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Polymorphism and associated critical phenomena in sulfur and phosphorus liquids

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, under review]. 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.  
           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.  
           We seek for a candidate with a strong motivation for experimental physics and a solid background in 
condensed-matter physics. This project is part of a collaboration with the ESRF. 


