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Report:

The sorbed samples have been prepared using the classical batch procedure at
room temperature by mixing a weighed amount of powdered phosphate with an
uranyl solution. After 24 hours stirring, the solution is removed and the solid is
washed with distilled water at equilibrium pH value, and dried at room temperature.
The concentration of uranyl ions on the surface has been determined directly on the
solid by PIXE experiment. The sorbed samples have been first studied by
spectrofluorimetry and XPS in order to identify the number of complexes on the
surface.

The U LIII edge has been recorded using the 4-elements detectors. The
backcsattering phases and amplitudes have been extracted from ab-initio calculated
EXAFS spectrum (FEFF7.02 code) of the reference compound UO2(H2PO4)2, 3H2O.

We have checked different conditions in order to detect any change concerning
the structure of the sorbed species versus pH, nature of the background salt or uranyl
concentration in solution. We have obtained the following results:

 LaPO4/ La(PO3)3

[UO2
2+] = 10-2 M ; [NaClO4]

= 0.5 M ; pH = 3.0

Axial
Oxygens

Equatorial
Oxygens

Equatorial
Oxygens

N 2.15 / 2.2 2.4 / 3.0 1.8 / 1.8
σ (σ (  Å) 0.068 / 0.066 0.045 / 0.044 0.060 / 0.058
R (Å) 1.77 / 1.77 2.31 / 2.33 2.47 / 2.50

∆∆E (eV) 2.89 / 7.02 8.2 / 8.2 13.0 / 13.0
The value at 1.77 Å for the axial oxygen atoms is a classical value and is very

closed to the one that we have previously obtained for uranyl sorption on zirconium
and thorium phosphate compounds (1.76 Å).



There are two different distances U- equatorial oxygens for both solids. As the
second contribution of the Fourier transform, for uranyl ions in a non-complexing
solution, is due to 5 oxygens at 2.41 Å, we assume that the two oxygens at 2.47 Å
belong to hydroxyl groups or water hydration molecules. Therefore, for U/LaPO4 in
sodium perchlorate medium (Fig. 1), we have a bidentate surface complex as we
observe 2 oxygen atoms at 2.31 Å. These oxygens belong probably to the surface PO4

groups.
For the samples prepared in potassium nitrate solution, the spectrofluorimetry

and XPS studies indicate that there are two different kind of surface complexes which
are the free uranyl ions and the nitrate complex. The corresponding Fourier transform
is the same as the one in perchlorate medium, which is not surprising because it is not
possible to distinguish the backscattering of the oxygens belonging to water molecules
and to nitrate ions. Therefore, the obtained distances are averaged.

In both media, the distance U-P, corresponding to the third shell, have been
determined. One phosphorus atom is at 2.74 Å which corresponds to an angle around
90 ° between the bonds U-O (2.31 Å) and P-O (1.50 Å). Therefore, if  the two oxygen
atoms (U-O 2.31 Å) belong to the same PO4 surface group, the angle between the two
bonds P-O should be around 114 °, which is a reasonable value for the tetrahedron
PO4.

In the case of the U/La(PO3)3 system, we observe 3 oxygens at 2.33 Å and two
others at 2.50 Å. It seems that the surface complex could be rather a tridentate
complex with the oxygen atoms of the surface PO3 groups. Like U/LaPO4, there is one
phosphorus atom at 2.74 Å in both media which can have the same interpretation as
the U/LaPO4 system.

These results indicate clearly that the sorbed species form an inner-sphere
complex for both solids, in both NaClO4 and KNO3 media (monodentate or
tridentate). These informations will be very useful for the determination of the
corresponding sorption constants by simulation of the retention data.

Fig. 1 : Fourier transform (not phase corrected) of the first third shells
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