081107 Quiz 6 Morphology of Complex Materials

1) a) The term “Gaussian Chain” is often used to describe a polymer. Give the Gaussian
function and explain what it has to do with a polymer chain. (We used a simulation to
connect these in class.)

b) A polymer chain is at times described as a Brownian Chain. Explain what Brownian
diffusion has to do with a polymer chain.

c) When a polymer is put in a good solvent it is called an expanded coil or a self-avoiding
walk (SAW). Explain why a polymer chain expands from the Gaussian state when it is
placed in solvent. (That is, what is a self-avoiding walk.)

d) How can the energy of an isolated Gaussian chain be obtained from the Gaussian
Function of part a)?

e) How could this energy be used to calculate the spring constant kg, for an isolated
Gaussian chain, F = kg, R.

2) The stochastic (random) tertiary structure for a polymer coil in dilute solution is described by
the probability function, P(R) =k exp(-Rz/(n 1)
a) The integral of R?P(R) yields <R”*> = nl®. Show that the derivative of this probability
function yields the same scaling behavior (i.e. find the most probable size R*, maximum
probability).
b) Write a similar probability function for a self-avoiding walk (SAW).
c) What is the resulting scaling function for end-to-end distance for a SAW?
d) Kohn et al. (2004 PNAS) published the following graph for a wide range of “unfolded
proteins”. From this plot do proteins obey stochastic hierarchies in the “unfolded” state?
e) What are the problems with this proposition?
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Kohn graph shows a slope of ~0.6.



3) If a thermally equilibrated polymer chain in the Gaussian state is drawn from the ends (see
picture below from Atomic Force Microscopic Study of Stretching a Single Polymer
Chain in a Polymer Brush Yamamoto S, Tsujii Y, Fukuda T Macromolecules 33 5995 -
5998 (2000)) The coil responds by modification of the structure.

T

(2) (b)

a) Explain how the coil (right in “a”) can be described in terms of a scaling transition
when it is stretched using a tensile blob model.

b) How can you mathematically describe the size scale introduced by a pseudo-
equilibrium state between the applied force F and the thermal force resulting from kT?
c) Sketch a log Intensity-log scattering vector (q) plot that shows how the structure
responds to increasing applied force.

d) How do you expect the applied force to change if the temperature is increased?

e) Write the ideal gas law and compare the change in pressure with the change in force
from part “d” with increasing temperature. Explain this comparison.
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