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The management of nuclear wastes remains a major problem for future generations, particularly the storage of highly radiotoxic wastes. The minor actinides [MA] (Am, Cm) are the main contributors of the long term (103-107 y) radiotoxicity. The transmutation of MA (the transformation of nuclides into other nuclides by neutron bombardment) leads to an important decrease in waste radiotoxicity but requires the separation of MA from the lanthanides [Ln] that are neutrophages. The partitioning of MA from Ln is particularly difficult because trivalent Ln and actinides have very similar properties.
A family of bis-triazine ligands were recently found to be remarkably selective extracting agents for the MA/Ln separation [1]. However, their effectiveness decreases on going from a central pyridine ring (BTP) to a bipyridine (BTBP) and finally to a terpyridine unit (BTTP).
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Our work is aimed at demonstrating that NMR is more useful for studying radioactive actinides than generally accepted.  We use several advanced NMR techniques in order to fully characterize actinide ions [2] and their complexes with bis-triazine ligands [3]. Nuclear magnetic relaxation dispersion and 1- and 2-dimensional NMR techniques have been used to unravel the solution structure of the complexes thanks to the dipolar paramagnetic shifts induced by Yb(III). The complexes stoichiometries and solvation have been deduced from the relaxivity changes caused by Gd(III). This analysis has been combined with molecular modelling and extraction data.
BTP forms highly symmetric complexes which are so compact and stable that solvent molecules and anions are unable to penetrate into the coordination sphere. These highly hydrophobic structures are very well extracted. Less crowded bis-complexes are formed by BTBP with enough room for a solvent molecule or a nitrate ion and for allowing linear and cyclic aliphatic substituents to rotate freely or invert their conformation. Finally, a bis-complex is expected for BTTP but only a 1:1 species is observed in nitrate media and is poorly extractible. This 1:1 species is due to the competition between nitrate ions and the BTTP ligand for the coordination of the metallic ion. The bis-complex is only formed in poorly non-coordinated media such as the perchlorate medium. 

NMR is a hardly broached research field in actinide science. We found that well resolved NMR spectra of actinides complexes can be obtained with rigid and symmetric ligands. The paramagnetic shifts are clearly due to a dipolar and a contact interaction. NMR and relaxivity are useful techniques to determine the stoechiometry of complexes and to obtain information about solvation states. The dipolar paramagnetic shift is a powerful method that allows establishing the solution structure and conformation of lanthanides and actinides complexes. These information help better understanding the properties of selective extracting agents for the actinides/lanthanides separations.
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