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AREA OF STUDY 2
HOW CAN THE VERSATALITY OF NON-METALS BE EXPLAINED?

9 Polymers

9.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

9.1.1 Introduction

FIGURE 9.1 Toothbrushes are made of polymers.
Originally, toothbrushes were made from the
neck hairs of wild hogs, and these hairs were
attached to either a bone or bamboo handle.
But, thankfully, with the advent of modern
plastics, getting a new toothbrush usually
requires only a short trip to the local
supermarket. Toothbrushes today are
typically constructed with nylon bristles
fixed to a polypropene (or, more recently, a
bamboo) handle. Toothbrushes were one
of the first commercial uses of nylon. Each
of these materials has specific properties that
make it suitable for this purpose. Unlike
hog’s hair, which is a natural polymer, both nylon and polypropene are synthetic polymers. What are
polymers, and how are they customised and produced?

This topic introduces the polymerisation processes by which complex organic molecules, called
polymers, may be formed from simpler molecules. The different methods of polymer production are
described, as is how polymer properties can be altered by different processes and additives. The advantages
and disadvantages of the uses of polymers are discussed, as well as which plastics can be recycled to form
other useful materials.

This topic builds on prior knowledge of hydrocarbons, especially alkenes, and the effects of molecular
bonding — both the intramolecular bonding that exists within molecules and the types and properties of
intermolecular bonding that exists between molecules.

9.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:
• the formation of polymers from monomers, including addition polymerisation of alkenes
• the distinction between linear (thermoplastic) and cross-linked (thermosetting) polymers, with reference to
structure, bonding and properties, including capacity to be recycled

• the features of linear polymers designed for a particular purpose, including the selection of a suitable
monomer (structure and properties), chain length, degree of branching, percentage crystalline areas and
addition of plasticisers

• the advantages and disadvantages of the use of polymer materials.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.
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PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Resources

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 9 (doc-30955)

Practical investigation logbook (doc-30956)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30957).

9.2 Formation of polymers

KEY CONCEPT
• The formation of polymers from monomers, including addition polymerisation of alkenes

9.2.1 Plastics and polymers
It is difficult to imagine, now that we have grown so used to plastics, what life was like without them. Many
of the items we use every day, from objects as insignificant as pens and zippers to larger items such as
furniture, refrigerators and the interiors of cars, are made from plastics. Even our clothes can be made from
synthetic fibres. Many modern products are produced from a selection of plastics, each one chosen for its
specific properties. The term ‘plastic’ refers to something that is pliable and/or able to be moulded, either
in its final state or at some stage in its production. Many of what are called plastic and synthetic fibres in
everyday life are what chemists call polymers.

The name polymer comes from the Greek polymeres (‘of many parts’). A polymer molecule is made up
of thousands of units strung together into very long chains. The simple molecules that are strung together
are called monomers. Monomers link together to form a polymer chain in a process called polymerisation.
The monomers used to make the polymer can be the same or different. Copolymers are formed when two
or more different monomers are used. Most polymerisation reactions require a catalyst. Polymers may be
either natural or synthetic.

Wool, cotton, linen, hair, skin, nails, rubber and flesh are all naturally occurring polymers. Most natural
polymers are made of proteins or cellulose. Cotton is nearly all cellulose and hair is a protein polymer.

Synthetic polymers are made by either of two main methods: addition polymerisation or condensation
polymerisation. Some examples of these, along with their method of production, are given in table 9.1.

9.2.2 Addition polymers
For addition polymerisation to occur, the monomers must contain a carbon to carbon double bond. That
is, the monomer must be an alkene. In the process of joining the monomers together, one of these bonds is
broken and the electrons that are freed up are used to form a new bond to the next monomer. This links the
monomers together and forms the long chains. Alkenes, and especially the smaller members such as ethene
and propene, are thus ideal candidates to act as monomers.
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TABLE 9.1 Common polymers and their uses

Polymer
Type of

polymerisation Use

Polyethene Addition Cling film, squeeze bottles, milk crates

Polypropene (polypropylene) Addition Mixing bowls, ice-cream containers, moulded chairs

Polyvinyl chloride (PVC)
Addition Water piping, upholstery covering, toys, flexible

laboratory tubing, suitcases, packaged meats, juice
bottles, credit cards, shampoo bottles

Nylon Condensation Hosiery, carpets, clothing, bearings, fishing lines,
tennis racquet strings, toothbrush bristles, mascara
brush bristles

Polystyrene Addition Foam for insulation, plates, cups, trays, packaging,
surfboards, beanbag filling, refrigerator and washing
machine components

Polytetrafluoroethene (PTFE,
Teflon®)

Addition Washers, coating on frying pans, razor blades, skis

Polymethyl methacrylate
(Perspex®)

Addition Advertising signs, telephones, light fittings, aeroplane
windows

Polyethene terephthalate
(PET)

Condensation Soft drink bottles, other clear plastic bottles, hard
wearing carpets, as a polyester filling (for pillows,
weather jackets, etc.)

Urea formaldehyde or phenol
formaldehyde (Bakelite®)

Condensation Backs of television sets, ash trays, vacuum jugs

Epoxy resin (Araldite®) Condensation Handles of screwdrivers

Melamine formaldehyde
(Formica®)

Condensation Kitchen cupboards and benches

Polyurethane Condensation Foam rubber, pillow filling, packaging

FIGURE 9.2 Milk bottles
are made of high-density
polyethylene (HDPE).

Polymers are named by placing the prefix ‘poly’ in front of the
monomer. In many (but not all) cases, the older or trivial name is used
for the monomer instead of the IUPAC name.

The simplest monomer that can undergo addition polymerisation is
ethene, which results in the polymer polyethene.

When ethene is subjected to high pressure, it changes from a gas to a
liquid. If the liquid ethene, still under pressure, is heated in the presence
of a catalyst (a small quantity of oxygen), an addition reaction takes
place in which the ethene molecules join together and form a long chain
(polyethene or poly-ethylene). The length of these chains can vary
from 4000 to 20 000 carbon atoms, depending on the temperature and
pressure used.

Addition polymers are formed from monomers, which contain a
carbon–carbon double bond. The bond is broken and a new bond
forms with the next monomer, creating very long polymer chains.
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FIGURE 9.3 The formation of the polymer polyethene. The double bond between the two carbon atoms in the
monomer breaks, allowing long chains to form.
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The second representation of the reaction provided in figure 9.3 is called the condensed or
bracketed form. It can be seen that the empirical formula of the polymer is the same as the monomer.

It can be seen that polymers are very large, chain-like molecules. Due to their large size, they will have
very high molar masses. It is not uncommon for these values to be in the region of 500 000 gmol−1.

Many other addition polymers exist — all of which are formed from monomers containing a
carbon–carbon double bond. These are dealt with later in this topic.

SAMPLE PROBLEM 1

Calculate the approximate molar mass of a polyethene sample, the average chain length of which
is 35 000 carbon atoms.

Teacher-led video: SP1 (tlvd-0553)

THINK WRITE

1. Recall that in addition polymerisation, all the atoms
in the original monomers are used in the production
of the resulting polymer (nothing is lost).

Carbon atoms = 35 000

2. Recall that the molecular formula of ethene is
C2H4. Hence, two carbon atoms exist per monomer
of ethene.

Number of ethenemonomers = 35 000

2
= 17 500

3. Determine the approximate molar mass of the
polyethene sample by multiplying the number of
ethene monomers by the molar mass of ethene.

Molarmass ethene = 2 × C + 4 × H
= 2 × 12.0 + 4 × 1.0
= 28.0 g mol−1

Approximatemolarmass = 17 500 × 28.0

= 490 000 g mol−1

PRACTICE PROBLEM 1
Calculate the approximate molar mass of a polyethene sample, the average chain length of which is
5000 carbon atoms.

Resources

Video eLesson Addition polymerisation (eles-2481)
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CONDENSATION POLYMERS
Condensation polymers form from monomers that have two functional groups per molecule. Such molecules
are said to be difunctional. Polymerisation occurs when one functional group of one monomer reacts with one
functional group on another. A small molecule (which is often, but not always, water) is removed in this process.
Because each monomer has one more functional group on it (they are difunctional), this process can be repeated
on and on to produce the long polymer chains.
Many natural polymers such as proteins and polysaccharides are examples of condensation polymerisation.

Common synthetic polymers produced using this method include nylon, polyester and polyethene
terephthalate (PET) plastic. As you might expect, many of these
reactions show similarities to the esters introduced in topic 8.

Nylon

FIGURE 9.4 Electron micrograph of
velcro, which is made of nylon. The
product was inspired by burrs on
plants that attach themselves to passing
objects through thousands of tiny hooks.

Nylon can be extruded when molten to form fibres or sheets of
strong, durable and elastic material. It is used to make fabrics
and other products, such as the bristles of brushes and velcro.
Its invention had a great impact on the textile and clothing
industry.
Nylon 6:6 is one type of copolymer formed by the

condensation polymerisation of two monomers: hexanedioyl
(adipyl) chloride and 1,6-diaminohexane. An amine group in
1,6-diaminohexane reacts with a chloride group in adipyl
chloride, forming a bond between the two molecules and
eliminating a molecule of hydrochloric acid. Further molecules
add on in the same way to build up a long chain.
Nylon is a linear chain containing up to 100 repeated units.

The name ‘nylon 6:6’ refers to the existence of 6 carbon
atoms on each of the units. You will notice that a repeated
linkage pattern exists consisting of —NHOC—units. This is
called the amide group and results when the small molecule
HCl is eliminated from the two functional groups during the
condensation reaction. Nylon is classed as a polyamide
fibre. This same linking group is found in the protein polymer
chain that makes up wool, although there it is referred to as a
peptide link.

FIGURE 9.5 Nylon 6:6
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A modification of this manufacturing process uses haxanedicarboxylic acid, HOOC(CH2)4COOH, in place of
hexanedioyl dichloride. This produces exactly the same nylon product, but has the advantage that the small
molecule removed is water.
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PET (or PETE) plastic
Plastic soft-drink bottles are a good example of an article made from PET polymer. Its full name is polyethene
terephthalate. It has also been used to make fibres and is often included in carpets designed for high traffic
areas. It is an example of a polyester.

FIGURE 9.6 The structures of terephthalic acid
and ethylene glycol

Ethylene glycolTerephthalic acid

HO CH2 CH2 OHHOOC COOH

To make PET, terephthalic acid (also known as
benzene-1,4-dicarboxylic acid) and ethylene glycol
(also known as ethane diol) are reacted together. The
structures of these two compounds are shown in
figure 9.6.
The reaction is shown in figure 9.7

FIGURE 9.7 The reaction between terephthalic acid and ethylene glycol
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Note the removal of the small molecule (water), which makes this another example of a condensation
polymerisation.

Resources

Weblink Nobel Prize in Chemistry for conductive polymers

9.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Explain why alkenes are able to act as monomers for addition polymerisation, but alkanes are not.
2. Give examples of the following.

(a) Three natural polymers
(b) Three synthetic polymers

3. Calculate the approximate molar mass of a polyethene sample, the average chain length of which is 50 000
carbon atoms.

4. Ethene is a gas that can be stored for long periods of time. Explain why it can be stored as a gas without it
polymerising into polyethene.

5. A sample of polyethene is found to have an approximate molar mass of 450 000 units.
(a) Calculate the approximate number of monomer units that are joined to make the molecules in this sample.
(b) What is the approximate chain length in terms of number of carbon atoms?

6. Are alkynes able to act as monomers for addition polymerisation? Explain.
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To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

9.3 Linear and cross-linked polymers

KEY CONCEPT
• The distinction between linear (thermoplastic) and cross-linked (thermosetting) polymers, with reference to
structure, bonding and properties, including capacity to be recycled

9.3.1 Thermoplastic and thermosetting polymers
Plastics may be classified in a number of ways. One of these, as we have already seen, is on the mechanism
of their manufacture; that is, whether they are addition polymers or condensation polymers. Another
method is on the basis of their thermal behaviour. This method provides insight into their uses and
applications as well as their ability to be recycled. Plastics that may be repeatedly melted, reshaped and
hardened by cooling are called thermosoftening plastics or thermoplastics. An example of a thermoplastic
polymer is polystyrene. Plastics that do not melt but char when heated are called thermosetting plastics.
These plastics must be moulded or shaped during their manufacture. Bakelite is an example of a
thermosetting plastic material. Table 9.2 lists a range of common polymers classified as to their thermal
behaviour.

TABLE 9.2 The reaction of some common polymers to heat

Polymer Reaction to heat Classification

Polyethene Melts/softens Thermoplastic

Polypropene Melts/softens Thermoplastic

Polyvinyl chloride Melts/softens Thermoplastic

Nylon Melts/softens Thermoplastic

Polystyrene Melts/softens Thermoplastic

Polytetrafluoroethene (PTFE, Teflon®) Melts/softens Thermoplastic

Polymethyl methacrylate (Perspex®) Melts/softens Thermoplastic

Polyethene terephthalate (PET) Melts/softens Thermoplastic

Urea formaldehyde or phenol formaldehyde (Bakelite®) Chars Thermosetting

Epoxy resin (Araldite®) Chars Thermosetting

Melamine formaldehyde (Formica®) — condensation Chars Thermosetting

Polyurethane Chars Thermosetting

Thermoplastic and thermosetting polymers obviously have very different properties. These can be
explained if we look closer at the long polymer chains themselves and the forces and other physical factors
that operate between them.
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THE FIRST PLASTICS

FIGURE 9.8 The casings and dials of
early telephones, radios and many other
appliances were frequently produced
from Bakelite.

The first plastics were developed in the middle of the
nineteenth century, following a competition set up by a
manufacturer of billiard balls. In those days, billiard balls were
made of ivory and the manufacturer, Phelan and Collander,
offered a substantial prize for the discovery of a satisfactory
alternative. One of the entrants in the competition was John
Wesley Hyatt, who developed a substance called celluloid. He
did not win the prize, as celluloid is volatile, and the billiard
balls would have exploded on impact. However, celluloid was
the first thermoplastic — a substance moulded using heat and
pressure that retains its shape once cooled — and celluloid
became a widely used polymer. Its applications included dental
plates and men’s collars, but it is most identified with its role in
the early photographic and motion picture industries, where it
was used to make film.
In 1907 the first completely synthetic polymer, called

Bakelite, was produced by Belgian-American chemist Leo H. Baekeland (1863–1944). Bakelite, unlike celluloid-
based plastics, is a thermosetting polymer and cannot be softened by heat once it has set. It is also resistant to
common acids and solvents. These properties made it virtually indestructible, and Bakelite was a landmark in the
history of plastics. Its discovery started a large plastics industry and the age of plastics had begun.

9.3.2 Linear polymers
Linear polymers are thermoplastic polymers. As their name suggests, linear polymers are polymers
that form as long chains. In any sample of a linear polymer, huge numbers of such chains will be present
and these, due to their length, will invariably become tangled. As we have also seen in previous topics,
intermolecular forces operate between these chains because each chain is, in effect, a very large molecule.
These forces between the chains, along with their entanglement, will give a degree of rigidity to the overall
polymer. The stronger the forces and the higher the entanglement, the harder the polymer will be. The
weaker the forces and the lesser the degree of entanglement, the softer and more flexible it will be.

When heat is applied to such polymers, the weak intermolecular forces between the chains are, at least
partially, overcome, and the chains are able to move relative to one another. This results in the overall
polymer becoming softer and more liquid-like. Hence it will be able to be moulded into new shapes, which
will once again ‘set’ upon cooling as the intermolecular forces between the chains once again take effect.
This process of melting and softening is additionally assisted by the increased thermal vibration of the long
chain polymer molecules with increasing temperature. This also assists them to slide past each other and
form new shapes.

Therefore, the observed properties of thermoplastic polymers — that is, their ability to be melted and
softened and then moulded into new shapes, and the variety that they display in terms of flexibility and
rigidity — can all be explained in terms of their long linear polymer chains and how these chains interact
with one another.

Linear polymers are thermoplastic polymers.
Thermoplastic polymers may be repeatedly melted and reshaped and are hardened by cooling.
Heating of thermoplastic polymers overcomes the intermolecular forces between the long
polymer chains.

The length and degree of entanglement of the chains affects their properties.
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9.3.3 Cross-linked polymers
Polymers can also be produced where the long chains are formed first and then deliberately connected
together by strong covalent bonds. This process is called cross-linking. This means that the forces that
operate between the chains are now strong covalent forces rather than the weak intermolecular forces seen
in linear polymers.

If only a small amount of crosslinking is introduced, an elastomer results. As the name suggests,
elastomers can be stretched because the chains can still move, but in a restricted manner, past each other.
Once the stretching force is removed, however, the cross-links pull the polymer back into its original shape.
Examples of elastomers include vulcanised rubber, where a small amount of cross-linking using sulfur
produces disulfide bonds between the chains.

Thermosetting polymers
If the degree of cross-linking within a polymer is large, then, as expected, the entire arrangement will be
very rigid and strong due to the covalent bonding that now exists in all dimensions. Such polymers will not
soften or melt when heated but can char at high temperatures. These are thermosetting polymers, and can be
referred to as thermosets.

To make a thermosetting polymer, long linear chains with functional groups attached to them are
produced first. The cross-linking is then brought about either by using heat or by adding a chemical to react
between the lateral functional groups linking the chains together.

FIGURE 9.9 (a) A collection of linear polymers with lateral functional groups A and B. (b) When the A and B
groups are linked, a rigid cross-linked polymer results.

A A A A

B BB B

A A A A

B BB B

A A A A

B BB B

(a) A A A A

B BB B

A A A A

B BB B

A A A A

B BB B

(b)

For example, a particular article may be made by placing the preliminary linear polymer into a mould
and then heating it. Cross-links form, producing a rigid thermosetting article in the mould. Note that
thermosetting polymers may still be classed as plastics because, in the early stages of their manufacture
(before the cross-linking is introduced), they can still be moulded.

A familiar example of the second method of producing cross-links is when two-part glues are mixed. One
tube contains the preliminary linear polymer with the lateral functional groups. The other tube contains the
‘hardener’. When mixed, this chemical reacts with the lateral functional groups, bonding them together and
linking the chains together with strong covalent cross-links.

Cross-linked polymers are thermosetting polymers.
Cross-linked polymers are created by long polymer chains with functional groups subsequently joined
by strong covalent bonds.

Large amounts of cross-linking create rigid, strong compounds due to covalent forces.
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9.3.4 Summary of thermoplastics, elastomers and thermosets
Table 9.3 provides a summary of the different properties of thermoplastics, elastomers and thermosets.

TABLE 9.3 Comparing thermoplastics, elastomers and thermosets

Property Thermoplastics Elastomers Thermosets

Effect of heat Softens/melts Varies Does not soften/melt; chars

Number of
cross-links

Nearly zero A small number A much larger number

Forces
between chains

Weak intermolecular forces;
often dispersion forces

and/or hydrogen bonding

Weak intermolecular forces
and some strong covalent

bonds

Strong covalent bonds

Hardness Variable Varies according to degree
of cross-linking

Usually hard

Capacity for
recycling

A number are ideally suited Limited Very limited

Diagrammatic
representation

Thermoplastic Elastomer Thermoset

9.3.5 Recycling polymers

FIGURE 9.10 Sorting plastic by type allows recycling
of many plastics.

The different structures of thermoplastic
polymers and thermosetting polymers explain
their different properties. A further consequence
of this is their ability to be recycled. As a general
rule, thermosetting polymers are currently not
able to be recycled, whereas some (but not all)
thermoplastic polymers can be.

Several environmental and ethical factors need
to be considered in the production of polymers.
These issues include their production from
finite resources, particularly crude oil, and their
long-lasting and typically non-biodegradable
nature. The latter issue means polymers are a
severe litter and pollution problem, particularly
in marine environments and waterways.
Furthermore, despite their durability, they are typically single-use products. The ability to make polymers
cheaply, however, and their function as hygienic, light-weight and strong materials has ensured our ongoing
reliance on polymers.

These significant concerns have led to ongoing research into ways and methods to improve the
recyclability of both classes of polymers.

The ability of thermoplastic polymers to be softened and melted by heat and then remoulded is ideal for
recycling purposes. However, some polymers such as PVC produce toxic chemicals when heated and this
limits their ability to be recycled.
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At the time of writing, three main approaches to the recycling question are used. The first approach is
to sort the plastic by type and then recycle it in the same form. Many plastics, including two forms of
polyethene (low-density polyethene, LDPE, and high-density polyethene, HDPE) and PET are recycled
this way.

Once the plastics have been separated, they are shredded into flakes and washed to remove contaminants.
The flakes are melted and extruded and then shredded again into flakes, which can then be remoulded into
new products.

Recycled HDPE is used for compost bins, detergent bottles, pipes, plumbing fittings, household bags and
irrigation pipes. Recycled LDPE is used for carry bags, packaging film and household bags.

TABLE 9.4 Recyclable plastics

Symbol
and name Monomer Examples

Polyethene
terephthalate Ethylene glycol

Terephthalic acid

HO CH2 CH2 OH

HOOC COOH

Soft drink and water bottles

High-density
polyethene

C C

H

H

H

H

Milk, juice and water bottles

PVC

C C

H

H

H

Cl

Juice bottles, detergent bottles,
credit cards, PVC piping

(Continued)
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TABLE 9.4 Recyclable plastics (Continued)

Symbol
and name Monomer Examples

Low-density
polyethene

C C

H

H

H

H

Frozen food bags, bin liners,
squeezable bottles, flexible container
lids, cling film, bubble wrap

Polypropene

H H

CH3 H

C C

Reusable microwave containers,
margarine tubs, kitchen ware,
yoghurt containers, disposable
cups and plates

Polystyrene

CH CH2

O

Egg cartons, packing ‘peanuts’,
disposable cups, plates, trays
and cutlery, disposable takeaway
containers

Other

Beverage bottles, baby milk bottles,
electronic casing
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The second approach to recycling is the co-mingled process. This type of recycling produces products
from co-mingled polymers that do not have to be sorted as rigorously as in the first method, and may also
include small amounts of polymers that cannot be recycled by the first method. Co-mingled recycling is
used to make plastic posts, poles and other articles that can be used instead of wood.

Another approach being developed is to depolymerise the polymer. This process can either regenerate
the original monomers (which can subsequently be repolymerised) or can produce other products, some of
which can be used as fuels. To date, this method is energy intensive and is not widely used.

Resources

Weblink Government action on plastics and packaging

9.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Explain why the bonding between chains is stronger in thermosetting polymers than in thermoplastic
polymers.

2. Describe the difference(s) between thermoplastic polymers, elastomers and thermosetting polymers in terms
of the following.
(a) Bonding
(b) Properties

3. (a) In general terms, describe the steps in the production of an object made from a thermosetting
polymer.

(b) Why are thermosetting polymers still described as plastics, even though they cannot be melted
and remoulded?

4. A number of common thermoplastics are recycled in large amounts, whereas articles made from
thermosetting polymers are rarely recycled. Explain why this is so.

5. Two linear polymers, A and B, are of roughly equal molar mass. Hydrogen bonding exists between the
chains in A whereas dispersion forces are the only forces operating between the chains in B.
How will the properties of polymer A compare to polymer B?

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

9.4 Polymer selection

KEY CONCEPT
• The features of linear polymers designed for a particular purpose, including the selection of a suitable
monomer (structure and properties), chain length, degree of branching, percentage crystalline areas and
addition of plasticisers

9.4.1 Features of linear polymers
In 1963, the Nobel Prize–winning chemist Giulio Natta said, ‘A chemist setting out to build a giant
molecule is in the same position as an architect designing a building. He has a number of building blocks
of certain shapes and sizes, and his task is to put them together in a structure to serve a particular purpose.’
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Today we can take this statement to mean that, due to their versatility, polymers can be produced for almost
any imagined purpose.

The versatility of polymers is due to their many different properties. They can be hard or soft, flexible
or rigid, transparent or coloured, brittle or able to be stretched. These properties of polymers are affected
by the:
• choice of monomer
• degree of branching
• degree of crystallinity
• length of the polymer chains
• addition of plasticisers
• additives.

Choice of monomer
As seen earlier in this topic, ethene can be polymerised to produce polyethene. The critical feature that
enables this to occur is the presence of the carbon–carbon double bond in the monomer, ethene. By
using ethene and substituting other atoms or groups of atoms in place of hydrogen atoms, molecules can
be produced in which the double bond is still intact. These molecules will, therefore, be able to act as
monomers by which a further range of polymers with different properties may be produced. Figure 9.11
shows this process for a number of commonly used polymers. You will note that, as is the case for ethene,
the method of polymerisation is addition polymerisation and that all monomers contain a carbon–carbon
double bond.

To create an addition polymer, all monomers must contain a carbon–carbon double bond.

FIGURE 9.11 The formation of (a) polypropene from propene, (b) polystyrene from styrene, (c) polyvinyl chloride
(PVC) from vinyl chloride and (d) polyvinyl acetate (PVA) from vinyl acetate
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SAMPLE PROBLEM 2

H H

H O

H

C C

Polyvinyl alcohol has many uses. Play ‘slime’ and the water-soluble plastic
used in laundry and dishwashing pods are just two of these. It is made
from vinyl alcohol, the structure of which is shown.

Draw a section of the polymer that is produced when this alcohol is
polymerised to make polyvinyl alcohol.

Teacher-led video: SP2 (tlvd-0554)

THINK WRITE

1. Draw a number of vinyl alcohol molecules next to
each other, but with only a single bond between the
carbons.
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2. Place a new bond between the molecules to link
them together. Show three dots at each end to
signify only a section is shown.
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Alternatively, you can show the answer in
condensed form.

n
CH2

CHOH[ ]

PRACTICE PROBLEM 2
F F

F F

C C

Teflon® is made from polytetrafluoroethene (PTFE). The monomer used to make this
polymer is shown.
Draw a section of the polymer that is produced when this monomer is polymerised to

make PTFE.

SAMPLE PROBLEM 3

A section of a polymer produced at a research laboratory has the structure shown.

CC

F

F

C

Cl F

Cl

. . .

F

C

Cl

C

F

FCl

CC

Cl F

Cl F

C

Cl

Cl

. . .

Which of the following three possible monomers is it made from?

F Cl

F Cl

C C

(a) (b) Cl Cl

F F

C C

(c) Cl F

F Cl

C C

Teacher-led video: SP3 (tlvd-0555)

THINK WRITE

1. The polymer shows alternating F and Cl atoms
above and below the carbon backbone. It, therefore,
cannot be (b).

Monomer (a) is the only monomer that will
produce a polymer with the fluorine and
chlorine atoms in the correct pattern.
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2. Each F is attached to the same carbon, as is each
Cl. It cannot be (c).
Structure (a) is the only monomer that will produce
the required pattern when polymerised.

PRACTICE PROBLEM 3
Draw the monomer that the following polymer is made from.

. . . . . .C

H

Cl

C

Cl

F

C

H

Cl

C

Cl

F

C

H

Cl

C

Cl

F

TIP When drawing the structural formula for monomers and polymers, remember it is important to retain the
position of the functional groups above or below the carbon backbone.

Resources

Interactivity Making polymers (int-3849)

Digital document Experiment 9.1 Cross-linking an addition polymer to make slime (doc-30851)

Teacher-led video Experiment 9.1 Cross-linking an addition polymer to make slime (tlvd-0626)

Degree of branching
In reality, polymerisation does not produce purely linear chains. For various reasons, branching occurs that
causes side chains of various lengths to form. A linear polymer may, therefore, be more accurately thought
of as branches on a tree. As a general rule, the more extreme the conditions required for polymerisation, the
greater the number and length of such side branches. This phenomenon is illustrated by polyethene.

Ethene can be polymerised to produce both low- and high-density polyethene. Polyethene was discovered
in 1933. Scientists had been experimenting with the effect of heat and very high pressures on ethene. It
was not until 1939 that full commercial production of polyethene began. The first polyethene produced
was called low-density polyethene (LDPE), because its polymer chains support a large number of long
side branches, producing a low-density substance (see figure 9.12a). Since the only forces causing these
polymer chains to attract each other are dispersion forces, the effect of the branches is to keep the chains
apart. Because the attraction becomes weaker as the chains are further apart, the density of the resultant
compound is low, and LDPE is soft, flexible and translucent, with a waxy surface that repels water. Among
its uses are plastic bags.

In the early 1950s, ethene was polymerised using lower pressure and lower temperatures. The result
was a polymer of ethene with very few branches, and any branches that developed were short. Dispersion
forces act more effectively on these chains because they can pack more closely together, and this type of
polyethene is more rigid, stronger and more opaque than LDPE. It is slightly flexible and also has a waxy
surface that repels water. It is called high-density polyethene (HDPE) and can be used to make bottles
(see figure 9.12b).
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FIGURE 9.12 The carbon backbone in a portion of a polymer chain in (a) LDPE and (b) HDPE.

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCC

CCCCCCC

C
C
C

C
C
C
CCC
C
C

C
C
C

CCC(a)

(b)

C
C
C
CC
C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C
C

Degree of crystallinity

FIGURE 9.13 The strength of
a polymer is increased if more
crystalline areas are present.

amorphous regions

crystalline regions

Polymer chains can be arranged in two ways. They can be crystalline, in
that they are regularly organised into lines, or randomly packed with
no particular order. Polymers can be partially crystalline or almost
totally amorphous. The percentage of regularly ordered chains usually
ranges between 10% and 80%. The more crystalline a structure is, the
greater its hardness, tensile strength and opacity. This is because the
chains are packed closer together in the crystalline regions, resulting
in the dispersion forces that operate between then being more effective.
This close packing also means that light waves are scattered rather than
transmitted, resulting in opacity. Amorphous polymers are more easily
deformed and often transparent. The factors that affect crystallinity
include chain length, branching and interchain bonding, as seen
previously for LDPE and HDPE. HDPE is more likely to conform to a
crystalline structure because of its unbranched carbon chains.

Length of polymer chain
Longer polymer chains are, in fact, larger molecules. This means that the dispersion forces between chains
are stronger. Additionally, the longer polymer chains are, the more they become tangled and are less likely
to slide over each other than smaller chains. Both of these features mean that it is harder for the chains to
move with respect to one another. Consequently, polymers with longer chains tend to be harder/stronger and
less flexible, and are able to withstand higher temperatures before they soften or melt.

Addition of plasticisers
Plasticisers are major components added to polymers such as PVC during production. They are small
molecules that cause the polymer chains to move slightly further apart, resulting in a softer and more
flexible polymer. Many different plasticisers are available but the most commonly used are phthalates.
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FIGURE 9.14 Plasticisers are added to polymers to increase flexibility.

Plasticiser =

Key:

Polymer chain =

Other additives
Additives in polymers can have many different uses. Examples include the following:
• UV stabilisers, which absorb UV rays to prevent the polymer breaking down
• flame retardants to reduce the tendency of the polymer to burn
• dyes to add colour or provide patterns.

MODIFYING A NATURAL POLYMER — VULCANISING RUBBER
Natural rubber is produced from latex, a milky white addition polymer that can be harvested from rubber trees
by making a cut in the bark and collecting the sap as it runs out. A well-managed plant can yield approximately
1.8 kg of dry crude rubber per year.
Rubber is a completely amorphous polymer. The monomer in natural rubber is isoprene or 2-methylbuta-1,3-

diene. Isoprene polymerises to form long chains, as shown in figure 9.15, and the molecular formula is written
as (C5H8)n.

FIGURE 9.15 Structural formulas of (a) the monomer isoprene and (b) the polymer for raw (natural) rubber.
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FIGURE 9.16 Harvesting of natural rubberThis chain is similar to that of polyethene
(polyethylene) but with an important difference:
rubber still contains double bonds that can be
attacked by oxygen and, unlike polyethene, rubber
can perish. Another disadvantage of natural rubber
is that it is not elastic. When stretched, the long,
tangled chains straighten out and remain this
way, with little tendency for them to return to their
original shape. Natural rubber is also susceptible to
temperature changes, becoming very brittle when
cold and sticky when hot.
An American inventor, Charles Goodyear,

experimented for many years to find a way of
countering these tendencies. In 1839, Goodyear
accidentally dropped a piece of rubber that had
been treated with sulfur onto a hot stove. He later
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found that this sample had improved elasticity and greater resistance to temperature change. His discovery
formed the basis of the process of vulcanisation, which is still widely used in the rubber manufacturing industry
today to improve the durability and elasticity of natural rubber.
Natural rubber is vulcanised in an industrial process, where it is mixed with sulfur and heated. The sulfur

atoms form cross-links between chains of rubber molecules, reducing the number of double bonds, as shown
in figure 9.17.

FIGURE 9.17 Formation of vulcanised rubber

Raw rubber Vulcanised rubber
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heat
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CC CC

CC CC

CC CC
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CC CC CC CC

S

S
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When vulcanised rubber is stretched, the sulfur linkages stop the chains slipping past one another and the
rubber returns to its original shape when the stretching force is removed. Vulcanised rubber is an example of
a cross-linked polymer where the sulfur atoms link straight chains together. Rubber is used for tyres, carpet
backing, tyre tubing and the soles of sports shoes.

9.4.2 Examples of properties related to uses
The versatility of polymers results from the factors mentioned in the previous section, and from the degree
of cross-linking that may or may not be present. This means a polymer may be chosen (or made) to suit
nearly any purpose, based upon its properties. Table 9.5 gives just a few examples of how a polymer’s
properties make it useful for a particular application.

FIGURE 9.18 Many items, such as this in-line skate, are fabricated from a diverse range of plastic components.
Each of these is chosen for its particular properties.

inner lining of ethylene vinyl

acetate (EVA) foam

carbon and fibreglass

wheel frame

rubber

stopper

polyurethane

boot shell

nylon inner

wheel rim

urethane wheel hub

aluminium buckles with

polyethylene trim
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TABLE 9.5 Some examples of polymer properties and related uses

Polymer Properties Use

High-density polyethene (HDPE) Semi-rigid, chemically inert Milk and juice bottles, water
pipes, toys, wheelie bins

Low-density polyethene (LDPE) Flexible, water repellent,
chemically inert, electrical

insulator

Plastic shopping bags, food
wrap, electrical wire covering

Polyvinyl chloride Flexible*, electrical insulator,
water repellent

Garden hoses, raincoats,
electrical wire covering, spouting,
downpipes, non-food containers

Polypropene Rigid, water repellent, strong,
chemically inert

Plastic furniture, plastic buckets,
food containers, car parts

Polystyrene; polystyrene
(expanded)

Tough, rigid; lightweight, thermal
insulator

Plastic cutlery, CD cases,
laboratory ware; packaging,

insulation, coffee cups

Polytetrafluoroethene (PTFE)
(Teflon®)

Low coefficient of friction,
chemically inert

Non-stick cookware, low-friction
bearings, plumbing tape

Polyethene terephthalate
(PET/PETE)#

Tough, flexible, clear, lightweight,
shatterproof, inert

Soft drink bottles, water bottles,
moulded packaging, carpet,

clothing

* Varies and depends on use of plasticisers; can range from stiff to flexible.
# PET is a condensation polymer. All others shown are addition polymers.

9.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. The structure of acrylonitrile is shown.

H H

H C N

C C

Draw a section of the polymer that results when acrylonitrile polymerises to form polyacrylonitrile.
2. The structure of polyvinylidiene chloride is shown. The structure of two possible monomers from which it

might be made is also shown.
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Monomer IIMonomer I

(a) Which is the correct monomer and why?
(b) Draw the polymer produced if the other monomer is polymerised.

3. Explain how chain length and the degree of branching affect the properties of a linear polymer.
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4. Explain why plasticisers can make a polymer softer and more flexible.
5. With reference to the structures of polyethene and polyvinyl alcohol, shown, explain why one is water

repellent and the other is water soluble.
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Polyvinyl alcohol

6. Explain why polymers with regularly spaced side groups along their carbon backbones are more likely to
show a higher degree of crystallinity than those where the side groups are more randomly orientated.

7. Polypropene, polystyrene and polytetrafluoroethene are all water repellent. Explain with reference to their
structure and bonding.

8. An application requires a polymer that can soften under moderate heat but set again when it cools. When
set, it needs to be rigid and water repellent.
Discuss how you would design a polymer to meet these specifications.

9. The structure of a section of hypothetical polymer is as follows.

. . . . . .C
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Draw the structure of the monomer from which it is produced.
10. The first synthetic rubber was made from but-1,3-diene.

C C C

HH

H

H

C

H

H

C

This was polymerised to make poly(but-1,3-diene), also known as polybutadiene.
Draw the structure of this polymer.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

9.5 Advantages and disadvantages of using polymers

KEY CONCEPT
• The advantages and disadvantages of the use of polymer materials

9.5.1 Advantages of using polymers
A quick look around the room will show the versatility of polymers and how dependent our society is on
them. Plastics contribute to transport, construction, entertainment, packaging, clothing and other everyday
items such as furniture, toys, bags and pens. Using plastics has many advantages, but advantages such as
durability are also a disadvantage when it comes to recyclability.
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Advantages of plastics include:
• can be moulded into any shape
• don’t corrode
• are cheaper raw materials than alternative materials
• are less dense so lighter
• are good insulators of heat (home insulation)
• are good insulators of electricity (wire covers)
• are water resistant
• some are recyclable
• most are chemically inert
• are strong
• are relatively cheap to produce
• are useful for surfaces for construction purposes
• reduce the need to use limited natural materials such as timber.

9.5.2 Disadvantages of using polymers
Disadvantages of plastics include:
• use up a non-renewable/finite resource
• take a long time to decompose
• take up space in landfill
• common source of pollution, especially in oceans
• produce toxic gases on combustion
• some cause health problems.

9.5 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Modern cars contain many parts that are made of plastic; for example, bumper bars and front side panels.
Give two advantages and one disadvantage of using polymers in this way.

2. Give one advantage for the use of polymers in place of each of the following materials.
(a) Metal
(b) Wood
(c) Glass
(d) Wool
(e) Surface coating

3. PVC is the third most produced polymer after polyethene and polypropene. However, a much greater
amount of polyethene and polypropene are recycled than is PVC. Give possible reasons for this discrepancy.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.
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9.6 Review
9.6.1 Summary
Formation of polymers

• A polymer is a long chain of units called monomers that are linked together in a process called
polymerisation.

• Natural polymers include wool, cotton and hair. Synthetic polymers are commonly called plastics or
synthetic fibres.

• Polymers are usually made by either addition or condensation polymerisation. Addition polymers are
formed when an addition reaction causes monomers containing carbon–carbon double bonds (alkenes)
to link together.

• Ethene polymerises to form polyethene (also known as polyethylene).

Linear and cross-linked polymers

• Thermoplastic (or thermosoftening) materials soften when heated and can be remoulded. An early
example is celluloid.

• Thermosetting materials do not melt when heated.
• Thermoplastic materials are made from linear polymer chains.
• Thermosetting materials are made from chains that have been linked together with strong covalent

bonds, and are called cross-linked polymers.
• Thermosetting polymers are difficult to recycle. A number of thermoplastic polymers, however, are

recycled on a large scale.
• The presence of cross-linking, or bonding between the chains, affects the elasticity and rigidity of the

polymer. A small amount of cross-linking produces an elastomer, which is relatively elastic, and a
large amount produces a rigid polymer, because atoms are strongly bonded in all three dimensions.

• Many plastics can be recycled. Discarded plastics can be sorted according to standard recycling codes.
The different groups of plastics can then be shredded, washed and melted down to produce chips to be
remoulded.

Polymer selection

• Ethene can be modified by substituting different functional groups for hydrogen atoms to produce
other monomers such as are styrene, vinyl chloride, tetrafluorene and propene. These can be
polymerised to produce polymers with different properties and many uses.

• The structure of a linear polymer determines its properties, as follows:
• Extent of branching: Low-density polyethene (LDPE) and high-density polyethene (HDPE) are two

important polymers produced from ethene. The two substances have very different properties due to
the different structures of their polymer chains.
– LDPE chains support a large number of long side branches, which keep the chains apart. As the

attraction by dispersion forces is weaker when the chains are further apart, LDPE is a soft,
flexible and translucent material with a waxy surface that can be used for packaging, flexible
industrial piping, and wire and cable insulation sheathing.

– HDPE is produced using lower pressure and temperatures than LDPE and the resulting chains
have very few and short side branches, which are held closer together by dispersion forces,
making the material less flexible, stronger and opaque. HDPE is used to make tough plastic bags,
kitchen containers, car parts, rigid pipe and fibres.

• Cross-linking of polymer chains: The presence of cross-linking, or bonding between the chains,
affects the elasticity and rigidity of the polymer. A small amount of cross-linking produces an
elastomer, which is relatively elastic, and a large amount produces a rigid polymer, because atoms
are strongly bonded in all three dimensions

• Degree of crystallinity:More regions of regular arrangement increase strength.
• Length of the polymer chains: The longer the chain, the stronger the polymer.
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• Addition of plasticisers: Plasticisers are small molecules in polymers that separate the polymer
chains and make them more flexible.

• Additives: These contribute to the appearance and stability of the polymer.
• The many ways that polymers may be made or modified means that a polymers may be made or

chosen for a wide variety of applications.

Advantages and disadvantages of using polymers

• Using plastics has many advantages; however, some of the advantages, such as their durability, are also
a disadvantage when it comes to recyclability.

Resources

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-3095).

9.6.2 Key terms

addition polymerisation the process in which monomers with at least one double bond react together to form a
polymer by addition reactions

addition reaction reaction in which one molecule bonds covalently with another molecule without losing any
other atoms

condensation polymerisation polymerisation in which two monomers combine and a smaller molecule is
eliminated

copolymer polymer formed from the polymerisation of two monomers
cross-linking the bonding between two polymers
difunctional refers to a molecule that contains two functional groups.
elastomer polymer that can be stretched and return to its original shape
high-density polyethene (HDPE) thermoplastic polymer with very few side branches produced from the

monomer ethene
isoprene volatile liquid hydrocarbon obtained from petroleum, the molecule of which forms the basic structural

unit of natural and synthetic rubbers
linear polymer polymer that does not have side chains
low-density polyethene (LDPE) thermoplastic polymer with a large number of side branches produced from the

monomer ethene
monomer molecule that links together to form a polymer
PET thermoplastic polymer produced from the monomer ethylene terephthalate; typically used as synthetic fibres

(polyester) and packaging (PET); commonly recycled
plastic polymer that can be moulded when hot and retains its shape when cooled
plasticisers small molecules that are added to some polymers to improve their flexibility
polyester synthetic polymer in which the structural units are linked by ester bonds
polyethene polymer consisting of monomers of ethene
polymers molecule made up of thousands of units strung together into very long chains
polymerisation the formation of giant molecules by repeated monomers that are joined by covalent bonds
rubber an elastic polymer formed from the latex of tropical rubber trees and plants
synthetic fibre a polymer that is stretched to make a fibre instead of being moulded.
thermoplastic describes polymers that soften on heating; also known as thermosoftening
thermosetting describes polymers that do not soften on heating and char if heated strongly
vulcanisation the process in which sulfur is added to rubber and heated to cause cross-linking of polymer

chains, increasing the strength of the rubber

Resources

Digital document Key terms glossary — Topic 9 (doc-30955)
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9.6.3 Practical investigations

Experiment 9.1
Cross-linking an addition polymer to make slime

Aim: To investigate how the properties of a linear polymer may be
altered by the introduction of weak cross-linking between its chains

Digital document: doc-30851

Teacher-led video: tlvd-0626

9.6 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

9.6 Exercise 1: Multiple choice questions
1. Which one of the following is a natural polymer?

A. Cellulose
B. Polypropene
C. Teflon
D. Kevlar

2. Large molecules can be built up by the combination of smaller molecules. What are these smaller
molecules called?
A. Polymers
B. Isomers
C. Monomers
D. Allotropes

3. What structural characteristics are present in the monomers used to produce addition polymers?
A. They must contain only carbon and hydrogen.
B. They must all be the same.
C. They must contain a carbon–carbon double bond.
D. They must have a low molecular mass.

4. Which of the following best describes polymerisation?
A. Small molecules decompose to form a new substance.
B. Two or more chemicals react together.
C. Small molecules react to form very long molecules.
D. Small molecules react to form a thicker substance.

5. Which one of the following is a characteristic of thermoplastic?
A. Cross-links between chains
B. Can only be moulded during manufacture
C. Chars when heated
D. Has weak dispersion forces between chains
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6. Which of the following diagrams depicts a thermosetting polymer?
A. B.

C. D.

7. An elastomer is a linear polymer
A. with a large number of cross-links between its chains.
B. with a small number of cross-links between its chains.
C. with no cross-links between its chains.
D. without cross-links that has tangled chains.

8. Why are thermoplastic polymers more suited to recycling than thermosetting polymers?
A. They are lighter and easier to collect in roadside collection services.
B. Most have short-term uses and quickly become waste.
C. They have cross-links between their polymer chains that are easily broken by heat.
D. Their properties mean that they can be re-melted and remoulded into new articles.

9. Teflon is made from the polymer polytetrafluoroethylene (PTFE). It has the following structure.

C

F

F

C

F

F F F

C

F

C

F

The monomer for this polymer is:
A. F F

F F

C C

B. F H

H F

C C

C.

F C

F

F

F

D.

H C

F

F

H

10. Polymerisation of methyl methacrylate produces ‘perspex’. The structure of perspex is as follows.
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COOCH3
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What is the structure of methyl methacrylate?
A.

C

H COOCH3

CH3

C

H

B.

C

H

H

C HH

COOCH3

CH3

C.

H

H

COOCH3
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CH3

C

D. HH

C C

CH3

C C

H

COOCH3 COOCH3
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11. When the chain length of a polymer increases
A. the melting temperature is lowered.
B. the substance becomes more viscous.
C. solubility in non-polar solvents increases.
D. density decreases.

12. What is the difference in strength between low-density polyethene (LDPE) and high-density polyethene
(HDPE) mostly due to?
A. The degree of cross-linking
B. The degree of side branching
C. A difference between the two in relative molecular mass
D. The orientation of hydrogen atoms along the carbon backbone

9.6 Exercise 2: Short answer questions
1. What are monomers and polymers?
2. List three advantages and three disadvantages of using polymers.
3. Distinguish between thermosetting and thermoplastic polymers and give three examples of each.
4. In what ways is an elastomer similar to

a. a thermoplastic substance?
b. a thermosetting substance?

5. Briefly explain why a thermosetting polymer is more rigid than a thermoplastic one.
6. LDPE is soft and flexible whereas HDPE is stronger and more rigid. Explain.
7. Explain why the recycling of plastics is desirable.
8. Describe why the coding system used for plastics is beneficial.
9. Perspex is an addition polymer that has the appearance of glass. It is made from the monomer.

C C

H

H

CH3

COOCH3

a. Draw part of the polymer of perspex.
b. In what situations would the use of perspex be superior to the use of glass?
c. In what situations would the use of glass be superior to the use of perspex?

10. A polymer used in the manufacture of wood glue is shown.

. . . . . .C

H

H
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OOCCH3 OOCCH3 OOCCH3
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H

C

H

H

C

H

a. Draw the structure of the monomer from which the polymer is derived.
b. Describe the forces that would hold these chains together.
c. Show the structure in the condensed (bracketed) form.

11. Transparent film for packaging can be made from LDPE but would
not be made from HDPE, which is more opaque. Explain this
difference in terms of the molecular structure of the two forms of polyethene.

12. Which of the following molecules could possibly act as monomers in a polymerisation reaction? In
each case, explain why or why not.
a. C4H10 b. C3H6 c. C2H6 d. C4H6 e. C2H4 f. C2H2 g. C3H8
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13. A feature of polymer materials is that they can be designed for a particular purpose. Accordingly,
research into new polymers often focuses on means by which a polymer’s properties may be influenced.
Some of the factors that influence these properties are
i. choice of monomer
ii. length of polymer chains
iii. degree of branching present in the chains
iv. degree of crystallinity
v. presence of plasticers.
What factors would be important in a polymer designed for use in the following situations?

a. A dissolvable wrapping for a dishwasher tablet
b. A child’s ride-on toy
c. Plastic bags for fruit and vegetables at the supermarket
d. Garden hose

14. Polymers are sometimes called giant molecules because they contain so many atoms. As polymer
chains are twisted together, they form fibres. Diamond and graphite are also classed as giant molecules.
A list of the types of bonds studied in this course follows. These bonds may exist either within a chain
or molecule (intramolecular bonds) or between chains or molecules (intermolecular bonds). Complete
the table that follows, using the bond types.
Bond types: covalent, dispersion forces, hydrogen bonding, disulfide

Bond type

Polymer Intramolecular Intermolecular

Diamond

Graphite

Polyethene

Vulcanised rubber

9.6 Exercise 3: Exam practice questions
Question 1 (5 marks)
a. Draw the full structural formula of the unsaturated molecule represented by the semi-structural formula

CHClCHF. 1 mark
b. Draw a section of the polymer produced when the monomer from part a. undergoes

polymerisation. 2 marks
c. A section of an addition polymer is as follows.
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Draw the structural formula of the monomer that it is produced from. 2 marks
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Question 2 (5 marks)
a. Draw the structural formulas of the following molecules.

i. But-2-ene
ii. But-1-ene 2 marks

b. Examine the section of polymer that is shown.

CH

CH3

CH3

CH CH

CH3

CH3

CH CH

CH3

CH3

CH CH

CH3

CH3

CH

From which of the substances in part a. could this polymer have been made? 1 mark
c. Draw a section of the polymer chain that could be made from the other molecule (i.e. the one not used

for part b.). 2 marks
Question 3 (8 marks)
High density polyethene (HDPE) and polyvinyl chloride (PVC) are both formed with chains that have only
a small amount of branching. They show a number of similarities, but also a number of differences.
a. Draw the structural formulas of the monomers that each is made from. 2 marks
b. For samples of each in which the length of the polymer chains is about the same, what would be some of

the factors that affect the difference in strength and hardness of these two polymers? Explain.
2 marks

c. One of these polymers has plasticisers added to it to increase its versatility. Explain how the addition of
plasticisers affects the properties of this polymer. 2 marks

d. Polyethene can also be produced in a different form called low density polyethene (LDPE). Describe the
main difference in molecular structure between LDPE and HDPE and the effect that this has on the
polymer’s properties. 2 marks

Question 4 (6 marks)
Polyethyne (polyacetylene) is a polymer that is made from the monomer ethyne. In 1977 it was discovered
that it could be modified to become an electrically conductive polymer. This led to an explosion in research
and possible applications. In 2000, the Nobel prize in chemistry was awarded for work in this field.
a. Draw the structural formula for a molecule of ethyne and use this to explain why it can be

polymerised. 2 marks
b. Draw a section of polyethyne that shows at least three monomer units. 2 marks
c. Show your answer from part b. using condensed (bracketed) notation. 1 mark
d. How would you expect the reactivity of polyethyne to compare to polyethene? 1 mark

9.6 Exercise 2: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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