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FOREWORD 

Dear Student, 

Rwanda Basic Education Board (REB) is honoured to present to you Chemistry 
textbook for Senior One which serves as a guide to competence-based teaching 
and learning to ensure consistency and coherence in the learning of Chemistry. The 
Rwandan educational philosophy is to ensure that learners achieve full potential 
at every level of education which will prepare them to be well integrated in society 
and exploit employment opportunities. 

The government of Rwanda emphasizes the importance of aligning teaching and 
learning materials with the syllabus to facilitate your learning process. Many factors 
influence what you learn, how well you learn and the competences you acquire. 
Those factors include the instructional materials available among others. In this 
book, special attention was paid to the activities that facilitate the learning process 
in which you can develop your ideas and make new discoveries during concrete 
activities carried out individually or with peers. 

In competence-based curriculum, learning is considered as a process of active 
building and developing knowledge and skills by the learner where concepts are 
mainly introduced by an activity, situation or scenario that helps the learner to 
construct knowledge, develop skills and acquire positive attitudes and values. 

For efficiency use of this textbook, your role as a learner is to: 

• Work on given activities which lead to the development of skills;

• Share relevant information with other learners through presentations,
discussions, group work and other active learning techniques such as role play,
case studies, investigation and research in the library, on internet or outside
the classroom;

• Participate and take responsibility for your own learning;

• Draw conclusions based on the findings from the learning activities.

I wish to sincerely express my appreciation to the people who contributed towards 
the editing of this book, particularly, REB staff, Lecturers and teachers for their 
technical support. 

Any comment or contribution would be welcome to the improvement of this 
textbook for the next edition. 

Dr. MBARUSHIMANA Nelson 
Director General, REB 
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UNIT 
1 Chemistry and Society

You probably have heard of the word ‘Chemistry’. What is the importance of 
Chemistry in the society today? How would life be without Chemistry?  Now, look 
at these photographs.

A B

C D

Fig. 1.1 Some products made using the knowledge of chemistry

Discuss with your friend how the things in the photographs came about. Are they 
important in our lives?

Key unit competency
After studying this unit, I should be able to assess the applications of Chemistry in our 
daily lives and state its contribution to the economy of our country.

Unit Outline
1.1. Definition of Chemistry
1.2. Importance of Chemistry
1.3. Application of Chemistry in industry
1.4. Contribution of Chemistry to the economy of Rwanda

Introduction
The history of Chemistry dates back to the 8th century AD when a Muslim Alchemist 
Geber, first described the processes of distillation, crystallisation and sublimation. 
However, even before this, the ancient humankind had already started using some 
chemical techniques. For example, early potters used glazes to decorate and preserve 
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their wares. Early brewers used crude fermentation techniques 
to make traditional brews, beers and wines. Blacksmiths 
combined metals such as tin and copper to make bronze, which 
they used to make various farm implements. 
In the modern world, complex chemical processes have been 
invented to come up with sophisticated products. These 
products have brought about significant changes in our way of 
life today.
The knowledge of Chemistry has also found relevance in 
other subject areas such as mining in Geography, manufacture 
of fertilisers in Agriculture, chemicals of life in Biology and 
manufacturing and industrialisation in Economics and Entrepreneurship studies.
You should therefore endeavour to understand and internalise the various concepts 
in Chemistry. This may in turn help shape your future in terms of your career and 
life in general.

1.1 Definition of Chemistry

Activity 1.1: 

Research activity
1.	 Check the meaning of the word “Chemistry’’ in the dictionary or Internet.
2.	 Discuss the meaning of the word Chemistry in your group.
3.	 Write the definition of Chemistry in your notebook.
4.	 Compare your definition with that of other group members. Are they the same?

The facts
The word Chemistry refers to the study of the composition, structure and 
properties of substances under different conditions. For example, you may be 
interested to know what happens when a piece of wood burns or during souring of 
milk. You may also want to know what happens when a nail undergoes rusting. All 
these are studied under Chemistry as a subject.

Activity 1.2
1. 	Look around you. What artificial things can you see or 

smell? 
2. 	What are those things made of?
3. 	Think about how the materials that make up the 

things you have observed are arranged. 
4. 	Did you know that the things you have mentioned 

change when interfered with? Why would this be the 
case?

5. 	Try out these experiments:
	 • 	 Light a piece of candle. What happens?

Fig. 1.2 Alchemist Geber 
(721 – 815 A.D) – The 
father of Chemistry

Fig. 1.3: A burning candle
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	 • 	 Put some sugar or salt in a glass of water. Stir using a spoon or stick. What 
happens to the sugar or salt?

I have discovered that…

There are different kinds of things around us. Examples are pens, books, wires, water, plastics, 
desks, metals, salt, sugar and soap. Most of these things are manufactured in industries 
through chemical processes. Others are found naturally on Earth; for example, soil. All 
these substances are called matter. When different kinds of matter are subjected to certain 
conditions, they change from one form to another. These transformations may involve a 
mere physical change or a chemical change which brings about a new product.

The Facts
Chemistry is a branch of Science concerned with the relationship of different kinds 
of matter and their behaviours under different conditions. This is what is explored 
in the manufacturing industry.

1.2	 Importance of Chemistry

Activity 1.3

1.	 Look at the pictures below.
2.	 Discuss in groups what is happening in each picture.

a b c

d e

f

Fig. 1.4 Applications of 
Chemistry
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3.	 How are the events in the pictures relevant in our lives?
4.	 What would happen if the events in the pictures didn’t happen?
5.	 Write short notes in your notebook on the importance of Chemistry in our lives.
6.	 Choose a secretary to do a presentation to the rest of the class on your 

findings.

I have discovered that…

When we fall sick, we visit the hospital to get treatment. The doctor advises us to buy drugs 
from the pharmacy. Pharmacists in pharmaceutical companies manufacture drugs that 
we use when we are sick. We wash clothes using soaps and detergents. We bake bread using 
baking powder made in industries. We also refine oil from crude oil. In all these, we use the 
knowledge of Chemistry as a subject. 
Therefore, Chemistry plays a very important role in our lives. We should take the study of 
Chemistry very seriously.

The Facts

Careers that you can pursue after studying Chemistry include:
1.	 Chemical engineering	 2.	 Quality control
3.	 Chemistry teaching	 4.	 Veterinary and human medicine 
5.	 Pharmacy	 6.	 Metallurgy
7.	 Working in a laboratory	 8.	 Nutrition

We are all equal!
It is possible for anybody irrespective of gender or physical state of the body to pursue 
any career in Chemistry. No career is a preserve of one gender or people without 
physical challenges!

Self-evaluation test 1.1

1. 	How will the study of Chemistry help you in your future career?
2. 	Why do you think the study of Chemistry is important in environmental 

conservation?

1.3 Applications of Chemistry in Industry

Activity 1.4 

Research activity
1.	 Look at the products given by your teacher. 
2.	 Have you ever come across them? 
3.	 What are they used for?
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4.	 Now, think about the products that you use at home. List them down in your 
notebook. Compare the products given by your teacher with your list.

5.	 How important are these products to you? 
6.	 Is there anything that will happen if you fail to use some of the products? Give 

a list of such products.
7.	 Where do you think these products come from? 
8.	 How are the products manufactured?
9.	 What kind of knowledge do you think is required for these products to be 

made?
10.	Your teacher will now take you for a trip in a manufacturing factory. Find out 

the answers to the questions above during the trip. 
11.	Write a report and present it to the rest of the class.

I have discovered that…

Many of the products we use at home and in school are important to us in one way or 
another. Such products include: books, papers, clothes, plastics, tissue papers, toothpaste, 
bottled water and foods of different kinds. Many consumer products are manufactured in 
industries through the application of the knowledge obtained from the study of Chemistry. 

The Facts
Chemistry has contributed to the understanding of how various materials are 
manufactured in industries. A good knowledge of Chemistry also helps us to choose 
safer and better products. The following are some of the areas where knowledge in 
Chemistry is applied in industry:-

1. Food and beverage industry

The knowledge of Chemistry enables nutritionists to calculate the nutrient 
composition of drinks and canned foods during the manufacturing process.
This knowledge is also extensively used in the production of traditional brews in 
Rwanda. Such brews include banana wine, sorghum beer among others. Extraction 
of butter from milk has been done traditionally to obtain butter used in cooking 
various types of food. This process also applies the knowledge of Chemistry.

2. Water treatment

Domestic water is treated with chemicals such as chlorine to make it safe for human 
consumption. Chlorine kills disease-causing microorganisms in water.
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. 
Fig. 1.5 A Water Treatment Plant in Rwanda

3. Manufacture of soaps and detergents

In Rwanda, soap is manufactured from oil. This oil is extracted from locally available 
plant materials. Some chemicals such as sodium chloride and sodium hydroxide 
are also added during this process. The soap products can be improved by adding 
colour and perfume to make them more attractive. Knowledge of Chemistry is 
important in this process.

Quality check!
Always ensure that the soaps and detergents  you buy from shops are of high quality 
and approved by Rwanda Standards Board (RSB).

4. Manufacture of pharmaceuticals

Human and animal medicines are made in pharmaceutical companies. This also 
applies to vaccines that are used to prevent diseases. The manufacturer of medicine 
and vaccines apply the knowledge of Chemistry. Traditional medicines in Rwanda are 
also extracted from leaves and barks of some trees by applying the same knowledge. 

5. Manufacture of fuels

Most of the fuel used in Rwanda comes from crude oil. Processing of crude oil 
occurs in a refinery. Examples of fuels include petrol, diesel, kerosene and jet fuel. 
These fuels are used to run various machines.

6. Other products

Manufacture of products such as clothes, paints, fertilisers and plastic products is 
done by applying the knowledge of Chemistry.

My environment my life!
Re-use and recycle plastic products. They are not biodegradable. If thrown in the environment, they 
pollute soil and water i.e. they destroy the soil structure and suffocate useful microorganisms; they 
can also harm aquatic animals when taken as food or release toxic chemicals in water’’
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Fig 1.6. An Oil Refinery

Self-evaluation test 1.2

How is the knowledge of Chemistry important in the following areas?
(a)	Water treatment	 (b)	Agriculture
(c) Transport industry	 (d)	Pharmaceutical industry

1.4 Contribution of Chemistry to the Economy of Rwanda

In pairs, talk about how Chemistry has helped to shape the economy of Rwanda. 
Assuming that Chemistry was not there, what would happen? Write a report and 
choose one group member to do a presentation to the class.

I have discovered that…

The knowledge of Chemistry helps us to transform natural raw materials into products 
that we use in our daily lives. These products improve our health, productivity and safety. 
The industries from which the products are manufactured provide jobs and these in turn 
bring about economic development of Rwanda.

The Facts

The following are some of the ways through which Chemistry helps to develop the 
economy of Rwanda they include:
1.	 Through the knowledge of Chemistry, medicines and vaccines are made 

available. Some of these medicines reduce infant mortality and hence 
increasing the size of the population. A healthy population ensures availability 
of labour to work on farms and in industries.

2.	 Manufacture of fertilisers and animal feeds helps to boost agricultural 
production in terms of quantity and quality of the products.
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3.	 Manufactured products such as beverages, and plastics are exported to earn 
our country foreign currency. The currency can then be channeled to other 
sectors of the economy such as education.

4.	 In transport industry - the knowledge of chemistry is applied in fuel 
processing and in road construction. Efficient transport and communication 
systems enable easy and faster movement of goods from the production point 
to the market. This facilitates trade.

5. 	The knowledge of Chemistry is applied in the mining industry to extract 
minerals. In mines we find chemical engineers, quality control specialists 
and environmental officers as employees. Minerals act as raw materials for 
industries. They are also exported to earn the country foreign currency.

6. 	Treating drinking water by the use of chlorine helps to reduce the rate of 
disease outbreaks. The reduction of disease outbreaks helps the government to 
channel a larger share of its revenue to other development activities other than 
the health sector.

7. 	Through the knowledge of Chemistry, people become aware of the importance 
of conserving the environment. They hence avoid activities such as 
deforestation and overstocking, which can cause environmental degradation. 
This in turn helps the government to relocate its resources to other important 
development projects.

Activity 1.5: 

Field trip to a factory
Your teacher will organise a visit to a manufacturing factory, a mining site or an 
agricultural farm. During the trip, study the processes going on and relate them 
to what you have learnt about applications and contributions of Chemistry to our 
economy. Write a report and do a presentation to the rest of the class. 

Remember the facts!

•	 Chemistry is the study of composition, structure and properties of different 
kinds of matter in different states.

•	 Chemistry can lead to careers of becoming a doctor, pharmacist, chemical 
engineer, quality control specialist, nutritionist among others.

•	 The knowledge of Chemistry is required in the manufacturing and food 
processing industries.

•	 Chemistry has contributed immensely to the economy of Rwanda through 
manufacturing, food processing and pharmaceutical products. 
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Test Your Competence 1
1.	 Your friend tells you that she wants to become a medical doctor. Which two 

subjects must she score highly so as to pursue her career of choice? 
2.	 Explain the link between chemistry and:
	 (a)	Geography	 (b)	Agriculture
3.	 Briefly explain how the following have contributed to the economy of Rwanda.
	 (a)	Development of vaccines
	 (b)	Manufacture of fertilisers and animal feeds
	 (c)	Efficient transport and communication system
4. 	Why do you think knowledge of Chemistry is useful in farming?
5. 	Assume you visited a milk processing plant in your locality. Write a short 

report that you would use to make a presentation to the rest of the class on the 
importance of Chemistry in economic development.

6.	 The following are careers that one can pursue after perfoming well in 
chemistry. Which one is not.

	 A.	 Quality control
	 B.	 Chemical engineering
	 C.	Nutrition
	 D.	Banking
7.	 An outbreak of a disease whose main symptom is diarrhoea has occured in 

a certain cell. Health officers suggest that the outbreak is due to residents 
drinking contaminated water. With your knowledge of chemistry, what would 
you advise your friend who lives in that cell?

8.	 When asked to say the meaning of Chemistry, Senior 1 learners from a certain 
school gave the following answers:

	 Learner A – The study of drugs and chemicals.
	 Learner B – The study of processes taking place in a laboratory.

Learner C – The study of the structure and composition of substances and the 
way they behave under different conditions.

	 Which learner do you think was right? Explain
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You probably have heard of the word 
laboratory.  Can you tell your friend what 
goes on in the laboratory?  Look at fig 2.1. 
It shows Marie Curie in her laboratory.
Marie Curie discovered the process of 
radioactivity. Because of this, she won 
the Nobel Prize for Chemistry in the year 
1911. This was the first time a woman won 
the Nobel Prize. She actually proved that 
Chemistry is not a preserve of men; that 
women can also excel in Science subjects!

Key unit competency 
After studying this unit, I should be able to use effectively laboratory equipment and 
materials to carry out experiments.

Unit Outline
2.1 Definition of laboratory
2.2 Laboratory safety
2.3 Laboratory apparatus(names, diagrams and uses)

Introduction

Most of the chemicals used in the laboratory are poisonous.  Some are highly 
flammable while others can burn the skin.  Also, some of the apparatus and 
equipment used in the laboratory are highly dangerous and delicate. Below are 
categories of hazards that may occur in a laboratory:  
     •	 Physical hazards
	 •	 Chemical hazards
	 •	 Biological hazards
1.	 Physical hazards are dangers caused by equipment such as tables that may 

cause a person to trip and fall or glassware that can break and cause cuts. 
2.	 Chemical hazards are dangers posed by poisonous chemicals such as some 

acids and bases and flammable liquids.
3.	 Biological hazards are dangers posed by exposure to culture, animal and 

plant tissues and disease-causing microorganisms.
We should always strive to avoid these dangers while working in the laboratory.

UNIT 
2 Laboratory Safety and Apparatus

Fig 2.1 Marie Curie (1867–1934) 
working in her laboratory
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2.1 Definition of a laboratory

1.	 Think of your house at home. Why do you think it has many rooms?
2.	 What is the purpose of each room?
3.	 What are some of the items found in each room? 
4.	 Why do you think it is important to take care while using some items in the 

house? 
5.	 Name some items in the house that are:
	 •	 delicate
	 •	 expensive
	 •	 harzadous

I have discovered that...

Many houses are always built with a number of rooms. Every room is usually reserved 
for a particular purpose. Some items are kept in certain rooms due to certain reasons i.e. 
they could be delicate and expensive and can easily be damaged. Similarly, Chemistry is 
studied in a place known as a laboratory. A laboratory is therefore a room, building or 
institution equiped for scientific research or experimentation.

The Facts
Chemistry as a subject is 
sometimes learnt through 
practical activities known as 
experiments done in the 
laboratory. In the laboratory, 
you will find equipment, 
materials and chemicals which 
are used when performing 
these experiments. Chemical 
substances used in an 
experiment are known as 
reactant substances. Students need to conduct themselves with care and in an 
orderly manner while in the laboratory so as to avoid injuries and accidents that 
could occur. Safety rules and regulations have been put in place to guide you as a 
student when using the laboratory.
A Chemistry laboratory is made up of: 
1.	 Preparation room- This is where the teacher usually prepares for the 

experiment.

Discussion corner!

Fig. 2.2 Students entering a laboratory
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Discussion corner!

2.	 Storage room - this is where laboratory chemicals are kept. It has a lockable 
cabinet for safe storage of flammable and volatile materials.

3.	 Student working area-this area has sinks, gas taps and storage cabinets.
4.	 Fume chamber or fume cardboard - it is used to carry out experiments 

involving production of poisonous gases.
5.	 Teacher’s working counter-this is usually located at the front centre of the 

laboratory. It is where the teacher carries out demonstrations on experiments.
6.	 Safety exit -  is a passage used in case of a fire outbreak.
7.	 Shower room- is used for bathing in case chemicals spill on one’s body.

2.2: Laboratory safety

1.	 Think of the reasons why we should always take care when using our roads.
2.	 What happens when we use our roads carelessly?
3.	 Discuss some of the rules and regulations that guide road users. Do you see 

any importance of following those rules?
4.	 Your teacher will take you to the laboratory. You shall be expected to research 

and make a presentation on laboratory rules and regulations.
5.	 Go through the laboratory safety rules in the chart provided by your teacher. 

Compare it with your findings.

I have discovered that...

We must always take care while walking along the road to avoid being hit by moving 
motorcycles or vehicles. Some of the rules and regulations that guide road users include: 
do not drink and drive, do not overspeed and do not overload etc. These rules 
are important in ensuring safety while using the roads. Similarly, we should always follow 
laboratory rules and regulations to avoid accidents in the laboratory.

The Facts
Many laboratory chemicals are poisonous while some easily catch fire. Some of the 
chemicals are also corrosive when they come in contact with the skin. It is therefore 
necessary that rules and regulations are followed to ensure your safety and that of 
the others while in the laboratory.
The two common causes of accidents in the Chemistry laboratory are carelessness 
and ignorance. Accidents can be minimised when safety rules are strictly observed.

Laboratory safety rules and regulations
The following are some of the laboratory rules that need to be respected while in 
the laboratory:
1.	 Do not enter the laboratory without the teacher’s permission.
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2.	 Do not run while in the laboratory because you may trip, fall and injure 
yourself or others in the laboratory.

3.	 Be polite while in the laboratory; do not push, scramble or fight.
4.	 Never taste or eat anything in the laboratory as these may cause poisoning 

or infection.

Health check!
Always avoid situations that can put your health at risk. Our health must always be 
given first priority.

5.	 Always consult your teacher before trying out any experiment, handling 
apparatus or chemicals to avoid accidents. Do not interfere with other 
students’ experiments in progress.

6.	 Do not tamper with electrical, gas or water fittings. Always turn off 
water taps and gas taps when they are not in use to minimise wastage.

Money matters!
Help cut costs on electricity, gas and water!

7.	 Do not smell gases directly.  Hold the gas source 15-20 cm away from the 
nose and waft the gas towards the nose using your palm, then smell carefully.

8.	 Always hold test tubes or boiling tubes using a test tube holder when 
heating to avoid being burnt.

9.	 Never look directly into flasks and test tubes where reactions are taking 
place because the chemicals might spurt into your eyes and cause injury.

10.	Experiments in which poisonous gases are produced must be carried out 
either in the fume cupboard or outdoor.

11.	Label all reagents you are using to avoid confusion. Always read the label 
on all reagents before you use them.

12.	Always use a new spatula each time you are scooping reagents from a 
different container to prevent contamination.

13.	Always keep flammable substances away from flames because they can 
easily catch fire.

14.	Do not put hot materials into waste containers.
15.	All solid waste should be properly disposed of. Do not put insoluble 

materials into the sinks.

My environment my life!
Proper disposal of wastes ensures an effective working environment.

16.	After finishing with a reagent bottle, replace the stopper and return it in the 
right place.

17.	Always clean all the apparatus and bench tops after use and wash your 
hands thoroughly before leaving the laboratory.
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18.	Always know the locations and operations of all safety equipment.
19.	Report any accidents to the teacher or the laboratory technician 

immediately they occur for necessary action to be taken.
20.	 If a chemical gets on your skin or in your mouth rinse it immediately with 

plenty of clean water.
21.	Always extinguish flames that are not in use to avoid accidents and 

minimise fuel wastage.
22.	 In case of a serious accident such as a fire or an explosion, walk out calmly 

and  do not congest at the exit.
23.	Always wear laboratory coats, closed shoes, goggles, gas masks and gloves 

when you are working with chemicals, hot liquids or other materials that 
could harm you.

Self-evaluation test 2.1

1. 	Supposing you are going home from school and unfortunately a speeding 
bicycle knocks down your friend! What action would you take?

2. 	Why do you think it is important to know the locations and operations of all 
safety equipment in the laboratory?

3. 	While in the laboratory, a senior one student accidentally spills a certain 
chemical on her hand. She immediately feels a burning effect. What action 
would you suggest to her?

4. 	What is the first action a student should take before attempting any 
experiment in the laboratory?

2.2 Laboratory safety precautions and warning labels 

1.	 What guides motorists to slow down or take a turn while using certain parts of 
the road?

2.	 Why do you think road signs are important?
3.	 (a) What is a label? 
	 (b) Why do most products have a label?
4.	 Suppose you came across these symbols, what would you conclude?

(i) (ii)	

5.	 With the guidance of your teacher, visit a Chemistry laboratory. Look at the 

Discussion corner!
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various chemical containers provided by your teacher. Check the safety signs 
in the containers and list them down.

6.	 Compare the safety signs in the various containers and their meanings.

I have discovered that...

Road signs and symbols always act as a guide to motorists. They ensure safety and proper 
use of the roads. Likewise, many products have labels. These labels provide information 
such as risks associated with the use of the products.

The Facts
In the laboratory, there are symbols and labels majorly to warn the users of the 
potential dangers. Such dangers usually arise due to ignorance of the laboratory 
rules or careless handling of reagents and apparatus.
Many of the reagent containers have warning labels on them.  Warning labels are 
small pieces of instructions of care. It is therefore important to read and interpret 
the various warning labels and symbols. Some symbols are placed at strategic points 
in the laboratory. 
Table 2.1: Laboratory safety symbols and their meanings

Symbol Meaning 

Highly flammable

– Easily catches fire and burns.

Toxic

– It can lead to death.

Irritant

– It irritates the skin when in contact.

Radioactive

– Dangerous to human health and can cause cancer.
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Corrosive

– Can easily burn you when in contact with your skin. It can 

also damage wood and metal.

Explosive

– It can easily explode and release small particles which can 

injure you.

Harmful

– Poisonous when inhaled or ingested and can lead to death.

Electric shock

– It can cause electric shock leading to death.

Laser radiations

– It can cause cancer.

Activity 2.1: 

1.  Cut Manila paper into seven square pieces.

2.	 Using a marker pen, draw various safety symbols on these pieces of manila.
3.	 Write the meaning of each symbol below it in capital letters.
4.	 Pin the symbols on the noticeboard of your classroom to remind others of 

their safety while in the laboratory.
5.	 Role-play the meaning of each symbol. For example, make a loud noise 

resembling an explosion. Let your friends try to move away from the scene in 
an organised way. Also, scratch your skin on the hand as if in pain. Let your 
friend do first aid on you by pouring a lot of water on the affected part.
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Measures to take in case of accidents

 
In pairs, discuss the following questions: 
1.	 Have you ever experienced a cut or a burn? What was done when either of 

these happened?
2.	 Where were you taken after being attended to? 
3.	 Why do you think accident victims are usually attended to first before being 

taken to hospital?
 	 Look at the pictures below.

	
	 A	 B
4.	 In pairs, discuss what is happening in each picture?
5.	 What would happen if nothing was done at all for each of the two cases shown 

in the pictures?

I have discovered that...

We always face danger of being hurt, cut and burnt as we carry out our daily chores.  When 
an accident occurs, the victim is always attended to in order to reduce pain or severe effects 
in case an organ is damaged. We therefore must always exercise caution to avoid putting 
ourselves at risks. We should also know how to use each equipment while in the house. In 
case of an accident we should always find the appropriate ways of attending to the victims 
before we take them to the hospital.

The Facts
Sometimes due to carelessness, lack of proper adherence to laboratory rules 
and regulations, certain accidents are likely to occur in the 
laboratory.
In case of an accident, First Aid is usually done as a first 
step to getting the victim out of danger and to relieve pain. 
It may also be done to stop excessive bleeding and to assure 
the patient of recovery. First Aid is usually given by the use 
of the components of the First Aid kit. A First Aid kit is a 
collection of supplies and equipment for use in giving First Fig 2.3. First Aid Kit

Discussion corner!
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Aid. Every laboratory is required to have a First Aid kit. Its location should be 
known to every laboratory user. The kit is used in cases of emergency.
After the First Aid, the patient is immediately taken  to hospital for further check 
up. 
The following are examples of accidents that commonly occur in the laboratory 
and the measures to be taken .
Table 2.2 Common laboratory accidents and First Aid

Kind of accident Treatment
Acid and base 
burns

For damage caused by a minor acid spill, wash the affected part 

with cold water at once then take painkillers. No other treatment 

shall be needed. Never burst the blisters. However, if they open, 

wash gently with soap and boiled water that has been cooled.

If the burn is near a movable joint such as an elbow, sterilise a 

little Vaseline by heating it until it boils and spread it on a piece 

of sterile gauze. When it is cools, put the gauze on the burn.

Never smear on oil or butter.

If the burn is not on a movable joint, leave the burn uncovered 

and allow it to dry. Dab on a gentian violet solution (GV) to help 

keep it clean and dry. This will help to speed up healing.

Cuts Raise the injured part for example leg.

Wash the injured part using clean water.

Use a clean piece of cotton cloth to press directly on the wound. 

Keep pressing until bleeding stops.

Fig 2.4 Pressing the wound
If bleeding persists, tie the cloth close to the wound as possible. 

Tighten it enough to control the bleeding.

Health check!
Always use gloves when offering First Aid to a bleeding 
patient. HIV and AIDS is transferred through contact with 
infected blood.
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Fire outbreak Use a fire extinguisher in the laboratory to fight the fire. Press the 

fire bell to alert and then move out everyone in the laboratory.

How to use a fire 
extinguisher

When there is a fire outbreak, get the fire extinguisher from its 

location then ask one  student to  assist you in holding  the 

cylinder while the other holds the nozzle. Remove the safety 

pin and direct nozzle to the fire source. The carbon dioxide gas 

released will extinguish the fire.

Self evaluation test 2.2

1.	 Explain how you would assist a visually impaired member of your group 
during a laboratory experiment.

2.	 When walking along a road, at what point do you know it is appropriate to 
cross? 

3.	 State the measures you will take in case of the following laboratory accidents.
	 (a)	Fire outbreak
	 (b)	You are cut by a broken glass
	 (c)	Acid gets splashed into your eyes
	 (d)	Someone accidentally drinks a chemical in the laboratory.
4.	 Labelling of chemicals in the laboratory is important. Discuss.

2.3 Laboratory apparatus

1. 	If you go to the nearest shop to buy sugar, how 
would you tell if the amount given to you is right?

2. 	Suggest the use of the instrument shown in fig. 2.5.
3. 	How would you tell the volume of water in a 

container?
4. 	How can one measure the coldness or hotness of a 

substance?

I have discovered that...

The amount of any substance can only be known after it has been measured using an 
appropriate instrument. An example of such an instrument is the weighing balance. 
The coldness or hotness of a substance is measured using a thermometer. We use a 
measuring cylinder to determine the volume of liquids etc.

Discussion corner!

Fig. 2.5 Weighing balance
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You are already familiar with table salt. What is the importance of table salt? Did 
you know that many other substances also contain salts? For example, have you 
ever seen animal feeds such as rabbit pellets, calf licks and chicken mashes? Did 
you know that they contain various types of salts? Now look at the pictures below.  
Can you identify them?

A. B. C.

What would you say is the difference between salt and sugar? What is the difference 
in their functions?
Clearly, salts play an important role in our lives. You should therefore be more keen 
when handling this unit as it will equip you with lifelong skills.

Health check!
Always ensure you consume food prepared with iodised table salt to prevent goitre.

Key unit competency 
After studying this unit, I should be able to analyse properties of different types of salts.

Unit outline
12.1 Definition and nomenclature of salts
12.2 Physical properties of inorganic salts
12.3 Action of heat on salts

12.1 Definition and nomenclature of salts

Activity 12.1
Discuss the questions below and write a report for presentation to the class. You 
can do research in the library or through the Internet. You can also use handouts 
and pamphlets provided by your teacher.
1.	 What do you understand by the term salt?

UNIT 
12 Inorganic Salts and their Properties

Fig 12.1 Some substances made of salt
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2.	 Name any five salts that you know.
3.	 Salts are named depending on the acid they are derived from. Considering this 

fact, give the missing information in the following table.
Acid Base Name of the resultant salt

Hydrochloric acid NaOH
Sulphuric acid KOH
Carbonic acid Ca(OH)2

Nitric acid Mg(OH)2

4.	Write the formulae of the following salts.
Salt Formula 

Potassium nitrate 
Sodium chloride
Calcium sulphate
Zinc chloride
Potassium chloride
Sodium sulphate 

The Facts

A salt is a compound formed when the hydrogen ions of an acid are wholly or partially 
replaced by a metal or ammonium ion. The process involves a neutralisation 
reaction in which a base neutralises an acid.

When all the hydrogen ions of an acid are replaced by a metal or ammonium 
radical, we get a normal salt. All chloride and nitrate salts are normal salts. When 
the hydrogen ions of an acid are partially replaced, we obtain an acid salt.

The number of hydrogen atoms in each molecule of an acid, replaceable directly or 
indirectly by a metal or ammonium radical, is called the basicity of that acid. Both 
hydrochloric and nitric acids contain only one replaceable hydrogen atom hence 
are said to be monobasic. Monobasic acids form one series of salts i.e normal 
salts. 

Sulphuric and carbonic acids have two replaceable hydrogen atoms per molecule of 
the acid.  They are dibasic. These acids form two series of salts. 
(i) Where all hydrogen atoms of the acid are replaced i.e, normal salt. 
	 Consider the following illustrations.

Zn(s) + H2SO4(aq)  
ZnSO4(aq) + H2(g)

(normal salt)

Note that zinc sulphate has no hydrogen atom which can be replaced. It is therefore 
described as a normal salt.
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(ii)	Where only a part of the hydrogen atoms of the acid are replaced i.e, acid salt.
	 Consider the following illustrations.
	 H2SO4(aq) + NaOH(aq)   

NaHSO4(aq) + H2O(l)
(acid salt)

Note that sodium hydrogen sulphate salt still has one hydrogen atom, which can 
be replaced by a metal or ammonium ion. This is why it is known as an acid salt.

Names of salts are derived from the metal or ammonium ion from which they are 
formed and the parent acid. When naming salts the name starts with the metal or 
ammonium ion in the salt, followed by the respective acid radical.

Table 12.1 Naming of salts from different acids

Acid and its 
formula

Class of salt Type of salt Examples 

Hydrochloric acid

(HCl)

Chlorides Normal Sodium Chloride 

Calcium Chloride

Nitric acid 

(HNO3)

Nitrates Normal Potassium nitrate 

Lead(II) nitrate

Sulphuric acid 

(H2SO4)

Sulphates Normal Magnesium sulphate 

Lithium Sulphate

Hydrogen 

sulphates 

Acid Sodium hydrogen sulphate

Carbonic acid 

(H2CO3)

Carbonates Normal Zinc carbonate  

Calcium carbonate

Hydrogen 

carbonates

Acid Calcium hydrogen 

Carbonate

Self-evaluation Test 12.1

1.	 Define the term tribasic salt
Match the acid with the salt name associated with it.

Acid General name of the salts 
Nitric acid Chlorides
Hydrochloric acid Sulphates
Carbonic acid Nitrates
Sulphuric acid Carbonates

2.	 State whether these acids form normal salts only or can form both normal and 
acid salts.

	 (a)	 Carbonic acid		  (b)	 Hydrochloric acid
	 (c)	 Sulphuric acid		  (d)	 Nitric acid
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3.	 Give the names of salts formed when: 
	 (a)	 Sodium metal replaces hydrogen ions of nitric acid.
	 (b)	 Calcium metal partially replaces hydrogen ion of carbonic acid.
	 (c)	 Ammonium ion replaces the hydrogen ions of hydrochloric acid.
	 (d)	Potassium metal partially replaces the hydrogen ion of sulphuric acid.
4.	 The table below gives examples of some salts.  Give missing information in the 

table.
Name of salt Formulae of salt Source (acid)
Zinc nitrate (a) (b)

(c) K2SO4 (d)
(e) (f) Hydrochloric acid

Ammonium sulphate (g) (h)

12.2 Physical properties of inorganic salts
Activity 12.2

Investigating Properties of inorganic salts
Apparatus and reagents
Magnesium sulphate, calcium sulphate, sodium carbonate, lead (II) nitrate, 
potassium nitrate, silver chloride, sodium chloride, lead (II) chloride, barium 
sulphate, test tube, weighing balance beaker, conductivity tester or ammeter

Procedure
1.	 Observe each of the salts given then provide the missing information in the table.

Salts Formula Physical state Colour 

Magnesium sulphate

Calcium sulphate

Sodium carbonate

Lead (II) nitrate, 

Potassium nitrate.

Silver chloride 

Sodium chloride

Lead (II) chloride

Barium sulphate

2.	 Take 0.5 g of each of the salts provided in a test tube and add about 5cm3 of 
cold water. Caution: Do not warm. Close the test tube with your thumb and 
shake thoroughly. Put the test tube in a test tube rack. Observe then record your 
observations. If there is any solid left, add a little more water and shake again.
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3.	 Repeat procedure 2 above but this time using hot water or warm the mixture 
using a Bunsen burner. Note what happens.

Record your results in the following table by ticking as appropriate.

Salts
Soluble Insoluble 

Cold water Warm water Cold water Warm water

Magnesium sulphate

Calcium sulphate

Sodium carbonate

Lead (II) nitrate

Potassium nitrate

Silver chloride 

Sodium chloride

Lead (II) chloride

Barium sulphate

4.	 Write a report on the experiment findings. The report should have:
	 (a)	Title of the experiment
	 (b)	Aim of the experiment
	 (c)	Requirements (materials, apparatus and reagents)
	 (d)	Procedure
	 (e)	Discussion and conclusion
5.	 Present your report to the class in the presence of your teacher.

I have discovered that…

Magnesium sulphate, calcium sulphate, sodium carbonate, lead (II) nitrate, potassium 
nitrate, silver chloride, sodium chloride and lead (II) chloride are white solids at room 
temperature.
Table 12.2: Examples of coloured salts

Salt Colour 
Hydrated copper (II) sulphate Blue
Hydrated iron (II) sulphate Green
Potassium permanganate Purple
Potassium dichromate Orange 

From the experiment on solubility of salts in water, it is clear that there are salts, which are 
soluble, and those that are insoluble in water.
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Table 12.2 Summary of solubility of salts
Soluble in cold water Soluble in hot water Insoluble
Sodium chloride
Potassium nitrate
Sodium carbonate
Lead (II) nitrate
Magnesium sulphate
Potassium sulphate

Lead (II) chloride Silver chloride
Barium sulphate

The Facts

Among the soluble salts; some dissolve only if the solution is heated. This means 
that they dissolve only at slightly higher temperatures.
This category of salts dissolve much slower compared to those that dissolve in cold 
water i.e. they have lower solubility.
Salts that do not dissolve completely even after heating are said to be insoluble.

Solubility rules
1.	 All nitrates are soluble.
2.	 All sodium, potassium and ammonium salts are soluble.
3.	 All carbonate salts are insoluble except sodium carbonate, potassium 

carbonate and ammonium carbonate.
4.	 All sulphate salts are soluble except lead (II) sulphate, barium sulphate and 

calcium sulphate, which is sparingly soluble.
5.	 All chloride salts are soluble except lead (II) chloride and silver chloride. 

However, lead (II) chloride is soluble in hot water.

Money matters!
When buying soap, I will consider its solubility to avoid using expensive soaps yet they 
take a lot of time to dissolve.

Activity 12.3 

Experiment to demonstrate electrical conductivity of salts
1.	 Make solutions of various salts in experiment 12.2 in a small beaker.
2.	 Test the electrical conductivity of these solutions using the set up shown below.
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bulb switch

beaker

solution to be tested

graphite 
electrodes

Fig. 12.2 Set-up to test electrical conductivity of solutions
3.	 Switch on the current. Does the bulb light? What can you say about the solution?
	 Rinse the beaker and graphite electrodes with distilled water then add the next 

solution. Test its conductivity and record your observations in a tabular form.
Table 12.3 Electrical conductivity of salts in aqueous form 

Salts solution Observation on the bulb
Magnesium sulphate
Sodium carbonate
Sodium hydrogen 
carbonate 
Lead (II) nitrate
Potassium nitrate
Sodium chloride
Magnesium chloride 

I have discovered that…

All soluble salts i.e. those that dissolve in water to form solutions conduct electric current. 
That is why when the switch is closed, the bulb lights showing that the solution completes 
the circuit. Salt solutions in aqueous state ionise to form ions which carry electric charge 
within the solutions.

Self-evaluation Test 12.2

1. 	Direct reaction between calcium carbonate and dilute sulphuric acid is not 
advisable in the preparation of calcium sulphate. Explain.

2.	 (a)	Comment on the solubility of calcium sulphate and lead(II)chloride.
	 (b)	State an example of a salt which exists as:
		  (i)	 White crystal
		  (ii)	 White powder 
3. 	The electrical conductivity of magnesium chloride was tested using the 

following set-up.

source of direct current 
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bulb

P

switch

magnesium chloride solution

Fig. 12.3 Set-up to test electrical conductivity of magnesium chloride
	 (a)	 Name suitable materials for rods P.
	 (b)	 State the observation made when the switch was closed.
	 (c)	 What does this experiment tell you about the electrical conductivity of 

aqueous magnesium chloride? 

12.3 Action of heat on salts 
Activity 12.4

Experiment to investigate action of heat on carbonates and hydrogen 
carbonates

Apparatus and reagents
Test tubes, spatulas, match box, zinc carbonate, lead (II) carbonate, sodium 
carbonate, copper (II) carbonate, sodium hydrogen carbonate and calcium 
hydroxide solution.

Procedure
1.	 Put into separate test tubes, about one spatula end-full of each of the 

carbonate or hydrogen carbonate provided.
2.	 Heat each sample gently and observe what happens. 
3.	 Then heat strongly until no further change occurs. 
4.	 Using a delivery tube, connect the test tube containing the heated salt to 

another test tube containing lime water as shown in figure 12.4.
	

source of direct current 
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Lime 
water
Ca(OH)2

carbonate
or hydrogen 
carbonate

Cork

Test tube

Delivery tube

heat

Fig. 12.4 Heating carbonates and hydrogen carbonates

5.	 Record your observations in the following table.
Table 12.4: Colour of some salts

Carbonate/ 
hydrogen 
carbonate

Colour 
before 
heating 

Colour 
after 
heating 

Effect of the 
gas on calcium 
hydroxide 
solution(lime 
water)

Zinc carbonate 

Lead (II) 
carbonate 
Sodium 
carbonate 

Copper (II) 
carbonate 

Sodium 
hydrogen 
carbonate 

1.	 Which carbonates are not affected by heat?
2.	 Which carbonates decompose when heated?
3.	 Write chemical equations for the reactions which occur in this experiment.

I have discovered that…

Sodium carbonate does not decompose when heated.
Zinc carbonate decomposes on heating to form a yellow solid that turns white on cooling 
and a colourless gas is given off. Lead (II) carbonate decomposes when heated to form a 

Discussion corner!
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red brown solid that turns yellow on cooling while a black solid is formed when copper(II) 
carbonate is heated. In all cases, a colourless gas is evolved.

The Facts
Group I compounds are very stable. They are not affected by heat. Such compounds 
include sodium carbonate and potassium carbonate.
Sodium hydrogen carbonate decomposes on heating to give sodium carbonate, 
carbon dioxide and water.

2 NaHCO3(s)  Na2CO3(s) + CO2(g) + H2O(l)

The carbon dioxide turns lime water milky. This is the test for carbon dioxide. 
Other metal carbonates apart from potassium and sodium carbonates decompose 
on heating to form metal oxides and carbon dioxide only i.e.

		    Metal carbonate  heat  metal oxide + carbon dioxide

Zinc carbonate decomposes to give zinc oxide (yellow when hot and white when 
cold) and carbon dioxide. The carbon dioxide turns lime water milky.

Zinc carbonate heat  zinc oxide +  carbon dioxide

	 ZnCO3 
heat  ZnO (s)    +  CO2 (g)

When white lead (II) carbonate is heated, it forms lead (II) oxide (red-brown when 
hot and yellow when cold) and carbon dioxide gas.

PbCO3(s) 
heat   PbO (s) + CO2(g)

Green copper (II) carbonate forms black copper (II) oxide and carbon dioxide gas 
when heated.

CuCO3(s) 
heat  CuO (s) +CO2(g)

In general, carbonates decompose on heating to give corresponding metal oxide and 
carbon dioxide gas. The gas reacts with calcium hydroxide solution to form calcium 
carbonate hence the solution turns milky. This is the test for carbon dioxide gas i.e.

Ca(OH)2(aq) + CO2(g) heat  CaCO3(s) + H2O(l)

                                                                                    (white precipitate)

Activity 12.5 
Experiment to determine action of heat on sulphates

Apparatus and reagents 
Hydrated copper (II) sulphate, hydrated iron (II) sulphate,
test tubes, Bunsen burner,

Procedure
1.	 Put one spatulaful of hydrated copper (II) sulphate crystals and anhydrous 

copper (II) sulphate crystals in separate test tubes.

heat
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Hydrated copper 
(II) sulphate salt

Heat

Fig. 12.5: Heating sulphate
2.	 Heat each test tube gently and then strongly. Record your observations.
3.	 Repeat procedures 1 and 2 above but this time using hydrated iron (II) 

sulphate. Record your observations.

1.	 State the observations made when each of the hydrated salts is heated gently.
2.	 State the observations made when each of the sulphate salt is heated strongly.
3.	 Write equations for the reactions that take place.

I have discovered that...

When hydrated copper (II) sulphate crystals are gently heated, the blue crystals
gradually turn into a white solid and droplets of a colourless liquid collect on the
cooler parts of the test-tube.  On further heating however, the white solid changes to a black 
solid.  When a wet blue litmus paper is placed at the mouth of the test-tube, it turns red.
When hydrated iron (II) sulphate is gently heated, a white powder is formed and droplets 
of a colourless liquid collect on the cooler parts of the test tube. On further heating the 
powder changes to a brown powder. A wet blue litmus paper placed at the mouth of the 
test-tube turns red.

The Facts

Hydrated copper (II) sulphate contains water of crystallization. When gently heated 
it loses the water of crystallisation to form anhydrous copper (II) sulphate which is 
a white solid.

CuSO4•5H2O(s) heat  CuSO4(s) + 5H2O (g)
				    (Blue solid)            (White powder)

Anhydrous copper (II) Sulphate when strongly heated decomposes further to give 
a black solid that is, copper (II) oxide and sulphur dioxide gas. This gas is acidic.

2CuSO4(s)  
heat   2CuO(s) +  2SO2(g) + O2(g)

			          (White solid)              (Black solid)
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Green hydrated iron (II) sulphate crystals when heated forms iron (II) sulphate 
and gives out water.

FeSO4• 7H2O (s) heat  FeSO4 (s) + 7H2O (g)
                     (white powder)

When anhydrous iron (II) sulphate is heated more strongly a red- brown iron 
(III) oxide solid is formed together with a mixture of sulphur trioxide and sulphur 
dioxide gases. These gases are acidic and turn moist blue litmus paper red.

2FeSO4(s) 
heat   Fe2O3(s) +  SO2(g) +SO3(g)

 (brown powder)

Hydrated sulphates give out their water of crystallisation when heated. Sulphates 
of potassium, sodium, calcium and magnesium are stable and are not decomposed 
by heat.

Money matters!
Due to the huge expenses incurred in buying laboratory chemicals, ensure that you always 
keep the reagents properly and with their tops tightly closed to prevent contamination.

Activity 12.6 

Experiment to determine action of heat on nitrates

Apparatus and reagents
Potassium nitrate, sodium nitrate, copper (II) nitrate, lead (II) nitrate, silver nitrate, 
test tubes, Bunsen burner, moist litmus paper, splints.

Procedure
1.	 Heat half a spatula of each of the nitrates provided in separate test tubes.
2.	 Test for any gases evolved using both moist blue and red litmus paper and a 

glowing splint.

nitrate

Heat

Fig. 12.6 Heating nitrates
	 Caution: Avoid inhaling the gas that may be evolved.
3. 	Record your results in the following table.
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Table 12.4: Action of heat on nitrates

Nitrate Colour before 
heating

Colour after 
heating

Effect of the gas 
on moist litmus 
paper

Potassium nitrate
Sodium nitrate
Copper (II) nitrate
Lead (II) nitrate
Silver nitrate

1.	 Write equations for the reactions that occur.
2.	 Classify the nitrates according to the effect of heat on each one of them.

The Facts

Sodium nitrate and potassium nitrate decompose on heating to give the 
corresponding metal nitrites and oxygen gas.

2KNO3(s) 
heat  2KNO2(s) + O2 (g)

2NaNO3(s) 
heat  2NaNO2(s) + O2 (g)

Copper (II) nitrate decomposes on heating to give copper (II) oxide, brown fumes 
of nitrogen dioxide and oxygen gas. Nitrogen dioxide turns blue litmus paper red 
while the oxygen relights a glowing splint.

2Cu(NO3)2(s) 
heat  2CuO(s) + 4NO2(g) + O2 (g)

When heated white lead (II) nitrate produces a cracking sound and forms lead 
(II) oxide, which is reddish brown solid when hot and yellow when cold. A red 
dish brown gas i.e. nitrogen dioxide is evolved. Oxygen is also produced. Oxygen 
relights a glowing splint.

2Pb(NO3)2 (s) 
heat  2PbO (s) + 4NO2 (g) +O2 (g)

On strong heating, silver nitrate gives silver metal, nitrogen dioxide and oxygen gas.

2AgNO3 (s) 
heat  2Ag (s) + 2NO2 (g) + O2 (g)

Similarly, nitrates of other metals low in the reactivity series decompose to yield the  
corresponding metal, nitrogen dioxide and oxygen gas.

Hg (NO3)2 (s) 
heat  Hg (l) + 2NO2 (g) + O2 (g)

Therefore, nitrates of metals high in the reactivity series decompose on heating to 
give corresponding nitrites and oxygen. Nitrates of moderately reactive metals give 
corresponding metal oxides, nitrogen dioxide and oxygen on heating while least 
reactive metals give corresponding metal, nitrogen dioxide and oxygen gas.

Discussion corner!
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What do you think would be the products of heating aluminium nitrate and zinc 
nitrate?
Ammonium nitrate, unlike other nitrates, decomposes to give dinitrogen monoxide 
(nitrous oxide) and water.

NH4NO3(s) 
heat  N2O(g) + 2H2O (g)

Self-evaluation Test 12.4

1	 (a)	Name two metal carbonates, which do not decompose when heated.
	 (b)	Name the products formed when the following carbonates are heated. 
		  (i)	 Zinc carbonate
		  (ii)	 Lead (II) carbonate
	 (c)	Write equations to show the action of heat on the carbonates in (b).
	 (d)	Write a chemical equation to represent the action of heat on sodium 

hydrogen carbonate.
2.	 (a)	State and explain the observation made when hydrated copper (II) 

sulphate     crystals are heated gently then strongly.
 	 (b)	State and explain the observations made when anhydrous iron(II)sulphate 

is heated gently then strongly.
	 (c)	Write equations for the reactions that occur in 2(a) and (b) above.
3. 	(a)	Predict the products that would be formed if the following nitrates are 

heated.
		  (i)	 Calcium nitrate
		  (ii)	 Magnesium nitrate
	 (b)	Write equations for the reactions in 3(a) above.

Remember the facts…

•	 A salt is a compound obtained when all, or part of the replaceable hydrogen 
atoms of an acid are replaced by a metal ion or ammonium ion.

•	 The names of various classes of salts are derived from the acids from which 
they are prepared. Normal salts do not have any replaceable hydrogen 
ions. Acid salts have at least one replaceable hydrogen ion remaining in its 
structure.

•	 Some of the physical properties of salts include different colours and physical 
states at room temperature, solubility in water and electrical conductivity.

•	 Salts soluble in water form solutions, which are good electrical conductors. 
Insoluble salts do not conduct electric current.
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•	 Heat does not decompose carbonates of potassium and sodium. Most 
carbonates however, decompose on heating to give metal oxides and carbon 
dioxide.

•	 Sodium hydrogen carbonate decomposes on heating to give sodium carbonate, 
carbon dioxide and water.

•	 Hydrated copper (II) sulphate and hydrated iron (II) sulphate give out 
water of crystallisation when heated before the anhydrous salts proceed with 
decomposition.

•	 Nitrates of metals high in the reactivity series decompose on heating to give 
corresponding nitrites and oxygen. Nitrates of moderately reactive metals give 
corresponding metal oxides, nitrogen dioxide and oxygen on heating. Least 
reactive metal nitrates give corresponding metal, nitrogen dioxide and oxygen 
gas.
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Test Your Competence 12
1.	 (a)	What do you understand by the term salt?
	 (b)	A certain salt is made when ammonium ion displaces all the hydrogen ions 

of sulphuric acid. Give the name and formula of the salt formed.
2.	 (i)	State the observations made when hydrated copper (II) sulphate crystals 

are heated gently then strongly .
	 (ii)	Write the chemical equations for the changes that take place in 2 (i).
3.	 The following flow diagram shows what happens when a certain carbonate of 

metal X is heated strongly.

Carbonate of X

Gas Y

Yellow Solid W which 
turns white on cooling

	 (a)	Identify:
		  (i)	 Gas Y
		  (ii)	 Yellow Solid W
	 (b)	What is the colour of the carbonate of X?
	 (c)	What is metal X?
4. 	(a)	State the products formed when sodium hydrogen carbonate is heated.
	 (b)	Write a chemical equation for the reaction in 4(a) above.
5.	 Give the general name given to the salts derived from the following acids.
	 (a)	 Nitric acid
 	 (b)	 Carbonic acid
	 (c)	 Sulphuric acid
6.	 (a)	State the colour of sodium chloride salt.
 	 (b)	Carry out an investigation to determine electric conductivity of a solution 

of sodium chloride as shown below.

bulb switch

beaker
sodium chloride 
solution

electrodes

source of direct current 
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		  (i)	 State the observations made when the switch was closed.
		  (ii)	 Name a suitable material for the electrodes.
		  (iii)	What do you conclude about the electrical conductivity of aqueous 

sodium chloride?
7. Classify the following salts as either normal salt or acid salt.
	 (a) FeSO4 		  (c) ZnBr2

	 (b) NaHCO3		  (d) PbI2

8.	Classify the following salts as either soluble or insoluble.

AgNO3 Zn(NO3)2 CaCO3 MgSO4 NaHSO4 PbCI2 BaSO4 AgCl
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UNIT 
13 Oxygen and its properties

Living things require oxygen in order to stay alive. Look at the figure below. What 
is going on in the figure? Talk to your friend about it.

Fig. 13.1 Gaseous exchange in organisms
Give the importance of oxygen and carbon dioxide to living things from your 
discussion.

Key unit competency 
After studying this unit, I should be able to: 
•	 Prepare oxygen in the laboratory.
•	 Show how oxygen supports burning. 
•	 Show the reaction of oxygen with some elements.  
•	 Prepare other gases to demonstrate different methods of gas collection.

Unit outline
13.1 Methods of preparation of oxygen gas
13.2 Physical properties of oxygen
13.3 Chemical properties of oxygen
13.4 Methods of collecting gases
13.5 Uses of oxygen
13.6 Ozone

Introduction
Oxygen forms about 20% of air. The remaining percentage is occupied by nitrogen, 
carbon dioxide and inert gases. Green plants produce oxygen during photosynthesis 
thereby making it available for animals. Plants and animals use oxygen for 
respiration. Animals on the other hand give out carbon dioxide which plants use 
during photosynthesis to make food.

O2

CO2 CO2

CO2

CO2
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Oxygen and its properties Away from the earth in the stratosphere, there is the ozone layer, (O3). Ozone is one 
of the allotropes of oxygen. It protects living organisms from harmful radiations 
from the sun. Human activities that cause air pollution lead to depletion of ozone 
layer. When this happens, the harmful radiations reach the earth’s surface and can 
cause skin cancer or damage to crops. It is therefore important that we keep the 
atmosphere clean. Think of some of the practices we can adopt to safeguard our 
atmosphere.

13.1 Methods of preparation of oxygen gas
Activity 13.1

Experiment to prepare oxygen from hydrogen peroxide
Apparatus and reagents
Weighing balance, trough, water, stopper, delivery tube, flat-bottomed flask, 
dropping funnel, matchbox, splints, blue and red litmus papers, gas jar, hydrogen 
peroxide and manganese dioxide.
Procedure
1.	 Weigh 5g of manganese dioxide using the weighing balance and put in the flat-

bottomed flask.
2.	 Set up the apparatus as shown in Fig.13.2 below.
3.	 Add hydrogen peroxide from the dropping funnel to the manganese dioxide in 

the flat-bottomed flask. Observe and note what happens.
4.	 Test the gas collected using a glowing splint and the litmus papers.

hydrogen 
peroxide

dropping 
funnel

flat-bottomed 
flask

manganese 
dioxide

delivery 
tube

oxygen

gas jar

water
trough

stopper

Fig 13.2: Set-up to prepare and collect oxygen gas in the laboratory

1.	 What properties of the gas did you consider when collecting the gas?
2.	 What is the colour of the gas collected?
3.	 What happened to the (a) glowing splint? (b) red litmus paper? (c) Blue litmus paper?
4.	 What can you conclude about the nature of oxygen gas?

Discussion corner!

bee-hive shelf
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I have discovered that....

When we are collecting a gas, we consider its physical properties such as density and 
solubility in water. Oxygen is a colourless odourless gas. It is also a neutral gas.

The facts
Hydrogen peroxide decomposes to produce oxygen. The decomposition of the 
peroxide is speeded up by manganese dioxide, which acts as a catalyst.

	 Hydrogen peroxide   
manganese dioxide

 water       +   oxygen 

	          2H2O2 (l)      
MnO2   2H2O(l) + O2(g)

The oxides of heavy metals with high oxidation state, such as lead can also be used 
to prepare oxygen in the laboratory.  

My environment my life!
Lead is poisonous when it comes in contact with biological systems. Hence ensure proper 
disposal of the products of preparation of oxygen when using lead dioxide.

The oxygen gas produced has no effect on moist red or blue litmus paper. It is a 
neutral gas.
The gas relights a glowing splint. This is the confirmatory test for oxygen gas.

Activity 13.2
Laboratory preparation of oxygen using sodium peroxide.
Apparatus and reagents
Sodium perioxide, water, gas jar, thistle funnel, trough, bee-hive shelf, delivery 
tube, flat-bottomed flask.
Procedure 
1.	 Put a small amount of powdered sodium peroxide into the flat-bottomed flask.
2.	 Arrange the apparatus as shown in figure 13.3 below.

Water

Sodium peroxide

Oxygen

Water

Fig 13.3: Set-up to prepare and collect oxygen in the laboratory

Thistle funel

Gas jar

Delivery 
tube

Trough

Bee-hive shelf

Flat-bottomed 
flask

Water
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3.	 Drop water through the thistle funnel to the sodium peroxide. What do you 
observe?

4.	 Collect the gas produced and perform the tests in activity 13.1. Is the gas 
oxygen?

I have discovered that…

When water is added to sodium peroxide, bubbles of a gas are produced.  The gas is colourless 
and has no smell.

The Facts

Sodium peroxide reacts with water to form sodium hydroxide and oxygen gas.
Sodium peroxide +  water	  Sodium hydroxide	+ oxygen.

  2Na2O2(s) + 2H2O(l)	        4 NaOH(aq)	 +   O2(g)

Activity 13.3
Experiment to prepare oxygen from potassium chlorate
Apparatus and reagents
Boiling tube, delivery tube, test tube, trough, distilled water, splints, wet red and 
blue litmus papers, potassium chlorate, manganese dioxide, Bunsen burner.

Procedure 
1.	 Place a mixture of 4 g of potassium chlorate and 1g of manganese dioxide in a 

boiling tube. 
2.	 Set up your apparatus as shown in Fig 14.4 below.

boiling tube delivery tube

oxygen

test tube

mixture of 
potassium 
chlorate and 
manganese 
dioxide

trough
water

heat

Fig 13.4: Preparation of oxygen using potassium chlorate
3.	 Heat the mixture gently then strongly.
4.	 Test the gas collected using a glowing splint and wet red and blue litmus papers. 

Write your observations.

I have discovered that…

On heating a mixture of potassium chlorate and manganese dioxide, the mixture decomposes 
into a white solid and a colourless gas. The gas relights a glowing splint and has no effect 
on moist blue or red litmus papers.
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The Facts

The white solid formed after heating is potassium chloride and the gas is oxygen.
Manganese dioxide acts as a catalyst for the reaction.
Potassium chlorate	 heat    potassium chloride	 + oxygen

2KClO3 (s)	
heat            2KCl (s)	 +   3O2 (g)

The oxygen produced in all these cases relights a glowing splint.  This is the 
confirmatory test for oxygen. The gas is collected over water since it is slightly 
soluble in water.
Another method that can be used to prepare oxygen in the laboratory is heating 
nitrates of group I metals, for example sodium nitrate and potassium nitrate.

	   Sodium nitrate	 heat   sodium nitrite	 +     oxygen

       2NaNO3 (s)	
heat        2 NaNO2 (s)	 +    O2 (g)

Self-evaluation Test 13.1

1.	 (a)	Given water and sodium peroxide describe how oxygen can be prepared in 
the laboratory.

	 (b)	Illustrate the method identified in 1 (a) using a diagram.
2.	 (a)	Although oxygen is important for respiration, it is poisonous to some 

organisms. Explain.
	 (b)	Discuss why preparation of oxygen using lead compounds is discouraged.
3.	 Sodium nitrate can be used to prepare oxygen in the laboratory. Write a 

chemical equation to illustrate its decomposition on heating.

13.2 Physical properties of oxygen
Activity 13.4

Experiment to investigate physical properties of oxygen

Apparatus and reagents
Two test tubes full of oxygen, litmus papers, trough and distilled water.

Procedure
1.	 Investigate the smell of oxygen.
	 Caution! Always smell a gas by wafting it towards your nose.
2.	 Drop moist blue and red litmus papers in one test tube full of oxygen.
3.	 Insert the second test-tube full of oxygen in a trough with distilled water and 

note the level of water inside the gas jar. Leave the set up for 20 minutes and 
note any change in the water level.
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test tube

beaker

distilled water

oxygen gas

Fig 13.5: Dissolving oxygen in water

1.	 What is the smell of oxygen?

2.	 What is the effect of oxygen on the moist litmus papers?

3.	 What changes do you observe in the test tube inverted in water? Explain your 
observation.

4.	 From the results of the experiment, state physical properties of oxygen.

I have discovered that…

Oxygen is a colourless odourless gas. It has no effect on moist litmus papers. When a test 
tube full of oxygen is inverted in water, the level of water rises slightly in the tube.

The Facts

Some of the physical properties of oxygen include:
1.	 It is slightly denser than air.
2.	 Oxygen is slightly soluble in water.
3.	 It is a neutral gas.

Self evaluation test 13.2

1. 	Research on the melting and boiling points of oxygen.
 	 (a)	Are the temperatures low or high?
	 (b)	Discuss why oxygen has such melting and boiling points.
2.	 Describe how you would use litmus to differentiate between oxygen and 

sulphur dioxide gas.
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13.3 Chemical properties of oxygen
Activity 13.5

Experiment to demonstrate that part of air is used in burning

Apparatus and reagents
Candle, trough, water, cork, matchbox, gas jar

Procedure 
1.	 Put some water in a trough as shown below.
2.	 Put a short candle on a cork and float the cork with the candle on the water as 

shown in figure 13.6.

(a) (b)

gas jar

burning 
candle

bee-hive
shelf

trough
water

BA

Fig 13.6: Experimental set-up
3.	 Cover the candle with a gas jar and mark on the gas jar the level of the water. 

Measure the height of the air column (A) and record it.
4.	 Now remove the gas jar and light the candle. Gently cover it with the gas jar 

again and observe what happens.
5.	 Mark the final level of water inside the gas jar when there is no further change. 

Measure and record the height of the air column (B) once more.

1.	 State and explain what happens to the candle after some time.
2.	 State and explain what happened to the level of water at the end of the 

experiment.
3.	 What was the length of the air column in the gas jar before and after burning?
4.	 Using the results of this experiment, calculate the percentage of air used up in 

burning.
5.	 Is it necessary to leave the apparatus to cool before making the final reading?  

Explain.
6.	 State any sources of errors in this experiment.

Discussion corner!
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I have discovered that…

After burning for a while, in a fixed volume of air, the candle goes off and the level of the 
water in the gas jar rises.  The candle goes off because the part of air used in burning is 
exhausted.  The part of air used in burning is called “active part of air” and therefore 
what remains in the gas jar is the “inactive part of air”.  Since part of the air is used up in 
burning, a partial vacuum is created in the gas jar.  Greater atmospheric pressure acting 
on the surface of the water forces the level of water in the gas jar to go up.

The Facts

The active part of air used in burning is oxygen.  Oxygen forms about 21% by 
volume of air.  The part of air that remains in the gas jar does not support combustion 
and it is mainly nitrogen.  Dilute sodium hydroxide can be used in place of water 
in this experiment. Its advantage over water is that it can absorb carbon dioxide 
initially in the gas jar and that which is produced during burning.  Heating causes 
expansion of gases therefore the apparatus should cool first before final length of 
the air column is taken.

Activity 13.6 
Experiment to demonstrate reaction of oxygen with metals  
Apparatus and reagents 
Gas jars full of oxygen, deflagrating spoon, tongs, litmus papers, Bunsen burner, 
magnesium, iron, copper, calcium, distilled water.

Procedure
1.	 Place a piece of calcium in a deflagrating spoon. Heat to burn then lower the 

burning metal into a gas jar of oxygen. What do you observe?
2.	 Lower a piece of burning magnesium ribbon by the use of tongs into a jar of 

oxygen. How does it burn? What is the colour of the product formed?
3.	 Add some water to the product formed, shake and test the solution formed 

with litmus paper. Repeat this for all other metals in this experiment. What do 
you observe?

deflagrating spoon

gas jar

burning metal sample

	 Fig 13.7: Reaction of metals with oxygen
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4.	 Attach a small piece of iron wire at the end of a deflagrating spoon, heat until 
the wire glows red. Lower the glowing wire into a gas jar of oxygen.  Record 
any observations. Repeat the experiment using a piece of copper instead of 
iron wire. Record your observations.

1.	 Why do you think red litmus paper turns to blue while the blue one retains its 
colour in procedure 3?

2.	 Write symbolic equations for the reactions.
3.	 What is the general name given to the products formed when metals burn in 

oxygen?
4.	 What is the name given to the reaction of oxygen and elements?

I have discovered that…

When elements burn in oxygen, they form oxides.  Thus an oxide is a binary compound 
of oxygen and another element.  The reaction of oxygen and elements to form oxides of the 
elements is called oxidation. Most metals burn in oxygen to form basic oxides. Some basic 
oxides dissolve in water to form alkaline solutions

The Facts

(i)	 Magnesium burns brightly in oxygen to form a white powder; magnesium 
oxide.

	 Magnesium + oxygen    magnesium oxide

	 2Mg (s)	 +  O2(g)	      2MgO(s)

	 The magnesium oxide dissolves in water to form magnesium hydroxide, 
which turns red litmus paper to blue. It is hence considered to be basic.

	 MgO(s) + H2O(l)    Mg (OH)2(aq)

(ii)	Calcium burns vigorously with a bright red flame in oxygen to form a white 
solid, calcium oxide.

	 Calcium + oxygen  calcium oxide
		  2Ca (s)	+   O2(g)   2CaO(s)
	 The calcium oxide dissolves slightly in water to form calcium hydroxide 

solution. Calcium hydroxide turns red litmus paper to blue.

	 CaO(s) + H2O(l)  Ca(OH)2(aq)

Discussion corner!
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(iii)	When a red-hot iron wire is lowered in a gas jar of oxygen, it burns with 
yellow sparks to form insoluble oxide; iron trioxide.

	 Iron  + oxygen  iron trioxide
		  4Fe (s)	 + 3O2(g)   2 Fe2O3(s)
	 Since the oxide is insoluble in water, it has no effect on litmus paper.
(iv)	Copper burns in oxygen with a blue-green flame forming copper (II) oxide, 

which is black.
	 Copper  + oxygen   copper (II) oxide
		  2Cu (s) + O2(g)       2CuO(s)
	 Copper (II) oxide is insoluble in water. It has no effect on litmus paper.

Activity 13.7

Experiment to demonstrate reaction of oxygen with non-metal elements 
Apparatus and reagents
Gas jars full of oxygen, litmus papers, distilled water, deflagrating spoon, sulphur 
powder, charcoal, phosphorous.

Procedure
1.	 Place 1 g of sulphur powder in a deflagrating spoon and heat it until it starts 

to burn. Lower the burning sulphur in a gas jar of oxygen and record your 
observations.

deflagrating spoon

gas jar

burning sulphur

Fig 13.8: Reaction of non-metals with oxygen
2.	 Place moist litmus papers in the gas jar. What do you observe?
3.	 Place a small lump of charcoal in a deflagrating spoon and ignite it with fire 

until it is red-hot.

4.  Place the red-hot charcoal in a gas jar of oxygen. What do you observe?

5.  Place moist litmus papers in the gas jar. What observation do you make?
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deflagrating spoon

gas jar

burning charcoal

Fig. 13.9 Reaction of charcoal with oxygen

1.	 What is the colour of the product that is formed when sulphur is burned in 
oxygen?

2.	 Write word equations for the reactions that occur in activity 13.7 and 13.8.
3.	 How does moist litmus papers change when placed in the gas jars during the 

combustion?

I have discovered that…

Sulphur burns in oxygen with a pale blue flame. It burns to form a colourless gas with 
a choking smell. Some white fumes are also formed. Sulphur dioxide turns moist blue 
litmus paper  red. It is an acidic gas.

My environment, my life!
I will champion for recycling of materials made of sulphur to conserve the environment.

When non-metals are oxidised, they form acidic oxides. Acidic oxides cause air 
pollution when released into the atmosphere.
Sulphur burns in oxygen to form sulphur dioxide.

Sulphur  + oxygen  sulphur dioxide
		  S (g) + O2 (g)   2SO2(g)
Sulphur dioxide dissolves in water to form sulphurous acid.

Sulphur dioxide + water  sulphurous acid
		  SO2 (g) + H2O   H2SO3(aq)

Self-evaluation Test 13.3

1.	 (a) 	State three physical properties of oxygen.
	 (b)	What is oxidation?
2.	 Complete the following table to show how the metals react when burnt in 

oxygen.
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Metal How it 
burns in 
oxygen 

Appearance 
of product 

Name of the 
oxide

Solubility of 
the oxide in 
water

Effect of 
the oxide 
solution on 
litmus 

Calcium Calcium 

oxide 

Copper No effect on 

litmus 

Sodium Soluble 

Magnesium White solid

Iron Glows red-

hot with 

sparks 

3. 	(a)	The table below is an incomplete record of observations made when non-
metals are burnt in oxygen.  Complete the table by filling in the blank 
spaces.

Non-metal How it 
burns in 
oxygen 

Name of the 
oxide formed 

Appearance 
of the oxide

Effects of the 
oxide solution 
on litmus 
paper 

Phosphorous Burns with 

a bright 

flame 

Carbon Carbon dioxide 

Sulphur White fumes Turns red 

	 (b)	Write symbolic chemical equations for the reactions that take place when 
the three non-metals are burnt in oxygen.

4.	 Why do you think we should economise on the use of reagents when 
performing experiments?

13.4 Methods of collecting gases
During your chemistry course, you will prepare a number of gases.  Generally, after 
a gas has been prepared, it is directed to the collecting system via a delivery tube or 
it may first pass through a purification system.
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Health check!
It is important to use the fume chamber to prepare poisonous gases because we consider 
the safety of other laboratory users a priority!

The Facts

Collection of gases in the laboratory depends on the physical properties of the gas.  
Such properties include:
	 •	 Solubility in water
	 •	 Density of the gas
Gases can be collected using the following methods:
	 •	 Over water
	 •	 Downward delivery
	 •	 Upward delivery
1.	 Collection of gases over water
This method is appropriate for gases that are insoluble or slightly soluble in water 
and those that do not react with water. The gas jar must be filled with water first 
and the beehive shelf placed under water in the trough as shown in fig 13.10.

dropping  funnel delivery tube
gas

waterFlat-bottomed 
flask

Fig 13.10 Collection of a gas over water

This method can be used to collect gases such as oxygen, nitrogen, dinitrogen 
oxide, nitrogen monoxide, carbon monoxide and hydrogen sulphide.
The advantage of this method of gas collection is that you can always see when the 
gas jar is full.
If the gas is required dry, it is passed through concentrated sulphuric acid or 
anhydrous calcium chloride.

bee-hive shelf

gas jar

trough
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RAM

Incoming 
moist gas

dry gas out

U-tube

anhydrous calcium 
chloride

Fig 13.11 Drying of a gas using anhydrous calcium chloride
Gases, such as ammonia, sulphur dioxide and hydrogen chloride are highly soluble 
in water. Therefore, they should never be collected over water.

The following examples illustrate preparation and collection of gases over water.
(a)	Preparation and collection of nitrogen gas.

Fig 13.12: Set-up to prepare and collect dry nitrogen gas in the laboratory
(b)	Preparation and collection of oxygen.

oxygenthistle
funnel

hydrogen 
peroxide

manganese dioxide

gas jar

trough
water

Fig 13.13: Set-up to prepare and collect dry oxygen gas in the laboratory

derivery
tube

bee-hive shelf
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2.	 Collection of gases by downward delivery 
This method is used for collection of gases that are denser than air. It is also called 
upward displacement of air as illustrated in fig 13.14. The set-up to be used is as 
shown below.

gas jar

gas

Fig 13.14 Collection of a gas by download delivery

The main disadvantage of this method is that gases diffuse so fast that the gas 
collected will almost certainly contain some air. Also, unless the gas is coloured, it 
may not be easy to know when the gas jar is full.

Gases that can be collected by this method include carbon dioxide, sulphur dioxide, 
chlorine, nitrogen dioxide and hydrogen sulphide.
The following examples illustrate collection of gases by downward delivery.
(a)	Preparation and collection of chlorine.

concentrated hydrochloric acid

concentrated sulphuric acid

thistle funnel

manganese 
dioxide

flat-bottomed 
flask

gas jar

chlorine

	 Fig 13.15 Set-up to prepare and collect dry chlorine gas 

concentrated 
potassium hydroxide 
solution

delivery tube
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(b)	Preparation and collection of dry carbon dioxide.

marble chips

concentrated sulphuric acid

dry carbon 
dioxide gas

hot water

delivery tube
hydrochloric acid

Fig 13.16 Set-up to prepare and collect dry carbon dioxide gas
3.	 Collection of gases by upward delivery 
This method is used for collecting gases that are less denser than air.  This method 
is also called downward displacement of air as illustrated in fig 13.17

gas

gas jar

delivery 
tube

Fig 13.17 Set-up for collecting gases by upward delivery method

The disadvantage of this method is that you may not easily know when the gas jar 
is full. Also because of diffusion of gases, it may be contaminated with air.
Gases that can be collected by this method are hydrogen and ammonia.
The following example illustrates collection of gases by upward delivery.
(a)	Preparation and collecting of ammonia

Fig 13.18 Set-up to prepare and collect dry ammonia gas

thistle funnel

ammonia

gas jar

heat
delivery 
tube

round-bottomed 
flask

mixture of 
ammonium chloride 
and calcium 
hydroxide powders

calcium oxide
drying tower

glass wool or 
cotton wool
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Money matters
It is important to ensure that we choose the appropriate method of collecting a gas 
during preparation. This will ensure that we do not misuse expensive laboratory 
chemicals. 

Self-evaluation Test 13.4

1.	 State the physical properties considered when collecting a gas.
2.	 Identify the method that can be used to collect the following gases:
	 (a)	Oxygen
	 (b)	Carbon dioxide
	 (c)	Ammonia
3.	 Draw well-labelled diagrams to illustrate the following methods of gas 

collection.
	 (a)	Upward delivery
	 (b)	Downward delivery

13.5 Uses of oxygen gas
1.	 Oxygen is necessary for respiration. When we eat food, it is oxidised to 

produce energy for various body activities. Such activities include movement, 
growth, reproduction and circulation of blood.

	 Food + oxygen  energy + carbon dioxide + water vapour 
	 Thus plants and animals oxidise food to get energy.

My environment, my life!
Always plant trees each time you cut one and also plant where none existed before. Trees 
increase concentration of oxygen in the atmosphere.

2.	 Industrially manufactured oxygen is used as a respiratory aid in places where 
natural supply of oxygen is insufficient. For example in:

	 (a)	Hospitals by patients with breathing difficulties and also when an 
anaesthetic is being administered to patients.

	 (b)	Deep sea diving.
	 (c)	High altitude flying and mountain climbing.
3.	 Oxygen is used in oxy-acetylene or oxy-hydrogen flame for welding and 

cutting of metals. This flame has very high temperature which enables it to 
melt and cut metals.  

4.	 Liquid oxygen is used in burning of fuels to propel rockets.  
5.	 Oxygen is used in to remove impurities during steel making.  A blast of oxygen 

is blown through molten, crude iron. It combines with the impurities in iron, 
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for example carbon and sulphur. The products are gases which disappear in 
the air.

6.	 Liquid oxygen mixed with charcoal and petrol is used as an explosive in mines.

Self-evaluation Test 13.5

1. 	Discuss uses of oxygen in:
	 (a)	Hospitals	 (b)	 Welding	 (c)	 Respiration
2.	 Why do you think it is necessary to plant a tree each time you cut one and also     

plant more?
3.	 “Without oxygen there will be no life on earth” Discuss.

13.6 Ozone
The existence of an element in two or more forms in the same physical state is known 
as allotropy. Different forms of an element existing in the same physical state 
are known as allotropes. Ozone is a trioxygen molecule in the upper atmosphere 
(stratosphere). Ozone is produced by reactions involving oxygen and ultra-violet 
radiations. 
It acts as a blanket, which protects life on earth from harmful ultra violet radiations. 
Some radiations if allowed to reach the lower atmosphere, can cause: 
	 1.	 Sunburn and certain forms of skin cancer to human beings.
	 2.	 Damage to crops.
	 3.	 Direct DNA damage to some living organisms.
Research has shown that the ozone layer is depleted due to the use of 
chlorofluorocarbons (CFCs), which are used as propellants in insecticides and 
aerosol sprays-cans. Chlorofluorocarbons are also used as refrigerant liquids.  When 
CFCs reach the upper atmosphere, they undergo photochemical reactions with 
ozone, converting it to oxygen.
             Cl •  +  O

3    ClO +  O2

Depletion of ozone reduces its properties and as a result, harmful ultra violet 
radiations penetrate easily posing health risks to organisms on earth. 

Quality check!
We should only buy and use CFC-free products as approved by Rwanda Standards 
Board.

Remember the facts…

•	 Oxygen gas can be prepared in the laboratory by:
	 i)	 Heating nitrates of group I metals.
	 ii)	 Decomposition of hydrogen peroxide by use of manganese dioxide as a catalyst.
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	 iii)	Decomposition of oxides of heavy metals for example lead (IV) oxide.
	 iv)	Heating potassium permanganate.
	 v)	 Heating potassium chlorate.
•	 The four major methods of collecting gases are:
	 i)	 Over water collection
	 ii)	 Down ward delivery method
	 iii)	Upward delivery method
	 iv)	By liquefaction or freezing
•	 Oxygen gas reacts with both metals and non-metals.
•	 Oxygen is used in respiration and burning.
•	 Ozone layer is very important since it prevents the harmful UV rays from 

reaching the earth.
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Test Your Competence 13

1.	 The following set-up of apparatus can be used in the laboratory to prepare 
oxygen gas. Study it and answer the questions that follow.

Y

P

Z

	 a)	 (i) 	 Name the substances which could be used, as solid P.
		  (ii)	 Name apparatus Y and Z.
	 b)	 (i) 	 State one property of oxygen from the method of collection.
		  (ii) 	What name is given to this method of gas collection?
	 c)	 (i)	 Describe how you would confirm the presence of oxygen in apparatus 

Z.
		  (ii)	 State three uses of oxygen gas.
2.	 (a)	Write balanced symbolic equations to show the formation of the following 

compounds from the constituent elements.
		  (i) 	 MgO	 (ii)	Fe2O3

	 (b)	A burning piece of sodium metal on a deflagrating spoon was lowered into 
a gas jar of oxygen as shown in the diagram below.

burning sodium metal

gas jar

deflagerating 
spoon

oxygen gas

		  (i)	 State the observations made in the gas jar.
		  (ii)	 Moist blue and red pieces of litmus paper were introduced into the jar. 

State and explain the observations made.
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		  (iii)	Write a symbolic chemical equation for the reaction that occured.
3.	 (a)	Write the molecular formula of ozone.
	 (b)	Ozone is the best sunscreen. Discuss.
	 (c)	Name one component of CFC that cause ozone depletion.
4.	 The following diagrams represent some methods which can be used to collect 

various gases in the laboratory.

A. B.

	 (a)	Identify the two methods of gas collection.
	 (b)	Name the gases that can be collected as shown in A and B.
	 (c)	State at least one property of the gases collected by each of the two 

methods.
5.	 (a)	What fraction of air is oxygen?
	 (b)	Which component of air has the highest percentage?
6.	 The diagram below shows an experiment to determine conditions under 

which iron rusts.

Water Cotton wool

rubber 
bung

sodium chloride  
solution

oil 
boiled 
water

anhydrous calcium chloride

Iron nail

A. B. C. D.    E.

	 (a)	State the reason for using boiled water in tube D.
	 (b)	State the purpose of the layer of oil in tube D.
	 (c)	What is the effect of anhydrous calcium chloride in tube C?
	 (d)	State what happens to the nails in tube A.
	 (e)	From this experiment, state two conditions necessary for rusting to take 	

	 place.
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7.	 (a)	Name the product of burning sulphur in oxygen.
	 (b)	Account for the effects of the product formed in7(a) above to the 

atmosphere.
8.	 Explain why mountain climbers and deep-sea divers need to have cylinders of 

oxygen.
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Appendices

Appendix I

Atomic numbers and relative atomic masses of some elements

Element Symbol Atomic number
(N)

Relative Atomic 
Mass(RAM)

Aluminium Al 13 27

Argon Ar 18 40

Barium Ba 56 137

Beryllium Be 4 9

Boron B 5 11

Bromine Br 35 80

Calcium Ca 20 40

Carbon C 6 12

Chlorine Cl 17 35.5

Chromium Cr 24 52

Copper Cu 29 64

Fluorine F 9 19

Gold Au 79 197

Helium He 2 4

Hydrogen H 1 1

Iodine I 53 127

Iron Fe 26 56

Krypton Kr 36 84

Lead Pb 82 207

Lithium Li 3 7

Magnesium Mg 12 24

Manganese Mn 25 55

Mercury Hg 80 201

Neon Ne 10 20

Nickel Ni 28 59

Nitrogen N 7 14
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Oxygen O 8 16

Phosphorus P 15 31

Potassium K 19 39

Silicon Si 14 28

Silver Ag 47 108

Sodium Na 11 23

Sulphur S 16 32

Tin Sn 50 119

Vanadium V 23 51

Zinc Zn 30 65

Appendix II

Valencies of some common radicals

Valency 1 Valency 2 Valency 3

Radical Formula Radical Formula Radical Formula

Ammo-
nium

NH4
+ Carbonate CO3

2– Phosphate PO4
3–

Hydroxide OH– Sulphate SO4
2–

Nitrate NO3
– Sulphite SO3

2–

Chloride Cl–

Hydrogen 
carbonate

HCO3
–

Hydrogen 
sulphide

HSO4
–
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