
The shape of the melting curve and phase transitions in the liquid 
state 

Eyal Yahel 

Physics Department, Nuclear Research Center - Negev, Israel 

The phase diagram of elemental liquids has been found to be surprisingly rich, including
variations in the melting curve and transitions in the liquid phase.  The effect of these
transitions on the shape of the melting curve is reviewed and analyzed.  First-order phase
transitions intersecting the melting curve imply piecewise continuous melting curves, with
solid-solid transitions generating upward kinks or minima and liquid-liquid transitions
generating downward kinks or maxima.  

For liquid-liquid phase transitions proposed in the literature i.e., for carbon, phosphorous,
selenium, and possibly nitrogen, we find that the melting curve exhibits a kink.
Continuous transitions imply smooth extrema in the melting curve and the curvature of
which is described by an exact thermodynamic relation.  From this expression we find that
a minimum in the melting curve requires the solid compressibility to be greater than that
of the liquid, a very unusual situation.  This relation is employed to predict the loci of
smooth maxima at negative pressures for liquids with anomalous melting curves. The
relation between the location of the melting curve maximum and the two-state model of
continuous liquid-liquid transitions is discussed and illustrated by the case of tellurium [1]. 

Sound velocity is a fundamental measure of the thermodynamic state of the liquid.  It has
long been suspected that deviations from normal behavior, i.e., linear decrease of the
sound velocity with temperature, are indicative of structural rearrangements.  It is well
documented that liquid antimony (l-Sb) exhibits an anomalous temperature dependence
of the sound velocity with a maximum value attained at approximately 9000C.  We have
measured the pair correlation function in l-Sb at relatively small temperature intervals
across a wide temperature range and obtained the temperature dependence of the
parameters of the structure.  We find that the temperature dependence of the structure is
correlated with that of the sound velocity.  We also find that similar correlations exist in
other liquid metals [2].  A simple thermodynamic relation, which relates the temperature
dependence of the sound velocity in the liquid with other thermodynamic quantities, was
derived.  It is seen that in normal liquids the temperature dependence is related to the
volume expansion coefficient.  In anomalous liquids the increase in temperature is seen
to originate in an entropy term and may be associated with structural rearrangements.  A
microscopic model for anomalous liquid metals is proposed.  These structural
rearrangements of the liquid suggest a kind of continuous transition in the liquid phase.  

The pressure-temperature phase diagram of bismuth present multiple transitions in the
solid and liquid phases.  Therefore, bismuth provides the possibility to further explore the
phase transitions in liquids.  The thermodynamic properties of liquid bismuth have been
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and the static structure factor.  These physical properties display a number of anomalies.
In particular, we have observed evidence for the presence of a temperature-driven liquid-
liquid structural transformation that takes place at ambient pressure [3].  The latter is
characterized by a density discontinuity that occurs at 7400C.  Differential thermal analysis
measurements revealed the endothermic nature of this transformation.  A rearrangement
of liquid Bi structure was found by neutron diffraction measurements, supporting the
existence of a liquid-liquid transformation at high temperatures. 
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