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Physics of polymer molecules and polymeric 
materials

1920 Hermann Staudinger first proposed plastics 
were composed of very long molecules with 
co-valent bonds

1953 Paul J Flory described the shape and size of 
individual polymer molecules in solutions 
and melts.  In the melt molecular dimensions 
increase as √N, but they are larger in 
solution because of excluded volume effects

http://en.wikipedia.org/wiki/Image:Hermann_Staudinger.jpg


Physics of polymer molecules and polymeric 
materials

1967 Sam Edwards – polymer molecules in 
rubbers and glasses are trapped by their 
neighbours in a “tube

1971 Pierre Gilles de Gennes – in rubbers  the 
trapped molecules move like snakes in their 
tube and eventually escape - reptation



The Tube Model

Polymer chains in
the melt

Each chain can be 
considered to be
constrained within
a tube



Big questions for polymer scientists still open in 1970

• Is the individual polymer molecule a “random walk” in a melt sample 
(Flory)?

• Does the individual polymer molecule deform affinely in a stretched 
sample and how does it relax.

• Testing theoretical models describing the movement of the polymer 
molecules and relating this to their stickiness (viscosity) and 
stretchiness(elasticity)

• REQUIRED molecular labelling (deuteration), small angle scattering, 
high resolution quasi-elastic scattering – D11, IN5, IN10, IN11, D27, 
……



The guide Hall in 1973 with skeleton of IN5 in 
front
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The drunkard’s walk

L is proportional to
square root N
L ≈ N0.5

Polymers in a melt

Self avoiding 
walk L ≈ N0.6

Polymers in 
solution
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