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The proposed Ph.D. thesis aims at quantifying the phenomena at the origin of the instability of 
colloidal organic dispersions in order to predict the thermodynamic macroscopic properties of 
these dispersions involved in a large number of domains: in separation chemistry first of all, for 
example for the recycling of strategic metals, but also in the field of micro-emulsification formulation 
used in the pharmaceutical industry for drug preparation or in cosmetics. These last years, the de-
velopment of new molecular modelling methods has made it possible to describe these complex 
systems on nanometric sizes. As a result, the structure is nowadays more and more well-character-
ized. Nevertheless, modelling their thermodynamic properties remains a difficult task due to the 
various phenomena involved: complexation, solvation, electrostatic interactions, polarization forces, 
etc., as highlighted in a recent article (H. Zhang et al. Nature 542, 328–331 (2017)). The aim of this 
thesis project is to model these thermodynamic properties using an original multi-scale approach 
based on a molecular description. Such an approach is needed because the phenomena occur at var-
ious time and distance scales. 

In separation chemistry and more precisely for Winsor II systems 
(corresponding to an organic colloidal dispersion in equilibrium with 
an aqueous phase), recent experiments and simulations have shown 
the presence of supramolecular aggregates, similar to reverse mi-
celles, whose characteristic size of several nanometers suggests a 
complex extraction process based on the selective formation of these 
compounds. In each aggregate, a polar core is surrounded by a 
curved interface that is more or less stretched and composed of am-
phiphilic extracting molecules. Modelling the stability of such solu-
tions will therefore require the calculation of the different interac-
tions between aggregates. Particularly, an important term will be the 
interaction energy between aliphatic chains (aggregates – aggregates 
and aggregates – diluent) which spontaneously select a certain curva-
ture and bending, but whose intensity and role are still very poorly 
known. 
We will therefore focus on the influence of aggregation on the sta-
bility of such solutions, from the spontaneous formation of aggre-
gates in solution to their interactions. To this end, we will develop 
multi-scale approaches coupling molecular-scale simulations, typi-
cally using molecular dynamics, with mesoscopic "coarse-grained" 
simulations.  

MD simulations of  
liquid-liquid extraction 

 



 

    
 

 

Two approaches will be then proposed during the Ph.D. thesis in order to better understand these 
phenomena: 

1. First, we will study the effect of the concentration of compounds present in solution on the 
stability of these solutions by molecular dynamics simulations. We will be then able to verify 
whether such a simulation method allows for spontaneously observing phase separation for-
mation, which will allow us hopefully calculating the limits of spinodal stability in phase dia-
grams. 
2. A second approach will consist in directly calculating the interaction potential between ag-
gregates by means of biased molecular dynamics simulations (typically umbrella-sampling). This 
potential will be then used as an input parameter for "coarse-grained" mesoscopic modelling such 
as Monte Carlo simulations. This will provide direct access to the activity in the organic phase. 

In a context of separation chemistry in an attempt of recycling strategic metals and in connection 
with the research area developed in the Mesoscopic Modelling and Theoretical Chemistry Labora-
tory of the Institute for Separation Chemistry in Marcoule (M. Duvail et al. Soft Matter 13, 5518–
5526 (2017)), the Ph.D. thesis will focus on organic colloidal suspensions whose aggregates are com-
posed of lanthanide salts in the presence of diamide extractant molecules. The theoretical and nu-
merical methods developed during the Ph.D. thesis could be adapted and transferred to other in-
dustrial applications in which colloidal suspensions are involved.  

 

Candidate profile: The candidate must have a Master 2 or an engineering degree with a recognized 
knowledge of physical chemistry.  

 

 

 


