
Section 1 - Measuring Rate of Reaction
Mean rate of reaction =

quantity of reactant used      or  quantity of product formed
Time Time

Measured in grams (g), volume (cm3) or moles (mol).
Rate of reaction measured in g/s, cm3/s or mol/s.
Interpret rate of reaction graphs

Higher Tier – Calculate the gradient of a tangent to the curve 
as a measure of rate of reaction at a specific time. 

Section 2 - Factors Affecting Rate
Increasing Concentration of reactants in solution 
– increases frequency of collisions

Increasing Pressure of reacting gases
– increases frequency of collisions

Increasing the Surface area of solid reactants 
– increases frequency of collisions

Increasing the Temperature of the reaction 
– increases energy of reacting particles
-- increases the frequency of collisions

Presence of a catalyst

Section 3 - Collision Theory
Chemical reactions can only occur when reacting particles 
collide with each other and with sufficient energy.

Activation Energy is the minimum amount of energy 
particles must have to react.
Catalysts: increase rate of reaction but are not used up
during reaction. 
Different reactions need different catalysts. 
Enzymes act as catalysts in biological systems
Catalysts increase the rate of reaction by
providing an alternative pathway that 
has a lower activation energy.
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Section 4- Reversible Reactions and Dynamic Equilibrium

Reversible reaction: a reaction where
the products can react to form the original reactants.

A + B  ⇌ C + D

If a reversible reaction is exothermic in one direction it is 

endothermic in the opposite direction.  

In a closed system equilibrium is reached when 

rate of the forward reaction = rate of the reverse reaction.

http://www.google.co.uk/imgres?q=temperature rates of reactions&safe=vss&sa=X&rls=com.microsoft:en-GB:IE-Address&biw=1280&bih=853&tbm=isch&tbnid=TX5xAmO4C8RVAM:&imgrefurl=http://www.chemactive.com/working2012/resources/ResourcesKinetics.html&docid=4F_9CHGXgt7vHM&imgurl=http://www.chemactive.com/working2012/images/chemistryimages/rates/tempRate.png&w=500&h=250&ei=MwoOU4DoHuzB7Aab4oDQAg&zoom=1&ved=0CPQBEIQcMDE&iact=rc&dur=2770&page=3&start=46&ndsp=25
http://www.google.co.uk/imgres?q=collision theory&safe=vss&sa=X&rls=com.microsoft:en-GB:IE-SearchBox&biw=1280&bih=853&tbm=isch&tbnid=129OA5HGmPKRWM:&imgrefurl=http://staff.um.edu.mt/jgri1/teaching/che2372/notes/10/theory.html&docid=QdRdRtfZh5lN0M&imgurl=http://staff.um.edu.mt/jgri1/teaching/che2372/notes/10/10_16.gif&w=387&h=498&ei=RQkOU-6INeO07QbQ3IC4Bw&zoom=1&ved=0CIQBEIQcMA8&iact=rc&dur=477&page=1&start=0&ndsp=21


Section 5- Le Chatelier’s Principle

When a system at equilibrium is disturbed, the 
system acts to reverse the effect of the 
disturbance.
Effect of concentration on Equilibrium
Increasing the concentration of a reactant

Decreasing the concentration of a reactant

Section 6 - Effect of Temperature on Equilibrium
Exothermic reaction - raise the temperature and the equilibrium moves 
to the left,  

lower the temperature and the equilibrium moves to the right.

Endothermic - raise the temperature and the equilibrium moves to the 
right, lower it and the equilibrium moves to the left.

Section 7 - Effect of Pressure on Equilibrium
Pressure only affect reactions that involve at least one gas.  
Increasing pressure causes equilibrium position to shift towards the side 
with fewer moles of gas.

Decreasing pressure causes equilibrium position to shift towards the side 
with more moles of gas.

Higher Tier

Section 8 -Industrial Application 
The Haber Process

Nitrogen + Hydrogen Ammonia ( + heat)

.

N2(g) + 3H2(g) 2NH3(g) ( + heat)

The industrial conditions are

1) Temperature between 450 °C and 500 °C.

2) Pressure of 200 atmospheres..

3) iron catalyst.

http://www.gcsescience.com/h6.htm
http://www.gcsescience.com/h7.htm
http://www.gcsescience.com/h8.htm


Crude Oil  

Crude oil is a naturally occurring product that we use to pro-
duce products such as petrol, solvents and detergents.  It is a 
mixture of long chain molecules made up of hydrogen and 
carbon only. The chains are called hydrocarbons. The use of a 
hydrocarbon is determined by the number of carbons in its 
chain as its properties depend on how long it is  

Alkanes 

All of the hydrocarbons that we find in crude oil have single 
carbon-carbon bonds in their chains. We say that they are 
saturated (they are bonded to as many other atoms as possi-
ble) and they belong to a homologous series called alkanes. 

Combustion of Hydrocarbons 

Always get Water (H2O ) and Carbon dioxide (CO2) 
with Complete Combustion 

Key Words 

Homologous 

fractional  Distillation 

Unsaturated 

Intermolecular  

Viscosity 

Cracking 

Hydrocarbon 

Limewater 

 

General formula 

Alkanes = CnH2n+2    “ane” 

Alkenes = CnH2n          “ene” 

AQA Combined and Triple Chemistry  C7: Crude oil and Fuels 

Fraction Distillation 

The different chain length molecules can separated using fractional 
distillation. The crude oil mixture enters a tall column and is heated 
to a high temperature so that most of the molecules are vaporised 
(turned into a gas). The column is cooler at the top than it is at the 

bottom. As the gaseous molecules rise up the column they condense 
(turn back into a liquid) when they reach their boiling point. They are 
then collected and removed. The separated samples are called frac-
tions. 

Smaller molecules travel further up the column because they have 
fewer intermolecular forces between their chains. This means that 
they have lower boiling points and so they condense at lower temper-
atures and so remain a gas at lower temperatures. 

 

 

 

 

 

These intermolecular  
forces also explain 
why viscosity increases 
in chain length gets 
longer while flamma-
bility increases as the 
chain length gets 
shorter.  

 

 

Number of C 
in chain 

Start of 
name 

Full name 

1 Meth- Methane 
2 Eth- Ethane 
3 Prop- Propane 
4 But- Butane 

Cracking  

Long chain molecules have less uses and are in less of a demand, but they can be broken down into small-
er more useful products by cracking.  

Catalytic cracking: the alkane is brought into contact with a powdered aluminium oxide cata-
lyst at moderate pressure and a temperature of around 500°C. 
Steam cracking: the hydrocarbon is mixed with steam and heated to a very high tempera-
ture (approximately 850°C). 

Both cracking processes result in the formation of two products; an alkane and an alkene. 

Alkenes 

Alkenes are produced as one 
of the products of cracking. 
They are also hydrocarbons, 
but this homologous series has the general 
formula: CnH2n  

This double bond means that alkenes are 
more reactive than alkanes. 

Although it is the shorter chain alkane that is 
the desired product of cracking, alkenes are 
also useful to us. Alkenes can be used as 
monomers in polymerisation reactions to 
produce some of the plastics that we use in 

our everyday lives. 

 

Testing for alkenes 

Unsaturated hydrocarbon breaks its double bond & forms a 

new compound (Di-Bromo) it goes Colourless with Alkenes 

The Products of Cracking 

The sum of the carbon and hydrogen atoms in the 

two products of the cracking process must be the 

same as the number of atoms that you started with  
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Reactions of Alkenes 
 
Hydrogen adds across the double bond to simple 
form the alkane with the same number of carbon 
atoms. 

 
 
 
 
 

Halogens react with alkenes by the double bond 
breaking and attaches on each carbon.  
 

Naming : Give the name of the Halide first but; 
Chloro, Bromo and Ido.  

 
Water can be added across the double 

bond by reacting an alkene with steam in 
the presence of a hot phosphoric acid cata-
lyst. This produces an alcohol by adding a H 
to one side of the double bond and  an OH 
to the other side (from H2O). 
This reaction will only happen at 300°C and with 
the use of a nickel catalyst. 

Fermentation  is another method for making 

al-

Carboxylic Acids  CnH2n+1COOH 
Carboxylic acids have the functional group – COOH.  

They have the ending ‘anoic’ e.g. Ethanoic Acid 
Carboxylic Acids are weak acids due to the fact they only 
partially  dissociate (ionize). Forming H+ ions 

 

Ester  - COO  

Alcohol + Carboxylic Acid —> Ester + Water  

When an Alcohol  reacts with a Carboxylic Acid 
water is released and an Ester is made.  

They have the functional group –COO 

Naming esters : First name is the Alcohol  and 
second name is the salt name of the Carboxyllic 
acid 

Propanol + Ethanoic Acid —> Propyl Ethanoate + Water 

Esters  are volatile compounds are often used as; Food flavorings, perfumes, 
plastics , solvents and plasticisers.  

Alcohols 
A molecule that contains the functional 
group –OH is called an alcohol.  

CnH2n+1OH 

Number of 
C in chain 

Start of 
name 

Full name 

1 Meth- Methanol 
2 Eth- Ethanol 
3 Prop- Propanol 
4 But- Butanol 

Reactions of Alcohols 
 
Combustion 
Ethanol is used as a fuel so combustion is common 
reaction for most alcohols.  
Reactions with Sodium 
When reacting with Alkali metals It effervesces with 
Hydrogen gas.  
Remember : 

2Na + 2C2H5OH  —> 2C2H3ONa + H2 

 
 
Oxidation 

 
 
 
 
 
 
 
 
 
 
 

When  alcohols are oxidised they produce a Weak Acid   
Can use an oxdising agent  to form a Carboxylic Acid.  
Ethanol + Oxidising agent —> Ethanoic Acid + Water 
C2H5OH +            [O]            —>  C2COOH  +       H2O 

Polymers 

When small molecules are combined 

together they are able to create long 

chain molecules called Polymers 

There are two types of Polymerisation 

Addition and Condensation 

Addition Polymerisation 
Small molecules, such as alkenes (Monomers)  
react together to form Polymers 
Alkenes are able to join together in a process 
called addition polymerisation because they can 
open up their double bonds and join (or add) 
together to form a chain.  

Naming polymers : add poly in front and put the 
Monomer in brackets.  
 
  Ethene  —————————— Poly(Ethene)  

Condensation Polymerisation 
When different Monomers are 
added together  they create a secondary product usually water. The differ-
ent monomers will have different functional groups.  

General rule: 

Naturally Occurring Polymers 
 
Amino acids are naturally occurring molecules that contain two functional groups. They 
have an amine group at one end of the molecule and a carboxylic acid group at the other. 

 
This means that they can undergo condensation 
reactions with themselves. Amino acids are consid-
ered the building blocks of life because these reac-
tions produce polypeptides, which join together to 
make proteins in all plants and animals  



Natural Polymers 

Sugars can undergo polymerisation in living things to make polymers, 

such as starch and cellulose.  

DNA 
DNA molecules are two polymer chains twisted together into a 
double helix. Each polymer chain is made up of nucleotides 
which are made up of a base, a sugar and a phosphate group. 
There are four bases and the interaction between the bases on 
each polymer strand holds the two DNA strands together and 
forms the double helix. These four bases can only interact with 
others in pairs. Adenine (A) always pairs with thymine (T) and 
Cytosine (C) always pairs with Guanine (G). 

AQA Triple Chemistry Unit C7:  Organic Reactions & Polymers 



1.3 Chromatography
A technique used to separate mixtures and help identify substances.
Chromatography involves a stationary phase and a mobile phase. 
Substances separate depending on their distribution between the 
stationary and mobile phases.
Different compounds have different Rf values in different solvents. Rf
values can be used to identify the compounds in a mixture.

A mixture will give 2 or more spots on a chromatogram but a pure 
compound will give one spot on a chromatogram.

Rf value =  distance moved by substance
distance moved by solvent

1.1 Pure Substances 
• Single element or compound (nothing added, eg pure milk)
• Specific melting and boiling temperatures and can be used to 

distinguish pure substances from mixtures

1.2 Formulations 
• Mixture designed as a useful product with a particular purpose
• Made by mixing components in carefully measured quantities 

to achieve required properties
• Examples: Fuels, cleaning agents, paints, medicines, alloys, 

fertilisers and foods

1.4 Identification of common gases

Gas being 
tested

Test carried out 

Hydrogen (H₂) Burning splint placed in a test tube filled with the 
gas. Burns rapidly with a pop sound.

Oxygen (O₂) Glowing splint placed into a test tube of the gas. 
Splint will relight.

Carbon 
dioxide (CO₂) 

Aqueous solution of calcium hydroxide (lime 
water). When CO₂ is shaken or bubbled through, 
solution will turn milky (cloudy).

Chlorine (Cl₂)  Using litmus paper. Damp litmus paper put into Cl₂ 
gas, paper is bleached and turns white. 



Evolution of the Earth’s Atmosphere‐ One Theory

The changes in oxygen

Algae and plants produced the oxygen that is now in the atmosphere by 
photosynthesis:

Plants evolved and the percentage of oxygen gradually increased to a level that 
enabled animals to evolve.

Changes in Carbon dioxide 

Algae and plants decreased the percentage of carbon dioxide in the atmosphere by 
photosynthesis. 

Carbon dioxide was also decreased by the formation of sedimentary rocks and fossil 
fuels that contain carbon.

Formation of carbon compounds  

• Over millions of years, the skeletons and shells built up at the bottom of the 
ocean. They were covered with layers of sediment, the pressure of these layers 
formed sedimentary rocks e.g limestone 

• Coal is a sedimentary rock, formed from deposits of plant material in swamps 
with a lack of oxygen and compression for millions of years. 

• Crude oil and natural gas are from remains of plankton deposited in  muds on the 
seabed. 

Earth’s early atmosphere 
may have been like the 

atmospheres of Mars and 
Venus today, mainly carbon 
dioxide, with  little or no 

oxygen gas.

Intense volcanic activity that 
released gases such as water 
vapour and nitrogen. Water 
vapour condensed to form 

the oceans. 

When the oceans formed, 
carbon dioxide dissolved in 
the water and carbonates 

were precipitated producing 
sediments, reducing the 
amount of carbon dioxide. 

Evolution of algae and plants 
further reduced carbon 

dioxide levels and increased 
oxygen levels due to 
photosynthesis.

1st algae 2.7 
billion years ago

4.6 billion years ago

Topic 9: Chemistry of the Atmosphere



Human activates causing global climate change (unnatural)

Some human activities increase the amounts of greenhouse gases:

Effects of global climate change

Based on peer‐reviewed evidence, many scientists 
believe that human activities will cause the 
temperature of the Earth’s atmosphere to increase at 
the surface and that this will result in global climate 
change. 

Effects 

• Rising sea levels

• Extreme weather 

• Changes in temperature and rainfall 

• Distribution of species 

Carbon footprint ‐ is the total amount of carbon dioxide and other greenhouse gases emitted over 
the full life cycle of a product, service or event. 

Solutions

• Carbon capture and storage – pump carbon dioxide produced by fossil fuel power stations 
deep underground into porous rock. But would be expensive. 

• Less demand for beef – to help reduce methane production by cattle. 

• Carbon taxes put in place my governments

• Support the use of biofuels 

Atmospheric pollutants from fuels 

Greenhouse gases (natural) 

Greenhouse gases in the atmosphere maintain temperatures on Earth high 
enough to support life. Water vapour, carbon dioxide and methane are 
greenhouse gases.

The greenhouse gases let short‐

wavelength EM radiation pass 

through but not longer wavelength

(infrared radiation – thermal)  

Carbon dioxide  Methane 

Burning fossil fuels From swamps and rice fields 

Deforestation  Waste in landfill sites

Also….
• Carbon monoxide is a toxic 

gas. It is colourless and 
odourless and so is not easily 
detected. 

• Sulfur dioxide and oxides of 
nitrogen cause respiratory 
problems in humans and 
cause acid rain. 

• Particulates cause global 
dimming and health problems 
for humans. 



Chemistry 10: Using Resources

Section 1: Using Earth’s resources and sustainable development
1 Natural resources Earth’s materials (helped by agriculture) that provide warmth, shelter, food 

and transport eg food, timber, clothing and fuels 
2 Finite resources Used faster than they are created and therefore will run out eg fossil fuels
3 Renewable resources Replaced at the same rate at which they are used up eg biofuels
4 Sustainable development Development that meets the needs of current generations without 

compromising the ability of future generations to meet their own needs
Chemists try to create new products from renewable rather than finite natural resources to improve 
sustainability e.g. plastic is usually made from oil (finite fossil fuel), but can be made from farmed sugar 
cane (renewable crop)

Section 2: Obtaining potable water
5 Potable  

water
Water that is safe to drink i.e. low in dissolved salts and microbes. Still not chemically 
pure as still contains dissolved salts

6 Producing potable water depends on availability of water & local conditions

Section 3: Waste water treatment
7 Waste   

water
Water produced by urban lifestyles and industrial processes that requires treatment before 
being released into environment

8 Aerobic 
Digestion

Requires oxygen to sustain bacteria respiration. Bacteria break down organic compound

• Screening & grit removal 
• Sedimentation to remove fine sediments/ sludge
• Aerobic biological treatment of effluent
• Anaerobic digestion of sludge 
• Disinfection (chlorination or UV treatment)- kills microbes

Removal of organic matter and 
harmful chemicals

Abundant fresh water: UK Limited fresh water
Source Rainwater collecting in ground, lakes, 

rivers or aquifers
Salty or sea water

Treatment • Choose appropriate fresh water source
• Pass through filter beds
• Use sterilising agents: chlorine, ozone 

(O3) or ultraviolet light

Desalination by distillation or reverse 
osmosis (where salts are separated from
water using a semipermeable 
membrane). Both require lots of energy

Section 3: Waste water treatment continued
9 Distillation Involves heating salt water to produce steam (evaporation) and then condensing 

the steam to produce pure water (salt left behind)
10 Desalination The purification of water and removal of salt using reverse osmosis.

11 Reverse 
Osmosis

Pure water is forced under pressure across a semi-permeable membrane against 
its concentration gradient (from a concentrated salt solution to pure water)

Treatment of potable water

Treatment of sewage



Section 6: Ways of reducing the use of resources
Reduction in use and encouraging the reuse/recycling of materials reduces;
• use of finite resources and energy sources
• production of waste and environmental impacts
Metals, glass, building materials, clay ceramics and most plastics are produced from limited raw 
materials
Reusing/rec
ycling

Reduces need to obtain raw materials from the Earth by quarrying and mining that causes 
environmental impacts

Reuse Glass bottles can be crushed and melted to make different glass products
Recycling Metals can be recycled by melting & recasting or reforming into different products. Amount 

of separation required for recycling depends on material & properties required of the final 
product eg some scrap steel can be added to iron from a blast furnace to reduce the 
amount of iron that needs to be extracted from iron ore.

Recycling:

• Uses much less energy

• Conserves finite resources

• Reduces waste to landfill

Section 4: Alternative methods of extracting metals (HIGHER TIER)
Metal ores are a finite natural resource e.g. copper ores are becoming scarce. New biological
methods of extracting copper from low-grade ores that avoid traditional mining methods of 
digging, moving and disposing of large amounts of rock have been found
12 Phytomining uses plants to absorb metal  

compounds. They are harvested & burned to  
produce ash that contains metal compounds

13 Bioleaching uses bacteria to produce leachate 
solutions that contain metal compounds

Metal compounds in ash and leachate solution are then processed to obtain the metal eg copper can 
be obtained from solutions of copper compounds by displacement using scrap iron or by electrolysis

Section 5: Life Cycle Assessments
13 Life Cycle   

Assessment 
(LCAs)

Assesses the environmental impact of all the stages of a product’s (eg car) life. 
Stages:
• extracting and processing raw materials 
• manufacturing & packaging
• use and operation during its lifetime 
• disposal at the end of its useful life, including transport & distribution at each 

stage

LCAs can be misused to benefit a company eg as proving affects of pollutants 
requires judgement, company could present cars as more eco-friendly than reality 
for advertising purposes

Use of resources such as water, energy sources and production of some wastes can 
be easily quantified (amount measured) so can’t be misused
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