Polymers 1
A (4p)
What is the difference between the worm-like chain and the freely-jointed chain models? When
is the worm-like chain model more applicable?
The freely jointed chain models the polymer as fully stiff segments with a certain length and with
full freedom to rotate at the connection points. The worm-like chain bend continuously. It is
usually a better model for polymers that are stiff, at least in relation to their contour length.
B (3p)
Why does the persistence length of DNA depend on ionic strength?
DNA contains negatively charged groups on the backbone so it is self-repelling, making it
relatively stiff. However, at high ionic strength the charges are screened by counterions, which
makes the molecule less stiff (shorter persistence length).
C (3p)
Which three types of “natural polymers” are the most important in biology? What is the building
block (monomer type) for each type? (No need for details on the chemistry.)
Ribonucleic acids (DNA and RNA): Consist of four different so called base-pairs in a certain
sequence. Proteins: Consist of amino acids (about 20 different types). Polysaccharides, like
starch and cellulose: Consist of sugars.

Polymers 2
A (3p)
Polydimethylsiloxane (PDMS) has the following structure:

The length of a Si – O bond is 2 Å. In an experiment 20 kD PDMS is dissolved in chloroform
and the Flory radius is determined to be 10 nm. What is the Flory radius of 50 kD PDMS under
these conditions?
Here M is 2.5 times higher so the scaling relation of RF ~M3/5 gives a 2.50.6 times higher end to
end distance. This means RF = 17.3 nm.
Comment: The length of the chemical bond (known) and the Kuhn length (unknown) are not
relevant!
B (3p)
A ball consisting of PDMS with average M = 20 kg/mol and a density of 950 kgm-3 is dropped
on a hard surface (at room temperature). Assume the friction coefficient of a segment along a
chain is 10-8 kgs-1. Calculate the terminal time and explain what happens to the ball!
Use the information from (A) to see that the monomer length is 4 Å. Calculate the monomer
weight of 74 gmol-1 from atomic weights. The number of monomers is M/m ≈ 270 and the
contour length is then 108 nm. Using the formula for the terminal time from reputation theory
then gives 3.9 s. This is obviously longer than the time of contact with the surface for a bouncing
ball so the PDMS responds elastically and bounces.
Comment: The density is not needed and there is no need to rescale or know the Kuhn length.
C (4p)
PDMS is exposed to oscillatory strain at 1 kHz. Assume the stress relaxation can be modelled
simply as G(t) = Geexp(-At) where Ge is the plateau modulus and A is a constant. Determine this
constant if the phase delay is 5°.
Using the formula for the dynamic modulus directly and solving the integral should give a
dynamic modulus of iωGe/[A+iω]. Solving for the real part gives ω2Ge/[A2+ω2] and the
imaginary part AωGe/[A2+ω2]. The formula for phase delay then gives that tan(5°) = A/ω which
gives A = 87 Hz.
Comment: I forgot to say that ω was an angular frequency. It would be OK to multiply it with 2π
and get a slightly different answer. Note that the plateau modulus is not needed and it cannot be
calculated by the density given in (B) since we have no information about entanglement.

Boltzmann’s constant: kB = 1.38×10-23 JK-1
Avogadro’s number: NA = 6.02×1023 mol-1
T(°C) = T(K) – 273.15

Polydispersity index (Mw/Mn):
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Random walk:
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Worm-like chain model (b = 2lp):
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Entropy:
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Gibbs’ free energy change:
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Reptation theory terminal time:
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Oscillatory deformation e(t) = e0sin(ωt) stress response and dynamic modulus:
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