Phase transitions



Anharmonic terms

Expand the energy in terms of the normal modes of the linearized problem U,
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Thermal expansion

Thermal conductivity limited by Umklapp scattering

High temperature limit of specific heat does not approach the
Dulong-Petit law



Nonlinear effects
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Structural phase transitions

Some materials make a transition from one crystal structure to another.

Two allotropes of tin: gray tin (a-Sn) 1s stable at temperatures
below 13.2°C and white tin (3-Sn) 1s stable above.

The phase with the lowest free energy prevails. (White tin
can be stabilized below 13.2 C by adding impurities.)

F=U-TS



Structural phase transition in Sn
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Structural phase transition in Sn
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semiconductor: electrons make a
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Structural phase transition in Sn
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Structural phase transitions

transition at 890 C
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The crystal structure with the lowest free energy will be observed.
Softer phonons >> lower Debye frequency >> more modes occupied >> higher entropy



Titanium
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Strain

Strain displaces the atoms and the band structure needs to be recalculated.

This changes the density of states and the thermodynamic properties.

Make Legendre transformations from
the internal energy to the enthalpy
that has temperature and pressure as
independent variables. The crystal
structure with lowest enthalpy will be
observed.

Enthalpy i1s calculated from the
microscopic states of electrons and
phonons.
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Structural phase transitions
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