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High Performance Extraction Separation Systems Using lonic Liquids

— Application to Extraction of Metal lons and Proteins —

Typical ionic liquids
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Fig.8-13 Molecular structures of typical ionic liquids
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Fig.8-14 Extraction of strontium ions into ionic liquids
with diazacrown ether bearing B-diketone fragments

Modification of diazacrown ether with { -diketone groups
creates an intramolecular synergistic effect in an ionic liquid
system, and provides remarkably high extraction performance.

Tonic liquids, which are entirely composed of ions, are
room temperature molten salts (Fig.8-13). Ionic liquids have
potential as a green solvent, because they possess attractive
properties such as negligible volatility and nonflammability.
Their chemical and physical properties are -effectively
tunable, depending on the combination of cations and anions.
For example, ionic liquids can be made hydrophobic while
retaining ionicity and high polarity. Thus one can synthesize
ionic liquids that are immiscible in water and organic
solvents. Their unique properties have encouraged us to
develop novel extraction separation systems using ionic
liquids as extracting media.

Solvent extraction is one of the most effective separation
methods for hydrometallurgy, reprocessing of nuclear wastes
and recovery of rare metals from industrial wastes. We
investigated extraction of precious metal ions, lanthanides
and actinides using various extractants into ionic liquids as
alternative replacements for conventional organic solvents.
Application of ionic liquids was found to provide
unprecedented enhancement of extraction performance
compared with a conventional organic solvent system.

In solvent extraction, it has sometimes been observed that
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Fig.8-15 Protein extraction into ionic liquid and biocatalytic
reaction

(a) Cytochrome c (red) is extracted from the agueous phase
(upper phase) into the ionic liquid phase (lower phase) through
formation of a supramolecular complex with crown ethers. (b)
Cytochrome ¢, which is an electron-transfer protein, cannot
function as an enzyme. Cytochrome c in water displays minor
peroxidase activity in the oxidation reaction of 2,6-
dimethoxyphenol, whereas cytochrome c in the ionic liquid
offers high peroxidase activity, and accelerates the oxidation
reaction rate.

extraction performance is dramatically enhanced by using two
different extractants compared with using only a single extractant.
This phenomenon is known as a synergistic effect. Recently,
we synthesized diazacrown ether bearing two 3 -diketone
fragments as a novel extractant, and applied it to the
extraction of strontium ions (Sr’*). The extractant generates
an intramolecular synergistic effect only in the ionic liquid
extraction system, and demonstrated very efficient extraction
of Sr** compared with an organic solvent extraction system
(Fig.8-14).

Furthermore, we succeeded in extracting a protein into
ionic liquids, and demonstrated that the protein in ionic
liquids provides a new functionality to catalyze oxidation
reactions (peroxidase). As shown in Fig.8-15, a hydroxyl-
group-containing ionic liquid that has high affinity for the
heme protein cytochrome ¢ was synthesized, and the ionic
liquid with a crown ether that can recognize the surface of
cytochrome ¢ was found to be capable of quantitative
partitioning of cytochrome c. We clarified that cytochrome c
in the ionic liquid causes a structural transformation, which
triggers its functional conversion from an electron transfer
protein to peroxidase.

Reference

Shimojo, K. et al, Cooperative Intramolecular Interaction of Diazacrown Ether Bearing /3 -Diketone Fragments on an Ionic Liquid Extraction System,

Dalton Transactions, no.25, 2009, p.4850-4852.

JAEA R&D Review 2010 85





