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* Fundamentals of the Glass Transition

• Melting and Crystallization are 
Thermodynamic Transitions
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• The Glass Transition is 
a Kinetic Transition
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Ideal glass

*		Kinetic	Nature	of	the	Glass	Transition

*	Glass	→		exited	state	–(sufϐicient	time)→	relax	and	eventually	transform	to	
crystalline	ground	state
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Glasses can be formed by one of the major types of 
bonding interactions found in solids.

Contents for previous class

: covalent, ionic, metallic, van der waals, hydrogen bond

“Phase Transition”
Thermodynamically: what is possible!

Kinetics: speed/rate of the transition

Thermodynamic classification:  first order    &    second order

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

: order-disorder transition
i.e. β-brass (Cu-Zr alloy),  isotopic-nematic 
transition in liquid crystals, Ferromagnetic
-paramagnetic transition
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• Thermodynamics	for	glass	transition
~ not thermodynamic nature
~ close to second order phase transition

V, H. S changes continuously.

αT CP KT changes discontinuously.

at Tg G changes continuously.

 The glass transition is ‘pseudo’ second‐order phase transition.
And the transition depends on kinetic factors.
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Schematic of the glass transition showing 
the effects of temperature on free energy



1)	multi component	system:	ΔS↑_high order	alloy	→	easy

2)	low	chemical	potential	due	to	① low	enthalpy	② large	
interfacial	E	between	liquid	and	solid	phase	:
ΔHf↓_constituents with	large	negative	heat	of	mixing	→
solid/liquid	interface	E	↑
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Schematic of the glass transition showing the effects of 
temperature on the entropy, viscosity, specific heat, and 
free energy. Tx is the crystallization onset temperature.
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• derivative	of	thermodynamic	properties

~ dramatically decrease Cp near Tg during cooling

~ dramatically increase Cp near Tg during heating 

discontinuous (Cp, αT, KT)

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

Glass transition: heat          endothermic
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Theories for the glass transition

by thermodynamic origin, 2nd order transition

But,

• Glass transition 
H , V , S : continuous Cp αT KT : discontinuous

1) Tg is dependent on thermal history of sample.
If 2nd order transition, 
Tg is not changed by kinetic factor.

A. Thermodynamic phase transition 
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*  Formation of glass during cooling



15Microscopic time: time for events at sub-atomic distance and duration 
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Fragile network glass : Vogel-Fulcher relation

Strong network glass : Arrhenius behavior
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< Classification of glass >

Fragility ~ ability of the liquid to withstand changes in medium range order with temp.
~ extensively use to figure out liquid dynamics and glass properties 

corresponding to “frozen” liquid state

Slope of the logarithm of viscosity, η (or structural relaxation time, τ ) at Tg



20Tg

T increase
Supercooled
liquid

1012~1014  poise



21

Strong liquid vs. Fragile liquid

Fragility

• Strong glass-forming liquid

covalent bond of SiO2 

small difference of Cp between SCL and glass at Tg
(small difference of structure)

SCL: relatively low entropy

• fragile glass-forming liquid

non-directional bonding
(Van der waals bonding)

large difference of Cp at Tg

SCL: relatively high entropy

(relatively large free volume)
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• Thermodynamics	for	glass	transition
~ not thermodynamic nature
~ close to second order phase transition

V, H. S changes continuously.

αT CP KT changes discontinuously.

at Tg G changes continuously.

 The glass transition is ‘pseudo’ second‐order phase transition.
And the transition depends on kinetic factors.
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Eq. (1) & (2) should be proved experimentally. 
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It is found by measuring the discontinuities ΔαT, ΔCP,ΔκT at the glass transition that
Eq. (1) is almost always obeyed within experimental error, but that values for ∆κT/∆αT
are generally appreciably higher than those of dTg/dP (Eq. (2)).

Eq. (1) = satisfy Eq. (2) = dissatisfy :
T

Tg

dP
dT









Therefore, it appears on this evidence that the glass transition is 
“not a simple second-order phase transition.”
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If a single ordering parameter determines 
the position of equilibrium in a relaxing system,

If more than one ordering parameter is responsible,

The latter case seems to describe most glasses.

Goldstein (1973) has suggested that

“ The specific volume Vg of the glass depends not only on the temperature,
being continuous through the transition, but also on the pressure of formation”

Jäckle (1989) has shown that
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Additional consequence of the experimental verification,
“ Glasses prepared under high pressures have higher than normal densities

but normal entropies or enthalpies. ”


