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Measurement of van der Waals
Dispersion Forces in the Range
1.4 to 130 nm

THis communication describes an experimental study of the
van der Waals dispersion forces between curved mica surfaces.
The mica specimens were glued to cylindrical glass mountings
and supported with their axes at right angles; the contact
resembles that between a sphere and a flat. For separations in
the range 1.4 to 20 nm the forces were measured by the “jump”
method described by Tabor and Winterton®. In this method
one of the surfaces (the upper surface) is mounted at the end
of a double cantilever spring, and the lower surface, facing the
upper, is supported on a stiff piezoelectric transducer. 1If the
lower surface is moved towards the upper, at some point—
depending on the stiffness of the spring—the two will jump into
contact. The measurement of this jump distance as a function
of the spring stiffness is the basis of the jump method. In the
present apparatus the spring stiffness was varied by adjusting
the clamping position along its length, and the distance between
the surfaces was measured to about 0.2 nm using muitiple
beam interferometry!. In the earlier work the smallest separa-
tion was 5 nm, but we have extended the separation down to
1.4 nm and improved the accuracy of measurement. Experi-
ments were carried out in air at atmospheric pressure.

For separations in the range 10 to 130 nm the forces were
measured by a new dynamic method. By feeding the piezo-
electric transducer with an a.c. voltage from a high stability
oscillator the lower surface could be set vibrating at very small
amplitudes over a convenient range of frequencies. The upper
surface was supported on a stiff spring also made of piezoelec-
tric (bimorph) material: its natural frequency depended both
on the spring stiffness and on the van der Waals force exerted
upon it by the lower surface. The principle of the dynamic
method is to determine the natural frequency as a function of
separation from which the law of force may be deduced. The
natural or resonant frequency was determined to 1 part in 108
by a null method: the oscillator frequency was set at a fixed
value and the voltage outputs of both oscillator and bimorph
fed into a lock-in amplifier system (Brookdeal Electronics Ltd,
type 40) which measured the relative phases of the vibrating
surfaces and was set so as to give a zero meter reading when
the vibrations of the two surfaces were exactly 90° out of phase,
this being the resonance condition. The oscillator frequency
was fixed at some convenient value and the distance between the
surfaces gradually varied: the separation at which the meter
pointer passed through the zero was then determined to an
accuracy of about 0.2 nm. The forcing frequency was then
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changed and the new position of resonance found; in this way
the whole range between 10 to 130 nm could be covered in
about 30 min. The.accuracy of the null method is high in that
there are no systematic errors in the measurements: the damp-
ing of the system only determines the sharpness of the sweep
through the null reading on the meter, and it is possible for
readings to be made using amplitudes no greater than 0.1 nm.
Experiments were carried out in a vacuum of about 5 x 10~° mm
Hg. Typical frequencies around 100 c.p.s. were used.

In the region where the measurements of the two methods
overlapped (that is between 10 and 20 nm) the results, both as
regards the magnitude of the force and the power law, were in
complete agreement.
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Fig. 1 Variation of power law index, n, of the van der Waals

law of force between crossed mica cylinders with distance of

separation D. Below 12 nm the forces are non-retarded and the

law of force is F=AR/6D", with A=(1.35+0.15)x10"*° J,

n=2, and where R is the radius of the cylinders. Above 50 nm

the forces are retarded and the law of force is F=2nBR/3D",
with B=(0.97+0.06) x 10-28 J m, n=3.

The results may be summarized as follows. In the range
2 to 12 nm the forces are completely non-retarded with a
Hamaker constant of 4=(1.35+0.15)x10-*° J. For separa-
tions greater than 12 nm the power law of the interaction
increases above 2.0 and by 50 nm has reached 2.9. Thus the
transition between non-retarded and retarded forces (shown in
Fig. 1) may be said to occur between 12 nm and 50 nm. Above
50 nm the forces are retarded with a Hamaker constant of
B=(0.97+0.06)x 102 J m. Agreement with theory, to be
discussed elsewhere, is very good.

Jump experiments were also carried out down to separations
of 1.4 nm with a monomolecular layer of stearic acid on each
mica surface deposited from a Langmuir trough (layer thick-
ness 2.5 nm). The results suggest that for separations greater
than about 5 nm the forces are as for bulk mica, but that for
separations less than 3 nm the forces are slightly less and
appear to be dominated by the properties of the monolayers
themselves.
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