
050527 Quiz 9 Polymer Properties 
 
The random phase approximation can be used to describe the free energy of a polymer blend.  
For example Mueller1 gives: 

 
where Φ in the first term is the number density of chains and T is kT.   
 
a)  Use φk = αk ψk and ψk = dF/dφk to show the similarity between Mueller's equation (3) and the 
RPA equation derived in class (with αkA = g(q) and αkB = g(q)).  (First give the RPA equation 
from class; then convert to F thorugh substitution and an integral; then comment on the 
comparison.) 
 
b)  Using the internal field ψk.show how an expression for αk

0 for a binary blend can be 
obtained.  (That is, derive the athermal part of the RPA equation of part "a".) 
 
c)  Write a pseudo-equilibrium expression for the free energy of a phase separating polymer 
blend (including an expression for the surface energy) as a function of the domain size "r" using 
the Flory-Huggins Equation. 
 
d)  Use this expression to show that the critical phase size, rc, is proportional to the phase size at 
zero free energy, r*. 
 
e)  How do the free energy expressions in parts "a" and "c" relate to or compare with the 
Ginzburg-Landau functional for free energy given in class: 
 

( )( ) ( )( ) ( )( ) 32 drrgrGGL ∫ ∇+= φβφφ  
 

                                                 
1 http://www.cond-mat.physik.uni-mainz.de/~mueller/mueller.pdf 
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