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5.1.1.1 
Atoms, elements & 
compounds

Knowledge Organiser – 5.1 Atomic structure & the periodic table
5.1.1.2 Mixtures

• Mixtures can be separated by physical 
processes such as filtration, 
crystallisation, simple distillation, 
fractional distillation & chromatography. 

• These physical processes do not involve 
chemical reactions and no new 
substances are made. 

• Examples of the specified processes of 
separation:

Simple distillation

Crystallisation

Filtration
Ernest Rutherford’s Gold scattering 
experiment
• Positive alpha particles fired at gold leaf
•Most passed straight through suggesting 

the atom was mainly empty space
• Some deflected at angles suggesting the 

presence of electrons
• Some bounced straight back suggesting a 

positive nucleus repelled the alpha particles.

In 1932 James Chadwick 
found evidence for the 
existence of particles in 
the nucleus with mass 
but no charge. 
These particles are called 
neutrons.
This atomic model is still 
used today.

Ideas about atoms have changed over time. Scientists developed 
new atomic models as they gathered new experimental evidence.

1st 2nd 3rd

4th

5.1.1.3 The development of the model of the atom

Chromatography

An Atom is the 
smallest part of an 
element that can 
exist. 



5.1.2 Periodic Table

Isotopes are atoms of the same 
element with different numbers of 
neutrons in the nucleus.

Relative atomic mass: Average value 
that takes account of the abundance
of the different isotopes of that 
element.

Knowledge Organiser – 5.1 Atomic structure & the periodic table
5.1.1.4 Relative electrical charges of subatomic particles 
& 5.1.1.7  Electron structure

Innermost, lowest energy level, shell has 2 electrons. 
Next shell 8, next shell 8. (2,8,8)

• Atoms are very small, having a radius 
of about 0.1 nm (1 x 10-10 m). 

5.1.1.5 Size and mass of atoms

• Early versions organized by atomic mass
• Didn’t take account of isotopes
• Many elements missing
• Mendeleev ordered elements by atomic (proton) number
• Left gaps for undiscovered elements.  Later discoveries proved him right. 

5.1.1.6 Relative atomic mass

5.1.2.2 Development of the periodic table 

Shows the ~100 known elements in order of atomic (proton) number

• Atomic mass number: The sum (total) of 
the protons and neutrons in the nucleus 
of an atom of an element. 

• Atomic (Proton) number: The number of 
protons in an atom of an element. 
Balanced by number of electrons in an 
atom of that element. (so atoms have no 
overall charge). 5.1.2.3 Metals & Non-metals









5.2.1.2 Ionic Bonding

• Between a metal atom and a non-metal atom
• Metals lose electrons to form positive ions
• Non-metals gain electrons & form negative ions
• Electrons transferred (ions formed)
• Strong electrostatic forces
• Giant lattice structures
• High melting/boiling points
• If molten or in solution ions will conduct electricity

5.2.1.4 Covalent Bonding
Sharing electrons

• Between two non-metal atoms
• Electrons are shared
• A covalent bond is one pair of shared electrons
• Covalent bonds are ALWAYS STRONG

5.2.2.4 Properties of Small molecules

• Long molecules with atoms linked 
by strong covalent bonds. 

• Solid at room temperature as 
relatively strong intermolecular 
forces. 

• Repeating units
e.g. plastics

Giant lattices
• High melting point and boiling point
• Strong covalent bonds which must be 

overcome to melt or boil. 
• e.g. silicon dioxide, diamond, graphite

• Usually gases or liquids with low 
melting point & low boiling point. 

• Weak intermolecular forces 
(because they are small molecules) 
which are overcome when 
substance melts or boils. 

• e.g. gases, water
• Do not conduct electricity as no 

overall electric charge. 

5.2.1.1 Chemical bonds

Knowledge Organiser – 5.2 Structure & bonding

There are three types of strong chemical bonds: ionic, covalent and metallic. 
Ionic bonding: particles are oppositely charged ions. Ionic bonding occurs in compounds formed from metals combined with non-metals
Covalent bonding the particles are atoms which share pairs of electrons. Covalent bonding occurs in most non-metallic elements and in compounds of non-metals
Metallic bonding the particles are atoms which share delocalised electrons. Metallic bonding occurs in metallic elements and alloys. 

• An ionic compound is a giant structure of ions. 
• Ionic compounds are held together by strong 

electrostatic forces of attraction between oppositely 
charged ions. 

• These forces act in all directions in the lattice and 
this is called ionic bonding. 

Eg: structure of sodium chloride

5.2.1.3 Ionic compounds

5.2.2.1. The three states of matter

• Freezing take place at the melting point
• Boiling and condensing take place at the boiling point. 
• 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 stronger the forces between the particles the higher 
the melting point and boiling point of the substance. 

In chemical equations, the 
three states of matter are 
shown as (s), (l) and (g). 

5.2.2.2. State symbols

• have high melting points and high boiling points because of the large 
amounts of energy needed to break the many strong bonds. 

• When melted or dissolved in water, ionic compounds conduct 
electricity because the ions are free to move and so charge can flow. 

5.2.2.3 Properties of Ionic compounds

(aq) for aqueous solutions eg salt water or 
acid solutions. 

5.2.2.5 Polymers

5.2.2.6 Giant covalent structures



Knowledge Organiser – 5.2 Structure & bonding

5.2.1.5 Metallic Bonding

• Bonding between atoms of a 
metal

• Delocalised electrons 
(negative) & metal ions 
(positive)

• Shared delocalised electrons 
form strong metallic bonds

• Delocalised electrons conduct
heat and electricity

Diamond: Giant lattice
• Each C forms 4 bonds
• Strong covalent bonds
• Very high mpt/bpt
• Does not conduct electricity

Graphite
• Giant lattice (in layers)
• Each C forms 3 bonds
• Layers of hexagonal rings with no 

bonds between layers
• Giving 1 delocalised electron
• Good conductor

Graphene
• A single layer of 

graphite
• Useful in electronics 

and composites

Fullerenes
• Hollow shapes
• Hexagonal rings, but may 

also contain rings of 5 or 7 Cs
• Buckminsterfullerene (C60) 

spherical. 
• Carbon nanotubes are 

cylindrical. Very useful for 
nanotechnology, electronics

Note: carbon is a non-metal so the bonds between carbon atoms must be COVALENT.

5.2.2.7 Properties of metals and alloys

• Metals have giant structures of atoms with strong 
metallic bonding. Therefore most metals have high 
melting and boiling points. 

• In pure metals, atoms are arranged in layers, which allows 
metals to be bent and shaped. (malleable) 

• Pure metals are too soft for many uses and so are mixed 
with other metals to make alloys which are harder.

• In alloys, different atoms disrupt the layers
• Alloys are harder than pure metals

• Metals are good conductors of electricity because the 
delocalised electrons in the metal carry electrical charge 
through the metal. 

• Metals are good conductors of thermal energy because 
energy is transferred by the delocalised electrons. 

5.2.2.8 Metals as conductors

5.2.3 Structure & bonding of carbon

• Pure metals are soft: layers of atoms can slide over each 
other











The Mole: 
• The unit for amount of substance is called the mole, shown as mol. 

One mole of atoms, ions or molecules is around 6 × 1023 (6 followed by 
23 zeroes). This is called Avogadro constant. 

• This is the same number as the number of carbon atoms in 12 g of 
carbon. 

This equation shows how molar mass, number of moles and mass are 
related: 

number of moles = mass ÷ molar mass 
This can be rearranged to find the mass if the number of moles and molar 
mass are known, or to find the molar mass if the mass and number of 
moles are known. 

Finding the number of moles
Example 
What is the number of moles of carbon dioxide molecules in 22 g of CO2? 
Ar of C = 12, Ar of O = 16 
The relative formula mass Mr of carbon dioxide = 12 + 16 + 16 = 44 
This means that the molar mass of carbon dioxide = 44 g/mol
number of moles = 22 ÷ 44 = 0.5 mol

Mass of reactants (80g)               Mass of products (80g)

Apparent loss of gain in mass 
when a gas is a product or 
reactant and is gained or 
released to the atmosphere in 
an non-enclosed system. 

5.3.1.1 Conservation of mass and balanced chemical equations

Knowledge Organiser – 5.3 Quantitative Chemistry

Relative atomic mass
Different atoms have different masses. 
Atoms have such a small mass it is more convenient to know 
their masses compared to each other. 
Carbon is taken as the standard atom and has a relative 
atomic mass (Ar) of 12. 

Relative formula mass
To find the relative formula mass (Mr) of a compound, you 
just add together the Ar values for all the atoms in its 
formula. 

Example 1: 
Find the Mr of carbon monoxide (CO). 
The Ar of carbon is 12 and the Ar of oxygen is 16
So the Mr of carbon monoxide is 12 + 16 = 28. 

Example 2: 
Find the Mr of carbon dioxide (CO2)
The Ar of carbon is 12 and the Ar of oxygen is 16, but there 
are 2 atoms of oxygen in the formula. 
So the Mr of Carbon dioxide is 12 + 16 + 16 = 44

Reacting masses
In all chemical reactions the total mass of reactants used is equal to the 
total mass of the products made:     Reactants Products

5.3.1.2 Relative Formula Mass (Mr) 5.3.1.3 Mass change when a 
reactant or product is a gas

5.3.1.4 Chemical 
Measurements

Measurements have 
uncertainty. 
You need to be able to look at 
the range of measurements 
about the mean (average) as a 
measure of uncertainty. 

5.3.2 Amounts of substances in relation to masses of pure 
substances (HT only)

• In a chemical reaction 
involving two reactants, it is 
common to use an excess of 
one of the reactants to 
ensure that all of the other 
reactant is used. 

• The reactant that is 
completely used up is called 
the limiting reactant 
because it limits the amount
of products. 

5.3.2.5 Limiting reactants
(HT only)



Spec Question Answer

5.3.1.1 What is the law of 

conservation of mass?

The law of conservation of mass states that 

no atoms are lost or made during a chemical 

reaction so the mass of the products equals 

the mass of the reactants. 
5.3.1.1 What does the 

conservation of mass 

mean in terms of 

chemical reactions?

This means that chemical reactions can be 

represented by symbol equations which are 

balanced in terms of the numbers of atoms 

of each element involved on both sides of 

the equation.

5.3.1.2 What is the relative 

formula mass (Mr) of a 

compound?

The relative formula mass (Mr) of a 

compound is the sum of the relative atomic 

masses of the atoms in the numbers shown 

in the formula
5.3.1.2 What happens to the 

sum of the relative 

formula masses of the 

reactants & products?

The sum of the relative formula masses of 

the reactants in the quantities shown equals 

the sum of the relative formula masses of 

the products in the quantities shown.

5.3.1.3 How can we explain a 

change in mass?

This can usually be explained because a 

reactant or product is a gas and its mass has 

not been taken into account. 
5.3.1.3 Give 2 examples of 

reactions where there 

appears to be a change 

in mass

• when a metal reacts with oxygen the mass 

of the oxide produced is greater than the 

mass of the metal 

• thermal decompositions of metal 

carbonates carbon dioxide is produced and 

escapes into the atmosphere leaving the 

metal oxide as the only solid product. 

5.3.1.4 When there is 

uncertainty about a 

result, what 2 things 

should you do?

• represent the distribution of results and 

make estimations of uncertainty

• use the range of a set of measurements 

about the mean as a measure of 

uncertainty.
5.3.2.1 What are chemical 

amounts measured in 

and what is its unit?

Chemical amounts are measured in moles. 

The symbol for the unit mole is mol.

Spec Question Answer

5.3.2.1 

HT

What is the mass of one 

mole equal to?

The mass of one mole of a substance in grams is numerically equal 

to its relative formula mass. 

One mole of a substance contains the same number of the stated 

particles, atoms, molecules or ions as one mole of any other 

substance. 

5.3.2.1 

HT

What is Avogadros

number, including its 

value?

The number of atoms, molecules or ions in a mole of a given 

substance is the Avogadro constant. The value of the Avogadro 

constant is 6.02 x 1023 per mole

5.3.2.2 

HT

How many moles of 

reactants and products in:

Mg + 2HCI MgCI2 + H2

one mole of magnesium reacts with two moles of hydrochloric acid 

to produce one mole of magnesium chloride and one mole of 

hydrogen gas. 

5.3.2.3 

HT

How are the balancing 

numbers in a symbol 

equation calculated?

The balancing numbers in a symbol equation can be calculated from 

the masses of reactants and products by converting the masses in 

grams to amounts in moles and converting the numbers of moles to 

simple whole number ratios. 

5.3.2.4 

HT

What is a limiting reactant 

and how does the limiting 

reactant affect the 

amount of products 

produced?

The reactant that is completely used up is called the limiting reactant 

because it limits the amount of products. 

The effect of a limiting quantity of a reactant on the amount of 

products it is possible to obtain in terms of amounts in moles or 

masses in grams.

5.3.2.5 

HT

How is the concentration 

of a solution measured?

The concentration of a solution can be measured in mass per given 

volume of solution, eg grams per dm3 (g/dm3 ). 

5.3.3.1 

HT

Why is it not always 

possible to obtain the 

calculated amount of 

product?

• the reaction may not go to completion because it is reversible 

• some of the product may be lost when it is separated

• some of the reactants may react in ways different to the expected 

reaction. 

5.3.3.1 

HT

How do you calculate 

percentage yield?

% Yield =   Mass of product actually made                       

Maximum theoretical mass of product        x100

5.3.3.2 

HT

How is percentage atom 

economy calculated?

The percentage atom economy of a reaction is calculated using the 

balanced equation for the reaction as follows: 

=  Relative formula mass of desired product from equation       x 100

Sum of relative formula masses of all reactants from equation 

5.3.4 HT What information do you 

need to calculate the 

concentration of a soln?

If the volumes of two solutions that react completely are known and 

the concentration of one solution is known, the concentration of the 

other solution can be calculated. 

5.3.5 HT What is the volume of one 

mole of any gas at room 

temp and pressure?

. The volume of one mole of any gas at room temperature and 

pressure (20oC and 1 atmosphere pressure) is 24 dm3 

Knowledge Organiser – 5.3 Quantitative Chemistry













• Oxidation involves gain of oxygen 
• Reduction involves loss of oxygen 
• Oxidation Is Loss of electrons
• Reduction Is Gain of electrons

• Unreactive metals are 
found as pure elements 
(eg gold) but most are 
compounds.

• Those below carbon can 
be extracted from oxides 
using carbon.

• Those above carbon 
need to be extracted 
using electrolysis.

acid + metal salt + hydrogen
acid + alkali   salt + water
acid + carbonate salt + water + carbon dioxide

HCl - hydrochloric acid produces chlorides
HNO3 - nitric acid produces nitrates
H2SO4 - sulfuric acid produces sulfates

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

react with hydroxide ions to produce water. 

HIGHER TIER
Strong acids (HCl, HNO3, H2SO4) fully ionise

Weak acids (ethanoic, citric, carbonic) partially ionise

5.4.1 Reactivity of metals

Knowledge Organiser – 5.4 Chemical Changes 

Metals react with oxygen to produce metal oxides. 
The reactions are oxidation reactions because the metals gain oxygen. 

5.4.1.2 The reactivity series

• When metals react with other substances the 
metal atoms form positive ions. 

• The reactivity of a metal is related to its 
tendency to form positive ions. 

• Metals can be arranged in order of their 
reactivity in a reactivity series. 

• The metals potassium, sodium, lithium, 
calcium, magnesium, zinc, iron and copper 
can be put in order of their reactivity from 
their reactions with water and dilute acids. 

• A more reactive metal can displace a less 
reactive metal from a compound. 

5.4.1.3 Extraction of metals 
and reduction

5.4.1.4 Oxidation and reduction in terms of electrons 
(HT only)

5.4.2.1 Reactions of acids with metals

Acids react with some metals to produce salts and hydrogen. 

(HT only)
• explain in terms of gain or loss of electrons, these are redox reactions 
• identify which species are oxidised and which are reduced in given 

chemical equations. 

5.4.2.2 Neutralisation of acids and salt production

• Acids are neutralised by alkalis (eg soluble metal hydroxides) and bases 
(eg insoluble metal hydroxides and metal oxides)

5.4.2.4. The pH scale and neutralisation



• Ionic compounds can be electrolysed 
when liquid or molten, as the ions are 
then free to move

• An electric current is passed through 
the electrolyte

• Positive ions move to the negative 
electrode (cathode)

• Negative ions move to the positive 
electrode (anode)

• Aluminium is extracted by electrolysis 
from a mixture of aluminium oxide and 
cryolite

RPA Electrolysis of aqueous solution

1. Add excess solid to acid
2. React
3. Filter off unreacted solid

4.    Warm over water bath then leave to evaporate
5.    Allow to crystallise. Dry the pure crystals

• Soluble salts can be made from acids by reacting 
them with solid insoluble substances, such as 
metals, metal oxides, hydroxides 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. 

5.4.2.3 Soluble salts

Knowledge Organiser – 5.4 Chemical Changes

RPA Preparation of a soluble salt

5.4.3.1 The process of electrolysis

5.4.3. Electrolysis

• When a simple ionic compound (eg lead 
bromide) is electrolysed in the molten 
state using inert electrodes

• the metal (lead) is produced at the cathode 
• the non-metal (bromine) is produced at 

the anode. 

5.4.3.2 Electrolysis of molten ionic compounds

5.4.3.3 Using electrolysis to extract metals

• Metals can be extracted from molten 
compounds using electrolysis. 

• Electrolysis is used if the metal is too 
reactive to be extracted by reduction with 
carbon or if the metal reacts with carbon. 

• Large amounts of energy are used in the 
extraction process to melt the compounds 
and to produce the electrical current. 

• Aluminium is manufactured by the 
electrolysis of a molten mixture of 
aluminium oxide and cryolite using 
carbon as the positive electrode (anode). 

• 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. 

5.4.3.4. Electrolysis of aqueous solutions

During electrolysis, at the cathode (negative electrode), 
positively charged ions gain electrons.  Ie reductions reactions 
At the anode (positive electrode), negatively charged ions lose 
electrons. Ie oxidations. Reactions at electrodes can be 
represented by half equations, for example: 

2H
+

+ 2e
-

→ H2

and

4OH- → O2 + 2H2O + 4e- or

4OH- – 4e- → O2 + 2H2O 

5.4.3.5 Representation of reactions at electrodes as half equations 
(HT only)







• In an endothermic reaction profile
the products finish higher in energy 
than the reactants.

• Exothermic reactions give out energy to the surroundings. 
Exo = exit.
➢ Examples: combustion, neutralisation, hand warmers.

• Endothermic reactions take in energy from the surroundings. 
Endo = enter.
➢ Examples: thermal decomposition, reaction of citric acid 

and sodium hydrogencarbonate and sports injury packs.

RPA Investigate the variables that affect temperature in reacting solutions

The variables you could change are:
• Type of reactant (metal, carbonate, alkali)
• Type of acid used.
• Concentration of acid.
• Size of reactant pieces (if solid).
• Concentration of alkali.
If one of these variables is changing, then all 
others stay the same.

• In an exothermic reaction profile the 
products finish lower in energy than 
the reactants.

• Activation energy is the minimum energy required for a reaction to happen when particles
collide.

• The overall energy change is the difference between the relative energy of the reactants 
and the products.

5.5.1 Exothermic and endothermic reactions

Knowledge Organiser – 5.5 Energy Changes

5.5.1.1 Energy transfer during Exothermic and endothermic reactions

• 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. 

5.5.1.2 Reaction Profiles



During a chemical reaction:
• Energy must be put in to break bonds in the reactants.
• Energy is given out when bonds in the products are formed.

• In exothermic reactions, the energy released from forming new bonds is 
greater than the energy needed to break existing bonds.

• In endothermic reactions, the energy needed to break existing bonds is 
greater than the energy released from forming new bonds.

• The difference between the sum of the energy needed to break bonds in 
the reactants and the sum of the energy released when bonds in the 
products are formed is the overall energy change of the reaction. 

Bonds broken:
• 2 x H-H = 2 x 436 = 872 kJ/mol
• O=O = 498 kJ/mol
• Total = 872 + 498 = 1370 kJ/mol

Bonds formed:
• 4 x H-O = 4 x 463 = 1852 kJ/mol
• Total = 1852 kJ/mol

Total energy change = reactants - products: 
1370 kJ/mol – 1852 kJ/mol = - 482 kJ/mol

• If overall energy change is negative = exothermic reaction.
• If overall energy change is positive = endothermic reaction.

Knowledge Organiser – 5.5 Energy Changes

5.5.1.3 Energy change of reactions (HT only)

Example: 



The rate of a reaction is a measure of how quickly 
a reactant is used up, or a product is formed.

Rate is calculated by:

𝑚𝑒𝑎𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 =
𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 reactant 𝑢𝑠𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
OR…

𝑚𝑒𝑎𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 =
𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 product 𝑓𝑜𝑟𝑚𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
Eg If 4 moles of a product were made during ten seconds, the 
average rate of reaction would be 4 ÷ 10 = 0.4 mol/s

Or, if 40g of a reactant was used up during 10 seconds, the 
average rate of reaction would be 40g ÷ 10 = 4 g/s

Or, if 50 cm3 of product was made during 25 seconds, the 
average rate of reaction would be 50cm3 ÷ 25 = 2cm3/s

SLOWER                           FASTER

Less chance of reactant 
particles colliding

More chance of reactant 
particles colliding

A catalyst is a substance that:
• speeds up the rate of a reaction
• does not alter the products of the reaction
• not chemically changed or used up at end of reaction
• Is only needed in small masses
❖ Not all reactions have suitable catalysts. 

For straight line: 
Draw a triangle
against the line, 
divide the 
vertical 
measurement by 
the horizontal to 
get the rate of 
reaction.
For a curve, draw 
a tangent against 
the line. 

Catalysts are not included in 
the chemical equation for  
reaction as they are not used 
or produced in it.

Enzymes act as 
catalysts in 
biological systems..

A catalyst provides an alternative reaction pathway
→ that has a lower activation energy
→ does not change the frequency of collisions 
→ does increase the frequency of successful collisions
→ more particles have energy greater than the activation 

energy
→ therefore more successful collisions

5.6.1.1 Calculating rates of reactions

Knowledge Organiser – 5.6 The Rate & Extent of Chemical Change
5.6.1.2 Factors affecting rates of reactions

5.6.1.3 Collision theory and activation energy

5.6.1.4 Catalysts

5.6.1.2 Calculating gradient of a graph
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RPA Finding the rate of reaction by volume of a 
gaseous product:

The reaction is complete when no more gas is 
being produced.

The reaction between anhydrous copper(II) sulphate and 
water is used as a test for water. 
The white solid turns blue in the presence of water.

Manufacturers can try different catalysts for reactions to find 
the one that forms the products the quickest, therefore 
making more profit. The results of a trial of 3 metals salts that 
act as catalysts for the decomposition of H2O2 are below.

If a reversible reaction takes place in a closed system 
(where no reactants can enter and no products can 
escape), the forwards and backwards reaction reach a 
state of equilibrium,  they occur at exactly the same 
rate. 

Example of a reversible reaction:
Nitrogen gas is reacted with hydrogen gas to make 
ammonia gas. The forward reaction (making 
ammonia) is exothermic.

N2(g) + 3H2(g) ⇌ 2NH3(g)

The backwards reaction (making nitrogen and 
hydrogen gas is endothermic).

The equilibrium position is:
➢ to the left if the concentrations of N2 and H2 are 

greater than the concentration of NH3

➢ to the right if the concentration of NH3 is greater 
than the concentrations of N2 and H2

Le Chatelier's principle
The equilibrium position can be changed by changing 
the reaction conditions through:
• changing the pressure
• changing the concentration
• changing the temperature
The system will respond to counteract the change.

Prediction
- the more concentrated 
the acid, the faster the 
reaction.
-the smaller the marble 
chips, the faster the 
reaction.

Prediction – the reaction is faster if the reactants 
are hotter or more concentrated.

5.6.2.2 Energy changes and reversible reactions

Knowledge Organiser – 5.6 The Rate & Extent of Chemical Change

❖ Industry uses this 
principle regularly to 
increase the amount of 
product they make (for 
the best profits!).

RPA: Finding the rate of reaction by turbidity.
Sodium thiosulfate solution reacts with dilute 
hydrochloric acid.  The sulfur produced forms a 
cloudy yellow-white precipitate during the 
reaction. The time taken for this to achieve a given 
cloudiness provides a way to measure the reaction 
time. 

5.6.2.3 Equilibrium

5.6.2.4 The effect of changing conditions on 
equilibrium (HT Only)

Testing different catalysts



5.6.2.5 Effect of changing concentration on equilibrium (HT Only)

Knowledge Organiser – 5.6 The Rate & Extent of Chemical Change

More details for Higher Tier - If a system is at equilibrium and a change is made to any of the conditions (temperature, concentration, pressure), then that system will 
respond to counteract the change. This is called Le Chatelier's Principle.

Changing the concentration, temperature and pressure of a reaction system can make a big change to where the equilibrium lies, and industry uses this principle regularly 
to increase the amount of product they make (for the best profits!).

Changing concentration

if you add more reactant, the equilibrium will shift to the right to reduce the 
concentration of reactant (and make more product)

if you remove some of the product, the equilibrium will shift to the right to increase the 
concentration of the product

Changing temperature

If the temperature is increased then the equilibrium position will shift to 
reduce the temperature (so will favour the endothermic reaction)

If the temperature is decreased then the equilibrium position will shift to 
increase the temperature (so will favour the exothermic reaction)

Changing pressure

If you increase the pressure 
then the equilibrium will shift 
to reduce it (by favouring 
which ever side of the reaction 
has the fewest molecules of 
gas)

5.6.2.5 Effect of changing temperature on equilibrium (HT Only)

5.6.2.5 Effect of changing 
pressure on equilibrium (HT 
Only)
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Hydrocarbons can be broken 
down (cracked) to produce 
smaller, more useful molecules.

Cracking products 
include alkanes and 
an alkene.

There is a high demand 
for small molecules and 
so some of the 
products of cracking 
are useful as 
fuels.

4.3.1.1 Alkenes
• Unsaturated hydrocarbons
• Contain H and C
• A double covalent bond between 

some carbon atoms so they are 
more reactive.

• Formed from alkanes during 
cracking.

• Saturated hydrocarbons
• contain H and C atoms
• Single covalent bonds between 

carbon atoms
• Majority of compounds in crude 

oil are alkanes

• Hydrocarbons are compounds that 
contain hydrogen and 
carbon atoms only.

• Crude oil is a finite resource that is 
found in the Earth’s crust. It is the 
remains of organisms that lived and 
died millions of years ago - mainly 
plankton which was buried in mud.

• Crude oil is a complex mixture of 
hydrocarbons. The carbon atoms in 
these molecules are joined together 
in chains and rings.

• Crude oil is an important source of 
fuels such as petrol, diesel, kerosene, 
heavy fuel oil and liquefied 
petroleum gases, & feedstock for the 
petrochemical industry

Petrochemical:  a substance made from 
crude oil using chemical reactions
Solvent: The liquid in which the solute 
dissolves to form a solution.
Lubricant: A lubricant is anything which 
reduces the friction between two 
surfaces.
Detergent: A mixture of chemicals which 
have cleaning properties when dissolved 
in water, and are able to dissolve grease.
Feedstock: A raw material used to 
provide reactants for industrial 
reactions.
Polymer: A large molecule formed from 
many identical smaller molecules known 
as monomers.
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• If a substance is more viscous it is 
thick and sticky. Solids are most 
viscous.

• If a substance is less viscous, it is 
easier to pour. Gases are least 
viscous.

• Flammability is 
measure of how 

easy the 
hydrocarbon is to 
ignite and burn.

• Small 
hydrocarbons 

such as methane 
are more volatile. 
This means they 

evaporate easily.

• This means that 
they turn into a 
gas at a lower 

temperature and 
can ignite easilyTh
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4.3.1.1 Crude oil & hydrocarbons

Knowledge Organiser – 5.7 Organic Chemistry

4.3.1.1 Alkanes

5.7.1.4 Cracking & Alkenes5.7.1.3 Properties of Hydrocarbons: Alkenes

5.7.1.3 Properties of Hydrocarbons: Alkanes

5.7.1.2 Petrochemical industry



Hexane can be cracked to form butane & ethene:
Word Equation:     hexane → butane + ethane
Symbol Equation:      C6H14 → C4H10 + C2H4

C2H6 C2H4 H2

Uses a temperature of 
approx. 550°C and no catalyst

Uses a temperature of approx. 550 °C and a catalyst known as a 
zeolite which contains aluminium oxide and silicon oxide.

This is the way 
to test for a 
double C=C 
bond in a 
molecule.

Ethene gas is added to bromine water.
The bromine water is yellow/ orange at the start.
When it reacts with ethene is turns colourless.

The double covalent bond in the ethene opens up 
to join with the bromine atoms from the bromine 
water.

This test works with any hydrocarbon 
that has a double bond e.g.

Pentene 

Polymers, whether artificial (such as 
the plastic shown) or natural, are made 
of repeating chains of smaller chemical 
units (monomers).

Knowledge Organiser – 5.7 Organic Chemistry
5.7.1.2 Fractional Distillation

Fractional distillation works because the different liquids have different 
boiling points. When the mixture is heated:
• vapours rise through a column which is hot at the bottom, and cooler 

at the top
• vapours condense when they reach a part of the column that is below 

the temperature of their boiling point
• each liquid is led away from the column to be collected

5.7.1.4 Steam Cracking 5.7.1.4 Testing for double bonds

5.7.1.4 Thermal Decomposition

5.7.1.4 Equations for Cracking 5.7.1.4 Catalytic Cracking 5.7.1.4 How plastics are made









• The Rf value is a ratio of how far the substance has travelled with regard to the 
solvent.

• Each pure substance has a unique Rf value in each solvent which can identify it.

• In chemistry a pure substance contains only one type of element or 
one type of compound.
➢ Example: pure water only contains H2O.

• Pure substances melt and boil at specific temperatures which can 
be used to identify a substance and test if it is pure.

• In everyday life, a pure substance is something that has had 
nothing else added to it and is in its natural state.
➢ Example: ‘pure’ orange juice is not chemically pure but 

doesn’t have any chemicals added that aren’t from oranges..

A formulation is a mixture that has been designed as useful product.

Many products are complex mixtures in which each chemical has a 
particular purpose.

All the ingredients must be mixed in the right quantities so the 
product has the correct properties.

For example: Fuels, medicine, paint 

Hydrogen
The test for hydrogen 
is to put a burning 
splint at the end of a 
test tube of gas. 
Hydrogen burns 
rapidly with a squeaky 
pop.

Oxygen
The test for oxygen 
is to put a glowing 
splint in a test tube 
of gas. The splint 
relights in oxygen.

Chlorine
The test for 
chlorine is to put 
damp litmus paper 
in the gas. The 
chlorine will bleach 
the paper white.

Carbon dioxide
The test for carbon 
dioxide is to bubble 
the gas through 
limewater (calcium 
hydroxide). The 
limewater will turn 
milky (cloudy).

5.8.1.1 Pure substances

Knowledge Organiser – 5.8 Chemical analysis

5.8.1.2 Formulations

RPA : Chromatography 
• Chromatography separates mixtures and 

can identify substances.
• Two phases are used:

1. The mobile phase (moves) is the 
solvent.

2. The stationary phase (doesn’t 
move) is the paper.

• Separation depends on the distribution 
between phases. The more soluble a 
substance is, the more time it spends in 
the mobile phase.

Rf of red spot = 
2

10
= 0.2

Rf of purple spot = 
6

10
= 0.6

Rf of blue spot = 
8

10
= 0.8

• Rf must between 0 and 1.
• In an exam you may be asked to 

measure these so have a ruler 
and measure to the nearest 
mm!

• The start line must be drawn in pencil 
because ink will run.

• The solvent must start below the line 
otherwise your substances will leech into 
the solvent.

5.8.2 Identification of common gases

Chromatography can identify 
what substances are in a mixture.

5.8.1.3 Chromatography



The atmosphere today 
has remained in the 
same proportions for 
200 million years. 

There are several theories about what was in the early 
atmosphere because we are looking 4.6 billion years ago. The 
main theory suggests:
• Initially a large amount of volcanic activity released gases 

to form the early atmosphere 
• These gases were a mixture of mainly carbon dioxide and 

water with some nitrogen, methane and ammonia.
• Water vapour then condensed to form oceans.

Algae and plants produced the oxygen now 
present in the atmosphere through 
photosynthesis.

This started 2.7 billion years ago and oxygen 
has steadily increased allowing more plants 
and animals to evolve.

There are 4 main reasons carbon dioxide decreased:
1. Plants and algae used CO2 in photosynthesis to 

produce oxygen.

2. CO2 was used up in the formation of fossil fuels
(however, we are letting it back out!)

3. CO2 is trapped when sedimentary rocks formed.
4. CO2 dissolved in the newly formed oceans.

5.9.1.1 Proportion of different gases in the atmosphere

Knowledge Organiser – 5.9 Chemistry of the atmosphere

5.9.1.2 The Earth’s early atmosphere

5.9.1.3 How oxygen increased 5.9.1.1 How carbon dioxide decreased 

Greenhouse gases keep temperatures on Earth high enough to 
support life. The 3 main gases are CO2, methane and water 
vapour. Humans are increasing the levels of 

CO2 and methane.
• Carbon dioxide can be increased 

through burning fossil fuels and 
deforestation.

• Methane levels can be increased 
by mass livestock farming and 
rice farming.

To know the fact from fiction about 
global warming we must look at peer-
reviewed articles.
Simplified models can often be 
misrepresented in the media or maybe 
biased.

5.9.2.1 Greenhouse gases 5.9.2.2 Human activities which 
contribute to an increase in 
greenhouse gases in the atmosphere

Showyourstripes.info



An increase in average global temperatures is a major cause of 
climate change. Climate change could cause:
• Melting ice which could cause rising sea levels and flooding.
• Ocean acidification which could damage sea life.
• More extreme weather which could lead to housing damage, 

wildfires, droughts, flooding etc.
• Changing climate temperatures could mean different crop 

seasons and migrating species.

The carbon footprint is the total amount of CO2 and other greenhouse gases emitted over the full 
life cycle of a product, service or event. To reduce a carbon footprint you need to reduce the 
amount of CO2 and methane you produce.

https://footprint.wwf.org.uk/#/Find out yours →

Most pollutants come 
from combusting fuels. 

Products released can be 
CO2, H2O, carbon 
monoxide, sulphur
dioxide, and nitrogen 
oxides. 
Fuels may also produce 
solid particulates of carbon 
(soot).

Product Carbon 
monoxide

Sulphur dioxide and 
nitrogen oxides

Particulates

Problem
?

Colourless, 
odourless, 
toxic gas.

Cause acid rain and 
respiratory problems.

Cause global 
dimming 
and health 
problems.

5.9.2.3 Global Climate Change

Knowledge Organiser – 5.9 Chemistry of the Atmosphere

5.9.2.4 The carbon footprint and its reduction

5.9.3.1 Atmospheric 
pollutants and their 
sources

5.9.3.2 Properties and effects of atmospheric pollutants 

https://footprint.wwf.org.uk/#/
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