
The Program
• Lecture 1: Phase transitions in atomic and

molecular systems
• Lecture 2: Colloids as atoms
• Lecture 3: Hard spheres
• Lecture 4: Hard spheres + attraction

• Lecture 5: Rods
• Lecture 6: Platelets
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How good is free volume theory?
Fortini, Dijkstra, Schmidt, Wessels







Phase diagram: polymer – colloid concentration representation
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Fluorescent PMMA spheres 
σc ~ 50 nm 
polydispersity < 10%
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D.G.A.L. Aarts, R.P.A. Dullens and H.N.W. Lekkerkerker
Interfacial dynamics in demixing systems with ultralow interfacial tension
New Journal of Physics 7 (2005) 40



colloid rich:
LIQUID

colloid poor:
GAS

after ~ 20 minutes





That’s where it 
all starts in our
experiment!!!

Stage 1: Spinodal decomposition



Stage 2   Capillary flow
t = 0’ 03” coarsening

spinodal
decomposition

pinch-off

1.4 mm

t = 0’ 45”



Stage 3  Gravity driven flow

t = 0’ 56”

t = 2’ 57”





Stage 4 Interface formation

t = 9’

1.4 mm interface rate
1.5 µm/s

t = 20’





Colloid:

PMMA-latex
fluorescently labeled
sterically stabilised
R: 600 nm
polydispersity: 3%

Polymer:

poly(styrene)
Rg: 46 nm
Mw: 2000 kg/mol
Mw/Mn: 1.11
overlap conc.:
8.15 mg/ml

Solvent:

mixture of:
• tetralin
• cis-decalin
• carbon 

tetrachloride

matches almost:
• density
• index of refraction

E.H.A. de Hoog, W.K. Kegel, A. van Blaaderen and HNWL
Direct observation of crystallization and aggregation in a phase-separating 
colloid-polymer suspension

Phys. Rev. E, 64 (2001) 021407-1
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Regime A Regime B Regime C Regime D

0 - 1.28 mg/ml

• no phase separation

• slow sedimentation

1.58 - 1.72 mg/ml

• nucleation-like
mechanism

• small degree
of crystallinity

1.75 - 2.28 mg/ml

to compact clusters
• aggregation leading

• dense sediment

3.31 -9.04 mg/ml

to elongated clusters
• aggregation leading

• dilute sediment
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Regime B

t/τB=401

~ 18 min.

low
polymer concentration

small
attraction



Regime C

t/τB=400

~ 20 min.

intermediate
polymer concentration

intermediate
attraction



Regime D

t/τB=398

~ 35 min.

high
polymer concentration

large
attraction



Final structures

Regime A Regime B Regime C Regime D

to elongated clusters
• aggregation leading

• dilute sediment

xz-scan; 1:17:11

xy-scan; 3 days

to compact clusters
• aggregation leading

• dense sediment

xz-scan; 0:42:25

xy-scan; 3 days

• nucleation-like
mechanism

• small degree
of crystallinity

xz-scan; 0:40:51

xy-scan; 2 days

• no phase separation

• slow sedimentation

xz-scan; 0:27:45

xy-scan; 1 week







The end of lecture 4
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