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Introduction
Figure 1 shows the basic apparatus set up for a liquid fuel. You will burn the fuel 
and arrange for as much of the energy as possible to be transferred to the water 
by heating. Then you can use the fact that 4.18 J of energy are required to raise 
the temperature of 1 g of water by 1 ºC.
 Remember that the enthalpy change of combustion of the fuel is a measure 
of the energy transferred when 1 mole of the fuel burns completely. You will 
need to measure the quantity of fuel burned in your experiment, then convert 
this to moles.

What you do
Use this basic experiment, developed as you see fit, to measure the enthalpy 
change of combustion (ΔHc) for two different liquid fuels:

hexane C6H14(l) a component of petrol
methanol CH3OH(l)  an alcohol, which can be used as an alternative fuel for 

cars, either alone or blended with petrol.

1 Put 200 cm3 of cold water in a copper calorimeter. Record the temperature of 
the water.

2 Support the calorimeter over a spirit burner containing the liquid fuel you 
are going to test. Arrange a suitable draught exclusion system – and any 
other features you can think of to reduce energy loss.

3 Weigh the spirit burner. Record your results in a suitable table.
4 Replace the burner under the calorimeter and light the wick. Use the 

thermometer to stir the water all the time it is being heated. Continue 
heating until the temperature has risen by about 15–20 ºC.

5 Extinguish the burner. Keep stirring the water and note the highest 
temperature reached.

6 Weigh the burner again. Think about how you can reduce inaccuracies.
7 Use your results to work out:
	 •	 the	mass	of	water	used
	 •	the	temperature	rise	of	water
	 •	the	mass	of	fuel	used.

In this activity you will use a simple method to 
measure the enthalpy change of combustion of 
different fuels. It’s a method you may have used 
before, but you should use your skills in 
experimental design to improve its quantitative 
accuracy.

Measuring the 
enthalpy change 

of coMbustion of 
different fuels

df2.1

•	small	copper	can,	or	other	metal	container,	to	act	as	calorimeter	 
(base diameter about 10 cm)

•	0–110	ºC	thermometer,	or	0–50	ºC	thermometer	if	available
•	100	cm3 measuring cylinder
•	access	to	a	balance
•	draught	shielding	(e.g.	heat-resistant	mats)
•	spirit	burner	containing	hexane
•	spirit	burner	containing	methanol

care Hexane and methanol are highly flammable liquids. Keep bottles 
stoppered when not in use and well away from naked flames. Avoid skin 
contact and do not inhale hexane or methanol vapour. Do not open the 
spirit burner (to refill it for example) in a laboratory with naked flames.

Requirements

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

HIGHLY 
FLAMMABLE

hexane

HARMFUL DANGEROUS FOR
THE ENVIRONMENT

HIGHLY 
FLAMMABLE

methanol
TOXIC

Clamp

Draught
shield

Water

Thermometer

Metal
calorimeter

Spirit
burner

Liquid fuel

figure 1 Simple apparatus for measuring the 
enthalpy change of combustion of a liquid 
fuel.
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8 Assuming that all the energy from the burning fuel is transferred to the 
water: 
energy transferred to = (mass of water × temperature rise × 4.18)J 
water by burning fuel

 Use this to work out the energy transferred to the water by the fuel burned. 
Remember: 4.18 J raises the temperature of 1 g of water by 1 ºC.

9 You now need to work out the energy that would be transferred to the water 
by burning 1 mole of fuel. Complete the following for each fuel:

 formula of fuel =
 mass of 1 mole of fuel = ____ g
 mass of fuel burned = ____ g
	 ⇒ number of moles of fuel used = ____

 energy transferred by this number of moles of fuel 
  (from step 8) =  ____ J

	 ⇒ energy transferred by 1 mole of fuel = ____ J
	 ⇒ enthalpy change of combustion = ____ kJ mol−1

25

Questions

1 Fill in this table.

Quantity measured % uncertainty

Volume of water, using measuring 
cylinder

Mass of fuel, using balance

Temperature change, using 
thermometer

2 List the various stages in your procedure that could have 
led to inaccuracy in your overall results. Determine 
whether each limitation would have made your final value 
higher or lower. For example, if the water was cooled by 
transferring energy to the surroundings, this would lead to a 
smaller increase in temperature and, in turn, to a lower 
value for the enthalpy change of combustion.

3 Which of all the limitations of experimental procedures you 
have identified are likely to have had most impact on the 
accuracy of your final results?

4 Look up the values of ΔHc for each fuel. (You can find these 
on the data sheets.) Calculate the percentage difference 
between each of the values you obtained and the quoted 
values. For which fuel was your experimental value most 
accurate?

5 Suggest ways in which the accuracy of this basic 
experiment could be improved.

precision and accuracy
The accuracy of a result means how close it is to the 
‘true’ value.

The precision of each of the measurements you 
made is indicated by the % uncertainty calculated 
in question 1. It is possible to make very precise 
measurements but still end up with an inaccurate 
result because of a weakness in the procedure or the 
equipment you have used. For example, you may 
record a temperature change very precisely, but it 
could be inaccurate because of energy losses to the 
surroundings.

 Measuring the enthalpy change of combustion of different fuels df2.1
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Introduction
Zinc metal reacts with copper(II) ions in solution according to the equation

Zn(s) + Cu2+(aq)  Cu(s) + Zn2+(aq)

You can calculate the enthalpy change for this reaction by adding an excess of 
zinc to a solution of copper(II) ions and recording the temperature change.

What you do
1 Use a pipette and pipette filler to transfer 25.0 cm3 of the copper(II) sulfate 

solution into a polystyrene cup. The polystyrene cup will act as an insulated 
calorimeter.

2 Weigh out about 6 g of zinc powder into a weighing bottle – this amount of 
zinc powder means that the zinc is in excess.

3 Insert a temperature probe (attached to a data logger) into the copper 
sulfate solution. Set the data logger to record the temperature of the 
solution. Start recording, stirring the solution with the temperature probe.

 If you are using a thermometer, record the temperature every 30 seconds 
and stir with the thermometer.

4 After exactly 3 minutes add all of the zinc powder and continue to stir and to 
record the temperature of the solution. (With a thermometer continue to 
take readings every 30 seconds.)

 After 10 minutes stop recording the temperature of the solution.
5 Download the data you have collected to a computer. Use the data logging 

package to draw a graph of temperature (vertical axis) against time 
(horizontal axis).

 If you have used a thermometer you will need to use your recorded values to 
draw your graph by hand or by using a computer package.

6 Look at the graph you have drawn. You will see that:

between zinc and copper(II) ions gives out heat to the solution

longer being released by the chemical reaction.
 Extrapolate the sloping line (which shows the cooling solution) back to the 3 

minute mark (see Figure 1, page 27). This allows you to find the maximum 
temperature that would have been reached after adding the zinc without 
subsequent cooling taking place.

In this activity you will carry out an experiment 
to determine the enthalpy change of the 
reaction between zinc and copper(II) ions.

DETERMINING AN 
ENTHALPY CHANGE 

OF REACTION

DF2.2

3 pipette

3 beaker  
(or use an insulated beaker)

 
with data logging software loaded (or a 0–110 oC thermometer)

−3 (25 cm3)

Requirements

WEAR EYE 
PROTECTION

CARE Eye protection  
must be worn.

HARMFUL

copper(II) sulfate solution

DANGEROUS FOR
THE ENVIRONMENT

HIGHLY 
FLAMMABLE

zinc powder

DANGEROUS FOR
THE ENVIRONMENT
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7 Calculate the energy released during your reaction using the relationship

 energy transferred = mass of solution × specific heat capacity × 
 temperature change

 Assume that the mass of solution is 25 g and that the specific heat capacity of 
the solution is 4.18 J g−1 K−1. Ignore the energy transferred to the zinc and to 
the polystyrene cup. Because the zinc was in excess, you can assume that all 
the copper(II) ions must have reacted.

8 25.0 cm3 of a 1.00 mol dm−3 solution of copper(II) sulfate contains 0.025 
moles of Cu2+ ions. Calculate the enthalpy change if 1 mole of copper(II) 
ions had been used. This is the enthalpy change of reaction ( Hr).

Te
m

p/
C

1030

T

Time/min

Figure 1 Sketch graph of temperature against time.

Questions

The accepted value for the standard enthalpy change of this 
reaction is −217 kJ mol 1. The overall error for an experiment is 
calculated using the relationship

error =   
experimental value – accepted value

   _______________________________   
accepted value

   × 100%

1 What was the overall error in your experiment?

2 Calculate the percentage uncertainties associated with your 
measurement of:

 a the volume of copper(II) sulfate solution
 b the temperature change.

3 Why is it not appropriate to calculate the uncertainty 
associated with your measurement of the mass of zinc?

4 a What do you think might have been the main limitation 
of the experimental procedure that you used?

 b How did you try to minimise the impact of this 
limitation?

 Determining an enthalpy change of reaction DF2.2
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What you do
Your task is to calculate the standard enthalpy change for the combustion of 
methane:

CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)

You can do this by making use of an energy cycle involving the standard 
enthalpies of formation of methane, carbon dioxide and water.

In this activity you will be working in small 
groups to discuss how you can make use of 
Hess’s law to calculate an enthalpy change of a 
reaction.

calculating an 
enthalpy change 

of a reaction 
using hess’s law

df2.3

C(s)  2H2(g)  2O2(g)

CO2(g)  2H2O(I)CH4(g)  2O2(g)

The values of the standard enthalpies of formation are:
Δ HØ

f (CH4) = −75 kJ mol−1

Δ HØ
f (CO2) = −393 kJ mol−1

Δ HØ
f (H2O) = −286 kJ mol−1

ΔHC(CH4)

A 75393286
754 kJ mol1

B 75393286
604 kJ mol1

C 75393286
754 kJ mol1

D 75393286
604 kJ mol1

E 2(75)393286
829 kJ mol1

F 752(393)286
997 kJ mol1

G 753932(286)
890 kJ mol1

Questions

1 Which of the following answers, A to G, gives the correct 
value for the enthalpy of combustion of methane?

2 Explain your answer to question 1.
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Introduction
The checklist below covers the key points in Chemical Storylines DF1 and 
DF2.
 The statements listed correspond to learning outcomes in the specification 
for the AS examinations. They are listed in the order in which they occur in this 
module. Remember that you will be coming back to many of the ideas in later 
modules.
 You will probably have made summary notes of the main ideas that you have 
met. Now is a good time to make sure that your notes cover all the points you 
need. If you feel that you are not yet able to meet the requirements of all of the 
statements in the list, you should look again at the areas concerned, seek help 
from your teacher if necessary and develop your notes accordingly.
 Most of the points are covered in Chemical Ideas, with supporting 
information in Chemical Storylines or the activities. However, if the main 
source of information is in a storyline or an activity this is indicated.

What you do
Read and think about each of the statements in the checklist. Put a tick in the 
column that best represents your current ability to do what is described:
A – I am confident that I can do this
B – I need help to clarify my ideas on this
C – I am not yet able to do this.
You will be sharing this information with your teacher so that you can work 
together to improve your understanding.

at the end of chemical storylines df1 and df2 you should be able to: a b c

•	 	use	the	concept	of	amount	of	substance	to	perform	calculations	involving	balanced	chemical	equations	and	
enthalpy changes

•	 	explain	and	use	the	terms	exothermic,	endothermic,	standard	state,	(standard)	enthalpy	change	of	combustion	
(ΔHc), (standard) enthalpy change of reaction (ΔHr), (standard) enthalpy change of formation (ΔHf)

•	 	describe	and	design	simple	experiments	to	measure	the	energy	transferred	when	reactions	occur	in	solution	or	
when flammable liquids burn

•	 	explain	the	limitations	of	such	practical	procedures	and	the	uncertainties	of	the	measurements	involved
 activities df2.1 and df2.2

•	 	calculate	enthalpy	changes	from	experimental	results,	recalling	the	formula 
heat transferred = mass × specific heat capacity × temperature change

•	 	describe	the	approximations	made	about	the	density	and	specific	heat	capacity	of	solutions	in	these	
calculations activity df2.2

•	 	use	Hess’s	law	to	explain	how	enthalpy	cycles	can	be	used	to	calculate	enthalpy	changes	of	reaction,	
including via enthalpy changes of formation, combustion and bond enthalpies

•	 	carry	out	these	calculations

•	 	explain	and	use	the	term	(average)	bond	enthalpy	and	relate	bond	enthalpy	to	the	length	and	strength	of	a	
bond

•	 	recall	that	bond-breaking	is	an	endothermic	process	and	that	bond-making	is	exothermic	and	use	these	ideas	
to explain the overall enthalpy change for a reaction

This activity helps you check your knowledge 
and understanding of the topics you have 
covered in Chemical Storylines DF1 and DF2.

check your 
knowledge and 
understanding 

(part 1)

df2.4
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What you do
1 Inflate the two balloons a few times to stretch the rubber.
2 Put about 1 cm3 of ‘summer petrol’ into a test tube and cover the end of the 

test tube with a balloon. There should be no air in the balloon.
3 Repeat with 1 cm3 of ‘winter petrol’ in a second test tube. Make sure the 

balloons are identical.
4 Place the two test tubes in a beaker of warm water (40–60 ºC) from a tap or 

an electric kettle. No naked flames.
5 Compare the inflation of each balloon. Explain your observations.

Oil companies change the blend of their petrol 
according to the season of the year. In this 
activity you will investigate how winter and 
summer blends differ.

coMparing winter 
and suMMer 

petrol blends

df3.1

•	test	tubes	(2)
•	 identical	balloons,	new	(2)
•	250	cm3 beaker
•	supply	of	hot	water	(from	the	tap	or	an	electric	kettle)
•	 ‘summer	petrol’	(1	cm3)*
•	 ‘winter	petrol’	(1	cm3)*

* Commercial petrol contains benzene and MUST NOT be used in 
schools. The ‘winter petrol’ and ‘summer petrol’ used in this experiment 
MUST be simulated using petroleum spirit fractions (see the Teacher’s 
and Technician’s Section of the Support Pack).

care This is a hazardous experiment because petroleum spirit is highly 
flammable and harmful. To reduce the risks:
•	work	in	a	fume	cupboard	and	avoid	inhaling	the	petroleum	spirit	vapours
•	wear	eye	protection	and	avoid	skin	contact
•	make	sure	that	no	naked	flames	are	present	at	any	time	during	the	experiment.

Requirements

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

EXTREMELY 
FLAMMABLE

petroleum spirit

HARMFUL DANGEROUS FOR
THE ENVIRONMENT
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Teat
pipette

Pentane
vapour

Introduction
In a car engine, a mixture of fuel vapour and air are compressed in the cylinder 
before being ignited by an electric spark. As the fuel–air mixture is compressed it 
heats up. You may have noticed a similar heating effect if you have pumped up a 
bicycle tyre – the pump gets hot as you compress the air inside.
 The heat produced by the compression can cause the fuel to ignite too soon, 
before the spark is passed. The fuel then burns unevenly and you can hear a 
‘knocking’ sound from the engine.
 In this experiment, you inject alkane vapour into a hot tube containing air, 
and	investigate	the	tendency	of	the	mixture	to	auto-ignite.	It’s	not	a	direct	
comparison with what happens in a car, because the fuel–air mixture is not 
heated by compression. However, the results you obtain using different alkanes 
in this test tube experiment do reflect the way that the fuel behaves in a car 
engine.

What you do
For this experiment you will find it easier to work in pairs.
1 Before you start, practise filling a teat pipette with vapour from the pentane 

bottle – vapour only, no liquid. Pentane is very volatile (boiling temperature 
36 ºC), so there is plenty of vapour in the space above the liquid in the 
bottle. Your bottle will contain only a few drops of the liquid.

2	 Clamp	a	hard-glass	boiling	tube	at	an	angle	as	shown	in	Figure	1a.

This simple experiment illustrates the 
phenomenon of auto-ignition of petrol. Alkane 
vapour is introduced into a hot tube, and it 
‘pops’ as it auto-ignites. You can use the activity 
to compare the tendency of different alkanes to 
auto-ignite.

auto-ignition in a 
test tube

df3.2

•	hard-glass	(borosilicate	glass)	boiling	tubes	(2)
•	teat	pipettes	(glass),	each	with	a	large	teat	 

and a long tube (2)
•	Bunsen	burners	(2)
•	bottles	containing	a	few drops only of the alkanes:
 – pentane
	 –	 2-methylbutane

care This is a hazardous experiment because of the 
extremely flammable nature of the two alkanes being 
used. To reduce the risks you must make sure that all 
naked flames are extinguished before either of the 
alkane bottles is opened. Avoid inhaling the alkane 
vapours and avoid skin contact.

care Make sure that the boiling tubes are securely 
clamped before starting to heat them.

Requirements

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

EXTREMELY 
FLAMMABLE

pentane

HARMFUL DANGEROUS FOR
THE ENVIRONMENT

EXTREMELY 
FLAMMABLE

2-methylbutane

HARMFUL DANGEROUS FOR
THE ENVIRONMENT

Boiling tube

Clamp

HEAT STRONGLY figure 1 Auto-ignition	in	a	test	tube.

(a) (b)
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3 Make sure all bottles of flammable liquids are well away, then start heating the 
boiling tube very strongly. Continue heating until it is red hot (for about 2 
minutes) – you will need to use two Bunsen burners.

4 Extinguish the flames and immediately	get	a	pipette-full	of	pentane	vapour 
and squirt it into the hot tube (Figure 1b) – do not squirt any liquid into the 
hot tube.

5 Continue squirting in vapour for as long as there are ‘pops’. Count the number 
of successful popping squirts – speed is essential. With skill, two or even three 
pops can be obtained from one pipette filling.

6 Repeat the experiment two or three times to get an average value for the 
number of pops.

7 Now repeat steps 2–6	using	2-methylbutane	instead	of	pentane.	The	boiling	
temperature	of	2-methylbutane	is	28	ºC.	It	is	very	volatile,	so	keep	the	bottle	
stoppered.

Questions

1 What is the average number of pops for
 a pentane
 b	 2-methylbutane?

2	 The	structural	formulae	for	pentane	and	2-methylbutane	
are given below:

  

 Do your results fit the suggestion that branched alkanes 
have	a	lesser	tendency	towards	auto-ignition	than	straight-
chain alkanes?

C

C

HH

H

C C C

H

H H H

HH

H

H

H

2-methylbutane

H

C C C C C

H H H H

H

HHHHH

H

pentane

df3.2 Auto-ignition	in	a	test	tube
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What you do
You may find it helpful to work in pairs or small groups for this activity. It is 
designed	to	be	supported	self-study,	so	the	answers	to	the	questions	are	
provided at the end to enable you to check on your progress.

Straight-chain alkanes

Saturated hydrocarbons with the general molecular formula CnH2n+2 are called 
alkanes. Each carbon atom in an alkane is bonded to four other atoms – each 
hydrogen atom is bonded to one other atom.

1 Draw out the structural formulae for the first two members of the alkane 
series, methane (CH4) and ethane (C2H6).

2	 Representing	these	structures	in	a	two-dimensional	way	on	paper	can	give	a	
misleading picture of what the molecules look like. Make models of the 
methane and ethane molecules – the covalent bonds are spaced as far apart 
as possible, and each carbon atom is at the centre of a regular tetrahedron. 
Draw	three-dimensional	structures	for	the	methane	and	ethane	molecules	
using the symbols , – – – and –––– to represent the bonds (see 
Chemical Ideas 12.1 if you have forgotten how to do this). Mark in the 
bond angles on your diagrams.

3 Why are the bonds in methane spaced as far apart as possible?

Branched alkanes and structural isomerism

4 It is possible to make models of two different molecules with the molecular 
formula C4H10 – one with a ‘straight’ carbon chain and one with a branched 
carbon chain. Examine the two models carefully – no amount of bond 
rotation will convert one structure into the other. To do this you would need 
to break and reform bonds. The two structures represent different 
compounds and are known as isomers. Write out the structural formulae of 
the two isomers of C4H10.

5 Explain why these two structures are not isomers:

 

H

C C C C H

H H H

HHHH

H

 

and

 H

C

H

C C C H

H H

H H
HH

H

In this activity you will use molecular models to 
investigate the structure and shape of a variety 
of alkanes, and to look at the relationship 
between structural isomers. You will also learn 
how to name alkanes in a systematic way.

Modelling and 
naMing alkanes

df4.1

•	set	of	molecular	models

Requirements
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6 Which of the following pairs of structures are isomers? If you are in doubt, 
making a model may help.

 a 

  

C C C

H

H

H

H

H

CH3

H

H  

and

 

C C C C

H H H H

H

HHHH

H

 b 

  

C C

H Cl

Cl

HH

H

 

and

 

C C

H Cl

H

ClH

H

 c 

  

C C C

H

H

Cl

H

Cl

H

H

H  

and

 

C C C

H

H

H

H

Cl

H

H

Cl

 d 

  

C C C

H

H

H

HH H

Cl

Cl

 

and

 

C C C

H

H

Cl H

H

ClHH

 e 

  

C C C

H

H

Cl

ClH H

H

H

 

and

 

C C C

H

H

Cl H

Cl

HHH

Rules for naming alkanes

Branched alkanes are named systematically according to the following rules.

Rule 1 Find the longest continuous carbon chain and name this according 
to the parent alkane.

Rule 2 Name the substituent group, formed by removing a hydrogen atom 
from	a	straight-chain	alkane.	Replace	-ane	with	-yl, e.g. CH3– is methyl. 
Substituents derived from alkanes are called alkyl groups.

Rule 3 Number the carbon atoms in the longest chain to indicate the 
positions of any substituent groups. The end of the chain from which you 
start numbering is the one which produces the lower set of numbers.

For example, CH3 2CH CH

CH3

3CH   is 2-methylbutane	not	3-methylbutane

7 Name the following alkyl groups:
 a CH3CH2–
 b CH3CH2CH2CH2–
 c CH3CH2CH2CH2CH2CH2–

8 Name the following compounds:
 a

  

CH3 2CH CH

CH3

2CH 2CH 3CH

 b 

  

CH3 2 2CH CH

CH2

3CH

3CH

CH

 c 

  

CH3 2CH CH

CH2

3CH

2CH 3CH

 9 Draw out the structures of:
 a	 3-methylpentane
 b	3-ethylheptane.

df4.1 Modelling and naming alkanes
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Rule 4 If the same alkyl group appears more than once as a substituent, indicate 
this by using di-, tri-, tetra- etc. to show the number present – use commas to 
separate the numbers.

For example,

 

CH3 CH      CH2 C      CH3

CH3

CH3

CH3

 

is	2,2,4-trimethylpentane

Rule 5 The names of the substituents are arranged alphabetically, regardless of 
the numbering. For example, ethyl comes before methyl. Note that dimethyl, 
trimethyl and so on are all considered to start with ‘m’.

For example,

 

3CH 2CH

CH3

CH2   CH3

CH CH 2CH 3CH 	is	3-ethyl-2-methylhexane

10 Name the compound with the structure

CH3 CH2 CH CH CH C2 CH2 CH3

CH3

CH3

CH3 CH2 CH3

CH2 CH2

CH2

11 Draw out and name the isomers of C7H16;  there are nine in all.

Cycloalkanes

As	well	as	open-chain	alkanes,	it	is	possible	for	alkane	molecules	to	form	rings.
12 Make a model of the simplest cycloalkane, cyclopropane (C3H6). Do not damage 

your	molecular	models	by	forcing	the	bonds	into	a	three-membered	ring.	Your	
teacher may already have a model of this compound for you to look at. Draw the 
structural formula of cyclopropane.

13	What	must	the	bond	angles	be	in	the	three-membered	ring?	How	do	you	think	
this might affect the stability of the molecule?

14 Make models of cyclobutane (C4H8), cyclopentane (C5H10) and cyclohexane 
(C6H12).	Cyclohexane	is	the	first	member	of	the	cycloalkane	series	to	be	strain-
free.	It	is	a	non-planar	molecule	and	the	bond	angles	are	the	normal	tetrahedral	
angles of 109º for saturated carbon atoms.

 Modelling and naming alkanes df4.1

984_02_SAC SP_DF.indd   35 16/4/08   15:54:49



36
Salters Advanced Chemistry, Pearson Education Ltd 2008. © University of York.  

This document may have been altered from the original.

Answers to the questions
Straight-chain alkanes

1 

 

H C H

H

H
methane     

H C C

H H

H

HH
ethane

2  

 

109°

H

C

H

HH

methane     

109°

109°
C C

H

H

H

H

H

H

ethane

3 To minimise electron repulsion – each bond is a pair of 
electrons.

Branched alkanes and structural isomerism

4 Isomers of C4H10:

 

H

C C C C H

H H H

HHHH

H

  

and

  

HC

H
C

C

H

H

H

C

H H

H

H

H

5 These represent the same molecule – the atoms are joined 
to each other in exactly the same way. If you are not 
convinced then make a model – you can convert one 
structure into the other simply by rotating about one of 
the C–C bonds.

6 Pair d

Rules for naming alkanes

7 a ethyl
 b butyl
 c hexyl

Only the carbon frameworks are shown in the following 
answers – the hydrogen atoms have been omitted.

8	 All	are	3-methylhexane.
9 a 

  

C C C C C

C

 b 

  

C C C C C C

C

C

C

10	 3,3-diethyl-4-methyl-5-propyloctane.
11 Isomers of C7H16:

 
C C C C C C C

 
heptane

 

C C C C C C

C
 

2-methylhexane

 

C C C C CC

C
 

3-methylhexane

 

CC C C

C

C

C
 

2,3-dimethylpentane

 

C C C C C

CC
 

2,4-dimethylpentane

 

CC C C

C

C

C
 

2,2-dimethylpentane

 

C C C C C

C

C
 

3,3-dimethylpentane

 

C C CC C

C

C

 

3-ethylpentane

 

CC CC

C

C

C
 

2,2,3-trimethylbutane

Cycloalkanes

12 

 

C C

C

H

H

H

H

H H

13	 The	bond	angle	in	a	three-membered	ring	is	60º,	which	is	
much less than the tetrahedral bond angle (109º) for 
saturated carbon atoms. Cyclopropane is a strained 
molecule	and	less	stable	than	the	corresponding	open-
chain alkane, C3H8 – it is reactive and tends to break its 
ring	open	to	produce	a	strain-free	open-chain	molecule.

df4.1 Modelling and naming alkanes
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What you do
Drawing two-dimensional molecular structures

1 First you will need to install a molecular structure drawing package into your 
computer. This will provide access to a range of tools that you can use to 
draw and add bonds, add different atoms and groups of atoms, name, erase, 
select, save and print the structures that you have drawn. You will also have 
access	to	a	number	of	pre-drawn	templates	which	you	will	find	useful	for	
more complex structures.

2 Explore what you can do using the computer package by:
	 •	drawing	the	skeletal	formula	of	a	straight-chain	alkane
	 •	adding	branches	to	your	structure
	 •	adding	an	–OH	group	to	your	structure
	 •	erasing	part	of	your	structure
	 •	naming	a	structure
	 •	selecting	a	structure	to	save	or	print.
3 When you are confident that you can use the basic facilities of the package, 

draw and name (on a single screen) the isomers of the alkane C7H16. Save 
your work with the file name ‘alkane isomers’ and print a copy of it.

Viewing three-dimensional molecular structures

1	 Use	your	molecular	structure	drawing	package	to	draw	the	two-dimensional	
skeletal	structure	of	4-ethyl-2-methylhexane.

2 Select your structure and transfer it to the molecular structure viewing 
component of the computer package. You will have access to menus and 
tools that enable to manipulate and view your molecular structure – explore 
how you can rotate your molecular structure, and zoom in and out.

3 There are several different ways in which you can view your molecule – look 
at each in turn. Think what advantages each viewing mode has. You might 
like to save and print a copy of your molecular structure.

In this activity you will be introduced to a 
computer drawing package that enables you to 
draw two-dimensional structures of molecular 
structures and to convert them into three-
dimensional shapes, which you can rotate, 
zoom and view in different ways. You will learn 
skills that will prove useful throughout the rest 
of your chemistry course.

drawing and 
displaying 
Molecular 

structures using 
a coMputer

df4.2
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Introduction
In this part of the activity, you are asked to use standard laboratory apparatus to 
design	a	small-scale	version	of	the	catalytic	cracking	process	used	in	industry.

What you do
1 Using a selection from the pieces of apparatus in Figure 1, design an 

experiment to pass alkane vapour over a heated solid catalyst, and then 
collect the liquid and gas produced. The starting material is a liquid or solid 
alkane.

This part of the activity will allow you to 
practise and develop your skills in 
experimental design. The experiment is a small-
scale version of an industrial cracking process 
– the products are liquid and gaseous 
hydrocarbons.

planning to crack 
alkanes

df4.3

tap funnel funnel

wide hard-glass tube beehive shelf trough syringe porcelain boat

test tube

+ rubber tubing, bungs and glass tubing

boiling tube beaker conical flask

gas jarcondenser

round flask

2 Draw a diagram of the arrangement of the apparatus which you plan to use, 
and write a set of instructions that could be followed by another student 
without any further help.

3 Prepare a Risk Assessment for your planned activity, and make a list of 
sources you have used in developing your plan and your Risk Assessment.

figure 1 Choose from these pieces of apparatus.
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What you do
1 Set up the apparatus as shown in Figure 1. The reaction tube should be 

clamped at about 10º to the horizontal. Make certain that the bungs fit 
tightly. Invert several full test tubes of water in the trough.

In this activity you carry out an experiment to 
investigate the action of strong heat on alkane 
vapour in the absence of air but in the presence 
of a catalyst. It is a small-scale version of an 
industrial cracking process.

cracking  
alkanes

df4.4

•	access	to	a	fume	cupboard
•	test	tubes	(2)	with	rubber	bungs	and	delivery	tubes	to	fit
•	test	tubes	with	corks	or	bungs	to	fit	(4)
•	Bunsen	burner
•	small	trough	or	bowl
•	mineral	wool
•	catalyst	–	broken	unglazed	porcelain,	aluminium	oxide	granules,	pumice	

or zeolite
•	250	cm3 beaker for water bath
•	combustion	spoon	or	glass	rod
•	solid	alkane	mixture	–	e.g.	Vaseline,	petroleum	jelly	or	liquid	alkane	

mixture, liquid paraffin
•	bromine	water,	0.005–0.01	mol	dm−3

care	Work	in	a	well-ventilated	laboratory,	or	preferably	in	a	fume	cupboard.

care Beware of ‘suckback’ (see step 5 for explanation).

HARMFUL

bromine water

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

Requirements

Delivery tube

Cold water bath

Warm STRONG
HEAT

ClampCatalyst
Alkane mixture
and absorbent

Water

2 Remove the reaction tube and add about 1 cm3 of the solid alkane mixture. 
Warm the tube in a water bath until the jelly melts, then add about a 2 cm 
depth of mineral wool. Rotate the tube to help the liquid soak into the 
mineral wool. If you use liquid paraffin add about 1 cm3 of the liquid to about 
a 2 cm depth of mineral wool in the tube.

3 Use a spatula to pack some of the catalyst you are using into the reaction 
tube. Keep this separate from the alkane mixture and mineral wool and 
make sure you have space above the catalyst so that gases can pass freely 
over it. Replace the reaction tube in the rest of the apparatus.

4 Start by heating the catalyst strongly. Then gently warm the alkane mixture 
to drive off a little alkane vapour.

5 Move the Bunsen burner backwards and forwards between the catalyst and 
the alkane mixture until you have collected several tubes of gas. Cork them 
for testing later. The first tube can be discarded because it will contain 
mainly displaced air from the apparatus. (CARE Do not allow water to suck 
back from the trough. Remove the delivery tube from the water immediately 
if this starts to happen.)

figure 1 Apparatus for cracking a 
mixture of alkanes.
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6 Continue heating until some product is obtained in the middle test tube. 
Note its appearance. Keep this product for testing as described below.

7 Lift the delivery tube out of the water and leave the apparatus to cool. Then 
dismantle it in a fume cupboard.

8 Carry out the following tests on the gaseous product in the corked tubes, on 
the original alkane mixture and on the product from the middle tube.

 a Burn them. Is the flame smoky or not? Compare their flammability. The 
liquids can be burned by dipping a combustion spoon or a glass rod into 
them and placing it in a flame.

 b Shake them with about a 1 cm depth of very dilute bromine water (CARE 
Bromine water is harmful). Is the bromine water decolorised?

Testing for alkenes

Alkenes are unsaturated hydrocarbons with a double covalent bond between 
two of the carbon atoms. They are much more reactive than alkanes, which do 
not contain double bonds and are said to be saturated. One test for alkenes is 
that they decolorise bromine water. Another test is that they burn with a 
smokier flame than alkanes.

Questions

1 What can you deduce about the molecules of the gaseous 
product from the tests you have carried out? Are the 
molecules larger or smaller than the molecules in the 
alkane mixture? Do they contain carbon–carbon double 
bonds?

2 The product in the middle tube (the cold trap) contains a 
mixture of hydrocarbons. Do you think that there are any 
unsaturated hydrocarbons in the mixture? How do the sizes 
of their molecules compare with the molecules in the 
original alkane mixture or in the gaseous product?

3 What do you notice about the appearance of the catalyst 
after the experiment? Explain what has happened and how 
this	problem	could	be	overcome	in	a	large-scale	process.

4	 Molecules	of	the	straight-chain	alkane	C20H42 are present in 
a gas oil fraction. Write equations to show two ways in 
which these molecules could break down in an experiment 
like this.

df4.4 Cracking alkanes
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Introduction
This	activity	is	designed	to	be	a	self-study	exercise,	so	the	answers	to	the	
questions are provided at the end to enable you to check on your progress.

In this activity, you will have an opportunity to 
investigate the structure and physical 
properties of some alcohols. You will also 
practise naming alcohols in a systematic way.

a closer look at 
alcohols

df4.5

•	set	of	molecular	models
•	molecular	structure	drawing	package

Requirements

What you do
Naming alcohols

1 Given that   C CC C C

H H H

OH

HHH

HH

H

H H

 

	 is	called	pentan-1-ol,	

 and that  H C

H H H OH H

H H H H H

C C C C H  

	 is	called	pentan-2-ol,	
 devise a rule for naming alcohols.

2 Use your rule to help you draw the structure of:
 a	 propan-2-ol
 b	hexan-3-ol.

3 Name this alcohol: 

 

H C

H OH H H H

H H H H H

C C C C

H

H

C H

The functional group always takes precedence in the 
numbering system if there are also alkyl substituents. The 
stem is always named after the longest carbon chain in which 
there is an –OH substituent.

For example,  

OHC

HH

C

H C H

H

C

H

H

H

H

		is	2-methylpropan-1-ol.

It is not strictly necessary to label the position of the methyl 
group in this molecule – it can be in only one position.

4	 Draw	the	structural	formula	of	2-methylpropan-2-ol.

Structural formulae are sometimes written in a shortened 
form.	For	example,	butan-2-ol	can	be	written	as	
CH3CH2CH(OH)CH3;	2-methylpropan-1-ol	can	be	written	as	
(CH3)2CHCH2OH.

5 Write the shortened structural formulae for:
 a	 propan-2-ol
 b	2-methylpentan-1-ol.

Isomerism in alcohols

6 a	 Make	a	model	of	butan-1-ol.	How	many	other	alcohols	
can	you	make	that	are	isomeric	with	butan-1-ol?

 b Name the isomers you make.
7	 Now	make	models	of	other	isomers	of	butan-1-ol	which	

are not alcohols.

Drawing molecular structures

If you have access to a molecular structure drawing package, 
draw (on the same screen) the structures of the alcohol and 
non-alcohol	isomers	of	butan-1-ol.	Include	the	name	alongside	
the structure. Print a copy of your work.
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Answers
1 Count up the number of carbon atoms in the alcohol and get the name of 

the alcohol’s parent alkane. Remove the ‘e’ from the parent alkane and 
replace it with ‘ol’. Indicate the position of the –OH group on the chain by 
the lowest possible number.

2 a 

  

H C C C

H H H

H

HOHH

 b 

  

H

C C C C

H H H

C C

H H OHH

H

H H

H

HH

3	 Hexan-2-ol

4 

 

HC

H
C

C

H

H

H

C

OH H

H

H

H

5 a CH3CH(OH)CH3

 b CH3CH2CH2CH(CH3)CH2OH

6	 There	are	three	alcohols	that	are	isomeric	with	butan-1-ol:

7	 There	are	three	ethers	that	are	isomeric	with	butan-1-ol:

H C

H

H

C

H

H

C

H

OH

C

H

H

H

butan-2-ol

H C

H

H

C

H

C

H

H

H C

H

H

OH

2-methylpropan-1-ol

H C

H

H

C

OH

C

H

H

H C

H

H

H

2-methylpropan-2-ol

H C

H

H

C

H

H

O C

H

H

C

H

H

H H C

H

H

O C

H

H

C

H

H

C

H

H

H H C

H

H

O C

H

C

H

H

H

H C

H

H

df4.5 A closer look at alcohols
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What you do
You need to work in small groups for this activity.

1 You are provided with 16 ‘dominoes’ – each has the structure of one 
compound and the name of a different compound.

	 •	Place	one	of	the	dominoes	(face	up)	on	the	table.
	 •	Select	another	domino	to	place	at	the	end	of	the	first	domino	so	that	the	

structure (or name) on the second domino matches the name (or 
structure) on the first domino.

	 •	Continue	until	you	have	played	all	the	dominoes	–	you	should	find	that	
the name at one end of your sequence of dominoes describes the 
structure at the other end.

2 Use this opportunity to discuss in your groups where the dominoes should 
be placed. Make a note of the structures that you were able to name easily 
and those you needed help with to work out the appropriate name.

In this activity you will practise your skill at 
naming alkanes, alcohols and other key 
organic compounds you have met so far in your 
chemistry course.

organic 
doMinoes

df4.6

•	 	set	of	16	organic	‘dominoes’

Requirements
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df4.6 Organic dominoes

3-ethyl-2-methylpentane2-methylbutane

OH

benzenebutan-2-ol

2,4-dimethylpentanecyclohexaneCH3OH CH2OHCH2OH

ethane-1,2-diolmethanol CH3CH2CH(CH3)CH3
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3-methylhexane2,3-dimethylpentane(CH3)2CHCH2OH C2H5OC2H5

ethoxyethane2-methylpropan-1-olCH3CH(CH3)CH2CH(CH3)CH3 OH

hexan-1-ol2,4-dimethylpentane

OH

OHHO

H

H

H
H

ethenepropane-1,2,3-triolCH3CH2CH(C2H5)CH(CH3)CH3

 Organic dominoes df4.6
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What you do
This exercise is a simulation of molecular mixing. It will be best if you work with 
a partner.
1 Arrange the 12 counters on the sheet of paper as shown in Figure 1. The 

arrangement represents the molecules in two pure liquids that are unmixed.
2 Both of you will need a die and you will be responsible for one sort of 

counter. For example, you could use the circular counters while your partner 
moves the square counters.

 Both dice are thrown at the same time. The numbers which ‘come up’ tell 
you which counters swap places. For example, if you throw a 3 and your 
partner throws a 5, the board will look like Figure 2. What you are doing is 
simulating the chance motion of two molecules – it has led to some mixing 
of the liquids.

3 What happens if you provide many more chances for your ‘molecules’ to 
move? You can find out by throwing more dice. Each time, swap the 
counters whose numbers come up. But remember – one of you is always 
responsible for the circular counters, the other for the square counters. 
Sometimes your counters will swap ‘across the board’; at other times they 
will swap within only one half of the board – that doesn’t matter.

Blending a sample of petrol may involve mixing 
as many as a hundred different hydrocarbon 
compounds. The molecules in a liquid like 
petrol are constantly moving around in a 
random arrangement, colliding with one 
another all the time. Molecules of different 
hydrocarbon compounds mix spontaneously – 
and stay mixed – because of chance. This 
activity uses chance, in the form of dice-
throwing, to illustrate this idea.

why do 
hydrocarbons 

Mix?

df5.1

•	sheet	of	A4	paper	divided	in	two	halves	by	a	line	drawn	parallel	to	the	shorter	edges
•	circular	counters	numbered	1–6	(6)
•	square	counters	numbered	1–6	(6)
•	dice	(2)

Alternatively, you can use other counters if you wish – different colours or different sizes.

If a computer is available, it can be easily programmed to run this activity for you.

Requirements

1 11 11 2

1 11 13 4

1 11 15 6

21

3 4

5 6

figure 1 The initial arrangement.

1 11 11 2

1 11 13 4

1 11 15 6

21

3 4

6

5

3

figure 2 A possible arrangement after one 
throw.

Questions

1 What happens to the arrangement of the counters after 10 throws?

2 What do you think the arrangement would have been like if you had 
continued for:

 a 100 throws
 b 1000 throws?

3 What is the chance that the arrangement would ever return to the one at the 
start of the activity?

4 Real molecules move very rapidly – they could make a thousand ‘swaps’ in 
a tiny fraction of a second. What do you think is the most likely thing that 
would happen to two liquid hydrocarbons if you poured them into the same 
container? Explain your answer in terms of what you have observed in this 
activity.
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Introduction
The checklist below covers the key points in Chemical Storylines DF3 to 
DF5.
 The statements listed correspond to learning outcomes in the specification 
for the AS examinations. They are listed in the order in which they occur in this 
module. Remember that you will be coming back to many of the ideas in later 
modules.
 You will probably have made summary notes of the main ideas that you have 
met. Now is a good time to make sure that your notes cover all the points you 
need. If you feel that you are not yet able to meet the requirements of all of the 
statements in the list, you should look again at the areas concerned, seek help 
from your teacher if necessary and develop your notes accordingly.
 Most of the points are covered in Chemical Ideas, with supporting 
information in Chemical Storylines or the activities. However, if the main 
source of information is in a storyline or an activity this is indicated.

What you do
Read and think about each of the statements in the checklist. Put a tick in the 
column that best represents your current ability to do what is described:
A – I am confident that I can do this
B – I need help to clarify my ideas on this
C – I am not yet able to do this.
You will be sharing this information with your teacher so that you can work 
together to improve your understanding.

at the end of sections df3–df5 you should be able to: a b c

•	 	recall	that	crude	oil	consists	of	a	mixture	of	compounds	–	mainly	hydrocarbons	(compounds	of	hydrogen	and	
carbon only) that can be separated by fractional distillation chemical storylines df3

•	 recognise	members	of	the	homologous	series	alkanes,	cycloalkanes,	alkenes,	arenes,	alcohols	and	ethers

•	 explain	and	use	the	terms	aliphatic,	aromatic,	saturated	and	unsaturated

•	 use	systematic	nomenclature	to	name,	and	interpret	the	names	of,	alkanes	and	alcohols
 activities df4.1 and df4.5
•	 describe	and	write	balanced	equations	for	the	combustion	(oxidation)	of	alkanes	and	alcohols

•	 	explain	and	use	the	terms	catalyst	(speeds	up	a	chemical	reaction	but	can	be	recovered	chemically	
unchanged at the end of the reaction), catalysis, catalyst poison and heterogeneous

•	 describe	a	simple	model	to	explain	the	function	of	a	heterogeneous	catalyst

•	 	describe	the	use	of	catalysts	(including	zeolites)	in	isomerisation,	reforming	and	cracking	processes,	and	in	the	
control of exhaust emissions chemical storylines df4

•	 draw	and	interpret	structural	formulae	–	full,	shortened	and	skeletal

•	 	use	the	concept	of	repulsion	of	areas	of	electron	density	to	deduce	the	bond	angles	in	organic	molecules	
(including double bonds) – no treatment of small deviation of angle due to lone pair repulsion required

•	 relate	molecular	shape	to	structural	formulae,	and	use	wedges	and	dotted	lines	to	represent	3D	shapes

•	 explain	and	use	the	term	isomerism,	and	recognise	and	draw	structural	isomers

•	 	explain	what	is	meant	by	the	octane	number	of	a	petrol	in	terms	of	the	tendency	of	petrol	towards	auto-
ignition which causes ‘knocking’ in a car engine, describing the effect of chain length and chain branching on 
the octane number activity df3.2 and assignment 5

•	 describe	what	happens	in	isomerisation,	reforming	and	cracking	reactions	of	hydrocarbons
•	 explain	how	these	processes	improve	the	performance	of	hydrocarbons	as	fuels	 chemical storylines df4

•	 	use	the	term	entropy	in	a	qualitative	manner,	interpreting	it	as	a	measure	of	the	number	of	ways	that	
molecules can be arranged

•	 describe	the	differences	in	magnitude	of	the	entropy	of	a	solid,	a	liquid,	a	solution	and	a	gas

This activity helps you check your knowledge 
and understanding of the topics that you have 
covered in Chemical Storylines DF3 to DF5.

check your 
knowledge and 
understanding 

(part 2)

df5.2
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Introduction
You will make nitrogen dioxide by reacting copper metal with nitric acid. At the 
concentration of the acid you are using (about 5 mol dm−3) the gas produced is 
nitrogen monoxide which immediately reacts with air to form nitrogen dioxide:

3Cu(s) + 8HNO3(aq) → 3Cu(NO3)2(aq) + 2NO(g) + 4H2O(l)

2NO(g) + O2(g) → 2NO2(g)

You	will	make	sulfur	dioxide	by	reacting	sodium	sulfite	(sodium	sulfate(IV))	with	
dilute hydrochloric acid:

Na2SO3(s) + 2HCl(aq) → 2NaCl(aq) + SO2(g) + H2O(l)

One of your test solutions for both gases is full range universal indicator 
solution, or a small piece of damp full range universal indicator paper.

In this activity you will carry out microscale 
chemistry experiments to look at some of the 
properties of two gases found in car exhaust 
mixtures – nitrogen dioxide and sulfur dioxide.

soMe reactions of 
nitrogen dioxide 

and sulfur 
dioxide

df6.1

•	experiment	worksheet	(laminated	or	in	a	clear	plastic	pocket)
•	9	cm	diameter	plastic	Petri	dish	and	lid	(2)
•	 	‘reaction	vessel’	(2)*
•	microspatula
•	solutions	available	in	plastic	pipettes	(1	cm3 of each)
	 –	 nitric(V)	acid,	5	mol	dm−3

 – full range universal indicator solution or paper
 – potassium iodide solution, 0.2 mol dm−3

	 –	 potassium	iodate(V)	solution,	0.1	mol	dm−3

 – potassium bromide solution, 0.2 mol dm−3

	 –	 potassium	bromate(V)	solution,	0.1	mol	dm−3

 – hydrochloric acid, 1 mol dm−3

 – sulfuric acid, 1 mol dm−3

	 –	 potassium	manganate(VII)	solution,	0.01	mol	dm−3

•	copper	turnings
•	sodium	sulfite	powder

* See note in Module Guide for Developing Fuels

care Small volumes of sulfur dioxide, nitrogen monoxide and nitrogen 
dioxide gases are produced in this experiment. These gases are very toxic 
and	may	cause	breathing	difficulties	or	exacerbate	pre-existing	breathing	
problems	(e.g.	asthma).	To	reduce	the	risk,	work	in	a	well-ventilated	
laboratory (or fume cupboard) and avoid inhalation of any fumes.

CORROSIVE

nitric(V) acid

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

TOXIC

potassium bromate(V) solution

IRRITANT

dilute sulfuric acid

HARMFUL

sodium sulfite powder

VERY TOXIC

nitrogen monoxide gas

VERY TOXIC

nitrogen dioxide gas

Requirements

sulfur dioxide gas

TOXIC

universal indicator solution
HIGHLY 

FLAMMABLE
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 Another test solution for both gases is a mixture of potassium iodide and 
potassium	iodate(V)	solutions.	In	the	presence	of	hydrogen	ions	this	mixture	
turns black due to the liberation of iodine, so it can also be used to test for acidic 
gases:

IO3
−(aq) + 5I−(aq) + 6H+(aq) → 3I2(s) + 3H2O(l)

The	test	solution	mixture	of	potassium	bromide	and	potassium	bromate(V)	
behaves in a similar way (turning orange due to the production of bromine in 
solution) and can also be used to test if a gas is acidic.
	 The	test	solution	of	acidified	potassium	manganate(VII)	is	used	to	test	if	a	gas	
is a reducing agent. If so, the purple colour is decolorised because the 
manganate(VII)	ion	is	reduced	to	colourless	Mn2+. You will notice that this 
reaction requires hydrogen ions – so it is also another way of testing if a gas is 
acidic:

8H+(aq) + MnO4
−(aq) + 5e− → Mn2+(aq) + 4H2O(l)

If	fewer	hydrogen	ions	are	available	the	manganate(VII)	ion	may	only	be	reduced	
as	far	as	brown	manganese(IV)	oxide:

4H+(aq) + MnO4
−(aq) + 3e− → MnO2(s) + 2H2O(l)

What you do
These experiments involve generating small amounts of gas inside a Petri dish. 
You will put drops of solution around the edges of the dish to test for the gas, 
noting any changes that take place. Only very small amounts of the gases will be 
produced so you may not see any bubbles. The gas will be contained within the 
Petri dish. These microscale experiments mean that you can carry out chemical 
reactions that would be difficult and hazardous on a larger scale.

Reactions of nitrogen dioxide

 1 Place a Petri dish above the circle drawn on the worksheet for nitrogen 
dioxide.

 2 Put two drops of full range universal indicator solution, or a small piece of 
moist indicator paper, where shown on the worksheet.

 3 At the two remaining corners of the triangle add the other two test solutions.

You may wish to set up the other Petri dish to investigate the reactions of sulfur 
dioxide at this point – see below.

 4 Add a few copper metal turnings to the reaction vessel at the centre of the 
Petri dish, followed by three drops of nitric acid (CARE	CORROSIVE).	
Quickly replace the lid on the Petri dish.

 5 Record your observations over the next 15 minutes.

Reactions of sulfur dioxide

 6 Place a Petri dish above the circle drawn on the worksheet for sulfur dioxide.
 7 Put two drops of full range universal indicator solution, or a small piece of 

moist indicator paper, where shown on the worksheet.
 8 At the two remaining corners of the triangle add the other two test solutions.
 9 Add a small spatula measure of sodium sulfite to the reaction vessel, 

followed by three drops of dilute hydrochloric acid. Quickly replace the lid 
on the Petri dish.

10 Record your observations over the next 15 minutes.

Questions

1 What explanations can you give for your observations?

2 What implications are there for the environmental impact of car exhaust gases?

 Some reactions of nitrogen dioxide and sulfur dioxide df6.1
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Nitrogen dioxide

Two drops of full
range universal
indicator solution

Two drops of
potassium iodide
 two drops of
potassium iodate(V)
solution

Reaction vessel

Two drops of
potassium bromide
 two drops of
potassium bromate(V)
solution

Sulfur dioxide

Two drops of full
range universal
indicator solution

Two drops of
potassium iodide
 two drops of
potassium iodate(V)
solution

Reaction vessel

Two drops of potassium
manganate(VII) solution
 one drop of
sulfuric acid

df6.1 Some reactions of nitrogen dioxide and sulfur dioxide
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What you do
Your task is to prepare a presentation explaining the origins 
and environmental implications of six pollutants in car exhaust 
gases. You can find relevant information by reading your 
course books, other reference books or by using the Internet. 
When	you	have	completed	the	task	you	should	e-mail	your	
presentation to the student who is going to assess your work.
 The pollutants you should consider are:

•	 unburnt	hydrocarbons
•	 carbon	monoxide
•	 particulates
•	 carbon	dioxide
•	 nitrogen	oxides	(NOx)
•	 sulfur	dioxide.

Assessment criteria

When preparing for any assessment, it is essential to 
understand the criteria that will be used in the assessment so 
that you can check that your finished work has met all of the 
criteria.
 The assessment criteria for your presentation are:

•	all	six	pollutants	are	covered
•	the	chemical	origins	of	all	six	pollutants	are	explained
•	the	environmental	effects	of	all	six	pollutants	are	explained
•	chemical	equations	are	included	where	appropriate
•	the	chemistry	used	is	relevant	and	accurate
•	the	presentation	contains	sufficient	relevant	detail
•	 the	presentation	slides	are	clear
•	the	information	is	presented	in	a	creative	and	attractive	

manner.

Your student assessor will assess your presentation by 
allocating one of three letters to each of the 8 assessment 
criteria above:

•	F means that the assessment criteria have been met in full
•	P means that the assessment criteria have been partially met
•	N means that the assessment criteria have not been met.

To make the assessment easy to carry out you should include 
a copy of the table below as the last slide in your presentation.

Your student assessor will send your assessed work back to 
you, along with a copy to your teacher.
 You should identify those criteria that you have fully met as 
a confirmation of your understanding of those aspects of this 
topic. You should also identify criteria that you did not meet, 
or met only partially – these are the topic areas for which you 
may need to seek help or advice in order to develop your 
knowledge and understanding.
 Finally, as a result of the student assessment and 
subsequent discussions, add to your presentation if necessary 
and print a copy for your own future reference.

In this activity you will research and prepare a 
presentation on the origins and environmental 
implications of pollutants in car exhaust gases. 
Your presentation will be assessed by another 
student using known criteria.

what are the 
origins and 

enVironMental 
iMplications of 

pollutants in car 
exhaust gases?

df6.2

•	access	to	an	ICT	presentation	package	(e.g.	PowerPoint®)

Requirements

assessment criteria f p n

All six pollutants are covered

The chemical origins of all six pollutants are explained

The environmental effects of all six pollutants are explained

Chemical equations are included where appropriate

The chemistry used is relevant and accurate

The presentation contains sufficient relevant detail

The presentation slides are clear

Information is presented in a creative and attractive manner
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Introduction
If you have 1 mole of any gas, they all occupy the same volume under the same 
conditions of temperature and pressure. In this experiment, you are going to 
calculate the volume of 1 mole of hydrogen gas at room temperature and 
pressure.

What you do
1 Half fill a trough or bowl with water.
2 Clean some magnesium ribbon using emery paper. Cut a piece of 

magnesium about 3.5 cm long and weigh it accurately – it should weigh 
between 0.02 and 0.04 g. Record the mass of the magnesium.

3 Using the measuring cylinder, pour about 40 cm3 of the hydrochloric acid 
into the open end of a burette (ensure that the tap is closed). Carefully add 
10 cm3 of water on top of the acid in the burette.

4 Wipe the open end of the burette with some tissue to remove any drops of 
acid that may be present.

5 Push the piece of magnesium ribbon into the end of the burette so that it 
will stay in position due to its own tension (see Figure 1). Stopper the end of 
the burette with a bung.

In this activity you will measure the volume of 
hydrogen gas produced from the reaction 
between magnesium and hydrochloric acid and 
use it to calculate the volume of 1 mole of 
hydrogen gas.

what is the 
VoluMe of one 

Mole of hydrogen 
gas?

df7

IRRITANT

•	50	cm3 burette and a bung to fit the open end
•	100	cm3 (or 50 cm3) measuring cylinder
•	small	trough	or	bowl
•	strip	of	emery	paper
•	hydrochloric	acid,	2	mol	dm−3 (40 cm3)
•	magnesium	ribbon	(3.5	cm)

Requirements

WEAR EYE 
PROTECTION

care Eye protection  
must be worn.

dilute hydrochloric acid

Burette

Hydrochloric acid

Trough or bowl

Magnesium ribbon

Water

Burette

Magnesium
ribbon

figure 1 Apparatus for measuring the 
volume of hydrogen produced in the reaction 
between dilute hydrochloric acid and 
magnesium ribbon.
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6 Quickly invert the burette into the water so that the bung end is below the 
water surface. Remove the bung and clamp the burette so that it is vertical. 
At the same time, note the initial level of the liquid by taking the burette 
reading – you will have to read the scale while it is upside down!

 [Note: if the liquid level in the inverted burette is above the start of the 
graduated scale, open the burette tap momentarily to allow the level to drop 
until it is on the scale.]

7 Observe the magnesium reacting to produce hydrogen as the acid diffuses 
down the burette. Wait until all the magnesium has reacted, and record the 
final burette reading.

Questions

The equation for the reaction of magnesium with hydrochloric acid is
  Mg + 2HCl → MgCl2 + H2

The	relative	atomic	mass	of	magnesium	is	24.3.

1 What mass of magnesium did you use in your experiment?

2 How many moles of magnesium did you use?

3 How many moles of hydrogen would have been produced 
by the reaction of all of your magnesium?

4 What volume of hydrogen was produced in your 
experiment?

5 What is the volume of 1 mole of hydrogen at the room 
conditions under which you have measured it?

6 How does your experimental result (answer to 5) compare 
with the value you expected?

 What is the volume of one mole of hydrogen gas? df7
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The idea of this activity is to get you thinking 
about alternative fuels to replace petrol. It will 
help you to appreciate the criteria needed for a 
good fuel, and you will have to bring together 
different aspects of your understanding of the 
chemistry of fuels. The activity will also allow 
you to practise and develop your skills in 
collecting information and in preparing and 
presenting an argument.

which fuel for 
the future?

df10

What you do
Your group is to prepare and present the case for the use of a particular fuel to 
replace petrol in motor vehicles. The fuels to be considered are:

•	 hydrogen
•	 methane	(natural	gas)
•	 liquefied	petroleum	gas	(LPG)	–	a	liquid	mixture	mainly	containing	propane	

and butane
•	 methanol
•	 ethanol
•	 biodiesel.

Your group will be assigned one of the above fuels to consider. You should bear 
the following points in mind when you prepare the case for your fuel:

•	 its	suitability	for	use	in	road	transport
•	 its	availability	and	cost	of	supply
•	 its	energy	density	–	in	terms	of	the	energy	available	per	gram	or	litre
•	 if	existing	engine	technology	could	be	readily	adapted
•	 its	ease	of	storage	and	distribution	and	whether	existing	storage	and	

distribution systems could be readily adapted or not
•	 its	effect	on	the	environment
•	 its	safety	in	use.

You will be asked to give a 5−10 minute presentation of the case for using your 
fuel. You should be prepared to answer questions on the content of your 
presentation.
 Following your presentation, and those of other groups, the class should 
work together to decide on the best overall strategy for replacing petrol as a fuel.
 You will need to appoint a member of the class to chair the presentation 
sessions	and	the	follow-up	discussion.	You	may	also	wish	to	appoint	a	group	to	
summarise these discussions and produce a short final report.

sources of information
Much of the information you need 
about the criteria for a good fuel will 
have been covered in some part of 
the developing fuels module. You 
will also need to collect information 
about your particular fuel from other 
sources, including the Internet. 
Your teacher will be able to suggest 
some useful sources and you should 
also search the Salters Advanced 
Chemistry website.
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Introduction
The checklist below covers the key points in Chemical Storylines DF6 to 
DF11.
 The statements listed correspond to learning outcomes in the specification 
for the AS examinations. They are listed in the order in which they occur in this 
module. Remember that you will be coming back to many of the ideas in later 
modules.
 You will probably have made summary notes of the main ideas that you have 
met. Now is a good time to make sure that your notes cover all the points you 
need. If you feel that you are not yet able to meet the requirements of all of the 
statements in the list, you should look again at the areas concerned, seek help 
from your teacher if necessary and develop your notes accordingly.
 Most of the points are covered in Chemical Ideas, with supporting 
information in Chemical Storylines or the activities. However, if the main 
source of information is in a storyline or an activity this is indicated.

What you do
Read and think about each of the statements in the checklist. Put a tick in the 
column that best represents your current ability to do what is described:
A – I am confident that I can do this
B – I need help to clarify my ideas on this
C – I am not yet able to do this.
You will be sharing this information with your teacher so that you can work 
together to improve your understanding.
 

at the end of chemical storylines df6–df11 you should be able to: a b c

•	 use	the	concept	of	amount	of	substance	to	perform	calculations	involving	volumes	of	gases	 activity df7

•	 	describe	and	explain	the	origin	of	atmospheric	pollutants,	including	those	from	car	exhausts	and	other	
sources – unburnt hydrocarbons, CO, CO2, NOx, SOx

•	 describe	the	environmental	implications	of	these	pollutants	 chemical storylines df6 and activity df6.2
•	 discuss	methods	of	reducing	these	pollutants	and	the	decisions	society	has	to	make	in	using	such	methods
 chemical storylines df7

•	 	understand	the	work	of	chemists	in	improving	fuels	and	in	searching	for	and	developing	fuels	for	the	future,	
including the use of oxygenates and the hydrogen economy

•	 	understand	the	benefits	and	risks	associated	with	using	fossil	fuels	and	alternative	fuels	(biofuels,	hydrogen,	
nuclear) and discuss the choices involved in making decisions about ensuring a sustainable energy supply
 chemical storylines df9, df10 and activity df10

This activity helps you check your knowledge 
and understanding of the topics that you have 
covered in Chemical Storylines DF6 to DF11.

check your 
knowledge and 
understanding 

(part 3)

df11
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Developing Fuels end of module test 60 marks (1 hour)
1 The main processes used in oil refineries to make better petrol are:

 isomerisation
 e.g. 

CH2 CH2CH3 CH2 CH3

compound A

CH CH2CH3 CH3

CH3

compound B

 reforming
 e.g. 

C6H12

compound C

C6H6

compound D

� 3H2

 process X
 e.g.

CH �CH3(CH2)10 CH3CH3

compound E

CH CH2CH3

CH3 CH3

compound F

CH3C CH2CH2

CH3

compound G

 a  Name process x. [1]

 b  The products of all the processes have higher octane numbers than the reactants.
  i  Explain the meaning of the term octane number. [2]
  ii  Give two reasons why the products of process x have higher octane numbers than compound e. [2]

 c  Name compound b. [1]

 d  i To which homologous series does compound g belong? [1]
  ii  Copy the structural formula of compound g shown below. Write on your structure the values you would  

expect for the two bond angles shown. [2]

CH2

CC

CH3H

H

H

C H

H

  iii  Draw a skeletal formula for compound g. [1]

 e  Choose the term from the list below which describes compound d but not compound c.
  aliphatic        aromatic        cycloalkane        hydrocarbon [1]

 f  i  Copy out and complete the enthalpy cycle below by writing appropriately in the box. Use your cycle and the  
data given below to calculate the enthalpy change of reaction (ΔH Ø) for the isomerisation of compound  
a to compound b. [3]

   Compound  ΔHf
Ø

   a	 	 –173	kJ	mol–1

   b  –179 kJ mol–1

    

CH2 CH2CH3 CH2 CH3

compound A

CH CH2CH3 CH3

CH3

compound B

�H Ø

  ii  Explain the significance of the symbol Ø in ΔHf
Ø. [2]

df End of module test
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 g  What can you predict about the entropy change for the following processes:
  i  liquid octane changing to gaseous octane [1]
  ii  the reforming reaction (compound c to compound d)? Explain your answer in this case. [2]

 h  One way chemists can improve fuels is to add oxygenates. Two such substances are shown below.

C2H5OH

compound J

compound K

C OH3C CH3

CH3

CH3

  i  Name the functional groups present in compounds J and k. [2]
  ii  State one advantage of adding oxygenates to petrol. [1]
 [total: 22 Marks]
 (OCR Chemistry B (Salters) question, adapted for the 2008 specification)

 2 Car petrol contains molecules such as octane, C8H18,	while	diesel	fuel	contains	longer-chain	molecules	such	as	 
hexadecane, C16H34.

 a  Write an equation for the complete combustion of octane. [2]

 b  A student set out to measure the enthalpy change of combustion of octane, using the apparatus shown below.

Clamp

Draught shield Water

Thermometer

Metal calorimeter

Spirit burner

Liquid fuel

  The student’s results were:
   Mass of water in calorimeter  100 g
   rise in temperature of water 19 oc 

  Mass of octane burnt  0.3 g

  i  Calculate the thermal energy transferred to the water by the burning octane. [1]  
(the specific heat capacity of water is 4.18 J K–1 g–1)

  ii  Calculate a value for the enthalpy change of combustion of octane in kJ mol–1, giving the correct sign. [2]
  iii  The total uncertainty of measurement is about 20%. Express this as a “±” to your answer to ii. [1]
  iv  The data reflects the accuracy of the equipment used to make the measurements. Which piece of data  

contributes most to the uncertainty in iii? [1]
  v  A data book gives the value as –5500 kJ mol–1. Suggest a change that the student should make to the  

experiment to get nearer to this result. [1]

 c  Nitrogen monoxide (NO) is formed in a petrol engine.
  i  Where does the nitrogen in the NO come from? [1]
  ii  Write a balanced equation, with state symbols, for the formation of nitrogen monoxide. [1]
  iii  Diesel engines produce more NO per mile than petrol engines. Suggest a reason for this. [1]

 d  Carbon monoxide is produced in both petrol and diesel engines, but less per mile in diesel engines.
  i  In what way is carbon monoxide a polluting gas? [1]
  ii  Suggest why a diesel engine produces less CO. [1]

 e  Write a chemical equation for the reaction that occurs in a catalytic converter in which carbon monoxide  
and nitrogen monoxide react to form less harmful gases. [2]

 End of module test df
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 f  A car running on hydrogen fuel would produce fewer pollutants. However, there are concerns if the hydrogen  
is	produced	by	electrolysis	using	electricity	produced	by	coal-burning	power	stations.

  i  Describe two pollutants (apart from any mentioned above) that would be produced in the generation of electricity in this 
way and give their polluting effects. [4]

  ii  Suggest two other methods of generating electricity that would not produce these pollutants. [2]
 [total: 21 Marks]
 (OCR Chemistry B (Salters) question, adapted for the 2008 specification)

3 Among the applications of catalysts you might find around the home is a hair styler in which heat is generated from  
the oxidation of butane by air. The catalyst is platinum powder, which is dispersed on an aluminium oxide support.  
When the hair styler is switched on, the catalyst is initially heated by a battery, but the temperature soon rises rapidly  
without further heating.

 a  Copy out the balanced equation for the oxidation of butane (C4H10) and write full structural formulae for all the  
reactants and products. [1]

  C4H10 + 6.5O2 → 4CO2 + 5H2O

 b  i Use your equation and the data below to calculate a value for the enthalpy change of combustion of butane. [3]
   Bond enthalpies/kJ mol–1

	 	 	 C–C	 +347
	 	 	 C–H	 +413
   C=O +805
   O–H +464
   O=O +498
  ii  The bond enthalpy of the C=C bond is +614 kJ mol–1. What can you say about the distance between the carbon  

atoms in ethene compared with that in ethane? Explain your answer. [2]

 c  What volume of carbon dioxide would be formed by burning 5.8 g of butane?
  1 mole of any gas occupies 24 dm3 at room temperature and pressure. [2]

 d  The catalyst is platinum powder dispersed on an aluminium oxide support. The platinum acts as a heterogeneous  
catalyst.

  i  Explain what you understand by the term catalyst. [2]
  ii  Explain the meaning of heterogeneous. [1]
  iii  Give the principal stages by which a heterogeneous catalyst works. [4]
  iv  Suggest two reasons why a powdered catalyst is used, rather than a coil of platinum wire wound round a  

support. [2]
 [total: 17 Marks]
 (OCR Chemistry B (Salters) question, adapted for the 2008 specification)

df End of module test
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DF
developing fuels

Concept map
The concept map shows how the major chemical ideas in this teaching module develop throughout the AS course.

Concept First introduced in 
module

Developed in 
module(s)

Assumed in 
module(s)

enthalpy changes and thermochemical cycles df – –

Bond enthalpies df – –

entropy df – –

Catalysis df A –

isomerism df pR –

Homologous series df pR –

nomenclature of organic compounds df es, pR –

structural formulae (full, shortened and skeletal) df es, pR –

organic functional groups df es, pR –

properties of alkanes df – –

Alkenes df pR –

structure of benzene df – –

Alcohols and ethers df pR –

Relative atomic mass and relative formula mass el – all

Amount of substance el df all

Chemical formulae and inorganic nomenclature el es all

Balanced chemical equations el df all

Covalent bonding el – df, es, pR

shapes of molecules el df es

Relationship between properties, and bonding and structure el – df, es, pR

Advance warning
The following items needed for activities in this module may not be in your school currently, and might take a little time to 
obtain.

Activity Item(s) Essential/optional Typical quantity per activity

DF2.1 Hexane (for spirit burner)
spirit burners

essential
essential

100 cm3

DF2.2 Temperature sensor and datalogger optional 1 per group of students

DF3.1 summer-blend petrol replacement mixture
Winter-blend petrol replacement mixture

essential
essential

1 cm3

1 cm3

DF3.2 pentane
2-methylbutane

essential
essential

1 cm3

1 cm3

DF4.2 Molecular model drawing and viewing package essential

DF5.1 Circular and square counters essential 6 of each per pair of students
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Storyline: answers to assignments 
 1 a   CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)
  C6H14(l) + 9½O2(g) → 6CO2(g) + 7H2O(l)
  CH3OH(l) + 1½O2(g) → CO2(g) + 2H2O(l)
 b Answers in text.
 2 a   Hydrogen. Practical difficulties: hydrogen is a gas, so it 

is more bulky to store and transport. Students may 
have read on and know about recent advances in 
technology and hydrogen-fuelled vehicles (Chemical 
Storylines, DF10).

 b   Low molar mass of H2 responsible for its high energy 
density. Energy density of fuel =

	 	   
∆HØ

c (kJ mol–1)
  __________________  

molar mass (kg mol–1)
  

 c   Energy density of octane (C8H18) = –48 000 kJ kg–1

   Energy density of decane (C10H22) = –47 700 kJ kg–1 
The alkanes have similar energy density values, 
showing only a small trend downwards as Mr of alkane 
increases. (Standard enthalpy changes of combustion 
increase down series, but so do the Mr values.)

 3 a i residue ii refinery gas
  iii gas oil iv naphtha
 b alkanes (general formula CnH2n+2)
 c For example,
  i 

   

CH3

Arene
(aromatic hydrocarbon)

  ii 

   

C C Alkene

CH3

H

H3C

H

  iii 

   

AlkaneH C

H H H H H

H H H H H

C C C C H

 4 a i  Winter blend will have more ‘front-end’ (low-
boiling) components than a spring blend.

  ii  Summer blend for Spain will have less ‘front-end’ 
(low-boiling) components than a summer blend for 
the Netherlands.

 b i Density increases as molecular mass increases.
  ii  A litre of petrol bought in Spain will have the greater 

mass.  Contains more higher-boiling components, i.
e. alkanes with high Mr, so its density will be greater.

 c  Petrol is sold by volume, not by mass. So the denser 
the better! Therefore, Spanish people get more mass 
per litre; hence, probably, more energy per litre 
(depends on relative energy density values). Whether 
they get a better bargain or not depends on relative 
prices in the two countries.

 5 a See table on page 159.
 b heptane, 3-methylhexane, 2,3-dimethylpentane
  hexane, 2-methylpentane, 3-methylpentane
  pentane, 2-methylbutane
  butane, 2-methylpropane
 c See table on page 159.
 e i  The smaller the alkane molecule, the higher the 

octane number.
  ii   The more branched the chain, the higher the 

octane number.

 f  Petrol must include a good proportion of small 
molecules and branched chains.

 6 a Both have the same molecular formula, C5H12.
 b 

  CH3

CH3CH3

CH3

C

 c Isomers of hexane C6H14:

  

C C C

C

C

C

H H

H H

H H

C C C C

C

C

H H H H

H

H

H H

H H

H H

H H H

H

H

H H

H

H H

H

H

H

H

HH H

H H H

H H H

H H

H H

H H

H H

HH

H H

H

H H

2-methylpentane

C C C C

C

C 3-methylpentane

2,3-dimethylbutane

C C C

C

C

C 2,2-dimethylbutane

 7	 •	 	If	the	solid	can	flow	along	pipes,	then	it	is	easier	to	
handle the catalyst in the refinery.

	 •	 	A	continuous	process	is	more	efficient	than	one	which	
has to be stopped and started.

	 •	 	Good	gas/catalyst	contact	will	ensure	that	the	reaction	
is fast.

	 •	 	The	catalyst	has	to	heat	the	feedstock	in	a	very	short	
time (<2 s).

 8 a For example: C6H14 → C6H12 + H2

    hexane cyclohexane
 b  The products have different molecular formulae from 

the reactants.
 c i CH3CH2CH2CH2CH2CH3 B
  ii CH3(CH2)15CH3  C
  iii (CH3)3CCH(CH3)CH3 A
  iv CH3CH2CH2CH3  A

DF storyline: answers to assignments
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 storyline: answers to assignments DF

Name of alkane Structural formula Classification

heptane

H C

H H H

H H H

C C

H H H H

H H H H

C C C C H

s

hexane H H H

H H H

C C C HH C

H H H

H H H

C C

s

pentane

H C

H H H H H

H H H H H

C C C C H

s

3-methylhexane

HH C

H H H

H H

C C

H H H

H H H

C

H

H

C H

C C

B

2-methylpentane

H C

H H H

H H

C C

H H

H

HH

C

H

H

C H

C

B

3-methylpentane

H C

H H H

H H

C C

H H

H H

C

H

H

C H

C H

B

2,3-dimethylpentane

H C

H H

H H

C C

H H

H

HH

C

H

H

C H

C

H

H H

C

M

2-methylbutane

H

H H

H

C C

H H

H

HH

C

H

H

C H

C

B

butane

H C

H H H H

H H H H

C C C H

s

2-methylpropane

H

H

C

H H

H

HH

C

H

H

C H

C

B  

Answers to assignments 5a and 5c.
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 9 a 

Name Skeletal formula

tetradecane

pentadecane

hexadecane (cetane)

heptadecane

octadecane

2,2,4,4,6,8,8-
heptamethylnonane

7,8-
dimethyltetradecane

 b hexadecane
  2,2,4,4,6,8,8-heptamethylnonane
  7,8-dimethyltetradecane
 c  Cetane number increases (slightly) with increasing 

chain length. Branching reduces the cetane number.
 d  Octane number decreases with increasing chain length 

and increases with branching, so it’s the other way 
round, i.e. the reverse of cetane numbers.

10 a C7H16(g) + 11O2(g) → 7CO2(g) + 8H2O(l)
 b 11
 c 0.01 mol
 d 3.5 g
 e 16 g
 f 12.6 dm3

11 a CO oxidised; C7H16 oxidised; NO reduced
 b i  (2) and (3) most important, but many cars run 

slightly rich and (1) then important too.
  ii (2)
12 a  Pollution can be a serious problem when engines are 

starting from cold, particularly on short journeys when 
the engine does not warm up fully. The lower the 
temperature at which the catalyst begins to act, the 
quicker exhaust gases are controlled after switching on 
the engine.

 b  A substance that significantly reduces the effectiveness 
of the catalyst.

 c  To increase their surface area, so allowing reactants to 
easily reach the surface of the catalyst.

 d  Poisoning of catalyst and disintegration of catalyst and 
ceramic surfaces as a result of engine vibration and 
wear from fast-moving hot gases.

 e  Large amounts of CO2 are still being released, which 
contribute towards the greenhouse effect.

13 a  Diesels are better in that they produce less CO2 and 
less CO. However, they produce more particulates and 
NOx. (Diesels also produce less volatile hydrocarbons.)

 b i 2CO + O2 → 2CO2

  ii C16H34 + 24.5O2 → 16CO2 + 17H2O (or doubled)
14 a octane: C8H18 + 12.5O2 → 8CO2 + 9H2O
  cetane: C16H34 + 24.5O2 → 16CO2 + 17H2O
  ethanol: C2H5OH + 3O2 → 2CO2 + 3H2O
 b octane: –5470 kJ mol–1  
  cetane: –10 700 kJ mol–1

  ethanol: –1367 kJ mol–1

 c octane: 5470 kJ produce 8 × 24 dm3 CO2

    so 1 kJ will produce   8 × 24 ______ 5470   = 0.035 dm3 CO2

  cetane:   16 × 24 _______ 10700   = 0.036 dm3 CO2

  ethanol:   2 × 24 ______ 1367   = 0.035 dm3 CO2

 d  These are all very similar, so we must look to other 
things (like efficiency of combustion) when comparing 
such fuels.

15 a  Energy released by burning 45 litres of octane  
= 1.52 × 106 kJ

 b Mass of H2 = 10.6 kg
   Volume of H2 = 1.27 × 105 dm3

 c Motorway driving conditions:
   Mass of H2 needed = 8.83 kg
   Volume of H2 needed = 1.06 × 105 dm3

  City driving conditions:
   Mass of H2 needed = 7.07 kg
   Volume of H2 needed = 0.85 × 105 dm3

DF storyline: answers to assignments

Activities: notes and answers to questions 
DF2.1 Measuring the enthalpy change of 
combustion of different fuels

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
This activity provides an opportunity for students to practise 
evaluating their evidence and procedures. It introduces 
students to the distinction between the accuracy of results 
and the precision of measurements they take.
 The values of ∆Hc obtained for the two fuels by this 
method will be low, but should be of the correct order. It is 
important that students are aware of the limitations of the 
experimental method they are using, and can suggest how the 
experiment might be improved.

Answers
The percentage errors will depend on the values of the 
measurements taken. This could be an appropriate point to 

introduce students to the idea that the uncertainty associated 
with a temperature difference is the sum of the uncertainties 
associated with each individual reading.

DF2.2 Determining an enthalpy change of 
reaction

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
This activity provides a practical illustration of the use of 
Hess’s law. It lends itself to the use of a temperature probe 
connected to a data logger but a thermometer could be used 
if the sensor is not available.

Answers
1 The error calculated by the student will depend on the 

data collected.
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 Activities: notes and answers to questions DF

2 a  The uncertainty associated with measurement of the 
volume of copper sulfate solution is (  0.06 

 
___  25  ) × 100 = 

0.24%
 b  The uncertainty associated with measurement of 

temperature change will depend on the temperature 
recorded.

3 The zinc is in excess.
4 a  The main limitation will be the loss of heat to the 

surroundings.
 b  The impact of heat loss was minimised by extrapolating 

the graph to find the temperature change if no heat 
loss had occurred.

DF2.3 Calculating an enthalpy change of a 
reaction using Hess’s law

Comments
This activity provides an opportunity for students to discuss 
the solution to a problem which makes use of Hess’s law. 
Teachers should encourage students to identify any features 
of the calculation which they found difficult, so that any 
necessary support can be given.

Answers
1 The correct value is G, +75 − 393 − 2(286) = 

−890 kJ mol−1.
2 The standard enthalpy of formation of methane has been 

made positive, the standard enthalpy change of formation 
of water has been doubled because the equation involves 
2 moles of water and the standard enthalpies of formation 
of methane, carbon dioxide and twice the standard 
enthalpy of water have been added together in accordance 
with Hess’s law.

DF 2.4 Check your knowledge and 
understanding (Part 1)

Comments
This activity ensures that students are aware of the learning 
outcomes (specification statements) that their assessment 
will be based on, and provides an opportunity for them to 
reflect	on	how	well	they	understand	the	ideas	they	have	
covered. Crucially, it enables teachers to identify areas where 
individual students are less confident, and to provide 
appropriate additional support to improve their 
understanding.

DF3.1 Comparing winter and summer petrol 
blends

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
This experiment is safe to carry out in school laboratories, 
provided that the appropriate safety precautions are taken. 
Make sure you read the safety warnings given in the activity 
carefully. Teachers must not use petrol for this activity 
because it contains more than 0.1% benzene. Instead, winter 
and summer petrols can be simulated using petroleum ether 
fractions. For example, winter petrol – a 50 : 50 mixture of 
40/60	and	60/80	petroleum	ethers,	summer	petrol	–	a	50	:	50	
mixture	of	60/80	and	80/100	petroleum	ethers.	Or	you	can	use	
40/60	for	winter	petrol	and	either	60/80	or	80/100	for	summer	
petrol.

 The seasonal changes in petrol blends in the UK are 
governed by the British standard seasons:

•	 Summer	 June–August
•	 Autumn	 September–October
•	 Winter	 November–March
•	 Spring	 April–May.

Students should find that winter blend petrol, with its higher 
proportion	of	volatile	components,	inflates	the	balloon	more	
quickly.

DF3.2 Auto-ignition in a test tube

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
Success in this activity is very much a matter of the right 
technique, and students should work in pairs to make it 
easier. If you have not done it before, practice is essential so 
that you can show the students who do not quickly master the 
technique. It is particularly important to make the tube very 
hot. A large bulb on the pipette helps. It is a good idea to 
demonstrate the technique, stressing the safety precautions, 
before students try it for themselves. 

Answers
1 Typical results are 10–12 pops for pentane and 5–6 pops 

for 2-methylbutane.
2 The results should confirm that branched alkanes have 

less tendency to auto-ignite.

DF4.1 Modelling and naming alkanes

Answers to the questions are included in the activity sheet.

DF4.2 Drawing and displaying molecular 
structures using a computer
Comments
In this activity students are introduced to a molecular 
structure drawing package and a 3D structure viewing 
package. Once they have mastered the basic features of 
drawing and viewing organic molecules, they can use these 
facilities whenever they meet organic structures later in their 
chemistry course. The instructions to students are given in 
general terms because the detail will depend on which 
package they have access to.

•	 ISIS/Draw is a free structure drawing package available for 
download	from	http://www.mdli.com/	–	structures	drawn	
in ISIS/Draw can be viewed and moved around in a 3D 
viewer. These include ACD/3D Viewer	for	ISIS/Base	and	
ISIS/Draw	available	from	http://www.acdlabs.com/
download/3disis45.html

•	 Weblab Viewer Lite	available	from	http://ftp.knit.
kagoshima-u.ac.jp/pub/Win/science/ViewrLite/

•	 RasMol	available	from	http://www.umass.edu/microbio/
rasmol/

•	 ChemSketch is another molecular drawing package 
available	free	from	http://www.freechemsketch.com	–	it	
comes complete with its own 3D viewing facility.

•	 ChemDraw is a very comprehensive commercial structure 
drawing package.

•	 A	useful	website	is	http://www.geocities.com/athens/
thebes/5118/index.htm	which	has	a	summary	of	the	
various packages and how and where to get them.
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DF4.3 Planning to crack alkanes

Comments
This activity can be used to give students a further opportunity 
to practise producing a written plan, risk assessment and list 
of sources of information used.
 Bearing in mind the safety notes given in the next activity, 
it is essential that student plans are checked for safety before 
they embark on the experiment. But this will also be an 
opportunity to review the quality of their written plan and risk 
assessment against the current assessment criteria.
 If you do not wish to use the activity to practise planning 
skills, or their plan is not appropriate, students can be given 
Activity DF4.4.

DF4.4 Cracking alkanes

Safety note Information about hazardous chemicals is given on 
the activity sheet. Students may find liquid paraffin easier to use.

Caution!
One school reported an explosion which occurred when 
cracking petroleum jelly. It seems likely that the explosion 
resulted from a hairline crack in the test tube. It is important 
to check the following when carrying out this activity:

•	 the	test	tube/boiling	tube	in	which	the	petroleum	jelly	is	
heated is sound

•	 the	catalyst	is	not	causing	a	blockage	–	there	should	be	
plenty of space above the catalyst for gas to pass

•	 the	delivery	tube	protudes	a	small	way	into	the	boiling	
tube	(with	the	catalyst	in)	and	is	not	flush	with	the	bung

•	 the	stated	amount	of	petroleum	jelly	or	liquid	paraffin	is	
used

•	 students	are	aware	of	the	dangers	of	‘suckback’.

With care it is possible to collect several tubes of gas and a 
small amount of liquid in the cold trap.

Answers
1 Gaseous products contain smaller molecules than in the 

petroleum jelly. These molecules contain carbon–carbon 
double bonds.

2 The liquid collected in the cold trap contains mainly alkanes 
(with some alkenes). The molecules in this liquid are 
smaller than those in petroleum jelly because the mixture is 
liquid, but larger than molecules in the gaseous product.

3 Deposits of carbon on the catalyst (coking) cause a serious 
problem, which must be overcome in industrial catalytic 
cracking plants by regenerating the catalyst – see 
Storylines DF4.

4 For example:
 C20H42 → C10H22 + C10H20

 C20H42 → C18H38 + C2H4

DF4.5 A closer look at alcohols

Comments
Answers to the questions are included in the activity sheet. 
Students may also use molecular modelling computer 
software to look at the structures of the molecules.

DF4.6 Organic dominoes

Comments
This is a revision activity in which students check their ability 
to name alkanes, alcohols and other organic molecules that 

they have met so far. A key feature of the activity is the 
opportunity that students have to discuss the placement of 
the organic dominoes with each other and to identify names 
which they needed help with.
 Some teachers may wish to laminate the organic domino 
cards so that they can be more easily reused. Dominoes 
appear in the correct order on the activity sheet (working 
down the columns). Bear this in mind when handing out the 
cards.

DF5.1 Why do hydrocarbons mix?

Comments
This activity should be done quickly – it becomes tedious if 
laboured. If a computer is available, it can be easily 
programmed to run the counter-throwing.

Answers
1 After 10 throws it is likely that the counters will be mixed 

up with both types on each side of the line.
2 It is likely that after 100 throws, and certainly after 1000 

throws, that the counters will be evenly distributed on 
both sides of the line.

3 It is highly unlikely that the counters will return to the 
arrangement that they had at the start of the activity 
(although it is one possible arrangement).

4 Two liquids will mix if poured into the same container 
because molecules will exchange places just like the 
counters did.

DF5.2 Check your knowledge and 
understanding (Part 2)

Comments
This activity ensures that students are aware of the learning 
outcomes (specification statements) that their assessment will 
be	based	on,	and	provides	an	opportunity	for	them	to	reflect	
on how well they understand the ideas they have covered. 
Crucially, it enables teachers to identify areas where individual 
students are less confident, and to provide appropriate 
additional support to improve their understanding.

DF6.1 Some reactions of nitrogen dioxide and 
sulfur dioxide

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
This is a microscale activity based on Activities 29 and 30 of 
Microscale Chemistry, published by the Royal Society of 
Chemistry, 1998. The worksheets can be covered with a plastic 
sheet, such as an OHP transparency or plastic file pocket. 
Alternatively, the worksheets could be laminated.
 The ‘reaction vessel’ can be made by cutting the rounded 
end off a plastic dropper pipette. However, this is not very 
stable – alternatives include the small plastic lids (‘push on’ 
type) from glass vials or sample bottles and individual sections 
from plastic ‘push out’ tablet holders (e.g. indigestion tablets). 
Tablet holders should be cleaned and dried and any metal foil 
must be removed. 

Answers
1 NO2	–	the	indicator	turns	red,	the	potassium	iodide/

iodate(V) mixture turns black due to the formation of 
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iodine,	and	the	bromide/bromate(V)	mixture	darkens	due	
to the formation of bromine. All the reactions confirm that 
NO2 is acidic.

 SO2	–	the	indicator	turns	red,	the	potassium	iodide/
iodate(V) mixture turns black due to the formation of 
iodine, and the potassium manganate(VII) is decolorised 
or turns brown. All three tests confirm that SO2 is acidic – 
the manganate(VII) test shows that it is a reducing agent.

2 Because exhaust gases contain NO2 and SO2 they can cause 
acid rain and respiratory problems.

DF6.2 What are the origins and 
environmental implications of pollutants in 
car exhaust gases?

Comments
This activity uses assessment for learning techniques to check 
students’ understanding of the causes and impact of pollution 
from car exhausts. It is important that students understand the 
criteria against which their work will be judged at the start of 
the	activity,	and	that	they	reflect	on	their	work	at	the	end	of	it.

DF7 What is the volume of one mole of 
hydrogen gas?

Safety note Information about hazardous chemicals is given on 
the activity sheet.

Comments
This activity is adapted from Experiment 68 in Classic 
Chemistry Experiments, published by the Royal Society of 
Chemistry, 2000.

Answers
Answers to the questions will depend on the data recorded by 
the student.

DF10 Which fuel for the future?

Comments
This activity provides another opportunity for students to 
work in a group, to research a variety of sources and practise 
communication and IT skills. Encourage students to prepare a 
written or word-processed summary of their oral report, 
which could be photocopied and given out to other members 
of the class. Consult the Salters Advanced Chemistry website 
for useful sources of information.

DF11 Check your knowledge and 
understanding (Part 3)

Comments
This activity ensures that students are aware of the learning 
outcomes (specification statements) that their assessment will 
be	based	on,	and	provides	an	opportunity	for	them	to	reflect	
on how well they understand the ideas they have covered. 
Crucially, it enables teachers to identify areas where individual 
students are less confident, and to provide appropriate 
additional support to improve their understanding.
 This activity could be used as part of the preparation for an 
end of module test.

 Activities: notes and answers to questions DF
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Answers to Developing Fuels end of module test

Q Answer Maximum mark

1 (a) Cracking 1

1 (b) (i) Measure of petrol’s tendency to auto-ignite/knock (1); 
the higher the number, the lower the tendency (or words to that effect) (1)

2

1 (b) (ii) Two from: smaller molecules (1); branched chains (1); alkenes formed (1) 2

1 (c) (2-)methylbutane 1

1 (d) (i) Alkene 1

1 (d) (ii) Left-hand: 120° (1); right-hand 109° (1) 2

1 (d) (iii) 1

1 (e) Aromatic 1

1 (f) (i) In box 5C(s) + 6H2(g) (1); ∆H = B – A (1); –6 kJ mol–1 (1) 3

1 (f) (ii) Standard states (1); one atmosphere pressure (1) 2

1 (g) (i) Increases 1

1 (g) (ii) Increases (1); more moles of gas on right-hand side/more ways of arranging products (1) 2

1 (h) (i) J is an alcohol (1); K is an ether (1) 2

1 (h) (ii) Increase in octane number/make petrol burn more completely/hotter 1

Q Answer Maximum mark

2 (a) C8H18 + 12.5O2 → 8CO2 + 9H2O species (1); balanced (1) (allow doubled) 2

2 (b) (i) 100 × 4.18 × 19 = 7942 J 1

2 (b) (ii) Moles octane = 0.3/114.0 (1); 7942 × 114.0/0.3 = –3018 kJ mol–1 (1) 2

2 (b) (iii) (–) 3020 ± 600 (allow 3018) 1

2 (b) (iv) Mass of octane 1

2 (b) (v) Any attempt to prevent ‘heat loss’ or to stop evaporation from spirit burner NOT improved 
accuracy of equipment

1

2 (c) (i) The air 1

2 (c) (ii) N2(g) + O2(g) → 2NO(g) 1

2 (c) (iii) They burn hotter 1

2 (d) (i) Toxic/harmful to life 1

2 (d) (ii) More complete combustion/carbon lost as particulates 1

2 (e) 2CO + 2NO → 2CO2 + N2 species (1); balancing (1) 2

2 (f) (i) SO2 (1); acid rain/an effect of acid rain (1) 
CO2 (1); greenhouse gas (1)

4

2 (f) (ii) Two from: nuclear (1); hydroelectric (1); solar (1); geothermal (1);  etc. 2

DF Answers to end of module tests
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Q Answer Maximum mark

3 (a)

H

H H

H

C C

H H

H

HH

C

H

C O O O C H H

O

O

C4H10 4CO2 5H2O6.5O2� �

(need not be bent)

1

3 (b) (i) Bonds broken:  3 × 347 = 1041, 10 × 413 = 4130, 6.5 × 498 = 3237

Total = 8408 (1)

Bonds made: 8 × 805 = 6440, 10 × 464 = 4640

Total 11 080 (1)

∆H = 8408 – 11 080 = –2672 kJ mol–1 (1)

3

3 (b) (ii) They will be closer (1); stronger bonds are shorter (1) 2

3 (c) Moles butane = 5.8/58.0 = 0.1 (1); volume of CO2 = 4 × 0.1 × 24 = 9.6 dm3 (1) 2

3 (d) (i) Speeds up a reaction (1); (chemically) unchanged at the end/provides route of lower activation 
enthalpy (1)

2

3 (d) (ii) Different phase/state from the reactants 1

3 (d) (iii) Reactants adsorbed on to surface (1); 
bonds weaken (1); 
new bonds form (1); 
products diffuse away (1)

4

3 (d) (iv) Greater surface area (1); cheaper (1) 2

 Answers to end of module tests DF
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