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Topic 1 Early atmosphere
Gases produced by volcanic activity formed the
Earth’s early atmosphere which contained:
* Little or no oxygen
* A large amount of carbon dioxide
* Water vapour and small amounts of other gases
Water vapour in the clouds formed condensed and went
on to form the oceans

The amount of carbon dioxide in the
atmosphere was reduced by it dissolving
into the oceans to be incorporated into
marine organisms, which eventually
formed carbonate rock such as limestone.

1.1 1.2
1.3 1.4 1.5

Rock and Fossil records
provide some insight:

There are many
varied sources of
information which
makes it difficult to
be precise about the
evolution of the
atmosphere
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Topic 1 Present day atmosphere
Volcanic and human
activity, including the
burning of fossil fuels,
farming and deforestation
continue to have a (small?)
effect on the atmosphere.

This chart shows the
current composition of the
Earth’s atmosphere.
1.8 1.9

The growth of primitive plants, such
as mosses, ferns etc. used carbon
dioxide and released oxygen by
photosynthesis. Consequently the
amount of oxygen in the
atmosphere gradually increased.

4

C1

Topic 2 Rock formation
Marble is an example of a metamorphic rock
formed by the action of heat and / or pressure on
chalk or limestone.
Chalk and limestone are examples of sedimentary
rocks and are formed by the compaction of layers of
sediment over a very long time period. These rocks
are susceptible to erosion but may contain fossils.
Limestone, chalk and marble all exist in the Earth’s
crust and are all natural forms of calcium carbonate.

Igneous rocks, such as granite, are formed
by the solidification of magma or lava and
made of crystals whose size depends on the
rate of cooling:
2.1 2.2 2.3
2.4 2.5 2.6 2.7

Igneous rocks:
Rapid cooling,
small crystals.
Slow cooling,
large crystals.
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Topic 2 Limestone
Calcium Carbonate (Limestone) is used as a
building aggregate, it is used as a raw material
in concrete and cement production, spread on
fields, for building, even in pharmaceuticals.
Limestone is used in the production of glass,
plastics, dyes and adhesives. It is, economically
a very important raw material.
Whilst the quarrying of Limestone will increase
local employment and a provide cheap local source of building
material, it will scar the landscape and
can have a significant detrimental
impact on tourism. Heavy traffic,
dust and noise from the machinery
and blasting will all impact on the
local community. Clearly there are
both advantages and disadvantages
in having a mine near you!

2.8 2.9
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Topic 2 Thermal decomposition

All metal carbonates decompose when heated to
form the metal oxide and carbon dioxide. This is
thermal decomposition. Much more heat is required
to decompose Gp1 metal carbonates, such as sodium
carbonate.
Calcium carbonate decomposes to Calcium oxide and CO2

2.10 2.11
2.12

You will have seen the decomposition by
heating of at least one metal carbonate
(calcium, zinc or copper) in the laboratory
and carefully avoided ‘suckback’ when
detecting the subsequent release of CO2.
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Topic 2 Lime

When water is added to calcium oxide
(quicklime), the reaction is exothermic
– it produces a lot of heat and calcium
hydroxide (slaked lime) is formed.

All three - calcium oxide, calcium
hydroxide and calcium carbonate can
be spread onto soil to reduce acidity.
2.14 2.15
2.17 2.18

When calcium
hydroxide is
dissolved in
water it forms
a solution,
known as
limewater.

In the chimneys of coal-fired
power stations, calcium
carbonate can be reacted with
sulfur dioxide to form solid
calcium sulphate (gypsum),
thus reducing the harmful
emissions that cause acid rain.
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Topic 2 Conservation of mass
Atoms are the smallest particles of an element that can
take part in chemical reactions. During chemical
reactions, atoms are neither created nor destroyed.
During chemical reactions, atoms are rearranged to
make new products with different properties from the
reactants

This and many other
precipitation reactions can
be used to demonstrate that
the total mass before and
after a reaction in a sealed
container is unchanged.
2.13 2.16
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Topic 3 Antacids

The stomach produces a strong acid - hydrochloric acid - to help with
digestion and to kill bacteria. Excess acid can result in indigestion and
this can be neutralised using an antacid.
Acids are neutralised by metal oxides, metal hydroxides and metal
carbonates to produce salts. Antacids often contain calcium or
magnesium hydroxide which produce calcium or magnesium chloride.

Hydrochloric acid produces chloride salts
Nitric acid produces nitrate salts
Sulfuric acid produces sulfate salts

3.1 3.2
3.3 3.4 3.5

The effectiveness of Indigestion tablets in
neutralising hydrochloric acid can be
investigated in the laboratory, using pH
indicators or meters and dissolving
different indigestion remedies in the acid
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Chlorine gas
Electrolysis is a process
in which electrical
energy, from
a d.c. supply,
decomposes
compounds, such as
hydrochloric acid to
produce hydrogen
and chlorine.
Water can be
decomposed by
electrolysis to form
hydrogen and oxygen
3.6 3.7 3.10
3.11 3.12 3.13

Topic 3 Electrolysis of HCl
Hydrogen gas
Chlorine is a toxic gas so
this leads to potential
hazards associated with
its large-scale manufacture.
Chlorine can also be obtained from
the electrolysis of sea water.
Chlorine is used in the
manufacture of bleach
and of the polymer
poly(chloroethene) (PVC)
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Topic 3 Tests for gases

Test for oxygen:

Test for hydrogen:

Oxygen will
relight a glowing
splint

Hydrogen will
ignite with a
‘squeaky pop’

Test for chlorine:

Test for carbon dioxide:

Chlorine gas will
bleach the colour
from damp blue
litmus paper

Carbon dioxide, when
bubbled through
limewater, will turn the
limewater cloudy.

3.8 3.9
3.14 5.7
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Topic 4 Metal ores

Most metals are extracted from ores found in the
Earth’s crust by reduction of the ore. Unreactive metals
are found in the Earth as the uncombined elements.
Examples include gold and occasionally silver or copper.

The higher up the Reactivity
Series a metal is, the more
energy required to extract
the metal from its ore.
Copper nugget

The oxidation of metals
results in corrosion.

The higher up the Reactivity
Series a metal is, the less
resistant it is to corrosion
(like rusting).
Metals are reduced by either heating with carbon,
illustrated by iron, or electrolysis, illustrated by
aluminium.
4.1 4.2 4.3
4.4 4.5 4.6
4.7 4.8

Carbon reduction is usually demonstrated in
the laboratory using iron oxide with charcoal.

Gold nugget
Oxidation:
Gain of oxygen

Silver nugget

Reduction:
Loss of oxygen.
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Aluminium is light and resistant to
corrosion. It is used, amongst other
things, for saucepans, cans, aircraft
and car bodies.
Copper is a good conductor, it is easily
drawn into pipes and wires or rolled
into sheets. It is used for roofing. (The
Statue of Liberty is coated in copper.)
Gold is a good electrical conductor, it
is valued and doesn’t corrode. It is
used for electrical contacts, bullion
and jewellery.

Topic 4 Metals
Recycling metals is almost always cheaper than
extracting them from ore. Aluminium, Copper
and Steel have a recycling / scrap value.
Recycling saves energy and
helps to preserve the supply
of the raw material.
Saving energy and recycling
are both good for the
environment.

Steel is an alloy of iron and carbon.
It is used in building frames, cables,
cookers, bridges, knives etc.
4.9 4.10
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Topic 4 Metal alloys
Alloying can change other properties of metals:
Smart or shape memory alloys, including nitinol, an
alloy of nickel and titanium easily return to their
original shape:

Pure metals have a regular structure (left).
Alloys introduce ‘foreign’ metal atoms which
interfere with the movements of atoms in the
lattice (right), increasing strength, hardness and
resistance to corrosion.
Gold alloys have higher strength,
including fineness (parts per
thousand). Here the term
‘carats’ indicates the
proportion of pure gold.
4.11
4.12
4.13(H) 4.14(H)

Nitinol stents spring out
when released inside of
damaged blood vessels:

Nitinol memory wire
frame glasses quickly
return their original
shape if twisted or bent.
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Topic 5 Hydrocarbons
Fractional distillation separates crude oil into simpler, more
useful mixtures using a fractionating column:
Gases: Domestic heating and cooking
Petrol: Fuel for cars

Hydrocarbons:
Compounds that contain carbon
and hydrogen only

Kerosene: Fuel for aircraft

Diesel oil: Fuel for some cars and trains

Crude oil is a complex
mixture of
hydrocarbons

Fuel oil: Fuel for large ships and in
some power stations

Alkanes are saturated hydrocarbons
(contain a single bond), which are
present in crude oil

Bitumen: To surface roads and roofs

5.1 5.2 5.3
5.4 5.5 5.25

Fractions differ in the number of carbon and hydrogen atoms their molecules
contain, their boiling points (see column), ease of ignition and viscosity.
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Topic 5 Combustion

Complete combustion:
CH4 + 2O2 -> CO2 + 2H2O
Complete combustion of
hydrocarbons gives out energy,
involves the oxidation of the
hydrocarbon and produces
carbon dioxide and water

Incomplete combustion:
4CH4 + 5O2 -> 8H2O + 2C + 2CO
4CH4 + 7O2 -> 2CO + 2CO2 + 8H2O
Without sufficient oxygen,
incomplete combustion of
hydrocarbons in appliances can
produce carbon (soot which blocks
pipes) and carbon monoxide.
Carbon monoxide is toxic.
Carbon monoxide poisoning results
when carbon monoxide molecules bind
with haemoglobin in the blood
preventing it from transporting oxygen.

5.6 5.8
5.9 5.10
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Topic 5 Pollution
Sulfur impurities in some
hydrocarbon fuels burn to
produce sulfur dioxide

5.11 5.12

When sulfur dioxide dissolves in rain water the resulting
acid rain acidifies the soil it lands on, affecting crops and
changes the pH of water in lakes and stream, killing fish.
18
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Topic 5 Global warming
The proportion of carbon dioxide in the
atmosphere varies due to human
activity. Chemists are investigating
methods to control the amount of
the gas in the atmosphere by:
* iron seeding of oceans
* converting carbon dioxide into
hydrocarbons

Various gases in the
atmosphere, including
carbon dioxide, methane
and water vapour, trap heat
from the Sun and this keeps the
Earth warm. Human activity can have an impact on the
proportion of these gases, thus raising the temperature,
causing changes to the climate (climate change.

5.13 5.14
5.15 5.16
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Topic 5 Biofuels

Biofuel such as
ethanol, obtained by processing sugar cane or
sugar beet, are
a possible alternative to fossil fuels and can be
used to reduce the demand for petrol.
Unlike petrol, diesel and kerosene (fossil fuels from crude oil) and
methane (fossil fuel from natural gas) – all non-renewable, biofuels are
considered to be renewable.
Growing crops to make
biofuels requires large
areas of fertile land, this
reduces the land available
for growing food.
5.17 5.18
5.19 5.23

The balance between the carbon dioxide
removed from the atmosphere as these
crops grow and the carbon dioxide produced
when they are transported and burned
Should be evaluated when balancing the
advantages and disadvantages of biofuels.
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Topic 5 Fuel cells
In a simple fuel cell, hydrogen combines with
oxygen to form water. The reaction generates
electrical energy. The most significant
advantage of this is that the by-product of the
reaction is water – making it a ‘clean’ fuel.
Hydrogen is highly flammable and explosive,
more care is required than when refuelling
with petrol or diesel.

Factors that make a good fuel, include:
* how easily it burns
* the amount of ash or smoke it produces
* the comparative amount of heat energy it produces
* how easy it is to store and transport
5.20 5.21
5.22
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Topic 5 Fuel fractions

A spirit burner can be filled with different fuels (i.e. methanol,
ethanol, propanol, butanol etc.) each of differing carbon chain
length. The flame is adjusted to be the same and the time to raise a
known volume of water through a fixed temperature rise, recorded.
Alkanes are saturated
hydrocarbons (single bonds).

Alkenes are unsaturated
hydrocarbons (double bonds).

5.24 5.26
5.27 5.28 5.29

Alkenes will turn bromine
water from orange to
colourless – alkanes don’t.
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Topic 5 Cracking

The supply of some fractions of crude oil
exceeds demand whilst other fractions are in
short supply. Larger saturated carbon chain
(alkane) molecules can be ‘cracked’ into smaller,
more useful ones. Some of the products will be
alkenes.

Paraffin can be cracked in the laboratory using
porcelain chips as a catalyst.(Tested with Br2 water)

5.30 5.31(H)
5.32
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Topic 5 Polymers

Many ethene molecules can combine together in a
polymerisation reaction. The polymer formed is called
poly(ethene):
Other monomer molecules can combine to form different
polymers, for example poly(propene), poly(chloroethene)
(PVC) and PTFE:
Poly(ethene):
Bags, bottles,
bubblewrap
Poly(propene):
Containers,
furniture,
toys
5.33(H) 5.34
5.35 5.36

polymerisation

poly(ethene)

Most polymers are not biodegradable,
PTFE:
they persist in landfill sites and many
Non-slip, tape
produce toxic products when burnt.
skateboard
wheels
Disposal is a problem.
(PVC):
Poly(chloroethene) Many plastics can be recycled
and scientists are working on
Pipes, clothing,
making things like carrier bags
plumbing tape
biodegradable.
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