080305 Quiz 8 Polymer Properties

PNIPAM (poly-N-isopropyl acrylamide) is used as a drug release polymer because it displays an
LSCT in water with a critical temperature at around 35° C close to the temperature of the human
body. Through adjustment of the PNIPAM structure in aqueous gels a drug can be selectively
released from the gel when it approaches diseased tissue that is hotter than the surrounding

tissue.

1) A researcher began studies of PNIPAM polymer in solution by making a series of solutions

and measuring the cloud point to construct a phase diagram.

a) Describe what a cloud point is and sketch an LSCT phase diagram.

b) If the molecular weight of the PNIPAM is known how could the interaction parameter
be determined using the cloud point? (You will need to take a derivative to obtain an
equation for the cloud point using dIn¢/d¢ =1/¢ and dIn(1-¢)/dp=-1/9.)

¢) What functionality would you expect the chi parameter to have in temperature?
Explain.

2) The researcher made gels of PNIPAM and then performed controlled quenches (rapid

3)

temperature jumps). He noticed that at certain compositions the phase separated
PNIPAM gel displayed a web-like structure.

a) Explain what caused the web-like structure in these gels.

b) How could this structure be avoided?

¢) Would you expect this structure to form in an actual drug release condition in the
body? Why?

a) Explain the terms critical slowing-down and critical point using the words fluctuation
and free-energy space in the context of the Flory-Huggins equation.

b) Give a generic expression for the critical interaction parameter and critical
composition then show the values for a blend of gases, a polymer/solvent mixture and a
symmetric polymer blend.

c) It is often said that polymers do not mix. Use the Flory-Huggins equation to explain
why this is the case. (Show what part of the Flory-Huggins equation drives miscibility
and which part drives phase separation; explain why they favor or disfavor miscibility;
and show the dependence of these terms on molecular weight.)
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