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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. Selective Crystallization of Heavy Lanthanide Complexes, 2. Selective Synthesis of Heteronuclear Lanthanide Cluster Complex, and 3. Environmentally

Benign Preparation of Luminescent Materials.
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SUHZRIERENAE, B, MK ERADIAIREDERN
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<, Ln(ll) 1A Y ETDLZHEEIRELLTNS, 20, ER
BLn(ll) 1 AVZBEICDBELITAUILT D EIERETEWN, K
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Nd(lll) TlEsgE D iE@RMNERE I SmI)-Er(ll) TIEZILIER
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Fig.1 Crystallization of Ln(IIT) complexes with a
tripod Schiff base ligand (HsL).

Fig.2 Percentage of Ln(III) in LnL which was
crystallized in the presence of Nd(IIT) and Ln(III)
(Ln=Er or Tm or Lu).

Selective crystallization of heavy lanthanide
using conformationally flexible ligand

Lanthanides play crucial roles in advanced materials, such as luminescent
and magnetic materials, catalysts, and diagnostic agents. A growing
interest in the use of lanthanides makes it more important to recycle them.
Lanthanides often adopt trivalent states (Ln(III)) in both solution and the
solid state. Due to the chemical similarities between the Ln(III) ions,
mutual separation and recycling of these ions are difficult. In this work, we
studied the crystallization of the Ln(III) complexes with a tripodal Schiff
base ligand (HsL). The obtained structure largely depended on the Ln(I1I)
ions (Fig.l). No crystals were obtained for La(III)-Nd(III). The
crystallization for Sm(IIT)—Er(IIl) gave porous coordination polymers
(PCP). Discrete complexes (LnL) were formed for Tm(III)-Lu(III).
Furthermore, we found that the crystallization of heavy lanthanides
(Er(III), Tm(I11), and Lu(I11)) in the presence of Nd(III) selectively gave
the crystals discrete of Er(I11), Tm(I1I), and Lu(III) complexes, respectively
(Fig. 2). Further studies on the optimization of the crystallization process
are now underway to achieve the mutual separation of the various
combinations of the Ln(III) ions.
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Fig.3 Electropherogram for sample by old and
new selective synthesis method
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EBESV5Y=RK (Ln, Ln) ZHFOERBICHEODEKI VI ZREEIC
BWT FYYZREOIRILF—BENICIZHIBRIERE (FyT
AVN=Y 3y ForaAVvN\=IaV)BEESNTWS, KA IFHEE,
FPHVYIRAF7L—> (TCA) & Th OEFRICEWTERT ZFHMHE
KD T TCA ZREIL. ZZICYb ZRMITDIETERT S 4 1E
BOEKEARDF T ToYD TCA2 DEIGZIEL T ZENTERLNZ
DEIBIE 62% THofco SE. YOITCA Z2EL. Th 2T S
ZETARBDEZEAEDA, ThiYbTCA: DEIE%Z 99% £TH L
T&Ef (Fig. 3)o Chid Ln OERICKI > THEEDER - BEEORE
NEBBIH, Ln EDEFERDIEFZEZZETEGER LS E
B2TENTEREEZD, £z LnaulnTCAz (x = 0-3) I WT
Tb-Yb $%W& Er-Yb ®%T 972 nm OEFRNREICED. Tz
NOEERIC 7y 7 AVN—V a3V EAZ ALK (Figd), TCA%Z
RAFELTRAWSZETERBRZERNICERTZZEPTYT
AVN=YavaERRTERIEERBH UL EFHED),

RIEAFHOLLBVWI 5 Z FRAMBOSEE

KBEDHKIMEFFHY Y IRT L —V K TosTCA2 £ET VA~
FURAA VR ERE T BT TESH DI A Z B
MRHE T B &IcmThLTc (Fig.5)o FLMREICEN. FaldE 1.2 ms
ERCEBFINEIF 45% EEMETHoco ERECKRIY EEM
ETBIVIREAMBOER (BHEICEENBE, MENEDE
WEBODEZEMEICHKT) ZEETE. ZOBEKRTRESFTDOEL
#ElT$H 2 (Bull. Chem. Soc. Jpn. 2019, Vol.92, No.11, 1847-
1852. RFSEFHRIITETE) .
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Fig.4 Luminescence spectra by NIR excitation for
Tb-Yb-TCA and Er-Yb-TCA systems
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Improvement of Selective Synthesis and
Upconversion Luminescence of Heteronuclear
Lanthanide-thiacalixarene Complex

Heteronuclear lanthanide complex has a potential for new luminescence property
(upconversion, downconversion) by energy transfer between Ln centers. Last
year, our laboratory succeeded in obtaining the ratio of Tb,Y b;TCA. in four kinds
of heteronuclear Ln-TCA complexes (LnsLnTCA,, x = 0-3) by selective
synthesis, which involves preparation of intermediate, TbTCA,, and
addition of another Ln, Yb. However, the ratio is 62%. In 2019, we were
able to increase the ratio of TbYb,TCA, to 99% by preparation of Yb, TCA,
and addition of Tb (Fig.1). This result was caused by the rate of the
complex formation and dissociation constants in Ln species. On the other
hand, Lns;.Ln’\TCA; (x = 0-3) can exhibit upconversion luminescence by
near-infrared excitation (972 nm) for Tb-Yb and Er-Yb systems (Fig.2).
TCA is a ligand used to achieve the selective formation of heteronuclear
complex and upconversion luminescence.

Environmentally Benign Preparation Method
of Lanthanide Luminescent Materials

Water-soluble luminescent complex of thiacalixarene, Tb;TCA., was
conveniently and irreversibly immobilized onto a dextran-based ion-
exchanger to afford a luminescent material. The material exhibited long-
lived luminescence (1.2 ms). In addition, the luminescent quantum yield
was 45%, suggesting highly efficient overall luminescence processes. The
method circumvent disadvantages (e.g., high temperature required for
processing and low efficiency in the excitation) of conventional materials
such as Ln-doped metal oxides. In this sense, the method is environmentally
benign. (Reported in Bull. Chem. Soc. Jpn. 2019, Vol.92, No.11, 1847-1852
as a Selected Paper.)

Anion-exl:hanger + Anionic Complex = Luminescent Materials
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Fig.5 Preparation of luminescent materials by
electrostatic immobilization of Tb-TCA onto dextran.
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