Supercritical solvation of precious metals in H2O-CO2 solutions 
by first-principles simulations
The properties of a supercritical fluid (P>Pc, T> Tc) are intermediate between those of its liquid and gaseous phases. The chemical reactivity of supercritical water or carbon dioxide is used for instance in many industrial processes ranging from environmental to pharmacological applications. 

Water and carbon dioxide are the two main components of terrestrial fluids operating in the Earth’s mantle and crust. The description of the microscopic solvation of ions in such fluids is of fundamental importance in earth sciences for the understanding of metal transport from magmatic chambers to oceanic volcanoes as the temperature and pressure are varied. Indeed, the strong decrease of the dielectric constant in supercritical water allows for the formation of new ionic complexes which are unstable in normal conditions. The addition of CO2 in water will further decrease the dielectric constant and paves the way for a new, yet unexplored, chemistry.
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Figure 1: Schematic P-T phase diagram of water
The student will carry out first-principles (density functional theory) molecular dynamics simulations of water, carbon dioxide and H2O-CO2 solutions containing precious metals such as Au and Ag. These simulations will allow to analyse the evolution of the microscopic structure (figure 2) and to determine the most stable complexes as the thermodynamic conditions are varied from ambient to supercritical conditions. The information gathered will be used to assist the interpretation of experimental data (x-ray absorption and Raman spectroscopies) obtained in the framework of a collaboration with geoscientists (at the European synchrotron ESRF in Grenoble and at the LMTG in Toulouse). 
The thesis supervision will be shared by the Institut de Minéralogie et de Physique des Milieux Condensés (IMPMC) and by the Département de Chimie of ENS. 
Expected starting date: 1rst October 2010.
This project is funded by the Université P. & M. Curie (UPMC, Paris VI) and has already beneficiated from a strong support of the national supercomputers in 2009 and 2010.
The student should have a good background in one of the following fields: 

solid-state physics, quantum chemistry, computational physics/chemistry, statistical mechanics.
Knowledge of the first-principles methods and/or molecular modelling will be appreciated. Programming skills are not mandatory.
Contacts:

Guillaume Ferlat (IMPMC) : ferlat@impmc.jussieu.fr, Tel.: 01 44 27 52 39

Rodolphe Vuilleumier (ENS) : rodolphe.vuilleumier@ens.fr Tel.: 01 44 32 33 24

A. Marco Saitta (IMPMC): saitta@impmc.jussieu.fr Tel.: 01 44 27 22 44

Figure � SEQ Figure \* ARABIC �2�: Configuration of the Ag+ ion and its four closest water molecules in supercritical conditions








