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7.5: Dipole Interactions
When two different kinds of atoms are connected to each other, the electrons between them are typically not shared evenly. That's
because in most cases, two different atoms would have two different electronegativity values. One atom would be more
electronegative than the other. It would have a stronger attraction for the electrons in the shared bond, and the electrons would be a
little bit more attracted to that atom than the other.

Remember, electronegativity is a periodic trend. As we move to the right in the periodic table, more and more protons are added to
the nucleus, and so atoms on the right attract electrons more strongly that do the atoms on the left. Also, as we move from top to
bottom of the periodic table, the valence shells of the atoms become larger; that means valence electrons are getting farther from
the nucleus, so they are less tightly held. Those two factors, distance and amount of charge, control the strength of interaction
between charged particles.

The periodic table above shows Pauling electronegativity values. There are different ways to calculate electronegativity, but the
Pauling scale is very commonly used. Calculating the Pauling scale depends on being able to observe compounds, so the noble
gases are not usually given a value in this scale, because they normally don't form any compounds.

For example, when a carbon atom is bonded to a fluorine atom, there is an electronegativity difference between the two atoms.
There is a difference in electronegativity values of almost 1.5 units between these two atoms. Fluorine is more electronegative than
carbon because it has more protons in the nucleus than carbon. The electrons are pulled closer to the fluorine than to the carbon. A
carbon-fluorine bond is polarized towards the fluorine. A molecule like fluoromethane, CH F, has a permanent dipole.

Note that there are also dipoles in C-H bonds, but they are so much smaller than the ones in the C-F bond that they do not matter.
The overall dipole has a buildup of negative charge on the fluorine.

You can imagine that molecules with permanent dipoles would interact with each other much more strongly than molecules that
rely on temporary dipoles in order to stick together. Molecules with no natural dipole will stick only loosely together, but molecules
with permanent dipoles will stick to each other easily.

Ethane, C H  (sometimes written CH CH , suggesting two carbons are each connected to three hydrogens, and also to each other),
and formaldehyde, CH O, have different formulae but the same molecular weight. Based on weight alone, it would take about the
same amount of energy to move an ethane molecule and a molecule of formaldehyde.
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The two molecules also have somewhat similar shapes, unlike neopentane and pentane. At room temperature, ethane and
formaldehyde are both gases. Nevertheless the two compounds have very different boiling points; formaldehyde becomes liquid
around -20 C, which would be a very cold winter day in, say, Chicago. Ethane does not become liquid unless it is cooled to around
-90 C, a cold winter day on Neptune, at which point formaldehyde is just about ready to freeze solid.

The difference between these two molecules must be due to the oxygen atom in formaldehyde. Oxygen, the second most
electronegative element in the periodic table, can form some very polar bonds. The difference between carbon and oxygen is 0.89
units, almost a full electronegativity unit. The permanent dipole that results between the oxygen and carbon makes the
formaldehyde molecules much stickier than the ethane molecules, which depend on fleeting London interactions if they are going
to hold on to each other.

In contrast, the difference in electronegativity between carbon and hydrogen is actually pretty small (about 0.35 units, based on the
Pauling scale). The tiny dipole in the C-H bond is so much smaller than the one in the C=O bond that it really isn't a factor here.

Taking that story a little further, hydrocarbons (molecules made up of hydrogen and carbon) are the most common example of non-
polar compounds, because their bonds are either completely nonpolar C-C bonds or else C-H bonds with very low polarity. There is
a tiny dipole in a C-H bond, but it isn't enough to make the molecules attract each other very well. Furthermore, there tend to be a
lot of C-H bonds in a hydrocarbon pointing in all sorts of directions; an approaching molecule would be unlikely to encounter
either a fully positive end or a fully negative end of the molecule. In the end, all those little dipoles in all those C-H bonds end up
cancelling each other out.

There are other variations on dipole interactions that are pretty common. For example, you could imagine that a dipolar molecule
would interact pretty strongly with an ion. We will take a look at that situation shortly when we think about how mixtures of
different compounds interact with each other. However, perhaps the most important variation in organic chemistry is hydrogen
bonding.

Comment on dipole moments in the following compounds and predict their relative boiling points.

a) 1-chlorobutane vs. pentane

b) triethylamine vs. 3-ethylpentane

c) diethyl ether vs. pentane

Answer

These compounds all contains lots of non-polar C-C and C-H bonds, which would not have appreciable dipoles. However,
in each pair, there is a compound that contains mroe polar bonds as well: C-Cl, C-N and C-O.
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Sometimes a molecule that contains polar bonds is not really polar overall. Carbon dioxide is a good example. Polar molecules
strongly attract each other because the more negative end of one molecule is attracted to the more positive end of the next molecule
via electrostatics. Opposites attract. In carbon dioxide, however, both ends of the molecule are more negative. How can they attract
each other?

There's more to it. Dipoles are "vector quantities". That means it isn't just the amount of charge separation that matters; it's also the
direction of separation. In carbon dioxide, a linear molecule, there are two polar bonds. Those polar bonds point directly away from
each other. The dipole of one bond balances out the dipole of the other bond. Overall, the molecule does not have a dipole.

Water, on the other hand, is a different case. Like carbon dioxide, water has two polar bonds. However, the bonds in water do not
lie in a straight line like the ones in carbon dioxide. They are at an angle to each other instead. That means their dipoles are not
quite pointing in opposite directions. As a result, water has an overall dipole moment.

At the extreme, a polar bond can get to the point that one atom is pulling the electrons so strongly toward itself that it pulls them
completely away from the other atom. The first atom becomes an anion, and the second atom becomes a cation. At this point, we
have an ionic bond, rather than a covalent one. How different must the electronegativity values be in order to have an ionic bond?
The usual rule of thumb is a difference of about 1.6 electronegativity units. So, for example, all of the blue atoms in the periodic
table above would form ionic bonds with all of the red atoms. The green atoms would form ionic bonds with most of the dark red
atoms, but not with the light red ones.

The dipole moment of a molecule (essentially the size of its dipole) can be calculated from the dielectric constant of a material,
which can be measured experimentally on a bulk quantity of the compound. The dipole moment of chloromethane, 12.9 D, is
higher than that of dichloromethane, 9.08 D, even though dichloromethane has a greater number of polar bonds than
chloromethane. Explain why.

Answer

Dipoles are vectors. If we have two polar bonds, they will add together using vector addition. Any vector can be shown as
the sum of two other vectors. Below, the red arrow points down and to the left. How far down and how far to the left? We
can show how far using the blue arrows. The blue arrow down and the blue arrow to the left add up to give the red arrow
that goes down and to the left.

In dichloromethane, there are two polar bonds. Both bonds are polarized towards the more electronegative chlorine. As
drawn below, one bond has a dipole straight to the right. The other bond has a dipole that goes down and to the left. If the
molecule has an overall dipole, with a positive end of the whole molecule and a negative end of the whole molecule, which
end would be positive and which would be negative?

It seems reasonable that the positive end would be somewhere over on the hydrogen side and the negative end would be
somewhere over on the chlorine side. The overall dipole, as opposed to the individual bond dipoles, would point
somewhere in the direction of the blue, dashed arrow. But how big would it be? Surely it's bigger than either of the two
individual dipoles, because they are adding together, right?

Let's take a very qualitative look. The first red arrow is just to the right. We'll break the second arrow into a smaller arrow
down and an even smaller arrow to the left. The sum of the left/right arrows is a very small arrow to the right.
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The sum of the up/down arrows is just a small arrow down. Overall, the sum is a green arrow going down and to the right.
The result doesn't really seem any bigger than an individual bond dipole.

Dichloromethane nonetheless has a higher boiling point (39 °C) than chloromethane ( -24 °C). Explain why.

Answer

Despite the relatively similar dipole moments, dichloromethane's boiling point is much higher than chloromethane's. The
difference probably lies in the much greater mass of dichloromethane.

Comment on dipole moments in the following compounds and predict their relative boiling points.

a. butane and ethyl methyl ether
b. ethyl methyl ether and 2-propanone
c. trimethylamine and propanenitrile
d. 2-propanone and 2-chloropropane

Answer

In each case, the one on the right has a larger dipole and a higher melting point.

Exercise 7.5.3

Exercise 7.5.4

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189651?pdf


7.5.5 https://chem.libretexts.org/@go/page/189651

a. Draw the Lewis structure for each molecule with the correct electronic geometry.
b. Draw in dipole moments.

c. Decide if the molecule is polar. 

This page titled 7.5: Dipole 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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