
 

1 Chemical changes 
 

In the Pupil’s Book a list of learning objectives at the beginning of 
each unit (in the pale yellow panel) summarises what pupils need to 
have achieved by the end of a unit. Ask pupils to look back over these 
objectives once they have completed the unit. Ask them whether they 
have achieved them all. If not, ask pupils to work through the unit 
once more to make sure they understand the ideas, especially the 
words in bold (or underlined in questions). These key words are 
defined in the Glossary at the back of the Pupil’s Book. Encourage 
pupils to ask questions if there is anything they don’t understand. 

  1.1 The Bunsen burner 
This unit is a colourful first experience of chemistry for many pupils. 
It introduces pupils to the structure and operation of the Bunsen 
burner, and its use in scientific analysis using flame tests as the 
example. 

Activity sheet required for this unit: X1 

 page 5 Practical activity: The Bunsen burner 
Safety: Pupils should be told to wear eye protection 

Þ Key words for Bunsen flame with air hole closed:  
yellow   tall   sooty   quiet   unsteady   (or similar descriptions) 

Þ Key words for Bunsen flame with air hole open:   
 blue    smaller    clean    noisy    steady 

Discussion 
The cartoon in Figure 3 encourages open discussion about which 
type of Bunsen burner flame is the safer. 

Þ The yellow flame is much easier to see, so pupils are less likely to 
forget that it is there and burn themselves by reaching across it. 
However it can be blown about easily by draughts from an open 
window or door. 

Þ The blue flame is much steadier and is less likely to be blown 
about. However it is difficult to see depending on where the light 
is coming from. Pupils may reach across the bench through the 
flame and be burnt. 

Encourage pupils to discuss these safety issues. This helps pupils to 
remember safe practice at all times. 
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 page 6 Investigation: Boiling water 
Apparatus required: Bunsen burner, tripod, gauze, heatproof mat, 
conical flask or beaker, measuring cylinder, test tubes, wooden test 
tube rack, test tube holder, thermometer, stopclock, eye protection. 

This activity gives pupils a chance to become familiar with and 
interested in a variety of apparatus. Discuss with pupils how to make 
the test fair, for example by keeping the volume of water the same 
and using containers of the same size. 

Þ The better flame to use is the blue one because it is clean, steady 
and hotter than the yellow flame.  

Þ It may be a good idea to demonstrate at some stage the effect of 
heating a glass container with a yellow flame. The apparatus 
becomes coated in soot which makes it difficult to see if the water 
inside is boiling. You may choose to let the pupils discover this by 
heating something like a piece of broken pot that can then be 
discarded. Hint: The soot can be removed from glassware using 
dry paper towels before washing. 

Safety: Pupils should be told to  

Þ wear eye protection 
Þ pick up hot beakers carefully, possibly using oven gloves or an 

old cloth folded to form a pad 
Þ allow hot tripods and other apparatus to cool before moving  

them 
Þ ensure all apparatus is cool before putting it away 
Þ be aware of the risk of a boiling water spillage 

 page 6 Practical activity: Flame tests 
Apparatus required: Bunsen burner, heatproof mat, flame testing 
wire with cork handle, beaker containing a small amount of 
hydrochloric acid (2M), small watch glass to hold chemical, eye 
protection. 

Flame testing wires used in more advanced chemistry are made of 
platinum and are very expensive. A simple piece of apparatus can be 
made by using thick nichrome wire stuck into a cork. The cork 
makes a suitable handle. You might use a wire loop like those used 
in microbiology. 

The hydrochloric acid used should be 2 M. (This is safer than the 
concentrated acid which older pupils would use for this activity.) 

The best chemicals to use are as follows. 

Þ Lithium chloride – scarlet flame. (Note: This substance absorbs 
water from the air and forms a solution. Only very small amounts 
should be given to pupils on a watch glass.) 

Þ Sodium chloride – yellow flame. 
Þ Potassium chloride – lilac flame. 
Þ Barium chloride – green flame.  
Þ Calcium chloride – orange flame. 
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Þ Copper chloride or copper sulphate – green flame. (Note: This can 
be distinguished from barium, as crystals of barium are white 
while those of copper are blue.) 

Safety: Pupils should be told 

Þ to wear eye protection 
Þ 2M hydrochloric acid is an irritant 
Þ lithium chloride is harmful 
Þ barium chloride is toxic 

Pupils tend to put far too much chemical on to the wire: this can lead 
to the Bunsen burners becoming blocked. Demonstrate to pupils by 
using the wire to pick up a very tiny quantity from one of the crystal 
samples and holding it in the flame. Point out that a forensic scientist 
might have only a very tiny sample of material to work with. 

For more information, enter ‘flame test’ into an internet search 
engine. A useful website is: 
www.creative-chemistry.org.uk/activities/flametests.htm

 page 9 Extension activity: Robert Bunsen 
Pupils can use activity sheet X1 ‘Famous scientist’ to help them find 
out about Robert Bunsen. For information, pupils should enter 
‘Robert Bunsen’ into a search engine. 

Activity sheet: 
X1 Famous scientist

 Activity sheet X1 can also be used to find out about other scientists 
related to topics in Science Pathways Y8, for example: Justus von 
Liebig (Unit 4.3), Albert Einstein and Isaac Newton (Unit 5.1), 
Robert Hooke (Unit 5.3) and Jean Piaget (Unit 10.6). 

Answers to end-of-unit questions 
1 a See Figure 1 on page 4 of the Pupil’s Book. 
 b Yellow flame: air hole closed; blue flame: air hole open. 
 c Blue flame because a yellow flame is dirty and would cover the 

test tube with soot. 

2 Pupils should describe a flame test as on page 6. Potassium has a 
lilac flame. 

 page 7 Review activity: Check your learning 
 This is a reminder to pupils to look back at the learning aims at the 

beginning of the unit and check that they have understood all the 
ideas. Encourage pupils to ask you if there is anything they don’t 
understand. 
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  1.2 What happened to the 
chocolate? 
This unit looks at what happens when materials gain or lose heat 
energy, in terms of temperature change and possible change of state. 
It also introduces pupils to the distinction between reversible and 
irreversible changes. 

Activity sheet required for this unit: 1.1

 page 8 Activity: Classifying changes 
Þ Reversible changes: ice melting, candle wax melting. 

 Þ Irreversible changes: egg cooking, cake mixture cooking, clay pot 
being fired. 

Answers to questions 1 to 4 
1 Ice, chocolate, candle wax. 

2 The egg is ‘hard boiled’. The yolk in the middle becomes solid. 
The white is also solid. It is not liquid any more. The colours of 
the ‘white’ and the yolk have also changed. The egg can be cut 
into thin slices. 

3 A potato becomes softer and easier to cut. 

4 Raspberries turn hard and rigid when they are frozen instead of 
being soft and easily squashed at room temperature. This is 
because raspberries contain a lot of water. When placed in a 
freezer the water in them freezes making them hard like ice. 

 page 9 Activity: Changing chocolate 
1 It turns hard. This is a change from a liquid to a solid. The 

chocolate solidifies (freezes) as it is spread on top of the cake. 

2 Peter’s hands are warm enough to melt the chocolate again 
causing it to run and become sticky. The heat has caused a change 
from a solid to a liquid. 

3 It changed from a liquid to a gas (‘steam’) and evaporated. 

 4 The cartoon (Figure 4) is to encourage open thinking about this 
situation. It may entice pupils to try this at home. If the ice cream 
in the bowl is firm and has a definite shape the melted chocolate 
will quickly freeze on top forming a coating of chocolate that has 
the same shape as the ice cream. If the ice cream is already very 
soft it may collapse and mix with the chocolate. 

Pupils can discuss making chocolate ices. They can try this at home 
by melting a few squares of chocolate in a microwave oven for  
2 minutes. Remove the chocolate from the microwave and then stir 
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until it has just fully melted and spoon it over a firm ball of ice 
cream. It makes a lovely dessert. 

A possible fun follow-up activity to carry out with the class is to melt 
chocolate in class. This can be done using a water bath. Pupils could 
bring in some small pieces of fruit and coat them in melted 
chocolate, for example: strawberries, raspberries, segments of 
Clementine oranges. 

Safety: Teachers should ensure that 

Þ laboratory worktops are covered with paper towels, foil or 
greaseproof paper before doing an activity that involves eating 

Þ or arrange a room swap with the Food Technology department 

 page 9 Practical activity: Heating materials 
Apparatus required:  

Activity sheet:  
1.1 Heating materials Þ Potato: knife, cutting board, beaker, Bunsen burner, gauze, 

tripod, heatproof mat, stopclock. 
Þ Ice cubes: beaker, Bunsen burner, gauze, tripod, heatproof mat, 

stopclock. 
Þ Chocolate: small glass bowl (to fit over beaker), beaker, stirring 

rod, Bunsen burner, gauze, heatproof mat. 
Þ Candle wax: evaporating dish or crucible, Bunsen burner, gauze, 

tripod or pipeclay triangle if using a crucible, small aromatherapy 
burner (optional); egg: beaker, Bunsen burner, gauze, tripod, 
heatproof mat, stopclock. 

Þ Egg: beaker, Bunsen burner, gauze, tripod, heatproof mat, 
stopclock. 

Þ Pancake mix: (class activity) hot plate, small non-stick pan. 

Different materials require different methods of heating. Give groups 
of pupils activity sheet 1.1 and ask them to choose one of the 
materials to heat. The pancake mix experiment can be done as a class 
activity. 

Þ Reversible changes: chocolate, ice, candle wax. 
Þ Irreversible changes: cooked potato, boiled egg, pancake. 

Safety: Pupils should be told to 

Þ not eat in the laboratory 
Þ follow all instructions carefully 
Þ take care when using a knife to cut and always cut on the board  
Þ pick up hot beakers carefully, possibly using oven gloves or an 

old cloth folded to form a pad 
Þ allow hot tripod stands and other apparatus to cool before moving 

them 
Þ ensure all apparatus is cool before putting it away 
Þ be aware of the risk of a boiling water spillage 
Þ wear eye protection 

 Þ wash hands after handling raw egg 
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Answer to end-of-unit question  
5 a Reversible change can be changed back to the original 

substance. Irreversible change is permanent. 
 b Melting, evaporating, freezing. 
 c Boiling an egg, baking a cake, cooking potatoes.  

  1.3 How do you like your coffee? 
This unit shows pupils how to distinguish between soluble and 
insoluble substances, and how to recover solutes and solvents from 
solution. It leads into the Key Elements of personal health 
(appreciating the healing effects of medicine) and economic 
awareness (determining a best buy). 

 page 10 Activity: Dissolving or melting? 
Þ Pictures that show dissolving: sugar in tea, salt in soup. 
Þ Pictures that show melting: ice cubes in lemonade, ice cream 

dripping.  

 page 10 Practical activity: Solubility 
Apparatus required: Test tubes, bung, test tube rack, spatula, 
beaker, eye protection.   

Suggested chemicals: 
Þ copper(II) sulphate 
Þ iron(II) sulphate 
Þ potassium manganate(VII) 
Þ sodium chloride 
Þ glucose 
Þ sulphur 
Þ iron filings 
Þ sodium thiosulphate crystals 
Þ bath salts 
Þ talcum powder 
Þ demerara sugar crystals 

Select a variety of different coloured substances with different types 
of particles. This adds to the sense of fun and makes the activity 
more interesting. 

Pupils should be encouraged to note colour, size of particles in solid, 
smell.  

Safety: Pupils should be told  

Þ not to taste any chemical 
Þ copper sulphate is harmful 
Þ iron(II) sulphate is harmful 
Þ potassium manganate(VII) is oxidising and harmful 
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Þ to take care not to get iron filings on their fingers in case they rub 
them in their eyes 

 Þ to wear eye protection 

Discussion 
Figure 6 on page 11 is a good starting point for a discussion. Pupils 
should be encouraged to think openly about the question of why 
coffee does not come in bags like tea bags. They may discuss the size 
of tea leaves compared to the size of coffee particles. They may have 
made filtered coffee in the past and noticed that much of the coffee 
remains on the filter paper. The holes in a tea bag would not stop the 
insoluble coffee from passing through and spoiling the drink. 

 page 12 Activity: Separating salt  
This is intended as a thinking exercise here; there will be an 
opportunity to carry out the experiment in Chapter 4. However, you 
may wish faster-working pupils to carry out their plan now. 

Apparatus required: Beaker, Bunsen burner, tripod, gauze, 
evaporating dish, filter funnel, filter paper, salted water, eye protection.  

Pupils may suggest filtering the ‘sea water’. They should be 
encouraged to try this so that they find out for themselves that it does 
not work. 

As an alternative to heating the water strongly to cause rapid 
evaporation, the evaporating dish can be placed over a beaker of 
boiling water. Evaporation will then take place more slowly. 

Safety: Pupils should be told to 

Þ take care when evaporating the water as the salt may spit out  
(if using the rapid evaporation method) 

Þ wear eye protection 

 page 12 Extension activity: Headache remedies 
The drugs most commonly used in these products are paracetamol, 
aspirin, and ibuprofen. Many supermarkets now have their own 
brand products at a much reduced price. This could be an interesting 
project for pupils to explore. 

 www.chem4kids.com is a useful website where pupils can find out 
more about special chemicals.  Choose biochemistry. 

Answers to end-of-unit questions 
1 Salt (sodium chloride), sugar, copper sulphate, iron(II) sulphate, 

potassium manganate(VII), glucose, sodium thiosulphate, 
demerara sugar, bath salts.  

2 Soluble substances enter the bloodstream much faster than 
insoluble ones. They are also easier to swallow (although it could 
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be argued that they do not have a nice taste in which case this 
would be a disadvantage).  

3 Glucose (found in drinks such as Lucozade). 

4 Enzymes break down insoluble foods into smaller particles that 
can enter the bloodstream and this supplies the body with the 
energy it needs. 

  1.4 What happens when we add 
water? 
This unit asks pupils to investigate what happens when materials are 
mixed, particularly with water, and looks at the relevance of 
chemical changes in some everyday products. It leads into the Key 
Elements of employability (in a hospital Accident and Emergency 
department) and economic awareness (the role of chemical change 
in everyday products). 

 page 13 Activity: Classifying materials 
Pupils should be encouraged to think of ways of grouping these 
materials. Suggested groups are: 

Þ soluble substances: salt, baking powder, vinegar, soda crystals, 
blackcurrant cordial 

Þ insoluble substances: plaster of Paris, sand, cement, flour  
Þ other possible groups: 

– liquids or solids  
– substances that can be eaten or drunk, or substances that cannot 

be eaten or drunk. 

 page 13 Investigation: Changing solids 
This is an investigation to find out which solids change chemically 
when they are mixed with water.   

Suggested apparatus: Beaker, stirring rod, boiling tubes, rubber 
bungs to fit boiling tubes, cheap plastic or metal trays for mixing 
cement powder or plaster, eye protection. 

Pupils should be given small quantities of the materials they have 
chosen on watch glasses. They should be guided towards using the 
plastic or metal trays for cement powder or modelling clay as the 
new substances formed would be difficult to remove from 
glassware. These could be cheap trays brought in from home, for 
example, trays from food shopping that would normally be 
discarded. 

Safety: Pupils should be told to 

Þ wear eye protection  
Þ not taste any of the chemicals 

 8 Science Pathways Y8 © Hodder Murray 



Chapter 1 

A suitable results table is: 

Solid What it looks like 
before adding water 

What it looks like 
after adding water 

Conclusion 

   

   
 

Answers to questions 1 to 3 
1 Flour, cement and plaster of Paris caused a change to the 

appearance and consistency of the water. 

2 Flour and sand. 

3 By heating. 

 page 14 Activity: Casualty 
Pupils could research some information about how hospital staff in 
fracture clinics treat people with broken limbs. They could find out 
about and prepare an electronic presentation on: 

Þ what sort of materials are used today 
Þ how the nurse or doctor puts on the plaster 
Þ how long the plaster takes to set 
Þ how it is removed later. 

The presentation should be about 10 to 12 slides long and should 
include some pictures. 

A real-life story about someone known to them would be interesting. 
Suggest they add some humour and have fun making it. The pupils 
should be given the opportunity to show their presentation to other 
members of the class. 

Useful websites 
 Information on science-related careers is available on the W5 website 

www.W5online.co.uk (choose careers) and the Careers Service 
website www.careersserviceni.com (choose explore careers). 

Concrete 
Concrete is made by mixing cement powder with water and sand. The 
strength of the concrete depends on the ratio of water to cement 
powder. The water reacts with the cement and heat is evolved. This 
reaction continues over a long period of time. 

As a demonstration, you could add water in very small amounts to 
cement in a small tray and mix with a disposable stick until a 
workable paste is formed. This can be shaped as required and left to 
dry out. Pupils may note that it begins to feel hard and that it 
becomes slightly warmer. 
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More information about concrete can be found by visiting websites. 
Enter ‘making concrete’ into a search engine. 

Safety: Pupils should be told 

Þ to wear eye protection 
Þ to avoid skin contact with cement powder as it can cause dermatitis 
Þ cement powder is an irritant 

 page 14 Extension activity: Design a swing 
 Pupils are asked to design a garden swing to be used by children of 

all ages. Three-dimensional modelling software may be available to 
help with this project. 

Answers to end-of-unit questions 
4 A chemical reaction or permanent change. We can tell that this 

has happened because a new substance is formed. The reaction 
cannot be reversed and heat is given out.   

5 It is a very strong, hard material which when set is not affected by 
bad weather.  

Further activity 
More capable pupils may be interested in developing their 
knowledge of concrete and its many uses. 

  1.5 How to plan, carry out and 
report on a scientific 
investigation 
This unit builds on the work done by pupils in the previous unit in 
their investigations into the solubility of solid materials, and is 
designed to be self-explanatory to pupils. By working through the 
unit pupils should learn competent reporting skills. Initially pupils 
may use activity sheets X2a ‘Investigating: Planning’ and X2b 
‘Investigating: Carrying out and reporting’, to help them.  

Some elements of this unit may also be used with activities and 
investigations in other units, for example: 

Þ Burning (Unit 1.6) 
Þ Seeds of life (Unit 3.1) 
Þ Growing crystals (Unit 4.2) 
Þ Obtaining water from copper sulphate solution (Unit 4.3) 
Þ Chromatography (Unit 4.4) 
Þ Vitamin C analysis (Unit 6.1) 
Þ Measuring pH (Unit 7.3) 
Þ Finding out about friction (Unit 8.1) 
Þ Observing xylem (Unit 9.1) 
Þ How does water escape from a plant leaf? (Unit 9.2) 
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Note that some investigations in Science Pathways involve 
measurement as well as observation. 

Activity sheets required for this unit: X2a, b 

Useful website 
Further information on Crest Awards and Seagate Young Innovators 
can be found on the Sentinus website: www.sentinus.co.uk click on 
key stage 3. 

  1.6 Fancy a barbecue? 
This unit looks at burning as an example of heat energy causing 
chemical change. It also introduces pupils to one of the ‘big ideas’ of 
science: that the reaction between fuel (including food) and oxygen 
producing carbon dioxide and water is essential both to life and to 
providing much of our energy needs. The unit emphasises the need 
for safe working conditions when working with chemicals. 

Discussion 
Pupils should discuss the fun of eating in the open air. Many of them 
will have experienced camping and will be familiar with camping 
gas and with other kinds of barbecues. Burning generally has flames 
associated with it, while other forms of cooking do not. They may be 
able to tell you about the colour of the flames on their home 
barbecues and how they light them. 

Discuss the flavours that develop as food is cooked on a barbecue, 
and remind pupils of the chemical changes that take place: getting 
harder or softer, changing colour and taste. 

 page 19 Practical activity: Burning 
Apparatus required: Bunsen burner, heatproof mat, tongs, two 
watch glasses, spatula, magnesium ribbon cut into 5 cm length, paper 
towel, eye protection. 

Pupils can get very excited when doing this activity. 

Safety: Pupils should be told to 

Þ wear eye protection 
Þ work calmly 
Þ only look at the bright light from burning magnesium for a very 

short while (looking for too long can damage eyesight) or look at 
it through the slit between two fingers in contact 

Þ use the tongs to hold the magnesium and paper towel during 
heating 

Small pieces of magnesium should be used and the metal should be 
held over a heatproof mat because it burns at a very high 
temperature. The ashes should be allowed to cool before being 
transferred to a clean, dry watch glass. 

 11 Science Pathways Y8 © Hodder Murray 

http://www.sentinus.co.uk/


Chapter 1 

Þ Paper ashes are a dull black; magnesium ashes are white. 
Þ Flames are different: orange/yellow for paper, brilliant white for 

magnesium. Magnesium takes longer to catch fire and then burns 
at a much higher temperature giving out a brilliant white light. 

 Þ They both use oxygen from the air to form new substances. Paper 
forms carbon dioxide and water which escapes as an invisible gas 
and some carbon which is left as black ashes; magnesium forms a 
white powder called magnesium oxide. 

Fireworks 
The metals mentioned in the flame test experiment in Unit 1.1 can be 
discussed here as they add colour to fireworks. A sparkler effect can 
be demonstrated to the class by carefully dropping some iron filings 
into a hot flame. Wear eye protection. 

Pupils should be encouraged to discuss the topic of fireworks and 
their dangers. They could also discuss the effect the fireworks have 
on their pets: many dogs and cats are terrified at Hallowe’en. Also 
discuss being polite and telling neighbours when they are going to 
light fireworks so that they can shut their pets indoors. Pupils could 
incorporate these ideas into their posters in the next activity. 

 page 20 Extension activity: Fireworks 
Materials required: A3 plain paper, coloured pens. 

Pupils can key ‘magnesium uses’ into a search engine to research 
information on magnesium. 

 They are then asked to make posters warning primary school 
children about the dangers of messing about with fireworks.   

Answers to end-of-unit questions 
1 Carbon. 

2 Carbon dioxide. 

3 A new substance is formed. This substance is carbon dioxide. 

4 Magnesium oxide. 

5 For flares that are used by ships when they need help. In making 
fireworks because of its very bright light. 

  1.7 What is needed to make things 
burn? 
This unit explains that fire happens when a material burns. A fire 
needs oxygen, fuel and heat energy and it can be extinguished by 
removing one of these essential things. The unit leads into the Key 
Elements of personal health (the importance of keeping fire under 
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control) and environmental awareness (the role of responsible 
young people in protecting our environment). 

Activity sheet required for this unit: 1.2

 page 22 Activity: What should you do if a chip pan catches fire? 
Þ Safe: 

B Place a damp tea towel over the fire. 
D Turn off the heat on the cooker. 
E Leave the pan where it is and do not attempt to lift it. 
G Leave the pan to cool for at least 30 minutes. 

Þ Dangerous: 
A Lift the pan and put it on the worktop away from the heat. 
C Pour cold water on the fire. 
F Throw the burning pan out of the window. 

 page 22 Activity: Fire hazards in the environment 
Þ Order of pictures: 

B Two teenagers with matches starting fires. 
C Bushes burning in coastal path location. 
A Coastal path with walkers speaking on their mobile phones. 
E Fire fighters with shovels beating out the flames. 
D Damage caused to local environment. 

Þ The following consequences could be discussed: 
– The beauty of the many coastal paths around our country and 

how it compares to other countries. 
– The wildlife affected by fires. 
– The risk to nearby homes and gardens: possible rapid spreading 

of the fire. 
 – The risk to elderly people out walking: affected by smoke, 

unable to move quickly etc. 

Answers to end-of-unit questions 
1 Fire triangle as on page 21 of the Pupil’s Book. Oxygen (or air) 

could be removed by smothering the fire using a fire blanket or a 
damp cloth. 

2 When a chemical change takes place a new substance is formed. 
In a fire materials turn black and gases are given off. These may 
be poisonous, have a smell and make dense smoke. 

3 Gases from the fuel mix with the air to make flames. 

4 They may be poisonous. Sometimes they are invisible and people 
near to a fire do not realise that they are breathing toxic fumes.  
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Further activity Activity sheet: 
1.2 The Fire and Rescue Service

Activity sheet 1.2 provides a ‘research and presentation’ activity. 
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