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«  INVESTIGATIONS OF THE IMPACT OF MINERAL IMPURITIES  
ON GAS TRAPPING SELECTIVITY WITHIN HYDRATES »  

Description. Gas hydrates are nanoporous crystalline solids composed of hydrogen-bonded water molecules 
forming cages within which gaseous molecules are encapsulated. Since their initial discovery, interest in gas 
hydrates has grown exponentially from being of mere scientific curiosity to offering a potential new energy 
solution to the imminent energy crisis. Gas hydrates are considered to be pivotal terrestrial and extraterrestrial 
ingredients, as they make up a great part of the Earth’s seafloor sediments and play a role in extraterrestrial 
planetary formation scenari. A very important observation common to both terrestrial and extraterrestrial gas 
hydrates is that they are predominantly and naturally formed in the presence of porous dusty ice media, possibly 
enriched in minerals, hydrated salts and/or sediments. The impact of these mineral impurities onto the physical-
chemistry properties of gas hydrates (trapped-gas selectivity, thermodynamic promotion or kinetics modification) 
is of prime importance to track the evolution of the abundances of species taking part in the compositions of 
hydrate-bearing deposits on Earth and on extraterrestrial bodies. Since the hydrate morphology and distribution 
both depend on the medium property (chemical composition, hydrophobicity, pore space, bulk stiffness), a 
fundamental understanding of the hydrate selectivity, thermodynamics, formation and dissociation mechanisms 
onto/into mineral-like media appears to be crucial. The position falls in this research context and aims at 
investigating, at a fundamental level, the underlying factors governing the gas selectivity and 
formation/dissociation mechanisms in mixed clathrate hydrates formed in the presence of mineral defects to 
mimic their natural environment (e.g., planetary and cometary bodies, deep oceans, permafrost of terrestrial and 
extraterrestrial origin). The PhD research program will be devoted to the physico-chemical investigations by 
combining (ab-initio) molecular dynamics simulations, neutron scattering (inelastic and diffraction) and Raman 
spectroscopy. Consequently, the proposal encompasses the investigation of mixed clathrate hydrates in 
thermodynamics conditions relevant to geological and astrophysical environments, and will thoroughly explore 
the influence of mesoscopic surrogates present in these natural media during clathrate formation. The latter 
objective constitutes the key novelty of this project.  
To ensure the project’s successful completion, various research partners bring forth an exclusive multidisciplinary 
approach based on their theoretical and experimental expertise; indeed, the PhD proposal fall in the frame of the 
ANR (French National Research Agency) research project MI2C recently accepted for the period 2015-2020. The 
ILL PhD candidate will thus have the opportunity not only to work in the ILL neutron large-scale facility, but also 
to actively participate in the consortium involving 20 scientists (4 PhD students, 12 researchers, 4 engineers) 
located at 4 different French universities (Bordeaux, Besançon, Dijon and Lille). 

Profile. The studentship is open to all students holding a Masters (or equivalent) in Physical Chemistry (solid 
state), Spectroscopy, Physics, or related disciplines. Academic knowledge of condensed matter physics is highly 
ated. The successful candidate should be enthusiastic about research, show clear motivation for experimental 
work, be capable of learning new skills, and able to work in an independent manner and in collaboration with 
other research teams. Good English communication skills (oral and written) are a prerequisite.  

Location and salary. The PhD project will be located in France at the ILL (Grenoble) and at the Universities of 
Bordeaux and Besancon. Such a position will thus give the candidate the opportunity for certain mobility over the 
years. The successful candidate will be employed for a period of up to three years, with a gross salary of around 
2350 €/month, together with other benefits depending on the student’s social status  
(details: h t tp : / /www. i l l .eu/sc ience- techno logy/phd-s tudents/phd-recru i tment/phd-work-a t - the- i l l / .)  

Supervisors. Dr A. Desmedt (Bordeaux), Dr L. Martin-Gondre (Besançon) and Dr J. Ollivier (Grenoble). 

Application details and contact. To apply, please send a letter of motivation and CV (with 2 
recommendation letters) to Dr. Arnaud Desmedt (arnaud.desmedt@u-bordeaux.fr).   

Deadline for applications: June 30th, 2017  - Starting date of the PhD: October 1st, 2017. 


