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Ton-Conductive Property of a Metal-Organic Framework Including Tetravalent Tons (' Tokyo
University of Science) OMitsuki Kabaya,' Masaaki Sadakiyo'

Metal-organic frameworks (MOFs) are porous solids constructed through self-assembly of
metal ions and organic ligands, and have attracted much attention as a new class of solid-state
ion conductors. Although ionic conduction of tetravalent metal ion is expected to be impossible
in solid at room temperature, we tried to explore the possibility of creation of novel tetravalent
ion conductors using MOFs as the ion-conductive pathways. In this study, we selected haftnium
(IV) triflate Hf(OTf)4 as the ionic carriers and MOF-808 as the mother framework. We
synthesized MOF-808> {Hf(OTf)4}« and characterized the prepared samples by X-ray powder
diffraction, nitrogen adsorption isotherms measurements and ICP-AES measurements. The
ionic conductivity of MOF-808> {Hf(OTf)4}x was also evaluated through alternating current
impedance method under dry nitrogen or the presence of guest vapors.

Keywords : Metal-organic framework, Tetravalent ions; lonic conductor
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1) N. Imanaka, et al., Chem. Mater. 2002, 14,4481-4483.

2) H. Furukawa, et al., J. Am. Chem. Soc. 2014, 136, 4369-4381.
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Synthesis and Ionic Conductivity of a Crystalline Anionic Metal-Organic Framework
Including Magnesium Ions ('Tokyo University of Science) O Shintaro Niwa,! Masaaki
Sadakiyo'

Porous metal-organic frameworks (MOFs) have been developed as ionic conductors because
of their pores which act as ion-conducting pathways. We have focused on creating magnesium
ion (Mg?")-conductive MOFs which are expected to be applied for next generation secondary
batteries. We reported a Mg?*-conductive anionic MOF, MOF-688-Mg, which was prepared by
introduction of Mg?" as a counter cation into its pores through ion exchange. However, MOF-
688-Mg has low crystallinity. In this study, we selected a robust anionic MOF, SU-102, as the
mother framework and synthesized a Mg?*-containing MOF with high crystallinity (SU-102-
Mg). It showed high ionic conductivity of around 107 S cm™ at room temperature.

Keywords : Metal-organic framework, Magnesium ion; lonic conductor
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1) S. Niwa, M. Sadakiyo, Dalton Trans. 2022, 51, 12037-12040.

2) E.S. Grape, A. K. Inge, et al., Nat. Water. 2023, 1,433-442.
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Synthesis of Hydrophobic Metal-Organic Frameworks for Proton
Conduction

(‘Graduate School of Science, Kyoto University) O Tuo Di,! Yukihiro Yoshida,! Hiroshi
Kitagawa'
Keywords: Metal-organic framework; Proton conduction; Hydrophobic framework

Whereas proton conduction in hydrophilic environment has been thoroughly investigated
in past years, the effect of hydrophobicity on proton conduction remains obscure. A recent
paper demonstrated that, although stable water clusters cannot be formed in hydrophobic
channels, the hydrophobic channels can facilitate the fast diffusion of water by a virtue of
unique arrangements under hydrophobic interactions.! In this study, a series of isoreticular
metal-organic frameworks (MOFs), Zny(BDC-F,)(tmBDC)(DABCO) (BDC?": terephthalate;
tmBDC?: tetramethylterephthalate; DABCO: 1,4-diazabicyclo[2.2.2]octane) coined as
DMOF-0F (x =0), DMOF-1F (x = 1), and DMOF-2F (x = 2) with 1D square channels having
different hydrophilicity/hydrophobicity, were synthesized to clarify the correlation between
proton conduction behavior and hydrophobicity.

Three above-mentioned MOFs, which were prepared by a solvothermal method, have
isomorphous structures. The 2D square grids were constructed by bridging Zn dimers with bis-
bidentate 2-fluoro-BDC ligands in a square-planar geometry in the ab plane. The paddlewheel
units are connected by nitrogen atoms of DABCO molecules along the c-axis, thereby
expanding to the 3D network structure (Figure la). Different hydrophobic channels while
keeping the channel structure unchanged can be acquired by varying the number of F atoms on
the ligands. It is possible that the structural features lead to a different water network manner
from those of reported MOFs. Water vapor sorption measurements showed a gradual decrease
in water uptake with the increase in the number of F atoms on the ligands (Figure 1b), which
is an increase in framework hydrophobicity. In relation, the MOFs with a higher number of F
atoms showed a lower proton conductivity under a given temperature and relative humidity
(Figure Ic).

a b c 4
! 5400 —+—|——DMOF-0F . >x10 - * DMOF-0F
320{—~/—— DMOF-IF} . .+ DMOF-1F
/ DMOF-2F/! ¢ |g 4 . DMOF-2F
240 g4 9310 T
$ o8 F‘.‘ 3x10° .
160— j :“ ZX1 04 .. 2x10° |+ L
@ 2n 80‘ ‘;) ,,"j -. / """" —~
: g 0k .,w?wv-u-!,:-ﬁt‘?ﬂ:"" 0 y ’ 0 Zxﬂl" 3x10° 5x10°
@ N 0.0 0.1 0.2 0.3 04 0. 0 2x10* 3x10* 5x10*
@ F PIP, Z'IMQ

Figure 1. (a) Framework structure of DMOF-1F, where hydrogen atoms are omitted for clarity. (b) Water
vapor sorption isotherms of three MOFs. (¢) Nyquist plots of three MOFs at 45 °C and 50% RH.
1) Y. Itoh et al., Science 2022, 376, 738.
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Synthesis and Proton Conductivity of Paddlewheel-Type Dinuclear
Platinum(IIT) Complexes

(‘Graduate School of Science, Kyoto University) oPenghao Wang,' Yukihiro Yoshida,' Hiroshi
Kitagawa'
Keywords: Platinum complex, Dimer structure, Proton conductivity

Pt-based paddlewheel unit is well known by its potential to have various valence
state of Pt ions. If basic ligands that can serve as a proton hopping site coordinate to the
Pt ions, the change in the valence state possibly affects the basic ability of the ligands
to control the proton migration in the solid. In this study, the paddlewheel-type Pt(III)
complex anion with squarate (sq*") ligands (pKa2 of Hasq: 3.5; Fig. 1a) was combined
with a protonated 1,2,4-triazolium (Htrz) cation (pK. = 2.5) as a proton source;
(Htrz)2[Pt2(sq)4(trz)2]-2H20 (1) and (BusN)2[Pta(sq)4(trz)2]-3H20 (2). Single-crystal X-
ray structure analyses revealed that both complexes involved paddlewheel-type Pt
dimer units, in which the valence state of Pt ions was estimated to be +3 based on XPS
analyses. Proton conductivity of 1 under a certain condition was significantly higher
than that of 2 because of the continuous hydrogen bond pathway including the Htrz
cations (Fig. 1b); for example, 6=1.00 x 10* S cm™ for 1 and 8.53 x 10* S cm™! for
2 at 25 °C and 98% RH. This result indicates that the protonated triazolium cation has
a great ability to form an infinite hydrogen bond pathway for enhancing the proton
conductivity. The proton conductivity of 1 under 98% RH is more than 5 orders
magnitude higher than that under 30% RH at 25 °C, while the corresponding increase
of 2 is only about 10? times. Although there is a large difference in proton conductivity,
both showed comparable activation energies under 98% RH (E.= 0.64 eV for 1 and
0.61 eV for 2). The high E. values may be associated with the possible inclusion of
proton tautomeric process in the proton migration.

(a) ‘ (b)

181A o x
H,0 }g

Figure 1. (a) Pt-based paddlewheel structure of 1. (b) Hydrogen bond pathway composed of
squarate, triazole, water, and triazolium cations in 1. Atoms color: C, gray; H, white; N, blue; O,
red; Pt, cyan. The green and blue dotted lines represent O...O and O...N hydrogen bonds.
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Crystal and electronic structures of platinum and rhodium dinuclear complexes containing
different halide ions (‘Faculty of Engineering, Gifu University) OKazuhiro Uemura'

[PtRhX;3(en)(piam),] (X = CI7, Br, or I', en = ethylenediamine, piam = pivalamidate) has
dinuclear structure where platinum and rhodium atoms are bridged by two piam ligands, and
rhodium is axially and equatorially coordinated by three halide ions. Single-crystal X-ray
analyses revealed that Pt—Rh and Rh—X distances in I coordinated complex are longer than
those in C1™ coordinated one. The electronic structures will also be shown, discussing the crystal
structures, DFT calculations, absorption spectra, and cyclic voltammetry.

Keywords : Dinuclear complex; Hetero-metal; Electronic structure; Electrolytic spectra
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1) Eur. J. Inorg. Chem., 2007, 809. 2) Chem. Eur. J., 2023, 29, ¢202204057.
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Structures and Electronic Properties of Paddlewheel-type Dinuclear Complexes with 2-
Pyrenecarboxylate Bridging Ligands (Graduate School of Enginneering, Nagoya University)
(ORen Takaki, Jenny Pirillo, Liyuan Qu, Shinpei Kusaka, Yuh Hijikata, Hiroaki Iguchi, Ryotaro
Matsuda

The redox properties of dinuclear ruthenium and rhodium complexes have been widely
studied. In addition, some dinuclear rhodium complexes with r-conjugated planar ligands have
been known to form porous frameworks in the solid state by stacking interactions between the
ligands. In this study, we synthesized dinuclear ruthenium and rhodium complexes bridged by
2-pyrenecarboxylate ligands as large m-conjugated planar moieties. Although the Ruthenium
complexes were in the Ru(ILII) oxidation state, where the 6* orbital is doubly occupied, the
larger the stacking interaction, the higher the electrical conductivity was. This result suggests
that a 6-m conjugation affects the electrical conductivity.

Keywords : Paddle-wheel type complex,; Electrical conductivity; n-Stacking, Ruthenium
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1) S. Masaoka et al, CrystEngComm, 2013, 15, 6122
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Synthesis and Characterization of Two-Dimensional Semiconductive Coordination Polymers
with Silver—Sulfur Network and Hydrophilic Chains ('School of Science, Kwansei Gakuin
University, >Graduate School of Engineering, Osaka University, *Institute for Protein Research,
Osaka University) O Satori Fukuta,! Ryohei Akiyoshi,! Akinori Saeki,”> Takanori Nakane,’
Akihiro Kawamoto,® Genji Kurisu,® Tanaka Daisuke,’

Sulfur-coordinated coordination polymers (S-CPs) have attracted much attention due to their
high charge mobility arising from (—-M—S-), network. However, typical S-CPs featured a rigid
structures with hydrophobicity, thereby restricting processability and application range. In this
study, we report semiconductive Ag(I) coordination polymers [Ag(MEE)], and [Ag(MEEE)],
(MEE = 2-(2-mercaptoethoxy)ethanol, MEEE = 2-[2-(2-mercaptoethoxy)ethoxy]ethanol) with
both inorganic (—Ag—S-), structures and hydrophilic chains. The obtained compounds
exhibited photoconductivity originating from the inorganic (—Ag—S-), network and water
dispersibility derived from the hydrophilic side chains.

Keywords : Coordination Polymer; Semiconductive Property;, Ag
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Synthesis of Semiconductive Coordination Polymers with Lead(Il)-Sulfur Network and
Substituent Effect ('School of Science, Kwansei Gakuin University, *Graduate School of
Enginelering, Osaka University) OMiyu Inoue,' Ryohei Akiyoshi,! Akinori Saeki,” Daisuke
Tanaka

Sulfur-coordinated coordination polymers (S-CPs) with (-M—S-),, network have attracted
much attention because of their unique optoelectronic properties. In these systems, the
dimensionality of inorganic (—-M—S-), moieties have a significant influence on the resulting
semiconductive properties. In this study, we demonstrated the engineering of (-Pb-S-),
dimensionality in Pb(Il) S-CPs [Pb(p-SPhX),], (HSPh = benzenethiol, X = F, CI, Br, I) by
changing the halogen substituent species employed on HSPh ligands. Among the
systematically synthesized Pb(II) S-CPs, KGF-70 comprising HSPhI ligand exhibit the
formation of a two-dimensional architecture with a large band dispersion.

Keywords : Coordination Polymer; Lead,; Semiconductive Property; Crystal Engineering
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1) Y. Kamakura, D. Tanaka, Chem. Lett. 2021, 50, 523.
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Conductance Measurements of Platinum Complex-Based Stacked Junctions (Lab. for

Chem. & Life Sci. and Sch. Sci., Tokyo Tech, SANKEN, Osaka Univ., Grad. Sch. of

Eng., Nagoya Univ.) OYuya Tanaka, Kanji Homma, Satoshi Kaneko, Yuki Komoto,
Tatsuhiko Ohto, Tomoaki Nishino, Michito Yoshizawa

In this study, we report electrical conductance measurements of a novel square-planar
platinum(ll) complex featuring a thioether group. Two distinct conductance peaks,
corresponding to high- and low-conducting states, were observed in the STM-BJ
measurements. Flicker noise and machine learning analysis suggested that the high-
conductance state is mediated through two molecules, and the transition between
high- and low-conductance states occurs in a continuous stretching process. DFT-
NEGF calculations indicated that the high conductance state arises from the stacking
arrangement with Pte<+Pt interaction.

Keywords: platinum complex, stacking, conductance, STM break junction, Ptes-Pt
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Photocatalytic characterization of sulfur-containing semiconducting coordination polymers for
water-splitting hydrogen evolution (Kwansei Gakuin University) O Ayane Nishigaki, Ryohei
Akiyoshi, Daisuke Tanaka.

Recently, photocatalysts for water splitting have attracted attention as environment-friendly
methods of hydrogen production. Coordination polymers (CPs) are crystalline materials
comprising an assembly of metal ions or clusters linked by organic ligands. In particular,
coordination polymers containing a sulfur coordination atom (S-CPs) are promising candidate
as photocatalyst because of their narrow band gap and high carrier mobility. In this study, we
report the synthesis of three-dimensional Pb(Il) S-CPs [PbBr(SPhNH>)], (HSPhNH, = 4-
aminothiophenol) composed of both (-Pb—Br-), and (—Pb—S-), chains, and its semiconductor
and photocatalytic properties for water splitting were evaluated.

Keywords : Coordination Polymer; Semiconductive Property, Photocatalyst; Lead
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T ZARAE T 5 e & U O
BT DI Enbnol,

(&% k]
1) Y. Kamakura, D.Tanaka, Chem. Lett., 2021, 50, 523.
2) Y. Kamakura et al., J. Am. Chem. Soc., 2020, 142, 27.
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Gas Adsorption Properties of Porous Molecular Conductor with Three-Dimensional Coordination
Network (Graduate School of Engineering, Nagoya University) O Umi Oka, Jenny Pirillo,
Liyuan Qu, Shinpei Kusaka, Yuh Hijikata, Hiroaki Iguchi, Ryotaro Matsuda

Porous molecular conductors (PMCs) are a group of materials that combine the characteristics
of metal-organic frameworks (MOFs) and molecular conductors, formed by the self-assembly of
metal ions and partially reduced organic ligands. PMCs reported so far form porous structures,
which are stabilized only by m-stacking interactions between low-dimensional backbones. Thus,
they changed to nonporous structures after the activation, and their pores have not been utilized.
Recently, we developed a PMC that has a three-dimensional framework by introducing pillars
between low-dimensional backbones to prevent the collapse of pores in the activation process. In
this PMC (PMC-3D-1), sulfate ions and Zn*" ions forms ladder-type pillar in a three-dimensional
framework, which does not change to a nonporous structure like conventional PMC in the
activation process. However, the adsorption property of PMC-3D-1 has not been studied because
of the difficulty in synthesizing large amount of samples in a pure phase.

In this study, we optimized the synthetic condition to obtain the PMC-3D-1 without impurities
and measured adsorption isotherms under several gases to confirm that the pores are actually
available. Hydrogen, carbon dioxide, nitrogen, and oxygen were selected and their adsorption
properties were evaluated. As a result, we found that hydrogen and carbon dioxide gases were
adsorbed/desorbed, indicating that the pores can be utilized.

Keywords : Naphthalenediimide (NDI); MOF; Molecular conductor; Adsorption properties;
Electrical conductivity
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1) K. Hirakawa, H. Iguchi et al., #5/A7L 57 /an= 2022, 1PA-79.
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Synthesis and Electrochromic Properties of Coordination-Polymer Thin Films Prepared from Trinuclear
Ruthenium Clusters and Pyrazine Derivatives (! Graduate School of Science, University of Hyogo) O
Takanori Hoshio!, Naoki Shimomoto', Yoshiki Ozawa!, Masaaki Abe!

We have previously found that an oxo-centered triruthenium (Rus) cluster with terminal
pyrazine (pz) ligands is an excellent monomer for spontaneous formation of redox-active
coordination-polymer films which exhibit reversible multistep redox processes and multistate
electrochromic (EC) response. In this study, a range of pyrazine derivatives have been
introduced into the Rus cluster core to study ligand effects on film formation processes, solid-
state characteristics, and tuning ability under electrochemical conditions. Herein we report a
new coordination-polymer film with 2,5-dimethylpyrazine (2,5-Mexpz), providing higher -
donating ability and higher n* orbital energy than pz. The film was prepared by immersing
an ITO-modified glass substrate into an acetonic solution containing monomer precursor 1
and 2,5-Me,pz under refluxing conditions. The pz-based Rus film gives a mixed-valence
(+2,+2,+3) film in air and exhibit an IVCT band in the NIR region (Fig. 2, solid line). As a
result of electronic effect of 2,5-Meapz, the new 2,5-Me,pz-based Rus film is stabilized at
one-electron-oxidized (+3,+3,+3) level, showing notable decrease in the NIR band with
appearance of a new band in the visible region (Fig. 2, broken line).

Keywords: Ruthenium, Trinuclear complexes, Thin film, Pyrazine derivatives, Redox property
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Synthesis and Phase Transition of Two-Dimensional Lead(Il) Coordination Polymers with
Long Alkyl Chain (‘Kwansei Gakuin University , *Osaka University) OShunya Takamura,'
Ryohei Akiyoshi,' Saeki Akiknori ,* Daisuke Tanaka®

Semiconductive materials based on pure inorganic materials are well known to exhibit highly
charge mobility. However, typical inorganic materials featured rigid and brittle structures, thus
restricting application range and process. In this study, we aimed to fabricate semiconductive
materials with both high charge mobility and flexible structure by synthesizing sulfur-
coordinated coordination polymers (S-CPs) with inorganic (—M—S-), structures and long alkyl
chain substituents. Specifically, we synthesized two-dimensional lead(Il) S-CPs with a
formular of [Pb(SPhOC,)] (HSPhOC, = alkoxybenzenethiol), and evaluated their
semiconductive properties and phase transition behavior.

Keywords : Coordination Polymer; Lead; Semiconductive Property ; Phase Transition
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Thermal Conductivity of Nanoporous Metal Complexes Showing Crystal-to-Amorphous
Transition (*School of Engineering, Nagoya University - *Graduate School of Engineering,
Nagoya University) OMotoki Yoshimura,* Pirillo Jenny,” Qu Liyuan,? Shinpei Kusaka,? Yuh
Hijikata,? Hiroaki Iguchi,? Ryotaro Matsuda?

In recent years, efficient heat dissipation from instruments and utilization of waste heat have
been increasingly demanded, and thermal management materials that enable advanced heat
flow control have attracted much attention. In particular, "thermal switches" that can switch
thermal conductivity in response to external stimuli have been widely studied. Phase changes
such as reversible 3D to 2D structure transitions and magnetic phase transitions have been used
as the source mechanisms of thermal switches. However, thermal conductivity changes of
current thermal switch materials are several tens of times under extreme conditions and only a
few times under mild conditions. Thus, the development of materials that can produce larger
thermal conductivity changes is desired. In this study, we focused on the crystal-amorphous
transition of nanoporous metal complexes (NMC), which are porous materials obtained by the
self-assembly of metal ions and organic ligands. Some NMCs exhibit a reversible crystal-
amorphous transition, in which the crystallinity changes by guest molecule adsorption and
desorption. As the thermal conductivity changes by several hundred times between crystalline
and amorphous states for some materials, such NMCs are expected to exhibit much higher
thermal switching properties than conventional materials. In fact, we investigated the thermal
conductivity of NMC in both crystalline and amorphous states.

Keywords : Nanoporous metal complex; Metal-organic framework; Thermal conductivity,
Amorphous, Crystal

T, BEERDI T D ED N D R UWESS, BEEV\O A VR O LBV S £ - TF
0. BRHE OB ELE FRRICT 2B~ 2 U A > MR ER 2O TV D, FRITH
RIS E L CTAMRERLZ YV 2 52D TEX D “BAx g v F” NELHFEESH
TW5, ZHET, A7 3D #iE-2D G -CR SRR 72 & OF (LN EAVA A
FOERENRE LTHWSEN T2, L2 L, BFERE SN TWBEER A v FMED
BURER O ILEIS 1H, W22 B WD I EBRE , FReon Rtz BV Tk
BUEREICE EF-TEY , LD KRERBUZEROE( &2 A HE DB OB N E F
TS, AR TIE, KEREGEROBNIG SN AHERE LT/ R—F
A BEEERNMC)DFEGE-T E/V T 7 AEBIZE H Lz, NMC 1388 A 4 & AH%AL
MNFOHCESIZEVELNDZHMEMEITH D, —HD NMC IIHEENIZZ A Ry
TORHAY T HEICHRESMENZL L, rfiZeilih-T 7 7 R 2 RT 2 LA
HILTWD, fEfmE 7TE/LT 7 AT, ARG OBYRERDOELD 2 LI DM ELO L
ENRESINTEY, 20X 57 NMC TIHUERME X D IZ 2 DTE WA A v FH
MRS LW TE D, &2 TEBICNMC Ofisikie: 717 7 2RO ZFNE
AU B TEME R 2 5 <7,

© The Chemical Society of Japan -F1234-2pm-14 -



F1234-2pm-15 BALEA H104EFES (2024)

— R —lHBHRELMLE D FDERE N T A KFE

(BIPERER - 2BoRBE L) OAdb®y =% - RS sof ' - efl B 2 - &)1 st
A R

Synthesis and Glassy Properties of One-Dimensional Copper(I) Semiconductive Coordination
Polymers (Kwansei Gakuin University, Osaka University) O Kanaha Kitano," Ryohei
Akiyoshi,' Akinori Saeki,” Hirofumi Yoshikawa,' Daisuke Tanaka'

Recently, coordination polymer glasses with amorphous structures have attracted much
attention. However, most of them have been studied mainly for their proton conductivity,
luminescence, and adsorption properties, and the coordination polymer glasses that exhibit
semiconductive and conductive properties are extremely limited. In this study, we aimed to
fabricate glassy materials based on sulfur-coordinated coordination polymers which are
expected to exhibit excellent semiconductive properties.

Keywords : Glass; Coordination Polymer,; Semiconductive Property; Copper
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1) Y. Kamakura, D.Tanaka, Chem. Lett. 2021, 50, 523.
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