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Exercise 1 (15, 15, 10)

a) Self-assembly is used in nanoscience to constrtict devices on a molecular scale. Here
we use a surface as a carrier material, and we have two types of molecules A and B with
NÅ NB 20. The A molecules bind favourably to the u sites with an interaction
energy, WÅu, and the B molecules bind favourably to the v sites with an interaetion
energy, WBv, respectively. For simplicity we can set WAv = W~9~ = 0. The molecnles also
interact with each other, bnt we assume that WAA = WBB WAB. Give an expression for
Helmholtz free energy, F, for a perfect match of the A and B molecules on the surface,
i.e. that all the A molecules bind to u sites and all the .6 molecules bind to v sites.
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b) Assume that we have a mismatch so that one of the central (i.e. with 4 neighbours)
Å molecules and one of the central B molecules have swapped positions as compared to
a). Derive an expression for the difference in Helmholtz free energy as compared to the
case in a)

c) Here, we will discuss the effects of the size of the system. If NÅ NB is increased, will
the probability for a mismatch, pb, increase or decrease as compared to the probability
for the perfect match, Pa~ Give an expression for pb/pa.

Exercise 2 (15)

In the course, we talk about driviug forees. What is a driving foree? Explain briefly
the relation between a driving force and temperature, pressure, and chemical potential,
respectively. This exercise is easiest to explain in the microcanonical ensemble. What is
an ensembie, and in pa.rticular what is the microcanonical ensemble?



Exercise 3 (15)

We will try to mix two liquids Å and B. In terms of the Helmholtz free energy, what
is the distinction between a mixture and a two-phase system? For a two-phase system,
briefiy explain (not derive) how the composition of the two phases and the relative
amount of each phase can be obtained, respeetively. What is the definition of the critical
temperature for a two-phase system?

Exercise 4 (15, 15)

a) We will consider a rubber band, with a retracive force, f, given as

f kT(L—Lo)

where k is a constant, L is the length of the rubber band and Lo is its equilibrium length.
Derive expressions for
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b) If we adiabatically stretch the rubber band from Lo to L1, explain wliy

dU fdL

assuming also that the volume, V, does not change. The temperature will change from
T0 to T1, and express this temperature change in terms of the heat capacity Cv, k, L1
and Lo.
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