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One of the ways presented to slow down the
primary demand for mineral raw materials is fo
optimize their recycling from end-of-life goods
and materials. This recycling usually involves
grinding, dissolving into solution ions, and finally
separatfing the ions, most often by liquid-liquid
(LL) extraction or solvent extraction. This liquid-
liguid extraction is the key process used in vari-
ous industrial hydrometallurgical applications, in
parficular in the reprocessing process of nuclear
fuel and materials or assemblies containing strategic metals. The term "solvent extraction" refers to
the distribution of a solute between two immiscible liquid phases in contact with each other, i.e., a
two-phase distribution of a solute.

In order to better understand the transfer of ions between these two phases, it is important to under-
stand:

1. the speciations of the different ionic and molecular species respectively in each of the two
phases in contact, which correspond to the differences in chemical potential between the
two phases.

2. dall the molecular and supramolecular interaction phenomena at the interface which are at
the origin of the potential barriers that can influence the ionic fransfer kinetics.!

Our work over the last 10 years28 has demonstrated the interest and complexity of understanding LL
interfaces at the molecular level in order to understand the ionic fransfer phenomena in cases where
the aggregation in the organic phase impacts their kinefics.

Numerous experimental results on speciation and molecular organization in each of the phases exist
and can now be interpreted structurally from molecular dynamics simulations. However, this same
experimental/simulation approach correlated at the interface containing ligands and in equilibrium
with adjacent volumes has been little explored. Indeed, probing by innovative methods the liquid/lig-
vid (LL) interfaces involved in ion-assisted extraction from water to an organic oil phase and vice
versa remains a challenge. Although the two-phase solvent extraction process is the basis for many
large-scale industrial hydrometallurgical applications for recycling strategic metals, the molecular
and supramolecular mechanisms that may determine the fransfer kinetics are still relatively unknown,
despite decades of research. This is due to the fact that probing buried, fluid, and therefore dynamic
nanoscale interfaces remains a challenge.

We have demonstrated by reflectivity techniques that it is possible to analyze interfacial structures
rich in diamide ligands, and to describe their organization as interfacial monolayers or interphases.
We were able to show how these different interfacial structures explain the different regimes of ionic
transfer qualified as either diffusional or kinefic. Finally, we were able to explain why the energy barrier
for a system comprising DMDOHEMA is higher than for DMDBTDMA, two diamides associated with
very different ionic transfer mechanisms?. The interfacial structure can, in fact, strongly impact the
entropic gain to the formation of inverse ligand aggregates, aggregates that allow the solvating of
hydrated ion pairs in the organic phase. Atomic force microscopy (AFM) measurements on these
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same interfaces have recently revealed force jumps at contact and during ion transfer kinetics, phys-
ical characteristics that can be correlated to lateral inhomogeneities (or raft) responses already ob-
served on immersed biological membranes. Finally, nonlinear optical analyses of second harmonic
generation (SHG), a technique suitable for probing buried fluid interfaces, suggest molecular orien-
tation fluctuations characterized by correlation lengths.

These numerous observations are severely lacking in statfistics and the variety of chemical parameters
in ferms of ligand nature or solvent has not yet been explored to define reliable correlations.

This is the purpose of this Ph.D. thesis, which focuses on families of malonamides and monoamides on
which we have collected a large number of macroscopic data and average interfacial responses
at the CEA and ICSM, and for which our approaches must be systematized. Measurements of acid
and trivalent ion transfer kinetics will be correlated with AFM measurements, interface rheology
measurements (oscillating drop method), neutron reflectivity measurements (possibility of experi-
ments in Japan), SHG measurements on systems without chromophores but also on ligands of the
same family carrying chromophores (work based on J. Wang) and this, by varying the concentrations
on both sides of the critical aggregation concentrations. It is indeed recognized that the structure of
these interfaces must be studied as a function of several thermodynamic parameters in order to
determine the associated energy landscape!®. Finally, the "stripping" aspect, i.e., the ionic transfer
from the organic phase to the aqueous phase, will also be specifically studied, a point almost never
developed from a structural point of view at the LL interfaces.
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Funding: The Ph.D. thesis is funded by the French Alternative Energies and Atomic Energy Commission
(CEA, Energies Division).
Net salary: ~1650 € / month (Gross salary: ~2100 € / month)

Further information: The successful candidate will join the L2IA
group of ICSM and will be enrolled at the doctoral school
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Education and skills required: Master's degree in condensed

matter, optical physics, physical chemistry of solutions, or sep-
aration chemistry
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Contact: To apply, please send a cover letter, and a detailed
CV to Pr. Luc Girard (luc.girard@cea.fr) et Dr. Olivier Diat
(olivier.diat@cea.fr).




