Question 1 (6p)
Which two forces / interaction energies are accounted for in the DLVO theory of colloidal
suspension stability? Describe what happens when the ionic strength of the continuous phase is
increased!
The two forces are van der Waals attraction and electrostatic/osmotic repulsion due to the double
layer. When the ionic strength is increased the Debye screening length is shortened so there is less
repulsion and the colloids aggregate more easily.
Question 2 (6p)
Many polymers have a melting temperature above room temperature, but a glass transition
temperature below room temperature. In such cases, how does the degree of crystallinity influence
the material properties (at room temperature)? Also give one example of how the degree of
crystallinity can be changed.
The material will consist of hard (crystalline) domains and soft regions in between. Higher degree
of crystallinity makes the material brittle and lower more makes it easier to deform. Degree of
crystallinity is reduced for instance by branching and random stereochemistry.
Question 3 (8p)
A sharp tip is being pushed into a polymer brush. Assume the tip has the shape of a block with a
planar surface with an area of 10 × 10 µm2 at the end. Calculate the force necessary to compress
the brush to 90% of its equilibrium height at room temperature. The Kuhn length is 2 nm and the
grafting density is 0.2 nm-2.
You may use the Alexander – de Gennes brush model where the free energy per coil is:
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The equilibrium height H can be solved for by deriving G which is also the force:
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This gives H just like in the lecture notes:
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Inserting 0.9H into the expression for F and simplifying gives a quite simple expression:
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For rescaling we just need to use the Kuhn length for a. Inserting all vales should give 1.3×10-21
N. Multiply with the number of coils the tip will push (2×107) to get 27 fN.

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

