
Polymer Physics Chapter 5

Chapter 5. Glassy Amorphous State

5.1 Introduction

Molten polymer --> (cooling) --> glassy, amorphous 
semi-crystalline 

a: slow cooling
b: fast cooling
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- Key factor of crystallizing a polymer : regularity of the polymer

Atactic polymers : do not crystallize

ex) IPP : crystallize
atactic PP : not

Exceptions) 1. X group in                                  is very small.       ex.) PVAL
2. X group of a long regular side chain (side chain crystallization)

CH2CHX
n
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Effect of molecular and thermal factors of the structure of solidified polymer 
∴ values depend on experimental conditions. gT
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5.2 Glass transition temperature

* Effect of repeating unit structure ex)  

· relatively inflexible X group:      ↑ with size of the group ↑

CH2CHX
n

gT



Polymer Physics Chapter 5

· relatively flexible side chain :     ↓ with length of the side chain ↑

· longer pendant groups  → ↑

n : the number of carbons in 
the oligo-methylene (R) 
group

gT

gT
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· ↑ with increasing polarity (    ↑ with Cl content ↑),    C-Cl : polar

generally, 

: CED (cohesive energy density)

m : internal mobility of the groups in a single chain

↑ with chain flexibility ↓
↑ with CED ↑

(symmetrical molecules)

(asymmetrical molecules)
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* Free volume

volume free volume 
occupied volume 

Ideal crystal :   f ≃ 0 

Glassy, amorphous polymer : relatively small f

Amorphous, rubber polymer : relatively large f
Estimation of the size of empty volume ⇒ X-ray scattering

volumetotal
volumefree)volumefreefractional( =f
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* Effect of molecular architecture on 

: Molar mass, degree of crosslinking, chain branching 

:  (universal fractional free volume)  fractional free volume at 
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Dependence of        on molar mass for narrow fractions of atactic polystyrenegT
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· Crosslinks reduce  f
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*        of  blends & copolymers

: highly dependent on the morphology

Immiscible polymer blend two      ‘s 

gT

gT
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Miscible polymer blend one

: Fox equation, 
gT
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Plasticizer : low MW liquid having a strong      -depressive effectgT
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*  P effect on gT

α
β

∆
∆

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
dp

dTg

: volume expansion coefficientα

pdT
dV

V
⎟
⎠
⎞

⎜
⎝
⎛≡

1

: compressibility coefficientβ

Tdp
dV

V ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−≡

1

Typical polymers : 0.2 ~ 0.4K/MPa
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5.3 Non-equilibrium feature

* General aspects
glass transition : second-order transition 
정의 : μ 의 T 에대한 2계미분이 discontinuous.

The 1st derivatives of V & H w.r.t. T are discontinuous. 
cf.) μ 의 1계미분이불연속→ 1st-order transition (V, H자체가불연속) µ

µ

Tt Tt Tt Tt

µ µ

1st order transition 2nd order transition
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* Non-equilibrium nature of a glassy polymer

At constant cooling rate, q

Point B : kinetic glass transition.

V decreases under isothermal condition (C D) 

“physical ageing”

or

“isothermal volume recovery”
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* Volumetric response to different cooling rates (See Fig. 5.14)

changes : 3K for a change by a factor of 10 in cooling rate. 

- Volume recovery

Contraction is more rapid than expansion.

An amorphous polymer which is cooled rapidly

through       and then held at const. T

⇒ V & H↓, G (tensile modulus)↑,  

(yield stress)↑, toughness↓, 

impact strength↓, permeability↓

gT

gT
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