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1. Chemical Changes 

By the end of today’s lesson you will be able to 
state the meaning and given an example of:

• precipitation
• effervescence
•colour changes
•energy changes

Precipitation
• Collect 2 test tubes and a test tube rack.

• Place 1 cm depth of cobalt chloride solution in 
one test tube.

• Place 1 cm depth of potassium carbonate 
solution in another test tube.

• Pour one solution into the other and observe 
what happens.
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• Was a gas given off?

• Was a solid formed?

• Did the tube heat up?

• Did the colour change?

• How can you tell a chemical reaction has 
occurred?

• Write a sentence each about:
– What you did?

– What you observed?

• A precipitate is a powdery solid formed 
during a chemical reaction between two 
solutions.

• During a precipitation reaction a new 
substance (the precipitate) is formed.
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Effervescence
• Collect a test tube, a test tube rack and a 

spatula.

• Place 2 cm depth of hydrochloric acid in a 
test tube.

• Add one piece of marble.

• Observe carefully what happens.

• Was a gas given off?

• Was a solid formed?

• Did the tube heat up?

• Did the colour change?

• How can you tell a chemical reaction has 
occurred?
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• Write a sentence each about:
– What you did?

– What you observed?

• Effervescence is a reaction during which a 
gas is released.

• During effervescence a new substance (the 
gas) is formed.

Colour Change
• Collect bunsen kit, a wooden test tube holder, 

a dry test tube and a spatula.

• Set up the bunsen burner on a heatproof mat.
• Place a spatula measure of copper carbonate 

in a dry test tube.
• Using a test tube holder, heat the copper 

carbonate in a blue bunsen flame.

• Observe any changes.



5

• What did you observe?

• How could you tell a chemical reaction had 
happened?

• Draw a sectional diagram of the equipment you 
used to carryout the experiment.

• What colour change did you observe? 
(mention the colour before after heating)

• If a substance changes colour this can indicate a 
new substance has been formed and a chemical 
reaction has taken place.

Energy Changes
• Collect 2 test tubes, a test tube rack and a 

thermometer.

• Place 2 cm depth of acid in one test tube and 2 cm 
depth of alkali in another test tube.

• Find the average temperature of both solutions (make 
sure you wash the thermometer between test tubes).

• Mix both test tubes together and find the maximum 
temperature.

• Calculate the temperature change.
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• What did you observe?

• How could you tell a chemical reaction had 
happened?

• During a chemical reaction energy may be given 
out or taken in.

• Reactions which give out energy are 
EXOTHERMIC.

• Reactions which take in energy are 
ENDOTHERMIC.

Summary
• A chemical reaction can be identified by a new 

substance being formed.

• The new substance may be:
– A solid as in a precipitation reaction
– A liquid
– A gas as in an effervescence reaction.

• A chemical reaction may also be identified by a 
change of colour.

• During a chemical reaction energy can be released or 
taken in.
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2. Atoms, Elements and the 
Periodic Table

By the end of today’s lesson you will be able to:
• state what all substances are made of.
• give definitions for element and atom.

• describe how elements are arranged in the 
periodic table.

Atoms and Elements
• All substances are made up of tiny particles 

called atoms.

• Atoms are tiny round-shaped particles.

• An element is a substance made up of only 
one type of atom.

– e.g. Aluminium is an element made up of 
aluminium atoms only.
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Al Al Al Al Al

Al Al Al Al Al

Al Al Al Al Al

Al Al Al Al Al

A thin section of 
aluminium metal.

All the atoms are 
of the same type.

Al is the symbol 
used to show 
aluminium as an 
element.

• The symbol of an element is made up of a 
capital letter, possibly followed by a lower 
case letter.

• Some element’s symbols have no obvious 
relation to their names.

• e.g. potassium K or sodium Na

• The latin or greek names for elements are 
often used to decide their symbols.

e.g. potassium is known as kalium hence K
copper is known as cuprium hence Cu
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• Collect a set of symbol cards.

• Your partner should hold up one card at 
a time with the symbol side facing you.

• Using the periodic table name the 
element.

• Swap round and test your partner.

Periodic Table
• The Periodic Table is a special table 

used to organise the elements in order 
of increasing atomic number.

• Each element in the periodic table has a 
name, symbol and atomic number.

• If a substance does not feature in the 
Periodic Table it is NOT an element.
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• Use your periodic table to sort the following 
substances into elements and non-elements.

• Draw a suitable table to show your thoughts.

carbon iron sulphur
aluminium chlorine plastic
glass chalk uranium
wood water bronze
magnesium air tungsten

• Each row of the Periodic Table is known as a 
period.

• Each column of the Periodic Table is known as a 
group.

• There are 8 groups in the Periodic Table, with a 
large block known as the transition metals 
between groups 2 and 3.

• The groups of the Periodic Table are numbered 
from left to right.
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Summary
• All substances are made up of atoms.
• Atoms are the smallest particle a substance 

can be divided into.
• An element is a pure substance made up of 

only one type of atom.
• Elements are organised in the Periodic Table.
• Each element has a name, symbol and atomic 

number.
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3. Periodic Table

By the end of today’s lesson you will be able to:
• state the patterns of reactivity found in the 

periodic table.
• state the elements present as solids, liquids and 

gases at room temperature.
• state the meaning of monatomic and diatomic 

molecules.

Watch the video showing some of 
the elements found in the 

periodic table.
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• Elements found in the same group of 
the periodic table have similar chemical 
properties.

• Elements with similar chemical 
properties have similar chemical 
reactions with other chemicals

• e.g. the alkali metals all react in a 
similar way with water.
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Group No. Name Elements Present

1

2

7

8 or 0

• Not all elements are found naturally on Earth 
either as the element or in a compound.

• These elements are made by scientists and 
are called the synthetic elements.

• All synthetic elements are marked with a 
star. 

• Most synthetic elements are radioactive –
break down to release radiation.
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• The elements in the periodic table can be 
divided into two large groupings.

• Metal elements are shown on the left of the 
periodic table.

• Non-metal elements are shown on the right of 
the periodic table.

• A thick black line “the magic staircase” 
separates metals from non-metals. 
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Physical State
• Elements can be present as a solid, liquid or gas at 

room temperature.

• Most elements are solid at room temperature, some 
are gases.

• Mercury and Bromine are the only two liquid elements 
at room temperature.

solids liquids gases

At room temperature (20 °C)
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Air
• The air we breathe in is a mixture of gases.
• Some of the gases are monatomic, some are 

diatomic.

• Complete the definitions for monatomic and 
diatomic gases.

• Monatomic :

• Diatomic :

Summary

• Elements found in the same group of the periodic 
table have similar chemical properties.

• Most elements are solid at room temperature, some 
are gases.

• Mercury and Bromine are the only two liquid elements 
at room temperature.

• Air is a mixture of gases.
• Monatomic elements exist as single atoms.
• Diatomic elements exist as two atoms joined together 

to form a molecule.
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4 & 5. Rate of Reactions

By the end of today’s lesson you will be able to:
• state the affect of temperature on the rate of a chemical reaction.
• state the affect of concentration on the rate of a chemical reaction.
• state the affect of particle size on the rate of a chemical reaction.

•state the affect adding a catalyst has on the rate of a chemical reaction.

Temperature
• Collect 2 test tubes, test tube rack, large beaker, 

thermometer.

• Half fill both test tubes with acid.

• Place on test tube in a beaker of hot water from a freshly 
boiled kettle. Leave to stand for 3 minutes.

• Return the test tube to the rack.

• Measure the temperature of the acid in each test tube.

• Add a piece of zinc to each test tube. Observe what 
happens.
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• What affect does temperature have on 
the rate of a chemical reaction?

• Draw a sectional diagram of your 
experiment.

Concentration
• Collect 3 test tubes and a test tube rack.

• Half fill one test tube with 0.1 mol/l hydrochloric 
acid.

• Half fill one test tube with 1 mol/l hydrochloric acid.

• Half fill the other test tube with 2 mol/l hydrochloric 
acid.

• Add a piece of zinc in each test tube. Observe what 
happens.
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• Concentration is measured using the units of 
moles per litre. 

• The higher the concentration of a solution 
the higher number of moles per litre.

• What affect does concentration have on the 
rate of a chemical reaction?

• Think of some examples at home where 
we manipulate the speed of chemical 
reactions using concentration or 
temperature at home. 

• Draw a poster of these and prepare a 
presentation for the rest of the class.
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Particle Size
• Collect a bunsen kit, spatula and metal tongs.

• Set up the bunsen burner and heat proof mat.

• Using a pair of metal tongs hold an iron nail in a 
roaring bunsen flame for 2 minutes. Observe what 
happens to the iron nail.

• Lay the hot nail on a heat proof mat to cool.

• Using a spatula carefully sprinkle some iron powder in 
a roaring bunsen flame. Observe what happens to the 
iron powder.

• Which form or iron reacted faster? Lump or 
powder?

• Which form of iron is used to make 
sparklers?

• The smaller the size of particle the larger 
the surface area available for a chemical 
reaction to occur over.

• The greater the surface area, the faster the 
rate of the chemical reaction.
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Catalysts
• Collect a 250 cm3 beaker, boiling tube and thermometer.

• Place 2 cm3 of hydrogen peroxide and 6cm3 of Sodium Potassium 
Tartrate solution into the boiling tube. 

• Half fill the beaker with water from a freshly boiled kettle.

• Place the boiling tube in the hot water bath and wait until 
temperature of the reaction mixture reaches 65 °C.

• Observe any changes.

• Add 2 drops of Cobalt (III) Chloride solution to the boiling tube.

• Observe any changes.

• Were there any signs of a chemical reaction before 
adding the cobalt (III) chloride catalyst?

• Were there any signs of a chemical reaction after 
adding the cobalt (III) chloride catalyst?

• A catalyst is a chemical added to a reaction mixture 
which allows a chemical reaction to happen at a lower 
temperature.

• The addition of a catalyst speeds up a chemical 
reaction.

• During a chemical reaction the catalyst is not used up, 
and can be recovered at the end for re-use.
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Summary
• We can change the rate of chemical reaction 

by altering the following factors:

– Increase temperature increases the rate of a 
chemical reaction.

– Increase concentration increases the rate of a 
chemical reaction.

– Decrease particle size increases the rate of a  
chemical reaction.

– Adding a catalyst increases the rate of a chemical 
reaction and allows it to occur at a lower 
temperature.
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6. Compounds

By the end of today’s lesson you will be able to:
• state the name of a compound given the elements it contains.

• state the name of a compound given its chemical formulae.
• state if a substance is a compound or an element dependent 

on its name alone.
• give chemical definitions for an element, a compound and a 

mixture

Definitions
• Compounds are made up of two or more 

elements chemically joined together.

• Mixtures are made up of two or more 
substances mixed but not chemically 
joined together.

• An element is a substance made up of 
only one type of atom.
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• Collect a petri dish, a magnet  and a spatula.

• Mix 1 spatula each of powdered iron and powdered 
sulphur in a petri dish.

• Replace the lid of the petri dish.

• Pass a magnet over the lid. 

• What happens?

• Are the contents of the petri dish a mixture or a 
compound.

Naming Compounds
• Any compound whose name ends in “-ide” 

contains two elements.

• Any compound whose name ends in “-ate” or 
“-ite” contains two elements plus oxygen.

– iron sulphide contains iron and sulphur atoms.

– iron sulphate contains iron, sulphur and oxygen 
atoms.
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• Name the elements found in the following 
compounds:

– calcium oxide

– sodium hydrate

– potassium chlorate

– barium sulphide

– silver phosphate

– sodium hydroxide

• The name of a compound is written in a 
specific way. 

– The first element written down is the 
element furthest to the left on the 
periodic table.

– The second element written down is the 
element furthest to the right on the 
periodic table.

– The ending of the second element is 
changed appropriately.
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Second element Name of compound

chlorine chloride

hydrogen hydride

nitrogen nitride

oxygen oxide

phosphorous phosphide

sulphur sulphide

If oxygen is also present, the ending of the second element 
changes to “-ate” or “-ite” instead of “-ide”.

Using Formulae
• The chemical formula of a substance tells us 

which elements are present and the relative 
quantities they are found in.

• Formulae are a short-hand way of presenting 
a lot of information. 

• We use the symbol of an elements to 
represent its presence in a compound.
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• e.g. water

H2O

Formula Name of Compound

CuS

Fe2O3

FeCl3

KI

NiBr2

Pb3O4
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• Collect a set of substance cards.

• You will use your data booklet page 8 to 
decide if each substance is a compound or 
element.

• Your partner holds the card with the formula 
facing you.

• Decide if the substance is a compound or 
element. If it is an element try and name it.

Summary
• Compounds contain atoms of different elements 

chemically joined together.

• Mixtures contain atoms of different elements mixed 
BUT NOT chemically joined together.

• Compounds ending “-ide” contain only two elements.

• Compounds ending “-ite” or “-ate” contain two 
elements plus oxygen.
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7. Solutions

By the end of today’s lesson you will be able to:
• state the meanings of solute, solvent, solution.

• explain the differences between dilute, 
concentrated and saturated solutions.

• state the meanings of soluble and insoluble.

• A solution is formed when a substance dissolves in a 
liquid.

• The substance that dissolves is called the solute.

• A solute can be solid, liquid or gas.

• The liquid in which the solute dissolves is called the 
solvent.

• For a solution to be formed the solute must be 
soluble in the solvent.

• A solution is always clear, and may be coloured.
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• Collect two test tubes, test tube rack, spatula.

• Half fill each test tube with cold water from the tap.

• To one test tube add a small amount of sodium 
nitrate.

• Stopper the test tube and shake.

• Observe what has happened to the solid and colour of 
the liquid.

• Repeat the process for nickel chloride, magnesium 
carbonate and nickel carbonate.

• For each of the substances tested:

– Has the amount of solid decrease?

– Is the water now coloured or colourless?

– Does the liquid turn cloudy on shaking?
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• A solute is soluble in a solvent when it is able 
to dissolve to produce a clear solution with no 
solid remaining.

• A substance is insoluble in a solvent when it is 
not able to dissolve – producing a cloudy 
suspension.

• Which of the compounds tested were soluble?

• Which of the compounds tested were 
insoluble?

Testing Solubility
• Carryout an investigation to determine if 

potassium carbonate, zinc carbonate, nickel 
sulphate and copper carbonate are soluble in 
water.

• Be sure to record your results in a suitable 
table.

• Write a statement to confirm which 
substances are soluble and which are insoluble 
in water.
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Types of solution
• A dilute solution contains a small mass of 

solute dissolved in a large volume of solvent.

• A concentrated solution contains a large mass 
of solute dissolved in a small volume of 
solvent.

• A saturated solution contains as much solute 
as will dissolve in a given volume of solvent at 
a given temperature.

• We can dilute a concentrated solution by 
adding more solvent.

• If we dilute a concentrated solution we will 
decrease its concentration.

• We can concentrate a dilute solution by 
removing solvent.

• We can remove solvent by evaporation.

• If we concentrate a dilute solution we will 
increase its concentration.
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Summary

• A solution is produced by dissolving a solute in a 
solvent.

• A solvent is the liquid in which we dissolve the solute.
• A solute can be a solid, liquid or gas.
• Different types of solution include saturated, 

concentrated and dilute.
• A substance is soluble if it is able to dissolve in a 

solvent to produce a solution.
• A substance is insoluble if it is unable to dissolve in a 

solvent to produce a solution.
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8. & 9. Methods of 
separation

By the end of today’s lesson you will be able to 
describe the following processes, and suggest a 

suitable application for each:
• filtration

• distillation
• flotation

Filtration

• Filtration is used to separate an 
insoluble solid from a liquid.

• It is used to separate a precipitate 
from a reaction mixture.

• It is used to separate sand from a 
mixture of sand and salty water.
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• Collect a test tube, boiling tube, test tube 
rack, glass rod, filter funnel, conical flask.

• Half fill the test tube with copper sulphate 
solution.

• Half fill the boiling tube with sodium 
hydroxide solution.

• Pour the copper sulphate solution into the 
boiling tube.

• Stir the contents of the boiling tube using 
the glass rod.

• Place the filter funnel in the conical flask.

• Fold the filter paper into a cone and place in 
the filter funnel.

• Carefully pour the contents of the boiling 
tube into the filter paper – ensure the blue 
liquid does not overflow the filter paper.

• Collect the filtrate in the conical flask, and 
residue in the filter paper.
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• Draw a sectional diagram of your 
apparatus.

• Why can the reaction be called a 
precipitation reaction?

• Where is the residue collected?

• Why can the filtrate pass through the 
filter paper?

Distillation
• Mixtures of liquids with different boiling 

points may be separated using distillation.

• e.g. alcohol may be separated from a mixture 
of alcohol and water.

• A liquid may be separated from the solids 
dissolved in it using distillation.

• e.g. pure water may be separated from sea 
water (a salt solution).
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• Draw a sectional diagram showing the 
equipment used to carryout distillation.

• Colour the area of the apparatus where 
evaporation takes place red.

• Colour the area of the apparatus where 
condensation takes place blue.

• Write a short description of what 
happens in the distillation process.

Chromatography
• Different substances exhibit differing solubilties

in selected solvents.

– e.g. we can dissolve a lot of salt in a small 
volume of water, but we can only dissolve a 
small quantity of carbon dioxide in a large 
volume of water.

• We can use chromatography to separate out 
different substance based on how well they 
dissolve in the solvent used.
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• Collect a dry boiling tube, stopper with slit in it, 
test tube rack, chromatography paper strip, 
marker pen, coloured sweet and ruler.

• Measure 1 cm up from the bottom of the paper 
and draw a line lightly using a pencil.

• Squeeze the stopper to open the slit and place 
the end of the chromatography paper strip 
without the line into the slit.

• Place the paper into the boiling tube and fit the 
stopper to the tube.

• Mark the level of the pencil line you drew on the 
filter paper on the glass of the boiling tube using the 
marker pen.

• Remove the stopper and paper from the tube.

• Fill the boiling tube with water to just below your pen 
line.

• Moisten your sweet and rub gently on the 
chromatography paper in the centre of your pencil 
line.

• Place your filter paper and stopper into the boiling 
tube and leave for 5 minutes.
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• What has happened to the coloured 
dyes on your chromatography paper?

• Why has this happened?

• Do all colours of m&m give the same 
pattern?

• Why?

Flotation
• Flotation can be used to separate a mixture of 

insoluble solid powders with different densities.

• The heaviest powder immediately sinks to the bottom 
of the container, whereas the lighter powder initially 
floats at the surface before sinking.

• By carefully decanting the powder with the lower 
density, we can separate the two powders.

• Tin ore is separated from earth by flotation.
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• Collect boiling tube, stopper, test tube rack, spatula, 
medium glass beaker.

• ¾ fill a boiling tube with cold water.

• Add 3 spatula measures of the mixed powder. 
Stopper the tube then shake and let stand for 5 
seconds.

• Pour off the lighter powder into the beaker.

• Top up the boiling tube to ¾ with water. Stopper, 
shake and let stand for 5 minutes.

• Pour off the lighter powder into the beaker.

• Repeat this process a further 3 times.

• Which process could be used to obtain a 
dry sample each of the heavy and light 
powders?

• Draw a labelled diagram of the method 
you used to separate two powders by 
flotation.

• Explain how the process of flotation 
actually operates.
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Summary
• Filtration is used to separate an insoluble solid from a 

suspension.

• Distillation is used to:
– Separate liquids with different boiling points.
– Solvents from their solutions.

• Chromatography is used to separate substances with 
different solubilities in a given solvent.

• Flotation is used to separate powders with different 
densities.
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10. Formulae

By the end of today’s lesson you will be able to:
• state the valency rules for elements in the periodic 

table
• use valency rules to calculate the formula of a compound

• state the exceptions to the rule, and how to identify 
them.

• The chemical formula for a molecule of 
water is H2O.

• Water is the compound hydrogen oxide.

• The formula of water is decided by a 
set of rules known as the valency rules.
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Valency

• Valency is a number used to describe 
how many bonds a particle can form with 
other particles.

• We can calculate the valency of an 
element based on its position in the 
periodic table and/or its chemical 
properties.

Groups of the periodic table
• Any non-metal element in the periodic 

table has a valency number calculated 
as:

8 take away its group number.

e.g. chlorine is in group 7
valency of chlorine = 8-7
chlorine particles have a valency of 1
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• A metal element found in a group of the 
periodic table has a valency equal to its group 
number.

• e.g. sodium is found in group 1
sodium particles have a valency of 1

aluminium is found in group 3
aluminium particles have a valency of 3

• Names of particles
• Symbols of particles

• Valencies of particles
• Cross-over

• Write formula
• Simplify if required

Simple Formulae
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Page 61 – Question 1

Questions for Standard Grade 
Chemistry (N. Conquest)

Transition metals
• The metal elements found between groups 2 

and 3 are known as the transition metals.

• Particles of the same transition metals can 
have different valencies.

• The valency of a transition metal particle 
depends on the chemical reactions the 
particle has previously been involved in.
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• There are two ways to determine the 
valency of a particle of a transition metal.

1. Use the roman numerals quotes in the compounds 
name to determine the valency of the transition 
metal particle found in the compound.
e.g. tin (IV) chloride tin has a valency of 4.

2. The valency is assumed to be equal to the number 
of positive charges associated with the ion.
e.g. zinc is shown as Zn2+, zinc ions have a valency 
of 2.

• Names of particles
• Symbols of particles

• Valencies of particles
• Cross-over

• Write formula
• Simplify if required

Transition Metal  Formulae
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Determine the following formulae

1. sodium chloride
2. potassium carbide
3. phosphorous oxide
4. aluminium oxide
5. iron (III) oxide
6. zinc chloride
7. lithium nitride
8. calcium phosphide

9. gold oxide
10. silver carbide
11. mercury (V) chloride
12. platinum (II) phosphide
13. caesium oxide
14. carbon phosphide
15. magnesium iodide
16. copper nitride

Complex ions
• Complex ions are charged particles made up 

of more than one type of atom.
• The complex ions are listed in a table shown 

at the bottom of page 4 of the data booklet.
• The valency of a complex ion is equal to the 

number of charges shown in the formula of 
the ion.

• e.g. hydrogencarbonate HCO3
-

hydrogencarbonate has a valency of 1
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• When determining the formula of a compound 
containing a complex ion it is important to remember 
that the complex ion remains as a single unit.

• e.g. sodium ethanoate is made up of sodium 
particles joined to ethanoate particles.

calcium phosphate is made up of calcium 
particles joined to phosphate particles.

• Brackets are often used to lock complex ions 
together and prevent them being broken apart during 
formulae writing.

Complex Ion Formulae

• Names of particles
• Symbols of particles

• Valencies of particles
• Cross-over

• Write formula 
(with brackets)

• Simplify if required



8

Determine the following formulae

1. calcium nitrate
2. copper (II) hydroxide
3. lithium phosphate
4. potassium sulphite
5. magnesium phosphate
6. zinc ethanoate
7. iron (III) chromate
8. sodium carbonate

Formulae without valencies

• Some chemical’s formulae do not obey 
the valency rules.

• If the name of a substance contains 
prefixes we IGNORE the valency rules.

• e.g. copper dichromate Cu(CrO4)2
carbon trichloride CCl3
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Determine the following formulae

1. lithium dibromide
2. carbon tetrachloride
3. nitrogen trioxide
4. potassium hexafluoride
5. sodium dihydrogensulphate
6. Ammonium dihydrogensulphite
7. trisodium heptachloride

Exercises
• Assessment Tests for Standard Grade 

Chemistry – Chemcord

• Page 111 - Symbols and Formulae 3
• Page 112 - Symbols and Formulae 4
• Page 113 - Symbols and Formulae 5
• Page 114 - Symbols and Formulae 6
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