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Surfaces & Interfaces

Surfaces, or more generally, interfaces are important in soft matter by two
reasons. 

First, the weak forces associated with surfaces, such as surface tension and
inter-surface forces, play an important role in the flow and deformation of soft 
matter. For example, surface tension is the force governing the behaviour of
liquid droplets. 

Second, many soft matter systems, especially colloidal dispersions, are 
composed of several different phases and have large interfacial area within the
material. In such materials, the interfacial properties are crucially important for 
the bulk properties. For example, whether colloidal dispersions are stable or
not is determined by the inter-surface force.



Equilibrium
shape of a fluid

Young and Neumann triangle 
equations



Surface 
tension

A small liquid droplet placed on a plate usually takes 
the shape of spherical cap or pancake. The shape
changes if the plate is tilted, but it recovers the original 
shape when the plate is set back. This phenomenon
indicates that the fluid droplet on a plate has an
equilibrium shape.

The force which gives the equilibrium shape to a fluid is
the force associated with the fluid surface. A surface is
a special place forthe fluid molecules. 

Molecules in a fluid usually attract each other. If such a 
molecule sits in the bulk region (the region far from the
surface), it has a negative potential energy −z𝜖, where z 
is the coordination number and − 𝜖 is the van der Waals
energy between neighbouring molecules. On the other
hand, if the molecule is at the surface, approximately
half of the neighbours are lost and the potential energy
is about −(z/2)𝜖.



Surface 
tension

Therefore the molecules at the surface have a potential
energy about (z/2)𝜖 higher than the molecules in the
bulk.

The excess energy associated with the surface is called
the surface energy. (More precisely, it should be called
the surface free energy, and its definition will be given
later.) The surface energy is proportional to the surface
area of the fluid, and the energy per unit area of the
surface is called the surface energy density (or surface
tension), denoted by γ.

Since the surface area of a fluid depends on the fluid
shape, the equilibrium shape of a fluid is uniquely
determined by the condition that the free energy of the
system is a minimum. If there are no other forces acting
on the fluid, the fluid takes a spherical shape, the one
which minimizes the surface area for a given volume.



Surface tension
A liquid droplet on a substrate takes the
shape of a spherical cap. 

Molecular origin of surface tension.



Methods to measure the
surface tension. 

A liquid is set in the region bounded
by the U-shaped supporting wire and
a straight bounding wire. The force 
acting on the bounding wire is given
by 2γa. 
The liquid in the dashed box is pulled
to the right by the force f exerted on
the bounding wire and is pulled to 
the left by the surface tension 2γa. 

Laplace pressure
To make a liquid droplet by injection
of the liquid through a syringe, an
excess pressure ΔP must be applied.
The excess pressure at equilibrium is
the Laplace pressure. For a droplet of
radius r, the Laplace pressure is ΔP = 
2γ/r.

The excess pressure ΔP needed to 
blow a soap bubble is given by ΔP = 
4γ/r.



Laplace 
pressure



Soap bubbles

https://upload.wikimedia.org/wikipedia/commons/4/4c/Laplace_pressure_experimental_demonstration.ogv


Grand canonical 
free energy



Gibbs-Duhem equation



Interfacial free 
energy



Gibbs-Duhem equation 
for the surface



Surface excess



Wetting



Young’s
equation



Capillary length

The capillary length will vary for different liquids
and different conditions. Here is a picture of a 
water droplet on a lotus leaf. 



Film thickness



Capillary rise



Effect of the capillary radius



Liquid droplet on
liquid

(a) Oil droplet placed on the
surface of water. 

(b) The contact angles around
the triple line of three
phases A, B, and C. 

(c) The Neumann triangle
representing the force 
balance at the triple line.



Surfactants



Marangoni effect

https://upload.wikimedia.org/wikipedia/commons/thumb/3/38/Marangoni_effect_experimental_demonstration.ogv/220px--Marangoni_effect_experimental_demonstration.ogv.jpg


Marangoni 
effect

Fluid will flow from areas of lower surface
tension to areas of higher surface tension. 
And this causes the pepper flakes to spread 
away and makes the string to expand.



Marangoni 
effect

Fluid will flow from areas of lower surface
tension to areas of higher surface tension. 
And this propels the small boat and makes
the dye to fan out. 



Surface adsorption
&
Langmuir equation



Surface tension &
Langmuir equation



Micelles & cmc





Gibbs & Langmuir
monolayers



Interaction
between surfaces

For a large surface, W(h) is proportional to the area A of
the surface.

The potential per unit area w(h) = W(h)/A is called the
inter-surface potential density.



Derjaguin approximation



Consider two spherical particles of radius R placed with the gap distance h. The
distance h(ρ) represents the surface-to-surface distance along a parallel line
separated by a distance ρ from the line connecting the centres of the particles. 
For ρ <<R, h(ρ) is approximated as

Consider a ring-like region on the surface of the particle bounded by two cylinders
of radius ρ and ρ+dρ. If ρ<< R, the area of the ring is 2πρdρ, and the interaction
energy is w(h)2πρdρ. Integrating this with respect to ρ, we have the interaction
potential between the particles:

By using a new variable x = h+ρ2/R, the right-hand side is rewritten as

where the upper bound of the integral has been replaced by ∞. If the spheres
have different radii, say R1 and R2, U(h) is given by



Derjaguin approximation



van der Waals 
forces



van der Waals
forces 



Strength of the van der 
Waals force



Charged surfaces



Debye length



DLVO potential



Polymer grafted surfaces



Grafted polymers



Repulsion from grafted polymers



Attraction from non grafted polymers



Attractive & 
repulsive
polymers

If the polymer is attracted
to the surface, it creates
bridges between the
surfaces, and gives an
attractive force between
the surfaces. 

If the polymer is repelled
by the surface, it is
excluded from the gap 
region between the
surfaces. This effect also
gives an attractive
contribution to the inter-
surface force.



Attraction from attractive polymers



Attraction from repulsive polymers



Thin films



Disjoining
pressure &
film thickness


