Polymer Properties Quiz 3 080130

The characteristic ratio, C,, is the ratio of observed end-to-end distance, and the end-to-end
distance of a freely jointed chain composed of n bonds of step length lchem,
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The extrapolation of this value to infinite molecular weight is called C.
The coil expansion factor, a, is defined as the square root of the ratio of the coil end-to-end

distance to that of the coil in a Gaussian state (in the melt),
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o varies with the temperature for a polymer in solution.
1) a) In class we considered the simplest case for short range interactions (SRI) where the
chain is prevented from back-tracking. Explain how this SRI might effect C, as well as

Q.
b) The derivation for back-tracking relied on conversion of an infinite power series,

°° 1 . o . . . .
Ex“ "1 for -1<x<1. Show that this equality is true by using a recursive relationship
-X
a=0
(that is by defining the function in terms of itself, i [ xi £)-
a=0 a=0
c) The derivation in class resulted in a simple function for the dependence of Kuhn
length on coordination number, z. Give this relationship, sketch the dependence on z by

drawing a graph of Kuhn length versus z and explain why this dependence makes sense.

2) One technique to measure the hydrodynamic size of a polymer or colloid involves
determination of the intrinsic viscosity, [1].
a) Describe how the shear viscosity can be obtained from the force applied to and the
velocity of a fluid. (A sketch is OK to describe this.)
b) Explain why the intrinsic viscosity represents a first order approximation (associated
with dilute conditions).
c) Explain the dependence of intrinsic viscosity on molecular weight and hydrodynamic
radius for a sphere, rod and Gaussian coil.

3) The hydrodynamic size can also be determined by dynamic light scattering (DLS) or photon
correlation spectroscopy.
a) Describe the DLS instrument in simple terms, that is, what is the raw signal from the
instrument, from what does it arise and how is it interpreted.
b) The Stokes-Einstein equation (SE) is used to relate thermal fluctuations associated
with diffusion to molecular mobility through the friction factor. Give the SE relationship
for the diffusion coefficient, used in DLS, and explain in your own terms what this
expression means using the words: Fluctuation, Dissipation and Brownian.
c) Would you expect the Stokes-Einstein expression to yield an accurate value for the
hydrodynamic radius of red blood cells? Explain your answer including the assumptions
involved in the Stokes-Einstein equation.
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