3.063 POLYMER PHYSICS

(Spring 2009)
Problem Set 3 (due 03/05/09)


3.1 GPC Calibration (Y & L page 214)
PS and PMMA (poly methyl methacrylate) samples of a narrow molecular mass distribution were analyzed under the same conditions using a HPGPC (high performance gel permeation chromatography) system. The elution volume for the PMMA was found to be the same as that for the PS sample with a molar mass of 97,000 g mol-1. Evaluate the actual molar mass of this PMMA sample given that for the GPC solvent used, the Mark-Houwink-Sakurada constants are 
[image: image1.wmf] with a=0.74 for PS and 
[image: image2.wmf] with a=0.76 for PMMA. State clearly any assumptions you make in your calculation.

3.2 Polymer Molecular Weights
(see Y & L p. 13-14 and p. 187)

(a)  Consider a dilute solution of polymers with a size distribution having two well separated narrow peaks with the same number of each type of molecule (the molecular weight of the larger molecules is 100 times that of the smaller ones). What is the PDI of this sample?  

(b) Explain why standard analysis of the Zimm plot gives a good measure of the correct size of the larger polymer molecules through the intercept (Mw) and through the slope <Rg^2> of the extrapolated c2 = 0 line.  

(c)  Suppose your job was to determine the size of the smaller molecules in the mixture.   Comment on the suitability (including possible details of the apparatus) of each of the following approaches:


Membrane osmometry


GPC 
3.3 Zimm Plots (Y & L p. 187 and see 3.063 class notes for molar volume of benzene, density of benzene, PS etc.)
Rayleigh ratios (R) were obtained at 25 C for a series of solutions of a PS sample in benzene, with a detector situated at various angles to the incident beam of unpolarized monochromatic light of wavelength 546.1 nm. The results are appear below
[image: image3.wmf]
Under the conditions of the measurements, the Rayleigh ratio and the refractive index of benzene are 46.5 x 10-4 m-1 and 1.502 respectively, and the refractive index increment for the PS solutions is 1.08 x 10-4 m3 g-1. 

Using a Zimm plot, determine:

a) the weight-average molar mass of the PS sample,

b) the z-average radius of gyration <s2>z1/2 of the PS molecules in benzene at 25 C,

c) and the second virial coefficient A2 and chi for the PS-benzene interaction at 25 C
3.4  Diffusion in Polymer Melts
Consider a Physicist's polymer chain represented by N = 10 segments of step size 0.5 nm diffusing in a melt of similar chains with a segmental friction coefficient of 5 x 10^-10 g/sec at 20 C.
a.  What is the best model to describe this chain?
b.  What is the friction factor of the chain at 20 C?
c.  What is the diffusion coefficient D of the chain in cm^2/sec at 20 C?
d.  Estimate the longest relaxation time of the chain (this is the same as the characteristic diffusion time)
Now assume that there are 1000 segments in the Physicist's chain.
e.  What is the best model to describe this chain?
f.  What is the scaling law for the diffusion coefficient D(M) of the chain where M is molecular weight?
g.  Present an argument that the longest relaxation time of the 1000 segment chain is about a million times longer than that of the 10 segment chain.  

e.  Optional for fun:  is the estimate in part (g) an over estimate or under estimate?   Why?
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