




Soft Matter Sample Exam – Answers

Problem 2

a) In a mixture of colloids with nonadsorbing polymers, the polymers cannot get closer with their
center of mass to the surface of the colloids than the polymer radius. This creates a depletion zone
around the colloids from which polymers are absent (depleted). If two depletion zones overlap,
the osmotic pressure from polymers surrounding the colloids is no longer balanced and the colloids
are pushed together. The overlap volume is the volume of the overlapping depletion zones. The
depletion energy is directly proportional to the overlap volume (and the osmotic pressure).

b) Maximum overlap volume for h = 0.

Vov =
ω

6
(2Rp)

2 (3a+ 2Rp)

For Rp = 50 nm, Vov = 0.00838 µm3

For Rp = 100 nm, Vov = 0.0356 µm3

The range of the depletion interaction is 2Rp (from Vov = 0 at h = 2Rp, to maximum overlap
volume at h = 0.

For Rp = 50 nm, range is 100 nm

For Rp = 100 nm, range is 200 nm

c) Per monomer: Fint = kBTb3n = kBTb3
N
R3 Per chain: Fint = kBTb3

N2

R3 Stretching free energy:

Fent = kBT
R2

Nb2 Sum: F = Fint + Fent Equilibrium size of polymer chain: R = RF if ωF
ωR = 0.
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d) The overlap volume fraction is given by the volume of all monomers (Nb3) divided by the volume
of the entire chain (4/3ωR3

F ):

ϑ→ =
Nb3

(4/3)ωR3
F

=
3Nb3

4ωb3N9/5
=

3

4ω
N↑4/5 ↓ N1↑3ε

The expression for the osmotic pressure used in the question is that of an ideal solution (ideal gas
law), in which particles do not interact. This is only valid far below the overlap concentration,
because polymer chains strongly interact above the overlap concentration.
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e) The colloids are stabilized by charges; counterion osmotic pressure keeps them apart. Strong enough
depletion attraction can cause the colloids to aggregate. The polymers in a good solvent have larger
(swollen) size and therefore a larger overlap volume than the polymers in a theta solvent. Therefore,
the depletion energy (attractive potential at zero separation) is also larger for polymers in a good
solvent. In addition, the range of the depletion interaction is equal to the polymer size. For polymers
in a good solvent, the colloids will be attracted already at larger separations. This could result in a
net abolishing of the charge stabilization by polymers in a good solvent, but still weak stabilization
by polymers in theta solvent. (Drawing of the interaction potential could help!)
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Problem 4

a) A heterogeneous surface (di!erent wettabilities, because of di!erent surface energy or di!erent
roughness)

b) Laplace pressure top: ”pL = 2ϑ cos ϖ1
R Laplace pressure bottom: ”pL = 2ϑ cos ϖ2

R Hydrostatic pres-
sure di!erence: ”ph = ϖgh Stable if:

2ϱ cos ς1
R

>
2ϱ cos ς2

R
+ ϖgh

cos ς1 → cos ς2 >
ϖghR

2ϱ

c) The surface energy change per unit length upon a small movement dx of the contact line:

dU/L = →rϱSVdx+ rϱSLdx+ ϱLV cos ς→dx

dU/dx = 0

rϱSV → rϱSL = ϱLV cos ς→

cos ς→ = r

(
ϱSV → ϱSL

ϱLV

)
= r cos ς

d) Roughness will make the cosine of both contact angles a factor r larger (Wenzels law), so the contact
angle hysteresis cos ς1 → cos ς2 will also be larger by a factor r, and therefore, the height h will be
larger by a factor r.

e) cos ς1 cannot become larger than 1; this would be complete wetting. If r increases further, cos ς2
will still increase, and the contact angle hysteresis and maximum height h decrease again.
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