
Flory-Huggins Equation for Mixing: 
 
When an ideal gas mixes the change in free energy is just the change in entropy since there is no 
interaction between the molecules.  The statistical description of entropy can be used to calculate 
the change in entropy by the change in the number of possible states in the system.  Before 
mixing the two molecule types are homogenous so there is only one distinguishable state.  After 
mixing there are Ω possible states, 

 

using the Boltzman expression for entropy we have, 
 

Sterling’s approximation can be used to simplify this expression, , so 

 

where x1 is the mole fraction of component 1. 
For an ideal gas system with no enthalpic interaction this is the free energy for mixing, ΔG=-
TΔS.  We can consier a probability p(x1) associated with the probability of one configuration of 
this ideal gas mixture occurring which can be obtained using the Boltzman relationship, 

 

so that the probability of finding one site with a molecule of type 1, x1, is raised to the number of 
such sites, N1 and similarly with the probability of finding a site with a molecule of type 2.  The 
two molecules are indistinguishable other than some minor difference such as color, that is they 
occupy the same volume and have no interaction. 
 
This probability changes when one of the molecules is a polymer since the two molecules do not 
occupy the same volume.  Then the probability of finding one polymer chain is the number of 
solvent like units in the chain (monomers) times the mole fraction of polymer, x2.  The mole 
fraction times the number of units is the volume fraction, φ2.  Then for molecules of different 
size we must replace the mole fraction with the volume fraction.  This probability is still raised to 
the N2 power since there are still N2 cases to consider, so the probability, p(φ1) becomes, 

 
and the associated entropy of mixing ΔS becomes, 

€ 

ΔS = k N1 lnφ1 +N2 lnφ2( ) 
This equation works for both the original ideal gas as well as for the polymer or other 
macromolecular system since the volume fraction and mole fractions are the same for an ideal 
gas.  In considering the probability of finding a polymer chain as only that of the volume fraction 
we ignore the internal conformations of the chain (the isolated chain conformational free energy 
considered previously).   
 



We considered previously the average enthalpy of interaction per lattice site (solvent or 
monomer),  

 

and this same chi-parameter can be used to describe the enthalpic contribution to the free energy 
of mixing for a system containing N molecules.  We consider N1 solvent molecules that have a 
probability of interacting with a polymer mer unit of φ2.  The free energy expression becomes, 
 

€ 

ΔG = −TΔS + ΔH = −kT N1 lnφ1 + N2 lnφ2 + χN1φ2( )  
 
If we consider the free energy per lattice site, per kT unit of energy we obtain, 
 

 

 
For a polymer blend this becomes, (Polymer Blends By Lloyd M. Robeson) 
 

 
 


