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Hamaker constant
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Only approximate – assumes pairwise additivity!
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van der Waals forces and energies
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Two 1cm spheres in contact
(in vacuum or air)

Two 20nm spheres, 10nm separation

Pressure between two planar surfaces interacting

Adhesion and surface energies
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Non-retarded van der Waals 
 interactions at all separations
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Hamaker (1937) 
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Lifshitz theory
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The problem: calculate multi-body van der Waals interactions for macroscopic bodies

Lifshitz, 1956; Dzyaloshinskii et al., 1961
Israelachvili and Tabor, 1973; Israelachvili, 1974; 
Mahanty and Ninham, 1976; Hough and White, 1980; 
Bergström, 1997; Parsegian, 2006

The solution: ignore atomic structure, treat as continuous media using bulk properties.

(dielectric constants, refractive indices)

McLachlan’s equation

Keesom and Debye contributions London contributions
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Similar to frequency
dependence of polarizability

Absorption dominates

For identical absorption frequencies in all three media,
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Symmetric case

• vdw force between identical bodies in a medium is always attractive (A>0)
• vdw force between different bodes in a medium can be attractive or repulsive (A<0)
• vdw force between any two condensed bodies in air or vacuum is attractive
• Dispersion energy contribution can be high if one medium has a high refractive index
• Zero-frequency contribution can never exceed 3/4kT
• Interactions between nonconducting (dielectric) media across a vacuum, the zero-frequency 

contribution is usually small (less than 5%)
• For some interactions in a medium the zero-frequency contribution can dominate over the 

dispersion contribution
• Hamaker constants of metals up to an order of magnitude higher than nonconducting media 
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Lifshitz theory for interactions through a medium
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The vow interaction between hydrocarbons across water is dominated by zero-frequency contribution 

Similar absorption freq
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Retardation effects
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Only affects the dispersion contribution
Hydrocarbons interacting in water – role of zero-frequency contribution

Measured force < calculated
for D > 5nm

Pentane wets, dodecane does not
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Screening by electrolytes
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Affects the zero-frequency contribution

Debye length
for ionic strength, I
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Combining relations

14

interaction in
vacuum or air

interaction in 
medium 3

• Applicable only when dispersion forces dominate
• Break down for media with high dielectric constants (e.g. water) or dominant zero-frequency contribution
• Ultimately: fast numerical methods like those of Parsegian limit the need for combining relations



Furst–Department of Chemical and Biomolecular Engineering, University of Delaware

Surface energies
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The surface energy is half the energy needed to separate two flat surfaces from contact to infinity (half the adhesion energy)

Complications: Close contact, Lifshitz theory does not apply
Unclear what separation to use
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poor agreement for
H-bonding molecules


