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Surfactants II
Chapters 3 and 4
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Topics

• Emulsions
• Foam
• Curvature
• Laplace pressure
• Packing factor
• Lyotropic phases
• Membranes and vesicles
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Emulsions

Unprotected oil droplets in water are unstable.
By coalescence, the net surface area of the oil-water interface is 
reduced: the gain in Gibbs energy is γ∆Α.
Conversingly, the Gibbs energy required to disperse an oil with 
volume V in drops of radius R is ∆G = γ3V/R.
(= number of droplets * interface Gibbs energy = V/(4πR3/3) * γ 4πR2)

The higher the interfacial tension, and the smaller the
oil droplets, the more unstable the emulsion

Emulsions are dispersions of immiscible or
partially miscible liquids
Emulsification proceeds in two steps:
-mechanical mixing
-stabilization

coalescence
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Emulsion: protection

+

Oil droplets, unstable

Protected oil
droplets

Emulsions can be stabilized by surfactants
- the interfacial tension is reduced
- the head-head repulsion gives kinetic stability

repulsion
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Protective agents, examples…

• Surfactants with charged head groups 
(electrostatic stabilization)

• Polymer surfactants with (long) hydrophilic 
heads (steric stabilization)

• (denaturated) proteins, or biological 
surfactants (example: lecithin. most 
common lipid)

• Solid particles (Pickering stabilization) 
Exercise: explain the stabilization, use cartoons for
illustration
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Pickering stabilization
Remember that only 0.67% of the ore is copper. 
The copper minerals and waste rock are separated at the mill using 
froth flotation. 
The copper ore slurry from the grinding mills is mixed with milk of lime 
(simply water and ground-up limestone) to give a basic pH, 
pine oil (yes, it comes from trees -- a by-product of paper mills) 
to make bubbles, 
an alcohol to strengthen the bubbles, 
and a collector chemical called potassium amyl xanthate
(or the potassium salt of an alkyl dithiocarbonate)…
http://www.elmhurst.edu/~chm/vchembook/332flotation.html

Stabilization by finely divided
solids is extremely important
In the (cupper) mine industry!
Aim: to collect the ore

Surfactants are added to the emulsion,
They bind to the desired ore, and glue
The ore particles to the oil,
The stabilized oil droplets cream (mixed
with air bubbles), produce a 
‘froth’, and are skimmed off.
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Emulsion stability

• In general, emulsions are thermodynamically
unstable

• The protective agent only induces kinetic stability 
(as with colloid stability)

• It is however possible, by choosing special 
surfactant combinations, to generate emulsions 
with (almost) zero surface tension

• These emulsions are referred to as 
microemulsions, since the size of the droplets is 
only a few (tens of) nanometers.
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Thermodynamic stability
If the surface tension
is very low, the gain in configurational 
entropy
is high enough to produce a stable
dispersion.
Notice: discussion in Hamley is wrong

Where are the droplets???

The answer is OK,
But the derivation less so!
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Foams

• (coarse) dispersion of gas in a liquid where 
the volume fraction of the gas is largest

• When the volume fraction of the gas is low, 
the foam is effectively an emulsion of gas 
bubbles, and the principles for stability are 
the same as for oil in water emulsions

• foams are thermodynamically unstable, but 
kinetically stable
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Foam structure

Mechanisms of instability
-drainage (water seeps through
the lamellae)
-rupture (when the film
becomes too thin, it is easily
ruptured by random distortions) 

A special effect is capillary flow to the vertex points (Plateau borders).
The Laplace pressure is low (see next sections), because of the negative
curvature, hence water will flow to these points, until they become unstable.
If you add glycerol to a soap solution, the viscosity increases, and the drainage
of the foam is slowed down: it takes a longer time before the foam collapses
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Foam structure

A foam has the structure of
connected polyhedra cells.
In between the Plateau borders, the foam
surface is minimized,
this results in…very many possible very nice
polyhedra structures
Check http://www.tcd.ie/Physics/Foams/index.html
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Curvature (Ch. 4.)

• Surfactants at c > CMC form association 
structures

• Spherical micelles, elongated micelles, cylinders, 
lamellae (films)…

• The surface of such association structure is curved
• The curvature energy takes into account the 

additional energy stored in the curvature
• The optimal structure is that of minimal curvature 

energy
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Curvature

Surfactant film
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Common aggregate shapes
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Curvature energy

(cf. eq. 4.50)

c0 is the spontaneous curvature

This is an example of a so-called phenomenological surface model.
Once the elasticity coefficients      and       are known, 
one can calculate a variety of sometimes quit exotic shapes…
for example, in the analysis of vesicular structures. 
These models are extensively used in the physics literature.
There is a disadvantage: the molecular picture is lost!
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Laplace pressure

A surface film, in mechanical
equilibrium with the environment,
experiences a pressure difference
across the surface
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Laplace pressure sphere

The pressure on the inside of a droplet is larger than
on the outside!
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Laplace pressure
Plateau border

1/R1 = 0, 1/R2 < 0, hence pi-po <0

1/R1 = 0, 1/R1 = 0, hence pi-po = 0

The pressure in the Plateau border is smaller than the
pressure in the flat films joining the vertex points: hence flow
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Packing parameter

• Alternative approach based on packing of 
molecules

• When a surfactant molecule sits in an 
interface, the tail AND the head have to be 
accommodated such that space is filled 
completely

• The geometry of the molecule dictates the 
geometry of the surfactant aggregate
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Packing parameter

l (length)

a (cross-section)

V (volume)
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Packing parameter
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Packing parameter

• The packing parameter works very well for the traditional 
low-molecular weight surfactants, including lipids

• It is less adequate for high molecular weight polymer 
surfactants, or in general those surfactants where the ‘tail’ 
and ‘head’ definition is fuzzy

• From experiments, it is concluded the packing parameter is 
not always constant, but it may depend on solution 
conditions, such as temperature and concentration.
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Lyotropic phases
• In general, surfactant association structures are 

concentration dependent
• Very low concentration: unimers, then (not always) 

micelles, cylinders, lamellae, as the concentration of 
surfactant is increased

• Such concentration dependent mesophases are called 
lyotropic phases

• A spectacular property of concentrated mesophases is their 
peculiar viscoelasticity

• Very important industrially, since almost all surfactants are 
sold as high-concentration solutions
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Lyotropic phases
As the concentration increases:
The system has to accommodate more
surfactant as efficiently as possible
While
-keeping the surface area as small as possible
-keeping the repulsion between
the mesophase structures as small as possible
As a result:
- Micelles pack in cubic structure
- then cylinders in hexagonal structure
- then stacked lamellae
Some surfactants produce 
a bicontinuous phase 
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Typical Lyotropic phase diagram
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Experimental lyotropic phase 
diagram
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Lyotropic phases
When the concentration is very
high, the sequence of phases is
reversed.
Inverse structures are formed, 
with the ‘heads’ on the
inside, and the ‘tails’ on the outside
Similar inverse aggregates
may be formed when
the surfactant is dissolved
in an apolar liquid. 
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Membranes and vesicles

• Membranes (bilayers) and vesicles are a 
special class of association structures

• Especially important in biology, or bio-
mimicking experiments (drug-delivery)

• They form when the packing parameter is 
approximately unity
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Cell membrane
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Vesicle
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More vesicles!
Polymer surfactants

Adi Eisenberg

Full discussion in case study ISM09
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And more!
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This ends ISM08


