Is there a Liquid-Liquid transition in realgar (As4S4) under Extreme Conditions? A Comprehensive Synchrotron study
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ABSTRACT 
The possibility of having two or more liquid phases of the same substance, separated by a first-order liquid-liquid transition (LLT) where density discontinuously changes, has been discussed as early as the 1970’s [1] and has been strongly debated in the case of supercooled water in the last 4 decades [2]. Experimental studies have clearly established the existence of first-order transitions in a few liquid systems, such as phosphorus [3,4] and sulfur [5]. However, our understanding of the LLT remains relatively primitive, and experimental realizations remain scarce and, in most cases, heavily disputed. In this context, the AsS system appears as a promising candidate for LLT according to recent literature [6-8]. Indeed, experiments [6] have revealed sharp and strong changes in the structural and dynamics properties of the AsS melt as pressure is increased. This led to the proposition that the AsS liquid undergoes two major transformations: first, from a molecular to a polymeric liquid around 2 GPa, and second, to a metallic liquid around 5 GPa. Moreover, according to two recent computer simulations using ab-initio molecular dynamics (AIMD) [7,8], a discontinuous volume jump occurs at the molecular-to-polymeric liquid transition.

Motivated by these findings, we have systematically investigated liquid As₄S₄ using synchrotron (PSICHE, SOLEIL) based in situ X-ray absorption, X-ray diffraction (XRD), X-ray radiography and tomography in the Paris–Edinburgh press. This set of various techniques enabled us to obtain the first measurements of the density of liquid AsS along various isotherms up to 6 GPa, as well as to explore the liquid structure and viscosity of AsS as a function of pressure and temperature. Furthermore, we measured the melting curve of AsS, and estimated the density changes along the melting line. The results will be shown in this presentation and discussed in relation with the proposed liquid-liquid transition. 
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