
Ionic Bonding – TRANSFERRING Electrons
• When a metal atom reacts with a non-metal atom 

electrons in the outer shell of the metal atom are 
transferred. 

• Metal atoms lose electrons to become positively 
charged ions. 

• Non-metal atoms gain electrons to become negatively 
charged ions.

• The ions produced by metals in Groups 1 and 2 and by 
non-metals in Groups 6 and 7 have the electronic 
structure of a noble gas (Group 0).

• The electron transfer during the formation of an ionic 
compound can be represented by a dot and cross 
diagram, eg for sodium chloride.

Structure and Bonding
Big idea: Structure and bonding 
determines properties

Key Vocabulary

Ionic Substances

Giant ionic lattice
An ionic compound held together by electrostatic forces 
between oppositely charged ions

Ionic bonding
Electrostatic attraction between negative and positive 
ions

Electrostatic forces
The force of attraction between opposite charged 
particles.

Covalent substances

Molecule
Covalent bonds joining atoms together to make a 
particle

Intermolecular forces The weak forces holding molecules together

Delocalised Moves around freely

Core 
focus

All 
learners

HT 
only

Triple 
science only

Covalent Bonding – SHARING Electrons
• When atoms share pairs of electrons, they form 

covalent bonds.
• These bonds between atoms are strong.
• The covalent bonds in molecules and giant structures 

can be represented in the following forms:

State Symbols: Solid (s) Liquid (l) Gas (g) 
Aqueous (aq) – this is a solution

Limitations of the Particle Model (HT only)
• Limitations of the simple model above include that in the 

model there are no forces, that all particles are 
represented as spheres and that the spheres are solid. 

• We know atoms are not all spheres and are mostly empty 
space.

States of Matter
• The three states of matter are solid, liquid and gas. 

Melting and freezing take place at the melting 
point, boiling and condensing take place at the 
boiling point.

• The three states of matter can be represented by a 
simple model. In this model, particles are 

represented by small solid spheres. 
• Particle theory can help to explain melting, boiling, 

freezing and condensing.
• The amount of energy needed to change state from 

solid to liquid and from liquid to gas depends on 
the strength of the forces between the particles of 
the substance. The nature of the particles involved 
depends on the type of bonding and the structure 
of the substance.

• The stronger the forces between the particles the 
higher the melting point and boiling point of the 
substance.

Nanoparticles (Triple only)
• Nanoscience refers to structures that are 1–100 nm in size, of the order of 

a few hundred atoms. Coarse particles are often referred to as dust.
• Nanoparticles may have properties different from those for the same 

materials in bulk because of their high surface area to volume ratio. It may 
also mean that smaller quantities are needed to be effective than for 
materials with normal particle sizes.

• Nanoparticles have many applications in medicine, in electronics, in 
cosmetics and sun creams, as deodorants, and as catalysts. New 
applications for nanoparticulate materials are an important area of 
research.
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Ionic Bonding
Metal + Non-Metal
Strong electrostatic attraction
between ions in all directions.
Formed by the TRANSFER of 
electrons

Dot and cross 
Diagram:

Covalent Bonding
Non-Metals only

Strong bonds between atoms 
Formed by the SHARING of electrons

Dot and cross 
diagram:
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State Symbols: Solid (s) Liquid (l) Gas (g) 
Aqueous (aq) – this is a solution

Metallic Bonding
Metals only
Strong electrostatic 
attraction between positive 
ions in a ‘sea’ of delocalised
electrons

STRUCTURE
Giant Ionic Lattice

Giant lattice of opposite 
charged ions
Examples: sodium chloride

STRUCTURE
Small Molecule

Strong bonds hold the 
molecule together BUT 
weak intermolecular 
forces
Examples: Water, 
Ammonia

STRUCTURE
Large Molecule

Strong bonds hold the 
molecule together BUT 
strong intermolecular 
forces.
Examples: Polymers 
(plastics)

STRUCTURE
Giant Structures

Graphite         Diamond

Strong bonds      Fullerene
hold the giant  
structures 
together.

PROPERTIES
Conductivity
Conducts as LIQUID and in 
SOLUTION (ions are mobile)
Does not conduct as SOLID (ions are 
fixed)

High Melting Point
Strong electrostatic forces between 
ions require high energy (heat) to 
separate.

PROPERTIES
Conductivity
Does not conduct because 
there are no ions or 
delocalised electrons.

Low Melting Point
Weak intermolecular 
forces between molecules 
require little energy (heat) 
to separate)

PROPERTIES
Conductivity
Does not conduct 
because there are no ions 
or delocalised electrons.

High Melting Point
Strong intermolecular 
forces between 
molecules require more 
energy (heat) to separate

PROPERTIES
Conductivity
Does not conduct because 
there are no ions or 
delocalised electrons.
EXCEPTION: Graphite and 
FULLERENES conduct.
High Melting Point
Strong covalent bonds in 
between atoms require 
more energy (heat) to 
separate

STRUCTURE
Giant Metallic Lattice

Strong electrostatic 
attractions between ions 
in a sea of delocalised
electrons
STRONG BONDS.

PROPERTIES
Conductivity
Conducts in LIQUID and SOLID 
because it has DELOCALISED 
ELECTRONS that can CARRY 
CHARGE.
Malleable/Ductile
Metals are arranged in LAYERS 
that can SLIDE.
High Melting Point
Strong metallic bonds require 
high energy (heat) to separate.

Alloys
• Alloys are mixtures of 2 or more elements, one of 

which his a metal. Examples are brass and steel.
• Metals are alloyed so that the regular structure of 

metals is changed and the layers of ions can no 
longer slide over one another; therefore making it 
much stronger.

pure metal alloy

Fullerenes
• Fullerenes are molecules of carbon atoms with 

hollow shapes. The structure of fullerenes is based 
on hexagonal rings of carbon atoms but they may 
also contain rings with five or seven carbon atoms. 

• The first fullerene to be discovered was 
Buckminsterfullerene (C60 ) which has a spherical 
shape.

• Carbon nanotubes are cylindrical fullerenes with 
very high length to diameter ratios. Their properties 
make them useful for nanotechnology, electronics 
and materials.

Bucky ball Carbon nanotube
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