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The aim and goal of this division is to develop analytical methods based on molecular recognition, which provides solutions for environmental

problems and tasks in medicine. We believe that breakthroughs in analytical technology will be facilitated through the development and application of

chemical motifs capable of recognizing materials and through the establishment of methodology for separation/preconcentration and detection/

determination methods for materials of environmental and biological importance. Among such chemical motifs that we studied this year, two examples

will be described: (1) synthesis of heterotetranuclear Ca-Tb-TCAS complex and (2) active delivery of Pt(II)-diradical complex to cancer cells.
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Fig.1 The formation of three types of
heterotetranuclear Ca-Tb-TCAS complexes.

Selective synthesis and luminescence
properties of heterotetranuclear
Ca-Tb-TCAS complexes

The synthesis of heteronuclear complex comprising different metal ions
required a precise design of ligands or a convoluted synthesis method to
circumvent the formation of by-products such as homonuclear
complexes. We have found that thiacalixarene (TCAS) self-assembled
into three types of heterotetranuclear complexes (CasTb,TCAS,, x=
1-3) in aqueous solution. In the optimum conditions of the mixing ratio
(Ca:Tb:TCAS) and pH value, the selective formation of Ca,Tb;TCAS,
complex (Ca:Tb:TCAS = 1:3:2, pH 6.0), Ca,Tb,TCAS, complex
(Ca:Tb:TCAS = 2:2:2, pH 10), and Ca;Tb,TCAS; complex (Ca:Tb:TCAS
= 3:1:2, pH 11) was achieved (Fig.1). In addition, the Ca,Tb;TCAS,
complex was selectively synthesized by mixing the previously reported
TbisTCAS, complex with one equivalent amount of Ca ion. As a result of
these findings, selective synthesis methods for three types of
heterotetranuclear complexes have been developed through the
optimization of the Ca:Tb:TCAS ratio and pH condition. Furthermore,
these heterotetranuclear complexes exhibited energy-transfer
luminescence from TCAS to Tb, with high quantum yield and long
luminescence lifetime (Fig.2). In conclusion, we have succeeded in the
development of a selective synthesis method of heterotetranuclear
Ca-Tb-TCAS complexes possessing high luminescence properties.

Cass ThTCAS;z (x = |-3)

Fig.2 The schematic representation of energy-transfer
luminescence in heterotetranuclear Ca-Tb-TCAS complexes.
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(Handbook of Physics and Chemistry of Rare Earth 62 DHAR)
Naoya Morohashi, Nobuhiko Iki, Lanthanide-calixarene
complexes and their applications, HPCRE, Volume 62, 2022,
Pages 1-280, Elsevier.
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(EF#E) Nobuhiko Iki, "Capillary electrophoresis as a tool
for kinetics and thermodynamics of biomolecular and metal
complex systems" APCE-CECE-ITP-IUPAC 2022, Cambodia.
(HER#EE - RERA) BREAE—SFER 454,12 A7H),
eEELRIER (114,12 B15H).
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Fig.3 Modification of the Pt(II)-diradical
complex with folic acid and enhancement of
the delivery to the cells.

Fig.4 Handbook on the

Rare Earths, vol. 62.

Physics and Chemistry of

Development of Pt(ll)-diradical-complex-
enabling active targeting of cancer cells

Photothermal therapy, whereby materials capable of a photothermal
effect are delivered to cancer and then highly transmitting near infrared
(NIR) light is irradiated to produce heat to kill the cancer, has attracted
much attention. Selective delivery of the materials to cancer is of key
importance. Active targeting is one promising strategy to modify the
materials with a ligand that binds to a receptor excessively expressing
at the surface of cancer cells. We have already reported Pt(II)-diradical
complexes having high photothermal conversion efficiency. Herein,
we attached folic acid (FA) to the complex as one of the ligand materials
for cancer. As a result, the amount of Pt(II) complex introduced into
cancer cells increased 10 times more than that of unmodified Pt(II)
complex. The strategy can be applicable to other ligands (Chem. Lett.,
2022, 51, 1157).

Other Activities

[Publication of Handbook of Physics and Chemistry of Rare Earth 62]
Naoya Morohashi, Nobuhiko Iki, Lanthanide-calixarene complexes and
their applications, HPCRE, Volume 62, 2022, Pages 1-280, Elsevier.

The handbook deals with a research area related to physics and chemistry
of rare earth. In Volume 62, we cited 531 studies to describe chemistry of
a rare-earth—calixarene complex in terms of ligand design, stability,
structure, photophysical properties, functions, and application to
materials. The number of calixarene ligands described is up to 445.

[Keynote Lecture]

Nobuhiko Iki, “Capillary electrophoresis as a tool for kinetics and
thermodynamics of biomolecular and metal complex systems,” APCE-
CECE-ITP-IUPAC 2022, Cambodia.

[Visiting lectures and acceptance of lab tours]
Sendai Daiichi High School, Miyagi Prefecture (45 students, December 7)
and Kitami Hokuto High School, Hokkaido (11 students, December 15).

[Awards]

*Tohoku Encouragement Award for Analytical Chemistry for
“Functionalization of Heteronuclear Dinuclear Lanthanide Complexes
and Development of their Separation and Analysis Methods,” by
Ryunosuke Karashimada, Tohoku Branch, the Japan Society for
Analytical Chemistry, December 17.

* Poster Award, Michinoku Symposium of Analytical Sciences, for
“Development of near-infrared-absorbing Pt" complexes toward cancer
photothermal therapy agents,” Ryota Sawamura (D2), October 2.
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Fig.5 Snapshot of the lab-tour.

Fig.6 Certificate of Tohoku
Encouragement Award for
Analytical Chemistry.
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