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Results:

Method:

Aqueous chemistry of actinide ions is investigated for the management of radioactive wastes produced during nuclear fuel cycles. In this framework the PhD thesis aims at completing 
macroscopic approaches with molecular simulations. In anoxic deep ground-waters Actinides are stable at the +3 and +4 oxidation states. We started by studying the hydration of ion La3+, since 
hydration is the first step for handling aqueous chemistry, and La3+ is a natural chemical analogue for actinide ions of interest (Pu3+, Am3+ and Cm3+).
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Conclusion and outlooks:

A simple potential form describes correctly the La3+-OH2 interaction: the Buck6 potential only 

composed of a repulsion and a dispersion term. This simplicity will facilitate, in the future, extrapolation 
of parameters we have determined for the La-O interaction to the other Ln-O interactions (Ln = Ce - 
Lu), since the Ln3+ hydration properties in aqueous solution depends essentially on the Ln3+ ionic radius, 
and our Buck6 potential indeed essentially reflects ionic radius.
 

The present study encourages us to proceed further with other lanthanide ions hydration studies and with 
La3+ solvation in aqueous solutions containing anions and other cations.

The total energy of our system is modelled as a sum of potential energy terms:

where is composed of a Coulomb and a polarization terms [1],

The polarization equations have been solved by using a Car-Parrinello type of dynamics where additional degrees of freedom are 
associated with induced dipoles [2]. This approach allows to divide the CPU time by 13 as compared to the usual self-consistent 
resolving method. Furthermore, the CPU time is virtually the same for simulations with and without polarization.

The O-O interaction is described by a 12-6 Lennard-Jones potential, and the non-electrostatic La-O interaction by a 6-exponential 
Buckingham potential:

The La-O interaction was parametrized from ab initio calculations, on La3+ clusters at the MP2 level of theory.
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MD simulations:

* La3+ + 216 H2O

* NVE ensemble

* Periodic boundary conditions

* <T> = 299 K

* Equilibration during 2 ps

* Simulation time: 3 ns

* CPU time (2.4 GHz AMD Opteron):
- explicit polarization: 30 hours

- without polarization: 24 hours

- self-consistent polarization: 390 hours (> 16 days!)
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