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INTRODUCTION

It has been recently shown that Isosaccharinic acid, CsH1206 (ISA), and its derivatives
have potential applications in decontamination and remediation processes for materials
and sites contaminated with actinides. ISA forms strong complexes with actinides in the
IV oxidation state in the acidic and basic pH regions'™. The use of ISA as a chelating
agent in decontamination formulations has recently been proposed*®. The most widely
studied form of ISA, calcium ISA (Ca ISA), has a low aqueous solubility that makes it
less than ideal for use in water-based decontamination formulations. Sodium ISA (Na
ISA) is reported to have a relatively high aqueous solubility*®. However, the reported
information on sodium ISA solubility is qualitative with no specific values reported. In a
recent investigation® we reported on the crystal structure of Na ISA and its significant
differences from the calcium form. In this work, we report the solubility of Na ISA as a
function of pH and examined the differences in crystal structure of Na ISA and Ca ISA.
The results from our previous work® can be used to explain the difference in aqueous
solubility between the sodium and calcium forms.

EXPERIMENTAL

Calcium ISA was prepared using the procedure described by Whistler and BeMiller”.
Sodium ISA was prepared from the calcium form by dissolving 10.0g Ca ISA in 1 L of
D.I. water at 100°C. A stoichiometric amount of NaOH was added and mixture was
allowed to cool and shaken for 3 days. Precipitated calcium hydroxide and excess Ca
ISA were removed by centrifugation. Na ISA was isolated by evaporation of the water in
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a 60°C thermostated vacuum oven. The purity of the Na ISA was verified by XRD and
FT-IR.

Solubility experiments were performed by mixing excess Na ISA in 25 mL of D. water in
50 mL Oak Ridge centrifuge tubes at 22°C. HCI| and NaOH were used to adjust solution
pH. The pH of each solution was constant after 3 days and the mixtures were shaken
for a total of 7 days. The solubility of Na ISA was determined gravimetrically by
separating the solids by centrifugation followed by sampling of the solution phase and
filtration through 0.2 pym syringe filters. The solution samples were weighed and the
amount of Na ISA in solution determined by evaporating the water in a 60°C
thermostated vacuum oven for 2 days. The solids were then ashed at 800°C and a
material balance was performed to correct for the addition of HCI and NaOH for pH
adjustment and to verify the purity of the Na ISA.

RESULTS

The results of solubility experiments are given in Figure 1. The solubility of Na ISA was
determined to be 1.18 to 1.23 M and shows no effect of pH between pH 5 to 10. The
error bars represent the average of two measurements per pH value, the uncertainty in
the gravimetric method and results from calculations from ashing the solids. The
solubility of Ca ISA is reported to be at the millimolar level>.
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Figure 1. Solubility of sodium ISA in water at 22°C between pH 5 to 10. Values were
determined gravimetrically and corrected for added HCI and NaOH for pH adjustment.

There are several significant structural differences between the sodium and calcium
form of ISA. The solid Na-ISA crystallizes with one water molecule per formula unit,
NaCeH1106-H20. In the structure the water molecules, together with the Na* cations, are
arranged in separate layers between the ISA species. In turn this accounts for an
enhanced (H20, Na*)soig <> (H20)sonvent €Xchange and hence for increased solubility. In
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comparison, there are no solvent (H,O) molecules in the structure of Ca-ISA. Another
factor affecting the solubility properties is the type of hydrogen-bonding in both
structures. As noted above, in Na-ISA the (O-H...O) hydrogen bonds result only in
(ISA)/H20O layers, the connectivity in the third direction provided by O;sa—Na—Oisa
bonding. In Ca(Sr)-ISA there is a (O-H...O) network expanding in all three directions
together with a set of O;sa—Ca/Sr—Oisa bonds. The final difference between Na-and Ca-
ISA concerns the metal coordination. In both cases the metal atoms are coordinated by
four (ISA) species. In Na-ISA, however, each ISA acts as a monodentate ligand, while
in Ca-ISA the organic species act as bidentate ligands. As a result, each sodium atom is
coordinated by five oxygen atoms (40isa + 10,), while each calcium atom is
coordinated by eight oxygen atoms (80sa). Clearly, the Ca-coordination is much
stronger compared to that of Na form®. All of the above structural differences between
Na- and Ca(Sr)-ISA act in accord and contribute to the higher solubility of Na-ISA in
water.
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