120517 Quiz 5 Polymer Properties
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a) Question 1 b) Question 2

1) The graphic in “a)” depicts polymer chains at thermal equilibrium grafted to a surface, The
chains are subjected to thermal randomization in a good solvent that are constrained by
the tethered end and by crowding.

a) What scaling regimes would you expect in this situation? Explain why.

b) If you proposed a blob model to describe these chains would you expect the blob size
to increase or decrease with chain surface packing density. Would the blob size increase
or decrease with molecular weight?

c) Write a scaling expression for the blob size in terms of molecular weight and packing
density (number of chain tether sites per area, p) then use a geometric argument to deter-
mine the scaling constants of blob size with molecular weight and packing density.

d) Can your model predict the polymer layer thickness? Determine an equation to ex-
plain how.

e) What experiments would you propose to test your blob model?
2) Figure “b)” above shows a model for an osmotic pressure measurement.

a) What assumptions are necessary for the black dots in order for the equation to hold?
(These are the same assumptions that are needed for an ideal gas.)

b) Under what conditions would these assumptions be appropriate to describe a polymer
in solution?

c¢) How could this expression be modified if we wanted to consider binary interactions
for a polymer?



Based on Flory’s work, Stockmayer and Fixman?
developed an intrinsic viscosity relationship for high
molecular weight flexible-chain polymers, neglecting
solvent draining effects:
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[n]= Kﬁ\i"w + .N«Vp‘ (1-2x) (1)
In eq. (1), K, is the Mark-Houwink-Sakurada K value
at the theta temperature; M, the weight-average poly-
mer molecular weight; y, the polymer-solvent inter-
action parameter; V,, the solvent molar volume; p,, the
polymer density; @, the Flory constant (2.8 X 10%);
and N4, Avogadro’s number.

Journal of Applied Polymer Science, Vol. 89, 28312835 (2003)

d) Equation (1), above, indicates that the second virial coefficient could be obtained from
the intrinsic viscosity. Use this equation to write an expression for the second virial coef-
ficient using the intrinsic viscosity.

e) Do you agree with the hypothesis that it is possible to calculate the second virial coef-
ficient from the intrinsic viscosity. (You will need to define the second virial coefficient,
specifying the interacting entities and other features, and the intrinsic viscosity in order to
answer this question.)
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