6 INTERMOLECULAR AND SURFACE FORCES

the force law F(r) between them by

F(r) = —dw(r)/dr = —nCmym,/r"*!, (L.1)

where m,, m, are the molecular masses, r their separation, C a constant, and
n some integer believed to be 4 or 5, which may be compared with n =1

for the gravitational interaction:

w(ry= —Gmmy/r, G=667x 107" Nm?kg~2 (1.2)

It is instructive to see how the power-law index n was so chosen. It arose
from an appreciation of the fact that if intermolecular forces are not to extend
over large distances, the value of n must be greater than 3. Why this is so
can be simply established as follows: suppose the attractive potential between
two molecules or particles to be of the general form w = —C/r", where n is
an integer. Now consider a region of space where the number density of
these molecules is p. This region can be a solid, a liquid, a gas, or even a
region in outer space extending over astronomical distances. Let us add all
the interaction energies of one particular molecule with all the other molecules
in the system. The number of molecules in a region of space between r and
(r + dr) away will be pdnr? dr (since 4nr® dr is the volume of a spherical
shell of radius r and thickness dr, i.e., of area 4nr? and thickness dr). The
total interaction energy of one molecule with all the other molecules in the

system will therefore be given by

L
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w(r)pdnrtdr = —4nCp %
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total energy = ;‘.

wnes (1))
= _I —
(n—23)g"?3 L

forn>3 and L>»o,

(L.3)

= —4nCp/(n - 3)¢""? (14)

where o is the diameter of the molecules and L is the size of the system
(e.g., the dimensions of a solid or the size of the box containing a gas). We can
sce that since ¢ must be smaller than L (ie, o/L < 1), large distance
contributions to the interaction will disappear only for values of n greater
than 3 (ie, for n = 4, 5,6,...). But for n smaller than 3, the second term in
Eq. (1.3) will be greater, and the contribution from more distant molecules
will dominate over that of nearby molecules. In such cases the size of the
system must be taken into account, as occurs for the gravitational force where
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n =1 and where distant planets, stars, and even galaxies are still strongly
interacting with each other (see Problem 1.2).

In later chapters we shall see that theoretical derivations of intermolecular
force potentials do indeed predict that n always exceeds 3 asymptotically,
and it is for this reason that the bulk properties of solids, liquids and gases
do not depend on the volume of material or on the size of the container
(unless these are extremely small) but only on the forces between molecules
in close proximity to each other. Important long-range intermolecular forces
also exist, especially between macroscopic particles and surfaces, but their
effective range of action rarely exceeds 100 nm.

Returning to the latter part of the nineteenth century, hopes for an
all-embracing force law dwindled as it became increasingly apparent that no
suitable candidate would be forthcoming to explain the multitude of
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