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Physics of polymer molecules and polymeric
materials

1920 Hermann Staudinger first proposed plastics
were composed of very long molecules with A{
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 VN, 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,
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Conformation of Polymer Chain in the Bulk

J. P. Cotton,'® D, Decker,'” H. Benoit,'? B, Farnoux,!* J. Higgins,!* G. Jannink,
R. Ober,!d C, Picot,'® and J. des Cloizeaux'®

ABSTRACT: Neutron coherent scattering techniques have been used for the determination of the conformation of
polymer in bulk and experimental details are given about the application of this method to the study of polymeric
systems. Measurements have been made for small and intermediate momentum ranges on a series of eight mono-
disperse deuterated polystyrenes of molecular weight ranging from 21,000 to 1,100,000. The results lead to the con-
cluson that in amorphous state the conformation of the polymer molecule is indistinguishable from that in # solvent
and that the Debye scattering function which is valid for unperturbed chains applies for g =! as low as 10 A.
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Figure 6. Intensity, in arbitrary units, obtained as a function of g

by difference of the curves of Figure 5. The full line is a calculated

curve which is explained at the end of this paper.






The drunkard’s walk

L is proportional to
square root N

L = NO.5

Polymers in a melt

Self avoiding
walk L = NO-6
Polymers in
solution
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