
 

Ionic Bonding 
When a metal element 
reacts with a non-metal 
element an ionic com-
pound is formed. They 
have a giant lattice 
structure with strong 
ionic bonds. A lot of en-
ergy is needed to over-
come these bonds.  
 
Positively charged ions 
are called cations, and 
negatively charged ions 
are called anions. These 
ions can form when a 
metal reacts with a non-
metal, by transferring 
electrons. The oppo-
sitely charged ions are 
strongly attracted to 
each other, forming ion-
ic bonds.  

Dot and cross diagrams 
A dot and cross diagram 
can model the transfer 
of electrons from metal 
atoms to non-metal at-
oms. The electrons 
from one atom are 
shown as dots, and the 
electrons from the oth-
er atom are shown as 
crosses. 

Forming Ions 
An ion is an atom or group of atoms with a 
positive or negative charge. Ions form 
when atoms lose or gain electrons to ob-
tain a full outer shell: 
- metal atoms lose electrons to form posi-
tively charged ions 
- non-metal atoms gain electrons to form 
negatively charged ions. 
 

Forming positive 
ions 
Metal atoms lose 
electrons from 
their outer shell 
when they form 
ions:            
- the ions formed are positive, with more 
protons than electrons 
- the ions formed have full outer shells. 
 

For elements in groups 1, 2 and 3, the num-
ber of electrons lost is the same as the 
group number. 
 

Forming negative 
ions  
The outer shell of 
non-metal atoms 
gains electrons 
when they form 
ions:                      
- the ions formed are negative, because 
they have more electrons than protons      
- the ions formed have full outer shells. 
For groups 6 and 7, the number of elec-
trons gained is equal to (8 - group number). 



 

Melting & Boiling points 
If you know the melting and 
boiling points, the state can be 
predicted. If the temperature 
is: 

Ionic lattice 
The ions in a solid ionic compound are not random-
ly arranged. Instead, they have a regular, repeat-
ing arrangement called an ionic lattice. The lattice 
is formed because the ions attract each other and 
form a regular pattern with oppositely charged 
ions next to each other.  The lattice arrangement 
continues in three dimensions. This is why solid 
ionic compounds form crystals with regular 
shapes. 

Ionic bonds 
The ionic lattice is held together by ionic bonds. In three-dimensional models, 
ionic bonds are shown as straight lines between ions. This is to keep things simple 
because ionic bonds can act in any direction. 
Ionic bonds are strong electrostatic forces between oppositely charged ions. 

Working out ionic formulae 
Ionic compounds are electrically neutral (they 
have no overall charge). So the formula contains 
the same number of positive and negative charg-
es. 

In  2 element compounds the name ends in -ide. 

Some ions contain more than one atom. These are 
called polyatomic ions. 

An ion name ending in –ate or –ite shows that the 
ion contains oxygen as well as another element.  

If a formula contains 2 or more of the same poly-
atomic ions then the formula of the polyatomic 
ion must be written inside brackets. 

Cross over method 
 

Ca2+ Cl– 

 

Ca Cl2 

The formula of calcium 
chloride is CaCl2. 

Properties of ionic compounds 
High melting points and boiling points 
Ionic compounds are solids at room temperature. 
Energy has to be transferred to a substance in order to melt or boil it. This en-
ergy is needed to break the bonds between particles in the substance: 
- some bonds are overcome during melting 
- all remaining bonds are overcome during boiling 
The more energy needed, the higher the melting point or boiling point. 
As the ionic lattice contains such a large number of ions, a lot of energy is need-
ed to overcome these ionic bonds so have high melting and boiling points. 
Conduction of electricity 
A substance can conduct electricity if it contains charged particles, and these 
particles are free to move from place to place. 
Ionic compounds conduct electricity when molten to form a liquid or dissolved in 
water to form an aqueous solution. This is because both processes make their 
ions free to move from place to place. Ionic compounds cannot conduct electrici-
ty when solid, as their ions are held in fixed positions and cannot move. 



 

Melting & Boiling points 
If you know the melting and 
boiling points, the state can be 
predicted. If the temperature 
is: 

Covalent Bonding 
A covalent bond is formed when a pair of 
electrons is shared between two atoms, usu-
ally non-metals. 
These shared electrons are found in the 
outer shells of the atoms. In general, each 
atom contributes one electron to the shared 
pair of electrons. 

Molecules 
A molecule consists of a group of two or more atoms 
joined together by covalent bonds. Molecules of the 
same element or compound will have a set size - in other 
words, they will always contain the same number of at-
oms of each element. For example, a molecule of me-
thane, CH4, will always contain one carbon atom and four 
hydrogen atoms 

Properties of simple molecular substances 
 

- Generally have low melting points and boiling points and are often liq-
uids or gases at room temperature. Energy is transferred to a sub-
stance to melt or boil it. This is needed to overcome the bonds or 
forces of attraction between the particles in the substance. The more 
energy needed, the higher the melting point or boiling point. There are 
intermolecular forces between simple molecules.                            
These intermolecular forces are much weaker than the strong covalent 
bonds in molecules. When simple molecular substances melt or boil, it 
is these weak intermolecular forces that are overcome. The covalent 
bonds are not broken. Very little energy is needed to overcome the in-
termolecular forces, so simple molecular substances usually have low 
melting and boiling points.  

- Cannot Conduct electricity as simple molecules have no overall 
charge, or charged particles that can separate. 

Dot and cross diagrams 
A dot and cross diagram can model the bonding in a simple molecule: 

- the outer shell of each atom is drawn as a circle  

- circles overlap where there is a covalent bond 
- electrons from one atom are drawn as dots, and electrons from an-
other atom as crosses. 



 

Allotropes of Carbon 
Giant covalent substances contain atoms joined together by bonds. 
Diamond, graphite and graphene are forms of carbon and have dif-
ferent properties because they have different structures.  

Diamond 

Structure and bonding  

Diamond is a giant covalent 
substance in which:              
- each carbon atom is joined 
to four other carbon atoms 
by covalent bond      
- the carbon atoms form a 
regular tetrahedral network 
structure                             
- there are no free elec-
trons 

Properties and uses 

The rigid network of carbon atoms, held together by strong cova-
lent bonds, makes diamond very hard. This makes it useful for cut-
ting tools, such as diamond-tipped glass cutters and oil rig drills. 

Diamond and Graphite 
 

Diamond and graphite are different forms of the element carbon. 
They both consist of giant covalent network structures of carbon 
atoms, joined together by covalent bonds. However the shape of 
their structures and their properties are different. 

Graphite 
Structure 
and bonding 

Graphite is a 
giant cova-
lent sub-
stance in 
which: 
- each carbon 
atom is 
joined to 
three other 
carbon atoms 
by covalent 
bonds 
- the carbon 
atoms form a 
hexagonal layered network structure      
- the layers have weak forces between them and can slide over 
each other 
- each carbon atom has one un-bonded outer electron. These un-
bonded electrons are delocalised, and are free to move. 

Properties and uses 

Delocalised electrons are free to move through the structure 
of graphite, so graphite can conduct electricity. This makes it 
useful for electrodes in batteries and for electrolysis. 

The layers in graphite can slide over each other because the 
forces between them are weak. This makes graphite slippery, so 
it is useful as a lubricant. 
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Graphene 
Graphene is another form of carbon. Its structure resembles a 
single layer of graphite. Graphene has a very high melting point 
and is very strong because of its large regular arrangement of 
carbon atoms joined by covalent bonds. Like graphite it conducts 
electricity well because it has delocalised electrons that are free 
to move across its surface.  

Nanotubes 
A nanotube resembles a layer of graphene, rolled into a tube 
shape. Nanotubes have high tensile strength, so they are strong in 
tension and resist being stretched. Like graphene, nanotubes are 
strong and conduct electricity because they have delocalised elec-
trons. 

Fullerenes 
A fullerene is a molecular form of the element carbon. 
Two examples of fullerenes are nanotubes and bucky-
balls. 

Buckyballs 
Buckyballs are spheres or squashed spheres of carbon at-
oms. They are made up of large molecules so are not 
classed as giant covalent networks. Weak intermolecular 
forces exist between buckyballs. These need little energy 
to overcome, so substances consisting of buckyballs are 
slippery and have lower melting points than graphite or di-
amond. 

Metals  
Metals are placed on the left-hand side of the 
periodic table, and non-metals on the right. 
Metallic structure and bonding 
In metals, the electrons leave the outer shells 
of metal atoms, forming positive metal ions and 
a 'sea' of delocalised electrons. The structure of a solid metal 
consists of closely packed metal ions, arranged in a regular way 
to form a metallic lattice structure. Metallic bonding is the 
strong electrostatic force of attraction between the metal ions 
and the delocalised electrons. 
Explaining metal properties 
Malleability —Metals are malleable because layers of ions can 
slide over each other when a force is applied. Metallic bonding 

Metals Non-metals 

Shiny Dull 

High melting points Low melting points 

Good conductors of electricity Poor conductors of electricity 

Good conductors of heat Poor conductors of heat 

High density Low density 

Malleable Brittle 



 

Models for ionic 
compounds  

Ionic compounds 
form a regular lat-
tice structure in 
which oppositely 
charged ions are 
strongly attracted 
to each other. So-
dium chloride is an 
ionic compound. 
The table shows 
some limitations of 
different models 
for sodium chlo-
ride. 

Summary of bonding types 

There are four kinds of bonding types 
to be aware of. These are ionic, simple 
covalent molecular, giant covalent net-
work and metallic. 

The table summarises them, identify-
ing typical properties of each. Simple 
covalent molecular is listed as 'simple' 
and giant covalent network is listed as 
'giant'. 

Models for simple 
molecular substances 

The atoms in a sim-
ple molecular sub-
stance are joined to-
gether by strong co-
valent bonds. Mole-
cules are attracted 
to each other by 
weak intermolecular 
forces. Water is a 
simple molecular 
substance. The table 
shows some limita-
tions of different 
models of water. 

Ionic Simple Giant Metallic 

Metals and non-metals Non-metals Non-metals Metals 

Loss and gain of elec-
trons by atoms 

Share pairs of elec-
trons between atoms 

Share pairs of elec-
trons between atoms 

Outer electrons free 
to move 

+ and - ions formed at-
tract each other 

Small groups of atoms 
held together 

Billions of atoms are 
held together 

Billions of positive met-
al ions 

Ionic lattice structure A molecular structure 
Giant covalent lattice 
structure 

Giant metallic lattice 
structure 


