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7.6: Hydrogen Bonding

Methanol, CH40 (or CH30H, a CHj3 group attached to an OH), is another example of a molecule with a similar molecular weight
to ethane. Like formaldehyde, methanol freezes somewhere around-90 °C, but it does not become a gas until it is heated to 65 °C.
Methanol is certainly similar to formaldehyde in some ways. It contains oxygen and is very polar. The huge difference in their
boiling points is due to the very strong hydrogen bonds in methanol.
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Hydrogen bonding occurs when there is a significant amount of positive charge building up on a hydrogen atom. That happens
because the hydrogen is attached to an atom that is much more electronegative than the hydrogen. As a result of that positive
charge, a lone pair on another molecule strongly interacts with the hydrogen.
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Hydrogen bonds occur only when a hydrogen is attached to one of the few most electronegative elements in the periodic table:
fluorine, oxygen or nitrogen. It is these strong hydrogen bonds that are responsible for the relatively high boiling point of methanol;
there is so much positive charge on the hydrogen of the OH group that it can essentially form a real bond with the lone pair on
another methanol molecule.
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Water is an even better example of a hydrogen bonding compound; in fact, water molecules are so tightly bound to each other that
this very small molecule freezes at 0 °C and does not boil until 100 °C (way, way hotter than an August day in Las Vegas). Water
molecules are much less able to move around freely than are ethane molecules, even though ethane molecules weigh almost twice
as much.

For practical purposes, hydrogen bonding usually involves compounds that contain N-H and O-H bonds. That's because oxygen
and nitrogen are the second- and third-most electronegative elements in the periodic table, respectively. There are many, many
examples of compounds like that. It also occurs in HF, of course, because fluorine is usually considered the most electronegative
element, but there is really only one example of a compound with that bond, so you are much less likely to have to worry about that
example. Slightly weaker hydrogen bonds have also been shown to occur involving other species, such as S-H bonds, but the most
significant ones involve N-H and O-H bonds.

Exercise 7.6.1

Which of the following molecules are capable of strong hydrogen bonding?

a) ethanal, CH3;CHO b) ethylamine, CH3;CH,NH, c) acetic or ethanoic acid, CH;CO,H d) dimethyl peroxide, CH;0OOCH3

Answer

https://chem.libretexts.org/@go/page/189652


https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189652?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_Structure_and_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_(Schaller)/I%3A__Chemical_Structure_and_Properties/07%3A_Structure-Property_Relationships/7.06%3A_Hydrogen_Bonding

LibreTextsw

| Only ethylamine and ethanoic acid have the N-H or O-H bonds that are polar enough for hydrogen bonding.

Exercise 7.6.2

Predict the relative order of melting points in the following amines:
hexylamine, CH3(CH,)4CH,NHy; triethylamine, (CH3CH>)3N; dipropylamine, (CH3CH,CH,)N
Answer

hexylamine > dipropylamine > triethylamine

The one with the greatest potential for hydrogen bonding will have the highest melting point.

Exercise 7.6.3

Identify the strongest IMF in each case.
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Biological Molecules and IMF's

Because compounds containing oxygen and nitrogen are so common in biology, hydrogen bonding is a fairly common feature in
organic and biological chemistry.

Carbohydrates are one of the major classes of biomolecules. Carbohydrates are compounds that contain lots of OH groups, so they
have lots of potential to form hydrogen bonds.

Proteins and peptides contain amide groups. Amides contain N-H bonds; hydrogen bonds involving amides are crucial influences
in the structure of proteins.

Large biological molecules like proteins consists of 1000s of atoms, which interact through "intramolecular" ion-ion, London
dispersion, dipole-dipole, and hydrogen bonding to create a unique 3D structure. Other molecules, both small and large, can bind to
biological macromolecule using the same intermolecular interactions. An example of a protein, bovine low molecular weight
protein tyrosyl phosphate, binding to inorganic phosphate, is shown below.

The displays above show three different ways to render the LMW-PTPase. You will recognize the spacefill and wireframe models,
but note their complexity compared to the smaller molecules you have studied thus far. The cartoon molecules removes much of
the detail by stripping away atoms and bonds, and replacing them with lines, ribbons (representing alpha helices) and block arrows
(representing beta structure). [Not Available]

Inorganic phosphate, an inhibitor of this enzyme, binds to the enzyme through the intramolecular forces mentioned above. It is
rendered in spacefill with the protein in cartoon and wireframe modes.

DNA may be the most well-known example of a compound that displays hydrogen bonding. In DNA, complementary "base pairs"
hydrogen bond to each other to held two strands of DNA together.

Weak, "Secondary" Hydrogen Bonds

Hydrogen bonding is really a special case of dipole forces. It occurs under very particular circumstances: in the presence of O-H or
N-H bonds, which provide both a very positive hydrogen and a lone pair, the two features necessary for a hydrogen bonding
interaction.

In general, we think of a hydrogen bond as the electrostatic interaction between an electron pair on one atom and a hydrogen atom
that has built up a partial positive charge. There are some examples where that might be happening, but that we would rather keep
separate from the general idea of a hydrogen bond. For example, a lone pair on an oxygen atom in formaldehyde might be attracted
to a hydrogen on another formaldehyde, which would be at the more positive end of the molecule. There is evidence from x-ray
crystallography that such weak "hydrogen bonds" occur in the solid state in molecules containing aldehyde groups, similar to the
one in formaldehyde.
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However, these kinds of interactions are really very weak. They shouldn't be thought of in the same category as regular hydrogen
bonds. For that reason, we will give them a separate term, "secondary" hydrogen bond. This type of interaction is fairly esoteric

and you are not that likely to see it. We're looking at it here really to underscore the idea that there is something very special about
the hydrogen bonds resulting from compounds that contain O-H and N-H bonds.

Later, you will see that whenever there is a case in which there is an opportunity for regular hydrogen bonding, the properties of the
molecule are dramatically affected. That isn't true otherwise. Secondary hydrogen bonds may be responsible for some very subtle
effects in the solid state, when molecules are already at pretty low energy and are not moving around much. However, they hardly
change the properties of a molecule beyond what we would expect based on simple dipole-dipole interactions.

This page titled 7.6: Hydrogen Bonding 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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