050513 Quiz 7 Polymer Properties

Colligative properties pertain to the number of units (items or molecules) in a system such as
molecules in a gas rather than the properties or composition of the units. For this reason,
colligative properties are usually associated with an ideal, non-interacting state (since
interactions are related to the details of composition of units). The Flory-Huggins equation for a
non-interacting system,

AG/KT = (nalzp)Inda + (ne/zg)INds = N{(da/za)INdA + (ds/zs)INds} 1)

where na/za pertains to the number of polymer chains of type "A", while N¢a pertains to the
number of mer units of type "A". (The log terms are obtained from the log of a pressure ratio for
ideal gasses.)

a) Compare equation (1) with a similar equation for an ideal gas and explain the differences by
pointing out which terms pertains to colligative properties (counting molecules) and which terms
pertain to the random positioning of units that lead to a type of pressure (osmotic pressure), i.e.
an interaction.

b) Explain how the combination of these two terms in this way can only be true for a Gaussian
(Brownian) chain. (Remember that the ideal gas law assumes random or Brownian motion of the
gas molecules.)

¢) Write equation (1) for a polymer/polymer blend with interactions described by the enthalpic
interaction parameter, y. Sketch this equation (AG vs ¢a) for x = 0 and for two lower
temperatures (y ~ 1/T) where the critical point is observed and where phase separation occurs.

d) Equation 1 can be used to obtain an expression for the osmotic pressure by considering the
pressure dependence of the chemical potential difference between solvent in the pure state and in
a solution of polymer. Define the chemical potential of the solvent (A) in a solution. Write the
Flory-Huggins expression for the osmotic pressure with a non-zero y. Does this equation
assume Gaussian chains?

e) It has been observed that the osmotic pressure follows a non-integral power-law dependence
in composition above the overlap concentration. Write an expression for this dependence and
show how it can be obtained using the concentration blob model.
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