
Morphology of complex materials: Quiz 8 081124 
 

1. The Rouse model describes the relationship between the zero shear viscosity and 
the molecular weight of a polymer. 

a. How does the dependence of viscosity on molecular weight change with 
increasing M? Does the Rouse model account for this change? 

b. Draw a plot showing the behavior in (a). Mark the region of Rouse model 
and Reptation model. 

c. What is the reason for this change in behavior? Explain 
d. Draw a plot of log(shear storage modulus) vs. log (frequency) for a 

polymer say, polyethylene, with Mwts of 103, 104 and 105 g/mole. Explain 
the change in behavior as seen from this plot. 

e. Do entanglements affect the glass transition temperature of polyethylene? 
Explain.  

 
2. The tube model is used to describe a monodisperse linear polymer melt beyond its 

critical molecular weight of entanglement (Mc).  
a. What are the 3 major mechanisms for relaxation in the tube model? 
b. What is primitive path, as described in the Reptation model? 
c. What dependence of viscosity on M is obtained from the Reptation model? 

What power law dependence is actually seen in real polymers (beyond 
Mc)?  

d. Can you give a few reasons for the change from the predicted theoretical 
dependence in question (c)?  

e. Compare the dependence of viscosity, relaxation time and diffusion 
coefficient on M for Rouse model and the Reptation model. (Just a table is 
sufficient) 

 
3. Packing model is a widely used model to relate the structural properties of a 

polymer with its physical properties.  
a. Write the equation for the volume occupied by one polymer chain (Vc) 

used in this model. 
b. What does the pervaded volume refer to? Write an equation for Vsp. 
c. Write the equation describing the packing length. What is the dependence 

of entanglement molecular weight Me on packing length p?  
d. How is Me related to the plateau modulus of a polymer? Derive the 

relationship from rubber elasticity.  
e. Can you list the dynamic hierarchy in polymer melts as understood from 

the discussions in class?  
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