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Think of crystalline materials like ramen 
noodles. When in their solid state, they have a 
compact ordered arrangement 

Amorphous materials are like cooked ramen 
noodles in that there is a random 
arrangement of the molecules and there are 
no crystals present to prevent the chains from 
flowing 

Morphology 
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The Glass Transition  

 
THEORIES OF GLASS TRANSITION AND MEASUREMENT OF THE GLASS TRANSITION TEMPERATURE  

 
Free Volume Theory  

 

For most amorphous polymers, the free volume fraction at the glass transition 
temperature is found to be a constant, with a value of 0.025. Amorphous 
polymers, when cooled, are therefore supposed to become glassy when the free 
volume fraction attains this value. Thereupon no significant further change in 
the free volume will be observed. Many important physical properties of 
polymers (particularly amorphous polymers) change drastically at the glass 
transition temperature. The variations of these properties with temperature 
form a convenient method for determining Tg.  
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Kinetic Theory  

 
The kinetic concept of glass transition considers the glass transition as a dynamic 
phenomenon since the position of the Tg depends on the rate of heating or cooling. It 
predicts that the value of Tg measured depends on the time scale of the experiment 
in relation to that of the molecular motions arising from the perturbation of the 
polymer system by temperature changes  

 

Equilibrium Theory  

 
The equilibrium concept treats the ideal glass transition as a true second-order 
thermodynamic transition, which has equilibrium properties. The ideal state, of course, 
cannot be obtained experimentally since its realization would require an infinite time.  
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FACTORS AFFECTING GLASS TRANSITION TEMPERATURE  

 

1. Chain Flexibility  
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2-steric hindrance  
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3. Geometric Factors  
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4. Interchain Attractive Forces  
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5. Copolymerization  

 
where V1 and V2 are the volume fractions of components 1 and 2, respectively  

 

weight fractions W1 and W2 and glass transitions Tg1 and Tg2,  
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6. Molecular Weight  
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7. Plasticization  

 
Plasticity is the ability of a material to undergo plastic or permanent deformation. 
Consequently, plasticization is the process of inducing plastic flow in a material. In 
polymers, this can be achieved in part by the addition of low-molecular-weight 
organic compounds referred to as plasticizers.  
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The Crystalline Melting Point  

 
Melting involves a change from the crystalline solid state into the liquid form. For low-
molecular-weight (simple) materials, melting represents a true first-order 
thermodynamic transition characterized by discontinuities in the primary 
thermodynamic variables of the system such as heat capacity, specific volume 
(density), refractive index, and transparency. Melting occurs when the change in free 
energy of the process is zero; that is,  
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FACTORS AFFECTING THE CRYSTALLINE MELTING POINT, TM  

 

1. Intermolecular Bonding  
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2. Effect of Structure  

 
The structural dependence of the crystalline melting temperature is essentially the 
same as that for the glass transition temperature  

 

3. Chain Flexibility  

 
Polymers with rigid chains would be expected to have higher melting points than those 
with flexible molecules. This is because, on melting, polymers with stiff backbones 
have lower conformational entropy changes than those with flexible backbones. As we 
saw earlier, chain flexibility is enhanced by the presence of such groups as –O– and –
(CO-O-)– and by increasing the length of (–CH2–) units in the main chain. Insertion of 
polar groups and rings restricts the rotation of the backbone and consequently reduces 
conformational changes of the backbone.  
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4. Copolymerization  

 
where ΔHm and X are, respectively, the heat of fusion and mole fraction of the 
homopolymer or crystallizing (i.e., major) component.  

9/8/2019 Prof.Dr.Salah Shakir Hashim 30 



9/8/2019 Prof.Dr.Salah Shakir Hashim 31 



9/8/2019 Prof.Dr.Salah Shakir Hashim 32 



 

Problems  
 

 
1.Arrange the following materials in the probable order of their increasing crystalline 
melting points and justify your answer. Assume the degree of polymerization, n, for the 
polymers is the same  
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2.The solubility parameters of poly(vinyl chloride) (PVC) and dibutyl sebacate are 9.7 and 
9.2, respectively. What amount (in volume percent) of dibutyl sebacate will be required to 
make PVC a flexible polymer at room temperature? Assume that the Tg of dibutyl sebacate 
is –100°C and that room temperature is 25°C.  
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3.Arrange the following linear polymers in orders of decreasing crystalline melting points. 
Explain the basis of your decision.  
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4.The Tg of polystyrene is 100°C. What is its melting temperature, Tm?  
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