
An element is a substance 
that cannot be broken down 
into anything simpler by a 
chemical reaction. Elements 
are made up of atoms that 

are all the same.

Rule 1 – The name of the metal always 
comes first in the compound name 

Rule 2 – When two elements join the 
end is usually _______ide.

Rule 3 – When three or more elements 
combine and one of them is oxygen the 

ending is _____ate

Interpreting chemical 
formulae

GCSE Chemistry 
Year 10

Chemical Reactions
Atoms are rearranged 

during a chemical 
reaction. None are 

created or destroyed.
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Does not make a new 
substance.  
It is reversible.

E.g. Water freezing to ice 

A new substance is made. 

It is irreversible.

E.g. Burning magnesium. 

5 signs of a chemical change:
Colour Change 

Formation of a precipitate 
Gas formation

Temperature change 
Sound production 

Trends you must know

Writing formulae – swap and drop 1. Find the ions in the ions table
2. Circle 'floating’ numbers
3. Draw arrows
4. Re-write anything not circled
5. Swap and drop numbers (plus and minus 

cancel out)

Separating mixtures Evaporation
Soluble solid from liquid
This is good for separating a soluble 
solid from a liquid (a soluble 
substance does dissolve, to form a 
solution 



Chromatography

Different chromatograms and the separated 
components of the mixtures can be identified 
by calculating the Rf value using the 
equation:
Rf = distance moved by solute
       Distance moved by solvent

Separating liquids due to boiling point
Distillation – Separating water and miscible liquids.

Pure liquids have specific boiling 
points, e.g. water boils at 100°C. Ethanol 
boils at 78°C. Water and ethanol are 
miscible (when two liquids mix together 
easily without separating into layers).
This method works because the liquids in 
the mixture have different boiling 
points. When the mixture is heated, one 
liquid evaporates before the other.

1. Using a pencil, draw a horizontal line 1.5cm above the bottom edge of the paper.

2. Place a small drop of black ink on the middle of your pencil line.

3. Pour a small volume of water into the beaker provided. 

4. Place the bottom edge of your chromatography paper into the water in the beaker. The water will 

now start moving up the paper. Make sure the ink dot does not go below the surface of the water.

5. Remove the paper. In pencil, carefully mark the height which the water reached (this is called the 

solvent front). Then mark the height which the different coloured inks reached(place your mark 

in the centre of the different colours). Leave your paper to dry.
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Atomic structure

Structure of the atom:

Atoms are the smallest particles of 
matter. Everything is made from 
atoms.

Atoms are made up of three sub-
atomic particles – protons, 
neutrons and electrons

Particle Mass (amu) Charge

Proton 1 +1
Neutron 1 0
Electron trace -1

Atomic and mass numbers

•Atomic Number - the number of protons in 
the atom (11)
•Mass Number - the total number of 
particles in the nucleus (23)

The number of neutrons is calculated 
by subtracting the atomic number from 
the mass number (23 – 11 = 12) 
The number of electrons is always the 
same as the number of protons in 
atoms (11)

TRIPLE: Relative atomic mass (Ar) - The weighted 
average of the masses of all of the isotopes of 
an element.

Ar = (mass x % isotope 1) + (mass x % isotope 2) 
100

Element Relative mass of
isotope

Relative
abundance

Chlorine (Cl) 35 75

37 25

𝐴𝑟 = (35 × 75) + (37 × 25)
                       100

= 𝟑𝟓. 𝟓
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Ion – a charged particle. Has different numbers of protons
and electrons.

Positive ion – has more protons (+) than electrons (-). Formed when an atom 
loses electrons. 
E.g. lithium

Negative ion – has more electrons (-) than protons (+). Formed when an atom 
gains electrons.
e.g. fluorine

Electron 
Shell

Can 
hold…

1st 2

2nd 8

3rd 8

Electrons orbit the nucleus of an atom in shells.

Shells are filled from the inside shell outwards

Electrons cannot fill a new shell until the 
current one is full

Electron configuration – the number of 
electrons in each shell, e.g. for sodium 

2.8.1
Outer shell – the outermost electron shell 

(last to be filled).
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Group – number of electrons in the 
outer shell

Period – the number of shells 
containing electrons

Atomic number – the total number of 
electrons in all shells.

The periodic table



The periodic table

Groups - The vertical columns

Periods – The horizontal rows. Remember to 
number these from the right hand side!

Arrangement – The elements and similar 
elements are grouped together

Group 1: the alkali metals

GROUP 1 METALS ALL HAVE 1 ELECTRON in their outer 
shell 

Reactivity:

The elements get more reactive as you go down the 
group 

HIGHER: outer shell gets further from nucleus so 
easier to lose 1 electron as nuclear attraction is 
less.

They are stored in oil to prevent contact 
with air (oxygen) and water.



Reaction with oxygen:
•The metals tarnish when they react with oxygen, forming the metal oxide
sodium + oxygen → sodium oxide
They are shiny when cut, then turn dull as they react with oxygen.

Reaction with water:
•The metals react with water, forming the metal hydroxide and hydrogen gas
potassium + water  → potassium hydroxide +  hydrogen

Float Fizz Move Melt Burn

Li ✓ ✓ ✓

Na ✓ ✓ ✓ ✓

K ✓ ✓ ✓ ✓ ✓

Group 7: the halogens

GROUP 1 METALS ALL HAVE 7 ELECTRONs in their outer 
shell 

Reactivity:

The elements get less reactive as you go down 
the group 

HIGHER: outer shell gets further from nucleus 
so harder to gain 1 electron as nuclear 
attraction is less.

Non-Metallic properties – poor conductors, low 
melting/boiling points, low density
Diatomic molecules – F2, Cl2, Br2

Reactions of halogens and iron wool
Halogens react with iron wool to form iron 

halides
e.g. iron + chlorine → iron chloride

The speed of which indicates reactivity



Halogen
Halide ion solution

potassium 
chloride

potassium 
bromide

potassiu
m 
iodide

chlorine ✓ ✓

bromine ✓ ✓

iodine ✓ ✓

Lithium
Red

Sodium 
yellow

Flame tests

Potassium
lilac

Calcium
Brick 
red

Barium 
Apple 
green

Silver nitrate test Test for chloride, bromide or iodide ions
• Dissolve compound in water
• Add silver nitrate
• A silver halide is precipitated. 

white cream yellow
𝐴𝑔+

(aq)+ 𝐶𝑙− 
(aq) → 𝐴𝑔𝐶𝑙 (s)

𝐴𝑔+
(aq) + 𝐵𝑟− 

(aq) → 𝐴𝑔𝐵𝑟 
(s)

 𝐴𝑔 +
(aq) + 𝐼− 

(aq) → 𝐴𝑔I 
(s)

State symbols:
(s) = solid
(l) = liquid
(g) = gas

(aq) = aqueous



Group 0: the noble gases
Group 0 elements all have full outer shells. This 

makes them unreactive (inert)

Unreactive & low density

Emits light when electricity passes through it

unreactive

Used in party balloons & weather balloons

Used in advertising signs

Used as inert atmosphere for welding & in lightbulbs

Chemical calculations

Calculating Mr
e.g. Mg(OH)2 

Mg x 1  = 24 x 1  = 24
O x 2   =  16 x 2  = 32
H x 2   =  1 x 2  =  2 
                          58

                          

Number of 
atoms

Mass numbers

Calculating % mass
e.g.  calculate the percentage of 
oxygen in Mg(OH)2 

Step 1: Calculate the Mr:

Mg x 1  = 24 x 1  = 24
O x 2   =  16 x 2  = 32
H x 2   =  1 x 2  =  2 
                          58

Step 2:

         2   X   16  x 100  = 55%
58

     

Mass number 
of oxygen

Number of atoms of 
oxygen

Mr compound

Percentage yield
The amount of product we get from a chemical reaction is called the yield. The more 
reactants we put in, the higher the actual yield will be.
The percentage yield (%) tells us the overall success of the experiment. It compares the 
predicted yield  (what we should get) with the actual yield (what we actually get in 
practice).

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑



Simplest formula (higher only)
When 4 g of copper oxide is reduced in a steam of hydrogen, 3.2 g of copper remains.

Work out how much oxygen was contained in the copper oxide.
1.  First step Find the mass difference

4 – 3.2 = 0.8 g

elements Cu O
Mass 3.2 0.8
Ar (mass number) 64 16)
÷ 0.05 0.05
ratio 1 1
formula Cu O

Moles (Higher Tier) The mole is a term that describes a specific number – like 
the word ‘dozen’ represents the number 12. The mole 
however is a much larger number 6.02 x 1023 atoms. (6 
followed by 23 zeros).
This number is also called Avogadro constant or 
Avogadro’s number.

To calculate the 
number of moles, we 
use this equation:

Number of moles 
= mass (g)

   Mr

Example 1:
How many moles of atoms are there in 4.8 g of carbon?

𝑚𝑜𝑙𝑒𝑠 =
𝑚𝑎𝑠𝑠

𝐴𝑟
=

4.8𝑔
12

= 0.4 𝑚𝑜𝑙𝑒𝑠

Ar C = 12

Calculating the masses of reactants or products (Higher Tier)

What MASS OF MAGNESIUM OXIDE is produced when 60g of magnesium is burned in air?

Step 1: cross out the part of the equation not mentioned in the question. In this case the 
oxygen.

2𝑀𝑔 + 𝑂2 → 2𝑀𝑔𝑂

Moles Ratio mass

Work out the moles of the 
one you know the mass of. 
In this case the Mg.

N = mass/Mr
     = 60/24
     = 2.5 moles

Use the equation to find 
the mole ratio.
Ignoring the crossed out 
part(s):

2𝑀𝑔 → 2𝑀𝑔𝑂
2 :   2

1 : 1
2.5  :  2.5 

Now find the mass of the 
one asked in the question. 
In this case the magnesium 
oxide.

Mass = n x Mr
        = 2.5  x 40 
        = 100g

Mr MgO 
= 24 +16 

= 40



The ever changing earth

This idea of ‘continental drift’ is based 
on the following observations:

1. jigsaw-like fit of the edges of continents, 
e.g. the west coast of Africa and the east 
coast of South America

2. similar rocks of the same age found on 
different continents

3. similar plant and animal fossils found on 
opposite sides of huge oceans.

Wegener’s theory did not include 
any attempt to explain how the 
continents moved and it was 
dismissed by more renowned 
scientists of the time.

Convection currents in the mantle were proposed by some scientists as an explanation 
for plate movement as far back as the 1930s and this was generally accepted as being 
correct by the 1960s. Wegener’s theory of continental drift was refined and became 
known as ‘plate tectonics’.

Conservative boundary:
Plates move in opposite directions 
(side by side). They overcome friction 
and move suddenly. This is an 
earthquake.

Destructive boundary:

Plates move towards each other. 

The denser plate sinks and melts. 

The less dense plate rises, 

forming mountains. Causes 

volcanoes and earthquakes.

Constructive boundary:

As two plates move apart, 
magma rises into the gap. 
Then the magma cools and 
solidifies to form new 
igneous rocks. Causes 
volcanoes

Rocky

Semi solid rock

Liquid nickel and iron

Solid nickel and iron



Ammonia reacted 
with oxygen 

forming nitrogen. 

Plants could now grow; 
Photosynthesis took in much 
of the CO2 and released oxygen 

into the atmosphere. 

Today our 
atmosphere remains 

constant:
Nitrogen 78%
Oxygen 21%
Argon 0.9%
CO2 0.04%

Earth cooled and Water 
vapour condensed forming 

the oceans

Volcanoes released 
gases that formed 

the early 
atmosphere 

Early atmosphere was 
made up of mainly CO2, 
water vapour, methane 

and ammonia

The evolution of the atmosphere

The composition of the atmosphere has remained stable for millions of years

Today’s atmosphere

Photosynthesis 
CO2 in -> O2 out

Respiration and 
combustion 

O2 in -> CO2 out

Humans have disrupted this balance by 
increased combustion of fossil fuels 
and decreased photosynthesis due to 
deforestation



Global warming and acid rain
What causes it? Effects Solution
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Carbon dioxide is released when 
fossil fuels are burned. 

Light from the sun passes through 
the atmosphere and is absorbed by 
the Earth’s surface, warming 
it. Greenhouse gases act like a 
blanket, trapping heat near the 
surface and raising the 
_temperature. It is a natural process 
that warms the planet but human 
activities are increasing the 
enhanced global warming.

Rising sea levels

Habitat destruction

Ice caps melting

Drought

Flooding

Changing weather patterns

Be a responsible consumer 
of energy
Carbon capture and storage

Ac
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Fossil fuels contain sulfur 
impurities which, when burned forms 
sulfur dioxide. This then forms a 
solution of sulfuric acid on contact 
with water in the atmosphere. This 
falls as acid rain with a pH of 2-4.

Lowers the ph of lakes and 
rivers, damaging aquatic 

life

Damages vegetation

Damages stone 
statues/buildings

Corrodes metal structures.

Be a responsible consumer 
of energy
Sulfur scrubbing

Name of gas

oxygen

hydrogen

carbon dioxide

Test to identify

Place in the presence of a 
glowing splint.
Place in the presence of a 
lit splint.
Bubble the gas
through limewater.

Result of test

Relights the glowing 
splint.
Hear a squeaky ‘pop’.

Limewater turns milky.

Gas tests 



Rates of reaction

Measuring Rates of Reaction:

• Rate of Reaction – the speed at which a reaction takes place.

• To measure the rate of reaction you:

» measure how quickly the reactants are used up
» measure how quickly the products are formed.

The mass of 
the flask and 

contents 
decreases as 

the gas 
formed 

leaves the 
flask.

• Recording the loss in mass over time gives 
an accurate rate measurement.

Recording the volume of gas produced 
over time gives an accurate rate 
measurement.

A gas 
syringe is 

used to 
measure the 
volume of 
gas as it is 
produced.

Recording the decrease in light 
intensity over time gives an accurate 
rate measurement.

The solution 
turns 

milky/cloud
y  as the 

precipitate 
(insoluble 
solid)is 
formed.

Collision Theory:
• For a reaction to happen 

the reacting particles 
must successfully collide

• A successful reaction is 
one that leads to a 
reaction happening

• A successful collision 
happens when the reacting 
particles have sufficient 
energy



At a higher 
temperature the 
particles have more 
kinetic energy and 
move faster
This increases the chance of 
successful collisions - so a 
faster rate of reaction.

At a higher pressure there are 
more reacting particles in the 
same space.

This increases the chance of 
successful collisions - so a 
faster rate of reaction. A larger surface area provides 

more space for the reacting 
particles to collide.
•This increases the chance of 
successful collisions - so a 
faster rate of reaction.

•A catalyst is a substance that speeds 
up a reaction without being used up
By lowering the activation energy it 
increases the chance of successful 
collisions – so a faster rate of 
reaction.

Rate graphs:

A graph is used to follow the course of 
reaction

Comparing graphs show the differences in the 
rates of similar reactions

Higher: Activation energy is the minimum amount of energy 
that particles must have when they collide in order to react



water Water contains:
•Ions – As water flows over the ground, it picks up various ions from 
minerals. e.g. Mg2+, Ca2+, Na+ and K+

•Gases – As water falls as rain, oxygen (essential for marine life) and 
carbon dioxide (essential for plant life, reduces pH of the water) dissolve in 
the water.
Other things that water picks up on its travels contain microorganisms, 
which are natural pollutants and include bacteria and viruses, and man-made 
pollutants including fertilisers, pesticides and household and industrial 
waste.

Desalination of sea water
The simplest method for desalination of 
sea water is distillation. This involves 
boiling sea water which uses large 
amounts of costly energy, preventing it 
from being a viable process in many parts 
of the world.
You should also be able to discuss the 
potential of desalination as a source of 
drinking water in different parts of the 
world in terms of proximity to the sea, 
availability of ‘cheap’ energy and a 
country’s wealth.

Fluoridation
It can help to prevent tooth decay, which is why it's added to many brands of toothpaste and, 
in some areas, to the water supply through a process called fluoridation.

Many people object to proposals to fluoridate water 
supplies for several reasons:

•Fluoride can be harmful in high concentrations, 
e.g. causing discolouring or decay of teeth 
(fluorosis).
•High fluoride intake has also been linked to 
stomach and bone cancers and to infertility.
•Some argue against fluoridation because it is 
‘mass medication’ and that no one should be 
forced to consume fluoride.

The link between fluoride 
ions and a reduction in 
incidence of tooth decay has 
been established by 
surveying school children 
of various ages, and that 
the data is reliable because 
all school children are 
surveyed and only absentees 
on the day are excluded.



Term Definition

Solution Mixture of solid (solute) and liquid (solvent) that 
doesn’t separate out e.g. brine

Solute Solid (or substance) being dissolved e.g. salt
Solvent The liquid being dissolved into e.g. water
Soluble Means it will dissolve
Insoluble It won’t dissolve
Solubility How much of the solute will dissolve in the solvent

Solubility curves
Every solid has a different rate of solubility.

Hard and soft water If rainwater passes along limestone (calcium carbonate) rocks on its way to a 
reservoir, calcium ions Ca2+ will collect in the water. Other ions such as magnesium 
ions Mg2+ can also collect in water. These additional ions make the water hard.

Temporary hard water
Calcium hydrogen carbonates 
(Ca(HCO3)2) and magnesium hydrogen 
carbonates (Mg(HCO3)2) form 
temporary hard water because when this 
water is boiled, hardness is removed as 
hydrogen carbonates are decomposed.
𝐶𝑎(𝐻𝐶𝑂3)2 (𝑎𝑞) → 𝐶𝑎𝐶𝑂3 (𝑠) + 
𝐻2𝑂(𝑙) + 𝐶𝑂 2 (𝑔)
This process forms magnesium carbonate 
and calcium carbonate which are 
insoluble. This forms lime scale and 
collects on kettles as ‘fur’.

Permanently hard water
When insoluble calcium 

and/or magnesium 
sulfates exist in water it 
is called permanently 

hard water.

Treating permanently hard water

1. Washing soda
Sodium carbonate (Na 2 CO3), also known as washing soda, can 
soften both temporary and permanent hard water. It adds a large 
amount of carbonate ions to the water.
These react with dissolved calcium ions, forming a precipitate of 
calcium carbonate:



Experiment to determine if water is soft, 
permanently hard or temporarily hard
Soap solution is added every 1 cm3 to the 
water and the flask shaken to try and 
form lather (bubbles). Soft water 
lathers easily therefore little amount of 
soap solution is used. Hard water lathers 
slowly therefore more soap solution is 
needed. If two samples of water seem to be hard 

water, samples of both types of water 
could be boiled. The same experiment as 
above could then be undertaken.
If the water is still difficult to lather, 
then the water is permanently hard.

The health benefits of hard water and its negative effects



Limestone – triple only 

metal carbonate 
sample

lime waterWe can prove that the gas produced is carbon dioxide by 
bubbling it through limewater. If carbon dioxide is present, 
the limewater will turn milky.

metal carbonate à metal oxide + carbon dioxide

XCO3 (s) à XO (s) + CO2 (s)

Metal carbonates
sodium carbonate

Na2CO3

calcium carbonate
CaCO3

copper(II) carbonate
CuCO3

Colour before heating white white green

Colour after heating white white black

Gas evolved none carbon dioxide carbon dioxide

Ease of decomposition Very difficult Fairly easy Easy

Copper is the least 
reactive metal and 
decomposes rapidly 

and easily.

No reaction is 
observed with 

sodium 
carbonate, as 

the more 
reactive the 
metal, the 
more stable 

the carbonate.

Calcium is less 
reactive than 

sodium therefore 
heat is able to 

decompose calcium 
carbonate fairly 

easily.

Limestone quarrying



Limewater
Ca(OH)2 (aq)

Limestone
CaCO3 (s) Stage 1:

Limestone roasted

Stage 3:

Add excess water
CO2 Released

Slaked lime
Ca(OH)2 (s)

Quicklime
CaO(s)

Stage 2:

Add a few drops of water
Exothermic

Stage 1:
Calcium carbonate (limestone) is heated for 20 minutes. Limestone glows and becomes 
crumbly. This is the decomposition to calcium oxide (quicklime).

Equation:

calcium carbonate → calcium oxide + carbon dioxide

(limestone)
CaCO3 (s) →

(quicklime)
CaO (s) + CO2 (g)

Stage 2:
Add a few drops of water

A few drops of water are added to the calcium oxide 
(quicklime). This causes the compound to sizzle and 
release steam. This forms calcium hydroxide (slaked 
lime). The reaction is exothermic.

Equation:
calcium oxide   +  water  →  calcium hydroxide
(quicklime)                        (slaked lime)
CaO (s)+ H 2 O (l) → Ca(OH) 2 (s)

Stage 3:
Add excess water
Calcium hydroxide (slaked lime) 
dissolves a little in water. Excess 
water is added to form an alkaline 
solution called limewater.

Limestone cycle 
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