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Considering the societal costs of diseases and the sustainability of healthcare systems, medical technology is required not only to ensure diagnostic

accuracy and treatment effectiveness but also to enhance cost-effectiveness. We believe that the design of material systems—chemical motifs capable

of specifically recognizing affected sites, emitting signals on-site, and exerting therapeutic effects—is crucial in this context, and we have extended

our focus to the biomedical field. Among these endeavors, this year’s highlights include 1) polyoxometalate complexes; 2) thiacalixarene complexes;

and 3) nano particles, including near-infrared-absorbing Pt(11) complex.
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Fig. 1 Upconversion luminescence for
dinuclear Yb-SiW complex.

Fig. 2 Our research featured on the
front cover of Dalton Transactions.

Discrete Inorganic Molecular Upconversion
based on Dinuclear Lanthanide-Polyoxometalate
Complex

Upconversion (UC) is a nonlinear optical phenomenon that converts
low-energy (long-wavelength) photons into high-energy (short-
wavelength) photons. A UC luminescent probe can utilize near-infrared
(NIR) light, which offers high biocompatibility and safety, as an
excitation source, enabling highly sensitive luminescence imaging with
low photodamage. Numerous UC materials have been developed by
doping lanthanide ions (Ln*") into inorganic hosts, such as metal oxides,
which take advantage of their low phonon energy due to rigid frameworks
and ease of synthesis. However, molecular UC materials are required
because inorganic materials have some problems, such as the need for
nanosizing and persistence in the body. Polyoxometalates (POMs) are
structural fragments of metal oxides that can form Ln-POM complexes
as discrete inorganic materials for UC applications. We synthesized a
dinuclear Ln-POM complex (Lna(y-SiWioOs)2, Ln-SiW) comprising
silicotungstates (y-SiWi0Os6) and Yb*". In acetonitrile, Yb-SiW exhibited
visible luminescence at 488 nm via a cooperative luminescence
mechanism upon NIR laser excitation (972 nm) of its Yb, core. This
represents the first UC luminescence from a discrete inorganic molecule
based on the cooperative luminescence mechanism (Figs. 1 and 2.
Dalton Trans., 2025, 54, 12443-12446).
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Fig. 3 Upconversion luminescence for heterotrinuclear
Ln-Yb-TCAS complexes.
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gj UC (ETU). Tb-Yb-TCAS % I& cooperative sensitization
ICED < UC (CSU) nHEICEDC UC HALIBEB LR (Figs. 3
and 4. Chem. Commun., 2025, 61, 5110-5113),
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Nanomaterials, 2025, 15, 796).
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Fig. 4 Our research featured on the front
cover of Chemical Communications.
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Heteronuclear Lanthanide-Thiacalixarene
Complex Exhibits Upconversion Luminescence
in Aqueous Solution

Heteronuclear lanthanide (Ln) complexes possess potential as molecular
UC materials. However, several challenges exist, including quenching by
vibrational deactivation in aqueous solutions and controlling the Ln-Ln
distance of the hetero-Ln core. We found that mixing thiacalix[4]arene-
p-tetrasulfonate (TCAS), Yb*", and Ln*" (Ln*" = Tb*', Er’") results in the
formation of heterotrinuclear Ln-Yb-TCAS complexes (Lns.Yb,TCAS,,
x = 0-3). Upon NIR laser excitation (972 nm) of the Yb*" center, visible
luminescence corresponding to the Er** center or the Tb*" center was
observed in aqueous solution. In addition, we investigated the dependence
of the emission intensity on the excitation power using a log-log plot,
which showed a linear relationship with a slope of 1.9, suggesting that the
luminescence originates from the energy-transfer UC (ETU) for the Er-
Yb-TCAS system and the cooperative sensitization UC (CSU) for the Tb-
Yb-TCAS system (Figs. 3 and 4. Chem. Commun., 2025, 61, 5110-5113).

Cancer cell-specific killing effect by photothermal
conversion of near-infrared-absorbing platinum
complexes encapsulated in nanoparticles

Our group is investigating the applications of diradical-platinum
complexes in cancer photothermal therapy (PTT) due to their
photothermal conversion properties. A hydrophobic complex PtL,
having bromo groups in the ligands was encapsulated into antioxidant
nanoparticles (NPs) consisting of an amphiphilic copolymer PEG-b-
PMNT. These NPs strongly absorbed NIR light in aqueous solutions.
Their light-to-heat conversion efficiencies were 99.9%, surpassing other
candidates for PTT agents. Despite having no inherent selectivity
between normal and cancer cells, their uptake by cancer cells was
approximately 1.9 times higher than that by normal cells. Moreover, the
treated cancer cells were killed by irradiation with a lower-power NIR
laser, compared to the treated normal cells. This study proposes a novel
drug design for cancer cell-specific PTT (Fig. 5, Nanomaterials, 2025,
15, 796).
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Fig. 5 Cancer cell-specific PTT using antioxidant nanoparticles encapsulated
into diradical-platinum complex (PtL.@RNPs).
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