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%j?Sheets and tubes of carbon — new technology

| .§_=Industry based on organic chemistry has given us

| avast range of new fuels and materials that haye

: revolutionised our lives. As we explore the virtuosity
| of carbon as an element, novel materials continue to
| be discovered. In 2010, the Nobel Prize was awarded
| to Andre Geim and Konstantin Novoselov for their

| work on graphene sheets (Figure 11.1a).

~ Graphene is a flat sheet of carbon atoms arranged
| in a hexagonal pattern — atomic-scale carbon

‘  hicken wire’, Stacks of graphene sheets make up the
| graphite in the pencils you use every day. However,
the individual sheets are providing many new ideas
for their use. Graphene is very strong and flexible.

It allows electrons to flow very efficiently across its w

surfaces. Its electrical conductivity is high and it may
eventually replace silicon in computer chips.

Graphene sheets are also the starting point for
making carbon nanotubes (Figure 11.1b). The discovery
of nanotubes has suggested, among other things, new
methods of medical drug delivery and conducting
materials. Chemical polymerisation reactions have been
carried out in miniature within nanotubes, with the
carbon tubes being used as linear reaction vessels.

This chapter will focus on some of the ways we
exploit the rich chemistry of carbon. The future holds
the prospect of even more incredible adaptations and
technological developments.

el i i ol e s e

graphics of the structures 0

Figure 11.1  Computer

f- a a honeycombed sheet of graphene; b a stack of carbon nanotubes.
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11.1 Petroleum

Fossil fuels were formed in the Earth’s crust from
material that was once living. Coal comes from

fossil plant material. Petroleum (or crude oil) and
natural gas are formed from the bodies of marine
microorganisms. The formation of these fuels took
place over geological periods of time (many millions
of years). These fuels are therefore a non-renewable and

finite resource,

There are three major fossil fuels:
¢ coal

¢ petroleum (crude oil)

¢ natural gas.

The formation of petroleum
Petroleum (or crude oil) is one of the Earth’s major
natural resources, the result of a process that began
up to 400 million years ago. When prehistoric
marine creatures died, they sank to the seabed and
were covered by mud. The change into petroleum
and natural gas was brought about by high pressure,
high temperature and bacteria acting over millions
of years. The original organic material broke down
into hydrocarbons. Compression of the mud above
the hydrocarbon mixture transformed it into shale.
Then geological movements and pressure changed
this shale into harder rocks, squeezing out the oil
and gas. The oil and gas moved upwards through the
porous rocks, moving from high-pressure to low-
pressure conditions. Sometimes they reached the
surface, but often they became trapped by a layer of
non-porous rock.

Reservoirs of oil and gas were created. These
reservoirs are not lakes of oil or pockets of gas. Instead,
the oil or gas is spread throughout the pores in coarse
rocks such as sandstone or limestone, in much the same
way as water is held in a sponge.

Oilfields and gasfields are detected by a series
of geological and seismic surveys. Promising areas
are then drilled to gain more geological information
or, if oil or gas is found, to see how extensive the
oilfield or gasfield is. Once a field is established,
production oil rigs can be set up, on land or at sea

(Figure 11.2).
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he Caspian Sea.

Figure 11.2 An oil rigin t

Recently, novel approaches for the explzita:)ﬁo;:i of
shale gas- and oilfields have added new‘ ;n ;i u? ant
availability of fossil fuel resources. The ’rac ng'
techniques involved in shale gas extl.‘actlon ar.e PrO'Vmg
controversial, however, particularly in countries with

large population density.

Fractional distillation

Petroleum is a mixture of many different

hydrocarbon molecules. Most of the petroleum that
is extracted from the ground is used to make fuel, but
around 10% is used as a feedstock, or raw material,
in the chemical industry. Before it can be used, the
various hydrocarbon molecules are separated by
refining. This is done by fractional distillation at an
oil refinery.

At a refinery, petroleum is separated into different
fractions - groups of hydrocarbons that have different
boiling points. These different boiling points are
roughly related to the number of carbon atoms in the
hydrocarbons (Table 11.1).

Separation of the hydrocarbons takes place
by fractional distillation using a fractionating
column (or tower). At the start of the refining
g ggizsgégétz (:zurzr: Pl;le%leated to a temperature of
FiTe ) Vi’ Oupe In at the base of the tower.

through a’series cf)f b:blﬁsses A N Gy
furttier up the colm T; Cal?s, and cools as it rises
o ey diffelrl. e different fractions cool
o diffrent hoights telrllt temperatures, and therefor:
SRR g ¢ column. The fractions
trays. Fractions from f}:ent ievels are collected on

€ top of the tower are called



: f‘vFractiOn

» and those from the bottom <,
eay

ndividual single hydI'OCarbonS c
A an

Y’ Each
hydr() c;\rb()ns
then pe '

a number of different
shows

btai
Obtained by further distillation. Figure 11.3
me of

thc S 5 .
A eparation into different fractions and so
their uses,

in hydmcarbOnl;mber Of carbon ato
ms | Approximate

Tty boiling range / °C
4-12 ‘& below 25
7-14 \C“CL 40-100
: osene/paraffin 12-16 7 Cu 90-150
jesel 0l/825 oil 14-18 &G 150200 | | bp.andviscosity
o ﬁ Cu~Cis 220-300 increasing
" CioCos 250-320
J—— Ca0-Cyo 300-350
> Cy above 350 I

ife
od paraffin’ (UK) is t

prent terms are used in the UK and the USA. Not, th
. e that ¢

h ¢ 5 rude oil’ ; ' >
e same as ‘kerosene’ (USA)., ide oil’ (UK) is the same as ‘petroleunt’ (USA), ‘petrol’ ( UK) is the same as gasoline’ ( USA),

e 11.1 Various petroleum® fractions.

(c

ure 11.3  Fractional di

petroleum

"refinery gas
bottled gas for heating and cooking

mgé?gline
used as fuel in cars (petrol)

110°C

“"naphtha
used to make chemicals

180°C

l(éi‘bsene/paraﬁin
used as a fuel in jet engines
and as heating oil

FRACTIONATING
TOWER

rude oil)

. l"licating oil rﬁ/‘

used in waxes and polishes

340°C

" pitumen
used to make bitumen for

surfacing roads

tillation of petroleum in a refinery-

Chapter 11: Petrochemicals and polymers



\\;k .

Take care over names for the different fractions in
different parts of the world. Note that the syllabus
uses ‘petroleum’ as the name of the crude oil

drilled from the ground.
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Make sure you
they are produc
and a use for eac

fractionating tower,

-

rActivity 11.1
Fractional distillation of petroleum

Skills

A03.1 Demonstrate knowledge of how to safely use
techniques, apparatus and materials (including
following a sequence of instructions where appropriate)

A03.3 Make and record observations, measurements and
estimates

A03.4 Interpret and evaluate experimental observations
and data

& Wear eye protection. The petroleum is highly
flammable and harmful.

This experiment simulates the industrial fractional
distillation of petroleum (crude oil) in the laboratory.

thermometer

ceramic fibre
+

petroleum substitute

1 Place about a 2cm? depth of ceramic fibre in the
bottom of a side-arm test tube. Add about 2cm? of
petroleum substitute to this, using a teat pipette.

2 Set up the apparatus as shown in the diagram. The
beaker of cold water around the collecting tube helps

iling point fraction. The P IL
hould be level with, or \_/

to condense the low bo
at the bottom of the side-

bulb of the thermometer $
the side arm. He

ntly, with the lowest
mometer carefully.

just below,

arm test tube ge e th
Bunsen flame. Watch t e ther L
3 When the temperature reaches 100°C, replace the

collection tube with another empty one. The be:;ker of
water is no longer necessary and can b.e removed.
4 Collect three further fractions to give the

fractions as follows:

A Room temperature to 100°C B 100-150°C

C 150-200°C D 200-250°C
5 A black residue remains in the side-arm test tube.

Test the four fractions for viscosity (see how easily

they pour), colour, smell and flammability.

o To test the smell, gently waft the smell
towards you with your hand.

o To test for flammability, pour a small quantity
on to a hard-glass watch glass and light the
fraction with a burning splint.

6 Keep one set of fractions and see that they combine
to form a mixture very like the original sample.

A worksheet is included on the CD-ROM.

& Questions e

Al What differences did you observe in the viscosity of
the fractions? What molecular property would you
suggest causes this difference?

A2 What differences were there in flammability
between the fractions?

¥,

Catalytic cracking

The demand for the various fractions from the refinery
does not necessarily match with their supply from the
oil (Figure 11.4). For lighter fractions such as gasoline
(petrol), the demand is greater than the supply. The

Cambridge IGCSE Chemistry

opposite is true for heavier fractions such as kerosene
(paraffin) and diesel. Larger molecules from these
heavier fractions can be broken into smaller, more

valuable, molecules. This process is called catalytic
cracking (‘cat cracking’),
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e alk with the gasoline fraction to enrich the. petrol.
several enes are useful as raw materials for making
Variol important products. Figure 11.6 shows the

15 uses for the ethene produced.

- pr?pene polymerises to poly(propene) (trade

Me ‘polypropylene’), while butene polymerises to
Produce synthetic rubber. The cracking reaction can
be carried out in the laboratory using paraffin oil
(Figure 11‘7)
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. rallth
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Activity 11.2
Cracking hydrocarbons

Skills
A03.1 Demonstrate knowledge of how to safely use
techniques, apparatus and materials (including
following a sequence of instructions where
appropriate)
A03.3 Make and record observations, measurements and
estimates
A03.4 Interpret and evaluate experimental observations
and data

The exact composition of petroleum varies depending
on where it comes from, but most oil contains more
of the larger molecules than the smaller ones. The
smaller ones, however, are more useful and therefore
more economically important. To increase the profit
that can be made from a barrel of oil, the larger
hydrocarbons are broken down into smaller ones.
This activity involves a small-scale version of this
conversion, which is performed in industry every day.

A worksheet is included on the CD-ROM.

Details of a scaled-up version of this experiment
are given in the Notes on Activities for teachers/

broken porcelain
or aluminium

paraffin soaked
oxide granules

into absorbent
wool

delivery

4@ strong
warm  heat

cold water bath crystallising dish

technicians.

o s/

ethene
é from cracking

e Y

react with )
_benzene

‘ react\}bi‘th‘"‘;:
W\ chlorine

y
[ aoroetane] | phenyietiene
(vinyl.chl'di'i'“)ff :

ez =y Eoeemmerer g SR

Figure 11.6 Important products can be made from the ethene produced by
catalytic cracking.
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chain alkane in the laboratory.

ure 11.7 The cracking of a long-

Fig

Figure 11.8 Computer image of an internal combustion engine cylinder. The
piston (lower right) is moved up and down by the combustion (burning) of fuel.
This image shows the fuel/air mixture being ignited by the spark plug.

Blending gasoline
Some of the products from cracking are added to the

gasoline fraction to improve the quality of the petrol.
As many as 12 different components (containing over
300 different hydrocarbons and additives) may be used
in a blend of petrol for the motorist. Different blends
are made for winter and summer use. An important
consideration is how easily the fuel vapour ignites. If
the fuel ignites too easily, then the engine will not run
smoothly — ‘knocking’ will occur. However, if the fuel i
too difficult to ignite, then the engine will be difficult tc
start, esp‘ecially on cold mornings. High-quality petrol
contains many branched-chain hydrocarbons, made in
a process known as re-forming, so that the fuel does n
ignite too soon (Figure 11.8). The ignition temperatur
of a petrol/[solidus] air mixture is around 550°C.
‘Lead’ (actually tetraethyl-lead) was added to
gasoline to prevent ‘knocking’ But this caused high
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103.1 Demonstrate knowledge of how to safe|
~ techniques, apparatus and materials (.e y us?,
. following a sequence of instructions l:cludmg
03.2 Plan experiments and inveStigatiOnsw ere appropriate)
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. , Mea
~ estimates surements and
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and data servations
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Wear eye protection.
There is concern that fossil fuels will run out. There
so concern that burning fossil fuels is causing
Jobal warming because of all the carbon dioxide
ch is released into the atmosphere.

. You are asked to design an experiment to

pare two fuels: one 2 fossil fuel and the other 2

\t thermometer
Xég/ boiling tube

ceramic wool

clamp and
stand

heatproof mat

\

;uylélrlggog ide. The carbon monoxide (CO)s unburnt
exhﬂustrf ons (HC) and oxides of nitrogen (NO
ofemisS-umes do continue to cause concern. Th :
caltaligs ion of these compounds are reduced by fitting 2

alytic converter to the exhaust. i

nto the air at petrol |
e nozzles i

L in
e levels

) F}asol'me vapour also escapes i
ations. Modern pumps now have hoods on th

t
0 cut down the escape of fumes.

The apparatus shown could be used to \

discover how much heat a fuel produces. A small
quantity of the fuel is placed on the ‘eramic wool
and ignited. The temperature change of the water in
the boiling tube is then recorded.

1 You are asked to compare paraffin, a
fossil fuel obtained from petroleum (crude
oil), and ethanol, a renewable fuel which can
be made by fermenting sugar from plants. You
will need to use a relatively small amount of fuel
(around 1cm?).

2 When you have planned your investigati
you should carry it out and record all your
observations and measurements.

3 You should then write a reasoned con:
states which fuel you think is better, toge

on,

clusion that
ther with

your reasons.

cluded on the CD -ROM.

The Notes on Activities for teachers/technicians

contain details of how the experiment can be used
f skills AO3.2 and AO3.5.

A worksheet is in

asan assessment O
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0 Questiﬂns CEE———TTT

11.1 Put the following fractions in order of
increasing boiling point: kerosene, diesel,
petrol, refinery gas, bitumen, naphtha.

11.2 Name three fossil fuels.

11.3 Explain what is meant by ‘cracking, and write
word and balanced symbol equations to show
how ethene can be formed from decane by this

method.
11.4 State a use for the following fractions from the

distillation of petroleum (crude oil): bitumen,
fuel oil, diesel, kerosene.

11.2 Alternative fuels and energy
sources

Alternative transport fuels

There is growing interest and a great deal of
development work taking place on alternative transport
fuels in order to reduce dependence on fossil fuels and

find ‘greener’ forms of transport.

Diesel :
High-speed diesel engines in cars, buses and trucks

use a fuel (DERV - diesel engine road vehicle)

that contains hydrocarbon molecules consisting

of between 6 and 20 carbon atoms (in short this is
written as C,—C,, molecules). Slower-speed diesel
engines for ships, etc., use a slightly heavier fuel.
Diesel engines are compression ignition engines (the
fuel ignites spontaneously without a spark). Diesel
engines are more efficient than petrol engines and
produce much less carbon monoxide. However,
because their working temperature is higher,
they produce more oxides of nitrogen. The major
problems are smoke, and the particles it contains,

and odour.

Gasoline from methanol
New Zealand has large reserves of natural gas (mainly

methane) but very little petroleum. The problem of
¢ producing petrol has been transformed by a catalyst
¢ known as zeolite ZSM-5. (A zeolite is one of a large

4]
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ates of sodium, potassium,
ne is first converted into

duced is then turned into

ino-silic
roup of alumino
ialcium and barium.) Metha
methanol. The methanol pro st
hydrocarbons using the 7ZSM-
ter
hydrocarbons + wa
hanol — 1Y e

t
= (CH,).

nCH,OH —
| zeolite composed of aluminium,
was first made by two chemists

bil Oil company-

7SM.-5 is an artificia
silicon and oxygen. It
working for the US Mo

LPG and CNG

Liquid petroleum gas
of propane and butane.
(CNG) is 90% methane. Th
a significant market in some €O
all the taxis in Japan use LPG. Inl i
motorised rickshaws in the major cities ru

(Figure 11.9).

(LPG or ‘qutogas’) is composed
Compressed natural gas

ese products already have
untries. For example,
ndia, many of the
n on CNG

Biofuels '
There have been significant developments in the use

of fuels based on ethanol (see page 267) and vegetable
oils such as rapeseed or sunflower oil. The potential
for adding plant oils to diesel fuel is being investigated
worldwide. The future use of these fuels will depend
on economic factors. Some countries grow oil-
producing crops but do not have their own reserves of
petroleum. Recently there has been controversy about
the use of land to grow crops for these fuels and the

Figéll\:e 11.9 I India, many of the motorised rickshaws (‘tuk-tuks”) run
on CNG.
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tA

mative energy sources
Affernative energy sources are very much under
- «sion. Nuclear energy, wind farms and solar energy

;me of the areas being explored. In terms of chemical
ems, those based around our use of waste offer an

rtunity for development, particularly at local level.

ane gas is formed naturally ina number of different
imstances. Anaerobic bacteria helped to decompose

11.10  The sawdust fro
ethanol for biofuels.

Organi
¢ matter under geological conditions to produce (A

Natura)
al gas. Methane accumulates in coalmines, where

it ca
can cause explosions. Marsh gas, which bubbles up

thro .
ugh the stagnant water of marshes, swamps and rice

I»):;g,dz Oﬁelf‘s’ is also methane. Methane produced in this
ntributes to the greenhouse effect.

Methane is produced from organic waste (biomass)
et decays in the absence of air. This can be

exploi ;
ploited as a source of energy. In countries such as

India and China, biomass digesters are important
sources of fuel for rural villages (Figure 11.12). The

methane is useful for heating and cooking, and the solid
residue is used as a fertiliser.

Industrialised countries produce large amounts
of waste, much of which i

s deposited in landfill sites.
Biogas forms as the rubbish decays (Figure 11.13).
This gas can be used as a fuel for local industry- On
Merseyside in the UK, biogas is used
in a Cadbury’s biscuit factory.

to heat the ovens

Figure 11.11 The Toyota Prius is @ hybrid gas/eledtric car with low

emissions. The battery charges while running on petrol and an on-board
computer switches when petrol is low.

Figure 11.12 A small-scale biogas generator uses animal waste to produce
methane fora village’s needs.
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i Figure 11.13  a Deep in the waste of landfill sites, methane gas accumulates
i and must be burnt off or it could become dangerous - a landfill flare-off.

i’ ' b Alternatively, a power-generating plant can be set up at a landfill site to
U generate power for the local area.

© 11.3 Addition polymerisation
All living things contain polymers. Proteins,
carbohydrates, wood and natural rubber are all
polymers. What nature first invented, chemists have
learned to copy, alter and use successfully. Synthetic
polymers, often called plastics, are to be found
everywhere in modern technological societies, made
into bulky objects, films and fibres. They have properties
to suit particular needs, ranging from car and aircraft
components to packaging and clothing.
Polymers are large organic macromolecules.
They are made up of small repeating units known
as monomers (Figure 11.14) joined together by
polymerisation. These units are repeated any number
of times from about a hundred to more than a million.
@ Some are homopolymers, containing just one monomer.
' Poly(ethene), poly(propene) and poly(chloroethene)
are three examples of homopolymers. Other

Cambridge IGCSE Chemistry

beads is similar to joining the monomers

Figure 11.14 Making a chain of
together to make a polymer.

ules are copolymers, made of two or more 9
omer. For example, nylon is made
nd biological proteins are made

from 20 different monomers, the amino a.cxds. y

The alkene fragments from the catal.ytlc cracking of
roduced the starting monomers
lkenes such as ethene contain a
lecules can take part in

macromolec
different types of mon
from two monomers, 2

petroleum fractions p

for the first plastics. A
C=C double bond. These mo
addition reactions (see page 258) where the double

bond is broken and other atoms attach to the carbons.
'The double bond in ethene enables many molecules of
ethene to join to each other to form a large molecule,
poly(ethene) (Figure 11.15). This is an addition
polymer. When first made by ICIL, it was a revolutionary
new material called ‘Alkathené’ It is now commonly

called by the trade name ‘polythene’
Various conditions can be used to produce different

types of poly(ethene). Generally a high pressure, a
temperature at or above room temperature and a
catalyst are needed. The reaction can be summarised by
the equation:

high pressure
ethene ———> poly(ethene)
heat, catalyst
H H H H |
\ / high pressure | |
H/ \H heat, catalyst |
H H A

where 7 is a very large number,

When drawing the structure of poly(ethene) and

other polymers, do not forget to put the # outside
the bracket.




monomer:
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double bonds
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polymer: H
poly(ethene)

that was very tough and durable, and a ver
ectrical insulator. ¥

Other alkene molecules can also produce addition
lymers. Propene will polymerise to produce

—>  poly(propene)

H H H
|
— c—c
|
CHs H  CHs /,

ng-chain molecule is similar in structure to

j(ethene) but with a methyl (—CHS,) group attached to
other carbon atom in the chain (Figure 11.16a). It is

only referred to by its trade name ‘polypropylene’.

I

re of poly(propene) is
rtant to realise
up here - it
The chain is

e joined by the

t Ihe diagram of the structu

uite easy to get wrong. It is impo
the —CH, group is a side-gro
es not become part of the chain.
tormed by the carbon atoms that ar
=C bond in the monomer.

e
SN 0
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Chemists also experimented with other substituted

alkenes to produce plastics with particular properties in
mind. Poly(chloroethene) (known by the trade name of
polyvinyl chloride or PVC) and poly(tetraﬂuoroethene)
(known by the trade name of polytetrafluoroethylene,
“Teflor’ or PTFE) are two such polymers:

chloroethene - poly(chloroethene)
(vinyl chloride) (PVC)
H H H H
N\ / l |
n c=cC > c—cC
/ Ry .
H a Hoa J,
tetrafluoroethene —  poly(tetrafluoroethene)
(PTEE)
F F F F
/ |
n c=cC e Cc—¢cC
/ \ I sl
F F B Bovdy

Their structures are shown in Figures 11.16b and c.
Poly(chloroethene) (PVC) was found to be stronger
and harder than poly(ethene) and therefore good for
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Figure 11.16 The structures of a poly(propene), PP, b poly(chloroethene),
PVC, and c poly(tetrafluoroethene), PTFE.
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peetmRa Pl CeH:CH=CH, otheat i l(rflsulaﬁon’ il J
T — — oam)

o eI LT

T D

Table 11.2 Examples of some widely used addition polymers.
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following a sequence of instruct als ('“Cluding

© appropriate) ions Where
3.3 Make and record observations
and estimates » Measurerments

03,4 Interpret and evaluate experime

and data ntal Observatigns

iferent plastics have been devised for g;
LpOSES: This activity explores both (t)li e
: sical property of density anq the ch N i
operties of acid/alkali and solyept I i
cange of different materials, The rese
estigation can be linked with the uu
plastics are put and to a PowerPoj
resentation on the impact of plastic
' qvironment.

SiStanCe of
Its of the
Ses to whiCh

nt or poster
s on the

worksheet, with a self-assessment checkii
ecklist,
cluded on the CD-ROM. ist, is

| Questions e

1115 Give the molecular and structural formulae of

1 ethene.

111.6 State what is meant by addition polymerisation
and give an equation for the formation of
poly(ethene) from ethene.

'11.7 Draw the structure of the repeating unit in the
E following polymers:

" a poly(propene) b poly(chloroethene) (PVC).
'11.8 What is the monomer used for making Teflon?
5_11.9 Give a use for the following polymers:
. a poly(propenc) b poly(vinyl chloride)
c poly(tetraﬂuoroethene).
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114 Condensation polymerisatioﬂ

i

Nylon

In

intmc early 1930s, DuPont were conducting research

cl © artificial fibres. Knowledge of silk and wool gave

Cues as to how protein molecules are built. ‘Wallace
arothers imitated the linkage in proteins and

9

B s

©

T

P

ey

o osneento
SRS

Produced the first synthetic fibre, ‘nylon Nylomis ®
solid when first formed, but it can then be melted and
forced through small holes. The long filaments cool, and i\
the fibres produced are stretched to align the polymer
molecules and then dried. The fibres can be woven =
fabric to make shirts, ties, sheets, etc., Of turned into
Topes or racquet strings. However, nylon is not just
made into fibres. It has proved to be a very versatile
material and can be moulded into strong plastic JheLRs
such as gearwheels.
Nylon is a copolymer of two different mo
a diamine and a dicarboxylic acid. Each monomer
consists of a chain of carbon atoms (which are e,
in the following diagrams simplified as blocks). At
both ends of the monomers are functional groups. An
amine group (—NH,) on the first monomer reacts
with a carboxylic acid group (—CO OH) on the second
monomer to make a link between the two molecules.
Each time a link is made, a water molecule is lost:

nomers,

first monomer second monomer
(a diamine) (a dicarboxylic acid)
H H 0 0
N /s X 7
e N —zzZ—N + ¢—/——¢ & =
----- e - IERREE 4 ) S
LI 5 H—0 ¢ R
forms a water
molecule
an amide @
eptide) link
(peptide) polymer (@ polyamide)
0 /0 y 0 0
Il vl \ I i
cee (L C—N—@m—N—C—— C—N—ZZ— N ="
Y \ \ \
. H H Ll H
+H,0 +H,0 +H,0

As a result, this type of polymer is known as a
condensation polymer. Because an amide link

(or peptide link) is formed during polymerisation,
nylon is known as a polyamide. A version of nylon
polymerisation can be carried out in the laboratory
(Figure 11.17, overleaf).

Chapter 11: Petrochemicals and polymers @



Questions on the structure of nylon, and other
condensation polymers, are difficult. You will not
be asked the detailed structure of the monomers.
You can represent the central structure of each
monomer as a block, as shown in the diagrams

here.
You should know the structure (and name)

of the links between the monomers in the chain,

though ~ in this case the peptide link.

It is worth practising these diagrams to make
sure you are very familiar with them and can
recall them readily.

a .
rod is rotated

Nylon fibre is
pulled out.

first monomer,
dissolved in an
organic solvent

Polymerisation
occurs at the
interface between
the two liquids.

second monomer,
dissolved in water

2 11.17  Nylon is a polyamide and can be made in the laboratory.
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%felnylon rope trick

rvations, measurements

Skills

A03.3 Ma
and estimates

ke and record ol

on shows the production of nylon
1 two reactant layers. A

lution of decanedioyl dichloride in cyclohexane
solu

eous solution of
: ated on an aqu .
lsg agﬁluiﬁcf}l‘:exane Nylon forms at the interface and
1,6-diam y

be pulled out as fast as it is produced, forming a
chxr:g thfead _ the ‘nylon rop€ (see Figure 11.17).
cluded on the CD-ROM.

This demonstrati
at the interface betwee

>4

A worksheet is in

\

Polyesters
Condensation polymerisation can also be used to make

other polymers with properties different from those of
nylon. Polyesters are condensation copolymers made
from two monomers. One monomer has an alcohol
group (—OH) at each end. The other monomer has a
carboxylic acid group—COOH) at each end. When

the monomers react, an ester link is formed, with water

being lost each time:

second monomer

first monomer | mor .
has alcohol functional has carboxylic acid functional
groups groups
[0} 0
— N 7
-- 4 0 0 + c—/——c +--
..... £ irn o e 2 im e
L H CHe o H—o0} TCO—H
'\ -------
forms a water
U molecule
an ester link
\ __ bolymer  (polyester)
(IJI Jo0 TN 0 B
1
L) 1
T C—0 1 EB—0 — C ¢ —0 —Em—( —--
+H,0
2 + Hz() . H;O

One such polyester has the trade name ‘Terylene.
Like nylon, Terylene can be turned into fibres and
woven into clothing, Terylene clothing is generally
softer than that made from nylon (Figure 11.18).

The ester linkage that joins the monomer units in

the man-made fibre Terylene can be broken down by

acid or alkaline hydrolys; ]
ysis. So it i .
spots of alkali fal] op yo N

ur shirts or sweaters!



ers
e immensely useful synthetic polymers have b
by the two types of polymerisation, . fn e;eln
mall molecules and make long repeating che.t -
,;them' However, there are differences betwe:rl1ntsh
ethods. These are summarised in Table 11.3 )

e re-use, recycling and disposal of plastic waste
jastic rubbish is a common but unwelcome sight

d the world. Over the past 30 years, plastics

taken over as replacement materials in many
Slications. This is not surprising because they are light,
p and corrosion-resistant, and they can be easily

Addition polymerisatiomb

:‘:l:}:lm and dyed bright colours. The problem
no na:c most. plastics are not biodcgradable -t
3 ural microorganisms that can break them |
Softs-czlm-e modern plastics are suitable for xc—. %
rinks bottles can be made from a plastic W

thf trade name ‘polyethylene terephthalaté (PET) i
(Figure 1 1.19). These bottles are sturdy and have

usually many molecules of a single monomer

arises
here are £
down. ]

use. i
8
ith |

Figure 11.19 Soft-drinks bottles are often made from polyethylene
terephthalate, PET.

\ Condensation polymerisation

molecules of two monomers usually used

nomers used

monomer is unsatur
—C bond

ated, usually contains a

monomers contain reactive functional
groups at ends of molecule

ction taking place
: together by opening the

an addition reaction — MONOMETS ]

condensation reaction with loss of a small
molecule (usually water) each time a
monomer joins the chain

oin

C=C double bond

nature of product only a single Pt

biodegradable

resistant to acids

—

<ol 243 " . . l
ble 113 A comparison of the processes Of making synthetic P

oduct — the polymer

two products — the polymer plus water
(or some other small molecule)

-
e

ymers.

\ biodegradable

\ hydrolysed by acids

X
\
|
i
J

|
|
|
{
{
{
|
|
|
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© several advantages for this particular use.
1

In some countries, schemes for the re-use of these

bottles are operated. However, such a re-use policy is
not suitable for most plastics. So what do we do
with our waste plastic? We must either recycle it

or dispose of it. Recycling is more economical and
satisfactory than the alternative, of depositing plastic

waste in landfill sites. But there are problems with
recycling because most plastic waste is a mixture of

different types.
Identification numbers and symbols (Figure 1 1.20)

are in use to identify different plastics for recycling.
Methods of sorting plastic waste by optical scanners, or
manually, are being introduced. Once sorted, alternative
treatments are available for recycling the different types

of plastic waste.
Incineration can be used to burn plastic waste,

though care must be taken not to release toxic fumes
into the air. Incineration of PVC, for instance, can
release acidic fumes of hydrogen chloride. Pyrolysis —
the burning of the plastic waste at around 600 °C in
the absence of air - is an alternative to incineration.
Most of the products from pyrolysis can be used as
fuels or separated by fractional distillation. They

can then be made into monomers for making more
plastics. Research is also being carried out to produce
plastics that are biodegradable or photodegradable
(can be broken down by the action of light). A
poly(ethenol) plastic has been developed that is

soluble in hot water.

S —

B = oI atet ity
et

Biological polymers
All living organisms rely on polymers for their
existence. These polymers range from the very

n, N
&I e

n N
€Y €D

n, N
Cd O

Figure 11.20 Different identification symbols help with the sorting

of plastics for recycling. The symbols stand for the following plastics: 1 =
polyethylene terephthalate (PET); 2 = high-density poly(ethene); 3 = vinyl
polymers such as PVC; 4 = low-density poly(ethene); 5 = poly(propene);
6 = poly(styrene); 7 = others, such as multi-layer plastics.
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Other

imakes life itself possible to the more

that
complex DNA teins and carbohydrates that keep

straightforward protel
living things ‘running-

Proteins ;
Proteins are what cells are made of. All the tissues

and organs of our bodies are made up of.protein.
In addition, enzymes, which are respr7nsrble for
controlling the body’s chemical reactions, are 5
proteins. DNA makes life possible and .allows living
things to reproduce, but without proteins there
would be no structure oT chemistry to keep the

living things going. )
t from amino acid monomers.

Proteins are buil
There are 20 different amino acids used, and they each

contain two functional groups —NH, and —COOH.
Glycine and alanine are two of the simplest amino acids.
When they react together, an amide linkage (or peptide
linkage) is formed to produce a dipeptide (two amino

acids joined together):

H H
H 0 H 0
N | Y N | /

N—C—C 4 N—C—C

D T e A1 N
H H A I H CHs OH
glycine \ alanine
forms a water
! ‘ molecule
an amide

(peptide) link

H g L 0
Ll L 7
—C—+—C—N—-—C—C + H,0
H/ | i |
H \\ H’,/ CH3 OH
a dipeptide

When this is repeated many times using the different
amino acids, a polymer is formed. Short polymers

(up to 15 amino acids) are known as peptides. Chains
with between 15 and 100 amino acids are known as
polypeptides. Chains involving more than 100 amino

acids are called proteins.

Protein analysis
Proteins can be hydrolysed (broken down) to amino

acids by heating in concentrated hydrochloric acid.
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(FActivity 11.6
| ."r'omatography of amino acids

two different polysaccharides

Starch and glycogen are
aride. They store the glucose in

Skills
A03.1 Demonstrate knowledge of how to safely use of glucose, a monosacch
techniques, apparatus and materials (including an insoluble form in plants and animals, respectively.
following a sequence of instructions where appropriate) When energy is needed, cells break down the starch or
The glucose is then oxidised

'A03.2 Plan experiments and investigations glycogen back to glucose.
by respiration. Cellulose is a third polymer of glucose.

A03.3 Make and record observations, measurements

and estimates It forms the fibrous structure of plant cell walls. These

03.4 Interpret and evalua mers differ in the way in which the glucose
linked together.

te experimental observations three poly
monomer units are

) and data
£03.5 Evaluate methods and suggest possible improvements polysaccharides can be broken down in the laboratory
by warming with hydrochloric acid (acid hydrolysis).
e artificial sweetener aspartame contains tWo. The sugars present in the hydrolysis mixture can then be
ino acids: aspartic acid and phenylalanine- In this analysed by chromatography (see page 31). A locating
ctvity, aspartame is hydrolysed by heating with agent must be 1clsed to fietect the sl.)ots, because sugars are
yarochloric acid an dthe hydrolysed product is thffn colourless. An mte:restmg comparison is to analyse the
alysed by paper chromatography using amino acl products' of the acid and enzyme d%gestions of starch. Acid
standards to demonstrate their identity- The amin hydrolyss breaks CON Starql e gluc.ose. e
édds s s UV lamp OF pinhydrin spray- the enzyme amylf:tse present in }Tuman saliva only breaks
oy starch down to give maltose. This is a molecule made of
nt checklist, 18 two glucose units joined together. The difference can be

self-assessme
omatography of the pro ducts.

| A worksheet, with a
included on the CD-ROM- seen on chr
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The presence of starch can be detected by testing with @ QueSﬁo

iodine solution: the solution turns a deep blue colour.

Food
Proteins and carbohydrates are two of the main constituents

of food. They, together with fats, are all digested by cells and
organisms and are converted back to their monomers. These
monomers are then used as the building blocks for new
molecular structures or as sources of energy. Our bodies
can make a whole range of molecules necessary for our
cells to function properly. However, some of these building
blocks must come from our diet. For instance, there are
some amino acids that we must obtain from our food.
These are known as the essential amino acids.

Fats and oils are mixtures of large molecules that are
the esters of long-chain carboxylic acid molecules and
glycerol. Fats that contain unsaturated acids are called
unsaturated or polyunsaturated fats, depending on the
number of C=C double bonds in the chain. Fats that
contain saturated acids, with only C—C single bonds
in their chains, are known as saturated fats. There is
evidence that eating a lot of animal fat, which is higher

in saturated fats, may increase the risk of heart disease.
It is important for us to maintain a balanced diet
of all the necessary components of our food, without

over-indulgence in any aspect.

IS

11.10 Name two natural condensation polymers.
11.11 What are the essential features of

condensation polymerisation?
11.12 Name two artificial condensation polymers,
and specify the type of linkage present in each,

11.13 Draw schematic diagrams representing the

formation of:
a Terylene

b starch
showing the linkage between the monomers

(the structure of the monomer is not required

and can be represented as a block).

11.14 Nylon is a synthetic macromolecule which is
held together by the same linkage as protein
molecules.

a What is the name of this linkage?

b Draw a diagram of the structure of nylon
(again, the structure of the monomer is not
required and can be represented as a block).

¢ Give a major difference between the
structure of nylon and of a protein.

d How can proteins be chemically broken
back down to amino acids?

e N ey

You should know:
¢ that the three major fossil fuels are coal, petroleum (crude oil) and natural gas

how these resources provide energy and also a wide variety of chemicals
that fractional distillation of petroleum provides a series of different hydrocarbon fractions, each with its

L4
4
own uses

4

how these hydrocarbon fractions can be further changed by processes such as catalytic cracking
producing shorter-chain alkane molecules and alkenes from the original longer chains ’
¢ how alkene and other unsaturated molecules can be polymerised to form a ra
that plastics made by addition polymerisation are generally non-biodegradable and pose problems for

nge of useful addition polymers

(S IR

waste disposal
© ¢ that condensation polymerisation is another means bv whi

y which mono joi

okl mers can join together to make

© ¢ how there are both significant natural (e i
-g. proteins and carb i

O i ohydrates) and synthetic (e.g. nylon and

© ¢ that condensation polymers can be h
ydrolysed both by enzymes and b i
st ! : y concentrated acid
\9 p nd carbohydrates are two of the main constituents of our food.
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.chapter questions

Jthane’ gasoline (petrol) ang eth
ore environmentally frie::l?l a

re al]
) . Y tha
eum is @ mixture of hYdrOCarb
the processes carried out ; ons,
rbon fractions. -

Commgp]

151101 m
n gﬂsoline?

VA
sed as fuels, Why are both methane and

waxes and polishes
making chemicals

i 4
¢ Crackingis used to break down lon i [
c g-chained al i ;
™ tate two conditions needed for cracking alkanes into shorter-chained alkanes and alkenes. -
. ji Thehyd ;
g ! ydrocarbon, C.14H30, can be cracked to make ethene and one other hydrocarbon.
Complete the equation for this reaction.
CaHzo = CoHyF i 1l
iii Draw the full structure of ethene showing all atoms and bonds. !
'd State the name of the polymer formed from ethene. m
‘¢ Ethene is used to make ethanol.
i Which substance is needed for this reaction?
ammonia hydrogen oxygen steam bl
talyst? 1

s a catalyst in this reaction. What do you understand by the term ca

ii Phosphoric acid i
e IGCSE® Chemistry 0620/21, Question 7, June 2010]

[Cambridg
Ethene, C,H,, 1s manufactured by cracking petroleum fractions.
a2 i Whatdoyou understand by the term petroleut fraction? "
E Complete the equation for the manufacture of ethene from dodecane, CpHae.
1
C12H26 — C2 4 P TTTITTLTIL LA | [ ]
the distillation of petroleum are refinery gas and gasoline.
2}

s obtained from

b Two fraction .
: se fractions.

State one use of each of the
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C

4 Monomers polymerise to form polymers or macromolecules.

a

(s
]
g

b

5 Structural formulae are an essential partof o
a  Draw the structural formula of each of th

2

?
Ethene is an unsaturated hydrocarbon. ted and hydrocarbon.

a
What do you understand by the terms unsatur

Ethene is used to make ethanol. thanol fro
i  Which of these reactions is used to make €
ion
catalytic addition of steam fermentatio I
reduction using hy

oxidation using oxygen
all atoms and bonds.

m ethene?
(1)

(2]

f ethanol showing .
Draw the structure o ds from the list below.

. .

llElthene is used to make poly(ethene).
Copy and complete the following sente
additions cabobydeates  @dipyR= o &
The ethene molecules which join to form poly(ethene) are the woverenresransaseneners
' 0620/21, Question 7, November 2010]

The poly(ethene) molecules formed are ...........cussesseeseseesees |
[Cambridge JGCSE® Chemustry

monomers

catalysts
2]

(1]

fference

i Explain the term polymerise. . . .
: coo _ addition and condensation. What is the di

i There are two types of polymerisation
between them?
i g own below.
An important monomer is chloroethene which has the structural formula sh

It is made by the following method.
C,H, + Cl, — C,H,Cl, dichloroethane
This is then heated to make chloroethene.

C,H,Cl, - C,H,Cl + HCI
i Ethene is made by cracking alkanes. Complete the equation for cracking dodecane.

(o) 2 SO +2CH, (1]
Another method of making dichloroethane is from ethane.
C,H; + 2Cl, —» C,H,Cl, + 2HCI
ii  Suggest a reason why the method using ethene is preferred. [
(2
(2

iii Describe an industrial method of making chlorine.
iv. Draw the structural formula of poly(chloroethene). Include three monomer units

[Cambridge IGCSE® Chemistry 0620/31, Question 5, November 2010]

rganic chemistry.
e following. Show all the bonds in the structure,

i  Ethanoic acid
ii Ethanol

' Cambridge IGCSE Chemistry



Ethanoic acid ang et

; ano] react
~ The same linkage i foung ; Ct to N "
from the monomers g 1 Yesters, 5 eSter. What is the name of this ester?
00C—CH " beloy, *o¥ the Structure of the polyester which can be formed
H T heldy \COO
: ribe the po]] ; and HO (3]
. .+ DescC ution \CH _
2 ,;f:vo macromoleculeg have g]r:l;lems cay by ng ) 2 —CH, —OH -
am ) . n- IOd
5 € amjde linkq g €gradable polymers. e
| ﬁ) B Ylon, 5 Synthetic polymer, has the following
7

] iprotein’ a natura] Macromg]e ule

b

(2]
[Cambridge IGCSE® Chemistry 0620/31, Question 6, November 2011]
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