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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, three examples will be described:
1) Pt(1I)-diradical Complex toward Photothermal Therapy of Cancer, 2) Near-Infrared Luminescent Property of Yb(III) Complex with Tripodal Schiff
Base, and 3) Low Symmetry of Coordination Environment due to the Alkyl Chain Length Leading to Enhancement of Ln Luminescence in Tripodal Schiff

base-Ln Complex.
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Fig.1 Concept of the photothermal therapy
of cancer using PtL,
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Fig.2 Fluorescence images of MCF-7 cells (a) with
and (b) without PtL> (20 pM). The circle shows the

Pt(ll)-diradical Complex toward Photothermal
Therapy of Cancer

Photothermal therapy is an affordable one for cancer. To obtain satisfactory
results, a drug to convert the light energy to thermal energy with high
efficiency is required. Taking advantages of non-fluorescence and a high
ability to absorb near-infrared light, we studied a diradical complex PtL,
(L~ = 3,5-dibromo-1,2-diiminobenzosemiquinonato ligand) as the drug
(Fig.1). PtL, is hydrophobic and insoluble in aqueous solutions. Therefore,
a fivefold amount of bovine serum albumin (BSA) was used to solubilize it
in phosphate buffered saline (PBS). Upon irradiation of laser light (730
nm, 0.39 W) for 30 min, the temperature of the solution ([PtL.] =40 uM,
[BSA] =250 uM in PBS) increased from 24 to 42°C. MCF-7 cells were
incubated in a culture medium containing PtL2 solubilized with BSA.
Hyperspectral images of the cells showed that PtL, distributed in
mitochondria and endoplasmic reticulum. Finally, the photothermal effect
of PtL, on cell viability was studied; laser light (730 nm, 0.3 W) was
irradiated to a 1-mm diameter region of cell culture medium containing
MCEF-7 cells with PtL, for 15 min. At the center of the region, cell death
was observed (Fig.2). A control experiment using MCF-7 cells without
containing PtL, showed no cell death upon irradiation of the light. These
suggest that PtL, can be used as an agent for photothermal therapy.
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Fig.3 Seven-coordinated Yb(IIT) complexes
with a tripod Schiff base.

laser spot. Scale bar: 200 um.
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Fig.4 Proposed sensitization mechanism for the

Yb(III) complex with a tripod Schiff base. of TbL"™" and TbL'™.

Fig.5 Synthesis, structure, and shape factor

Near-Infrared Luminescent Property of Yb(lll)
Complex with Tripodal Schiff Base

The trivalent ytterbium (Yb(III)) ion has attracted significant interest for
its application in several technologies, including biological imaging and
solar-energy conversion, due to its fascinating near-infrared luminescence
property. So far, Yb(III) complexes with light-harvesting organic ligands
have been studied because the sensitization of the Yb(IIT) luminescence by
such ligands is a promising strategy for overcoming the inefficiency of the
direct excitation of Yb(IIl). However, the report of the quantitative
experimental values and understanding for sensitized Yb(I1I) luminescence
are still insufficient. In this work, we study the photophysical properties of
a Yb(III) complex with a tripodal Schiff base (YbL) to understand its
sensitized luminescence (Fig.3). Our results show that the seven-
coordinated Yb(III) complexes with the Schiff base ligand had two features:
the short radiative lifetime and the non-triplet sensitization path (Fig.4).
These findings may lead us to a better understanding and optimization of
the energy transfer, non-radiative deactivation, and radiative deactivation
processes in the Yb(III) luminescence (ChemistryOpen, DOI: 10.1002/
open.202000224).

Low Symmetry of Coordination Environment
due to the Alkyl Chain Length leading to
Enhancement of Ln Luminescence in Tripodal
Schiff base-Ln Complex

The intensity of Ln luminescence depends on the symmetry of the
coordination environment, and low symmetry enables enhancement of the
Ln luminescence. In the case of the tripodal Schiff base-Ln complex, we
synthesized a new tripodal Schiff base-Tb complex using trpn as a tripodal
amine (TbL"P"), which has a longer alkyl chain unit than that of a
conventional complex (TbL""). The symmetry of the coordination
environment was evaluated by shape factor (S). The TbL"" (S = 8.82, 8.90)
is larger than that of TbL"*" (S = 7.70, 7.77), indicating that the coordination
environment of TbL'"P" is lower symmetry than that of TbL"" (Fig.5). In
addition, TbL" showed clear Tb-centered luminescence; however, TbL™"
showed Tb-centered luminescence and ligand phosphorescence (Fig.6).
Therefore, back energy transfer (Tb to ligand) of TbL"" leads weak Tb-
centered luminescence, but TbL'"™ has negligible back energy transfer due
to the fast radiative transition of Tb by the low symmetry of the
coordination environment.
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Fig.6 Emission spectra of TbL"™" and TbL"™.
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