
There is a fundamental problem with chemistry that makes this 
tricky subject so much more complicated: 

‘ There is only one rule in chemistry: there is always an exception.

 ’This holds true for nearly all trends, concepts or principles 
that determine the properties of substances. However, there are 
a few exceptions, even to this. 

This phenomenon is exemplified in the key topic of chemical 
bonding. If only nature were as simple as the GCSE textbooks 
imply. Younger students are told only a simplistic truth, that 
there are three clearly defined types of bonding: ionic, covalent 
and metallic. Only when students venture into the challenges of 
A-level is the bigger picture finally revealed, showing that it is 
far more complicated, as there are many exceptions to the basic 
rules of bonding.

The A-level exam boards expect much more detail in the 
explanations of how atoms and ions interact with each other. 
They want you to clearly explain how the electrons behave. 
There is no longer a simple, clear-cut explanation for bonding 
in all compounds. Bonding at this level has to be explained on 
a sliding scale — the continuum of bonding.

The continuum  
of bonding
How to answer exam questions on bonding

This ‘Revision note’ links to the following A-level topics:
• covalent bonding
• ionic bonding
• electronic configuration
• Hess’s law

Exam links 
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While this term is not directly referred to in the specifications, 
a deeper understanding of the ideas behind the continuum of 
bonding will help when answering questions about issues, such 
as the ionic character of covalent substances, or why some ionic 
lattices exhibit more covalent character than expected.

In 1923 Kazimierz Fajans, a Polish-American chemist, came 
up with basic rules that help explain some of the exceptions. But 
even then, that was not the whole story. So we need to utilise 
the continuum of bonding, a simple, two-directional approach 
to help explain how ionic bonds become more covalent and how 
covalent bonds can adopt ionic character. Metallic bonding will 
not be included here, as that is really a standalone concept.

What are the basics?
The best place to start is to explain what a bond really is. To 
some degree we must rely on three-dimensional integration, 
but let’s leave that to the mathematicians. Chemists are more 
concerned with how the electrons behave when atoms move 
towards each other. A bond is simply an interaction, or overlap, 
of electron densities (it is best not to use the term orbitals here, as 
this implies a rigid space where electrons can exist). Electrons 
have a ‘most likely’ space that they can occupy. As electrons are 
negatively charged, they will be affected by any other particle 
that has a charge. 

A bond is where the space that electrons could exist for 
one atom overlaps with the space where the electrons from 
another atom could be. Two atoms are attracted towards each 
other, because the electrons from one atom are electrostatically 
attracted to the protons in the nucleus of the other, and vice 
versa. This attractive force overcomes any repulsion between 
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electrons, and a bond is formed. One pair of electrons interacting 
in this manner is defined as a chemical bond.

Exceptions explained
Covalent bonds becoming more ionic
Pure covalent bonds are formed when both atoms are the same, 
for example in diatomic molecules such as O2, F2 and N2. The 
ability of the atoms to attract electrons in these bonds is equal. 
Thus, the electron densities around both atoms are equivalent 
and the bond is non-polar (Figure 1). However, the ability of 
an atom to attract electrons in a bond, its electronegativity (EN), 
varies considerably and depends on its size, nucleic charge 
and the number of shielding, inner electrons. Linus Pauling 
proposed a scale of relative electronegativities, where fluorine is 
assigned the highest EN number (4.0) and francium the lowest 
at 0.7 (see Chemistry review, Vol. 15, No. 1, pp. 17–19).

This scale is a helpful tool to calculate the comparative ‘pull’ of 
electrons by an atom. The difference between electronegativities 
indicates the degree of polarity within the bond and varies 
considerably depending on the two atoms bonding — thus the 
continuum of bonding begins.

Degree of polarity in a covalent bond

In a covalent bond (at GCSE this is considered to be when two 
non-metals bond) the degree of ionic character (its polarity) 
is explained by the difference in electronegativities. The bigger 
the difference, the more polar the bond is and the more ionic 
character it will exhibit. 

The degree of ionic character in covalent compounds directly 
affects their chemical and physical properties. The viscosity, 
melting and boiling points of covalent compounds exhibiting 
polarity are higher than those of non-polar compounds.

For example, diatomic fluorine (F2), boiling point –188°C, 
is purely covalent as both small atoms are ‘pulling’ equally on 
each other’s electrons (EN difference = 0). Whereas in hydrogen 
fluoride (HF), the EN difference is 1.9, resulting in HF having 
around 44% ionic character and a boiling point of 19.5°C. 
Compare this to the bonding in hydrogen iodide (HI), which 
has an EN difference of 0.44, producing 4% ionic character in 
the double bond and a boiling point of –35.4°C (Figure 2).

Ionic bonds becoming more covalent
A common type of exam question asks candidates to compare 
the calculated lattice enthalpy for an ionic crystal with the 
experimental value. For example, the lattice enthalpy of 

Hess’s law  States that the total heat change accompanying a 
chemical reaction is independent of the route taken in reactants 
becoming products.

Valence orbitals  The outer orbitals of an atom. These contain 
the electrons and empty orbitals that are involved in bonding 
interactions.

Glossary 

A bond is an interaction 
of electron densities

Figure 1 In a diatomic molecule with two equivalent atoms, the 
electrons from each atom are equally attracted to the positive 
nucleus of the other atom, forming a non-polar chemical bond
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e–

+

AlI3 calculated from Hess’s law is 5070 kJ mol–1, whereas the 
experimental value is 5218 kJ mol–1.  The covalent character adds 
to the ‘lattice strength’ of ionic compounds, resulting in higher 
experimental values. The more covalent the character, the bigger 
the difference between the two values.
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At GCSE, you would have assumed all compounds containing 
a metal and non-metal were ionic, and we still start with that 
premise. An ionic bond is formed when the degree of attraction 
between the electrons of one atom to another is so great that 
the electron shifts into the other atom’s orbitals and thus a full 
charge difference is exhibited. The resulting oppositely charged 
ions that are formed are attracted to each other by strong 
electrostatic forces — i.e. an ionic bond is formed.

The properties of many ‘ionic’ compounds are far removed 
from the NaCl, spherical ion, crystal structures that we expect. 
For example, AlCl3 is considered covalent in character — it 
exists as a dimer (Al2Cl6) and has a surprisingly low melting 
point of 190°C. Whereas CaF2, a near-pure ionic compound, 
has a melting point of 1402°C. The reason for this is that the 
cation and anion in AlCl3 are not separate, hard spheres. In fact, 
for all compounds, there is some degree of overlap between 
the electron densities. The more overlap, the more covalent 
character there is.

Degree of covalence in an ionic bond
An ionic bond (formed between a metal and non-metal) will 
exhibit covalent character, and therefore higher than calculated 

Figure 3 Distortion of anionic electron density

Increasing anionic radius

Increasing distortion

Increasing density of positive charge and 
smaller radius of the cation

Al3+ Al3+ Al3+F– Cl– I–

Al3+ I–Mg2+ I–Na+ I–

Table 1 Fajans’ rules for degree of covalence in ionic compounds

Ionic Covalent

Low cation charge High cation charge

Large cation Small cation

Small anion Large anion

Cation with complete valence shell Cation with incomplete valence shell
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Figure 2 Bond polarity of hydrogen halides

δ+ δ+δ– δ–

The bond polarity in HF is 
large due to an EN difference 
of 1.9, resulting in 
approximately 44% ionic 
character and a boiling 
point of 19.5°C

The bond polarity in HI is low 
due to an EN difference of 
only 0.44, resulting in just 
4% ionic character and a 
boiling point of –35.4°C

H F H I

lattice enthalpy, if the anion is distorted and the electron density 
overlaps with the cation. The degree of distortion is greater for 
larger radius anions, or smaller radius and higher charge cations.

What factors affect the degree of covalence?
There is more covalence in an ionic compound if the anion’s 
electron density is easily distorted or polarised (Figure 3). The 
factors that contribute to how covalent an ionic bond is are 
summarised in Fajans’ rules (Table 1), which state the properties 
of ions that lead to a greater degree of covalency:

 ■ Cations with higher charges.
 ■ Cations with smaller radii.
 ■ Cations with incomplete valence orbitals, e.g. Fe3+, [Ar]3d5 

and Cu2+, [Ar]3d9.
 ■ Larger anions are more easily polarised (imagine a big floppy 

jelly compared to a billiard ball).
A good example of this effect is the comparison between 

AlCl3 and AlI3. The iodine is larger and has significantly more 
electron shielding than chlorine, and will therefore be more 
distorted. Thus AlI3 has a greater overlap in electron densities 
and more covalent character, resulting in an unexpectedly high 
experimental lattice enthalpy.

Think before you answer
When you encounter a question about bonding, read the question 
carefully, then answer using one of the two explanations:

 ■ If you have a covalent compound, refer to electronegativity 
differences to explain polarities and ionic character.
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 ■ If you have an ionic compound, you will need to refer to the 
distortion of the anion and overlap of electron densities to 
explain differences in lattice enthalpies.

This two-way approach (Figure 4) will ensure you are prepared 
to tackle exceptions like BeCl2 and BF3.

Increasing ionic nature explained by the
difference between electronegativities
of atoms

1 

Increase in covalence explained by distortion
of the anion electron density by the cation
— Fajans’ rules

2 

F2

H2

R–Cl
H2OBF3

BeCl2

AlCl3MgCl2CsF

‘Purely’ ionic ‘Purely’ covalent

Lynden Astill is head of chemistry at the Duke of York’s Royal 
Military School.
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No. 1, pp. 20–23.

‘Hess’s law’, Vol. 15, No. 4, pp. 30–32.

‘Bonding: sticking atoms together’, Vol. 16, No. 1, pp. 27–28.

‘Solid foundations, parts 1 and 2’, Vol. 21, No. 3, pp. 12–15 and 
No. 4, pp. 24–27. (Cover different types of bonding)

‘Hess cycles and the MASK check’, Vol. 24, No. 2, pp. 21–23.
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Figure 4 The continuum of bonding
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