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The preparation of novel and specific organic organic phase by shaking with aqueous mineral
complexing agents may lead to the development of acid. Thus both metal ion extraction and stripping
new separation systems for aqueous metal ions. are facilitated by the pendent proton-ionizable
Thus the introduction of highly lipophilic oximes groups.

led to the current utilization of these compounds Most of the hazardous metal ion species in the
as commercial extractants for the hydrometallurgy Hanford Site tank wastes are members of the

of nonferrous metals, alkali-metal, alkaline-earth, lanthanide, and
Crown ethers (macrocyclic polyethers) have actinide families. These hard metal ion species

been employed in the laboratory-scale solvent prefer association with hard donor atoms, such as
extraction of alkali-metal, alkaline-earth, and other oxygens. Therefore, crown and lariat ethers are
metal cations into organic phases (Pedersen 1967; well-suited for complexation with such metal ion
Takeda 1984; McDowell 1988). Attachment of species.

side arms to crown ethers gives lariat ethers The synthesis of several series of proton-
(Gokel and Trafton 1990). The presence of one ionizable lariat ethers was undertaken to investi-
or more potential coordination sites in the side gate the influence of structural change within the
arm of the lariat ether may produce substantial ligand upon the selectivity and efficiency of
changes in the selectivity and efficiency of metal solvent extractions involving alkali-metal and
ion complexation, alkaline-earth cations (Bartsch 1989). Structural

The potential of crown ethers as the next gen- variation within the complexing agents includes:
eration of specific extracting agents for aqueous 1) the identity of the proton-ionizable group;
metal ions was markedly enhanced by the intro- 2) the ring size and rigidity of the polyether ring;
duction of lariat ethers which bear pendent 3) the length of the "arm_which connects the
proton-ionizable groups (Helgeson, Timko, and proton-ionizable group to the polyether frame-
Cram 1973; Bartsch et al. 1982). It has been work; and 4) the attachment site and nature of the
demonstrated that concomitant transfer of an lipophilic group which is necessary to retain the
aqueous phase anion into the organic medium is ionized lariat ether in the organic phase during
not required for metal ion extraction (Strzelbicki solvent extraction. For solvent extraction of
and Bartsch 1981). This factor is of immense alkali-metal cations, the relationship between the
importance to potential practical applications of diameters of the metal ion species and the cyclic
these proton-ionizable crown ethers in which the polyether cavity as well as preorganization of the
common, hard, aqueous phase anions (chloride, binding site (Cram 1986) are found to exert a
nitrate, and sulfate) would be involved. The strong influence upon the selectivity and efficiency
combination of ion binding cavities possessing of competitive extraction processes (Bartsch 1989).
fixed dimensions with pendent proton-ionizable Proton-ionizable lariat ethers are also effective

groups creates novel bifunctional ligands for metal carriers for metal ion transport across liquid mem-
ion complexation. Another advantage of proton- branes (Bartsch et al. 1987). Transport of metal
ionizable lariat ethers is the ease with which ions from a source aqueous phase through an
extracted metal ions may be stripped from the organic solution of the carrier and into a receiving

aqueous phase is coupled with back-transport of
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