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Synthesis of Porous Molecular Conductor Consisting of Three-Dimensional Coordination

Network with High Porosity (!School of Engineering, Nagoya University, *Graduate School of

Engineering, Nagoya University) (OKazato Shiraki,' Jenny Pirillo,” Liyuan Qu,> Shinpei

Kusaka,? Yuh Hijikata,? Hiroaki Iguchi,?> Ryotaro Matsuda’

Porous molecular conductors (PMCs), which have features of both metal-organic
frameworks (MOFs) and molecular conductors, are promising for the application to molecule-
responsive functional electrode due to their high crystallinity and electrical conductivity.
Although several PMCs have been reported so far, their fragile framework have been cited as
problems. We previously synthesized PMCs with a three-dimensional framework using
naphthalenediimide (NDI) ligands with 1,2,4-triazole groups, whereas their low porosity was
problematic. In this study, we synthesized a PMC with a three-dimensional framework and high
porosity by introducing a p-phenylene group between the triazole group and the NDI core. The
structure was also clarified by single crystal X-ray structural analysis. On the basis of the crystal
structure, the porosity was increased from 6.6% to 44.2% by the insertion of p-phenylene group.
Keywords : MOF; Molecular conductor, Naphthalenediimide (NDI); Interpenetration
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1) L. Qu, H. Iguchi, M. Yamashita et al., J. Am. Chem. Soc. 2019, 141, 6802. 2) S. Koyama, H. Iguchi et
al., Chem. Commun. 2020, 56, 13109. 3) H. Iguchi et al., CSJ Annual Meeting 2022, J403-3pm-03.
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Synthesis of Nanoporous Metal Complexes from Organic Acids Derived from Natural Products

(*School of Engineering, Nagoya University, Graduate School of Engineering, Nagoya
University) OChihiro Yamaguchi®, Jenny Pirillo,? Liyuan Qu,? Shinpei Kusaka,? Yuh Hijikata,?
Hiroaki lguchi,? Ryotaro Matsuda®

Nanoporous metal complexes (NMCs) are crystalline solids formed by the self-assembly of
metal ions and organic ligands, containing uniform nanometer-sized pores inside. Among porous
materials, metal-organic frameworks (MOFs) have a much higher surface area and controllable
porosity, making them suitable for various applications such as catalysis, energy storage, gas
adsorption, separation, sensors, and drug delivery. However, there are many challenges in terms
of cost and environmental aspects of organic ligands for social implementation of MOFs. To
overcome these issues, MOFs made from natural acids are promising. Lignin, which is found in
most plants, is known as one of the most abundant substances on the earth. There are, however,
few MOFs containing lignin-derived linkers. In this study, we used several natural acids such as
ellagic acid and caffeic acid as the organic linkers for the MOF synthesis. Single-crystal X-ray
structure analyses of several crystals were carried out.

Keywords - MOF, Natural acid; Lignin; Nanoporous metal complexes
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Structure and Adsorption Properties of Nanoporous Metal Complexes Having Highly Polarized

Pore Surfaces (Graduate School of Engineering, Nagoya University) O Teppei Takahara,
Jenny Pirillo, Qu Liyuan, Shinpei Kusaka, Yuh Hijikata, Hiroaki Iguchi, Ryotaro Matsuda

=

In recent years, separation and storage of gases such as hydrogen, methane and carbon
dioxide using porous materials have been extensively investigated to utilize them as resources.
Nanoporous metal complexes (NMC) composed of metal ions and organic ligands have tunable
pores enabling selective adsorption of gases that has been difficult using conventional porous
materials. The remaining challenge in NMC for such application is balancing high adsorption
capacity with selectivity, which requires effective multi-layers adsorption by propagating the
adsorption potential of the pore wall to the secondary adsorbate layer. In this study, we aimed
to develop an NMC with a polarized charge on pore surface which is expected to stabilize a
"gas cluster”, a part of a crystal structure of gas molecules in the solid phase. Cu-Azulene-
MOF, consisting of an azulene-based ligands with a polarized structure and Cu®* ions, have a
kagomé-type structure with alternating hexagonal and triangular 1D pores surrounded by
positively and negatively charged pore surfaces, respectively. CO» adsorption measurements of
Cu-Azulene-MOF showed step-like adsorption isotherms indicative of gate-opening
adsorption.

Keywords : Metal-organic framework, gas adsorption, gate-opening
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Synthetic Study on Macrocyclic Multinuclear Gold Complexes Supported by Cyclodextrins as
a Scaffold ('Graduate School of Engineering, Tokyo University) OToshiyuki Ohi,! Takanori
Iwasaki,' Kyoko Nozaki!

The linear multinuclear metal complexes are known to exhibit unique properties not found
in conventional mononuclear metal complexes, thanks to its anisotropic structure, and are
expected to be applied as functional molecules in nanotechnology. While the synthesis of linear
hexanuclear gold complexes ! and octanuclear cage-like complex ? using multidentate ligands
has been achieved, metal complexes with a continuous interaction of metal atoms forming a
large cyclic structure have not been reported. In this study, the synthesis of macrocyclic
multinuclear gold complexes using a multidentate ligand derived from cyclodextrin (CD).
Dithiocarbamate groups were introduced into the primary hydroxyl groups each glucose unit
in CD to create the cyclic ligand 1, which was reacted with AuCl(tht) (THT =
tetrahydrothiophene) to obtain 2. Observation of 2a and 2P using scanning transmission
electron microscopy (STEM) confirmed the formation of cyclic structures of gold
corresponding to the size of the CD ring, suggesting the formation of the macrocyclic
multinuclear gold complexes .

Keywords : Cyclodextrin; Multinuclear complex, Dithiocarbamate
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1) Tanase, T. et al. Chem. Asian J. 2015, 10, 2619. 2) Yam, V. W. W. et al. J. Am. Chem. Soc.
2014, 136, 10921.
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Fabrlcatlon of MOF-dispersed polymer thin films by direct synthesis of MOF crystals
(‘Graduate School of Frontiers of Innovative Research in Science and Technology, Konan
University, Konan University) OMyu Fukuoka', Yohei Takashima®, Kensuke Akamatsu?,
Takaaki Tsuruoka®

Metal-organic frameworks (MOFs) composed of metal ions and organic ligands show great
adsorption properties based on regularly arranged nanopores. Direct synthesis of MOF crystals
in the polymer substrate are of great importance in the formation of MOF/polymer mixed
matrix membranes. In this study, we have developed novel method for MOF synthesis in a
metal ion-doped polymer substrate. XRD measurements implied that HKUST-1 crystals were
formed inside polymer films at ligand concentrations of 80 mM or higher. When the ligand
concentration was 100 mM, the size of the obtained HKUST-1 crystals inside polymer films
was about 100 nm.

Keywords : Metal-organic frameworks; Mixed-Matrix Membrane
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Synthesis and Adsorption Properties of Kagomé MOFs Consisting of Cu(ll) lon and
Isophthalate with Branched Alkoxy Groups (Graduate School of Engineering, Nagoya
University) O Yukino Takeuchi, Jenny Pirillo, Liyuan Qu, Shinpei Kusaka, Yuh Hijikata,
Hiroaki Iguchi, Ryotaro Matsuda

Metal-organic frameworks (MOFs) are crystalline solids formed by self-assembly of metal
ions and organic ligands. Among them, flexible MOFs exhibit gate-opening adsorption
behavior, in which a sudden increase in adsorption amounts occurs along with crystal structure
change under a certain pressure of gases. Flexible MOFs are expected to enable efficient gas
separation because they can adsorb and desorb gases in a narrow pressure range. Kagome-type
MOFs are composed of copper(Il) ions and isophthalic acid and have a stacked two-
dimensional Kagome-shaped layer structure. They exhibit gate-opening carbon monoxide
adsorption at low temperatures due to the coordination of carbon monoxide to copper(Il) ions
and the increase of the interlayer distance. Such adsorption behavior varies greatly depending
on the substituent of isophthalic acid. In addition, the adsorption behavior of some Kagome
MOF is also changed by the synthetic conditions. In this study, to control the adsorption
behavior of Kagome-type MOFs, ligands with branched-chain substituents, which are expected
to increase of inter-layer distance by steric repulsion, were used, and Kagome MOF crystals
were synthesized under various conditions. After that, their adsorption properties were
compared.

Keywords : Metal-organic framework, gas adsorption; gate-opening adsorption
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Fabrication of Regularly Arranged MOF Particle Assemblies and Conversion to MOF Thin
Films (!School of Engineering, Nagoya University, *Graduate School of Engineering, Nagoya
University) OSaki Fukuchi,' Kohei Negita,? Jenny Pirillo,? Liyuan Qu,? Shinpei Kusaka,? Yuh
Hijikata,? Hiroaki Iguchi,” Ryotaro Matsuda®

Membrane separation is a method of separating mixtures using the difference in permeability
of molecules through membranes and has attracted attention as a low energy cost separation
method. Metal-Organic Frameworks (MOFs) are crystalline nanoporous materials consisting
of metals ion and organic ligands. MOF-based gas separation membranes have attracted
attention because of MOFs’ pore uniformity and designability. However, reported MOF
membranes are polycrystalline, thus irregular crystal orientation and presence of grain
boundaries sometimes deteriorates the permeability and selectivity. To address this matter, in
this study, we tried to fabricate a regular assembly of uniform-sized MOF crystals, followed by
conversion to a thin film by secondary growth to fill grain boundaries. We expect that the
resulting MOFs would ideally be a giant single crystal, which would be free of grain boundaries
and uniformly oriented. In fact, we assembled uniform-sized crystals into 2-dimensional sheet
using Kagome type MOF composed of Cu(ll) ions and isophthalic acid ligand, then the
obtained assembly was heated to fuse particles with each other.

Keywords : Metal-organic frameworks; Nanospace; Gas separation membrane
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