Question 1 (6p)
Colloidal dispersions are generally referred to as stable when there is no aggregation and no
significant sedimentation/creaming. Give three examples of colloid or solution properties
(natural or engineered) that contribute to making dispersions stable.
Some examples: Small size, makes diffusion faster. Density close to solvent, makes buoyancy
balance gravity. High surface charge (zeta potential), increases double layer repulsion. Low ionic
strength, gives less screening of the repulsion.
Note: Using polymers is a valid answer but then you must explain that they are bound to the
colloids and SOLVATED so that they repel each other. (Polymers may just as well decrease
stability.) Also, several people wrote that adding ions will IMPROVE stability, which made me a
little sad…
Mean score: 2.88
Question 2
The picture shows a water-absorbing polymer gel (as demonstrated on the lecture).

A (2p)
Describe the microstructure of the polymer inside the ”balls” (not its chemical formula) and state
roughly the volume fraction of water inside.
The polymer chains are cross linked by covalent bonds and forms a single network. The volume
fraction of water is at least around 99%.
B (2p)
How would you describe the material in terms of its rheology? (Two words are sufficient.)
Elastic solid. (Not viscoelastic.)

Note: It seems some people did not know what rheology means! This is the very core of defining
soft matter. We teachers must do a better job here…
Mean score: 2.12
Question 3 (4p)
Polyurethanes are used as materials in many applications. The simplest monomer is:
-CO-NH-C6H4-CH2-C6H4-NH-CO-O-CH2-CH2-OAssuming the monomer length is 2 nm and the Kuhn length 4 nm, estimate the end-to-end distance
in a heated polyurethane melt when the average molecular weight is 100 kg/mol.
The monomer has 17 C, 2 N, 4 O and 16 H so the weight is 312 g/mol. This gives N = 321.
Assuming the random walk model holds for the melt we get R = [abN]1/2 = 51 nm. (Using the Flory
radius is not correct.)
Mean score: 3.2
Question 4 (6p)
The Flory-Huggins theory of a binary mixture be summarized as:
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Use the model to derive the critical value of χ below which all mixtures are stable for the case of
a polymer with degree of polymerization N in a solvent. The solvent molecules can be assumed
equal in size to a monomer.
First note that we have NA = N, NB = 1, ΦA = Φ and ΦB = 1 – Φ. The free energy of mixing is then:
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As in the regular solution model the condition for stability is that the curvature is positive. Deriving
twice gives:
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We know that Φ is always between zero and one. We can form the function:
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The condition is that χ < f(Φ) always. It is clear that for Φ = 0 and Φ = 1, f(Φ) → ∞. We derive
and search for a minimum:
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This second degree equation has one solution between Φ = 0 and Φ = 1:
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So for this value of Φ we have the mimimum of f(Φ) and inserting gives the critical value of χ:
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Note that when N → 1 we get χ < 2 as in the regular solution model. (Actually the final expression
can be simplified algebraically as some students showed.)
Mean score: 2.28

Helpful constants and data
Boltzmann’s constant: 1.381×10-23 JK-1
Avogadro’s number: 6.022×1023 mol-1
Permittivity of free space: 8.854×10-12 m-3kg-1s4A2
Planck’s constant: 6.626×10-34 m2kgs-1
Speed of light in vacuum: 2.998×108 ms-1
Kelvin temperature scale: 0 °C = 273.15 K
Elementary charge: 1.602×10-19 C
Properties of water at room temperature

Density: 1.0×103 kgm-3
Dynamic viscosity: 1.0×10-3 Pas
Relative permittivity (static field): 80
Refractive index (at 589 nm): 1.333
Interfacial energy (against air): 7.2×10-2 Jm-2

