
341  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.4  |  Materials 4 © Education Institute 2005 

GRADE 9: Materials 4 

Polymers 

About this unit 
This unit is the fourth of four units on materials 
for Grade 9.  

The unit is designed to guide your planning and 
teaching of lessons on materials. 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 11A and earlier in 
Grade 9. 

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 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be aware of 
the nature of the covalent bond and the properties of covalent substances. 
They should know that carbon forms many covalent compounds and that the 
valency of carbon is 4. They should understand the terms tensile strength 
and compressive strength. 
 

Expectations 
By the end of the unit, students know that carbon forms covalent 
compounds with four bonds and that life is based on structures of carbon 
atoms. They know that polymers are compounds based on long chains of 
carbon atoms and that their properties and uses are related to their 
structure. They know that changes in molecular structure account for the 
changes in properties of clay when it is fired and cement when it sets 

Students who progress further distinguish between polymers made from 
a single monomer and those made from several. They know that the 
properties of a polymer can be altered by stretching it when it is being made. 
They recognise that the nature of polymer cross-links can affect the polymer 
properties.  

 

Resources 
The main resources needed for this unit are: 
• samples of many different kinds of polymer, both natural and synthetic 
• selections of different fibres, fabrics and plastic for testing, hand lenses 
• cement, sand, clay, broken ceramic samples 
• kettle 
• datalogger and temperature sensor 
• cardboard boxes (A4 paper boxes), roof insulation material, polystyrene 

sheets, soft drink cans. 
• Internet access 
• copies of recent editions of local newspapers  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• polymer, monomer, covalent bond 
• names of common fibres and plastics 
• rubber, wood, leather, cellulose, keratin, collagen 
• insulation, plastic foam.  
• electrostatic attraction 
• clay, ceramics, cement, concrete, silicates 
 

UNIT 9M.4 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.13.6 Know how atoms combine using 
ionic (electrovalent) or covalent 
bonds. 

9.14.1 Know that materials such as wood, wool and cotton, that are derived from 
living things, have molecular structures that consist of a skeleton of carbon 
atoms with atoms of a small number of other elements joined to them.  

9.14.5 Know that an important constituent of 
wood is a natural polymer called 
cellulose, which is arranged in long 
chains with cross-links between the 
chains, and that this structure gives 
wood its tensile strength. 

9.13.8 Know the number of bonds formed 
by the elements hydrogen, oxygen, 
carbon and nitrogen in covalent 
compounds and be able to represent 
compounds of these elements 
diagrammatically.  

9.14.2 Know that a polymer is a compound made up of repeating small units 
joined together by covalent bonds and that many polymers have a 
structure that is based on long chains of carbon atoms. 

11A.25.1 Know that a polymer is a 
macromolecule containing repeating 
units and recognise the difference 
between condensation and addition 
polymers. 

 9.14.3 Give examples of natural and synthetic polymers and show an 
understanding of how the use that we make of a polymer is related to the 
characteristic features of its molecular structure. 

 

 9.14.4 Know that oil and natural gas are the raw materials from which synthetic 
polymers (plastics and synthetic fibres) are commonly made and that many 
are made in Qatar. 

11A.25.2 Describe the manufacture and uses of 
synthetic addition polymers as 
exemplified by polythene and PVC, 
and of condensation polymers such as 
nylon and polyesters.  

 9.14.6 Know that changes in molecular structure account for the changes in the 
properties of clay when it is fired.  

9.14.7 Know that clay consists of small 
molecules that can easily move 
around next to each other when 
molecules of water are present and 
that this is why wet clay is soft; know 
that when clay is fired, links are made 
between the molecules that make 
pottery strong, and that this process is 
irreversible.  

4 hours 

Materials made 
from polymers 
 

1 hour 

Molecular 
structure of 
polymers 
 

4 hours 

Relating 
structure to 
properties 
 

3 hours 

Building 
materials 

 9.14.8 Know that the setting of concrete is an irreversible process by which a 
network of interlocking crystals is formed, and that this is what gives 
concrete its strength.  

 

 
 9.14.9 Discuss the ethical and moral questions raised by the way we exploit our 

understanding of materials to make explosives, nerve agents, biocides, etc. 
 

 

Unit 9M.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

An exhibition of polymers 
Show the importance of polymers in our life by creating, with the help of the class, an exhibition 
of different polymers, both natural and synthetic. At this stage a clear description of what is and 
what is not a polymer is not possible; the word can be used without definition until later in the 
unit. 

Include plastics, fibres, fabrics, insulating materials and building materials in the exhibition. 
Include natural polymers such as wood, cotton, leather and wool. Show multiple uses of the 
same polymer. Where possible, name the polymer with its chemical or industrial name. 

 

 

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

 

What are polymers used for? 
Ask students to look at the exhibition and, in their books, tabulate the different uses of polymers. 
They could create a table with uses on the horizontal axis and polymers on vertical one and 
complete it by inserting crosses. Remind them that not all examples of different uses for a 
particular polymer may be shown in the exhibition. 

  

4 hours 

Materials made from 
polymers 
Give examples of natural and 
synthetic polymers and show 
an understanding of how the 
use that we make of a 
polymer is related to the 
characteristic features of its 
molecular structure. 

Know that oil and natural gas 
are the raw materials from 
which synthetic polymers 
(plastics and synthetic fibres) 
are commonly made and that 
many are made in Qatar. 

Fibres and fabrics 
Set up a circus of activities designed to show how fibres, and the fabrics made from them, have 
differing properties. Let students, in groups, circulate around the circus and complete the 
activities according to the instructions. Tell them to write the results and conclusions from each 
activity in their books. Discuss the results with the class and draw general conclusions from the 
evidence. Possible activities include those listed below. 

Stretching fibres 
Take a 20 cm length of a fibre and stretch it as much as possible on a ruler and measure the 
maximum length. 

Testing fibre strength 
Compare the strength of different fibres having, as near as possible, the same diameter. Hang 
slotted masses under the thread and record the breaking strain. 

Why do some clothes feel warmer than others? 
Surround several identical containers with fabric made of different materials. The thickness of 
the fabric surround should be the same in each case. Pour the same amount of hot water from 
a kettle into each at the same time. Note the temperature every 2 minutes for about 15 minutes 
and plot cooling curves on the same axes. Include a control with no insulation. 

How much moisture will a fabric hold? 
Some clothes feel much more comfortable next to the skin than others. Very often this is due to 
their ability to absorb moisture that the skin produces. This activity tests how much water a 
fabric can hold. 

Use samples of different fabrics that weigh roughly the same. Weigh them, soak them in water 
and squeeze them out tightly so that they no longer drip, and reweigh. Tabulate the results and 
calculate how much water a fabric can absorb as a percentage of its own mass. 

 

Possible fibres and fabrics to test: wool, cotton, 
nylon, polyester, rayon, sisal. 

Enquiry skills 9.1.2, 9.3.1 

 
 
 
 
 
 

 
 

 
Soft drink cans can be used as containers. 

 

Unit 9M.4 
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Objectives Possible teaching activities Notes School resources 

Different kinds of plastics 
Ask students, working in groups, to compare the physical properties of different kinds of 
plastics. Let them develop their own procedures for the investigations. Check their procedures 
before allowing them to proceed. They could test the following attributes: 
• hardness; 
• density; 
• effect of heat; 
• flexibility; 
• appearance. 

An important distinction that can be made here is the difference between thermoplastic and 
thermosetting polymers. 

 

Safety: Some plastics give off poisonous vapour 
when heated; carry out the heating in a fume 
cupboard. 

Plastics to test: polythene, polypropylene, 
acrylic, melamine, nylon, PVC, polystyrene, 
polyurethane, rubber. Wood can be added to 
this list as a natural polymer that can be tested 
in the same way. 

 

Natural polymers 
Ask students to identify polymers in the exhibition that occur naturally. More advanced students 
may categorise these as carbohydrates or proteins. Show rubber as an unusual natural polymer 
made from a tree resin. 

  

1 hour 

Molecular structure of 
polymers 
Know that materials such as 
wood, wool and cotton, that 
are derived from living things, 
have molecular structures 
that consist of a skeleton of 
carbon atoms with atoms of a 
small number of other 
elements joined to them.  

Know that a polymer is a 
compound made up of 
repeating small units joined 
together by covalent bonds 
and that many polymers have 
a structure that is based on 
long chains of carbon atoms. 

 
 

What are polymers? 
Recall with the class the nature of covalent compounds and how the atoms in them are bonded 
together. Draw some simple structures to illustrate this. Make a point of showing the number of 
such bonds to carbon, oxygen and hydrogen atoms. Make and demonstrate ‘ball and stick’ 
models of these simple molecules (or show Java applets of them from the Internet). 

Explain that polymers are long molecules made by joining small component molecules end to end. 
Define the two words monomer and polymer. Show models of simple ones such as polyethene 
(polythene), polychloroethene (polyvinylchloride, PVC) and polypropene (polypropylene). 

Explain that some polymers are made of a single monomer whereas others, such as nylon, are 
made from two, which appear alternately in the polymer chain Demonstrate making nylon from 
its monomers, if they are available. 

Explain the structure of the polymer cellulose, the basis of all plant structures including wood, as 
a polymer made from the monomer called glucose, a simple sugar that students will have heard 
of. Encourage more advanced students to study how the very small difference in molecular 
structures of starch and cellulose can lead to such a large difference in physical properties. 

The structure of the polymers that are common in animals (proteins) can be illustrated. Make some 
models from polystyrene that portray the protein monomers (amino acids), as compounds with an 
acidic head and a basic tail with a variety of (20) different bodies in between. Recall the reaction 
between acids and bases that eliminates water. Explain that this reaction happens between the 
head of one amino acid and the basic tail of another, resulting in proteins that can contain the amino 
acids in any order. Explain that it is simply the order of these different monomers that decides 
whether the protein is one that makes up a hair in wool or is any one of a large number of complex 
molecules that perform the essential functions of keeping the organism alive. 

Introduce the names keratin for the protein polymers that make up hair and horn and collagen 
for the protein polymer in leather (and muscle).  
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Objectives Possible teaching activities Notes School resources 

Polymer chain direction 
As a starter, quickly tear a sheet of newspaper so that you make an almost perfect straight tear 
down the page. The faster it is done, the straighter the tear. Challenge a member of the class to 
repeat this but hand them the paper rotated through 90°. They will not be able to make a 
straight tear unless they realise that the paper has been rotated and turn it back. Conclude that 
paper has a ‘grain’ and that the small fibres from the wood are laid in one direction and that the 
molecules in these fibres are in the same direction. This makes it easy to tear in that direction 
but difficult in the other. 

Challenge students, in groups, to try to find out whether the polythene in a polythene shopping 
bag has the same tensile strength in each perpendicular direction – downwards and across, as 
it is used. Ask them first to do some simple tests by cutting strips and pulling them by hand. 
Then ask them to try to quantify this. They will probably find the investigation design quite easy 
in principle but the implementation rather difficult. The polythene strips must be thin (less than 
1 cm) and cut exactly. They will need forcemeters or hanging masses to stretch the strips. 
Encourage them to measure the length between two marks a fixed distance apart to study the 
stretching process more exactly. This will lead to two tables of results that can be represented 
graphically. 

The polythene is weaker horizontally across the bag. Ask for a possible explanation in 
molecular terms. Explain that, when plastics like polythene sheets and nylon threads are made, 
they are stretched slightly when they are still warm and this has the effect of pulling all the chain 
molecules in the same direction. This gives the plastic a greater strength in the direction of the 
pull. 

 

 

 

 

 

 

 
 

 

 4 hours 

Relating structure to 
properties 
Give examples of natural and 
synthetic polymers and show 
an understanding of how the 
use that we make of a 
polymer is related to the 
characteristic features of its 
molecular structure. 

Discuss the ethical and moral 
questions raised by the way 
we exploit our understanding 
of materials to make 
explosives, nerve agents, 
biocides, etc 

 

 
 

Cross-links between chains 
Remind the class that in earlier work they found that some plastics were flexible and others 
were stiff. Ask for possible explanations for this in terms of the polymer molecules. Some 
students may suggest bonds that link chains together. Draw diagrams to show such links 
between chains that exist in hard plastics such as melamine. Ask the class for typical uses for 
such a hard plastic (e.g. kitchen table tops, appliance outer casings). 

Explain that in some polymers, including wood, these cross-links are not normal kinds of 
chemical bonds but are relatively weak electrostatic attractions between a positive part of one 
chain and a negative part of a neighbouring one. Demonstrate the electrostatic attraction of a 
covalent molecule by attracting a small stream of water running from a tap to an electrostatically 
charged piece of plastic, such as a ruler. 

To illustrate how strong the cumulative effect of these weak forces can be, give out thin strips of 
polythene and thin pieces of wood, and ask students, in groups, to compare their tensile and 
breaking strength. Draw diagrams to show the polymers in each case, with dotted lines 
representing the weak cross-links in wood. The cross-linking gives the wood a very high tensile 
strength compared with the polymer, but means that it is more rigid and more easily broken 
than stretched when a bending force is applied. 
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Objectives Possible teaching activities Notes School resources 

Trapping gases in polymers 
Give each group samples of expanded polystyrene and polyurethane foam and ask them to 
describe their properties and look closely at their structure with the help of hand lenses. Ask them 
to report what they see. In both cases there are cavities in the polymer that are filled with air (or 
possibly another gas such as carbon dioxide). They will have found out that these foams are not 
at all strong. Explain that they have uses in furniture (the flexible foams) and insulating buildings. 

Ask groups to devise a test of the roof insulating properties of some polymers by making a 
simple model house and placing it in the sun. Allow groups to work on the house design (which 
can be as simple as a cardboard box on which the insulated roof is placed) and decide on the 
measurements to be taken and how they are to be interpreted. Give assistance to groups that 
do not make progress; in particular, draw attention when necessary to the need for a control 
experiment without insulation. 

Discuss the results and draw from students why they think that the polymer foam is such a good 
insulator. If necessary, remind them of the physical properties of solids, liquids and gases. 
Conclude that it is the air spaces in the polymers that give them their insulating qualities. 

The discussion can lead to the insulating value in a hot climate of features such as a thatched 
roof and of a tent roof lining, both of which trap air. 

 

If possible, also give groups unexpanded 
polystyrene and a sample of polyurethane that 
has not been made into a foam (these may be 
unobtainable). 
 

ICT opportunity: The temperatures of the 
model house and control can be logged 
continuously and automatically. 

 

Trapping air in wool 
Ask students to recall the results of the experiment on stretching fibres. They will have found 
that wool stretches much more than the others. Ask them to think of an explanation. Some may 
suggest that the structure of the wool polymer could be like a spring that stretches apart when 
pulled. Explain that hair molecules often have such a structure caused by electrostatic forces 
within and between polymer strands. 

Set the class a homework task to wet their hair and blow-dry it while they force it to wave in a 
particular direction. When the hair is dry the wave remains. Ask them to find out the effect of 
wetting the hair again. The wave will be removed. Ask them to speculate on what might cause 
the wave to remain until the hair re-wetted. The effect of blow-drying curled hair is to force 
unnatural electrostatic bonds to form, holding the curl in place. When the hair is wet, these 
bonds are destroyed and the hair reverts to its natural structure. 

Remind students of the results of the insulated tin investigation. Wool was probably the best 
insulator. Ask for an explanation; trapped air will probably be suggested. Wool can trap air within its 
curled structure. Ask why most mammals are covered in fur – they should realise that it helps 
maintain a constant body temperature by keeping it cool in a hot climate and warm in a cold one. 

  

Water absorption 
Ask the class to recall the investigation into the amount of water a fabric can absorb without 
appearing wet. They will probably have found that cotton holds much more than synthetic fibres 
but that wool can hold the most. Ask them for a possible explanation based on the structural 
ideas that have emerged in earlier topics. Ask them if they noticed that the fibres that were the 
most flexible were, in general, also the ones that could hold most water. 

Some may correctly suggest that water is attracted to the polymer electrostatically. This explains 
why these fibres are the most comfortable on hot days when our skin is releasing a lot of moisture. 

  



347  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.4  |  Materials 4 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 How we use our knowledge of how to make materials 
This unit has described how we use our understanding of chemistry to make a lot of useful 
materials. In this section, students are asked to reflect on what life might be like if we did not 
have all these useful materials, and also on how we have used our knowledge to make 
destructive materials. 

Ask students to spend a short time in groups discussing what their daily life would be like 
without plastics (or synthetic fibres). Ask them to think about all the things they do after they get 
up in the morning and ask the question, ‘does this activity involve something made of plastic?’. 
Ask how they would do it if there were no plastics. Then ask each group in turn to present to the 
class a problem that they would meet if there were no plastics. List these on the board or OHP. 
Point out that plastics only became common around 50 years ago and so there are many 
people around that remember a world without plastics. Encourage them to talk to people in their 
own families about this. 

This discussion could be taken further by pointing out that plastics are made mainly from fossil 
fuels and these are a finite resource, raising the question of the need to conserve and recycle 
plastic where possible. 

Then give out to the class a collection of recent editions of newspapers and ask each group to 
look through one or more paper and identify stories that involve a use of our understanding of 
chemistry to make compounds such as explosives, nerve gases, pesticides and herbicides. Ask 
the groups to list all the examples they find and then select one and discuss what they think are 
the ‘rights and wrongs’ of the use of the chemical in the story. Then ask each group to share 
their ideas with the class and encourage comment. 

It is important in this kind of ethical discussion that you do not impose a view but ask questions 
that encourage students to think deeply about such issues. Guidance on such issues can be 
found, of course, in the scriptures, which could be quoted. 
 

 
Enquiry skills 9.2.3, 9.2.4 
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Objectives Possible teaching activities Notes School resources 

3 hours 

Building materials 
Know that changes in 
molecular structure account 
for the changes in the 
properties of clay when it is 
fired.  

Know that the setting of 
concrete is an irreversible 
process by which a network 
of interlocking crystals is 
formed, and that this is what 
gives concrete its strength.  

Materials made from clay 
Test the knowledge of the class on the uses of clay. They may recall work done in Grade 5 on 
changing materials. They may also recall that clay is widely used to make bricks and that 
heating clay bricks to a high temperature in a furnace greatly increases their strength and 
usefulness as a building material. 

They will probably remember that pottery is made from fired clay. 

Give each group some wet, soft clay and also a fragment of fired pot or brick. Ask them to make 
a small model with the clay and bake it in the sun. (They can be given this task individually in 
advance of the lesson to do at home.) Ask them to compare the three samples (the damp clay, 
the baked clay and the fired clay) and develop some systematic tests for them. Tell them to 
tabulate the results. One of the tests should be the effect of water to show that the sun-baking 
process is reversible whereas the firing process is not. 

Ask the class to discuss and explain their results. They should be able to conclude that firing 
clay involves a chemical change that leads to a hard but breakable solid. Explain that clay is a 
mixture of a number of compounds, mainly aluminium oxide (basic) and silicon oxide (acidic), 
and that the firing causes these to react to form compounds with giant three-dimensional 
covalent structures that are hard but can be crushed easily. 

 
See Unit 9P.6 for work on making and testing 
mud bricks. It is desirable, but not essential, that 
Unit 9P.6 should be done before this unit. 

 

 Concrete 
A study of the structure of concrete is included here, although it does not form polymers.  

Students may recall making and testing concrete bricks in Grade 5. Remind them that concrete 
is made by adding water to a mixture of cement and sand. Tell them that cement is made by 
heating a mixture of limestone and clay to 1400 °C in a furnace and is a mixture of anhydrous 
calcium and aluminium silicates. Recall from earlier work and from Unit 9P.6 that bricks and 
concrete are useful building materials because of their high compressive strengths. 

Ask students to work in groups to study what happens when cement is turned into concrete by 
conducting a number of investigations. Ask each group to make several small concrete blocks, 
mobile phone size, and leave these to cure in different ways, many of which the class can 
determine. They should place one in the sun to cure rapidly. A second should be placed in a 
fridge and a third under water after being allowed initially to turn quite hard. Another should be 
kept moist by sprinkling with a little water several times a day for a week. A control must be left 
untouched in the laboratory away from the sun. 

Each group should carry out the same agreed investigation but using a different ratio of cement 
to sand, varying from 1:0 to 1:12. 

After a week, let students examine the blocks and test them for hardness and how readily they 
break. Most importantly, the micro-structure of the concrete should be carefully examined with a 
powerful hand lens and differences noted. 

Students should be able to see that the structure is crystalline in nature and that the crystals are 
largest in the blocks that have been regularly moistened and possibly in the one allowed to cure 
under water. Ask why they think this could be so. Explain that the crystals are long, thin 
hydrated silicates of calcium and aluminium, and the concrete gains its strength by the way 
these grow rigidly around each other and around the sand particles. 
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Objectives Possible teaching activities Notes School resources 

 

 

Discuss with the class the reasons for other observations, some of which may be surprising, 
that they may have made: 
• the block left to cure in the sun is easily crushed and has very small crystals; 
• cement will set underwater (showing that the process is not one of just drying out); 
• the block in the fridge sets well (but not if it is in the ice cabinet). 

For homework, ask the class to find out what they can about an early nineteenth-century builder 
in the north of England called Joseph Aspdin. 
 

 
 
 
 
 

Enquiry skill 9.2.7 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Plastics, metals and ceramics are very important and useful materials. Select one of them and 
describe how different your life would be if it was no longer available. 

  

Find the ways your house gains heat inside in the summer. What could you do to it to make it 
gain less heat. Give reasons for your answer. 

  

Each of the following objects is made from a fibre. From your knowledge of fibres, select the 
most suitable material for making the object. Give reasons for your choice. 

a. A set of car seat covers. 

b. A warm sweater. 

c. A floor cloth. 

d. An undergarment suitable for hot weather. 

 
 

Diagrams A, B and C show the structures of three polymers. The solid lines show the polymer 
chains, and the dotted lines show electrostatic forces between molecules. Which of the 
polymers would be most suitable for the following uses. Give a reason for your answer. 

a. Making a hard plastic case for a portable radio. 

b. Making insulating material for roofs. 

c. Making a fishing line. 

 
 

 

a. Salts called silicates are important components in giving both concrete and ceramics their 
high compressive strength. Explain the different way these silicates are formed in each case.  

b. Concrete is formed by mixing cement with water and allowing it to cure. Explain why allowing 
concrete to cure slowly by wetting it each day increases its strength. 

c. Explain how the addition of sand to the cement increases the strength of the concrete 
formed. 

  

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. 

Give two differences between the natural polymers keratin and cellulose. Give uses that we 
make of each, explaining how the uses exploit the physical properties of the polymer.  
 

  

 

 

Unit 9M.4 
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