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A general model is proposed for the effective design of ligands for partitioning.
There is no doubt that the correct design of a molecule is required for the effective
separation by separation of metal ions such as lanthanides(III) and actinides(III).
Heterocyclic ligands with aromatic rings systems have a rich chemistry, which is only
now becoming sufficiently well understood, in relation to the partitioning process. The
synthesis, characterisation and structures of some chosen molecules will be introduced
in order to illustrate some important features. For example, the molecule N-butyl-2-
amino-4,6-di (2-pyridyl)-1,3,5-triazine (BADPTZ), which is an effective solvent
extraction reagent for actinides and lanthanides, has been synthesised, characterised
and its interaction with metal ions studied. The interesting and important features of this
molecule will be compared with those of other heterocyclic molecules such as 2,6-
bis(5-butyl-1,2,4-triazol-3-yl) pyridine (DBTZP), which is a candidate molecule for the
commercial separation of actinides and lanthanide elements.

Primary Coordination Sphere. One of the most critical features concerning
whether a molecule is a suitable extraction reagent is the nature of the binding and co-
ordination in the primary co-ordination sphere. This effect will be considered in depth
for the selected heterocylic molecules. It will be shown how the bonding of the
heterocyclic and nitrate ligands changes as the complete lanthanide series is traversed
from lanthanum to lutetium. For effective solvent extraction, the ligand(s) should be
able completely to occupy the primary co-ordination sphere of the metal ion to be
extracted. Interactions in the secondary co-ordination sphere are of less importance.

Inter-complex Hydrogen Bonding Interactions. Another feature that will be
considered is the intermolecular binding between ligands when bound to the metal ion.
Thus the intermolecular structures between complex molecules will be considered
where these have relevance to the extraction process. Examples will be shown in
which there are few intermolecular interactions and also when there are extensive and
rather impressive arrays arising from intermolecular hydrogen bonds. For effective
separations, the intermolecular interactions should be minimised such that there are
only van der Waal effects arising from the hydrophobic exteriors of the complexes.

Implications for Partitioning. The effectiveness of the above reagents will be
considered in relation to the interactions in the primary co-ordination sphere of the
metal and the intermolecular interactions. The implications for further studies will be
briefly considered.


