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Grade 9: Life science 2 

Respiration and photosynthesis 

About this unit 
This unit is the second of six units on life science 
for Grade 9. 

This unit is designed to guide your planning and 
teaching of lessons on life science. It provides a 
link between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12F and Grade 8. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 'real 
life' applications. 

Previous learning 
To meet the expectations of this unit, students should already know that, 
when a substance burns, it combines chemically with the oxygen in the air 
and be able to write the word equation for burning a fuel. They should 
already know that green plants make their own food by photosynthesis, 
which requires light and the chlorophyll in chloroplasts, together with 
water and carbon dioxide, and that oxygen is produced. They should 
already be able to plan, collect data and make observations in a systematic 
way, identify patterns, consider the validity of evidence, the extent to which it 
supports a prediction, and draw conclusions. 
 

Expectations 
By the end of the unit, students explain and give the formula for 
photosynthesis. They explain and give the equation for aerobic respiration, 
and know how conditions affect respiration. They carry out systematic 
investigations, process data and evaluate evidence before drawing 
generalised conclusions. 

Students who progress further describe the structural features of 
chloroplasts and how these relate to the chemical processes of 
photosynthesis. They evaluate experimental design, identify weaknesses 
and develop realistic strategies for improvement. 
 

Resources 
The main resources needed for this unit are: 
• icing sugar, various food labels, crisps and crackers and low fat 

alternatives 
• actively respiring yeast suspension 
• maggots or similar small animals, germinating peas and boiled peas, 

glass beads, vacuum flasks 
 hydrogencarbonate indicator, potassium hydroxide, respirometers 
 geranium (pelargonium) plants, including variegated geranium, ethanol, 

iodine solution 
 Elodea, datalogger with oxygen probe, different coloured filters 

 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• respiration, aerobic, respirometer 
• photosynthesis, chloroplast, chlorophyll, biomass 

UNIT 9L.2 
11 hours 
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Standards for the unit 

11 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

8.7.1 Know the basic structure of the 
lungs and their role in gas exchange 
(breathing). 

9.8.1 Give the word and formula equations for aerobic respiration; explain the 
process as a cellular biochemical reaction in animals and plants in which 
food acts as a respiratory substrate and reacts with oxygen to release 
energy and produce carbon dioxide and water. 

 

8.7.3 Know that oxygen and carbon 
dioxide are carried round the body 
to and from cells in blood vessels. 

9.8.2 Know how the rate of respiration is affected by temperature, oxygen 
concentration and the availability of a respiratory substrate. 

 

8.10.2 Know that green plants make their 
own food by photosynthesis and 
that water and carbon dioxide are 
required and oxygen is produced. 

9.11.1 State the word and formula equations for photosynthesis; explain the 
process as a biochemical reaction in chloroplasts that involves the 
absorption of light energy, which causes water and carbon dioxide to react 
to generate glucose and oxygen.  

12F.5.1 Describe the structure of chloroplasts 
and link this to the biochemical and 
photochemical reactions of 
photosynthesis. 

 9.1.1 Plan investigations, controlling variables and collecting an appropriate 
range of evidence, using appropriate techniques to ensure accuracy, carry 
out calculations, identify patterns in observations and data, draw 
generalised conclusions and test predictions. 

10F.1.5 Evaluate experimental design, identify 
weaknesses and develop realistic 
strategies for improvement. 

4 hours 

Aerobic 
respiration in 
plants and 
animals 
 

2 hours 

Rate of 
respiration 
 

5 hours 

Photosynthesis 

8.1.2 Consider the extent to which the 
evidence justifies a conclusion or 
supports a prediction or hypothesis, 
and identify further investigations 
that might be needed. 
 

9.1.2 Evaluate the strength of evidence and assess the validity of conclusions 
before arriving at a viewpoint. 

  

Unit 9L.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review with students work covered in Grade 7 on combustion. Provide them with the words 
fuel, oxygen, carbon dioxide and water and ask them to write the word equation for burning a 
fuel. Explain that food is the fuel for organisms to carry out a similar reaction called 
respiration. Write the equation for respiration on the board or OHP to show how similar it is to 
combustion – all that changes is that fuel is replaced by food.  

Define aerobic respiration as using oxygen. Ask students for the chemical formulae for water, 
carbon dioxide and oxygen. Provide the formula for glucose and ask students to balance the 
equation so that there are the same numbers of atoms in reactants as in products.  

Demonstrate how energy can be released from food using a spatula of icing sugar in a tin 
can – ignite the fine powder with the flame of a candle. Emphasise that the biochemical 
reaction in cells is much more controlled than this demonstration.  

 
 
 
 
 

 
 
 

Safety: Practise igniting the icing sugar safely 
before carrying out this demonstration in front of 
students. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

The energy content of foods 
Provide students with packaging from a variety of foods and ask them to sort the foods into 
groups that are high in fat, high in sugar, high in protein and high in fibre. Get them to compare 
the kilojoules of energy from 100 g of different foods by looking at the nutritional information 
labels. Ask them to identify a pattern linking the composition of the food to the energy content.  

Let students test the hypothesis that foods high in fat release more energy. They can do this 
by burning crisps, crackers and their low-fat alternatives below a test-tube of water held in a 
clamp stand and measuring the change in temperature of the water. Discuss with students 
how they will carry out a fair test. Encourage them to control the mass of each food, the 
volume and starting temperature of the water in the test-tube, and the distance between the 
burning food and the test-tube. 

Collect the class’s results and ask students to write a conclusion to their investigation. Also 
ask students to list the sources of error of their experimental technique and evaluate whether 
they have sufficient evidence to prove their hypothesis. 

 
Enquiry skill 9.1.2 

 

 

 

Extension activity 
Ask students to use the Internet to find out how data on nutritional labels is actually calculated by 
food scientists using a bomb calorimeter. Tell them to consider each of the sources of error of 
their experimental technique and look at how using a bomb calorimeter would overcome it. 

 
ICT opportunity: Use of the Internet. 

 

4 hours 

Aerobic respiration in 
plants and animals 
Give the word and formula 
equations for aerobic 
respiration; explain the 
process as a cellular 
biochemical reaction in 
animals and plants in which 
food acts as a respiratory 
substrate and reacts with 
oxygen to release energy 
and produce carbon dioxide 
and water. 
Evaluate the strength of 
evidence and assess the 
validity of conclusions before 
arriving at a viewpoint. 

Remind students that respiration is one of the life processes carried out by all organisms, 
including plants and micro-organisms.  

Show students a flask of respiring yeast suspension and test the bubbles of gas produced 
with limewater to show that the gas is carbon dioxide. 

 
 

 
 

 

 

Demonstrate that plants respire. Set up two vacuum flasks, one containing germinating peas 
and the other boiled peas. Leave for 48 hours and compare the temperature of the two flasks. 
Explain that a temperature rise indicates that energy is released from respiration. Ask why this 
experiment is carried out in vacuum flasks and why you have repeated it with boiled peas. 

  

Unit 9L.2 
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Objectives Possible teaching activities Notes School resources 

 

Explain that hydrogencarbonate indicators show that organisms produce carbon dioxide and 
demonstrate this by setting up germinating peas and maggots in separate gauze cages over 
hydrogencarbonate indicator. Also place pondweed (Elodea) into hydrogencarbonate 
solution, cover in black paper and leave for 24 hours. The change in colour of the 
hydrogencarbonate solution in all cases shows carbon dioxide is produced. 
 

Remind students to respect and be careful handling 
all animals, including maggots.  

 

Measuring the rate of respiration 
Ask students to compare the rate of respiration of a plant and an animal. Provide groups of 
students with two respirometers, one containing germinating seeds, the other containing 
maggots or similar small organisms. Ask them to measure the rate of oxygen uptake every 
5 minutes for 20 minutes and to explain the difference in rate in terms of the level of activity 
of the organisms.  

 
Safety: Make sure students are careful when 
adding potassium hydroxide to the respirometers as 
it is poisonous; do not let it come into contact with 
the organisms they are using.  

There are several useful websites that show how to 
use respirometers (e.g. www.phschool.com/science/
biology_place/labbench/lab5/features.html) 

 2 hours 
Rate of respiration 

Know how the rate of 
respiration is affected by 
temperature, oxygen 
concentration and the 
availability of a respiratory 
substrate. 

Factors affecting the rate of respiration 
Discuss with students the factors that could affect the rate of respiration (e.g. temperature, 
oxygen concentration, the availability of glucose). Ask students to draw a sketch graph of 
how the rate of respiration will change for a temperature range of 0° C to 60° C. 

Carry out a class practical to find out how temperature affects the rate of respiration. Provide 
each group of students with two respirometers, one containing germinating peas, the other 
containing the same quantity of glass beads. Allocate groups a temperature between 0° C 
and 60° C (each temperature should be repeated at least once) and tell them to proceed as 
follows. Place each respirometer in a water bath and keep the water baths at the allocated 
temperature (e.g. using ice and hot water or a hot plate). After leaving the respirometers 
10 minutes to acclimatise, take measurements of oxygen consumption every 5 minutes for 
20 minutes. Changes in temperature during the experiment will cause the gas in the 
respirometer to expand or contract. Students will know if this has happened from the 
measurements of the respirometers containing glass beads and they can adjust their results 
for the germinating peas to take this into account.  

Collect the class’s results and ask students to calculate averages or discount anomalous 
measurements and plot a line graph of their results. Tell them to compare their graphs with 
the sketch graphs they drew before the experiment. 

Ask students to write a conclusion for their experiment describing the change in rate of 
respiration, as measured by oxygen uptake, for different temperatures. They should explain 
their results in terms of why a biochemical process is affected by temperature, including why 
the rate decreases when temperatures are too high. 
 

 
 
 
 

Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

The process of photosynthesis 
Remind students of work they have already done on photosynthesis in Grade 8 by asking 
them to draw a concept map. Write the word photosynthesis in the centre of a page and write 
the words chlorophyll, chloroplasts, oxygen, carbon dioxide, water and sunlight around it. 
Now ask students to join words together with lines and write on the line a connecting 
sentence; give an example to get students started (e.g. sunlight provides the energy for 
photosynthesis). 

Do not mark students’ concept maps; collect them in to look at again at the end of the unit. 

Write the word and formula equations for respiration on the board or OHP. Ask students for 
the word equation for photosynthesis and write this below the other equations. Students 
should then be able to write their own balanced formula equation for photosynthesis.  

  5 hours 

Photosynthesis 
State the word and formula 
equations for photosynthesis; 
explain the process as a 
biochemical reaction in 
chloroplasts that involves the 
absorption of light energy, 
which causes water and 
carbon dioxide to react to 
generate glucose and 
oxygen. 

Plan investigations, 
controlling variables and 
collecting an appropriate 
range of evidence, using 
appropriate techniques to 
ensure accuracy, carry out 
calculations, identify patterns 
in observations and data, 
draw generalised 
conclusions and test 
predictions. 

Explain to students that the glucose formed in photosynthesis is usually stored as starch and 
ask them about a test for starch. Demonstrate how to test a leaf for starch by boiling it in 
ethanol in a hot water bath to remove the chlorophyll, and then testing the leaf for starch with 
iodine solution. 

Set up the following experiments that show each part of the equation for photosynthesis: 
1 Photosynthesis produces oxygen 
 Place pondweed (Elodea) in a brightly lit tank and use a datalogger to measure the 

oxygen content of the water. Alternatively, place the Elodea under a funnel and position a 
small inverted test-tube full of water above it to collect the bubbles of gas produced. When 
the test-tube is full (which may take several days), test the gas collected with a glowing 
splint to show that it is oxygen. 

2 Photosynthesis requires chlorophyll 
 Place a variegated geranium (pelargonium) plant in bright light for several days. Get 

students, working in groups, to remove a leaf and make a sketch of the distribution of 
chlorophyll in the leaf. Tell them to test the leaf for starch and compare the distribution of 
starch with their sketch of the distribution of chlorophyll. 

3 Photosynthesis requires carbon dioxide 
 Place a geranium (pelargonium) in the dark for 24 hours to de-starch the leaves. Now 

cover the geranium and a small beaker of potassium hydroxide (to absorb carbon dioxide) 
with a large bell jar or plastic bag. Leave this plant in bright light for several days. Tell 
students to test a leaf for starch. 

4 Photosynthesis requires light 
 Place a geranium (pelargonium) in the dark for 24 hours to de-starch the leaves. Ask 

students to fold a small piece of black paper in half and cut out a stencil on one half. Tell 
students to cover both surfaces of a leaf with the folded paper (without removing the 
leaves from the plant), and use a paper clip to hold it in place. Leave the plant in bright 
light for several days then let students remove the stencil and test the leaf for starch. 

Discuss the results of these experiments with students and ask them to summarise the 
results of all four experiments and explain their observations.  

 
 
 
 

 
 
ICT opportunity: Use of a datalogger. 
Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

Experimental evidence for photosynthesis 
Ask students to design an investigation to find out what affects the rate of oxygen production 
in Elodea. Encourage different groups to investigate different variables (e.g. temperature, 
distance from light source, colour of light). Students may choose to count bubbles or 
measure the volume of oxygen collected in 5 minutes – depending on how active the Elodea 
is. 

Let students carry out their investigations and ask them to present their results as line 
graphs, where appropriate. 

 
Enquiry skill 9.1.1 

 

  

 

Review what students have learnt about photosynthesis by asking them to update and 
correct their concept map and add the word respiration to the map with connecting 
sentences. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Look at the following statements and indicate whether they are true or false. 

A. Plants photosynthesise during the day and only respire during the night. 

B. Plants produce oxygen for us to breathe. 

C. Only the parts of a plant that contain chlorophyll photosynthesise. 

D. The rates of both photosynthesis and respiration are affected by temperature. 

E. The rate of respiration in plants is affected by light intensity. 

F. Ethanol is used to test for the presence of starch. 

A true/false quiz like this will allow you to check 
students’ understanding of the difficult concepts in 
this unit. (C and D are true, the others are all false.) 

 

Some Grade 9 students set up five test-tubes of hydrogencarbonate indicator containing: 

1. nothing; 

2. pond snail; 

3. pond snail and pondweed; 

4. pondweed; 

5. pondweed covered in black paper. 

They left the test-tubes for three days. Write down what will have happened to the 
hydrogencarbonate indicator in each test-tube and what this shows. 

  

Apples can be stored for 6 months without losing crispness or flavour if they are kept at 0 °C 
and very low oxygen (0.5% O2). 

Use what you know about respiration to explain why these conditions help prevent apples from 
over-ripening. 

  

Assessment 

Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

The rate of photosynthesis can be measured as the volume of oxygen released by a plant per 
minute. The number of bubbles of gas released per minute from pondweed is counted. 

a. The gas collected in this experiment is not pure oxygen. Suggest a reason for this. 

b. The graphs below show the effect of light intensity on the rate of photosynthesis at different 
carbon dioxide concentrations. Explain what the graphs show. 

 

 

 
 
 

 

 

Adapted from QCA Year 9 science test, 2000 

 

 

Unit 9L.2 
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