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Uranium (U) is a significant contaminant for the environment because of its chemical toxicity and radiotoxicity affecting living organisms [1]. Human exposure is mainly derived from food chain contamination due to the spreading of Uranium in soils and water. Anthropogenic sources of Uranium are the most responsible for its spreading, and they mainly consist of mining, milling, fuel processing, weapon tests, or nuclear accidents [2].

The speciation and bioavailability of Uranium play a key role in its biogeochemical behavior in soils, reflecting on risk assessment and soil remediation studies [3]. The transfer of metal cations in soils and sediments is not only controlled by geological and physico-chemical parameters (clay and organic matter contents, pH, Eh, etc.), but also by microorganisms. The latter take part in the mobilization/immobilization of trace metals [4].

One of the main parameters determining the mobility of actinides in aquatic systems is their oxidation state which determines the different precipitation, complexation, sorption, and colloid formation behavior [5]. Under reducing conditions such as deep underground nuclear waste repositories and the depth of flooded uranium mines, anoxic sediments, and wetland soils, metal species occur on their lower oxidation state [6]. For instance, in contrast to U(VI), which is mobile, U(IV) is much less mobile due to the low solubility of U(IV) hydrous oxide (UO2•xH2O(am)) [7]. However, the migration of U(IV) is still possible due to the presence of inorganic or organic ligand. Consequently, the speciation of U(IV) in aqueous solution is of strong interest to predict its migration behavior. Nevertheless, data for the complexation of the tetravalent radiometal are scarce and inconsistent.

As natural iron-specific chelators, Siderophores have to be considered in this context [8]. These low molecular weight, water-soluble compounds are excreted by bacteria and fungi to overcome the limited bioavailability of iron under aerobic conditions by dissolving iron oxohydroxides present in the soils. Recently, they have also been recognized as effective actinide(IV) chelators and transporters, promoting the migration of plutonium in contaminated soils [9].

Because of the high affinity of actinides for hydroxamate ligands, their complexation study with U(IV) is of fundamental interest. However, the manipulation of the tetravalent metal cation in aqueous solution is not an easy task because of its instability to air and high tendency to hydrolyse. In fact, it is usually manipulated in glove boxes to keep inert conditions and it requires high acidity of the aqueous medium. On the contrary, an advantage of this metal species is its absorption in the visible region which allows U(IV) complexation studies through the classical technique UV-Vis spectroscopy. This work is devoted to developing a method allowing complexation studies of the unstable U(IV) through UV-Vis spectroscopy using simple tools starting from a stable UO2 2+ solution. U(VI)aq in the presence of HClO4 and in argon atmosphere was first studied through cyclic voltammetry to determine the best conditions for the electrochemical reduction. The electrolysis was then successfully performed, obtaining the complete conversion to U(IV) in a classical electrochemical cell. The completion of reduction was checked by UV-Vis spectroscopy. Finally, the reduced solution is transferred in a thermostated cell allowing the insertion of a quartz optic fibre for the registration of spectra; the entrance of argon to keep the inert conditions; and the addition of interacting species for complexation studies in a typical laboratory fume hood.

The interaction of U(IV) with some hydroxamic acids was then studied. The stability constant of the formed complex was determined through the software Hypspec and the obtained data were used to clarifying the speciation of Uranium in the presence of the ligands.
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