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7.4: London Interactions
All molecules can experience London interactions or dispersion forces (sometimes called van der Waals interactions, although
many people use this term to describe any kind of intermolecular attraction). These interactions are temporary electrostatic
attractions caused by the random movement of electrons around a molecule. If at one moment more of the electrons are found on
one side of the molecule than the other, then the molecule will develop a dipole.

A dipole is a separation of charge. If electrons slosh over to one side of the molecule, that end of the molecule becomes negatively
charged, because electrons are negative. The other end of the molecule, however, becomes positively charged, because the
negatively charged electrons that should be balancing the positive charge of the nucleus have drifted to the other end of the
molecule. We symbolize this charge separation with a dipole arrow. One end of the arrow looks like a plus sign; that's the more
positive end. The pointy end of the arrow represents the negative end.

This dipole is transient, meaning it does not last very long. However, in its short lifetime it could actually induce another dipole in a
neighboring molecule. The electrons gathering on one side of one molecule could repel the electrons on the near side of the next
molecule. This situation would leave the more negative end of one molecule next to the more positive end of its neighbor, and a
weak attraction would result.

In most molecules, and especially relatively non-polar ones, these kinds of interactions last for tiny fractions of seconds. That
means that if molecules rely entirely on London interactions to stick together, they probably don't stick together very well.

However, there are a couple of factors that can make these small interactions add up until they are pretty significant. First,
molecules with many, loosely-held electrons would experience more London interactions than molecules with fewer, more tightly-
held electrons. That's because the more electrons there are, and the more freely they are moving, the more likely they are to create
that initial transient dipole. This factor is pretty significant when comparing the halogens, since fluorine has nine tightly-held
electrons while iodine has fifty three, and most of them are so far from the nucleus that they are hard to keep track of.

In addition, this type of attraction does not work very well between two molecules that are far away from each other. Because it is
such a weak attraction, it works best when the two molecules are very close to each other. The more contact there is between the
surfaces of the two molecules, the more likely it is that one molecule can induce a dipole in its neighbor, and the stronger the
attraction will be.

It's all a matter of surface area. The more surface contact between two molecules or two materials, the more likely they are to
interact with each other. In fact, this sort of phenomenon can lead to some surprising results if taken to the extreme. Many
researchers believe that the ability of geckos to walk on walls and ceilings, even if the surface is very smooth, is entirely due to van
der Waals forces. Millions of tiny fibers (or setae) cover the bottoms of the lizard's feet, and each of these fibers is covered in
hundreds of tinier pads (or spatulae). These structures ensure that there is enough surface contact for many, many weak interactions
to add up to one strong grip. Some companies are even trying to use this idea to make very strong but removable adhesives based
on this gecko model.
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Now consider the difference between the attractive forces that would be found in two different shapes of molecules. In one case,
the molecules are small and round, like ping-pong balls. In the other case, the molecules are long, and linear, like ribbons of
spaghetti or lasagna.

You can arrange ping pong balls in any way you like (without squashing them flat), and they will never be able to do more than
barely touch their neighbors.

Lasagna noodles stack very easily on top of each other, and have a good deal of contact with the other lasagna noodles.

If London interactions rely on temporary dipoles that are induced only if molecules can get very close to each other; it would be
best if the two molecules could almost touch each other.

This factor results from the physical law that electric forces fall off very quickly with increasing distance. The farther apart the
molecules, the less strongly they can have an effect on each other.

So, the long, ribbon-like molecules, having more surface area in contact with their neighbors, are more likely to induce dipoles in
their neighbors, and are more likely to stick together. The spherical molecules, with less surface area in contact, will attract each
other more weakly.

What sort of molecules are shaped like ping pong balls and spaghetti? Two very similar molecules, both with the formula C H ,
can serve as examples.

Normal pentane, or n-pentane, is a molecule in which all five carbons are arranged in a string, with the hydrogens completing the
valence of each carbon. Neopentane, or 2,2-dimethylpropane, is a molecule in which one central carbon is bonded to each of the
four other carbons, and each of those four carbons has three hydrogens on it. On paper, one might imagine pentane is spaghetti
shaped, but neopentane looks more like a cross. You need to look at a space-filling model to see that neopentane is very much like
a ball.

It turns out that pentane has a boiling point of 35 C, while neopentane, with the exact same molecular formula, has a boiling point
of -9 C. That means that, at comfortable room temperature, pentane is a liquid, while neopentane is a gas even on a pretty cold
day. The pentane molecules stick together more because there is more contact between them; the neopentane molecules don't, and
they each go their own way, forming a gas.

Pentane and neopentane are isomers. They have the same formula but different structures. Isomers is from the Greek, meaning
"same things", referring to their identical content. However, isomers often have very different physical and biological properties.

Compare London forces in the following pairs of molecules, and predict the relative melting points of the two compounds.

a) CH (CH ) CH  and CH (CH ) CH

b) CH (CH ) CH  and CH (CH ) C(CH )

5 12

o

o

Exercise 7.4.1

3 2 6 3 3 2 100 3

3 2 6 3 3 2 3 3 3

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189650?pdf


7.4.3 https://chem.libretexts.org/@go/page/189650

c) CH Br and CH Cl

Answer a:

A chain that is 8 carbons long would have much lower London interactions than a chain that is 102 atoms long. The greater
the contact between molecules, the greater the chance for weak attractions due to small charges arising from random
electron movement. The molecule with the longer chain would have the higher melting point, because more energy would
have to be added in order to overcome those attractions and get the molecules moving.

Answer b:

The first chain is more linear whereas the second chain is more branched. The more linear molecules will pack together
more easily, allowing greater surface contact for increased London interactions. The straighter chain would have a higher
melting point.

Answer c:

Bromomethane has a lot more electrons than chloromethane. Based on London interactions alone, we would expect
bromomethane to have a higher melting point. In fact, the melting point of bromomethane is about -94 C, compared to
about -97 C for chloromethane; there must be another factor that compensates for the difference in numbers of electrons
and makes these values so close.

Predict the relative boiling points of 3,4-dibromohexane and 3,3-dimethylhexane.

Answer

Because of the large numbers of electrons in bromine, we would expect a higher boiling point in 3,4-dibromohexane.

What would you predict about the relative melting points of dibenzyl ether and bis(cyclohexylmethyl) ether. (Note: "bis" is
often used instead of "di" as a prefix for more complicated groups.)

Answer

Remember benzyl refers to the group C H CH  (below right); cyclohexylmethyl suggests the superficially similar
C H CH  (below left).

The benzyl group contains trigonal planar carbons, whereas the cyclohexylmethyl group contains only tetrahedral carbons.
The benzyl groups, being flatter, could pack more easily together and interact more strongly. We would expect dibenzyl
ether to have a higher melting point.

This page titled 7.4: London Interactions is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris Schaller via
source content that was edited to the style and standards of the LibreTexts platform.
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