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Boosting desorption of confined water in metal-organic
frameworks using oligomeric liquids

(Graduate School of Engineering, Osaka Metropolitan University) OMeles Gebrekidan',
Yuto Toki', Arisa Fukatsu!, Kenji Okada,' and Masahide Takahashi !
Keywords: Atmospheric water harvesting, water desorption, metal-organic framework,
liquid oligomer, composite material

MOF-303, (AIOH)(pzdc), pzdc® =1-H-pyrazole-3,5-dicarboxylate) is a metal-organic
framework (MOF) recently picked as one of the best water sorbent materials, ! due to its
high surface area, maximum uptake, and moderate temperature water release. However,
further studies are required to reduce the desorption temperature of this material to release
water molecules without applying heat. Previously, efficient water recovery was achieved in
polyether based liquid adsorbents due to the hydrophilicity difference-induced water
transfer mechanism, (HWT). 23]
In this work we tried to decrease the desorption temperature of MOF-303 through
MOF-oligomer composites. First, sorption and thermal properties of composites consisting
of MOF-303 along with hydrophobic and hydrophilic oligomers (such as polypropylene
glycol, PPG-400, polyethylene glycol, PEG-300, polyethyleneimine, PEI-600, and glycerol
derivatives) were compared. Among the composites considered, MOF-303+ PPG-400
showed higher desorption efficiency when mixed at normal conditions with a 1:1 weight
ratio. The thermodynamic behavior of water desorption in MOF-PPG composites were
investigated and exhibit about 40-50% reduction in water desorption temperature compared
to pure MOFs optimizing material properties to lower the energy demand. As the PPG-400
weight percentage increased in the composite, the desorption temperature of the pure
MOF-303 was decreased from 85-100 °C to 49-53 °C.
The in-situ ATR-FTIR based water isotherm and cyclic gravimetric adsorption measurement
results combined imply that the water kinetics of MOF-303+PPG-400 showed that a 100%
release of the adsorbed water after 3 hrs. Whereas, the pure MOF-303 desorption rate was
slow and only 45-50% of the adsorbed water was desorbed at 45 °C.

Finally, as shown in Fig. a) the DTA
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PPG-400 to the pure MOF-303.
Fig: a. DTA after adsorption at 40% RH, 25 °C b. Cyclic water adsorption and desorption.
1) W. Xu, O. Yaghi, ACS Cent Sci. 2020, 26;6(8):1348-54. 2) D. Ikegawa, A. Fukatsu, K. Okada, M.
Takahashi, ACS Omega 2024 9 (1), 1084-1091 3) D. Ikegawa, A. Fukatsu, K. Okada, M. Takahashi.
ACS ES&T Water 2024 4 (11), 5169-5177
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THz wave absorption properties of Rb-encapsulated Prussian
blue analogue films

(Graduate School of Science, The University of Tokyo, *Faculty of Pure and Applied
Sciences, University of Tsukuba) OYuuki Mineo,! Koji Nakabayashi,! Asuka Namai,'
Kenta Imoto,! Hiroko Tokoro," 2 Marie Yoshikiyo,' Shin-ichi Ohkoshi!

Keywords: Terahertz spectroscopy, cyanido-bridged metal assembly, Prussian blue analogue

Rubidium manganese hexacyanoferrate is known as one of functional cyanido-bridged
metal assemblies exhibiting a charge-transfer phase transition induced by thermal,
photo-irradiation, or pressure application.'® Owing to the crystal structure encapsulating
Rb" ions in the interstitial sites of the three-dimensional cyanido-bridged framework, the
compound shows THz wave absorption around 1 THz mainly attributed to the phonon
modes of confined Rb" ions.* Recently, THz waves have been used in a wide range of fields,
such as security, pharmaceutical science, and wireless communication. In this context, THz
wave absorption materials are practical for controlling THz waves. Especially, highly
efficient absorption is desirable in such applications. Therefore, in this study, thin film
samples of rubidium manganese hexacyanoferrate dispersed in resin were fabricated based
on the calculation.

Rbo.97Mn[Fe(CN)sJo.go * 0.3H.O (RbMnFe), polyvinylidene fluoride (PVDF) resin,
dispersant, and dispersion solvent were mixed under vacuum, applied at constant thickness
and dried on a hot plate to obtain RbMnFe-PVDF composite film sample. In order to
estimate the film thickness d which exhibits intense absorption around 1 THz, a
metal-backed sample was considered. When the thickness d is set to a specific value
determined by permittivity and permeability (here set to 1) of the absorber materials, both
reflected waves from the metal plate and the absorber cancel each other out, which allows
the incident wave to enter the absorber without interference from the reflected wave, i.e.,
phase matching condition is achieved, resulting in improved absorption efficiency. Using
the permittivity of RbMnFe-PVDF composite film measured using THz-Time domain
spectroscopy, the calculation was performed to show the maximum absorption peak at 1
THz appears when d = 79 um. Based on the result, a 79 pm-thick RbMnFe-PVDF
composite film was fabricated in practice. THz reflection measurement with a metal plate
revealed that the film exhibited more than 99.99% absorption at 0.98 THz. Such film
sample has potential to realize efficient THz wave absorption.
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Figure. (a) Crystal structure of RbMnFe. (b) Frequency- and thickness-dependent calculated return loss
values of RoMnFe-PVDF composite film. (c) Observed reflection spectrum of 79-um thick RoMnFe-PVDF
composite film.

1) S. Ohkoshi, et al., Chem. Mater. 2005, 17, 81. 2) H. Tokoro, S. Ohkoshi, et al., J. Appl. Phys. 2005, 97,

10M508. 3) S. Ohkoshi, et al., Nat. Commun. 2023, 14, 8466. 4) Y. Mineo, S. Ohkoshi, et al., Eur. J. Inorg.
Chem. 2024, 27, €202400301.
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Medium-range order structure of sodium silica glass. (!Fuji Chemical co., Ltd., *Graduate
School of Science, Shinshu University) OShigeo Sasahara,' Yuito Kamijo,! Sumio Ozeki?

Silicate glasses has long been used in many applications. In recent years, the glass can be
analyzed in detail by X-ray scattering and TDA. First peak which observed at low g value of
S(g) is called FSDP. The plane aligned through the voids in the glass is considered to be the
medium-range structure which is the origin of FSDP. In this study, X-ray scattering experiments
were performed on silicate glasses with different Na,O concentrations to analyze the FSDP
(Fig. 1, 2). The periodicity D (=2m/grspp) estimated from g value of FSDP was decreased with
increasing Na,O concentration. The effect of Na on the silicate ring structure will be reported
in more detail by TDA of the structure obtained from HRMC method.

Keywords : silicate glass, medium-range orvder stracture, HRMC method, persistent homology
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silicate glasses with Na,O concentrations. sodium silicate glasses.
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Band gap and crystal size engineering of metal-organic framework and single-walled carbon
nanotube composites (' Graduate School of Engineering, Kyushu University, ?FCNER, *Center
for Molecular Systems) (ONaoki Tanaka,"> Koshin Tanaka,' Tsuyohiko Fujigaya,'??

Composites of single-walled carbon nanotubes (SWCNTSs) and metal-organic frameworks
(MOFs) serve as gas sensors due to the resistance change of SWCNT from molecular
adsorption and MOF’s selective gas adsorption. The gas-sensing properties depend on MOF
crystal size and the electronic structure of SWCNT; however, composites with controlled
properties have not yet been reported. In this study, we demonstrated that the band gap and
crystal size were tuned by polymer-wrapping of SWCNT and controlling the concentration of
MOF precursors. In addition, we report on identifying an optimal structure for gas sensors.

Polybenzimidazole (PBI) and polyvinylpyrrolidone (PVP) were used to coat SWCNTs.
Ultraviolet and inverse photoemission spectroscopy revealed that PBI-SWCNT has a narrower
band gap than PVP-SWCNT. ZIF-8 (one of the MOF) crystals (20 nm at low precursor
concentrations and 40 nm at high concentrations) were formed on PBI- and PVP-SWCNTs.
Resistance measurements showed that PBI-SWCNT composites with smaller ZIF-8 crystals
had improved CO; response sensitivity and speed (Fig. 1). These findings highlight the critical
role of band gap and crystal size control in enhancing gas-sensing performance.

Keywords : Single-Walled Carbon Nanotube, Metal-Organic Framework, Band Gap, Polymer
Coating, Gas Sensor
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Asymmetric mixed-matrix membranes for CO2 separation

(‘Faculty of Environmental Earth Science, Hokkaido University, *Graduate School of
Environmental Science, Hokkaido University) OXin Zheng'?, Jieru Chen?, Shin-ichiro
Noro'*?

Keywords: Mixed-matrix membranes; Metal-Organic Framework; Gas Separation

Mixed-matrix membranes (MMMs) are innovative composite membranes consisting of
a polymer matrix and a dispersed filler phase. MMMs synergistically integrate the
advantages of polymer matrices and inorganic fillers, offering improved separation
performance, tunable properties, and cost-effectiveness for a wide range of applications,
including gas separation, water treatment, and pervaporation.! Despite these benefits,
interfacial compatibility, filler dispersion, mechanical stability, and fabrication complexity
remain significant barriers to their practical implementation.

Conventional MMMs exhibit a symmetric structure, with fillers uniformly distributed
throughout the matrix. However, this design often leads to suboptimal filler utilization and
considerable membrane thickness, which can limit their practical applicability. Recently,
asymmetric MMMs have emerged as a promising alternative. This innovative design not
only reduces filler consumption but also enhances molecular permeance.?

In this study, we successfully fabricated a series of asymmetric MMMs using
metal-organic frameworks (MOFs) as fillers to optimize filler utilization and enable the
production of thinner membranes. The MOFs employed, known as the JAST series, feature
a jungle gym-like structure constructed from Cu(Il) ions, 1,4-diazabicyclo[2.2.2]octane
(dabco) ligands, and derivatives of terephthalic acid.’ Using a straightforward dip-coating
process, nanoscale JAST particles were grown within the polymer matrix, forming compact
layers and yielding asymmetric MMMs of approximately 1 um thickness. These MMMs
demonstrated significant improvements in CO, permeance and enhanced selectivity for
CO2/N; and CO»/O, separations. Detailed gas separation performance data will be
presented.

This work:

Current symmetric MMM Asymmetric MMM

1) G. Dong, H. Li, V. Chen. J. Mater. Chem. A, 2013, 1, 4610, 2) H. Zhu, L. Wang, X. Jie, D. Liu, Y.
Cao, ACS Appl. Mater. Interfaces 2016, 34, 22696. 3) R. Matsuda, W. Kosaka, R. Kitaura, Y. Kubota,
M. Takata and S. Kitagawa, Microporous Mesoporous Mater., 2014, 189, 83
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One pot synthesis of metal-porous silica core-shell nanoparticles by using only sources of the
particles and tannic acid ('Osaka Research Institute of Industrial Science and Technology)
oYoshiki Aoto,' Kazuki Maeda,' Satoru Dohshi!

The synthesis of core-shell nanoparticles involves multiple steps, including synthesis of core
particles, washing, and coating of core particles. One-pot synthesis methods of the particles
have been developed to reduce the number of steps in the synthesis process”. However, each
steps requires many chemicals such as reductants and capping agents to control morphology of
the particles. There have been only few cases of reducing not only the number of steps but also
the number of chemicals used in the synthesis process?.

In this study, metal-silica core-shell nanoparticles were successfully synthesized using only
tannic acid, metal precursor, 3-aminopropyl trimethoxysilane (APTMS), and water as solvent.
In this method, tannic acid was found to play all four roles as reductants of the metal precursor,
capping agents of the synthesized core particles, promoters to form silica shell, and templates
of micropore in the silica shell. When the core particles were gold, the average size of the core
particles was controlled in the range of 9 ~ 12 nm by appropriately setting the addition rate of
the metal precursor solution, the reaction temperature, and the molar ratio of the metal
precursor to tannic acid.

Keywords : Core-Shell Nanoparticles, Tannic Acid, One-Pot Synthesis
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1) Junchen Chen, et. al., Nano Research, 2013, 6, 871-879
2) Shan Zhang, et. al., RSC Advances, 2019, 9, 17674-17678
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Electrolysis of Pure Water Resulting from Proton Conduction over Surface of Beta-type Zeolite
with Silanol Nests (‘Graduate School of Integrated Science and Technology, Shizuoka
University, *Graduate School of Science and Technology, Seikei University, *Graduate School
of Advanced Science and Engineering, Hiroshima University, *Institute for Catalysis, Hokkaido
University, *International Institute for Carbon Neutral Energy Research, Kyushu University)
OKeigo Tashiro, ' Taisei Saito,” Kojiro Goto,> Shuhei Shimoda,* Nao Tsunoij,* Takashi Toyao,’
Ken-ichi Shimizu,** Hiroshige Matsumoto,’ Shigeo Satokawa’

Electrolysis of pure water by the cell containing of proton conductive solid electrolyte is one
of the most suitable approaches to afford green hydrogen. We succeeded in the water
electrolysis at neutral pH resulting from the effective proton conduction proceeding by the
exchange of hydrogen bonding in the water network generated on zeolite surface in which the
balance of hydrophilicity and hydrophobicity was adjusted by the dealumination treatment of
beta-type zeolite. The silanol nest generated by the dealumination treatment has a crucial role
in both adsorption of water and the formation of hydrogen-bonded water network on the surface.
Water electrolysis efficiency was in linear relationship to the proton conductivity.

Keywords : Water Electrolysis; Proton Conduction; Zeolite, Silanol Nest;, Water Network
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1) K. Tashiro, T. Saito, K. Goto, J. Masuda, T. Miyakage, S. Shimoda, T. Toyao, N.Tsunoji, K. Shimizu,
H. Matsumoto, S. Satokawa, ChemCatChem 2024, 16, €202301297.
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