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What happens to the 
electrons in a covalent bond?
They are shared between atoms

What happens to the 
electrons in an ionic bond?
They are transferred from one atom to 

another atom.

Colour in the periodic table to show where you would 
find metals and non-metals

Draw a dot and cross diagram to 
show the ionic bonding in:

NaF

MgCl2

Li2O

Label the particles in the diagram of metallic bonding below

Use the structure of a metal to explain why metals have high melting 
points, are malleable and conduct electricity. 

Draw a dot and cross diagram to 
show the covalent bonding in:

CH4

H2O

H2

Cl2

O2

NH3

N2

Self assessment
Red/Amber/Green/Gold:

I need help with:

Ionic bonding occurs in 
compounds formed from _____ 
combined with ___-_____

Covalent bonding occurs in most 
___ ______ elements and in 
compounds of ___ _____

Metallic bonding occurs in 
metallic _______ and ______.

[non-metals, alloys metals, non-
metals, elements, non-metals, 
metals]

Draw and label the ions in the ionic lattice for sodium chloride

Describe the limitations of using, dot and cross, ball and stick and 
two and three dimensional diagrams to represent a giant ionic 
structure.

• There are not really sticks/lines between the ions

• There are not large spaces between ions

• Molecules are not flat

• All models are approximate

9-1 Science AQA C3– Bonding, structure and the properties of matter

metals

Non  metals

Non-metals

Non-metals

alloys metals

Metal ion

Delocalised electron 

(these can move and 

carry charge)

• Strong electrostatic 

forces of attraction.

• Delocalised electrons 

can move and 

rearrange around 

lattice if shape is 

changed.

2
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State symbols

What do the state symbols tell you about this reaction?
KI(aq) + Pb(NO3)2(aq) → PbI2(s) + 2KNO3(aq)

Two aqueous solutions react to form a precipitate (solid) lead iodide.

Properties of metals and alloys

This is a picture of the structure of a 
metal alloy.

1. Why do metals have high melting and 
boiling points? Strong electrostatic 

attraction between positive metal ions and 

delocalised electrons.

2. Why are pure metals soft? The positive 

metal ions are arranged in layers that can 

easily slide over each other.

3. Why are alloys harder than pure 
metals? In alloys there are atoms that 

disrupt the regular arrangement and prevent 

sliding.

The particle model and the three states of matter

Complete the table to summarise the properties of covalent substances

Properties of 
covalent molecules

Properties of giant 
covalent structure

Polymers

Melting point Low MP – are gases, 

liquids or low MP solids

Very high MP – hard and 

strong structures

High MP – but large 

variation between 

polymers.

Conductivity Do not conduct Do not conduct – except 

graphite which has 

delocalised electrons

Do not conduct 

Intermolecular 
forces

Weak intermolecular 

forces between 

molecules easily 

overcome.

No intermolecular forces 

atoms bonded with strong 

covalent bonds. 

Stronger 

intermolecular forces 

due to larger mass of 

polymer molecules. 

Examples H2O, N2, O2, CH4, F2, 

Cl2, Br2, I2

Carbon – diamond

Carbon – graphite

SiO2 – silicon dioxide

Polyethene

Polypropylene

Polyvinylchloride

Polystyrene

Properties of ionic compounds

Ionic compounds have regular structures 
(giant ionic lattices) in which there are 
strong electrostatic forces of attraction in all 
directions between oppositely charged ions.

These compounds have high melting and 
boiling points because of the large amount of 
energy needed to break the many strong 
bonds.

When molten or dissolved ionic compounds 
conduct electricity because the ions are 
free to move and so charge can flow.

Draw a model of the 
particles in each state

Give the change in state and 
describe the forces or bonds 

being broken

Ionic Molecu
lar

Giant 
Covale

nt

Solid

Liquid 

Gas

9-1 Science AQA C3– How bonding and structure are related to the properties of substances 

What are the limitations of the simple particle model? real particles are 

not spherical and the forces between the particles are not represented.

To conduct electricity something charged must be free to move. Finish each of 
the following sentences explaining your answer in terms of the particles 
involved.

1)Metals conduct electricity because… delocalised electrons can move

2)Ionic compounds conduct when molten or dissolved because...ions can move

3)Covalent substances (except graphite) do not conduct because...there are no 

charged particles.
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KEY WORDS:
DIAMOND
GRAPHITE
GRAPHENE

FULLERENES
CARBON NANOTUBES
COVALENT BONDING

INTERMOLECULAR FORCES
DELOCALISED ELECTRONS

Diamond

1) How many bonds does each carbon make in 
diamond? 4

2) Why are diamonds hard? The covalent bonds 

ae strong and difficult to break

3) What is the melting point of diamond? 
3500ºC (but strictly speaking diamond sublimes 

rather than melts)

4) Explain why diamond does not conduct 
electricity.

There are no charged particles such as ions or 

delocalised electrons that could carry the charge.

Graphene

Carbon Nanotubes

Research some useful applications of carbon nanotubes and write 
them here:

Fullerenes are allotropes of carbon with 

spherical shapes. 

The structure of fullerenes is based on 

hexagonal rings of carbon atoms.

Some fullerenes contain rings with five or 

seven carbon atoms. 

The first fulllerene to be discovered was 

Buckminsterfullerene (C60) which has a hollow

shape.

Carbon nanotubes are cylindrical fullerenes.

[Buckminsterfullerene, atoms, five, allotropes, 

spherical, hollow, hexagonal,, rings, seven, 

cylindrical]

Graphite

1) How many bonds does each carbon atom 

make in graphite? 3

2) Why can graphite be used in a pencil? The 

layers rub off easily

3) Why is the melting point of graphite still 
very high, even though it is soft? Covalent 

bonds between carbon atoms are strong.

4) What are the forces between the layers 
called? Intermolecular forces (Van der Waal’s 

forces)

5) Explain why graphite conducts electricity. 
The delocalised electrons between the layers are 

free to move and carry the charge.

Self assessment
Red/Amber/Green/Gold:

I need help with:

9-1 Science AQA C3– Structure and bonding of carbon

What are the 
limitations of a 
ball and stick 
model like this?

Graphene is a single layer of graphite and has properties 

that make is useful in composites and electronics. In 

graphene the carbon atoms are making single bonds. 

Graphene is a semiconductor because one of the electrons 

is delocalised.

[three, single, delocalised, composites, semiconductor, 

electronics]

Research some useful 
applications of 
fullerenes and write 
them here:

• Lubricants

• Drug delivery 

Refined and light 

materials

• Semi-conductors

• Electrons

• Composite materials

• Reinforcing 

materials

• Conducting fibres

• Radios

• Electromagnetic 

devices

• Batteries

• Electric motors



Complete the diagram to show the particle sizes in nm and m Give some uses of nanoparticles:

Sun cream/cosmetics

Antibacterial coatings

Coatings

What are the advantages of using products containing nanoparticles?

They have a high surface area to volume ratio

Only a small amount is needed.

Nanoparticles have different properties to the same material in bulk

What are the disadvantages of nanoparticles?

They are so tiny they may cause unknown damage in the human body through the skin or 
in the bloodstream and may damage the environment in ways we do not yet know.

What risks to health or the environment might be associated with using 
nanoparticles?

Small nanonparticles might interfere with ecosystems such as lakes and oceans and 
might be airborne irritants to respiration.

Calculate the surface area to volume ratio for one cube and eight cubes:

Nanoparticles have properties that are different from the same material in bulk because of 
their high surface area to volume ratio. 

It also means that smaller quantities are needed to be effective than for materials with 
larger particle sizes.

[ratio, smaller, properties, surface area, larger, bulk] 

Self assessment
Red/Amber/Green/Gold:

I need help with:

9-1 Science AQA C3– Bulk and surface properties of matter including nanoparticles

Atoms

Nanoparticles

Fine Particles 
PM2.5

Coarse Particles 
PM10 (Dust)

Surface area of large cube = 

96cm2

Volume of Large cube = 64cm3

SA/Vol = 96/64 = 1.5

Surface area of small cube = 

24cm2

Volume of small cube = 8cm3

SA/Vol = 24/8 = 3

1 x 10-10m

0.1 nm 1 to 100 x 10-9m

1 to 100 nm

2.5 x 10-6 m

2500 nm 1 x 10-5m

10,000 nm



Explain the law of conservation of mass using as many 
of the  the following words as you can in your answer: 
chemical reaction, atoms, lost, made, equation, both 
sides and same

In a chemical reaction there are the same number of 

atoms on both sides of the equation because no atoms

can be made or lost during the reaction. This is known as 

the law of conservation of mass.

The subscript numbers within a formula tell us how many 
atoms of the element before the subscript appear in the 
equation eg CaCl2. If the subscript follows brackets 
everything in the bracket is multiplied by the subscript eg
Ca(OH)2

The subscript numbers are not changed when balancing an 
equation.

Circle the numbers which are subscripts in the following 
equations.

TiCl4 +  2 Mg  → 2 MgCl2 +  Ti

Al(OH)3 +  3 H2SO4 → 1 Al2(SO4)3 +  6 H2O

K2CO3 +  4 C +  N2 → 2 KCN +  3 CO

Self assessment
Red/Amber/Green/Gold:

I need help with:

The coefficient is the large number in front of a 
substance in a chemical equation eg 2MgO. It tells us 
the ratio of the amount of that substance to the others 
in the chemical reaction. It is changed when balancing an 
equation.

Circle the numbers which are coefficients in the 
following equations... 

V2O5 +  6 HCl → 2 VOCl3 + 3 H2O

P4O10 + 6 H2O → 4 H3PO4

2 C6H6 +  15 O2 → 12 CO2 +  6 H2O

9-1 Science AQA C4– Chemical measurement, conservation of mass and chemical equations

Balance the following chemical equations:

2 K + 1 Br2 → 2 KBr

1 SO3 + 1 H2O → 1 H2SO4

2 C6H6 + 15 O2 → 12 CO2 + 6 H2O

1 CaS + 2 H2O → 1 Ca(OH)2 + 1 H2S

1 Al2O3 + 1 Na2CO3 → 2 NaAlO2 + 1 CO2

Calculate the relative formula mass (Mr) of the 
following compounds by adding together the mass of 
each atom in the formula 

Molecule Mr Molecule Mr

K2CO3 138 B2O3 70

NaPO3 102 C6H6 78

Al(OH)3 78 CaS 72

SiO2 60 H2S 34

Cl2O7 183 TiCl4 190

N2 28 CaCO3 100

In a sequence of 
experiments the volume of 
gas produced is measured in 
cm3. 

Calculate the mean, range 
and uncertainty of the 
measurements.

Watch out for and remove 
the anomalous result:

40.5

41.2

42.1

40.8

41.7

55.6   Anomalous result

43.0

42.5

Mean: 41.7 cm3

Range: 2.5 cm3

Uncertainty:+/-1.25 cm3

Conservation of mass in equations

CaCO3(s) → CaO(s) + CO2(g)

100g of CaCO3 is heated strongly and thermally decomposes according 
to the equation above. At the end of the experiment 56g of CaO
remains. What mass of CO2 has been given off as a gas?

100 – 56 = 44g

B2O3(s) +  3 H2O(l) → 2 B(OH)3(s)

70g of barium oxide reacts with exactly 54 g of water. What is the 
theoretical maximum mass of barium hydroxide that could be made?

70 + 54 = 124g

Explain why an open can of coke 
decreases in mass
A can of coke contains dissolved 
carbon dioxide. Once open the gas 
escapes reducing the total mass.



What are the percentages of 
nitrogen (N) and oxygen (O) in nitric 
acid (HNO3)? Mr HNO3 = 63
% (N) = 14/63 x 100 = 22.22%
% (O) = (16/3)/16 x 100 = 76.19%

The mass of 1 mole is the relative formula 
mass in grams. 

1. How many particles are in a mole of a 
substance? 6.022 x 1023

2. What is the name given to this 
number? Avogadro’s Number

3. What is the mass of 1 mole of copper 
sulfate (CuSO4)? 

63.5 + 32 + (16x4) = 159.5g

4. Estimate the number of water 
molecules in a cup of tea containing  
200g of water? (200/18) x 6.022 x 1023 = 
6.7 x 1025

Equations tells us about the moles in a reaction. For example:

Mg + 2HCl → MgCl2 + H2

Shows that one mole of magnesium reacts with two moles of 
hydrochloric acid to produce one mole of magnesium chloride and one 
mole of hydrogen gas. 

Describe the following equations in words as in the example above.

1. 2NaOH + H2SO4 → 2H2O + Na2SO4 2moles of sodium hydroxide
reacts with 1 mole of sulfuric acid to form 2 moles of water and 1 mole of
sodium sulfate.

2. 2Fe2O3 + 3C → 4Fe + 3CO2 2 moles of iron oxide react with 3 moles of 
carbon to make 4 moles of iron and 3 moles of carbon dioxide.

3. NaOH + HCl → NaCl + H2O 1 mole of sodium hydroxide reacts with 1 
mole of hydrochloric acid to form 1 mole of sodium chloride and 1 mole of 
water.

Complete the table by filling in the gaps to show how masses and 
moles of reactants and products can be calculated given the mass 
of one of the reagents. 

2 Fe2O3 + 3 C → 4 Fe + 3 CO2

Mass 640 g 72g 448g 264g

Moles 4 6 8 6

Mr 160 12 56 44

This equation links moles, mass and Mr:

Moles = Mass ÷ Mr moles =
mass

Mr

Change the subject of the equation to give 

Mass = moles x Mr

Mr = 
mass

moles

How many moles of gold can be found in a 

1kg gold bar? 
1000

197
= 5.1 moles

What is the mass of a silver necklace 
containing 0.5 mol of silver?

0.5 x 108 = 54g

Self assessment
Red/Amber/
Green/Gold:

I need help with:

9-1 Science AQA C4– Use of amount of substance in relation to masses of pure substances

Write balanced equations for the following reactions by calculating the number of 
moles of reactants and products. 
1. In a chemical reaction, 72g of magnesium (Mg) was reacted with exactly 48g of 

oxygen molecules (O2) to produce 120g of magnesium oxide (MgO).

2. In a chemical reaction, 36g of magnesium (Mg) reacts with 98g of phosphoric 
acid (H3PO4) to make 131g of magnesium phosphate (Mg3(PO4)2) and 3g of 
hydrogen (H2).

3. In a chemical reaction, 108g of aluminium (Al) reacts with 96g of oxygen 
molecules (O2) to make 204 g aluminium oxide (Al2O3).

Mg =
72

24
= 3, O2=

48

32
= 1.5, MgO =

120

40
= 3

Ratio = 3:1.5:3 = 2:1:2 
Equation: 2Mg + O2→ 2MgO  

Mg =
36

24
= 1.5, H3PO4=

98

98
= 1, Mg3 PO4 2 =

131

262
= 0.5, H2 =

3

2
=1.5, 

Ratio = 1.5:1:0.5:1.5 = 3:2:1:3
Equation: 3Mg + 2H3PO4 →Mg3(PO4)2 + 3H2

Al =
108

27
= 4, O2=

96

32
= 3, Al2O3 =

204

102
= 2

Ratio = 4:3:2 
Equation: 4Al + 3O2 → 2Al2O3



Express these numbers to 3 
significant figures
0.13456 0.135
140.56 141
1002 1000
10,159 10200
99999 100000

The reactant which is completely used up in 
a chemical reaction is called the limiting 
reactant. A reactant which is left over is in 
excess

N2 + 3H2 → 2NH3

If I have 1 moles of N2 and 2 moles of 
H2, which reagent is in excess? 

The N2 is in excess because in the equation it 
is in a 1:3 ratio with hydrogen and the amount 
we have is in a 1:2 ratio with hydrogen.

When the yield of product is compared with the maximum theoretical 
amount it is called the percentage yield.

1) A student burns 5g of magnesium in air in a crucible. They make 7.2g of 
magnesium oxide out of a theoretical maximum of 8.3g. Calculate % yield.

% yield = 7.2/8.3 x 100 = 86.7%

2) 50g of iron oxide is reduced by carbon according to the equation
2Fe2O3 + 3C → 4Fe + 3CO2. The mass of iron formed is 29g. 

a) Calculate the theoretical maximum mass of iron formed

Moles Fe2O3 = 50/160 = 0.3125 mass Fe = 2 x 0.3125 x 56 = 35g

b) Calculate the percentage yield

% yield = 29/35 x 100 = 82.6%

I mix 5g of zinc powder with a solution 
containing 0.01 moles of copper sulfate. 
The equation for the reaction is:

Zn + CuSO4 → ZnSO4 + Cu

Calculate the reagent that is the limiting 
reagent?

Moles Cu = 0.01

Moles Zn = 5/65 = 0.08

Mole ratio = 1:1

Cu will run out first so is the limiting reagent.

Yield is the amount of product made in a 
chemical reaction. 

The reaction may not go to completion 

because it is reversible.

Some of the product may be lost when it is 

separated from the reaction mixture.

Some of the reactants may react in ways 

different to the expected reaction.

[lost, reaction, different, reversible, react, 

separated]

Self assessment
Red/Amber/
Green/Gold:

I need help with:

9-1 Science AQA C4– Limiting reactants, yield and atom economy of chemical reactions

3CuO + CH4 → CO + 2H2O + 3Cu

Calculate:
Mr of desired product (Cu) = 3 x 63.5 = 190.5

Mr of all reactants = 3 x (63.5+16) + (12+4) = 254.5

Atom economy = (190.5/254.5) x 100 = 74.9%

Atom economy is measure of the amount 

of starting materials that ends up as 

useful   product.

It is important for sustainable 

development and environmental reasons to 

use reactions with high atom economy. 

[sustainable, useful, environmental, 

starting, high]

Describe how to use the numbers in the question to 
decide on the appropriate number of significant 
figures to use in your answers.

The final answer should have the same number of 
significant figures as the measurement with the lowest 
resolution (lowest number of significant figures) taken from 
the question.

Atom economy=
Sum of Mr of desired product from equation

Sum of all Mr for reactants from equation
x 100



Concentration of solution can be given in grams per unit volume (eg gdm-3) or mole per unit volume 
(eg moldm-3). It corresponds to the amount of solute dissolved in a given amount of solvent.  

In the boxes write the equations for concentration, volume, moles and mass of solute in a solution in 
terms of Concentration (c), Volume (v), Moles (n), and Mass (m).

The volume of one mole of any gas at room temperature and pressure is 
24dm3.

Substitute the equation for moles of gas into the first equation in order to 
write equations for gases as follows

Mass = 
volume xMr

24

Mr =
𝑚𝑎𝑠𝑠 𝑥 24

𝑣𝑜𝑙𝑢𝑚𝑒

Calculate the concentration, mass or volume of solution in the beakers below:

Self assessment
Red/Amber/Green/Gold:

I need help with:

9-1 Science AQA C4– Concentrations of solutions and volumes of gases

Concentration 
(gdm-3) and 
(moldm-3)

Volume (dm3) Moles (mol) Mass (g)

What mass of KCl
would I need to 
dissolve in  2dm3

to make 
0.5moldm-3?

n = 2 x 0.5 = 1.0

m = Mr = 74.5g

What mass would 
I need to dissolve 
in  0.25dm3 to 
make 10gdm-3?

m = 10 x 0.25

= 2.5g

What moles would 
I need to dissolve 
in  500 cm3 to 
make 0.1moldm-3?

n = 0.1 x 0.5 –

= 0.05

What mass would 
I need to dissolve 
in  250 cm3 to 
make 50gdm-3?

m = 50 x 0.25

= 12.5g

What mass of 
CuSO4.5H2O 
would I need to 
dissolve in  1dm3

to make 
0.2moldm-3?

m = 0.2 x 249.5
= 49.9g

What moles would 
I need to dissolve 
in  100cm3 to 
make 2moldm-3?

n = 2 x 0.1

= 0.2

What volume of 
water would I 
need to add to 
0.1moles of solid 
to make  conc = 
0.1moldm-3?

v = 0.1/0.1 = 1dm3

What volume of 
water would I 
need to add to 
15g of solid to 
make  conc = 
1.5gdm-3?

v = 15/1.5 = 10dm3

What volume of 
water would I 
need to add to 
20g of NaOH to 
make  conc = 
0.2moldm-3? 

n = 20/40 = 0.5
v = 0.5/0.2 
= 2.5dm3

What is the conc 
in moldm-3 of 20g 
of NaCl, dissolved 
in 0.5dm3? 

n = 20/58.5
= 0.34
c= 0.34/0.5
= 0.68 moldm-3

What is the conc 
in gdm-3 of 5g 
dissolved in 
4dm3?

c = 5/4
= 1.25gdm-3

What is the conc 
in moldm-3 of 26g 
NaCl dissolved in 
500cm3?

n = 26/58.5 = 
0.44
c = 0.44/0.5
=0.88 moldm-3

What is the conc 
in moldm-3 of 0.05 
moles dissolved in 
2dm3?

c = 0.05/2 

= 0.025 moldm-3

What is the conc 
in moldm-3 of 0.1 
moles dissolved in 
2dm3? 0.1/2 = 
0.05moldm-3

What is the conc 
in moldm-3 of 5 
moles dissolved in 
5dm3?
c = 5/5/ = 1 
moldm-3

Complete the gas calculations in the balloons below:

What is the volume in 
cm3 of 0.05 moles of 
carbon dioxide at RTP?

v = 0.05 x 24 x 1000

= 1200cm3

If I had 15cm3 of 
oxygen gas what 
volume of chlorine gas 
would I need in order 
to have an equal 
number of moles at 
RTP?

15cm3

What is the mass 
of gas in a balloon 
containing 17dm3

hydrogen gas at 
RTP?

m = (17 x Mr)/24

= (17 x 2)/24

= 1.42 g

What does RTP mean and what are the 
correct values for pressure and 
temperature at RTP? Room temperature 
and pressure 25ºC and 100kPa

If temperature increases how does the 
pressure of gas in the container change?

Pressure increases

𝑐 =
𝑚

𝑣
(gdm-3)

𝑐 =
𝑛

𝑣
(moldm-3)

𝑣 =
𝑚

𝑐

(for C in gdm-3)

𝑣 =
𝑛

𝑐

(for C in moldm-3)

𝑛 =c x v
(for C in moldm-3)

𝑚 =c x v
(for C in gdm-3)

𝑚 =c x v x Mr
(for C in moldm-3)



Copper can be extracted from its ore using 
displacement by scrap iron. What is meant by the 
term displacement?

Displacement is where a more reactive metal displaces a 
less reactive one from a solution of its ions. 

The more reactive metal dissolves and the less reactive 
metal is formed as a solid that can be obtained from the 
solution.

When metals react with other substances they form positive ions. 
Complete the following electronic structure diagrams to show metal 
ions forming from metal atoms. Show outer shells only and don’t 
forget to include the charges on the ions:

The tendency of a metal to form positive ions allows us 
to place metals in order of their reactivity in the 
reactivity series. Place the elements in the box below 
into the order of their reactivity from most reactive to 
least reactive.

Metal A reacts slowly with water

Metal B reacts vigorously with acid, moderately with water

Metal C reacts violently with water

Metal D reacts quickly with water

Place these metals in order of reactivity

9-1 Science AQA C5– Chemical Changes – Forming metal ions and placing metals into the reactivity series

Metal Observation with water Symbol Equation

Potassium Potassium reacts vigorously with 
water floating on it, fizzing and 
moving around very rapidly on the 
surface. It catches fire and burns 
with a lilac flame.

2K + 2H2O →
2KOH + H2

Sodium Sodium reacts very rapidly/quickly
with water. Floating on it fizzing
and moving around quickly on the 
surface. It sometimes catches fire 
and burns with an orange flame.

2Na + 2H2O →
2NaOH + H2

Lithium Lithium reacts quickly with water. 
It floats on water, fizzes and 
produces a gas.

2Li + 2H2O →

2LiOH + H2

Metal Observation with dilute
hydrochloric acid

Symbol
Equation

Calcium Calcium reacts quickly with 
hydrochloric acid. It produces a gas 
and fizzes. It dissolves completely to 
give a colourless solution.

Ca + 2HCl →
CaCl2 + H2

Magnesi
um

Magnesium reacts quickly with 
hydrochloric acid. It produces a gas 
and fizzes. It dissolves completely to 
give a colourless solution.

Mg + 2HCl →
MgCl2 + H2

Zinc Zinc reacts moderately quickly with 
hydrochloric acid. It produces a gas 
and fizzes. It dissolves slowly (but 
eventually completely) to give a 
colourless solution.

Zn + 2HCl →
ZnCl2 + H2

Iron Iron reacts slowly with hydrochloric 
acid. It produces a gas and fizzes. It 
dissolves slowly to give a green 
solution which goes brown on 
standing in air.

Fe + 2HCl →
FeCl2 + H2

Copper No reaction No reaction

C D B A

Mg

Na

Al

XX

Mg

2+

X

Na

+

XX
X Al

3+

Explain why carbon and hydrogen are often included in the 
reactivity series of metals.

Metals less reactive than carbon can be obtained by reduction using 
carbon in a blast furnace or smelter. Metals more reactive than carbon 
must be obtained using a more reactive or electrolysis of molten salts.

Metals less reactive than hydrogen can be obtained in electrolysis 
from aqueous solutions (eg copper). For metals more reactive than 
hydrogen, molten salts must be used to obtain the metal as hydrogen 
is produced at the cathode in aqueous solution.

Most reactive

Least reactive

Sodium
Copper
Calcium
Magnesium
Iron
Hydrogen
Potassium
Carbon
Lithium
Zinc

K

Na

Li

Ca

Mg

C

Zn

Fe

H

Cu



Why is the extraction of titanium 
more expensive than the extraction 
of iron? It requires more steps and uses 
more energy. It also uses more expensive 
reagents such as magnesium metal.

1. What is a metal ore? Use the words 
economical, compound, metal and extract 
in your answer. A compound found in the 

Earth from which it is economical to extract a 

metal.

2. Give an example of a metal that is found in 
the earth as the metal itself and explain 
why it does not form an ore Gold is found 

as the metal itself and does not form an ore 

because it is unreactive and does not 

chemically bond with other elements.

3. How is a metal extracted from its ore? 
Use the words reaction, compound, metal, 
ore, element and reduction in your answer. 
The metal ore is a compound containing the 

metal. The metal compound must undergo a 

reduction reaction to form the metallic 

element. (OWTTE – or words to that effect)

Metals less reactive than carbon can be extracted from their oxides 
using carbon.

Balance/complete the following symbol equations for the reactions 
of the metal oxides with carbon:

2 CuO + C → 2 Cu + CO2

2 Fe2O3 + 3 C → 4 Fe + 3 CO2

2 ZnO + C → 2 Zn + CO2

SnO2 + C → Sn + CO2

Ionic equations show what has been oxidised and reduced in a 
displacement reaction

Use this method to write the ionic equations for

1. the reaction of zinc (Zn) and copper sulfate (CuSO4) 

Zn + CuSO4→ Cu + ZnSO4

Zn + Cu2+ + SO4
2-
→ Cu + Zn2+ + SO4

2-

Zn + Cu2+
→ Cu + Zn2+

2. the reaction of silver nitrate (AgNO3) and copper wire (Cu) 

Cu + 2AgNO3 → Cu(NO3)2 + 2Ag 

Cu + 2Ag+ + 2NO3
2-
→ Cu2+ + 2NO3

- + 2Ag

Cu + 2Ag+
→ Cu2+ + 2Ag

Describe the meaning of the term reduction in 
relation to a metal and oxygen

Reduction is when a metal loses oxygen. 

Describe the meaning of the term oxidation in 
relation to a metal and oxygen

Oxidation is when a metal gains oxygen.

Describe the meaning of the term reduction in 
terms of the transfer of electrons

Reduction is when a metal gains electrons.

Describe the meaning of the term oxidation in 
terms of the transfer of electrons

Oxidation is when a metal loses electrons.

Self assessment
Red/Amber/
Green/Gold:

I need help with:

9-1 Science AQA C5– Extraction of metals, reduction and oxidation

A more reactive metal can displace a less reactive metal from a compound.
For example zinc can displace copper from a solution of copper sulfate (CuSO4) 
according to the reaction: zinc + copper sulfate → copper + zinc sulfate

1) Write a balanced symbol equation for the reaction above Zn + CuSO4 → Cu + ZnSO4

2) Metal displacement is an example of a REDOX reaction. What does REDOX 
mean? A reaction in which both oxidation and reduction happens simultaneously

3) Identify and explain what has been oxidised in the above reaction – Zinc has been 
oxidised and is now part of a compound

4) Identify and explain what has been reduced in the above reaction – Copper has 
been reduced because it is now in its elemental form

5) State the products and write a word equation for the reaction of silver nitrate 
with a piece of copper wire – forms silver and and copper nitrate. 

silver nitrate + copper → copper nitrate + silver



Reactions between metals and 
acids are REDOX reactions. 
Identify what is being oxidised and 
what is being reduced in the 
reaction between calcium and 
hydrochloric acid. Calcium is 
oxidised and hydrogen is reduced.

Complete the empty boxes in the following table of common 
laboratory acids

Self assessment
Red/Amber/
Green/Gold:

I need help with:

9-1 Science AQA C5– Reactions of acids and salt formation

Common ions can be used to deduce the formulae of salts 
made. Write the formula for each of the following ions 
including the charges:

Acids are neutralised by alkalis and bases 

to produce salts and water and by metal 

carbonates to form a salt, water and 

carbon dioxide.

The particular salt produced in any 

reaction depends on the negatively 

charged anion from the acid used and the 

positively charged cation in the base, 

alkali or carbonate.

[neutralised, anion, salts, acid, cation, 

alkalis, carbonates]

Sort the following metal hydroxides into soluble 
and insoluble: potassium hydroxide, magnesium 
hydroxide, lithium hydroxide, calcium hydroxide,  

Complete the empty boxes in the following table of common 
laboratory alkalis, bases and carbonates

Mg + H2SO4

Zn + H2SO4

Fe + 2HCl

Fe + H2SO4

MgSO4 + H2

ZnSO4 + H2

FeCl2 + H2

FeSO4 + H2

Acids react with some metals to produce salts and 
hydrogen. Complete the equations for reactions of 
metals with acids to form salts and hydrogen in each of 
the conical flasks below

Acids are substances that dissolve in water to 

form H+ ions  ( hydrogen ions).

Acids have low pH

The pH scale tells us how strong an acid is.

Universal indicator can tell us the pH on the pH 

scale.

[hydrogen, dissolve, strong, scale, low, pH, 

indicator]

Soluble

Potassium hydroxide

Lithium hydroxide

Group 1

Insoluble

Magnesium hydroxide

Calcium hydroxide

Group 2

Acid Name Formula Type of salt formed

Sulfuric acid H2SO4 Sulfate

Hydrochloric acid HCl Chloride

Nitric acid HNO3 Nitrate

Ethanoic acid CH3COOH Ethanoate

Phosphoric acid H3PO4 Phosphate

Alkali/base/carbonate Formula Products with acids

Magnesium oxide MgO Magnesium salt and water

Copper carbonate CuCO3 Copper salt, carbon dioxide and 
water

Calcium hydroxide Ca(OH)2 Calcium salt and water 

Lithium hydroxide LiOH Lithium salt and water

Potassium hydroxide KOH Potassium salt and water

Cations
• Lead Pb+

• Copper Cu2+

• Magnesium Mg2+

• Lithium Li+

• Potassium K+

Anions
• Nitrate NO3

-

• Sulfate SO4
2-

• Chloride Cl-

• Bromide Br-

• Iodide I-



Divide these acids into strong and weak. 
Hydrochloric acid, citric acid, ethanoic 
acid, methanoic acid, sulphuric acid, 
nitric acid, carbonic acid. 

Strong acids fully ionise in water.

Write a symbol equation showing the complete ionisation of strong 
acids hydrochloric acid (HCl), sulfuric acid (H2SO4) and nitric acid 
(HNO3) 

HCl → H+ + Cl-

H2SO4 → 2H+ + SO4
2-

H2SO4 → H+ + HSO4
-

HNO3 → H+ + NO3
-

How much more 
concentrated is acid at pH 1 
compare to acid at pH 4? 

10 x 10 x 10 = 1000

Remember that with each 
pH unit you go down the 
concentration of H+ ions is 
10 times higher than the 
previous unit?

Self assessment
Red/Amber/Green/Gold:

I need help with:

Use the terms strong, weak, dilute and concentrated to explain the contents of each of the beakers shown below

9-1 Science AQA C5– Strong and Weak Acids

Weak acids are partially ionised in water

Write a symbol equation showing the partial ionisation of weak acids 
ethanoic acid (CH3COOH) methanoic acid (HCOOH) and carbonic 
acid (H2CO3)

CH3COOH ⇌ CH3COO- + H+

HCOOH ⇌ HCOO- + H+

H2CO3 ⇌ HCO3
- + H+

pH is a measure of the concentration of H+ ions in solution - and can be written as [H+]
Strong acids have very low pH eg 1-2
Weak acids have pH of 3-6
The pH scale tells us how strong (ionised) the acid is.

Dilute solution –
Fewer moles per 
dm3

Concentrated 
solution – more 
moles per dm3

Weak acid – Acid 
molecules are 
only partially
ionised in water

Strong acid – Acid 
molecules are 
fully ionised in 
water.

Strong Weak

Hydrochloric acid Citric acid

Sulfuric acid Ethanoic acid

Nitric acid Methanoic acid

Carbonic acid



Acids produce hydrogen ions (H+) in aqueous solutions. Aqueous solutions 

of alkalis contain hydroxide ions (OH-). 

The pH scale, from 0 to 14 is a measure of the acidity or alkalinity of a 

solution, and can be measured using universal indicator or a pH probe. 

A solution with pH 7 is neutral. Aqueous solutions of acids have pH 

values of less than 7 and aqueous solutions of alkalis have pH values 

greater than 7.

In neutralisation reactions between an acid and an alkali, hydrogen ions 

react with hydroxide ions to produce water.

[hydroxide, neutralisation, water, pH scale, less, universal, hydrogen, 

neutral, greater]

Self assessment
Red/Amber/Green/G
old:

I need help with:

9-1 Science AQA C5– Strong and Weak Acids

• Gently warm H2SO4

and add CuCO3 until it 
stops fizzing.

1. 

• Filter the blue 
solution to remove 
any unreacted CuCO3

2.

•Warm gently to 
saturate the solution.

3.

•Leave to crystallise

4.

Complete the titration calculations using the table below:

Write a symbol ionic equation to show 
the reaction of hydrogen ions with 
hydroxide ions to form water, include 
state symbols:

H+(aq) + OH-(aq) → H2O(l)

Soluble salts can be made from acids by reacting them with solid insoluble substances, such as metals, metal 
oxides, hydroxide or carbonates. The solid is added to the acid until no more reacts and the excess solid is 
filtered off to produce a solution of the salt. Salt solutions can be crystallised to produce solid salts.

Describe the steps required to make crystals of copper sulfate from green copper carbonate and sulfuric acid.

You have been asked to design an investigation to find out the changes in pH as you add 
an acid to an alkali. You have a burette for your dilute hydrochloric acid and a conical 
flask for your alkali, the sodium hydroxide solution. You have to add the acid to the alkali 
and get a reading of the pH as more and more acid is added. 

1. You have a choice of either using an indicator and recording 
the colour changes or a pH meter and recording the pH. 
Which would you choose? Justify your answer. I would use a 
pH meter as it is more accurate to record a numerical value for pH 
than it is to judge the colour.

2. How much acid would you add each time? Explain your 
answer. I would add 1cm3 of acid each time as this will give me 
enough readings to plot on a graph and I can use the graph to 
determine the exact amount required to neutralise the alkali.

3. Why would you swirl the flask before checking the pH? To 
ensure the contents are fully mixed and none is left on the sides of 
the conical flask. 

4. Why do we repeat investigations such as this and calculate a 
mean average? This reduces the effect of random error and enables 
us to discount any anomalous results.

Concentration Moles Volume Mole ratio

Acid 0.16 0.004 25/1000 1

Alkali 0.40 0.008 20/1000 2

In a titration, a 25.0 cm3 sample of sulfuric acid (H2SO4) reacted exactly with 
20.0 cm3 of 0.40 mol/dm3 sodium hydroxide solution.
1) Write a balanced symbol equation for this reaction 

• H2SO4 + 2NaOH → Na2SO4 + 2H2O
2) Calculate the number of moles of sodium hydroxide added 

• 0.4 x (20/1000) = 0.008
3) Use the mole ratio in the equation to write down the number of moles of 

H2SO4 in the acid 
• (0.008/2) = 0.004

4) Calculate the concentration of the sulfuric acid 
• (0.004/25) x 1000 = 0.16 moldm-3



Complete and balance the following 
half equations:

2H+ + 2e-
→ H2

4 OH-
→ O2 + 2H2O + 4 e-

Cu2+ + 2e-
→ Cu

2Cl- → Cl2 + 2e-

Al3+ + 3e-
→ Al

Na+ + e-
→ Na

Self assessment
Red/Amber/Green/Gold:

I need help with:

Electrolysis

Passing an electric current through electrolytes causes the 

ions to move to the electrodes.

Positively charged ions move to the negative electrode (the 

cathode), and negatively charged ions move to the positive

electrode (the anode).

Ions are discharged at the electrodes producing elements.

This process is called electrolysis.

[discharged, elements, electrodes, positive, electrolysis, 

electrolytes, negative]

Conductivity of ionic compounds

Explain why ionic compounds conduct 
electricity when molten or dissolved 
but do not conduct electricity when 
solid

An ionic solid does not conduct 
because the metal ions are in a fixed 
position and cannot move.

Molten or dissolved ionic compounds 
do conduct because the ions are 
free to move when molten or 
dissolved and can conduct 
electricity.

9-1 Science AQA C6– Electrolysis

Electrolysis of aqueous solutions

The ions discharged when an aqueous solution is 

electrolysed using inert electrodes depend on the 

relative reactivity of the elements involved.

At the negative electrode (cathode), hydrogen is 

produced if the metal is more reactive than 

hydrogen.

At the positive electrode (anode), oxygen is 

produced unless the solution contains halide ions 

when the halogen is produced.

This happens because in the aqueous solution water 

molecules break down producing hydrogen ions and 

hydroxide ions that are discharged.

[more, hydroxide, water molecules, oxygen, 

halide, hydrogen] 
Explain why the positive electrode must be 
continually replaced. The carbon anodes react 

with the oxygen formed at them to make carbon 

dioxide which causes the electrode to gradually 

be consumed by this reaction.

Lead bromide (l) Aluminium oxide (l)

zinc chloride (l) Sodium chloride (l)

Predict the products of the 
electrolysis of these molten 

compounds

Sodium chloride (aq) Copper chloride (aq)

Potassium nitrate (aq) Silver nitrate (aq)

Predict the products of the 
electrolysis of these 
aqueous compounds

At the cathode positively charge ions gain electrons and are reduced

At the anode negatively charged ions lose electrons and are oxidised

Explain why a mixture is used as the 
electrolyte

The cryolite reduces the melting point of the 

aluminium oxide so it needs less energy to make 

it molten.

Lead bromide (l) Aluminium oxide (l)

zinc chloride (l) Sodium chloride (l)

Predict the products of the 
electrolysis of these molten 

compounds

Sodium chloride (aq) Copper chloride (aq)

Potassium nitrate (aq) Silver nitrate (aq)

Predict the products of the 
electrolysis of these 
aqueous compounds

Lead and bromine Aluminium and oxygen

Zinc and chlorine Sodium and chlorine

Hydrogen and chlorine Copper and chlorine

Hydrogen and oxygen Silver and oxygen

Note: could produce CO2 if anode is carbon/graphite



Explain how the temperature of the 
surroundings changes when an exothermic 
and endothermic reaction takes place:
When an exothermic reaction takes place the 

temperature of the surroundings increases. 

When an endothermic reaction takes place the 

temperature of the surroundings decreases.

Self assessment
Red/Amber/Green/Gold:

I need help with:

Energy is conserved in chemical reactions. The amount of 

energy in the universe at the end of a chemical reaction is 

the same as before the reaction takes place. 

If a reaction transfers energy to the surroundings the 

product molecules must have less energy than the reactants, 

by the amount transferred.

[reactions, molecules, universe, same, conserved, transfers 

surroundings, transferred] 

Give a definition of an 
exothermic reaction

A reaction which gives out heat 

energy.

The temperature increases.

Give a definition of an 
endothermic reaction

A reaction which takes in heat 

energy.

The temperature decreases.

9-1 Science AQA C7– Energy transfers during exothermic and endothermic reactions

Chemical reactions can occur only when reacting particles collide

with each other and with sufficient energy. The minimum amount of 

energy that particles must have to react is called the activation

energy.

Reaction profiles can be used to show the relative energies of 

reactants and products, the activation energy and the overall energy 

change of a reaction. 

[sufficient, activation, reactants, minimum, collide, overall, profiles]

Give examples of reactions 
which are exothermic

Neutralisation reactions

Displacement reactions

Combustion

Self heating cans Internal combustion engine

Hand warmers
Fuels including methane, camping gas, 

diesel and petrol

Uses of exothermic 
reactions

Air conditioners Refrigerators

Sports injury packs Photosynthesis

Uses of endothermic 
reactions

Circle EXOTHERMIC OR 
ENDOTHERMIC for this 
energy profile

Circle EXOTHERMIC OR 
ENDOTHERMIC for this 
energy profile

In exothermic reactions the products have LESS energy than the reactants

In endothermic reactions the products have MORE energy than the reactants

Give examples of reactions 
which are endothermic

Dissolving salts eg KCl and 

KNO3

Reaction between barium 

hydroxide and ammonium 

nitrate.



In an exothermic reaction, the energy 
released forming new bonds is 
greater than the energy needed to 
break existing bonds.

In an endothermic reaction, the 
energy needed to break existing 
bonds is greater than the energy 
released forming new bonds. 

During a chemical reaction energy must be supplied to 
break bonds in the reactants

Energy is released when bonds in the products are formed 

Annotate these energy profiles to show 
the activation energy and overall energy 
change

Draw the reactants and products showing all the bonds for the 
following equation. The first one has been done for you.

C2H5OH + 3O2 → 2CO2 + 3H2O

9-1 Science AQA C7– The energy change of reactions

A student investigated the temperature change when zinc reacts 
with copper sulfate solution. The student used the apparatus shown 
below:

Suggest one improvement the student could make to the apparatus

Insulate the beaker and put a lid on top

Give a reason why this improves the investigation

It will reduce heat loss to the surroundings so a more accurate temperature 
change can be measured.

Self assessment
Red/Amber/Green/Gold:

I need help with:

By using the energy that it takes to break/make a 
particular bond we can work out the overall energy change 
for the reaction.

Energy change = Sum (bonds broken) – Sum (bonds made) 

Use the bond energies in 
the table to show that 
the overall energy 
change for the following 
reaction is -103 kJ/mol

Use the bond energies in the table to show that the bond energy for the Br-Br bond is 193 kJ/mol

Definition of bond energy
The average bond energy 
(sometimes called the “bond 
dissociation energy” is the 
average energy change that takes 
place when breaking 1 mole of 
that bond within a molecule. 

Bonds broken = 4 x (C-H) + Cl-Cl 
= (4 x 413) + 243 
= 1,895

Bonds made = 3 x (C-H) + C-Cl + H-Cl
= (3 x 413) + 827 + 432
= 1,998

Energy change = 1895 – 1998 = -103 kJ/mol

+  O=O  → O=C=O +  H-O-H
O=O        O=C=O     H-O-H
O=O                          H-O-H

Bonds broken = 4 x (C-H) + C=C + Br-Br = (4 x 412) + 612 + Br-Br 

Bonds made = 4 x (C-H) + C-C + (2 x C-Br) = (4 x 412) + 348 – (2 x 276)  

Energy change = -95 = (4 x 412) + 612 + (Br-Br) – (4 x 412) – 348 – (2 x 276)

Rearrange for Br-Br = -95 – 2260 - - 2548 = 193 kJ/mol



Describe and explain the factors that affect the the 
voltage produced in the cell below

Connect the picture of the battery to its typeCells contain chemicals, which react to 
produce electricity. 

The voltage produced by a cell is dependent 
upon a number of factors including the type 
of metals and electrolyte.

A simple cell can be made by connecting two 
different electrodes in contact with an 
electrolyte.

Batteries consist of two or more cells 
connected together in series to provide a 
greater voltage.

[electricity, batteries, voltage, electrode, 
metals, voltage, series, chemicals, cell, 
electrolyte] 

Self assessment
Red/Amber/
Green/Gold:
I need help with:

9-1 Science AQA C7– Chemical Cells and Fuel Cells

What is the overall equation for the reaction taking place in a 
hydrogen fuel cell
H2 + ½ O2 → H2O

Write the equation for the reaction which takes place at the 
positive electrode
2H+ + ½ O2 + 2e-

→ H2O

Write the equation for the reaction which takes place at the 
negative electrode
H2 → 2H+ + 2e-

Rechargeable

Non -Rechargeable

Hydrogen fuel 
cell advantages

Hydrogen fuel 
cell 

disadvantages

Rechargeable 
cells and 
batteries 

advantages

Rechargeable 
cells and 
batteries 

disadvantages On a separate 
piece of paper 
design a lemon 
clock  and 
explain how it 
works.

Identity of metal 1 and metal 2
Difference in reactivity of metal 1 and metal 2
Concentration of potassium nitrate solution

By product is water. Doesn’t 
contribute to global warming 
because less CO2 emitted. 
Operates continuously. 

Take time to recharge. 
Expensive to manufacture.

CO2 still emitted during 
manufacturing process. Expensive 
to produce. Less powerful than an 
internal combustion engine.

Less waste because they can be re-
used. Enable appliances and 
devices to operate wirelessly.



The combustion of hydrocarbon fuels 
releases  energy. During combustion the 
carbon and the hydrogen in the fuels are 
oxidised, The complete combustion of a 
hydrocarbon fuel produces water and 
carbon dioxide.

[water, oxidised,  carbon dioxide, energy]

Self assessment
Red/Amber/Green:

I need help with:

Most of the hydrocarbons in crude oil are alkanes. What is 

the general formula for an alkane? CnH2n+2

For the alkanes below give the correct name and molecular 

formula for the compound shown, the first is done for you.

Describe how crude oil was 
formed in rocks. Crude oil was made 

from the remains of plankton and other 

ancient biomass compressed in mud over 

millions of years.

Most of the compounds in crude 
oil are hydrocarbons. Describe 
what a hydrocarbon is. 
Hydrocarbons are compounds made from 

hydrogen and carbon only.

9-1 Science AQA C9 – Carbon compounds as fuel and feedstock

LPG 3-4 carbon atoms used in 
camping stoves

Petrol 6-10 carbon atoms. Used 
as car fuel

Diesel oil 9-16 carbon atoms 
used as car and lorry fuel

Kerosene 12-19 carbon atoms 
used as aircraft fuel

Examples of fuels 
from crude oil

Solvents Lubricants

Polymers including plastics Detergents

Examples of non-fuel 
materials synthesised 

from crude oil

Describe how the SIZE (Mr) of 
molecules affects:

Melting and boiling point

Flammability

Viscosity

C6H14 + 9½ O2 → 6 CO2 + 7 H2O

C8H18 + 12½ O2 → 8 CO2 + 9 H2O

Methane
CH4

Ethane 

C2H6

Propane 

C3H8

Butane 
C4H10

Describe how the fractional distillation of crude oil works. Use the 
terms evaporation and condensation in your answer. Crude oil Is 

heated at the bottom of the tower. It evaporates and rises towards the 

top. As it rises it cools and condenses. The different fractions have 

different boiling points so condense at different temperatures.

Balance these two 
alkane combustion 
equations

Melting and boiling point 

increases with increasing 

Mr

Flammability decreases 

with increasing Mr

Viscosity increases with 

increasing Mr



Draw a molecule of pentene

Hydrocarbons can be broken down 
(cracked) to produce smaller, more useful 
molecules.

Describe the conditions used for catalytic 
cracking.

Zeolite catalyst

Temperature of 450ºC

Slight pressure

Describe the conditions used for steam 
cracking.

Takes place in a steam cracker 

High temperatures (400-900ºC)

High pressure  up to 7000kPa

Which two types of hydrocarbon are 
produced by cracking.

Alkanes and alkenes

Balance and complete the equations below as examples of 
cracking, given the formulae of the reactants and products.

C10H22 → C8H18 + C2H4

C22H46 → C12H24 + C6H14 + 2 C2H4

C12H26 → C8H18 + 2C2H4

C14H32 → 2 C6H14 + C2H4

C12H26 → C9H20 + C3H6

C13H28→ C9H20 + 2C2H4

9-1 Science AQA C9 – Cracking and alkenes

Name the following alkenes:

Self assessment
Red/Amber/Green:

I need help with:

Alkenes are more reactive than alkanes. 
Describe how you could test the gas produced 
in the experiment above for the presence of 
an alkene. Give the reagent and the expected 
result.

Bromine water is used to test for alkenes. It is an orange 

solution. When an alkene is added the orange solution turns 

colourless. When an alkane is added to the bromine water it 

remains orange 

Describe the ways in which the main products 
from cracking are useful.

Alkenes can be used to produce polymers and as starting 

materials for the production of many other chemicals. Shorter 

chain alkanes such as petrol are useful as fuel.

What is the general formula for the 
homologous series of alkenes?

CnH2n

Ethene Propene Butene
Alkenes are hydrocarbons with  the functional group C=C.

Alkenes react in combustion reactions in the same way as other  hydrocarbons , but they tend to burn in 

air with smoky flames due to incomplete combustion.

Alkenes react with hydrogen, water and the halogens, by the addition of atoms across the carbon-carbon 

double bond so that the double bond becomes a single carbon-carbon bond.

[double, combustion, incomplete, addition, functional, smoky, single]



Knowledge Organiser - Electricity 

Static Electricity 
 

 
Clouds produce static electricity – as the ice particles 
bump into each other – as the charge builds up this 
can cause a spark in the form of lightning to jump 
across the gap between the cloud and the ground. 
 
Metals will conduct electric charges.  Insulators like 
wood, glass or polyethene do not allow electric charges 
to pass through them – but they can be charged with 
static electric by friction.  They transfer electrons. 
 

 
 

Electric fields 
An electric field is the region where a force acts upon a 
charges particle.  Like charges will repel.  Opposite 
charges will attract. 
 
The strength of an electric field decreases as the 
distance from the charge increases.  The closer it is 
the stronger the force. 
 
Sparking (earthing) happens when charged ions 
experience a force due to an electric field, and move 
within the electric field.  This happens during a lightning 
storm. 
 
 

 
Or when you get a static shock. 

 
 

Electric Current 
 

Learn these symbols: 

 
 

Electric current 
Current is the rate of flow of electric charge.  
Charge is measured in coulombs (C). Current 
is the flow of electrons from the negative to the 
positive.  Current is measured in Amperes (A). 
 
Electric charge  =  current  x  time 
                 Q      =       I       x      t 
              (in C)   =   (in A)         (in s) 
 

Potential Difference 
This is the energy transferred per unit charge as 
charges move between two points in a circuit.  It 
is measured in volts (V).  A voltmeter is always 
placed in parallel to the components. 
 
1 volt of energy is transferred when 1 
coulomb of charge moves through a 
component. 
 
Current, resistance and potential difference 

 
As electrons are ‘pushed’ around the circuit they 
bump into metal ions in components.  This 
causes the metal ions to vibrate more and 
become hotter.  This makes it harder for the 
electrons to flow – this causes an increase in 
resistance. 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDv7XQ1tvWAhVEWxoKHUaSD-oQjRwIBw&url=http://slideplayer.com/slide/9684998/&psig=AOvVaw0y0ODZoHN4xQ2mD_sKb9BD&ust=1507368192485757


When this happens through a bulb – it causes it to get 
hot enough to emit light. 
 
Current, potential difference and resistance are linked 
by the equation: 
 
Potential difference  =  current   x   resistance 
                  PD          =       I        x        R 
               (in V )              (in A)             (in Ω) 
 

 
 

Series and parallel circuits 
 

 
 

In Series 
*only one path for current 
to flow 
*a switch turns off ALL 
components 
*same current flows 
through all components 
*the sum of the voltages 
across the components 
is equal to voltage of 
battery or cell. 

In parallel 
*branches and junctions 
*current has multiple 
paths to flow 
*switched turn off part of 
the circuit 
*current size can be 
different in different parts 
of the circuit 
*current in a junction 
equals current out of the 
same junction 
*voltages across all 
branches are the same. 

 

Resistance in circuits 
Series 

 
The current has to pass through ALL the 
resistors.   
The same current flows through all components. 
The size of the current depnds on the total 
resistance of the components.) 
 

Rtotal  =  R1 + R2 + R3 

 

The potentail diffence is shared between the 
components.  The readings of the voltmeters 
combined will equal the reading of the battery 
voltmeter. 
 
Using current and potentail difference the 
resistance of each component can be calculated. 

 
R = V 
       I 

Parallel 

 
In parallel the current can flow through either 
resistor in the circuit.  Thesum of ammeter 
readings on B + C will equal the readings on A + 
D ammeters.  The readings on the voltmeters 
would be the same and equal to the power 
supply. 

Measuring resistance 
Ohm’s Law shows: 

 
 
Calculating resistance: 
The straight line shows that the current is 
proportional to potential difference – obeying 
Ohm’s Law 

 
 
Filament bulb 
When the bulb gets hot – the electrons move 
faster, and the metal ions vibrate more.  The 
electrons and ions collide more often – both the 
temperature and resistance increase. 
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Control circuits 
Sensors detect changes in circuits. 
 
A light-dependant resistor resistance changes when 
the light intensity changes.  When it is light – the 
resistance is low (current flows easily).  When it is 
dark – resistance is high.   
LDR are used on street lamps. 
 

 
 

A thermistor is a temperature-dependant resistor.  At 
low temperatures resistance is high.  At high 
temperature resistant is low. 
Thermistors are used in central heating systems. 
 
 

 
 
  

 

A diode is a component allowing current flow in 
one direction.   
 

 
 

Electricity in the home 
In a cell or battery electrical current passes in 
one direction – dc. 
 
Mains electricity differs: 

- Current alternates changing directions at 
50Hz frequency. 

- Higher PD of 230V 

 
 

Plugs and safety features 

 
Faulty plugs and wiring allow electricity to pass 
through human bodies causing electric shocks. 

The plugs design should prevent this from 
happening: 

- The fuse is connected to the live wire 
will blow if too much current flows; 

- The neutral wire provides a return path 
for the current to the substation; 

- The earth wire is connected to the metal 
chase to prevent it becoming charged if 
touched by the live wire.  It provides a 
low resistance path to the ground. 

 
Transmitting electricity 

 
The National Grid is a connection of power 
cables and transformers – moving the electricity 
generated in power stations to homes, schools 
and factories. 
 

 
To reduce energy loss the electrical power is 
transmitted across the country at 400,000V.  
(high current creates thermal energy losses to 
the surrounding air). 
 
Transformers change the potential difference.   

 

Step down – decrease 
p.d., increase current 
 
 
Step up – increase p.d., 
decrease current 

 



Power and Energy transfers 
 
Electrical devices are designed to transfer energy.  
They transfer energy from mains supply, or stores 
(batteries and cells) to different stores such as thermal 
energy store of hot water in a kettle. 
 

 
 

The hair dryer receives 1500J of energy per second 
from the mains supply.  This is transferred into two 
main energy stores – thermal energy stored in the air 
and kinetic energy in the moving air. 
 
Power is the amount of energy transferred per second 
– unit watts (W). 
 
Electrical energy = power  x  time 
           E                =      P     x      t 
      (in J)                (in W)       (in s) 
 
 

When a charge flows in a circuit – electrical work 
is done.  To calculate the amount of energy 
transferred use the equation: 
 
energy transferred   =  charge flow  x  p.d. 
                     E            =        Q            x     V 
                (in J)                 (in C)            (in V) 
 

Calculating power 
 

A more powerful appliance can transfer energy 
more quickly. 
 
The transfer is from one store to another. 
 
A toy car of power rating 10W transfers 10J every 
second.  The transfer is from chemical store of 
the battery to the store of kinetic energy.  
Remember the transfer is conserved – but some 
of the energy from the kinetic store is dissipated 
to the surrounding due to friction. 
 
An electric cooker with power rating of 2.5kW 
transfers 2.5kJ every second.  The transfer by 
the electric current increases thermal energy 
stored in the food, the pan and surroundings. 

power =  p.d.   x  current 
     P    =  V       x      I 
(in W)     (in V)       (in A) 
 
When the current flows through a resistor, such 
as a heating element, the electrons transfer 
thermal energy to the element.  This has the 
equation: 
 
power  =  current 2  x   resistance 
     P     =   I2             x           R 
(in W)      (in A)2              (in Ώ) 
 

Worked example 
An electric kettle connected to the 230V mains 
draws a current of 8A.  It contains 1.5kg of 

water.  Calculate the rise in temperature (Δθ) of 

the water when the kettle is switched on for 2 
minutes. 
 
The specific heat capacity of water of 
4200J/kgoC 
 
P = VI    = 230 x 8  =   1840 W 
E = P t   =  1840 x 120 = 220800 J 
 
Assume all the energy is transferred to the 1.5kg 
of water using the equation 
 

E  =  m  c  Δθ 

220800 =  1.5  x  4200  x Δθ 

Δθ =  220800 ÷ (1.5 x 4200) 

Δθ  =  35oC 

 



Knowledge Organiser – Particle Model of Matter 

States of matter 
 

 
 
Solids – particles are held in a fixed position, with 
low kinetic energy causing vibrations and 
exteremely strong forces of attraction. 
 
Liquids – particles have no fixed shape – taking 
the shapee of the bottom of the container.  The 
particles have mid knietic energy – allowing the 
movement.  The strong forces of attraction keep 
the particles close together. 
 
Gases – have no fixed shape and will fill the whole 
container.  The particles have large kinetic energy 
and whizz around.  They have virtually no focre of 
attraction. 
 

Density 
 
Density is a comparison of the mass of the 
material to the volume it occupies. 
 
Liquids generally have a lower density as their 
particles are not as closely packed when 
compared to solids. 
 
Gases have very low densities as their particles 
are spread out – unless condensed. 
 
There are exceptions – liquid mercury of very 
dense.  Solid cork is a very light solid. 
 
 

To calculate density use the equation: 
 
density  = mass (in kg) 
                 volume (in m3) 
 
     ρ       =   m     Density is kg/m3. 
                    V 
 

Changes of state 
 

 
Changes of state are physical changes. 
 
During a change of state energy is transferred to 
change the arrangement of the particles. 
 
In a solid the energy is needed to overcome the 
strong forces of attraction keeping the particles in a 
fixed position.  This allows the particles to move 
more freely in the liquid state.   
 
In a liquid the energy is needed to completely 
overcome the forces of attraction allowing the 
particles to move freely and to spread out to fill the 
space – escaping the surface of the liquid. 
 
When a gas cools down (condenses).  The 
particles release the energy to the surroundings as 
they slow down and becomes closer together. 

Internal energy 
 
 

Particles are always moving.  The distance 
between them can change.  The higher the 
temperature the aster they move and the bigger 
the distances between them. 
 

 
The particles have  

- kinetic energy – they’re moving 
- potential energy – from the motion to keep 

them together opposing the forces to pull 
them apart. 

 
Gases have the most potential energy as their 
particles are furthest apart. 
 
The internal energy of a system is the total kinetic 
and potential energy of all the particles in the 
system. 
 
Thermal energy moves between a hot object 
and a cold object when in contact.  This 
continues until the objects are at the same 
temperature. 
 
When a cube of ice is added to water – the warmer 
faster moving water particles transfer energy to 
the ice.  The internal energy store of the water 
decreases and the water cools down.  The internal 
energy store of the ice increases and the ice melts. 
 
 



Heating changes the internal stores of systems: 
 

 
When the solid is heated the internal energy 
increases causing melting.  When a change of 
state occurs, the increase in internal energy is 
used to weaken forces of attraction.  Heating 
further causes a rise in temperature of the liquid to 
the next state change. 
 

Specific heat capacity 
 

When a liquid is heated this causes: 
- particles to move faster 
- the motion opposes the forces of attraction 
- they gain more potential energy and kinetic 

energy. 
- This increases the internal energy. 

 
The rise in temperature is dependent on: 

- Mass of liquid 
- The liquid 
- Energy input to the system. 

 
 

Specific heat capacity is the amount of energy 
needed to change the temperature of a 1kg object 
by 1oC. 
 
It is calculated using the equation: 
 
change in           = mass x specific  x  change in 
thermal energy                   heat           temperature 
 

ΔE  =  m  c  Δθ 
  
where  
ΔE = change in thermal energy in J 
m = mass in kg 
c = specific heat capacity J/kgoC 
Δθ = temperature change in oC 
 
Water has a specific heat capacity of 4200 J/kgoC.  
This shows that it absorbs a lot of energy when it 
warms up and releases a lot when it cools down. 
 

Latent Heat 
During a change in state the temperature of the 
substance remains constant – this is latent heat 
and is the energy needed for a change of state 
without a change in temperature. 
 
The amount of energy needed to change the state 
depends on: 

- Mass of substance 
- Type of substance. 

 
All substance have a property called specific 
latent heat.  It is calculated using the equation: 
 
energy change  =    mass  x specific latent 
of state                                    heat 
(in J)                        (in kg)            (in J/kg) 
 
E = mL 
 

Specific latent heat of fusion occurs during solid 
→ liquid. 
 
Specific latent heat of vaporisation occurs 
during liquid → gas (vapour). 
 
The specific latent heat of vaporisation is greater 
as most of the energy is used to separate the 
particles to form a gas, and to push back the 
atmosphere to make room as the gas forms. 
 
When asked to do a calculation on the exam you 
will need both equations to calculate energy 
needed to change state and the temperature of an 
object.  BOTH equations will be needed: 
 

ΔE  =  m  c  Δθ    and    E = mL 

 
Particle motion in gases 

 
Gas particles are moving randomly and freely.  
They have high kinetic energy.  The higher the 
temperature the more kinetic energy they move 
faster. 
 
Gas particles collide with each other and the walls 
of the container creating a force.   
 
pressure =  force 
                   area 
 
The total force exerted by all the particles is called 
gas pressure. 
 
Keeping area and mass of gas constant but 
increasing the temperature increases the 
pressure: 

- Same number of particles; 
- Moving faster due to more kinetic energy; 
- Hitting walls more often. 

 



Compressing particles causes an increase in 
pressure: 

- Same number of particles 
- Less volume 
- Increased frequency of collisions. 

 
Halving the volume, at constant temperature, 
causes the pressure to be doubled. 
 
HT ONLY When a gas is compressed, energy is 
needed to exert the force – energy is transferred 
and work is done. 
 
The internal energy of the gas increase, kinetic 
energy increases.  These cause an increase in 
temperature. 
 
Expanding the volume causes a decrease in 
pressure: 

- Same number of particles; 
- Higher volume 
- Decreased frequency of collision. 

 
Doubling the volume, at constant temperature, 
causes the pressure to be halved. 
 

 
 
 

For a fixed mass of gas at constant temperature 
the equation is: 
 
constant = pressure x volume 
constant =      p        x     V 
                  (in Pa)        (in m3) 
 
For a fixed mass of gas when pressure or volume 
are changed: 
 
P1  x  V1   =  P2   x  V2 
before           after 
change         change 
 
Worked example: 
The pressure of gas is 1.2 x 105 Pa when its 
volume is 1.5 m3.  Its temperature is constant.   
Find the volume when the pressure changes to 2.0 
x 105 Pa. 
 
Write down the values you know: 
P1 = 1.2 x 105 Pa 
V1 = 1.5 m3 

P2 = 2.0 x 105 Pa 
V2

 = ? 
 
Substitute into equation 
 
1.2 x 105 x 1.5 = 2.0 x 105 x V2 
 
rearrange: 
 
V2 = 1.2 x 105 x 1.5 
        2.0 x 105 

 
V2 = 0.9 m3 

 

 



Knowledge organiser – Atomic Structure 

The structure of the atom 
 

 
 

Protons and neutrons are also called nucleons. 
 
The number of protons determines what element is 
it.  Atoms can exist with different numbers of 
neutrons called isotopes. 
 

Using symbols to represent atoms 
 

 
 

In physics, the symbol is represented as: 
 

A 
    X 

Z 
Wher: 
A = mass number (nucleon number) 
Z = atomic number (proton number) 
X = chemical symbol for the atom 
 
To find the number of neutrons use  A – Z 
 

When an atom gains or loses electrons it 
becomes ionised – it has a charge. 
Loss of electrons – positive ion 
Gain of electron – negative ion. 
 
Electrons occupy space around the nucleus on 
energy levels. An electron can change energy 
levels when the atom absorbs or emits 
electromagnetic radiation or light. 
 

Radioactive decay 
Most nuclei are stable – they do not decay.  
When an unstable nucleus decays it emits 
radiation.  This type of atom is called a 
radioisotope. 
 
The activity of a radioactive isotope is calculated 
by the number of nuclear decays each second – 
becquerels (Bq).  Radioactive decay is random.  
They are independent of physical changes. 
 
Radioactive decay produces nuclear radiation – 
the emission of radiation from the nucleus. 
 

Alpha decay 
An alpha particle is emitted from the nucleus it 
has 2 proton and 2 neutrons – often called a 
helium atom. 

 
When alpha radiation is emitted: 
The nucleus has fewer protons so the atomic 
number (Z) decreases by 2. 
The nucleus has less neutrons – so the mass 
number (A) decreases by 4. 
A new element is formed. 

Beta decay 
During beta decay one neutron decays into a 
proton and an electron.  The electron is emitted 
from the nucleus called a beta particle. 

 
When beta radiation is emitted: 
The nucleus has one more proton so the atomic 
number (Z) increases by 1. 
The nucleus has one less neutron – so the mass 
number (A) is unchanged. 
A new element is formed. 
 

Gamma decay 
Gamma rays are emitted from the nucleus.  They 
are a high energy electromagnetic wave.  They 
have no charge and no mass.  This causes no 
change in mass or charge of the nucleus.  The 
element remains the same. 
 

 

mass number 

Atomic number 
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Background radiation 
Background radiation is ionising radiation around 
us all the time. 
 

 
 

Background radiation comes from: 
- Natural sources like rocks and cosmic rays 

from space; 
- Human sources like medical equipment, 

small amounts from nuclear weapons and 
accidents. 

- Waste products from hospitals; 
- Waste from nuclear power stations 
- Manufactured radioisotopes. 

 
The levels of background radiation varies from 
place to place.  Radiation dose is measured in 
sieverts (Sv). 
 

Penetration of different types of radiation 
 

The three different types of radiation have differing 
penetrating powers and abilities to ionise particles 
they hit. 
 
Gamma rays are the most penetrating but are the 
least ionising.  Passing through several metres of 
concrete and a few cm of lead. 
 
Beta particles can travel a few metres in the air 
and are stopped by a few mm of aluminium. 

Alpha particles are the least penetrating and are 
stopped by a few sheets of paper and the dead 
skin cells on the body.  They are the most 
ionising. 
 

 
 

Alpha emitters are used in smoke detectors and 
are safe outside the body.  However if swallowed 
or inhaled they do the most damage as they are 
absorbed by the body. 
 

Nuclear equations 
Nuclear equations show changes in the nucleus.  
They show the number of nucleons and charge.  
They must be balanced. 
 

Nuclear equations for alpha decay 
 

 
 

Both the mass numbers and atomic numbers add 
up to the same number – this shows both the 
mass and charge have been conserved. 
 

Nuclear equations for beta decay 
 In beta decay the following occurs: 
 

 

The neutron has changed into a proton and an 
electron. 
 

 
 

The electron has an atomic number of -1 – so the 
charge is conserved.  The mass is also conserved 
as the neutron mass becomes the proton mass. 
 

Radioactive half-life 
Radioisotopes are often used to monitor 
biological systems and processes in nature or the 
body.  The half-life needs to be known so that 
contamination or irradiation is limited. 
 
Radioactive decay is unpredictable.  The graph 
of decay is plotted to find when the activity has 
halved. 
 
Half-life is the time it takes for half the nuclei 
present to decay.  (OR the time it takes for the 
count rate to fall to half its original value). 
 

 
 

 



Choosing best radioisotope for a task  
(HT only) 

For medical applications or environmental tracers 
isotopes with short half-life is best.  For a smoke 
alarm an isotope with a longer half-life is ok to use. 

 
Hazards and uses of radiation 

 
Radioactive contamination is the unwanted 
presence of materials containing radioactive atoms.  
These expose people to risks. 
 
Contamination occurs when the radioactive 
materials are inhaled or swallowed.  They can enter 
the body through wounds and the skin.  They can 
be absorbed by specific organs causing cancer of 
gene mutations. 
 
Unstable nuclei often have short half-life but can 
emitted a large amount of radiation in a short time. 
 
Ionising and penetrating power affect the level of 
contamination. 
 

Medical tracers 
A tracer is a radioisotope injected or ingested.  
They are used to: 

- Monitor function of organs 
- Check for blockage of blood vessels. 

 
The tracer (when background radiation has been 
deducted from the count) needs to pass through 
the body to be detected.  It needs to be weakly 
ionising to limit damage to the body.  Tracers must 
have a short half-life so that it doesn’t  

remain for too long in the body. 
 

Irradiation 
Irradiation is where and object is exposed to 
nuclear radiation.  The exposure comes from a 
variety of natural sources and background 
radiation. 
 
AS humans we are irradiated every day by: 

- Food – 40K atoms disintegrate each hour; 
- Sky – 400,000 cosmic rays pass through 

every hour; 
- Soil and buildings – 200 million gamma 

rays every hour; 
- Air – 30,000 atoms of radioactive atoms 

inhaled every hour. 
 
Gamma radiation is used to sterilise food to kill 
bacteria. 
 
The cells in our bodies can be changed by 
radiation.  DNA can be damaged and cause a 
mutation.  This can lead to uncontrolled cell 
division and cancer formation. 
 

Uses of radiation in medicine 

 
X-ray and gamma radiation are both used in 
medicine and are used to diagnose problems and 
treat them – such as exploring organs, detecting 
and destroying cancer cells. 
 
Radioisotopes in medicine must: 

- Emit gamma rays; 
- Have suitable half-life 
- Non-toxic to humans. 

Radiotherapy 
Cobalt – 60 emits gamma rays and is widely used 
to treat cancers.  However, x-rays are preferred 
because: 

- X-rays can be produced when needed; 
- Rate can be controlled; 
- Energy of rays can be changed. 

 
Cancer treatments kill both cancerous and healthy 
cells.  Leading to side effects of: 

- Vomiting; 
- Sunburn like skin irritation; 
- Greater risk of infection; 
- Tiredness. 

 
Benefits outweigh the risks. 
 

Brachytherapy 
The insertion of a radioactive source directly into 
the tumour.  Mainly used to treat prostate, uterine 
and cervical cancers. 
 

Nuclear fission 
 

Fission is when a large and unstable nucleus 
splits with the release of lots of energy. 
 
This process causes the release of a high speed 
neutron.  This neutron can then in turn split further 
unstable nuclei causing a chain reaction. 
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Nuclear power stations 
 

Controlled nuclear fission is used to generate 
electricity.  Uranium is used as the fuel to heat 
water making steam, the steam turns a turbine, the 
turbine spins a generator: 
 

 
Control rods are used to absorb neutrons released 
– so there are less available for fission reactions. 
 

 

Nuclear fusion 
Nuclear fusion is the joining of small light atoms 
(like hydrogen and helium) to make heavier 
nuclei.  Some of the mass is converted into 
energy. 
 
High temperature and pressures are needed – 
this restricts its use – and therefore is not been 
possible on Earth (yet). 
 

 
 

This process is the reason the Sun is sooooo hot! 
 

Fusion bombs 
 

First detonated in 1952- called the hydrogen 
bomb.  Starts with a fission reaction creating the 
high temperature needed for fusion reactions to 
take place. 

 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjV8aDVmNnWAhWK2xoKHWSoCdEQjRwIBw&url=http%3A%2F%2Fwww.cyberphysics.co.uk%2Ftopics%2Fnuclear%2Fnuclear_power_plant.html&psig=AOvVaw2DAN0Jxba0lxS-_8rS89b9&ust=1507282926218638
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwidpcqqmdnWAhXGtRoKHVodAhIQjRwIBw&url=https%3A%2F%2Fnuclear-energy.net%2Fwhat-is-nuclear-energy%2Fnuclear-fusion&psig=AOvVaw1mmjraNDOQu01qrX1lkmZk&ust=1507283044933634
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwidpcqqmdnWAhXGtRoKHVodAhIQjRwIBw&url=https%3A%2F%2Fnuclear-energy.net%2Fwhat-is-nuclear-energy%2Fnuclear-fusion&psig=AOvVaw1mmjraNDOQu01qrX1lkmZk&ust=1507283044933634

