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MA(III) and Ln(III) have similar physicochemical properties, such as oxidation state, ionic radii, hydration, and
complexation mode. Extractants containing soft sulfur or nitrogen atoms are preferred to recognize MA(III)
over Ln(III). R-BTP, R-BTBP, and R-BTPhen ligands are the successful representatives for Ln(III)/MA(III) in
the last 20 years [1-2]. However, light actinides (U, Np, Pu) normally favor ligands (alkylamide or alkylphos-
phate) containing hard oxygen atoms [3]. If we make sure the selectivity for light actinides using hard-atoms
ligands, the separation of MA(III) from Ln(III) is difficult to achieve. To separate all the actinides from lan-
thanides, the synthesis, solvent extraction, and complexation behaviors of actinides and lanthanides by a
novel phenanthroline-based tetradentate ligand with combined hard-soft atoms, N,N’-diethyl-N,N’-ditolyl-
2,9-diamide-1,10-phenanthroline (Et-Tol-DAPhen, 1), are described in this work. The ligand exhibits excellent
extraction ability and high selectivity of actinides over lanthanides from highly acidic solution. X-ray crystal-
lographic structures of Et-Tol-DAPhen with thorium and uranyl ions are showed to be 1:1 complexation. The
stability constants for some actinides and lanthanides complexes with Et-Tol-DAPhen are also determined in
methanol by UV-Vis spectrometry. The results of density functional theory (DFT) calculation reveal that the
An-N bonds have more covalent characters than that of Eu-N, which may dominate the selectivity of Et-Tol-
DAPhen towards actinides. This work can shed light on the design of new ligands with combined soft-hard
atoms for group separation of actinides from highly acidic nuclear waste.
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