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Anion-exchangeable defective UiO-66 and UiO-66-NH: for nitrate
separation from water

(*Graduate School of Environmental Science, Hokkaido University, *Faculty of
Environmental Earth Science, Hokkaido University) O Aditya Irfan Witono,' Xin Zheng,'*
Shin-ichiro Noro,?

Keywords: Metal-organic framework; Nitrate removal; Defective UiO-66

Nitrate anion is a potential water pollutant because it can harm human health and the
environment. Therefore, removing the nitrate anion from water is necessary, and physical
separation methods are frequently used due to their simplicity. Metal-organic frameworks
(MOFs) are hybrid organic-inorganic polymers with high porosity and structural tunability,
which attract much attention for contaminant separation. Recently, we found
anion-exchangeable defective Zr-based MOFs, [ZrsO4(OH)4(1,4-benzenedicarboxylate)s]
(Ui0-66) and [ZrsO4(OH)4(2-amino-1,4-benzenedicarboxylate)s] (UiO-66-NH), with
higher nitrate removal capacities and faster nitrate removal rates than a commercially
available anion-exchange resin. This study investigates the practical application of
anion-exchangeable UiO-66 and UiO-66-NH..

The anion-exchangeable UiO-66 and UiO-66-NH, were synthesized via solid-state
synthesis,! resulting in the chloride-included defective structure. The maximum nitrate
removal capacities of UiO-66 and UiO-66-NH, were 1.16 and 1.97 mmol/g, respectively,
higher than that of the commercial anion exchange resin (1.03 mmol/g). The release of
chloride anions was found simultaneously with nitrate anion removal. Thus, the nitrate
removal mechanism was an anion exchange between the nitrate and chloride anion (Figure).
On the day, we will discuss the structures and the application of nitrate removal for these
MOFs.
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Figure. The nitrate removal by anion exchange in Cl-included defective UiO-66.

1) G, Ye, D., Zhang, X., Li, K., Leng, W., Zhang, J., Ma, Y., Sun, W., Xu, S., Ma, ACS Appl. mater.
interfaces 2017, 9, 34937.
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Development of a New Structural Transformation Reaction with Cr-
based MOFs Induced by Fluoride

(Graduate School of Frontiers of Innovative Research in Science and Technology (FIRST),
Konan University) O Shintaro Tanaka, Takaaki Tsuruoka, Kensuke Akamatsu, Yohei
Takashima

Keywords: Metal-organic frameworks; Structural transformation; Fluoride

Metal-organic frameworks (MOFs), composed of metal ions and organic linkers, possess
well-defined structures with permanent porosity, high specific surface areas and notable
flexibility. These properties position MOFs as promising candidates for various applications.
A distinguishing feature of MOFs is their ability to form various structures using the same
metal ions and organic ligands and it is noteworthy that some MOFs could transform to other
MOFs. However, the transformable MOFs were still very few especially in the case of
kinetically inert MOFs, though they are promising for future sustainable applications. In this
work, we focused on kinetically inter Cr-based MOFs, MIL-101(Cr) and MIL-53(Cr) to
develop new structural transformation system. Both MOFs are composed of Cr*" ions and
terephthalate and have the same Cr**/terephthalate ratio, indicating that MIL-101(Cr) could be
completely consumed to form MIL-53(Cr). In addition, we used fluoride as an additive to
weaken the coordination bond between Cr** and terephthalate, inducting the structural
transformation reaction. (Figure a).

By heating MIL-101(Cr) in 60 mM CsF (aq), MIL-53(Cr) was successfully obtained.
From time-course TEM observations, the number of sphere-like MIL-101(Cr) crystals
decreased while the number of large cubic-like MIL-53(Cr) increased. Additionally, the size of
MIL-101(Cr) crystals has become gradually smaller as the transformation proceeded,
indicating that the nucleation reaction of MIL-53(Cr) initiated from partially eluted metal ions
and organic linkers (Figure b). These results suggest that the structural transformation reaction
proceeded through a partial dissolution-recrystallization process. In addition, XPS
measurements showed that the resulting MIL-53(Cr) has fewer defects than the one directly
synthesized from Cr*" ions and terephthalic acid, indicating that this transformation reaction is
useful to generate highly crystalline MIL-53(Cr).
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Figure. (2) Schematic of structural transformation from MIL-101(Cr) to MIL-53(Cr).
(b) TEM images of the samples obtained with 60 mM CsF (aq) over different reaction times.
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Atomistic simulation of magnetization motion for molecule-based
magnets from Landau-Lifshitz-Gilbert approach with thermal
fluctuations

(‘Graduate School of Science, The University of Tokyo, *National Institute for Materials
Science) O Kenta IMOTO', Masamichi NISHINO? Seiji MIYASHITA', Shin-ichi
OHKOSHI'

Keywords: simulating magnetic properties; molecule based magnet; stochastic LLG equation

Molecule-based magnets are extensively investigated due to their fascinating
functionalities such as pressure-induced phase transition and magnetic designability.' In the
present work, we performed spin dynamic simulations of 3-dimensional cyanido-bridged
molecule-based magnets using stochastic Landau-Lifshitz-Gilbert equation,

d Y aiy
EMi = —mMi X (H?ff + fl) —mMi X [Mi X (H?ff + fi)]a where Mi, Ai, Y, cf,-,

Mn'!

and HfT are magnetization, damping factor, s 52
( =

gyromagnetic constant, noise, and the effective field

calculated from the Hamiltonian, including magnetic .
Cr

interactions, single ion anisotropy, magnetic field.* (S=312)

Calculations of 3-dimensional cyanido-bridged
molecule-based magnets using the crystallographic
data and magnetic interactions of Ni—[Cr(CN)e]
ferromagnet and Mn—[Cr(CN)s] ferrimagnet for
125000 sites reproduced the experimental magnetic
phase transition temperatures of 90 K (Fig. 1).
Additionally, the magnetization vs temperature plot

for the unit cell at the corners, the sides, and the (i)...J @)

center showed that the magnetization was larger at

_—y
1

the center than the sides, and was larger at the sides
than the corners (Fig. 1b). The reason for the

Magnetization (ug)

(iii) corner
difference in magnetization can be explained by the N
difference in the number of superexchange pathways 0 50 100 150

T ture (K
from 6, 5, to 3 at center, surface, and corner, Fig 1. (a) Cryit”;‘f‘”zti[fc‘ufre used for

respectively. calculations.  (b)  Magnetization  vs
temperature of the unit cell at the corner, the
side, and the center.

1) S. Ohkoshi, K. Nakagawa, M. Yoshikiyo, A. Namai, K. Imoto, Y. Nagane, F. Jia, O. Stefanczyk, H.
Tokoro, J. Wang, T. Sugahara, K. Chiba, K. Motodohi, K. Isogai, K. Nishioka, T. Momiki, R. Hatano,
Nat. Commun., 2023, 14, 8466. 2) S. Ohkoshi, et al. Phys. Rev. B,1997, 56, 11642—11652. 3) S.Ohkoshi,
et al. Phys. Rev. Lett., 1999, 82, 1285-1288. 4) M.Nishino, S.Miyashita. Phys.Rev.B , 2015, 91, 134411.
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Optical and magnetic properties of cocrystal based on
octacyanidemetallates

(‘Graduate School of Science, The university of Tokyo) OTatsuya Konishi,! Kunal Kumar,!
Kazuki Nakamura,' Yuuki Mineo,' Koji Nakabayashi,' Shin-ichi Ohkoshi,'

Keywords: cyanide complex, antiferromagnetic ordering, near-infrared emission, nonlinear
optical effects

Many molecule-based magnetic materials have been reported due to high structural
controllability providing various structures and functionalities. Among them, cyanido-bridged
metal assemblies in which cyanidemetallates and transition/lanthanide metal ions are
connected via cyanides show versatile magnetic and optical properties such as
photomagnetism', and luminescence’. Nevertheless, the physical properties of the
cyanidemetallates themselves have received little attention. Herein, we report cocrystals
A3[MY(CN)s](glycine), AM(gly) (A= Cs, M =W, CsW(gly); A=Rb, M =W, RbW(gly); A=
Cs, M = Mo, CsMo(gly); A=Rb, M =Mo, RbMo(gly)) (a

. . . . glycine -
and discuss the optical and magnetic properties. 5

All cocrystals were isostructural, belonged to the
tetragonal space group of P4bm with spontaneous
polarization in the c-axis direction (Figure 1a). In the \
UV-vis spectra, CsW(gly) and CsMo(gly) showed broad L b
peaks at 484 nm and around 450 nm, respectively

. b
(Figure 1b). The peak around 485 nm corresponds to a 512)0- - = gz‘x‘(g'la
ligand-to-metal charge transfer (LMCT) transition. < — CsMo(gly)
S 075 RbMo(gly)

When irradiated with 470 nm light, CsW(gly) and
CsMo(gly) showed emission with a peak at 788 nm and
724 nm, respectively (Figure 1c). The Rb analogues also
showed similar absorption and emission spectra.
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Quantum chemical calculations revealed that these
emissions are from the 2LMCT state. Magnetization

measurements revealed that these cocrystals have a one-
dimensional antiferromagnetic chain of Heisenberg
spins due to the overlapping of the m-spin orbitals on the

Normalized intensity (a.u.)

cyano group of octacyanidemetallate. They showed

strong antiferromagnetic interactions among the

cyanidemetallate moieties along the c-axis. 600 V\zg\?elength (nm)800
1) K. Nakamura, S. Ohkoshi, et al., Inorg. Chem. Front. 2024, Figure 1 (a) Crystal structure of
]1, 2752 2) J RZepiela, S Ohkoshi, et al., Il’lO}"g. Chem Fl"O}’lt. CsW(gly) Viewed from the a_axis'

2024, 11 1366. (b) UV-vis spectra of AM(gly). (c)
Emission spectra of AM(gly).
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Syntheses, Crystal Structures, and Properties of One-Dimensional Assemblies Consisting of
Paddlewheel Dimolybdenum Complexes and Copper(I)-Halogenido Complexes (Graduate
School of Science and Engineering, University of Toyama) O Atsushi Takamori, Kiyoshi
Tsuge

Paddlewheel dimolybdenum complexes with bridging pyridine carboxylate are useful
metalloligand by their pyridine rings. Here, we prepared novel one-dimensional chain
complexes, consisting of paddlewheel dimolybdenum metalloligand and copper(I)-halogenido
complex unit {Cul»(PPhs),}, with —[Cuz]—[Moz]— alternating arrangement.

Keywords: One-dimensional Chain; Coordination Polymer,; Metalloligand,; Quadruple Bond

RNV A — NVRISEHRITER SRR DOE Y 2 — v & LTALFIHEN TS,
RiT, ZOMEE2 bO8KE LT, BV YU HILRUVBEBE Y 7T CEBE R
[Mox(4-pyca)s] (pyca = pyridine carboxylate) 23 iy S 4172 D, Z OBKESKIT=T N U T
VHIZEAL 7 )V —D Y P U EHEEZ S b, 5 RO R R IERE 3 2 SE AR
No-E720 25, RUFIETIL, 73 ROV A — VRIGEIREMT -2 R U728 LUWEERER
I % BERIZ, [Moa(n-pyca)s] (= [Mo2]) & {Cuala(PPhs),} (= [Cua]) DEEFEIRZ A A LT,

BEH 22512 [M02(0,CCHs)y] & BFIFEDO Y 0 I LR % THE T CIRE L.
[Mox(n-pyca)s] (n=3,4) =& L=, 24L& Cul, PPhy &, EHEH, DMSO FE 721
MeCN/DMSO B AEEE T TRAET 5 Z & T, FREAH & O [{Culy(PPhs),} {Mo,(3-
pyca)s(DMSO)} ], (1) & . W IR 4 &5 i @ [{Cuala(PPhs),} {Moa(4-pyca)s(DMSO),} ], *
2nMeCN ()% 157, Hiffidh X SAEEMT ORR., WInb., €Y 77 S EeskT
D4OOEY PUEFEDI L, b T U ANIINLET D 2 DD N DI Cu F0MZ
BfZ L. —[Cu]-[Moy]— & WA 7E—RTTHEHA TH DL Z b o7z (1), 1 & 20
— R ITEHF D Mo—Mo FEIEEEEIX 2.1218(11) A (DB LY, 2.1261(4) A ) TH V. HFE
& %k o 211934) A " S
([Mox(3-pyca)s]) . 2.1210(14), % ‘

2.1242(14) A ([Mox(4-pyca)s]) &
FER CHERECH -T2, A
EBIOMI G, 20
D—WILHET D Mo D& @
fb¥ui+2 Thv, 4 EEAE
RELTWD EEZILND,

1) FJ. Claire et al., J. Am. Chem. <
Soc. 2018, 140, 10673. 1. [{Cuala(PPhs)2} {Mox(4-pyca)s( DMSO)} | -

2nMeCN (2) D it i
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Self-expansion of MOFs to create uniformly cross-linked polymer
networks

(Graduate School of Engineering, The University of Tokyo) OYuto Osugi,! Ami Nishijima,'
Takashi Uemura!

Keywords: Metal-Organic Framework (MOF), Cross-linking polymer, Gel, Ozonolysis,
Precisely designed network polymer

Regularity of network structure in polymer gels strongly influences their mechanical
properties.! Although various approaches have been explored to improve the network regularity,
preparation of polymer gel with crystalline-level uniformity remains difficult. To address this
challenge, metal-organic frameworks (MOFs), crystalline compounds formed by self-
assembly of metal ions and organic ligands is employed as precursors to directly transform
their organic ligands into polymeric linkers. In this work, we demonstrate a self-expansion
approach of MOFs using ring-openable ligands, affording uniformly cross-linked polymeric
materials (Figure).?

We designed the ligand (L) with stilbene moiety tethering flexible oligomeric chains
(Figure b). Using L and ZrCls, we obtained a Zr-MOF ([ZrsO4(OH)4(L)s],) with 3D network
structure.® Similarly, an AI-MOF ([AI(OH)(L)],) with 1D nanochannels was prepared using L
and AICls.* Formation of these MOFs was confirmed by X-ray and electron diffraction analyses,
and scanning electron microscopy. N> adsorption analysis indicated that oligomeric chains
filled the MOF pores. The self-expansion of the MOFs was performed via ozonolysis to cleave
the C=C double bond in the stilbene moiety (Figure b). Ozonolysis of the MOFs was carried
out by bubbling ozone through the dispersion of MOF particles in methanol, followed by
treatment with dimethyl sulfide. As a result, the C=C double bonds in the MOFs were
efficiently converted into two aldehydes with the coordination bonds retained, giving regular
network structures with expanded pores.

(a) MOF Uniformly (b)
Able to design Cross-linked polymer
shape and dimensionality R

o

; Self-expansion

Figure. (a) The schematic illustration of this research. (b) The design of a ring-openable ligand
(L).

1) M. Shibayama, Macromol. Chem. Phys., 1998, 199, 1. 2) T. Uemura, et al, Angew. Chem. Int. Ed.,
2024, 63, €202404155. 3) R. S. Forgan, et al., J. Mater. Chem. A., 2016, 4, 6955. 4) C. H. Lin, et al., J.
Mater. Chem. A, 2013,1, 324.
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Cooperative binding of polyethylene glycol to alkaline metal ions
and the coil-helix phase transition

(Graduate School of Science, The University of Tokyo) OHongyao Zhou, Teppei Yamada
Keywords: Statistical mechanics; Guest-induced phase transition; Polymer

Cooperative binding is often observed in biological systems, showing that a binding of
the initial guest molecule changes structure of the host macromolecule to increase its binding
affinity to another guest molecule. Cooperative binding is known to drastically enhance the
catalytic or adsorption activity of the host macromolecule. On the other hand, very few example
has been reported on synthetic polymers showing the cooperative host—guest binding, and their
mechanistic study is scarcely carried out. Recently, we reported that polyethylene glycol (PEG)
transforms into a helical structure and crystallizes upon coordination to alkaline metal cations
in the presence of triiodide ion in water.! This crystallization is promoted with increasing length
of PEG chain. However, the binding mechanism of PEG to those ions remained unknown.

Herein, we study the binding model of PEG to the alkaline metal cation by statistical
mechanical approach and report that PEG shows cooperative binding to the alkaline metal
cation in the presence of triiodide. The statistical model is built based on Zimm-Bragg model,’
which was developed to model the coil-helix transition of protein alpha helix. The partition
function Q of PEG is expressed in Equation (1):

N-1 4

e=a ot 1) (;) (Eq.1)

N is the total number of ethylene oxide mer unit in the single PEG chain, and » and w are the
statistical weight of nucleation and propagation of the helix, respectively (Figure 1). Typically,
n << 1 and w> 1, so that the nucleation is more difficult than the propagation of the helix. The
simulation curve calculated from this model agreed with the experimental result. This study
shows that the coil-helix transition of PEG takes place in cooperative way and can be explained
by Zimm—Bragg model.
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Figure 1. Zimm-Bragg model showing cooperative binding of PEG to potassium cation, starting from

the nucleation to the propagation and finally the crystallization of the helix.

1) Patent pending to H. Zhou, R. Matsuno, T. Yamada, Japanese Patent Application No. 2022-004709,
January 14, 2022. 2) B. Zimm and J. Bragg, J. Chem. Phys. 31, 526, 1959

© The Chemical Society of Japan - [BJA307-1pm-07 -



