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Hydration of metal complexes formed in aqueous solution significantly affects their
distribution (partition) between the aqueous and organic phase. In the case of
uncharged metal chelates, we distinguish three kinds of hydration: hydrophobic
hydration of iipophilic fragments of iigands, inner-sphere hydration, i.e. coordination
of water molecules in the inner-sphere of the central metal ion, and outer-sphere
hydration, i.e. hydrogen bonding of water molecules to heteroatoms in the
coordinated ligands, in particular to the donor oxygens [1]. The hydrophobic
hydration increases the thermodynamic activity of the chelate in the aqueous phase
and enhances extraction of the metal to the organic phase [2]. Both inner- and
outer-sphere hydration decrease the activity of the chelate in the aqueous phase
and deteriorate extraction.

The inner-sphere hydration depends on both ligands and the metal ion. The effect of
chelating ligands on inner-sphere hydration can be described by the well known
empirical rule ,,the stronger chelate the weaker its adduct" [3]. The reason consists
in deformation of the chelate coordination polyhedron, which is necessary for
coordination of a water molecule, i.e. for increase in the coordination number (CN)
of the metal ion. In contrast to a strong chelate, in a weak chelate with flexible rings
formed by bidentate ligands of low pKa, much less energy is required for elongation
of the metal-ligand bonds and for the deformation of the rings. Hydration of zinc(ll)
acetylacetonate and its homologues [4] can serve as an example. However, also
some strong chelate complexes can easily increase CN and form inner-sphere
hydrates, provided the bite angles are small. In this case coordination of an
additional water ligand and the increase in CN can be attained without considerable
deformation of the rings, by pushing aside the chelating ligands in the adduct [5].

The central metal ion in a chelate increases its CN the easier, the greater its radius
[6,7]. This can be explained on the basis of the geometry of the chelate molecule.
The larger the radius i.e. the larger the space accessible to an additional donor
atom, the smaller the energy required for distortion of the chelate structure, and in
consequence the greater the tendency to form adduct. If the ion is too small, the
chelate does not form adducts at all. The tendency to increase CN depends also on
the electron configuration of the metal ion. For example, d-block metal ions in
tris(tropolonato)metal(lll) chelates increase CN from 6 to 7 much more easily than p-
block metal ions do [8]. The reason consists in high energy gap between ns, np and
nd orbitals in the p-block ions. High promotion energy makes rather unlikely the use
of the distant virtual nd orbitals for hybridisation corresponding to CN 5 and higher.
Instead, assumption that p-block metal ions form hypervalent compounds with no
participation in bonding of d orbitals reasonably explains the increase in CN.

106
SK01K0240



SEPARA TION OF IONIC SOLUTES
Bratislava, Modra-Harmonia, June 5-10, 2001

However, the hypervaient adducts (hydrates) are less stable than ordinary
compounds of J-block metals. Therefore, coordinatively unsaturated chelates
formed by large cations of p-block metals are much less hydrated than those formed
by d-block metal cations of the same radii. That is why partition constants of tris-
tropolonates of indium and thallium(lll) are much higher than those of isostructural
complexes of scandium and yttrium, respectively [81. In strong complexes formed by
large metal cations with 6s2 configuration (Tl+, Pb , Bi3+) the lone electron pair is
often stereochemically active, which results in much smaller radius of the metal ion.
Basic properties of such lone pair are rather weak, so that partition constants of
lead(ll) and zinc(ll) acetylacetonates do not differ much from each other [9].

The other hydrophilic factor which affects partition of metal chelates, the only one in
the case of coordinatively saturated species, is the outer-sphere hydration. The
extent of outer-sphere hydration depends on the ligand donor atoms [4,10], on the
coordination polyhedron of the chelate molecule, i.e. on the accessibility of the
donor oxygen atoms for water molecules [11], and also on the central metal ion. In
two series of acetylacetonates of trivalent 3d and tetravalent metal ions partition
constants decrease by two orders of magnitude with decreasing radius of the central
metal ion; from Sc3+ to Co3+ [12] and from Th4+ to Hf4* [13]. The direction of the
effect is not consistent with a simple model based on electrostatic attraction.
Quantum chemical calculations (DFT) show that the effect is due to the increase in
covalency of multicentred hydrogen-bond molecular orbital which extends over the
whole outer-sphere hydrate [14].

All the three kinds of chelate hydration in the aqueous solution contribute to a
different degree to the hydrophilicity - lipophilicity balance in the amphiphilic
molecule, strongly affecting in this way the liquid-liquid partition equilibrium. Studies
on model systems show that these contributions to standard thermodynamic
functions of partition (AG°, AH0, AS0) are not additive however, so that hydrogen
bonding of water molecules to oxygen atoms weakens the hydrophobic hydration of
neighbouring methylene groups, whereas two oxygen atoms insufficiently separated
in the same molecule weaken each other's hydrophilic properties [15].
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