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Synthesis of Rare Earth Carbodiimides via the Proanion Method Using Urea (Graduate School
of Advanced Science and Engineering, Hiroshima University) O Oomi Sumioka, Naoki
Tarutani, Kiyofumi Katagiri, Kei Inumaru

“Supra-ceramics”, which is the inorganic materials including molecular ions, have superior
potentials as the functional materials compared with traditional ceramics. The rare earth
(oxy)carbodiimides containing molecular NCN? ion can be used as host materials for
phosphors. Traditionally, these compounds have been synthesized by hazardous and
complicated methods; heat-treatment under stream of NH; gas and solid-state metathesis
reaction. In contrast, our group has successfully developed a simple method for synthesis of
rare earth oxycarbodiimides RE>O>(NCN) (RE: rare earth elements) using urea as a “proanion”.
In this study, we investigated the synthesis of rare earth carbodiimides RE>(NCN)s by the
proanion method. REX(NCN); (RE = Sm, YD) are successfully obtained as a single phase via
heat-treatment of mixture of RE(OH); and excess amount of urea. This indicates the possibility
of the proanion method for comprehensive synthesizing RE>(NCN)s.
Keywords : Supra-ceramics; Proanions,; Urea, Rare Earth Carbodiimides
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1) K. Maeda et al., Sci. Technol. Adv. Mater. 2024, 25, 2416384. 2) K. Katagiri et al., Ceram. Int. 2019,
45,9325. 3) O. Sumioka et al., Inorg. Chem. 2024, 63, 15539.
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Luminescence—absorption hybrid thermometry towards self
temperature sensing of molecule-based magnetic materials

(‘Institute of Pure and Applied Sciences, University of Tsukuba, *Faculty of Chemistry,
Jagiellonian University, *Graduate School of Science, The University of Tokyo)

OlJunhao Wang,1 Jakub J. Zakrzewski,’ Mikolaj Zychowicz,2 Hiroko Tokoro,!

Szymon Chorazy,” Shin-ichi Ohkoshi’

Keywords: Luminescence; Absorption; Thermometry; Single-molecule magnet; Lanthanide

Accurate temperature sensing at the molecular level is a critical prerequisite for
achieving precise control over advanced functional materials and devices, such as molecular
magnets, miniaturized electronic systems, and quantum technologies. To develop
non-invasive, self-referenced temperature sensing methods for nanoscale objects, we
focused on single-molecule magnets (SMMs), which exhibit magnetic memory effects at
the sub-nanometer scale, and designed functional SMMs capable of self-thermometry using
lanthanide-centered luminescence.'™

By utilizing the near-infrared (NIR) emission of Yb*' ions, we developed an SMM,
[Yb"(hmpa)s][Co"™(CN)s]» (hmpa = hexamethylphosphoramide), which demonstrates
luminescence thermometry functionality with reliable performance in the temperature range
of 50175 K." To enable thermometry using visible emission, we designed green-emissive
SMMs by incorporating Tb** ions within a highly symmetrical coordination framework,
Tb"[Co™(CN)s]}..* This system exhibits wide overlap between the dual functionalities of
luminescence thermometry and SMM behavior at lower temperatures (7-42 K).

However, such an approach faces the challenge that some lanthanide ions are
inherently non-emissive. To address this limitation, we have recently been developing
versatile optical thermometers that mimic the thermometry features of the above SMMs by
utilizing the optical absorption properties of lanthanide ions in conjunction with adjacent
luminophores. This approach has been attempted using lanthanide ions such as Ho*", Er®",
and Nd*". Our goal is to push the boundaries of this field by expanding its applications
through innovative emission—absorption hybrid molecular temperature probes.
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Figure 1. SMM-based luminescence thermometers using Yb**-centered NIR emission (a) and Tb**-centered
green emission (b), and concept absorption—emission hybrid thermometer (c).

1) J. Wang et al., J. Am. Chem. Soc., 2020, 142, 3970-3979. 2) J. Wang et al., Chem. Sci., 2021, 12,
730-741. 3) J. Wang et al., Angew. Chem. Int. Ed., 2023, 62, €¢2023063.
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Hierarchical fibers comprised of monodisperse nanosheets ('School of Engineering, Fukuoka
Inst. Technol., *Graduate School of Engineering, Fukuoka Inst. Technol., *WPI-SKCM’,
Hiroshima Univ.)ONobuyoshi Miyamoto, '** Hiroyuki Iwano,” Naoya Nonaka®

We recently succeeded in obtaining unique columnar nanofibers (Col-NFs) and their bundles
(Col-Buns) composed of stacked monodisperse nanosheets (mNS) [1]. Col-NFs and Col-Buns
are obtained by combination of variety of cationic species and mNS so that their functions and
property are tunable. We can expect wide range of applications of these materials for polymer
filles, photocatalyst, etc., if we can control macroscopic orientation and superstructures. In this
study, we demonstrate the orientation and superstructure formation of the ColBuns under AC
electric field.

The long-axis of the Col-Buns were aligned parallel to the electric field immediately after
application of the electric field, followed by formation of superstructures. At high frequencies
(100 kHz) or low salt concentration (10° M), the Col-Buns were connected end-to-end into
long fibrous superstructures with the length of sub-mm that is much larger than the length of
the Col-Bun. In contrast, at lower frequencies (10 kHz) or higher salt concentrations (10™* M),
wavy superstructures perpendicular to the electric field were formed through stacking of Col-
Buns side-by-side. The formation of the long fiber is explained by electrostatic attraction
between induced dipoles on Col-Buns.

Keywords : columnar nanofiber, monodisperse nanosheets, titanate, polymer composite
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1) N. Miyamoto, M. Miyoshi, R. Kato, Y. Nakashima, H. Iwano, T. Kato, Sci. Adv. 2024, 10, cadk6452.
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Synthesis of Nano-ceramics using Novel Water-Assisted Solid-State Reaction method
(Graduate School of Science and Technology, Niigata University) OXKenji Toda

Nanosized ceramic materials were synthesized using a novel water-assisted solid-state
reaction (WASSR) method. Nanoparticle materials can be synthesized by simply storing or
mixing with a small amount of water (typically 10wt%) in a reactor at low temperatures below
500 K. LiCoOa, StM004, BiVOs4, YVOs, Ba,Si04:Eu, CsPbCl; and BaTiOs nano-crystallites
could be synthesized by the WASSR method below 500 K.

Keywords : Soft chemistry; Water; Solid-state reaction, Nano particle; Crystallite
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1) T. Kaneko, S. W. Kim, A. Toda, K. Uematsu, T. Ishigaki, K. Toda, M. Sato, J. Koide, M. Toda, Y.
Kudo, T. Masaki, and D. H. Yoon, Sci. Adv. Mater., 2015, 7, 1502.

2) T. Hasegawa, S-W. Kim, Y. Abe, M. Muto, M. Watanabe, T. Kaneko, K. Uematsu, T. Ishigaki, K.
Toda, M. Sato, J. Koide, M. Toda, and Y. Kudo, RSC Advances, 2017, 7, 25089.

3) S-W. Kim, T. Hasegawa, M. Watanabe, M. Muto, T. Terashima, Y. Abe, T. Kaneko, A. Toda, T.
Ishigaki, K. Uematsu, K. Toda, M. Sato, E. Kawakami, J. Koide, M. Toda, Y. Kudo, T. Masaki and D. H.
Yoon, Appl. Spect. Rev., 2017, 52, 1.
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