Complexation of UO,?* by 1,10-phenantroline-2,9-dicarboxamides
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The process of complexation of organic ligands with actinides is the basis of nuclear
technologies used for spent nuclear fuel processing. Worldwide, new solvent extraction systems
for the separation of the transuranium elements from spent nuclear fuel are under development.
A family of 1,10-phenanthroline-2,9-dicarboxamides is promising for group separation of
actinides. One of their interesting features is the influence of substituents at the amide nitrogen
atom on their extraction properties [1]. Understanding coordination structures of actinide ions in
the organic solution can shine light on extraction mechanisms. In the present work we
investigated differences between coordination of organic ligands with UO,%" in solid-state and in
the organic phase and the influence of substituents on such coordination. Therefore, selected
1,10-phenanthroline-2,9-dicarboxamides (Fig. 1) differ by substituents at the amide nitrogen
atom: alkyl-alkyl (1), alkyl-aromatic (2), and two cyclic substituents — six- (3) and five- (4)
membered rings.
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Figure 1. 1,10-phenanthroline-2,9-dicarboxamides studied in this research

Extended X-ray absorption spectroscopy (EXAFS) was performed for four complexes of
uranyl ion with ligands 1-4 in 1-nitro-3-(trifluoromethyl)benzene solution. Also, monocrystal
of 4 with UO,?* was investigated by x-ray diffraction (XRD) and EXAFS. The conventional
method of EXAFS spectra approximation showed that the substituent group does not change the
coordination structure of UO,** complexes, which confirms results by Zhang X. et al [1]. For
further study of complexation specifics, we employed a reverse Monte-Carlo (RMC) method
using EVAX code [2]. Based on atomic coordinates derived from RMC optimization radial
distribution function (RDF) curves were built for coordination centers (Fig. 2). The RMC-
EXAFS method confirmed previous results and showed that NO3-group has a stronger bond
with UO,?* in solution than in crystal and amide oxygens (-C=0) are unsymmetrical in solution
compared to crystal (for complex 4).
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Figure 2. Comparison of N (NO3) and amide O (-C=0) RDFs for UO,?*complex in soIidRstate and in solution.
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