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Contents for previous classContents for previous class
Glasses can be formed by one of the major types of 

bonding interactions found in solids.
: covalent, ionic, metallic, van der waals, hydrogen bond

“Ph T iti ”“Ph T iti ”“Phase Transition”“Phase Transition”

Thermodynamically: what is possible!

Kinetics: speed/rate of the transition

Thermodynamic classification: first order & second orderThermodynamic classification:     first order    &    second order

Discontinuities in the second derivatives of 
the free energy i e heat capacity thermalthe free energy, i.e. heat capacity, thermal 
expansion, compressibility

: order-disorder transition
i e β-brass (Cu-Zr alloy) isotopic-nematic
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i.e. β-brass (Cu-Zr alloy),  isotopic-nematic 
transition in liquid crystals, Ferromagnetic
-paramagnetic transition



• Thermodynamics for glass transition• Thermodynamics for glass transition
~ not thermodynamic nature
~ close to second order phase transition

at Tat Tgg G changes continuously.G changes continuously.

V, H. S changes continuously.V, H. S changes continuously.

ααTT CCPP KKTT changes discontinuously.changes discontinuously.

3



Schematic of the glass transition showing 
th ff t f t t fthe effects of temperature on free energy
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Schematic of the glass transition showing the effects of 
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temperature on the entropy, viscosity, specific heat, and 
free energy. Tx is the crystallization onset temperature.



•• derivative of thermodynamic propertiesderivative of thermodynamic propertiesderivative of thermodynamic propertiesderivative of thermodynamic properties
discontinuous discontinuous (C(Cpp, , ααTT, K, KTT))

~ dramatically decrease Cp near Tg during cooling

~ dramatically increase Cp near Tg during heating 

Experimental observation during heatingExperimental observation during heating
because the monitoring is very difficult during cooling

6Glass transition: heat          endothermic



2) T2) Tgg depends on thermal history.depends on thermal history.

Ideal glass
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•• Formation of glass during coolingFormation of glass during cooling
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