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In the treatment of high-level radioactive waste, the separation of
trivalent lanthanides (Ln(111)) from trivalent actinides (An(111)) is effective to minimize the
burden for vitrification and deep geological disposal. In this study, crystallography, extended
X-ray absorption fine structure and UV titration were performed to elucidate the relationship
between complex structure and coordination strength to develop appropriate ligands for specific
f-block elements. In case of symmetrical 2,2"-bipyridyl(Bpy) and 1,10-phenanthroline(Phen), the
decreasing ionic radius from light to heavy Ln led to decreases in the Ln-N(Bpy) and Ln-N(Phen)
distances, while logb simply increased. However, unsymmetrical N-methyl-N-tolyl-1,

10-phenanthroline-2-carboxamide(MeTol-PTA) showed a local maximum in logb and the crystal structures

indicated that the bulky phenanthroline moiety of MeTol-PTA may not allow N(MeTol-PTA) to come
close to Ln which resulted in suitable arrangement of N and O for specific Ln.
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Fig. 1 (a) Bpy, (b) Phen, and (c) PTA.
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Fig. 2 Structural parameters of MeTol -PTA.
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Fig. 3 Synthesic scheme of MeTol-PTA.
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Fig. 4 Structures of the Ln—MeTol-PTA—nitrate
complexes: (a) three nitrates coordinating
via two oxygens each, (b) two nitrates
coordinating via two oxygens each and
one nitrate coordinating via one oxygen.
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Fig. 5 Dependences of the bonding distance
and stability constant on Ln ionic radius
for (a) Bpy and Phen, and (b) MeTol-PTA.
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Fig. 6 Comparison of radial structural
function of Bpy and MeTol-PTA.
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Fig.7 Relationship between Ln ionic radius
and geometric ligand orientation
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