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How does it work?
Each chlorine atom has seven electrons in its 
outer most shell. Each chlorine needs one more 
electron to gain a full outer shell and be stable.

The chlorine on the left needs to share one 
electron to the chlorine on the right and the 
chlorine on the right needs to share one 
electron to the chlorine on the left. 

That means two electrons (a pair) need to go in 
the sharing zone. Each chlorine has six other 
electrons in it’s outer shell, these can be added 
on outside the sharing zone.

Why do atoms bond together?
All atoms want full outer shells of 
electrons. This makes them more stable. 
If they have space in their outer shell they 
can fill this by either giving away 
electrons, accepting electrons or sharing 
electrons. 

Try these…
Comparing Ionic and Covalent Bonding

Covalent Ionic

Pair(s) of electrons are 
shared
Does not involve ions
Bonding between non-
metals
Forms molecules (groups 
of atoms bonded 
together)

Involves ions of opposite 
charges
Bonding between a metal 
and a non metal
Does not form molecules
Electrons are transferred 
from the metal atom to 
the non metal atom.

Bonding, Structure and Properties Keywords [F]
Ionic Bond – when a metal atom transfers and electron to a non-metal atom. The opposite 
charges attract.
Covalent Bond – when a pair of electrons are shared between two non-metal atoms.
Metallic Bond – the attraction between positive metal ion s and negatively charged 
electrons in a metal.
Electrostatic Force of Attraction – the force of attraction between opposite charges.
Free Electrons – electrons that are able to move freely through a structure to conduct 
electricity.
Ion – an atom that has lost electrons to become positively charged, or gained electrons to 
become negatively charged.
Atom – a neutrally charged particle, there are over 100 different types, one for each 
element. 
Melting Point – the temperature a substance turns from a solid to a liquid.  
Malleable – a substance that changes shape easily rather than shattering
Intermolecular Force -  a weak force that exists between molecules or polymer chains. 
Alloy -  formed when a metal is mixed with another element to improve its properties
Polymer – a very long molecule made from joining small monomers together. E.g. plastics
Lattice -  a regular organised 3D structure on atoms

What is covalent bonding?
When non-metal atoms bond they share pairs of electrons – this type of 
bonding is called covalent bonding. 



PolymersDiamond
Very hard strong high melting point 
each carbon has four strong covalent 
bonds to other carbon atoms. 
To break these a large amount of energy 
is needed. Does not conduct electricity 
because all the electrons are used to 
form covalent bonds with other carbon 
atoms. Without free electrons diamond 
cannot conduct electricity.

Graphite
It is much softer than diamond because the carb 
on atoms are only bonded to 3 others by strong 
covalent bonds in layers. The layers are held 
together by weak forces which are easily broken. 
This allows the layers to slide over one another.
Because each carbon atom only forms 3 covalent 
bonds with others there are free electrons. These 
electrons can flow through the structure allowing 
graphite to conduct electricity.

Alloys are harder than pure metals

• In pure metals the atoms are 
all the same size.

• They form organised layers.
• These layers can easily slide so 

the metal changes shape more 
easily.

• In alloys, metals are mixed with other elements.
• The atoms are different sizes so there are no longer nice 

neat layers.
• The layers cannot easily slide making the alloy harder.

This is what the structure of 
a ionic substance could look 
like. Many oppositely 
charged ions attracting to 
each other in a giant 3D 
lattice.

Tips – when describing  
substances you should
• Name the type of 

bonding 
(ionic/covalent/metallic/
weak forces)

• Describe the number of 
bonds each atom forms

• Describe the strength of 
the bond

• Give any charges of any 
ions (positive or negative)

Graphite Graphene

Layers No Layers

Weak forces between 
layers

No layers

Each carbon atom  covalently bonded to 3 others

Free electrons

Slippery Not Slippery

Conducts electricity

High melting point

Used in pencils Used in foldable screens

Graphene

Intermolecular forces 
exist between polymer 
chains

Because polymer 
chains are so large 
these forces are much 
stronger

This makes polymers very strong and gives them 
higher melting and boiling points than simple 
molecules.

Simple Molecules
• low boiling/melting point
• Small groups of atoms
• Covalent bonds between atoms within molecules
• Intermolecular forces between molecules are 

weak
• Little energy needed to melt/boil

Polymers
• Higher boiling/melting point
• Many monomers joined in long chains
• Covalent bonds between atoms within 

polymer chains
• Intermolecular forces between polymer 

chains are strong
• More energy needed to melt/boil



Models of Ionic Bonding and Ionic Lattices

Models of Covalent Bonding

Particle Theory
Changes in State



Type of 
Bonding

Description of Structure Properties of Structure Examples of 
Substances
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Covalent 
Bonding

Small groups of atoms bonded 
together with strong covalent bonds.
Weak intermolecular forces between 
molecules.
Always made up of two non-metal 
atoms.

Often liquids or gases, but 
sometimes solids.
Very low melting and boiling points.
Cannot conduct electricity.

Oxygen
Carbon Dioxide
Ammonia
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Covalent 
Bonding

Many non metal atoms held together 
by strong covalent bonds.
It is a giant structure so many 
atoms joined together in a large 3D 
lattice.

Solids at room temperature.
Very high melting and boiling 
points.
Do not conduct electricity (except 
graphite)
Very hard/strong materials

Diamond
Graphite
Silicon Dioxide 
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Ionic 
Bonding

Made up of both metal and non-
metal atoms held together by the 
attraction between oppositely 
charged ions. 
It is a giant structure so many 
atoms joined together in a large 3D 
lattice.

Solids at room temperature.
Very high melting and boiling 
points.
Do not conduct electricity when 
solid but do when melted (molten) 
or dissolved in water.
Brittle if hit.

Sodium Chloride
Magnesium 
Chloride
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Metallic 
Bonding

Made up of metal and atoms held 
together by the attraction between 
metal ions and delocalised electrons.
It is a giant structure so many 
atoms joined together in a large 3D 
lattice.

Solids at room temperature.
Very high melting and boiling 
points.
Do conduct electricity when solid 
and melted (molten).
Malleable

Iron
Steel (alloy)
Copper
Bronze (alloy)



1. What type of bonding occurs between two metal atoms?

2. What type of bonding occurs between two non metal atoms?

3. What type of bonding occurs between a metal and a non-
metal atom?

4. What is a covalent bond?

5. What is an ionic bond?

6. What is a metallic bond?

7. Describe how an ionic bond forms between an atom of Lithium 
and an atom of fluorine. Use diagrams to help you.

8. Try the examples of covalent bonding on the first page of the 
learn sheet.

9. What is a molecule?

10. What is a giant structure?

11. Describe the structure and bonding in metals.

16. Explain why alloys are harder than pure metals.

17. Describe the structure and bonding in ionic substances e.g. sodium 
chloride.

18. Describe the structure and bonding in diamond.

19. Describe the structure and bonding in graphite.

20. Use particle theory to explain why:
a) Solids are not fluid but liquids and gases are.
b) Liquids are able to take the shape of the container whereas 

solids do not.
c) Gases expand to fill the space whereas liquids do not.
d) Solids and liquids have a definite volume whereas gases do 

not.
e) Diffusion in gases is faster than in liquids.
f) Diffusion cannot happen in solids.
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