
Colloidal stability



Examples:
- Food processing
- Protein crystal growing
- Rain makers
- Cataract (grauer Star)
- Synthesis of monodisperse colloidal particles 
- Percipitation of CaCO3

Important practical questions:

- Does dispersion change when T, P or ... is changed?
- If T, P or ... is changed and the dispersion phase separates, 

what are then the final products?
- How fast does the phase separation take place?

Vorführender
Präsentationsnotizen
Talk about kinetics of phase separation
Big practical importance: 
It is the basis of the houdbaarheids datum of yoghurt, mayonaise, paint …
You heard the example of the eye lense
Do way of phase separation deterines material properties: crystals or amorfous phases?

One hot topic at this point is protein crystallization.



Depletion of Wey proteins by Extracellular Poly-Saccharides

ρ(Wey proteins) low

ρ(Wey proteins) high

Dutch example: Cheese



Phase separation:
System with concentration ρ0 decomposes in to a phase with a
higher concentration ρ+ and a phase with a lower concentration ρ-

Two types of phase separation, two types of kinetics :

Gas-liquidLiquid-solid or Gas-Solid

Vorführender
Präsentationsnotizen
Liquid solid or gas-solid depnds on rho 0



Molecular systems hard to study:
- Phase separation is too fast
- Particles are too small to be observed with a microscope
- No control on/knowledge of the interaction potential

Use Colloids:
- Mesoscopic Brownian particles dispersed in solvent instead of 

molecules dispersed in vacuum consider Π instead of P.

Advantages:
- Potential can be tuned by choice of particles and solvent
- Dynamics is slow
- Particles are detectable by microscopy and light scattering



Simple estimation of spinodal 
When B2 becomes 
sufficiently negative 
demixing takes place

Estimation spinodal:
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Colloid Dispersion with mediated by 
depletion forces

R

aFOS

q=aFOS /R



Second virial coefficient

B2 can be computed from 
depletion potential: 
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• De Hek and Vrij, 1980:
• 1 wt%  HS-like silica a=46 nm
• mixed with PS in CHX 

Demixing concentrations estimated 
from B2
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R = 3 μm
cTRIS = 1.2 mM
κ-1 = 12.4 nm

Sphere Rod Mixtures
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Example: stearyl alcohol-coated silica in cyclohexane
Tunable attraction, hard core repulsion

V

rrsphere

RV

T

2rsphere

RV

Potential of colloidal particles similar to non-ideal gas
van der Waals-like behavior of osmotic pressure Π.

Vorführender
Präsentationsnotizen
Solvent is poor or good depending on the temperature



Π

V/N

Temperature quench

ρ
1== v
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Vorführender
Präsentationsnotizen
For such a system we get some well known curves.
Particles are not pushed back by osmotic pressure
Give feeling that it has to do with attraction between the particles.



Minimize Free Energy

A0 >A+ +A -

Phase separation?

Concave,                          : YES
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Vorführender
Präsentationsnotizen
Ontmenging door fluctuatie: wat is de vrije energie van de ontmengde toestand……
Consider fluctuation of density: part to left, part to right
Construction due to fact that free energy is extensive

d2A/dV2 neg/ positive
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Vorführender
Präsentationsnotizen
Critical point is the point where binodal and spinodal meet, so a direct transition into the unstable state is possible



Meta-stable region

A0

Lower free energy for big fluctuations 
But small probabilityA++ +A -- <A 0

A++ +A --

++c/1
−−c/1

A/N

0/1 c

Vorführender
Präsentationsnotizen
Uptil now we only considered the free energy over a small range of the concentration, however…

Demixing fluctuations of small amplitudes don’t bring a lot, but …



Unstable: 
Spinodal decomposition

Meta-stable:
Nucleation and growth

A/N

- Small fluctuations grow
- Instantaneous start of 

phase separation
- Phase separation starts

throughout the sample

- Only big fluctuations grow
- Induction time before

phase separation
- Phase separation only local 

A/N

v v

Vorführender
Präsentationsnotizen
Show film!



Where does the phase separtion end up?
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We found the binodal points
(which depend on T or …)

Vorführender
Präsentationsnotizen
The boundaries of the metastable region are given by the points where the slopes are equal no lower energy can be found
BUT here also the chemical potentials are equalno driving force
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Vorführender
Präsentationsnotizen
Critical point is the point where binodal and spinodal meet, so a direct transition into the unstable state is possible



Attractive potential between particles

Small density fluctuation δρ



Lennard-Jones 
interaction:

polymer concentration 
≈

 
inversed temperature!

f
( a )

ϕ
α β

gas-liquid



Simulation of the spinodal 
decomposition followed by domain 
coarsening

Cates and Wagner, Nov. 2000

End states after demixing…



Hard sphere

Attractive potential between particles

Small density fluctuation δρ



Fluid-solid

f
( b )

ϕ
α β

fluid-solid

No attraction, so:
1) very simple phase diagram.
2) use equation of state for fluid and FCC crystal



Nucleation and growth

Colloidal hard spheres

© P. N. Pusey

heterogeneous
homogeneousGlass (see Zorn)



Small density fluctuation δρ

Shallow quench

nucleation

N+1

Big density fluctuation δρ

N x



Very deep quench

nucleation

Δt



Nucleation and growth

Concentrated hard spheres, initial stage: 
nuclei dissolve

Gasser et al, Science 292, April 2001 

Vorführender
Präsentationsnotizen
Real measurement!
Say how nucleus is identified



Nucleation and growth

Full picture:

Gasser et al, Science 292, April 2001 



Hard spheres +freely overlapping spheres

Depletion potential: 
Wdep (r) = −Π Voverlap (r)

range .

larger chains → longer range of W

more chains → depth, 
more attractive W

depth

at c=c*, aHS /aFOS =5/3, Wmin = −2.5 kT



Phase behaviour from f
f
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α β γ δ α β

α β

gas-liquid fluid-solid

close to a
triple point

Metastable
gas-liquid

fluid-solid



Compare to atomic/molecular fluids 
with Lennard-Jones interaction:

Lennard-Jones interaction:

polymer concentration 
≈

 
inversed temperature!



Compare to atomic/molecular fluids 
with Lennard-Jones interaction:

Lennard-Jones fluid n=12: colloid- 
polymer mixture:
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