the future design of conjugated
molecular condensates.

Keywords : COFs,; Conjugated Molecules; TRMC,; Mobility;, Conductivity
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1) “Electron Transport over 2D Molecular Materials and Assemblies” Seki, S.; Paitandi, R.P.; Choi, W.;
Ghosh, S.; Tanaka, T., Acc. Chem. Res., 2024, 57, 2665-2677.
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A systematic strategy for the construction and functionalisation of HOF's using charge-assisted
hydrogen bonding (' Graduate School of Engineering, Osaka University) ONorimitsu Tohnai'

We have been designing and developing porous materials (porous organic salts, POSs) using
organic salts, a type of HOF, to achieve both stabilization and functionality. Generally, HOFs
are constructed from single organic molecules, which are directly linked by hydrogen bonds to
form a porous structure. In contrast, the focus of this research is the design of hierarchical
constructions using supramolecular complexes composed of sulfonic acids and amines as the
building blocks. The formation of supramolecular complexes is achieved using very strong
charge-assisted hydrogen bonds, and subsequently, the supramolecular complexes are then
further linked using variously shaped molecular frameworks to construct networks of various
topologies. Finally, multiple networks are interpenetrated to each other to construct a
hierarchically porous structure. The employment of sterically bulky and robust supramolecular
complexes as a linking structure is expected to facilitate the formation of larger spaces and the
stabilization of porous structures. Furthermore, the use of diverse molecular frameworks for
linking supramolecular complexes enables the construction of porous materials with diverse
shapes, sizes, and functions, according to the design of the sulfonic acid molecules.

Keywords : Porous Organic Salt, Charge-assisted Hydrogen Bond, Supramolecular Cluster,
Sensing, Gas absorption
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Bz DWW~ S Figure 2 Applications of porous organic salts

T. Ami, K. Oka, S. Kitajima, N. Tohnai, Angew. Chem. Int. Ed. 2024, ¢202407484,

H. Sei, K. Oka, Y. Hori, Y. Shigeta, N. Tohnai, Chem. Sci. 2024, 15, 8008-8018,

K. Okubo, K. Oka, K. Tsuchiya, A. Tomimoto, N. Tohnai, Angew. Chem. Int. Ed. 2024, 63, €202400475
H. Sei, K. Oka, H. Sotome, H. Miyasaka, N. Tohnai, Small, 2023, 19, 2301887

T. Hosokawa, S. Inazato, A. Yamamoto, N. Tohnai, Mater. Lett., 2022, 327, 133054

T. Ami, K. Oka, K. Tsuchiya, N. Tohnai, Angew. Chem., Int. Ed., 2022, 61, ¢202202597

T. Hosokawa, S. Inazato, N. Tohnai, ChemPlusChem 2020, 85, 2666-2671
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Exploring Responsive Functions of HOFs Utilizing Structural Flexibility ('iCeMS, Kyoto
University) OKen-ichi Otake' * Qiuyi Huang' + Susumu Kitagawa'

Flexible hydrogen-bonded organic frameworks (FHOFs) have garnered significant attention
due to their ability to undergo reversible structural transformations by regulating molecular
conformations and hydrogen bonds. FHOFs offer several advantages, including excellent
processability, ease of purification and regeneration, high structural designability, and potential
water tolerance, positioning them as a promising platform for future device applications. In
addition, FHOFs are capable of forming well-defined crystal structures in response to guest
inclusion and removal. This unique feature facilitates a deeper understanding of the relationship
between structural flexibility and dynamic physicochemical properties when specific guests
occupy the voids. In this presentation, we will highlight our recent advancements in the
development of these fascinating FHOFs, with a particular emphasis on their sensing
applications.

Keywords : Hydrogen-bonded Organic Frameworks; Structural Flexibility, Sensing;
Fluorescence
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1) Q. Huang, K. Otake, S. Kitagawa, Angew. Chem. Int. Ed., 2023, 62, €20231025.
2) Q. Huang, K. Otake, S. Kitagawa, et al., submitted, 2024
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