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Report:

XAS measurements have been carried out on U(VI), Pu(IV), Np(IV)and Th(IV), in presence of
nitric acid and tributylphosphate (TBP) solution. The data were acquired at the An L3 edges, for each
complex (17166 eV for U, 16300 eV for Th, 17610 eV for Np, 18057 eV for Pu).

Data fitting were carried out in R space, phases and amplitudes were calculated by Feff8 code on the
basis of structures obtained from quantum chemical calculations on UQO,(NO;),(TBP),,
Th(NO3)4(TBP),, Np(NO3)4(TBP), and Pu(NO3)4TBP), systems.

Three calculations were performed for the U(VI) complex: i) with two nitrates in bidentate
coordination, ii) with one nitrate in bidentate coordination and one nitrate in monodentate coordination,
iil) with two nitrates in monodentate coordination. Three calculations were also performed for the
Pu(IV) complex: I) with four nitrates in bidentate coordination, ii) with three nitrates in bidentate
coordination and one nitrate in monodentate coordination, iii)) with two nitrates in bidentate
coordination and two nitrates in monodentate coordination.

Figure 1 presents the Fourier transform of the EXAFS L; edge of U(VI) and Pu(IV) complexes. Fits
performed with one or two monodentate nitrates did not reproduce the experimental spectra, for both
U(VI) and Pu(IV) complexes.
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Figure 1: Fourier transform (not phase-shift corrected) of the L; edge EXAFS spectra of U(VI)
complex (black curve) and Pu(IV) complex (red curve).

For UO,(NOs),(TBP), the best fit is obtained with two nitrates in bidentate coordination. It
gives two oxygen atoms at 1.76 A (c? =0.0022), two oxygen atoms of the phosphate group at 2.41 A
(6 =0.0050), four oxygen atoms of the two bidentate nitrate ligands at 2.54 A (c* =0.0048), two
corresponding nitrogen atoms at 2.99 A (¢ =0.0056) and two phosphorus atoms at 3.62 A (c?
=0.0095). In the FT spectrum, peak A is attributed to single scattering of oxygen atoms of the uranyl
group, peak B is assigned to single scattering involving the oxygen atoms of the uranyl group and the
oxygen atoms of the TBP group, peak C mainly contained single scattering signal due to the oxygen
atoms of the nitrate group, peak D is assigned to single scattering of the nitrogen atoms and multiple
scattering of the oxygen atoms of the uranyl group, peak E corresponds to single and multiple
scattering of the phosphorus atom and peak F is assigned to single and multiple scattering signal due to
the further oxygen atoms of the nitrate groups.

As for UOy(NO;),(TBP), the best fit for Pu(NO;)4TBP), is obtained with all nitrates in
bidentate coordination. The EXAFS fit leads to a first shell with two oxygen atoms of the phosphate
group at 2.33 A (c?=0.0032), eight oxygen atoms corresponding to the four bidentate nitrate ligands at
2.46 A (c? =0.0065), four nitrogen atoms at 2.91 A (6> =0.0055) and two phosphorus atoms at 3.73 A
(6? =0.0038). In figure 1, peak a is assigned to single scattering of both oxygen atoms of the TBP group
and oxygen atoms of the nitrate group. Peak b is assigned to single scattering of nitrogen atoms and
peaks ¢ and d are attributed to single and multiple scattering signals of phosphorus atoms and further
oxygen atoms of the nitrate ligands, respectively.

Structural parameters given by the fitting procedure are consistent with distances obtained by DFT
calculations. Data analysis for Th(IV) and Np(IV) complexes are currently under progress in order to
compare the coordination sphere of U(VI), Th(IV), Np(IV) and Pu(IV) in presence of nitric acid and
TBP solution.
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