
Colloids

Colloids

- what, how, why, definitions

Stability of colloidal systems

- types of forces & interactions

- modifying forces & interactions

Phase transitions and aggregation



Literature on colloids

• Jones - chp. 4

• Understanding foods as soft materials
Nature Materials 4, 729 (October 2005)
(article can be accessed via www.lib.chalmers.se)
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Colloidal systems



Colloidal systems



Colloids - Size
a) Small enough to be influenced by thermal

fluctuations and not dominated by gravity

b) Big enough to be treated as one body with average
density, surface charge etc.

⇒ φ=10 - 10000 nm (or more)

Surfaces and interfaces:

Properties and behaviour controlled by surfaces
10 nm SiO2 particle

⇒ 20% of the Si atoms are at the surface



Forces
Force on an individual particle in a suspension:

- Gravity
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Forces
Force on an individual particle in a suspension:

- Gravity

- Drag force
! 

Fg = mg=
4"a3
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Brownian motion
Thermal motion of the atoms/ molecules
in the liquid acts on the particle



Brownian motion
Thermal motion of the atoms/ molecules
in the liquid acts on the particle
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Brownian motion - history

• First observed in 1827 by the botanist Robert Brown. But Brown did not understand
what was happening. He only observed pollen grains under a microscope.

• Desaulx in 1877: "In my way of thinking the phenomenon is a result
of thermal molecular motion in the liquid environment (of the particles)."

• But it was not until 1905 that the mathematical theory of Brownian motion was
developed by Einstein. (It was partly for this work he received the Nobel prize 1921.)



Brownian motion
Thermal motion of the atoms/ molecules
in the liquid acts on the particle
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DSE =
kBT

6"#a

# -  medium viscosity

a -  particle radius

Diffusion constant from Stokes-Einstein
formula:



Forces

Force on an individual particle:

- Gravity

- Drag force

- Brownian motion

Many particles ⇒ interactions

attractive ⇔ repulsive



Forces

Force on an individual particle:

- Gravity

- Drag force

- Brownian motion

Many particles ⇒ interactions

- van der Waal interaction - attractive



van der Waals interaction
Weak interaction between
individual molecules, but it is
additive

Interaction between two
spheres

A - Hamakers constant,
depends on the medium
Ex: polystyrene, R=100 nm, in water:

h=1 nm -> U=8.3·10-20 J ≈ 20 kT

h=10 nm -> U=0.8 ·10-20 J ≈ 2 kT
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Forces
Force on an individual particle:

- Gravity  ⇔ Brownian motion & drag force

Interactions between particles:

- van der Waal interaction - attractive ⇒ aggregation

- electrostatic ⇒ repulsive



Electrostatic interaction
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Surfaces often charged (or made to be):

- Structural origin

- Surface groups

- Selective adsorption

⇒ Manipulate and control through
surface chemistry



Electrostatic interaction
Screening effect due to
presence of ions in the medium

Charge neutrality preserved by
a layer of counter ions:

- tightly bound -Stern layer

- decreasing concentration



Electrostatic interaction
Screening effect due to
presence of ions in the medium

Charge neutrality preserved by
a layer of counter ions:

- tightly bound -Stern layer

- decreasing concentration

Debye screening length:

At h>>κ-1 electrostatic interaction -> 0
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Forces
Force on an individual particle:

- Gravity ⇔ Brownian motion & drag force

Interactions between particles:

- van der Waal interaction - attractive ⇒ aggregation

- electrostatic ⇒ repulsive, but screened

stability depends on salt concentration

! 

"#1
=

$$
0
k
B
T

2e
2
n
0
z
2

% 

& 
' 

( 

) 
* 

1/2



Energy variation with distance
DLVO - theory: V=VR+VA

Attractive  - van der Waals
(but repulsive at very short distances)

Repulsive - electrostatic, double layer

- large separation - no aggregation ⇒
meta-stable

- small separation - particles aggregates
are very stable

(DLVO - Derjaguin-Landau-Verwey-Overbeek)
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Energy variation with distance
DLVO - theory: V=VR+VA

Attractive  - van der Waals
(but repulsive at very short distances)

Repulsive - electrostatic, double layer

Et >> kBT ⇒ stable solution

Et ≈ or < kBT ⇒ aggregation

only repulsive term dependent on salt
concentration
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Dependence on salt concentration
Addition of salt ⇒ destabilisation



Dependence on salt concentration
Addition of salt ⇒ destabilisation

Ex: Formation of a delta.

Muddy river water - colloidal suspension. Salt
sea water -> aggregation of particles   ->
sedimentation



Forces
Force on an individual particle:

- Gravity ⇔ Brownian motion & drag force

Interactions between particles:

- van der Waal interaction - attractive ⇒ aggregation

- electrostatic ⇒ repulsive

- steric, entropic, osmotic ⇒ repulsive



Stabilisation with polymers

Need to stabilise to decrease
sensitivity to salt concentration

⇒ coating with a polymer layer

⇒ repulsive force if the polymer
chains start to overlap if no
attractive interaction between
polymer chains

⇒ range of repulsion depend on size
and density of polymers



Stabilisation with polymers

Repulsive interaction

i) Osmotic effect - polymer
concentration increases at
the interface, solvent
dependent

ii) Entropic effect - reduction in
degrees of freedom



Adsorbed polymers

Polymers easily adsorbed

Interaction > kBT



Grafted polymers

Polymers chemically attached to the surface

Strong interaction and good control

Practically expensive & difficult



Interactions of modified surfaces

Polymers on surface can also cause destabilisation

- low concentration of polymers ⇒ formation of bridges
causing aggregation,  polymer bridging flocculation

(purifying water, clearing wine)



Depletion - attractive interaction

Depletion - reducing the
repulsive force

- Addition of second particle in
the suspension, r2<rC

- non-adsorbing polymer

- osmotic pressure effect due
to excluded volume



Depletion - attractive interaction

Centre of mass of polymer cannot
come closer to the surface than R

 ⇒ concentration gradient near the
surface

Polymer concentration can be used
to tune the interaction



Depletion - attractive interaction

High polymer concentration

⇒ supersaturation

Decreased effective
concentration by aggregation

⇒ Depletion flocculation



Tuning the interaction

From repulsive to attractive:

i) add salt ⇒ reduce screening length

ii) add poor solvent ⇒ increase polymer/polymer interaction

iii) add non-adsorbing polymer ⇒ depletion

iv) remove grafted polymers (chemically)



Colloidal aggregation

Strong attraction
⇒ irreversible aggregation
(compared to kBT)
⇒ fractal structure
⇒open aggregates

Weak attraction
⇒ dense aggregates due to

time for rearrangement



Phase transitions
Changing particle concentration ⇒ phase transitions
(φ corresponding to T for molecular systems)

Hard sphere system:
- liquid ⇒ crystal transition at φ=0.494 (volume fraction)
to a a phase φ=0.545, 0.494 <φ <0.545 co-existence

- φ≈0.58 glass transition (kinetically controlled, viscosity is
so high that crystallization is inhibited)



Phase transitions
Changing particle concentration ⇒ phase transitions
(φ corresponding to T for molecular systems)

Hard sphere system:
- liquid ⇒ crystal transition at φ=0.494 (volume fraction)
to a a phase φ=0.545, 0.494 <φ <0.545 co-existence

- φ≈0.58 glass transition (kinetically controlled, viscosity is
so high that crystallization is inhibited)

- phase transition is driven by entropy - packing of spheres



Phase transitions
Changing particle concentration ⇒ phase transitions
(φ corresponding to T for molecular systems)

Hard sphere system:
- liquid ⇒ crystal transition at φ=0.494 (volume fraction)
to a a phase φ=0.545, 0.494<φ <0.545 co-existence

Long range repulsion:
- the transition concentration is lowered with

longer ranged repulsion



Phase transitions
Changing particle concentration -> phase transitions
(φ corresponding to T for molecular systems)

Hard sphere system:
- liquid -> crystal transition at φ=0.494 (volume fraction)
to a a phase φ=0.545, 0.494<φ <0.545 co-existence

Long range repulsion:
- the transition concentration is lowered

Weak attraction: fluid-type phase diagram



Phase diagram of attractive colloids
- disordered phases

Short range potentials:

- low concentration - high U ⇒ fractal gel like structures

- high concentrations - low ⇒ dense glasses



Analogy to glasses



Example
Milk a colloidal suspension (emulsion)

Casein (protein) micelles
(around 100 nm)

YoghurtAggregation
(pH, T)

Cheese

Colloidal gels
Aggregation  ⇒   Sedimentation



Next lecture
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