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Chapter 3.1: Polymers 

In this chapter, you will learn about a group of substances commonly known as polymers. 
You will discover the wide range of properties which polymers may possess – many of 
which are directly related to their uses. You will be able to describe the processes by 
which polymers are formed from their monomer molecules. 

 

Polymers are used to make a variety of consumer products we rely upon every day. They 
can be classified according to their source.  

 Natural polymers are found in nature  
 Synthetic polymers are made by industry 

 

Activity 3.1: Natural vs Synthetic 

Read the following passage. Identify the polymers mentioned, and draw a table to 
classify them as natural or synthetic. 

“Many of the clothes we wear are made of polymers which are spun into yarns and 
fibres. Cotton is produced by the cotton plant. It is made up of long cellulose fibres 
which may be spun into yarns and used in weaving or knitting. Nylon and rayon were 
developed as a synthetic replacement for silk. Silk is produced by silk worms and can be 
spun into fine fibres for weaving cloth. Wool is produced by sheep as a coat to keep 
them warm. The fleece of a sheep is carded and then spun into hardwearing fibres 
which may be used to produce clothing and insulation. 

 

Activity 3.2: Strength 

Physical strength of a polymer, when spun into fibres, is an important property when 
deciding upon a use for the fibre. It may mean the difference between life and death. 

Cotton fibres are produced by a plant, before being spun into fibres. The fibres are 
used to produce threads which may be used to manufacture clothing. Cotton is 
produced from a natural polymer. 

Polyester is made by the chemical industry, before being spun into fibres. The fibres 
are used to produce threads which may be used to manufacture cloth or ropes. 
Polyester is produced from a synthetic polymer. 
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When comparing strengths, it is important to ensure you are carrying out a fair test. 
The threads should be the same length and thickness. 

Materials: 

Clamp stand   cotton thread 
Clamp    polyester thread 
Bosshead 
Mass holder 
100 g masses 

Method: 

1. Set up the apparatus as shown, using cotton thread.  
2. Add one mass at a time, and continue adding masses until 

the thread snaps. 
3. Record the mass required to break the cotton thread. 
4. Repeat the experiment with polyester thread. 

 

a. Which thread was strongest? 
b. Why is polyester used to manufacture ropes, but cotton 

is not? 
c. State the properties that are important to have in 

fabrics used to manufacture the following items: 
i. Jumper 
ii. Bath towel 
iii. Underwear 
iv. Winter jacket 

 

 
Polymers are large molecules, formed from many subunits joined together. The subunits 
are called monomers. The process of joining the monomers together is known as 
polymerisation. Polymerisation can occur as the result of an addition or condensation 
reaction. 

Polyethene is a very common polymer used as a wrapping material. Polyethene is also 
known as polythene. This is an example of an addition polymer. Polyethene is made up of 
many thousands of ethene monomer molecules joined together.  
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Ethene is the simplest of the alkenes. All alkene molecules contain the C=C functional 
group. It is the presence of a C=C in a molecule that allows it to participate in addition 
polymerisation. 

 

Activity 3.3: Manufacturing Polyethene 

1. Collect a set of molymod atoms and use the atoms to make three ethene models 
(C2H4). 

2. Lay the molecules out, side by side, as shown below. 
 

 

3. Break the double bonds within each molecule and replace them with single bonds. 
4. Join the monomer molecules together to make a chain. You have now made a 

short section of a polyethene molecule. In reality the molecule is many 
thousands of monomers long. 

 

 

a. Draw the structural formulae of the three ethene monomer molecules. Identify 
their functional groups. 

b. Draw the structural formula of the polyethene polymer. Use dotted lines to 
represent where other monomers would attach to the polymer. Identify the 
position of each monomer within the polymer. 
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The name of an addition polymer is determined by the subunits used to make the 
polymer.  e.g. Polystyrene is made from styrene monomers and polyurethane is made 
from urethane monomers. All addition polymers are manufactured from unsaturated 
monomers. The presence of a C=C tells us that a molecule may undergo addition 
polymerisation. 

Whilst ethane undergoes addition polymerisation with the monomers joining end on end, 
other unsaturated monomers must join around the functional group. To allow for 
polymerisation to occur, the “extra” carbons must move above or below the polymer 
chain to allow access to the C=C bond. 

 
 

Activity 3.4: Manufacturing Polypropene 

1. Collect a set of molymod atoms and use the atoms to make three models of 
propene (C3H6). 

2. Lay the molecules out, side by side, as shown below. 

 

3. Break the double bonds within each molecule and replace them with single bonds. 
4. Join the monomer molecules together to make a short chain. You have now made 

a short section of a polypropene molecule. In reality the molecule is many 
thousands of monomers long. 
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a. Draw the structural formulae of the three propene monomer molecules. Identify 
their functional groups. 

b. Draw the structural formula of the polypropene polymer. Use dotted lines to 
represent where other monomers would attach to the polymer. Identify the 
position of each monomer subunit within the polymer. 

 

Most addition polymers are synthetic – they are made by industry for a specific 
purpose and are not usually found in nature. Some synthetic, and all natural, polymers 
are condensation polymers. 

 Synthetic condensation polymers – polyesters and polyamides 
 Natural condensation polymers – starch, proteins, glycogen, cellulose 

To allow the process of condensation polymerisation to occur, the monomer subunits 
must each contain two functional groups. When the functional groups of two monomers 
join together, the polymer chain and another smaller molecule are formed. The type of 
monomer is dictated by the functional groups it contains. 

 Diacids contain two carboxylic acid (-COOH) groups – e.g. oxalic acid 
 Diamines contain two amino (-NH2) groups – e.g. 1,2-diaminoethane 
 Diols contain two hydroxyl (-OH) groups- e.g. 1,2-dihydroxyethane 
 Amino acids contain one hydroxyl and one carboxylic acid group – e.g. glycine 

The type of condensation polymer formed is dependent on the functional groups found 
on the monomers involved. 

 Polyamides (synthetic polymers) are formed when diacids joins with a diamines 
 Polyesters (synthetic polymers) are formed when a diacids joins with a diols 
 Proteins (natural polymers) are formed when chains of amino acids join together 

 
 

Activity 3.5: Manufacturing Nylon – A Polyamide 

Watch your teacher demonstrate the manufacture of solid nylon from two liquid 
monomers. Notice the fumes appearing at the surface of the liquid – this is the small 
additional molecule made during the condensation reaction. 

1. Collect a set of molymod atoms and use the atoms to make two models of oxalic 
acid (HOOCCOOH). This is a diacid, the monomer contains two carboxylic acid 
groups. 
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2. Also make one model of 1,2-diaminoethane (H2NCH2CH2NH2). This is a diamine – 
the monomer contains two amino groups. 

3. Lay the molecules out, side by side, as shown below. 

 

4. During condensation polymerisation, atoms from each functional group are 
removed, allowing the monomers to join together using amide links. The atoms 
removed from the functional groups combine to form water. For each amide link 
formed, one molecule of water is also produced. 

5. Join the monomer molecules together to make a chain. You have now made a 
short section of a nylon or polyamide molecule. In reality the molecule is many 
thousands of monomers long. 

 

a. Draw the structural formulae of the three monomer molecules as they were 
arranged in number 3. Identify their functional groups. 

b. Draw the structural formula of the polyamide. Use dotted lines to represent 
where other monomers would attach to the polymer. Identify the position of 
each monomer within the polymer. 

c. Amide links exist between the monomer subunits. Identify the amide links on 
your structural formula. 

 

 



Knox Academy  S4 Chemistry 

Chapter 3.1: Polymers   109 

Activity 3.6: Manufacturing a Polyester 

1. Collect a set of molymod atoms and use the atoms to make two models of oxalic 
acid (HOOCCOOH). This is a diacid, the monomer contains two carboxylic acid 
groups. 

2. Also make one model of 1,2-hydroxyethane (HOCH2CH2OH). This is a diol – the 
monomer contains two hydroxyl groups. 

3. Lay the molecules out, side by side, as shown below. 

 

4. During condensation polymerisation, atoms from each functional group are 
removed, allowing the monomers to join together using ester links. The atoms 
removed from the functional groups combine to form water. For each ester link 
formed, one molecule of water is also produced. 

5. Join the monomer molecules together to make a chain. You have now made a 
short section of a polyester molecule. In reality the molecule is many thousands 
of monomers long. 

 

a. Draw the structural formulae of the three monomer molecules as they were 
arranged in number 3. Identify their functional groups. 

b. Draw the structural formula of the polyester. Use dotted lines to represent 
where other monomers would attach to the polymer. Identify the position of 
each monomer within the polymer. 
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c. Ester links exist between the monomer subunits. Identify the ester links on 
your structural formula. 
 

Activity 3.7: Manufacturing a Protein 

1. Collect a set of molymod atoms and use the atoms to make three models of 
glycine (HOOCCH2NH2).  

2. Lay the molecules out, side by side, as shown below. 

 

3. During condensation polymerisation, atoms from each functional group are 
removed, allowing the monomers to join together using amide links. The atoms 
removed from the functional groups combine to form water. For each amide link 
formed, one molecule of water is also produced. 

4. Join the monomer molecules together to make a chain. You have now made a 
short section of a protein molecule. In reality the molecule is many thousands of 
monomers long. 

 

 

a. Draw the structural formulae of the three monomer molecules as they were 
arranged in number 2. Identify their functional groups. 

b. Draw the structural formula of the protein. Use dotted lines to represent where 
other monomers would attach to the polymer. Identify the position of each 
monomer within the polymer. 
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c. Amide links exist between the monomer subunits. Identify the amide links on 
your structural formula. 

 

Natural polymers perform a variety of functions in nature. Their properties can be 
applied to many different potential uses where they are not normally found. 
Unfortunately, manufacturing natural polymers by living organisms is often time 
consuming and expensive. Chemical companies often examine the structures of natural 
polymers and match them to potential applications. Once a potential product is 
identified, chemical companies then develop synthetic mechanisms to manufacture the 
polymer of choice. Synthetic polymers produced by chemical companies are often 
referred to as plastics. 

The exact properties of a polymer can be designed to meet a particular need. The 
properties of a polymer are defined by the structure of the monomers used to make it. 
In recent history, plastics have been used to produce low cost, light weight, brightly 
coloured, hard wearing items for everyday use. Most of the clothes we wear on a daily 
basis contain plastics – polyester, elastane, rayon and nylon are all examples of polymer 
fibres designed to meet a particular function for the production of clothing. 

A thermoplastic can be reshaped on heating any number of times. Thermosetting 
plastics are heated once and formed into their appropriate shape. After the initial 
shape forming, they cannot be heated and reshaped again.  

 

Activity 3.8: Thermoplastic vs Thermosetting plastics 

Materials: 

Polythene  
Formica  
250 cm3 beaker 
metal tongs 

Method: 

1. Half fill the beaker with water from a freshly boiled kettle. 
2. Place a piece of each plastic in the beaker and leave for 5 minutes 
3. Remove the pieces of plastic using the tongs. Take care the plastic will be hot. 
4. Try to GENTLY bend each piece of plastic. If the heated plastic bends it can be 

reformed, if it is rigid it is a thermosetting plastic. 
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a. Which sample of plastic was a thermoplastic? Why? 
b. Which sample of plastic was a thermosetting plastic? Why? 

 

Plastics are used to make hard wearing items. Most plastics do not dissolve in water or 
degrade (rot). This creates a major issue for disposal of plastic waste. Most plastics 
are manufactured from unsaturated hydrocarbon monomers. Hydrocarbons are 
extracted from crude oil by fractional distillation and subsequent cracking. The 
monomers used to manufacture plastics are finite and will eventually run out. 

In effort to combat the waste of finite resources, schemes have been set up by 
Scottish local authorities and various retailers to allow consumers to recycle plastic 
packaging. Some retailers and manufacturers now supply plastic bags made using either: 

 Recycled plastics, or 
 Biodegradable plastics produced from renewable resources 

 

 

Activity 3.9: Polythene vs Polyethenol 

Materials: 

Polyethene square  
Polyethenol square  
250 cm3 beaker 
stirring rod 
white tile 

Method: 

1. Half fill the beaker with water from a freshly boiled kettle. 
2. Place a piece of each plastic in the beaker and leave for 5 minutes, stirring 

occasionally. 
3. Remove the pieces of plastic and spread each piece out on the white tile. Take 

care the plastic will be hot. 
4. Examine the plastic squares – have either begun to break down. 
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a. Which plastic began to break down due to heating? 
b. Which plastic would be able to decompose if buried in the ground? 

 

Biodegradable plastics tend to be made using monomers derived from renewable 
sources such as plants. The ability of a plastic to break down in the environment is 
dictated by the presence of specific functional groups on the monomer molecules. As 
the name suggests polyethenol’s monomers have additional hydroxyl groups, not involved 
in polymerisation, that allow the polymer to dissolve in water and degrade over time. 

One potential solution to dealing with large volumes of plastic waste, not suitable for 
recycling or able to decompose, is to burn it. Burning plastics releases large volumes of 
toxic fumes potentially damaging to the environment and human health.  

 All plastics release carbon monoxide due to incomplete combustion 
 Polystyrene releases styrene and other carcinogenic substances 
 Polyurethane releases oxides of nitrogen. 

 

Activity 3.10: Summary 

Based on the work you have completed in this chapter, complete Summary 3.1 

 


