
The stability of thin (soft) films
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Review of Lecture 1Review of Lecture 1
The disjoining pressure is a jump in 
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Review of Lecture 2
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is the excess adsorption due to disjoining 
pressure. Note that we do not know how 
much excess is on either plate!,
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much excess is on either plate!
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Review of Lecture 3
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F th h f f t t t t ti l Φ i t tFor the approach of surfaces at constant potential, Φ0 is constant.

For the approach of surfaces at constant surface charge density Φ0 is:
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Review of Lecture 4
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Review of Lecture 4
Lifshitz (1954) – The distance derivative of the standing, oscillatory 
EM waves between two flat plates is the force per area.p p
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Fit dielectric data to empirical equation:
The Lifshitz constant:
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Energy of thin liquid films
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Energy of thin liquid films
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Between surfaces: 1/e2

( ) 0P ∞ =For polymers:        size of coils
Electrostatics:       10’s  nm in water

100’s nm in oil
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*de Gennes, P-G; Brochard-Wyart, F.; Quéré, D.
Capillarity and wetting phenomena: Drops, bubbles, pearls, waves.

Springer: New York; 2004.



Energy at constant volumeEnergy at constant volume
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( ) ( )film sl lv P e e eσ σ σ+ + + Π
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Stability of thin films
dGBWQ, Fig. 4.3

Stability of thin films

( ) ( )film sl lv P e e eσ σ σ= + + + ΠThe energy of a film at 
constant volume is:

The differential with 
respect to thickness is:

constant volume is:
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This is the energy at constant Ae!
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Total wetting
dGBWQ, Fig. 4.4

Total wetting

0 0s lv slS σ σ σ= − − >0s lv sl

Films greater than ec are stable.
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Thickness of a large dropThickness of a large drop.
Small drops are spherical segments.  Large drops are flattened.

To “spread” the drop requires an 
force per unit length:
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2⎜ ⎟
⎝ ⎠ dGBWQ,   Fig. 2.4
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Partial wetting
dGBWQ, Fig. 4.4

Partial wetting
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Pseudo‐partial wetting
dGBWQ, Fig. 4.4

Pseudo partial wetting
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Gibbs’ adsorption isotherm:
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Wetting, gas adsorption, and contact angles
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If the liquid has a finite contact angle
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Wetting – contact angles – gas adsorption

( ) ( )film sl lv P e e eσ σ σ= + + + Π ( ) ( )121 2
12 lv c
AP e e e

e
σ

π
= = =

g g g p

σSL

σL

πe θ

p0

σSLe

σSV

θ

From a thermodynamic 
argument by Adamson:

From a thermodynamic 
argument by deGennes et al:
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The contact angle on small particles!



Interactions on treated surfaces
( ) ( )2 22
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Slabs of thickness a, separation l:

Interactions on treated surfaces
Silane treatment of glass

(a) Water spreads on clean 
glass – thick films are 
stable.

(b) On thinly silanized glass, 
thick films or water are

G ld fil l i

thick films or water are 
stable, thin films of water 
are unstable. 

Gold films on plastic

(a) Thin films of water are 
unstable on plasticunstable on plastic.

(b) Thin films of water are 
stable on gold-coated 
plastic.
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