
Dr Mark S. D. Read
School of Chemistry

Nuclear Education and Research Centre
www.chem.bham.ac.uk

Topic 2 – Chemical Bonds



Topic 2 – Chemical Bonds

Sub Topics



Topic 2 – Chemical Bonds

The Nuclear atom

Rutherford's famous 1911 a-ray scattering experiment.   
Established:

Almost all of the atomic mass is contained within a 
tiny (∴extremely dense) nucleus carrying a positive 
electric charge whose value identifies each element 
and is known as the atomic number of the element.
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Bohr’s Electronic Structure

1st

2nd 
3rd 

Electronic configuration: 2,8,8

Electron Shell Rules:

1. Electrons always occupy shells (energy levels)
2. The lowest energy levels are filled first – ones closest to 

nucleus
3. Each shell has a maximum capacity

1st Shell: 2   |   2nd Shell: 8   |   3rd Shell: 8

• Atoms more stable with FULL electron shells 
(e.g. Noble Gases in Group 0)

• For most atoms, the outer shell (valence shell) is NOT Full
Thus the atom want’s to React to fill it
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Valence Shells

Metals

Non-
Metals
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Ions 

Ions form when Electrons are Transferred

1. Ions are charged particles – can be single atoms (e.g. Na+) or groups of atoms (NO3
−)

2. When atoms gain or lose electrons – they try to fill the outer shell
(Atoms with full outer shells are very stable)

3. Metals lose electrons from outer shell to form positive ions (e.g. Ca2+)

4. Non-metals gain electrons into the outer shell to form negative ions (e.g. O2−)

+ 2 e−

Easier for this metal to 
lose 2 e− than gain 6 e− !

− 2 e−

Easier for this non-metal to 
gain 2 e− than lose 6 e− !

Mg Mg

2
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Ionic Bonding 

Oppositely charged ions are strongly attracted to each other by electrostatic forces

This attraction is called an ionic bond.

Ionic compounds have regular lattice structures

Na Cl
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Covalent Bonding 

Covalent Bonds share electrons:

Non-metal atoms bond together by sharing pairs of electrons to form covalent bonds

CH

H

H

H N N OH

H
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Allotropes of Carbon

How atoms are bound together in a compound has a profound effect on 
its chemical and physical properties

Diamond                   Graphite

Why do these materials composed of C have such different properties?
The answer lies within the bonding of the C atoms…

Graphene
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Allotropes of Carbon
Macromolecules – atoms bonded by strong covalent bonds.

• Giant covalent structure formed from 
Carbon atoms – each forming four covalent 
bonds making the structure exceptionally 
hard.

• These strong covalent bonds require a lot of 
energy to break, therefore high M.P.

• Does not conduct electricity because there 
are no free electrons or ions.

Diamond
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Allotropes of Carbon
Graphite Contains Sheets of Hexagons

Graphite
o Each C atom only forms 3 covalent 

bonds creating sheets of C atoms 
arranged in hexagons.

o No covalent bonds between layers 
– held together by weak Van der 
Waals forces – free to move over 
each other – used as lubricating 
material.

o Covalent bonds in layers require lot 
of energy to break – high M.P.

Only 3 of Carbons 4 outer e-s are used in 
bonding – each C has 1 delocalised e- that 
is free to move – Graphite conducts 
electricity and thermal energy!  
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Allotropes of Carbon
Graphene is a single layer of Graphite

• Graphene – sheet of C atoms joined in 
hexagons.

• Sheet is one atom thick – 2D structure
• Network of covalent bonds make it 

exceptionally strong. Being light – often 
added to composite materials to 
improve strength.

• Like graphite – delocalised e-s – can 
conduct electricity through whole 
structure. Potential use in electronics.
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Metallic Bonding

Mg Mg

2

• Metals consist of a giant structure
• Outer shell electrons are delocalised
• Strong electrostatic forces between 

positive metal ions and shared electrons
• Delocalised electrons produce the 

properties of metals
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