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Disjoining pressureDisjoining pressure

Th di j i i i j i PThe disjoining pressure is a jump in 
pressure at the boundary. It does 
not vary between the plates. 
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“The disjoining pressure of a thin plane-parallel layer of liquid separating two 
b di i l t th P ith hi h (i dditi t th “ l”

P

bodies is equal to the pressure P with which (in addition to the “normal” 
hydrostatic pressure in the layer) the liquid layer acts in a state of equilibrium on 
the adjacent bodies, tending to force them apart.”

Derjaguin, B.V.” Definition of the concept of, and the magnitude of the disjoining pressure and its
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Derjaguin, B.V.  Definition of the concept of, and the magnitude of the disjoining pressure and its 

role in the statics and kinetics of thin layers of liquids.” Kolloidnyi Zhurnal, 17, 191 – 197, 1955.



The Derjaguin approximationThe Derjaguin approximation

( )hΠLet the force per unit area 
between two flat plates be:

Force between sphere and plate:

( )between two flat plates be:
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A sphere against a flat surface.
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Similarly, the force between two spheres:
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Gibbs and non-Gibbs layersGibbs and non Gibbs layers

The overlap energy is not a simple combination of the isolated layers.
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Israelachvili – Jacob’s boxIsraelachvili Jacob s box
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Bubbles under a solid surfaceBubbles under a solid surface
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If the film remains unchanged then the film is at equilibrium and the 
disjoining pressure exists. The Laplace pressure measures the 
disjoining pressure in the thin film between the bubble and the solid. 
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Puddles on a solid surface
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Puddles on a solid surface
n.b. h H<<

H can be 
either + or -

The thin film acts as if it is under pressure. The chemical potential of the thin 
film is equal to the chemical potential of liquid in the column at the same level:

( )0 0 0 0 Hv h v pμ μ− Π = +
The “disjoining” pressure is negative.
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When an external pressure is applied, Π(h) can be measured.
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de Gennes, 2002, pp. 88f



Film on a vertical wall
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Film on a vertical wall

Th h i l t ti l f li id tThe chemical potential of liquid at any 
height above the liquid surface equals 
the chemical potential of the liquid in 
the bath:

( )0 0 0v h mgzμ μ− Π + =

( ) mh gz gzρΠ = =( )
0

h gz gz
v

ρΠ
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Energy of thin liquid films
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Energy of thin liquid films
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00 s sl lvP Sσ σ σ= − − =Range of P(h):
Between surfaces: 1/h2

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

100’s nm in oil
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Film stability
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Film stability

Disjoining pressure is (i) a definite and 
C 1 St blquantitative concept; (ii) connected to the 

question of colloidal stability; (iii) 
measurable; (iv) thermodynamic and (v) a 
measure of the intensity of molecular 1

P(h) Curve 1 – Stable
Curve 2 – Metastable
Curve 3 - Unstable

( )P h∂

measure of the intensity of molecular 
attraction between solvated and solvating 
phases.
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Derjaguin, B.  (with Obuchov, E.) “Ultramicrometric analysis of solvate layers 
and elementary expansion effects”. Acta Phys.-Chim., 1936, 5(1), 1-22.


