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Impact of surface areas on heterogeneous CO, reduction catalysis of coordination polymer
glass membranes involving metal complexes (' Faculty of Science, Kyoto University, *Institute
for Advance Study, Kyoto University, *Graduate School of Science, Kyoto University) O
Seiichiro Takada," Hiroyasu Tabe,? Satoshi Horike®

Membranes of [Zn(HPO4)(H2POs):](imidazolium), glass (Zn-1g) immobilizing
metalloporphyrin show heterogeneous photocatalytic activity for carbon dioxide (CO,)
reduction.” The enhancement of surface area contributes to high catalytic activity. In this study,
we immobilized cobalt phthalocyanine in the Zn-1g membranes with rough surface (Co/Zn-
1g). Scanning electron microscope (SEM) images showed surface texture with the depth of 0.3
um (Fig. 1). We evaluated the relationship between the surface area of Co/Zn-1g membranes
and heterogeneous CO, reduction ability.

Keywords: metal-organic framework; vitrification, surface texture; carbon dioxide
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Fig. 1. Scanning electron microscope (SEM) images of (A) Co/Zn-1g and (B) Co/Zn-1g treated
with a grating sheet. Upper left images show the surface and lower right images show the cross-
section.

1) H. Izu, H. Tabe, Y. Namiki, H. Yamada, S. Horike, /norg. Chem. 2023, 62, 11342.
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Change of the Adsorption Behaviour of a Three-dimensional MOF by Crystal Surface
Modification with Alkyl Chains(' School of Engineering, Nagoya University, *Graduate School
of Engineering, Nagoya University) OYuki Wada,' Junichi Usuba,” Jenny Pirillo,? Liyuan Qu?,
Shinpei Kusaka,” Yuh Hijikata,” Hiroaki Iguchi,” Ryotaro Matsuda®

Metal-organic frameworks (MOFs) are solid materials formed from metal ions and organic
ligands. MOFs can adsorb, separate, and store gases due to their uniform pore size and high
specific surface area. Although many new MOFs with superior gas adsorption functions have
been developed, MOFs which are applicable for social implementation is very limited in terms
of raw material prices, etc. Therefore, the improvement of gas adsorption function by the factor
other than the modification of the crystal structure is desired.

Here, we considered modifying the surface of MOF crystals with functional groups. By
chemically modifying the entrance to the MOF pore, the dynamics of guest molecule
adsorption could be controlled while maintaining the internal structure of the crystal. In fact,
by subjecting long-chain fatty acids on three-dimensional MOF having an excellent carbon
dioxide function, hydrophobic alkyl chains were modified on the crystal surfaces. We found
from carbon dioxide adsorption measurements that the adsorption rate of the MOF after surface
modification was faster than that before modification.

Keywords : Metal Organic Frameworks, Surface Modification, Adsorption
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Development of Versatile Micro Crystalline Sponge Method by Fixation on Inner Wall of a
Capillary and Trace-Amount Structure Analysis (‘School of Engineering, The Univ. of Tokyo,
’IMS, SUTIAS, The Univ. of Tokyo) ORyo Yakushiji', Satoshi Yoshida', Sota Sato'? Makoto
Fujita'*?

The micro crystalline sponge (CS) method is superior to the conventional CS method, but the

handling is very difficult. In this work, by fixation of microCS on the inner wall of a capillary, we
succeeded to develop the versatile microCS method. It was demonstrated that this method was superior
to the conventional CS method in terms of the guest occupancy and the reduction of guest amount.
Keywords: Crystalline Sponge Method, X-ray diffraction
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[1] 103rd CSJ annual meeting k605-1pm-14
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Rational Control of lonic Conduction of Encapsulated lonic Liquid by

Fluorination of Isoreticular Metal-organic Frameworks

('Graduate School of Science, Kyoto University) oTuo Di,' Yukihiro Yoshida,! Hiroshi Kitagawa'

Keywords: Metal-organic framework, Ionic conduction, Ionic liquid

The hybrid materials of ionic liquids (ILs) and metal-organic frameworks (MOFs) have attracted
much attention in solid-state conductors because of their great advantage in various combinations
of components.'* However, to date, efforts to control the ionic conductivity in IL-encapsulated
MOF hybrid materials have been devoted to regulating the filling ratio or species of the encapsulated
ILs. The control of ionic conductivity by modifying ligands of MOFs while keeping the porous
structure has not yet been accomplished, although functional groups of the ligands can have a

significant interaction with guest molecules encapsulated in the pores.

In this study, we focused on the difference in binding energy between C—H---F and C-F---F
interactions, primarily arising from the low polarizability of fluorine (Figure 1a). To this end, a
series of Zn-based microporous MOFs, Znx(xFBDC)(tmBDC)(DABCO) (hereafter DMOF-xFs),
where x denotes the number of fluorine on the terephthalate ligands (xFBDC?"; x = 0, 1, and 2),?
was chosen as the host materials (tmBDC”: tetramethylterephthalate, DABCO: 1,4-
diazabicyclo[2.2.2]octane). We introduced a certain amount of 1-ethyl-3-methylimidazolium
bis(trifluoromethanesulfonyl)amide ((EMI)(TFSA)), which is one of the most widely used
fluorinated ILs in electrochemical applications, as the guest materials largely because of its excellent
electrochemical and thermal stability. Electrochemical impedance measurements revealed that
(EMI)(TFSA)-encapsulated DMOF-2F (hereafter IL@DMOF-2F) exhibits the highest ionic
conductivity, which is explained in terms of the suppressed C—H:-‘F interactions based on
vibrational and computational studies. The present work would provide a new strategy for

developing and understanding the ionic conducting hybrid materials.

(a) Non-fluorous channel channel
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1) A. Fujie et al., Coord. Chem. Rev. 2016, 307, 382-390.; 2) Y. Yoshida et al., ACS Sustainable
Chem. Eng. 2019, 7,70-81.; 3) T. Di et al., Chem. Sci. 2024, 15, 9641-9648.
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Synthesis of octanuclear molybdenum polyoxometalates without two oxygen atoms and their
heterometallic multinucleation ('Faculty of Engineering, Gifu University, >Graduate School of
Natural Science and Technology, Gifu University) O Junya Kawamura,'! Takayuki Oda,’
Kazuhiro Uemura'

Previously, we have reported mixed-valence assemblies by mixing octanuclear, Keggin-
typed, or Dawson-typed polyoxometalate with tetranuclear platinum complex. In this study, we
have succeeded in synthesizing octanuclear molybdenum polyoxometalates coordinated by
imidazole at two sites, demonstrating their properties and multinucleation with other metal
complexes.

Keywords : Polyoxometalate; Mixed-valence;, Multinuclear complex
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1) K. Uemura, M. Oshika, H. Hasegawa, A. Takamori, M Sato, Angew. Chem. Int. Ed., 2024, 63,
€202407743.
2) A. P. Ginsberg, Inorg Synth., vol.27.
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Crystal structural transformation and electrical conductivity of two-dimensional
polyoxometalate assemblies with mixed valency (‘Faculty of Engineering, Gifu University,
2Gradu(,ztze School of Natural Science and Technology, Gifu University) OKazuhiro Uemura,'
Yuma Ito

Two-dimensional polyoxometalate assemblies with mixed valency, consisting of Keggin-
type molybdate and tetranuclear platinum complexes, show crystal structural transformation
around 150 K, where each complex is displaced in the lattice planes, as confirmed by single-
crystal X-ray analysis. Based on ESR and conductivity measurements, the behavior of unpaired
electrons associated with this transformation will be discussed.

Keywords : Polyoxometalate; Two-dimensional;, Mixed-valence; Multinuclear complex
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1) K. Uemura, M. Oshika, H. Hasegawa, A. Takamori, M Sato, Angew. Chem. Int. Ed., 2024, 63,
€202407743.
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Changes in Thermal Conduction Properties of Pillared-layer Type MOF upon Guest Molecule
Adsorption ('School of Engineering, Nagoya University, *Graduate School of Engineering,
Nagoya University) OShuma Honda,' Junichi Usuba,? Jenny Pirillo,> Liyuan Qu,” Shinpei
Kusaka,? Yuh Hijikata,? Hiroaki Iguchi,? Ryotaro Matsuda®

Metal-organic frameworks (MOFs) are porous materials formed by the self-assembly of metal
ions and organic ligands, and MOFs are expected to be used for gas storage and gas separation
due to their high specific surface areas. Because gas adsorption is an exothermic process, MOFs
have a problem that the adsorption efficiency decreases due to the temperature rise caused by
the generation of adsorption heat. Therefore, it is important to release the adsorption heat via
the thermal conduction for efficient gas adsorption. However, the thermal conduction property
of MOF, especially during the adsorption process, has not yet been clarified.

In this study, we focused on thermal diffusivity, an indicators of temperature transfer. We
prepared pellets of pillared-layer MOFs with one-dimensional pores and investigated the effect
of the adsorbed amount of gas molecules on the thermal conducting properties by measuring
the change in thermal diffusivity under various gas atmospheres.

Keywords : MOF, Gas adsorption, Thermal conductivity, Thermal diffusivity
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Redox Property and Photo-responsivity of Bis(imido)molybdenum Complexes Having Redox-
active Ligands ('School of Engineering Science, Osaka University, *Graduate School of
Engineering Science, Osaka University, *Graduate School of Engineering, Osaka University)
OEitaro Ueda,' Tetsuro Kusamoto,? Hayato Tsurugi®

An imido ligand possesses electron-donating character, and its one-electron oxidized form, an
imidyl radical, shows high activity for hydrogen atom abstraction from organic substrates. We
herein report on the synthesis, redox properties, and photo-responsivities of bis(imido)molybdenum
complexes 1 and 2 having redox-active ligands. DFT calculations of 1 clarifies that the HOMO is
assignable to the imido ligand while the LUMO is derived from the a-diimine ligand, suggesting
that visible light excitation induces the intramolecular charge transfer between the two ligands. The
LUMO of 2 is attributed to the molybdenum center, which corresponds to the different redox
potentials of the supporting ligand. We examined redox reactions of 1 by chemical reduction and
oxidation using Cp*;Co and WClg, giving o-diimine radical and imidyl radical complexes.
Reactivities of 1 and 2 under visible light irradiation are also presented.

Keywords: [mido Ligand; Redox-active Ligand; One-electron Oxidation; Hydrogen
Abstraction Reaction; Photo-responsivity
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1) Tsurugi, H.; Mashima, K.; Arnold, J.; Tonks I. A. et al. Coord. Chem. Rev. 2020, 407,213118.
2) Hursthouse, M. B. et al. J. Chem. Soc. Dalton Trans. 1995, 937-950.
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Photocatalytic Ammonia Production from Dinitrogen and Dihydrogen (Graduate School of
Engineering, The University of Tokyo) O Qiubo Wang, Yasuomi Yamazaki, Yoshiaki
Nishibayashi

Ammonia is an important chemical for industrial activities and a next-generation energy
carrier for a carbon-neutral society. Currently, ammonia is produced from dinitrogen and
dihydrogen using the Harber-Bosch process, which is the most atom-economical synthetic
process. However, the Harber-Bosch process consumes a large amount of energy; therefore,
new environmentally friendly methods for ammonia production from dinitrogen and
dihydrogen that can proceed under mild reaction conditions by utilizing renewable energy
(typically solar energy) have been desired.

To achieve visible-light-driven ammonia formation from dinitrogen and dihydrogen under
ambient reaction conditions, we have envisaged a combination system, which is constructed
with a molybdenum complex as an ammonia formation catalyst,' a diruthenium complex as a
dihydrogen oxidation catalyst,” and an iridium complex as a redox photosensitizer. The
photoreaction with the three complexes as catalysts afforded 1.3 equivalents of ammonia based
on the molybdenum complex, which was slightly larger than the stoichiometric amount.
Keywords : Ammonia; Nitrogen Fixation, Photocatalytic Reaction, Dihydrogen
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Scheme 1 Cat. Mo (2.5 pmol) 5 ot
Cat. Ru (1 ymol) : _)§& @,\m
Cat. Ir (10 pmol) )NJ Ru‘s_R
Cat. [LutH]OTf (25 pmol) @ °\| Ph/ N ]
12N, + 3/2H, NH,
THE (5 mL), 1, 24 h (3.2 umol) Mo Ru

(0.25atm) (0.75atm) "V (>400nm) 1.3 equiv./Mo

1) Ashida, Y.; Arashiba, K.; Nakajima, K.; Nishibayashi, Y. Nature 2019, 568, 536-540.

2) Yuki, M.; Sakata, K.; Hirao, Y.; Nonoyama, N.; Nakajima, K.; Nishibayashi, Y. J. Am. Chem. Soc.
2015, 137,4173-4182.
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Preparation of Molybdenum Complexes Bearing PCP-type Pincer Ligands with Pyridinium
Groups and their Catalytic Activities toward Nitrogen Fixation (Graduate School of
Engineering, The University of Tokyo) Olbuki Aizu, Shun Suginome, Yoshiaki Nishibayashi
Ammonia is an essential compound as a raw material for fertilizers and pharmaceuticals.
Ammonia is currently synthesized by the Haber-Bosch process, where nitrogen gas reacts with
hydrogen gas under harsh conditions. The issues with this process are its huge energy
consumption and significant CO, emissions during the production of hydrogen gas. Against
this background, molecular catalysts have attracted attention to enable ammonia synthesis
using reductants and proton sources instead of hydrogen gas under extremely mild conditions.
We previously found that molybdenum complexes bearing pincer-type ligands worked as
highly active catalysts for nitrogen fixation under ambient reaction conditions."” Based on the
significant improvement of the catalytic activity upon the introduction of electron-withdrawing
groups to the pincer ligands,” we have newly designed and prepared molybdenum complexes
bearing PCP-type pincer ligands with protonated and methylated pyridine (pyridinium) groups.
In the presentation, we will report on the catalytic ammonia synthesis by using these complexes
as catalysts in detail.
Keywords : nitrogen fixation, ammonia,; pincer ligand; ionic group
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1) A. Eizawa, K. Arashiba, H. Tanaka, S. Kuriyama, Y. Matsuo, K. Nakajima, K. Yoshizawa, Y.
Nishibayashi, Nat. Commun. 2017, 8, 14874. 2) Y. Ashida, T. Mizushima, K. Arashiba, A. Egi, H. Tanaka,
K. Yoshizawa, Y. Nishibayashi, Nat. Synth. 2023, 2, 635.
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Catalytic Synthesis of Amide from Dinitrogen and Ketene (Graduate School of Engineering, The
University of Tokyo) (OTomoyuki MIYAZAKI, Shun SUGINOME, Y oshiaki NISHIBAY ASHI

It is desired to develop direct and catalytic conversion of dinitrogen into organonitrogen
compounds under mild conditions. Our group previously reported the catalytic formation of
cyanate anion from dinitrogen in the presence of a catalytic amount of molybdenum-nitride
complex 1." As an extensive study, we have investigated the reactivity of complex 1 in more detail
for further development of catalytic reactions to produce organonitrogen compounds from
dinitrogen. As a result, we found that the reaction of nitride complex 1 with diphenylketene as a
carbon-centered electrophile in the presence of a reductant and proton source afforded the
corresponding molybdenum—amidate complex [2a]” accompanied by the nitrogen—carbon bond
formation. On the other hand, N-methylamidate complex [2b]" as an analogue of [2a]" was
formed by using methylating reagent instead of proton source through twofold nitrogen—carbon
bond formation on the nitride ligand. Based on the above stoichiometric reactions, we developed
the catalytic reaction of dinitrogen (1 atm) with diphenylketene, reductant, and proton source in
the presence of complex 1 at room temperature to afford 12 equiv of the corresponding primary
amide based on the molybdenum atom.

Keywords : molybdenum;, nitride complex; organonitrogen compound,; acylimide complex; amide
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(1) Itabashi, T.; Arashiba, K.; Egi, A.; Tanaka, H.; Sugiyama, K.; Suginome, S.; Kuriyama, S.;
Yoshizawa, K.; Nishibayashi, Y. Nat. Commun. 2022, 13, 6161.
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Photocatalytic synthesis of phosphorothioate derivatives by hexamolybdate-based catalysts:
Substrate scope and mechanism (Graduate School of Science, Tohoku University)

(OMasaki Kajiwara, Koichi Nagata, Hisako Hashimoto

In recent years, visible-light-driven molecular conversion reactions have attracted intensive
attention due to sustainability requirement. Polyoxometalates, anionic metal oxides, can be used as
photocatalysts and their reactivity is known to depend on the constituent-derived HOMO-LUMO
levels and electronic states. Hexamolybdate ([MosO19]>") can act as a photocatalyst in synthesizing
phosphorothioate derivatives, important building blocks in medicinal agricultural and biological
chemistryl!l. In our previous work, we found that imidization and introduction of a photosensitizer
into a countercation significantly enhanced the photocatalytic activity of hexamolybdates!?!. In this
study, we further investigated the substrate scope of photocatalytic synthesis of phosphorothioate
derivatives by a photosensitizing agent-hexamolybdate [MosO19]>~ complex 1. The reaction
mechanism will be discussed in detail.

Keywords: Polyoxometalate; Photocatalysis;, Hexamolybdate; Dehydrogenative coupling
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Fig. 1 Photocatalytic synthesis of phosphorothioate derivatives with complex 1.

[1] X. Zhang, ACS Catal. 2023, 13, 14965.
[2] M. Kajiwara, K. Nagata, H. Hashimoto, The Japan Society of Coordination Chemistry 74" Annual Symposium, 2024, 3Fb-14.
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