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Phase transitions of matter under high pressure are a ubiquitous phenomenon that

occurs for most of the solid elements, and many new elemental and binary

structures are still being discovered. We successfully characterized phase

transitions in three binary alloys, Ga-In, Bi-Sb and Bi-Ga, by combining both

thermodynamic modeling and lab-scale high-pressure experimental techniques. The

thermodynamic model was extended to include the effect of pressure on the

interaction parameters. The model is demonstrated for isomorphous and eutectic

binary systems, and take into account phase transition in the elements.

Figure 2- Calculated pressure dependent phase diagramFigure 1- Effect of pressure on eutectic 

temperature and composition 

• Red lines- A7→Bi-III transition.

• Blue lines- Bi-III→liquid transitions.

• Dotted black lines- possible miscibility gap between the III→III phase transitions that are 

metastable at this pressure

Figure 8- Calculated isomorphous phase diagram 

up to 1.7 GPa

Figure 9- Calculated eutectic phase 

diagram at 3 and 5 GPa
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Figure 3- Voltage drop across a 

Ga20In80 sample as a function of 

heating power at selected oil pressures

Figure 5- The eutectic temperature 

as a function of pressure-

experimental and calculated data

Figure 4- Derivative of voltage 

drop as a function of heating power. 

The peaks represent the phase 

transition, until it disappear at 3 

GPa

 Confirmed that the pressure dependence can be predicted

by the ambient sound velocity and density as predicted in

our theory.

 Demonstrated that material properties of alloys can vary

strongly with pressure, in particular for anomalous

materials such as Bi and Ga.

 Validated the thermodynamic model can be done by using

different high pressure experimental techniques.
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Figure 10- Molar volume and the pressure dependence 

of the molar volume  as a function of In concentration 

Figure 11- The pressure dependence of 

the interaction coefficients J0 and J1

• Non-ideal, sub regular solution model of the Gibbs free energy.

• The pressure dependent of the interaction coefficient:
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• From density measurements we can find the derivative of the volume:
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• From sound velocity measurements we can find the second derivative of

the interaction coefficient:
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Bi-Ga system

Figure 6- The effect of interaction parameter order on the liquid binodal symmetry
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Figure 12- The effect of the interaction 

parameter on the shape of the phase diagram

Figure 7- Calculated phase diagram and liquid binodal of Bi-Ga binary system at 2 and 4 GPa


