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Contents for previous classContents for previous class
1)) Glass transition is not thermodynamic nature,Glass transition is not thermodynamic nature,

which is close to second order phase transition.which is close to second order phase transition.

2) 2) TTgg depends on thermal history.depends on thermal history.

Ideal glass
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FragilityFragility
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

< Classification of glass >
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Strong network glass : Arrhenius behavior
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Fragile network glass : Vogel-Fulcher relation
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< Quantification of Fragility >
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gng ,

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



T increase
1012~1014  poise

Supercooled
liquid
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FragilityFragility
Strong liquid vs. Fragile liquid

• Strong glass-forming liquidStrong glass forming liquid

covalent bond of SiO2 

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

SCL: relatively low entropyy py

• fragile glass-forming liquid

non-directional bonding
(Van der waals bonding)

large difference of C at Tlarge difference of Cp at Tg

SCL: relatively high entropy

(relatively large free volume)
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SCL: relatively high entropy
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Specific heat capacity (a k a Specific heat)Specific heat capacity (a.k.a. Specific heat)
• symbolized as c, units in J/gC
• It’s the heat required to raise 1 gram of a substance by 1 C
Heat capacity
• calculated by c x m, units in J/C
• It’s the heat required to raise the temperature of an object

by 1 C.
M l h t it it i J/ l C
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Molar heat capacity: units in J/mol C.
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Differential Thermal AnalysisDifferential Thermal Analysisyy
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DSC ScanDSC Scan DTA ScanDTA Scan

Low temp. 253 K ~ 973 KLow temp. 253 K ~ 973 K High temp. 373K ~ 1573 KHigh temp. 373K ~ 1573 K
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coolingTmTg< Thermal map >
Glass Supercooled

liquid
liquid

Glass transition
E d

Crystallization
E

melting
E d

Endo.
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: Endo. : Exo. : Endo.
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Glass SCL crystal LiquidC+L

Exo.
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Determination ofDetermination of TTgg
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Thermal expansion curve obtained from the rod of Ca65Mg15Zn20 

(3 mm in height and 2 mm in diameter).



By measuring the height of the sample versus time, 
the viscosity at any temperature is given by the Stefan equation 
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h F i th li d l d i th di f th l (1 5 ) d h i th h i ht f th l

1010 Injection cast : d=2 mm

 
where F is the applied load, a is the radius of the samples (1.5 mm), and h is the height of the sample. 

10 Injection cast : d=2 mm 
  Applied load : 50 mN 
  Heating rate  : 20 K/min
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Determination of Tg for glasses by dilatometry.
The linear sections below and above Tg are marked green; 
Tg is the temperature at the point of intersection of the corresponding red regression lines.
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The Dynamic Mechanical Analysis is a high precision technique for 
measuring the viscoelastic properties of materials. It consists in 
applying a sinusoidal deformation to a specimen of material and 
measuring the resulting force transmitted through the specimen.

Applied displacement
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