Problem 8.34 Understanding Rheology

Faith A. Morrison 23 April 2008

This problem references the Rouse model. The Rouse model is one of the classic
molecular models. There is an excellent discussion of the Rouse model in Ronald
G. Larson’s book “Constitutive Equations for Polymer Melts and Solutions”
(Butterworths, 1988). The figures and text attached to this note are from this
book.

The physical system that is the basis of the Rouse model is shown in Larson’s
Figure 8.1 below. The inertia and drag of a polymer chain is captured in beads
connected by linear springs. Larson derives the constitutive equation and the

linear viscoelastic spectrum, the g;, A;.
g=Gy=constant for all values of i
A= Ao/i* for all values of i=1, 2, 3, ...

(see discussion around equations 2-71 and 2-72)
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a)

b)

Fig. 2-6 (a) The Rouse beads and springs model for a polymer molecule; (b) the elastic
dumbbell. ‘



As Larson discusses, this linear viscoelastic spectrum results in G’ and G” that are
equal to each other and proportional to the square root of frequency at high
frequencies. This is what | have asked you to show by plotting the spectrum given
in problem 8.34. You may choose anything you like for Gy and Ay. Your plot
should look like Larson’s Figure 2-7.

Some real systems show this behavior as can be seen in Larsons Figure 4.3 for a
concentration of 0.124. Other materials are different as seen at other
concentrations and in Figure 8-1, but the discussion of their behavior is in terms
of deviations from Rouse behavior; thus knowing what Rouse behavior is and
where it comes from is important in polymer solution and melt rheology.
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Fig. 4-3 G’ and Q" - wn, versus frequency for polystyrene of molecular weight 267,000
dissolved in chlorinated diphenyl at the concentrations shown (in gm/cm?®). Ordinates are
shifted vertically (from Holmes, et al.,'® reprinted from J. Polym. Seci., ®1971 by permis-
sion of John Wiley & Sons, Inc.).
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Fig. 8-1 Linear viscoelastic data for polystyrene in two theta solvents. For frequencies

Aw greater than 10, G’ and G scale as w*?, in disagreement with the Rouse theory, which
predicts = proportionality to w'/? in this regime. Here G'r= G'/nkT and
Qlly = (G — new)/nkT; X = [n]ensM/NkT (from Johnson et al.,* reproduced with per- g
mission from Polym. J.).
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