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The ESRF is a multinational research institute, situated in Grenoble, France and financed by 19 countries 
mostly European. It operates a powerful synchrotron X-ray source with some 30 beamlines (instruments) 

covering a wide range of scientific research in fields such as biology and medicine, chemistry, earth and 
environmental sciences, materials and surface science, and physics. The ESRF employs about 600 staff and 
is organized as a French société civile. 

PhD Thesis Student (m/f) 
Subject: Polymorphism and associated critical phenomena in 

sulfur and phosphorus liquids 

G E N E R A L    F R A M E W O R K 
 

A liquid-liquid transition (LLT) is a peculiar phenomenon in which a single-component liquid 
transforms into another one via a first-order phase transition. Such a LLT was discovered in 2000 

in the melt of elemental phosphorus at high pressures [Katayama et al, Nature 403, 170 (2000)]. 
Experimental evidence of LLTs remain scarce and disputed, and until very recently, the sole 
unambiguous case was that of phosphorus. In the last three years, our exploration of the liquid 

phase diagrams of sulfur and phosphorus under high pressure and temperature conditions has 
enabled major advances: first, we discovered a new case of LLT in liquid sulfur, and second, we 
markedly extended the understanding of the LLT in phosphorus. Another remarkable result is the 

discovery of a liquid-liquid critical point (LLCP) terminating the LLT line in sulfur at ~2.15 GPa, 
1035 K [L. Henry et al, Nature, in press]. A LLCP has for a long time been conjectured in  water 

to explain its thermodynamic anomalies [Poole et al, Nature 360, 324 (1992)], but had never 
been experimentally observed before in any substance. Its P-T location in sulfur, easily accessible 
by experiment, makes it possible to investigate the critical phenomena in the vicinity of the LLCP.  

D E S C R I P T I O N    O F    T H E    T H E S I S    W O R K 
 

The present project aims at pursuing the experimental study of the two systems in order to : (1) 
better understand the microscopic nature of the low and high density liquids in sulfur; (2) explore 

the critical phenomena in liquid sulfur; and (3) extend the determination of the LLT line in 
phosphorus to higher T in order to locate the critical point. To reach these goals, several 
experimental techniques will be combined: high-energy synchrotron x-ray diffraction and small 

angle x-ray scattering to obtain high-resolution structural data; x-ray imaging to measure 
viscosity; and Brillouin scattering to determine the sound velocity and absorption.  
Experiments will be conducted in high pressure devices (Paris-Edinburg press, diamond anvil 

cells) designed to reach the required extreme P-T conditions. The x-ray experiments will be 
performed at the European Synchrotron Radiation Facility (ESRF) in Grenoble (France) and will 

take advantage of the recent source and beamlines upgrade. Optical (Brillouin and Raman) 
spectroscopies will take place at IMPMC using a dedicated setup for high P-T studies.             
 

Place of Work: The recruited PhD candidate will be primarily located at the ESRF site in Grenoble and will 
make frequent missions at IMPMC in Paris. 
Supervisors: M. Mezouar at the ESRF; Frédéric Datchi at the IMPMC 

The working language of the ESRF is English. You should hold a degree in Physics, Materials Science 
or Chemistry allowing enrolment for a PhD, such as an MSc, Master 2 de Recherche, Laurea or equivalent. 

Further information can be obtained from M. Mezouar (tel.: +33 (0)4 76 88 25 15, email: mezouar@esrf.fr) 
or Fréderic Datchi (tel.: +33 (0)1 44 27 45 06, email: frederic.datchi@upmc.fr). The application file 
including CV, Master degree grades, a motivation letter and reference letters should be sent to M. Mezouar 

and F. Datchi by e-mail. For employment terms and conditions, please refer to http://www.esrf.fr/Jobs. 
The ESRF is an equal opportunity employer and encourages applications from disabled persons.  

Deadline for returning application forms: 25/06/2020 
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