Prof. Sighart F. Fischer, Smoluchowski Lectures in Biophysics 2007, Exercises 1.

Problem 1: 2-component model

We consider the 2-component model of a polymer chain which consists of M
segments of two different types «, 3 (internal degrees of freedom are neglected).
The number of configurations with length L is given by the Binomial distribution

M!

Q(L, M, T) = AT ETAL L= Myl + (M — M,)ls

(a) Make use of the asymptotic expansion of the logarithm of the Gamma function

In(I'(z)) = (Inz — 1)z + In(v/27) — %lnz + é +0(z7%)

N!'=T(N+1)
to calculate the leading terms of the force-extension relation which is obtained from
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Discuss the error of Stirling’s approximation for A/ = 1000 and l5/l, = 2

(b) Now switch to an ensemble with constant force x . The corresponding partition
function is
Z(k, M, T) =" e"/"Q(L, M, T)
L

Calculate the first two moments of the length
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and discuss the relative uncertainty o = LZ L
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Problem 2: Osmotic pressure of a Polymer solution

Polymer solution  Pure Solvent
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Calculate the osmotic pressure II = P— P’ for the Flory-Huggins model of a polymer
solution The difference of the chemical potential of the solvent p;(P,T") — ”E<P’ T)
can be obtained from the free enthalpy change

AGy, = kT <<z>1 Inr + 22 In s + x¢1¢2>

and the osmotic pressure is given by
/ o 8:“1

Taylor series expansion gives the virial expansion of the osmotic pressure as a series
of powers of ¢,. Truncate after the quadratic term and discuss qualitatively the
dependence on the interaction parameter y (and hence also on temperature).

Problem 3: Polymer mixture
Consider a mixture of two types of polymers with chain lengths M; and M,. Show
that the free enthalpy change is given by

AGy, = kT (@—11 Iny + ](’2—22 In ¢y + x¢1¢2>

Determine the critical values ¢, and Y. .Discuss the phase diagram for the symmet-
rical case M, = M.

Problem 4: Some combinatorial factor

Consider a string of N identical characters. Show that the number of possibilities
to divide the string into M blocks each containing 0 - - - NV characters is given by the
number of different ways to arrange the M + N objects which is given by
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