Lanthanides and actinides in ionic liquids
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This lecture gives an overview of the research possibilities offered by combining f-
elements (lanthanides and actinides) with ionic liquids [1] Many ionic liquids are
solvents with weakly coordinating anions. Solvation of lanthanide and actinide ions in
these solvents is different from what is observed in conventional organic solvents and
water. The poorly solvating behavior can also lead to the formation of coordination
compounds with low coordination numbers. The solvation of f-elements can be
simulated by molecular dynamics simulations with explicit representation of the
solvent, or can be directly probed by spectroscopic methods. lonic liquids turn out to
be a promising solvent for near-infrared emitting lanthanide complexes [2]. It is often
mentioned that one of the main advantages of ionic liquids is their resistance to
strongly oxidizing or reducing agents, i.e. ionic liquids have a large electrochemical
window. However, not all ionic liquids are suitable for study of the electrochemical
properties and electrodeposition of f-elements. The metals of the lanthanides and
actinides are very electropositive elements, and they will reduce imidazolium cations.
More resistant against reduction are quaternary ammonium and phosphonium cations.
lonic liquids offer a large potential in the field of processing of spent nuclear fuel
elements. The advantage is that the processing can be carried out at much lower
temperature in ionic liquids than in inorganic molten salts. This reduces not only the
energy cost, but also increases the safety. The fact that several ionic liquids strongly
absorb neutrons (especially boron- and chlorine-containing ionic liquids), reduces the
risk of criticality accidents. The study of metal-catalyzed organic reactions in ionic
liqguid media is a very popular research theme. It is therefore not surprising that
lanthanide-mediated organic reactions are being performed in ionic liquids as well.
The possibility to recycle the lanthanide catalyst that is immobilized in the ionic
liquid and the possibility of easy product separation have stimulated researchers to
work in this field. However, in only a few cases the use of (expensive) ionic liquids
can be justified by the higher reactivity or selectivity. Cerium-mediated oxidation
reactions in ionic liquids will be discussed [3]. The combination of lanthanides and
ionic liquids can lead to new types of advanced materials (luminescent or magnetic
liquid crystals, ionogels, nanoparticles, ...) [4,5]. Anionic lanthanide complexes can
be the constituent of metal-containing ionic liquids [6].
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