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Backround and scientifical interest of the study

Trivalent transuranian actinides (€mAm3®") and radioactive lanthanides (Ln) present in rarcle
waste can be dispersed in the environment by nueeedents, or by alteration of High Level Waste
(HLW) packages. Migration of these RNs in naturgdtems is controlled by retention processes at the
surface of solid phases, but also by RN speciatiosolution. This speciation is a function of pluysi
chemical conditions (pH, temperature) and of thesence of ligands, such as (bi)carbonate, a powerfu
complexant of actinides and lanthanides [1]. Thas;orrectly predict the fate of these RNs it isesgial
to develop robust models of actinide and Ln comgtiex by (bi)carbonate. These models in turn himge
an accurate description of the molecular struchma stoichiometry of solution complexes.

Because of this environmental importance, our ptaggmed at unraveling the thermochemical and
structural parameters describing Ln and actinidengiexation in solution. To this end, EXAFS
spectroscopy was used to determine the structumeifig mode of carbonate and stoichiometry of Ln-
carbonate complexes in solution. We have used tause these cations are good analogues of actatides
the same oxidation states. Furthermore, the K-eddg# was selected to avoid complications in theada
analysis resulting from the limited k-span avaikaht the L3-edge of mist light lanthanides, anddbrid
of multiple-excitation effects. These studies asned at providing an insight on the Ln complexatiy
carbonate over the whole Ln series, from the ligtes (Ld", Nd** and Ed") which are the best chemical
surrogates for actinides, to heavy ones’{},dor which data were previously collected at ti8eedge.

Scientific and technical outcome

Data collection at the Ln K-edge was possible, hoit in fluorescence-yield mode as initially
expected. In fact, the counting statistics from thwrescence detector appeared to be too limited t
provide a convenient signal-to noise ratio. In castt the use of long(12 cm) polypropylene liquid cells
made it possible to collect the spectra in transimis mode. Although most of the beam 90%) was
absorbed in the cell, the high photon flux, comdimath the extreme stability of the BM 29 robussigm
made it possible to measure X-ray absorption edbAgx ~ 0.02-0.03 in transmission mode.

Examples of EXAFS spectra obtained at the Nd K-ealgeplotted in figure 1a. The gain from
working at the K-edge of lanthanide is immediatgtyparent for the fully hydrated Nd (Njl The EXAFS
spectrum at the K-edge extends to I5With an exquisite quality, whereas it stops<ta1.5 A at the L3
edge. More important, the Fourier Transform of EXAFS spectra at the L3-edge display the main p¢ak
R+AR = 2 A resulting from oxygens of the coordinatiswhere, but also several peaks of appreciable
intensity over the [2.5, 4.5] A range. These sidaks originate from double excitation features Whian
be only partially removed, thereby affecting thewaacy of EXAFS fits [2]. In contrast, only the maeak
at 2 A and two small peaks at 2-3 A are observetherk-edge FT. The absence of spurious FT at > 3 A
greatly simplifies the spectral analysis of thecsgzecollected in carbonate solutions.

The spectral data from fully hydrated Nd can betasted to that of Nd diluted in a carbonate
solution (fig. 1a,b). Clearly, in a carbonate byititee main FT peak at 2 A displays a bump on igg-hi
distance side, and a new peak of appreciable iityeren be observed near 3.5 A. Both features @n b
attributed to carbonate groups forming inner-spHedentate complexes with Nd, resulting in a Nd-C
distance near 2.9 A. In this geometry, Nd, C areldistal O atom (gX) from the carbonate group are
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aligned, resulting in multiple scattering (MS) feaug effect magnifying the EXAFS contribution from
Ouise This focusing effect explains the significant ditaple from the next-nearest peak at 3.5 A. This
gualitative explanation has been confirmed by priglary quantitative modelling using FEFF8-generated
phase and amplitude functions. Note that this M&tedng peak has been observed for all samplés of
in carbonate solutions (La, Nd, Eu: fig. 1c), pwgtat the strong similarities of Ln environmenis,
agreement with thermodynamical predictions. Futcomplete modelling will be performed to in order t
obtain a comprehensive model of Nd, La and Eu c¢oatidn by carbonate groups in concentrated alkalin
solutions. These spectral analyses will complenfemtratory studies of the solubility of LN- carboma
solids, and quantum mechanical (DFT)
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Figure 1 (a). EXAFS spectra at the L3-edge andteelge for Lagand La complexed with carbonates in
a 2 M NaCO; brine. The amplitude of L3-edge EXAFS data hasmhdieided by two (b) FT of the
EXAFS spectra for for Lg and La complexed with carbonates in a 2 M@®@; brine. (c) FT for La,
Nd and Eu in 2 M carbonate solutions. Note the M&kmear 3.A.
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