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Lecture 07 — Intermolecular and surface forces
Supplement to lecture slides

Forces keep the universe together. As stated by Israelachvili, There are three main types of forces:

= Intermolecular and surface forces, which are caused by electromagnetic interactions;
= Nuclear forces (“strong” and “weak™), which act over very short (~10” nm) ranges;
= Gravitational forces, which act over very long ranges.

The ancient Greeks said that there are only two forces—love and hate—explain everything. We will not
consider these forces!

In principle, we could write Schrodinger’s equation for a prescribed geometry and then determine the
interaction forces by solving for the electrostatic fields. However, it is impossible to do this exactly even
for just a pair of hydrogen atoms. Instead, we will consider pairwise interaction potentials.

Recall the interatomic potential from the lecture on mechanical properties. Here we will consider
more general features of this potential, which is a superposition of repulsive (short range) and attractive
(long range) interactions. We saw then that the potential (denoted U, V, or W; with units of energy, e.g.,
[J] typically has a minimum at a particular spacing, denoting the equilibrium spacing between two atoms.
Now we consider that assemblies of atoms, e.g., particles or surfaces, also have interaction potentials
which can be derived by a superposition of the atomic interaction potentials.

Recall that, by taking derivatives, potential [J] = force [J/m = N] = stiffness [N/m]. Today we will
derive the interaction potentials for simple bodies, and once again take the derivative to find the force as a
function of the distance between the bodies.

Typically, an interaction potential has the form

u==<

rn’

where n >3 guarantees that the potential will be finite over infinite distances. We will see this arise
guantitatively later.

This understanding began to develop in 1873 when JD van der Waals proposed deviations from the
ideal gas law to account for interactions between molecules, and for the finite size of the molecules.
Then, in 1903, Mie proposed a “pair potential”,

A B
U(T') = —r—n+r—m.

This adds the attractive and repulsive potentials. Today, we primarily discuss van der Waals forces which
are considered “long range”. Next week, we will meet electrostatic forces. Together, van der Waals
forces and electrostatic forces will let us build a simple picture of colloid stability. We will also learn
about surface energy and capillary forces. Altogether these forces will help build our understanding of
self-assembly.

A.J. Hart
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