LibreTextsw

8.4: London Forces

Dipole forces explain how polar molecules can attract each other, but it is a bit harder to account for the forces of attraction which
exist between completely nonpolar molecules. Even the noble gases, whose atoms do not form chemical bonds with each other, can
be condensed to liquids at sufficiently low temperatures. This indicates that the atoms attract each other, though only feebly. An
explanation of these attractive forces was first given in 1930 by the Austrian physicist Fritz London (1900 to 1954). According to
his theory, when two molecules approach each other very closely, the motion of the electrons in one of the molecules interferes
with the motion of the electrons in the other, and the net result is an attractive force. In order to understand London’s ideas better,
let us start by considering the hypothetical situation shown in Figure 8.4.1. When a dipole approaches a helium atom, the electron
cloud of the helium atom is attracted toward the positive end of the dipole.
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Figure 8.4.1: The polarization and attraction of a helium atom by a dipole. The close approach of the positive side of the dipole
attracts the electron cloud toward it. This makes the helium atom electrically lopsided and equivalent to the dipole shown below it.
There is then a net force of attraction between this induced dipole and the permanent dipole. The two lines drawn in the figure go
through the center of charge of the electron cloud.

The first electron dot diagram shows a small red circle with a circular area around it concentrated with many black dots. There is
also a straight vertical line going straight through the middle of this circle. Far in the right there is another red circle, labeled
positive, connected to a black circle which is labeled negative. In the next electron dot diagram, the red and black circle is now
close to the electrons. The positive side faces the electrons. The vertical line shifted its position towards the right, no longer going
through the center of the nucleus. Dipole shown below is a positive circle in contact with a negative circle on its right.

The helium atom becomes polarized and behaves electrically as though it were a second dipole, with its negative side pointed

toward the positive side of the first dipole. As we have already seen, two dipoles oriented in this fashion attract each other.

If instead of a dipole, we now bring up another helium atom, a similar effect occurs. The electrons moving about the nucleus in this
second atom will often both be found momentarily on one side of the nucleus or both on the other side. At any given instant,
therefore, the approaching helium atom is likely to be slightly polar. It can then behave like the dipole used in the above figure,
inducing a dipole in the first atom, and attraction will result. Thus, as the electrons in one atom move around it, they will tend to
synchronize to some extent with the motion of the electrons in the other atom. Overall there will be a force of attraction between
the two helium atoms.

An argument similar to that just presented can be applied to pairs of atoms of the other noble gases as well. Indeed, it explains why
there must be forces of attraction, albeit quite small, between two molecules of any kind. Forces caused by the mutual
instantaneous polarization of two molecules are called London forces, or sometimes dispersion forces. When referring to
intermolecular forces in general, to either London or dipole forces or both, the term van der Waals forces is generally used.
Johannes van der Waals (1837 to 1923) was a Dutch scientist who first realized that neutral molecules must attract each other, even
though he was unable to explain these attractions himself.

In general, when we compare substances whose molecules have similar electronic structures, it is always the larger molecules
which correspond to the stronger London forces. This rule is illustrated by the physical properties shown in the following table for
the noble gases and the halogens. Both melting points and boiling points increase in the order He < Ne < Ar < Kr < Xe and F, < Cl,
< Brp < I. This corresponds with the order of increasing van der Waals radius, showing that in each case the larger molecules are
more strongly attracted to each other.

Table 8.4.1: Some Physical Properties of Nonpolar Substances.
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Substance van der Waals Radius* / pm Melting Point (in °C) Boiling Point (in °C)
He 93 T -269
Ne 112 -248 -246
Ar 154 -189 -186
Kr 169 -157 -153
Xe 190 -112 -108
F, 135 -220 -188
Cl, 180 -101 -34
Br, 195 -47 58
I, 215 114 183

* From figure of atomic radii. Note that the halogen molecules are not spherical. Nevertheless the van Waals radius of the halogen
atoms is in proportion to molecular size.

T Only forms a solid at very high pressures.

This dependence on the size of the molecule is readily explained by London’s theory. In larger molecules, the valence electrons are
on the whole farther from the nuclei. The electron cloud is more diffuse, less tightly held, and hence more easily polarizable than
for smaller molecules. The ionization energy for Xe is 1170 kJ mol ™, for example, much less than for Ne (2080 kJ mol~ as seen in
the table of ionization energies). This indicates that the outermost octet in Xe is much less tightly held than in Ne. Thus when two
Xe atoms approach each other closely, the motion of the electrons in the one atom can synchronize with the motion in the other
more effectively than in the case of two Ne atoms.
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Figure 8.4.2: The effect of polarizability on London forces. Both CH4 and Ne have eight electrons in the valence shell. In these
CHy, these electrons form a more diffuse, larger, and less tightly held cloud than in Ne. This makes the CH, electrons more easily
polarizable and the intermolecular forces larger.

The magnitude of London forces is often said to depend on the molar mass of the molecules involved; if we compare molecules of
similar electronic structure, the larger molecules are usually the heavier ones. But this is a coincidence rather than a cause-and-
effect relationship, and is not always true. If we compare methane, CH, (M = 16 g mol™) with Ne (M = 20.2 g mol™"), for example,
we find that the lighter molecule has the stronger London forces. Both molecules contain 10 electrons, of which 8 are in valence
shell. In an Ne atom, the electrons are tightly held by a single nucleus of charge +10, while in CHy, this same total positive charge
is spread out over one C nucleus of charge +6 and four H nuclei of charge +1. As can be seen from Figure 2, the electrons in CHy
occupy a much larger electron cloud and are not so tightly constrained as in Ne. They are thus easier to polarize, and the London
forces between two CH4 molecules are expected to be larger than between two Ne molecules. In agreement with this we find a
much higher boiling point for CH4 (=162°C) than for Ne (-246°C).

v Example 8.4.1 : Boiling Point

Decide which substance in each of the following pairs will have the higher boiling point:

a. SiH4 vs. SnHy
b. CF4vs. CCly
c. Krvs. HBr

d. CoHg vs.Fy
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Solution

a. Both SiH4 and SnHy correspond to the same Lewis diagram. In SnHy4 though, the valence octet is in the n = 5 shell, as
opposed to the n = 3 shell for SiH4. SnHy is the larger molecule and should have the higher boiling point.

b. Again the two molecules have similar Lewis diagrams. Since Cl is larger than F, we conclude that electrons in CCly are
more easily polarized, and the boiling point will be higher for this compound.

c. Both Kr and HBr have the same number of electrons. HBr, however, is polar and thus has the higher boiling point.

d. Both molecules have the same total number of electrons, namely, 18, but in CoHg the electron cloud is distributed around
eight nuclei rather than two. This larger cloud is more easily polarized so that we can expect stronger London forces. C,Hg,
F, will thus have the higher boiling point.

Note that it is not always possible to decide which of two substances has the higher boiling point even though their electronic
structures are very similar. A case in point is the pair of substances HCI and HI. We can expect HCI to be more polar than HI
so that the dipole forces between HCl molecules should be greater than for HI molecules. The London forces, however, will be
the other way around since HI is so much larger in size than HCI. It happens that the effect of the London forces is larger—HI
is found to have a higher boiling point (-38°C) than HCI (—88°C).

This page titled 8.4: L.ondon Forces is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed Vitz, John W.
Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.
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