Hydrogen Bonding
(A First Year Blog.)
I have already told you that (when we talk about Acids and Bases) I will tell you how one molecule can grab hold of
and not let go of another molecule – and indeed the principles that I will then outline will form the basis of something
called “polymers” in “Organic Chemistry” or “Chains & Rings” (where, to use a simile, the head of one snake bites the
tail of another snake, which then bites the tail of another snake, which in turn bites the tail of another snake ….. and so
on). However, for those of you who want to go on and do medicine of some sort (viz. become doctors/dentists/
pharmacists/nurses/ etc) then it is imperative that you understand DNA/chromosomes/genes/proteins/ nucleic acids/etc,
so please do assimilate the principle of Hydrogen Bonding that are in this Chapter because it is one of the building
blocks of many of the above structures e.g. the two strands of DNA are held together by HYDROGEN BONDING.

DeoxyriboNucleic Acid, DNA in a bit more depth

Each of the hydrogen bonded
nucleotides (A-T, and C-G) is
called a “base pair”. A will
always go with T because
they are double hydrogen
bonded (whereas C and G are
triple bonded), and the size of
the Nitrogenous Bases is also
an important consideration.

<–– Each ribose
molecule is
attached at a C3
atom to the
phosphate group
above it, and
through a C5 atom
to the phosphate
group below it.
This backbone is
thus running in the
3' to 5' direction.
The bases that are used in DNA are
i) the two PURINES
(Guanine has a “C=O” in it, but Adenine does not)

Please remember that a
skeletal formula does not
normally show the C atoms
nor the H atoms.

and (ii) the two PYRIMIDINES (Cytosine and Thymine).

In the environment of an
animal’s body, the
Phosphate Groups in
DNA can dissociate their
Protons to become
negatively charged.

Source: Wikimedia (inserts Mine)
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Uracil, in RNA, is also a pyrimidine.

•

Hydrogen “bonds” and van der Waals’ forces of attraction1 are the two simplest inter-molecular forces of
attraction that we now need to study.

•

Could I remind you that, by definition, for a bond to form there must be a pair of bonding electrons, and if
no pairs of bonding electrons are involved, then no bond has been formed.

•

In an “Hydrogen Bond” a pair of electrons is involved, but (as we shall see) they are not so involved that a
true “bond” is formed, therefore “Hydrogen Bonds” are not bonds in the strictest sense of the word – but
they have now been called Hydrogen “Bonds” for so long that chemists just accept this name/nomenclature
for this force of attraction.

•

However, no pairs of electrons are directly involved in van der Waals/London/Debye/Keesom forces of
attraction, therefore van der Waals’ forces of attraction should NOT be called “bonds” at all, and instead
they should be called just plain and simple “forces of attraction”. vdW forces are not bonds. They are just
forces of attraction!

HYDROGEN BONDS
•

A Hydrogen bond is a type of quasi-bond2 that is created between two molecules each of which has a
permanent dipole – and the distinguishing features of the Hydrogen bond are that
i)
Hydrogen bonds can be formed only by compounds that contain at least one Hydrogen atom
bonded to either a Fluorine/or an Oxygen/or a Nitrogen atom, (and H bonds will not form with
any other elements other than F/or O/or N), and
ii) Hydrogen bonds are formed between an H∂+ species and a Lone Pair of electrons on the F/or O/
or N atom.3

•

If you were to consult a data book, you would see that the three most electronegative elements in the
Periodic Table are Fluorine (F)/ Oxygen (O)/and Nitrogen (N), and if an atom of any of these three elements
is bonded to an Hydrogen atom, then such an atom will pull or heavily distort the electron cloud/the electron
density distribution (edd) of the lone electron in the Hydrogen atom towards itself.

•

In fact, so distorted does the edd of the Hydrogen electron become that the Hydrogen atom’s electron is
almost pulled off the Hydrogen atom altogether – and, even though it actually becomes an H∂+ Hydrogen
atom, it is almost transformed into an H+ ion!

•

If you remember, I have elsewhere compared the condition “∂-” to the situation where a greedy bloke in bed
pulls the duvet off his partner and leaves her as “∂+”. Please now imagine that you are the partner of that
greedy bloke! If the bed in one of the spare bedrooms in your house were made up, then would you not be
tempted to say to yourself “Blow this for a lark. I’m going off to sleep in the spare bed!” – and why
therefore should the H∂+ atom not be tempted to do exactly the same thing?

•

As it happens, F/O/and N atoms are so greedy/are so electronegative that the poor little H∂+ atom has in
effect almost lost her electron, therefore she is so desperate to get her electron back that she would almost be
tempted to marry someone else if he were prepared to give her an electron (except that she cannot do so
because she is already bonded to an F/or O/or N atom)!4

1 I do not intend to attempt to differentiate between the work done by Johannes Diderik van der Waals and Fritz London and
Peter Debye (and all three of them were Nobel Laureates), and I shall call all such collective forces of attraction “vdW forces
of attraction”.
2
If this is the first time that you have encountered the Latin word “quasi”, then in English it means “as if”, but it has come
to have the usage “sort of”/”similar to”, therefore in this context, a Hydrogen Bond is a “sort of bond”/it is similar to/it
resembles a proper or a real “bond”.
3
A “lone pair” of electrons is one where the two electrons are NOT involved in a covalent bond. They are therefore often
also referred to as “an unbonded pair of electrons”.
4
The process of attributing a human emotion to a non-human object is called “anthropomorphism”.
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•

The situation in effect is a bit like a bloke who never displays any affection for his partner. Would it be at all
surprising if his partner were to be attracted to the first nice bloke who came along and bought her flowers/
chocolates/paid her compliments/took her out to dinner/etc? Similarly, as soon as an H∂+ atom that is bonded
to an F/O/N atom sees a lone pair of electrons on a neighbouring F–H/O–H/or N–H molecule, then it will be
so attracted to that lone pair of electrons that it will form a quasi-bond with that neighbouring molecule
through the lone pair of electrons on that neighbouring molecule.

•

As an example let us look at two neighbouring Water molecules in a beaker of Water. The highly
electronegative O atoms in each of the two water molecules below have almost denuded the two H atoms of
the electrons on the H atoms and have thus made them into H∂+ species, and it is clear from the way that I
have drawn this diagram that the H∂+ atom that I have identified by the arrow will be highly attracted to the
lone pair of electrons on the O∂- atom to the left of it (this O∂– atom being rich in electron density),
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and the H∂+ atom will be sorely tempted to form a bond with that O∂- atom through the lone pair of electrons
on the O∂- atom (except that it is already bonded to an O atom)!5
•

If a real/a proper covalent bond (and in this case it would be a dative bond) were formed between the H∂+
atom and the O∂- atom, then clearly scientists would not have had to invent a new name for the sort of bond
that actually forms between the H∂+ atom and the O∂- atom. In fact, a real/a proper bond is not formed
between the H∂+ atom and the O∂- atom, and it is only a quasi-bond i.e. a “hydrogen bond” that is formed.

•

In the diagram below I have shown five water molecules with Hydrogen bonds between them viz.
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and the diagram below shows how they may be arranged in space (but it leaves out many of the Hydrogen
bonds that will have been formed in real life)

Source: Wikipedia.

5

As it happens, EVERY H∂+ atom in water is attracted to every O∂– atom in the water, but each H∂+ atom will be most
attracted to its closest O∂– atom.
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In the exam, if you are asked to draw Hydrogen bonding in Water, or Hydrogen bonding in liquid Ammonia
then please draw your diagrams EXACTLY as I have drawn them below (with all the “∂+”s and all the
“∂-”s in the diagrams! And, please do remember that the H bond must always be linked through one of
the lone pairs of electrons on the F/O/or N atom. There is no other way in which a Hydrogen bond can
form.
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•

An H∂+ atom can bond (via a lone pair of electrons) with the atoms of any of the three elements F/O/and N,
therefore Water molecules can form Hydrogen bonds not just with other Water molecules but also
with say Ammonia molecules (and this it DOES do). In the exam if you are asked to show this, then please
draw your diagram EXACTLY as I have drawn it below. [Please note that if molecules of Water and
Ammonia come into contact with each other, then Hydrogen bonds will be present not just between differing
Water molecules and other Water molecules, and between Ammonia molecules and other Ammonia
molecules, but also between Water molecules and Ammonia molecules.]

•

An example of how a molecule of Water and a molecule of Ammonia might be hydrogen bonded
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Please remember that a Hydrogen
bond is formed through an H∂+ atom
and a lone pair of electrons.

H

•

In the exam, you will lose marks
a) if you do not show the Hydrogen bond going through a lone pair of electrons, and
b) if you do not show all your delta pluses and all your delta minuses.

•

The Hydrogen bonds could have been formed by any of the H∂+ atoms on the Ammonia molecule and
through either of the lone pairs of electrons on the O∂- atom, but in the exam you do not have a great deal of
time to start thinking “Now, how shall I draw this?”. Instead you need to do bread-and-butter stuff like this
very quickly so that you have enough time to think about the non-standard stuff – therefore draw the
diagrams just as I have drawn them for you.

•

Please note that any substance that contains an H atom bonded to an F/O/or N atom will be so denuded of its
electron density that it will form Hydrogen bonds between the molecules of the substance viz.
Molecule 1

The H bond Molecule 2

F∂-–––––––
O∂-–––––––
N∂-–––––––

H∂+ ||||||||||||||||||| :F /or :O /or :N
H∂+ ||||||||||||||||||| :F /or :O /or :N
H∂+ ||||||||||||||||||| :F /or :O /or :N

The “:” above indicates a lone or an unbonded pair of electrons. In fact, each F atom will have three
unbonded or lone pairs of electrons, and each O atom will have two of them, and each N atom will have one
(but, to keep my diagram simple, I have not shown every single lone pair of electrons).
•

F/O/and N are the three most electronegative elements that there are, and it is only F/O/and N atoms that
have sufficient electronegativity to drag the electron cloud almost completely off an H atom and thus cause
H∂+ atoms to be attracted by a lone pair of electrons on the neighbouring F/O/or N atoms. No other element,
I repeat “No other element” is sufficiently electronegative to be able to do what F/O/and N are able to do.
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•

If you look at the Pauling values for electronegativity, you will see that Chlorine has the same value as
Nitrogen – but I promise you that Chlorine cannot form Hydrogen bonds! There is no such thing as an
absolute value for electronegativity, and Pauling in a sense “made up” his values based on good experiments
– but Pauling’s electronegativity value is not a sufficient guide as to Chlorine’s ability to form Hydrogen
bonds. (Chlorine may have the same Pauling ‘electronegativity’ value as Nitrogen, but the big difference is
that Nitrogen’s electron cloud extends only as far as 2p3, whereas Chlorine’s electron cloud extends right out
to the shell 3p5.)

•

Chlorine atoms bonded to Hydrogen atoms (e.g. as in HCl) are not able to form Hydrogen bonds.
Pauling’s Values of Electronegativities

Source: Oklahoma State University
•

In the olden days examiners used to love to give you something like the following table and ask you to
explain the differences in the Boiling Points involved.

Source: Unknown (but there are many such charts on the web)
-

The topmost line represents the Boiling Points of H2X compounds in Group VI.
The next line down represents the BPs of HX compounds in Group VII.
The one below it represents the Boiling Points of the XH3 compounds in Group V, and
the bottom line represents the BPs of the XH4 compounds of Group IV.
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•

If you look at the extreme left of each line you will see that the molecules are H2O / HF / and NH3 , and thus
they involve precisely the three most electronegative elements in the Periodic Table. Their Boiling Points
will thus be higher than the Boiling Points of their counterparts in the same Groups as they are. However,
please see that Carbon does not form Hydrogen bonds, therefore CH4 does not have a higher Boiling Point
than the other XH4 compounds in that Group.

NB The larger the number of electrons that there are in a molecule, the larger will the electron cloud be and
thus the greater will the vdW forces be between molecules – and the greater the inter-molecular force of
attraction, the larger will be the resulting amount of energy needed to break such forces of attraction (and
the higher will the Boiling Point be).
OK, that gives you a very good grounding in Hydrogen Bonding – and that will stand you in good stead if you
are also doing Biology for your ‘A’ Levels. The force of attraction that holds the two strands of DNA together is
Hydrogen Bonding – and if you understand that, then you know what is holding the DNA together in
Chromatin/Chromatids/Chromosomes/and Genes.
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