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Report:
Protactinium measurements were carried out on the ROBL beam line at ESRF (6.0 GeV at 200 mA)

in fluorescence mode, at room temperature with a (111) water cooled monochromator in a channel cut mode
and all data were acquired at the Pa LIII edge (16733 eV).

XAS measurements were performed on samples I and II in specific 600 µL cells for radioactive
samples : Sample I 10 mM Pa(V) in H2SO4 13M and sample II 10 mM Pa(V) in HF 0.5 M.

Data fitting was carried out in R space without any prior data filtering with Artemis code. Phases and
amplitudes were calculated by Feff8.2 code from crystallographic structures of Na10[(UO2)(SO4)4](SO4)
2.3H2O (with Z=92 replaced by Z=91 in the Feff input file).

Figure 1 presents the EXAFS LIII edge of samples I and II (both raw EXAFS spectra and
corresponding Fourier transform, FT). FT of sample I exhibits a single peak, H, suggesting that only one
scatter contributes to the signal. According to the literature1,2, seven fluoride ligands have been assumed to be
in the first coordination sphere. Best fit parameters give the fluoride ligands at 2.16 Å (σ2 = 0.0050 Å2) with
R factor = 2.6%. The distances obtained by EXAFS agree well with the Pa-F distances in solid state Na3PaF8

(2.22 Å)3 and RbPaF6 (2.18 Å)4. In the FT spectrum of sample II, peak D is clearly attributed to a short Pa-
ligand bond. Combining this result with the XANES data and simulation of Figure 1 shows unambiguously
that sample II exhibits a single short P-O bond in a monooxo form. Peak E contains second sphere O ligands
and peak F originates from third sphere S ligands. Adjustment of the raw EXAFS spectrum was carried out
according to the general formula PaO(SO4)bid

n(SO4)mon
p from n = 0 to 3, p = 0 to 7. Because the coordination

number in the equatorial plane of actinyls falls between 4 and 6, the coordination number of Pa-O is
estimated between 6 and 7 (2n+p = 6, 7). Fits with only bidentate sulfates or only monodentate sulfates did
not reproduce the experimental spectrum. Fits with n = 1, p = 4 or n = 3, p = 1 lead to a bad agreement and
the optimum number for n was found to be 2. Within the uncertainty associated to amplitude estimation in
EXAFS (and in the absence of experimental model compounds) the fit is more sensitive to number n than to
number p because n contributes for 2 oxygen atoms and one sulfur atom. The value of p has then been fixed
to 3 but the uncertainty is about ± 1. Best fit structural parameters were obtained with one Pa-O bond at 1.72
Å (σ2 = 0.0033 Å2), two bidentate sulfate ligands at 2.41 Å (σ2 = 0.0038 Å2) and corresponding S atoms at



3.09 Å (σ2 = 0.0012 Å2) and 3 monodentate sulfate ligands at 2.33 Å (σ2 = 0.0098 Å2) and corresponding S
atoms at 3.73 Å (σ2 = 0.0050 Å2). The R factor is equal to 9.0%. Note that peak F is poorly reproduced in the
fit (Figure 2b). This is attributed to an amplitude discrepancy between the fit and the experiment since the
imaginary parts of the FT are in better agreement. In this scheme, peak G corresponds to multiple scattering
contributions from the monodentate sulfate ligands. 
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Fig 1 :LIII edge EXAFS spectra of samples I (hydrofluoric solution) and II (sulfuric solution). a) raw EXAFS
spectra ——— and fitted curve ••••••••• ; b) corresponding Fourier transform (not phase-shift corrected)
and fitted curve •••••••••.

These results indicate unambiguously the presence of an oxo bound in H2SO4 13 M medium, as
postulated for more dilute media where the species PaOSO4

+ and PaO(SO4)2
2- have been proposed.2

Furthermore, the number of mono- and bi-dentate sulfate ligands deduced from EXAFS agrees with one of
the formulations of the oxo-trisulfato- protactinate (V) proposed by Bagnall et al..5

These results report the first structural characterization in aqueous solution of a Pa-O oxo bond in a Pa(V)
sulphato adduct. In contrast, no oxo bond has been found in the Pa(V) fluoro adduct.

Results were submitted and accepted for publication in Inorg. Chem.

These researches are supported by the ACTINET program (work package JRP 02-19), a European
network for actinide sciences.
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