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Effect of confinement on a first order phase transition 
Context 
The liquid-gas (L-G) transition is a prototypic 1st order phase transition. In the proximity of the critical point, large 
density fluctuations emerge in the fluid, leading to critical opalescence and its characteristic milky appearance. A 
long-standing problem has been to understand the effect of confinement on this transition. For example, it is 
expected that when the size of fluctuations becomes larger than the size of the system, the 
critical temperature is shifted and the thermodynamic properties of the fluid are modified. 
However experimental results have remained scarce. One way to realize experimentally this 
confinement is to use porous materials in which the composition, porosity, topology and size 
of the pores can be finely tuned. Up to now, our team has mainly worked with disordered 
porous materials (Vycor, Silica aerogels). We have thus recently shown that in these structures, 
the presence of disorder turns the condensation into an out-of-equilibrium phase transition, being 
the first experimental evidence of the long time predicted but never observed Random Field Ising 
Model [1]. We plan now to focus on the effect of pure confinement. 

 
Project: 
Our institute (L. Cagnon) has expertise in the synthesis of porous alumina 
membranes. They can be grown with well ordered, non-connected cylindrical pores 
and a well-defined diameter in the 10 nm range, essentially avoiding disorder 
effects. The objective of the intern will be to carry out the first studies of the L-G 
transition in this class of materials. He/she will use a unique combination of 

cryogenic and optical tools developed in our team [2]: thermodynamic (adsorption isotherms) and optical 
measurements (light scattering) will track the critical point as a function of pore size. As in our previous studies, 
Helium will be used as the model fluid, taking advantage of its unique properties: first, working at low 
temperatures enables to perform high resolution measurements of the average fluid density versus pressure. 
Second, with respect to other fluids, light scattering in helium remains in the single scattering limit which allows to 
probe the local microscopic distribution of liquid and gas in the porous matrix. Third, the very low surface tension 
of helium minimizes the capillary deformations of the porous material. These preliminary measurements will have 
a natural extension as a PhD thesis at the crossroads of low temperature and statistical physics. 
[1] Aubry et al., Phys. Rev. Lett. 113, 085301 (2014)     [2] Mélich et al., J. Low Temp. Phys. 162, 740 (2011) 
 
Collaborations & interactions:  
Sample fabrication will be done in collaboration with the team of L. Cagnon (IN). Comparison to room 
temperature measurements using alcanes will be made in collaboration with two laboratories in Paris, LPSENS (E. 
Rolley) and INSP (A. Grosman).  
 
Training / Skills: the candidate should have a background in condensed matter physics, while a good 
knowledge in optics would be a plus. Most importantly, the candidate should be self-motivated and have a strong 
curiosity about new phenomena. He/she will benefit from the unique expertise in our lab on low temperature 
techniques while working in a motivating environment and an enthusiastic research team. 
 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 
Quantum Physics:  YES    Theoretical Physics: NO 
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