081117 Quiz 7 Morphology of Complex Materials

1) The concentration blob requires calculation of the overlap concentration, c*.
a) What is the overlap concentration for a solution of rods as a function of the rod mass
n?
b) How would you expect the concentration blob size, &, to vary with concentration for
rods? (Do the same calculation we did in class but for d¢= 1 rather than 5/3.)
¢) Is the dependence of blob size, E., on concentration stronger or weaker for rods
compared to SAW coils? Explain why this is the case from a physical perspective.
d) Is c* a smaller or a larger number for rods compared to SAW coils of the same n?
Explain.
e) Sketch a plot of log I (log of scattered intensity) versus log q (log of the scattering
vector) for a collection of rods at ¢ > c¢* in the semi-dilute regime and compare this with
the plot for SAW coils.

2) Kuhn proposed that the dynamics of a polymer coil could be explained with the dumbbell
model composed of a spring and balls with a friction factor C.
a) What is the spring constant for a Gaussian polymer coil in terms of n?
b) What is the friction factor for a polymer coil using Stokes Law in terms of n for a
Gaussian coil?
c) Write an expression for the time constant for the dumbbell model in terms of n based
on your answers to a and b.
d) If the friction factor obeys Stokes law can the viscosity scaling in n seen in polymers
be obtained?
e) If the friction factor, T, scales with n, T ~ n, how does the dumbbell model differ from
the lowest order Rouse relaxation mode?

3) Rouse theory was derived to describe polymer dynamics. Rouse divided the polymer chain
into subunits.
a) How does a Rouse unit differ from a tensile blob?
b) Write a force balance for a Rouse unit £.
¢) What assumption does your equation in question b make concerning the distance over
which dynamic units are coupled along the chain?
d) The Rouse approach leads to an expression for the relaxation time spectrum for a
polymer,

_ -
= 4b,sin(8)2) ()

How can a cyclic assumption yield discrete values for 6 and t?

e) Show that (g—’i) must be a constant for Rouse theory where ag is the size of a Rouse
ag

unit. Use the m = 1 mode; 6, = 2777’"( ); Solve (1) above for .
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