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A is the sample cross-section (area)
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VI. Polymer Viscoelasticity

 Viscosity, Modulus and Compliance
 

 G

J
 

 is viscosity

G is shear modulus

J is compliance
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Spring Dashpot
Solid-Like Response Liquid-Like Response Maxwell Element

G


Voigt Element

G     

Relaxation time:

Storage Modulus and Loss Modulus
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Maxwell Element Voigt Element

Relaxation spectra in polymers are more complicated. They can be presented by a 
sum of the elements. 
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Boltzmann Superposition Principle (BSP)

Useful Interrelations Developed from BSP

Steady State Stress:

Dynamic Modulus:









xn-1















Thus one can measure Dcoil directly





















Chain Dynamics in Melts and Concentrated Solutions

This molecular weight dependence is universal, independent of T, polymer, solvent. There are many experimental 
evidences that indicate the dominant role of the topological constraints in the dynamics of polymeric liquids.



On a





The end-to-end correlation function <R(t)R(0)> can be calculated along the primitive path.
Dt

2







Thus the mean-squared displacement of the link is proportional to t1/4.



Thus there are 4 different regimes for <x2> 

Dependence of  on N
The prediction *N3 disagrees with experimental *N3.4.

The generally accepted explanation – contour length fluctuations L. It is significant for not extremely 
long chains. Another mechanism can be the tube renewal (motion of other chains may change the tube). 
In particular, for motion of a long chain in the melt of short chains, tube renewal may be essential. 
However, if the chains are too short, they will be entrained by the motion of the long chain (similar to the 
motion of solvent molecules).
Detailed discussion of the modification of the classical tube model can be found in [TCB McLeish, Adv. 
Phys. 51, 1379 (2002)].
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The authors obtained good correlation between GN and p. 
They estimated the coefficient :
GN ≈ 12 [Mpa*A3]*p-3;  and dt ≈ 19p
The coefficients are temperature dependent.

These results suggest that molecular weight between 
entanglement and tube diameter depend on how dense 
(or how lose) is the polymer coil.

d





Molecular Weight between entanglements (and the tube diameter) depends on 
packing length of the polymer, i.e. on how dense is the polymer coil.


