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Design of environmentally benign molecular systems
with high functionality
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The ultimate goal of is division is to establish a scientific discipline in designing environmentally benign molecular systems that exhibit high functionality,

such as separation, sensing, imaging, and catalytic conversion of substances. The choice of components such as metal ions, ligands, and “chemical fields”

is of key importance in building simple yet functional systems. We are currently studying the following systems: (a) a multi-nuclear lanthanide complex

with thiacalixarene (TCA) with luminescence and magnetic functions, (b) a theranostic probe consisting of d8-metal ions and radical ligands, (c) kinetic

differentiation (KD) mode separation and detection systems for ultratrace metal ions, and (d) protein-metal ion conjugates.
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Fig.1 Arrangements of lanthanide ions in the homo- and
heteronuclear complexes and the CE separation pattern

Precise Separation of Hetero Lanthanide
Cluster Complexes

A series of atomic number 57~79 (La~Lu) is called lanthanide (Ln).
Separation of Ln complexes is difficult because the chemical properties of
Ln complexes are very similar. Recently, we succeeded in the separation of
amixture of homo- and heteronuclear Ln cluster complexes (Tb, Yb TCA

= 0-3) in a Tb-Yb-TCA ternary system by performing capillary
electrophoresis. The mixture was separated into six peaks by the addition
of polyethylene glycol (PEG) to the electrophoretic buffer (Fig.1). The
complexes consist of four species (Tb, Yb TCA,, x = 0-3). However, x =
1 and 2 species have configurational isomers because the Ln, core aligns
as an isosceles right triangle to give two different sites, resulting in x = 1
and 2 species further separated as two peaks (Fig.l). The successful
separation was likely caused by the association of the complexes and PEG
molecules, which led to the difference in electrophoretic mobility of these
complexes (Fig.2). Ln, Ln'TCA, (x = 1, 2) has potential to enhance
luminescence properties through a transfer of energy between hetero
Ln—Ln' pairs, which is called f-f communication. We attempt to find good
Ln—Ln' pairs to enhance the luminescence properties of heteronuclear Ln

complexes.

Fig.2 Schematic diagram showing interaction manner between PEG
and the complex.
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£EBF/HT (NP) DREICHERINDIERESZ7XEY (SPR) &
WERIGEEY YT IFBAESNTWS, ULhLERAZLIE—KT.
iR NP (AgNP) OIBEIEEENSKERELRD, HAEHIY IR
[417L—Y>-p- TRFRILRVEETHEL T AgNP OXKEBR (pH
10.0) i€ 10° M O&E-r4> (Cd", Th", Cu", Ni", Pb", Zn", Co")

ERMTDE. TOBEICL->THE, 1B K BREEZRBEETD
ZEEFER U (Fig. 3), BRMSEShEHEZ TEMBERL, £
BAREACYERKREIC AQNP AEBLTWSEENEEIT S EE
BUWElf, £ZDRESPEN SPR RNFDAIE Y EEEHE
TBHIENS, ZNDEREDFERTHZEERLTWS (Anal. Sci.
2017, 33, 1141.),
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Fig.3 Multicoloration of calixarene-coated Ag nano-particles
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Multi-coloration of Calixarene-coated Silver
Nanoparticles for the Visual Discrimination
of Metal Elements

Upon mixing with metal ions such as Cd", Tb"™, Cu", Ni", Pb", Zn", and
Co'" at pH 10.0, solutions of silver nanoparticles (AgNPs) coated with
calix[4]arene-p-tetrasulfonate (CAS-AgNP) exhibited multi-coloration
from yellow to orange, violet, and green, depending on the metal elements
present, which allowed for visual discrimination of the ions. This is
contrary to the AgNP sensors, which exhibited a uniform color change
from yellow to red upon binding of receptor molecules to an analyte at the
surface of AgNPs. The TEM images of the samples obtained from the
resultant solution showed two regions. First, in one region CAS-AgNPs
assembled on the surface of the metal hydroxides. The size of the hydroxide
crystals varied from 50 to 200 nm based on the type of metal element
present, and roughly correlated with the extinction band of the aggregated
AgNPs. Second, there was an amorphous region in which CAS-AgNPs
dispersed randomly. The difference in the amount of the crystal region and
the area seemed to lead to the multi-coloration (4nal. Sci. 2017, 33, 1141.).

Capillary Electrophoretic Separation of cis/trans
Isomers of Diradical Platinum(ll) Complexes Using
B-Cyclodextrins as a Selector

Described in the section for the Division of Environmental Analytical
Chemistry.
Achievements other than research

* Organized the 37" Symposium for Capillary Electrophoresis
* Hot Article Award, Analytical Sciences
* Award for JSPS KAKENHI Reviewer

B assembly on M*-hydroxide crystal
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