
EDEXCEL CERTIFICATE IN CHEMISTRY 



EDEXCEL CERTIFICATE IN CHEMISTRY 

PRACTI.CE· BQO:K ) 

/,7 HODDER 
EDUCATION 
AN HACHETIE UK COMPANY 



Every effort has been made to trace all copyright holders, but if any have been overlooked the 
Publishers will be pleased to make the necessary arrangements at the first opporrunity. 

Although every effort has been made to ensure that website addresses are correct at ti1ne of going 
to press, Hodder Educat.ion cannot be held responsible for the content of any \vebsite 1nentioned. le 
is sometimes possible to find a relocated web page by typing in the address of the home page for a 
website in the. URL \vindow of your browser. 

Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. 
Telephone: (44) 01235 827720. Fax: (44) 01235 400454. Lines are open 9.00-17.00, Monday to 
Sarurday, with a 24-hour me.ssage ans\vering servic,e. Visit our website at W\vw.hoddereducacion.co.uk 

e Robert Wensley 2013 

First publisheq in 2013 by 

Hodder Education 

An Hachetce UK Company, 

338 Euston Road 

London NWl 3BH 

Impression number S 

Year 2017 2016 

4 

2015 

3 

2014 

2 

2013 

All rights reserved. Apart from any use pennitted under UK copyright law, no part of this 
publication may be reproduced or transn1icted in any fonn or by any means, eleccronic or 
mechanical, including photocopying and recording, or he ld within any information storage 
and retrieval syste1n, without permission in writing from che publisher or under licence fro1n 
the Copyright Lic-ensing Agency Limited. Further details of such licences (for reprographic 
reproduction) may be obtained from the Copyright Licensing Agency Limited, 
Saffron House, 6-10 Kirby Street, London EClN 8TS. 

Cover photo e Andrew Brookes/ Corbis 

illustrations by Aptara, Inc. 

Typeset in ITC Legacy Serif by Aptara, Inc. 

Printed in Spain 

A catalogue record for this title is available from the British Library 

ISBN 978 l 444 179200 



Contents 
Useful formulae and abbreviations iv 
Get the most from this book V 

Periodic Table vi 

1 Principles of chemistry 1 
Practical work 1 

Using the Periodic Table 4 

Calculations 7 

1 Principles of chemistry 2 
Charges, chemical formulae and equations 10 

Using electronic configurations 12 

Data analysis 16 

2 Chemistry of the elements 
Using the Periodic Table 19 

Using electronic configurations 22 

Charges, chemical fonnulae and equations 25 

Practical work 1 28 

Practical work 2 31 

Data analysis 33 

Longer-answer questions 36 

3 Organic chemistry 
Calculations 38 

Structure, properties and reactions of alkanes and alkenes 39 

Longer-answer questions 43 

4 Physical chemistry 
Charges, chemical fomrnlae and equations 45 

Practical work 1 48 

Practical work 2: making salts 52 

Data analysis 55 

Working with graphs 58 

Calculations 1 62 

Calculations 2 66 

5 Chemistry in industry 
Charges, chemical fonnulae and equations 69 

Practical work 72 

Data analysis 76 

Working with graphs 79 

Calculations 83 

Longer-answer questions 85 

Index 87 



Useful formulae and abbreviations 
A, relative atomic mass 

M, relative formula mass 

number of protons = atomic number 

number of electrons = number of protons 

number of neutrons = mass number - atomic number 

number of moles 
mass of element or compow1d in grams 

A, or M, 

volume of 1 mole of gas at room temperature and pressure (r.t.p.) = 24 dm3 or 24 OOO cm3 

. . . . volume of solution in cm3 

concentration of a soluaon m mol/ dm3 = 11umber of moles dissolved x ----------
1000 

. Id mass obtained by the reaction 100 percentage y1e = x 
mass expected co be obtained 

heat energy change 0) = mass of solution (g) x specific heat capacity of solution (4.2 J/g) x temperature change (0 q 

mass ofl cm3 of water = 1 g 

1 faraday = 1 mole of electrons 

1 mole of electrons = 96 SOO coulombs of electric charge 



Get the most from this book 
This Practice Book will help you to prepare for your International GCSE Chemistry 
assessment. The questions are arranged in Sections to match the Specification, so that 
you can use this book throughout the year as you complete each Section, or as pare of 
your final revision. 

We have included lots of examples of the types of questions that may be included in 
your International GCSE Chemistry examinations. The different types of questions 
cover a large range of topics, giving you an opportunity to check your understanding 
of the content and requirements for the examinations. 

For each question type, you will find a sample question and two different student 
responses, with comments explaining the correct approach, to help you build good 
examination techniques. 

Remember, in your final examination, questions can consist of a number of different 
pares, covering the content of more than one Section, so make sure that you revise well 
and cover all the questions in this book. 

All answers are available online at www.hodderplus.co.uk/edexcelgcsescience 

Carefully study Examples of exam­

style questions and two different 
sample responses to see how marks 
are al located. 

-
3 Organic ch<tmistry I 

I 

~ @]Wl®TI~@ @n)@[M~~ 

• Calculations 

Example 
l A snadcnt invcstipud acornpov.od silniLu co tmanol. The snuk.ntfound 

duat tb.iscornpoundconr.ained S9.76~b1m.usof ouhon, 13.33% br ll)UJ 

ofhydrq;,en, .vid th.at W rat " ".UOX)'£Cl'.I. 

Cal:uLuc the empiiia.l formula of tbi.s 0001.pound. / S) 

(Toaa.l few qatstioo.= S ~) 

Stuhnt 1 -poM• Marker ccmm.,... •nd tipe f« sue<eH 

C, S-~-;<. ,. 11.<tZO AIW¥ftlld the q1,1uiiM~11llf. TI-is arewer docs IICII ifldude QllY9e!I 
in !he a.JoJotion. k. • !Mull. !he su99HIIN ionnula i, oolftd tor 

11, n/1- n.no auboru11d ~diogen,b<JI has no~pOn III tlfKJrU.rif!ilor,,ta,dlt.e 

--sW2mwb. 

So ..,tlo ... 1U8 ... u.10,1 ,1.41otJ,8 t,1 
Ui 

Sofo,M.,laisCdl, V 

Stud«d 2 -pons• 'Mari.-~ 1ndtip11f« M1CO&H 

0 .. 100 - s,.,, -n.~ ... 1,s,% ti1 1 markfo1colf'ed~arlc11bti119thepen:e:11btgeoto~e11a11d I mwk 

c;, ~;4 
.. , .•B, 11 ;, tlt .. tU\O;, 

1
~:' ... 1.44 ti1 fo1 d\idiv by the ~ ldomic; ll'aYAS. F'i11ding !he simple l\ltio gails 

1 m411t, will\ the: fi11ol maikb Ifie: COll'e:d e:mpiriclll ~mula. 'lw$hwld 
Olvidt l,yf.'4*" fo 91wC •\ fl ... &;o .. 1t,11 try to a., out )011' caJo,blion-wers liM 1his 011e.Alow a lf'>e 1or exh 
ro-.. 10 is Gifl,O til st.cp. Wlddul1y stole what 'PJ#'e do~ 

Practice questions 
2 A st"udcnt i.nl'Clripttd acoinpovnd s:imil.u co cmAAol. ibc st"udc:ntfuund 

that thi,coinpou.ndconr.ained J7Jl'L by m,usofci,.1bon, 50.4% by in.use£ 
o.xygccn.and. fflAt the fU t W.U h),d,-og,cn. 

Cal:ulatc the empirical fonoub.of tbis compound. (S) 

~ r comments and tips for ~ 
success show you how to prepare and 
give the best response to help you 
improve your marks. 

r 

) A swde:nt i.,u-otigauda coinpound oontaini.ngh:,,:lroscn. c.ubon and 
o.xygcn. ~ coinpou.ndconwn.cd 40.0S by rousof carboa, 6.7% br mus 
ofh~,.atid SJ.:.l1'by inusof011y.n. 

~~~~~~~~~~~--! 

Once you understand how to 

approach this type of question, have a 
go at the Practice questions. 

Calculate the vnpirica.l fonnulA. of tbis compound. 

4 A scientist i.n\-acig.ito:I a h,-droc.arbo:a with forn:iuU mu:11 112. 'The 
hydrocarbon had 85.7$ by m.usofoubon ... d 14JS by m.usofh)-dr-og,n. 

a) Co.lcul..irc r~ cinpirk~ furnwJ.. of W hydrocarbon. 

b)Ca.lcul.atc the formuU of the hydcoorhon. 

S A st'Ude:nr i.n'r'CSripn,d a coinpoW'd. 'The COD:1pound bad 56.SS br mus of 
~J8.41'brin.us ofc.atboa an.d the rcsi:w.i1Shydrop,n. 

Cakulatc thcvnpirica) fonDulaoftbis com).'Ound. 

/4) 

/4) 

/3) 

/S) 
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Li 
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23 
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Sodium 
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39 
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PotaSWm 
19 

85 

Rb 
Rubidum 
87 

133 

Cs 
Caesi.m 

SS 

223 

Fr 
F""'°""' 
81 

II 
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9 

Be 
6o,vlltutn 
4 

24 

Mg 
Magnesium 
12 

40 

Ca 
Calcium 

20 

88 

Sr 
Stronrlum 
38 

137 

Ba 
Banum 

56 

226 

Ra 
Aadioo, 

86 

45 

Sc 
Scandium 
21 

89 
y 

Yttrium 
38 

139 

La 
IIWhanum 
57 

2Z'I 
Ac 

Aclir'lium 
89 t 

•ss-71 Lanthanum series 
~103Actinium series 

48 

Ti 
rrtanlum 

22 

91 

Zr 
Zfrcorium 
40 

178 

Hf 
Hafl'Wm 

n 

0 a • telaJive atomic mass 

X. ·-­b .. atomc rtUlfl)Or 

51 

V 
Vanadium 
23 

93 

Nb -., 
161 

Ta 
Tanta!U'TI 

73 

140 

Ce 
Cerium 

58 

232 

Th 
Th....m 

90 

1~~~1 

52 55 56 59 59 

Cr Mn Fe Co Ni 
Chromium Manganese Iron Coball Nickel 
24 25 26 27 28 

95 99 IOI 103 106 

Mo Tc Ru Rh Pd .... _ 
Technetium Avtherlum Rhodium P ... dfum 

42 43 .. 45 48 

184 186 190 19~ 195 

w Re Os lr Pt 
Toogsten RheniJm Osmium lriwm Platinum 
14 75 76 n 78 

141 144 147 150 152 

Pr Nd Pm Sm Eu 
P"'eod)ml,n Neodyml1,1m Prornelhium Samarium Europum 
59 60 61 82 63 

231 238 237 242 243 

Pa u Np Pu Am 
P'Olactlnlum Uranbn Neptui"ium Plutonium Americium 
91 92 93 94 9S 

64 65 

Cu Zn 
Copp« Zinc: 

29 30 

108 112 

Ag Cd 
si ... , c.mn1 .... 

47 48 

197 201 

Au Hg 
Gold ..... rcuy 

79 80 

157 159 

Gd Tb 
Gadolirium Terbium 
64 65 

247 245 

Cm Bk 
Curium B«keNum 

96 97 

Ill 

3 

11 

B 
BO!On 

5 

27 

Al 
Alumirium 
13 

70 

Ga 
Gallium 

31 

115 

In 
ln-

49 

204 

TI 
Thallilftl 

81 

182 

Dy 
Oysprosil.m 
86 

25 1 

Cf 
Calitomlum 
98 

6 

IV 

4 

12 

C 
c""""' 

28 

SI 
Sllicon 

14 

73 

Ge 
Gormarium 
32 

119 

Sn 
Tin 

50 

207 

Pb 
lead 

82 

165 

Ho 
Holmli.m 

87 

2S4 

Es 
Elnstenum 
99 

V 

5 

14 

N 
Nitrogen 

7 

31 

p 
PhoS!)ho""" 
15 

75 

As 
Al'$0ni( 

33 

122 

Sb 
Antirnor,y 
51 

209 

Bi 
Bismulh 

83 

187 

Er 
Etblum 

88 

253 

Fm 
Femwm 
100 

VI 

6 

16 

0 
o._n 

8 

32 

s 
Solfur 

16 

79 

Se 
s•nU'l"f 

34 

128 

Te 
Tellurbn 

52 

2 10 

Po 
Polon!Lwn 

84 

189 

Tm 
Thulium 

89 

200 

Md 
Mendelevb'n 
101 

VII 

7 

19 

F 
Fluorine 

g 

35.S 

Cl 
Cliol'W'le 

17 

eo 
Br 

Ekorflir'IO 
35 

127 

I 
1<,c11, ... 

53 

210 

At 
A$taline 

85 

173 

Yb 
Yt!etbium 

70 

254 

No 
Nobelium 
102 

0 

• 
He 

Helwm 
2 

20 

Ne 
Neon 

10 

40 

Ar 
Algon 

18 

84 

Kr 
Kryl)1on 

38 

131 

Xe 
Xenon 

54 

222 

Rn 
Radon 

86 

175 

Lu 
Lu401ium 

71 

257 

Lr 
Uwr9f'lcium 
103 



II Practical work 

Example 
1 A student investigated what happened when some crushed ice was heated using a 

Bunsen burner. The diagrams show her investigation at the start and the end. 

beaker 

START END 

a) At first che solid ice turns to water. Give the name of the process and 
describe the changes in the arrangement, and movement of the particles 
as the ice becomes water. (3) 

b) After further heating the water starts to boil. After 5 minutes the level of 
water in the beaker is half the original water level. Explain why the water 
level has dropped by describing the changes in the movement and energy 
of the particles as the water's temperature approaches boiling point. ( 4) 

c) The water vapour turns back to liquid water on a nearby cold glass. Give 
the name of the process, and describe how the arrangement and ene:rgy 
of the particles changes as the gas becomes a liquid. (3) 

(Total for question= 10 marks) 

Student 1 resJ)onse ~mm Marker comments and tips for success 

Practical work 

a) Tl..ir ir meltfo9 . V TJ..e pamcler become 
The process is named correctly, but the description of the arrangement and movement 

fvrtt.er a i,.,ay and free t o m ol(e. V 
is poor. When you see a question about practical work you should think about how the 

experiment relates to the theory. 

b) TJ..ere ir !err i,.,ater in tl..e beaker. The This is a description, not an explanation. The answer does not explain the observations, 
particler J..ave lefttJ..e beaker and just repeats them. For explanations, you need to say why the changes have taken 
moved into tl..e air. Tl..ey /.,ave more 
energy. 0 

place. 

c) .fl/!!l!~t<'-ti~'li.PJ'J:.!,_e_t'l.~-9,Yla<:t.~aJ!'i. tl..e The particles do get closer together, but the process is wrongly described as 

ear:tii;;let 9!1:fi;;lo~ r t o9dhtr a!ld ~ei;;om e evaporation, which is the opposite of condensation. Always read the question carefully 
~ v before answering. 



1 Principles of chemistry 1 

Student 2 response u ·~ Marker comments and tips for success 

a) Tl,e pracer~ ir .aicltiD.g.. t,I In ice tl,e The process is named correctly, and gains a mark. The answer is then split into two 
particler a~e 1,eld tagetl,er in a re9ylar parts dealing with the arrangement and movement of particles in ice, and then in 
arraq9eme,,t and are qat free ta maye. water. 
Tbty yibrat e. getting farter ar melting point 
i r reached. t,I 

Ar the ice meltr tl,e particler became If you separate your answer into parts Ii ke this it is easier for the examiner to find 
free t a mai.:e arayqd ga, h at&er 1,aving the credit-worthy parts and give you the marks. 
qa re9ylar arraq9emgqt; t,I tl,ey are jvrt 
random. 

b) Same of t/,e water 1,ar evaporated after The question does not ask for the name of the change of state, so no marks. 
five minvter at bailing paint. 

Thir l,appe,-,r becavre tl,e water particler The description of the particles' movement gains a marl<. An explanation for the 
gain enavgh energy ta <epgrgtg from each 
atbgr aqd !10 iqta tbe air. t,I 

drop in water level is needed for a second mark. 

Ar tl,ey ga ;n energy tl,ey move qvicker. To gain a mark the answer needs to relate the particle energy and movement to 

temperature. You need to understand the practical described before making the 

answer. 

c) Tl,e water appearr by , aqdeMatiaq. t,I Th is is a good, wel 1-structu red answer. The process is correctly named, with good 

In tl,e 9ar t-1,e particler are arranged descriptions. 
randomly and are rpread apart Ar tl,e 
watervapavr caolr tl,e particler lore energy 
t,I and getclarer together and farm a liqvid 
on the cold rvrface. t,I 

Practice questions 
2 A student used a simple distillation apparatus co obtain some pure water from 

some muddy water. 

condenser 

water In 
B 

~ ,, ... ~ 
a) Describe the arrangement and movement of the particles at point A. (3) 

b) Describe the arrangement and energy of the particles at point B compared 
co poincA. (4) 

c) The student left the mud in the bottom of the flask to dry. Describe the 
movement, arrangement and energy of che solid mud particles. (3) 



3 A student placed a small purple crystal of potassium manganate(VII) in the 
bottom of a test tube containing 10 cm3 of water. The diagram shows the test cube 
immediately after adding the crystal, and one week later. 

potassium 
rnanganate(V II) 

crystal 

start 

water 

1 week later 

a) Describe the arrangement of the particles in the crystal of potassium 
manganate(VII). (2) 

b) The scudent left the test tube for a week. 

i) Describe the appearance of the test tube and contents after one week. (2) 

ii) Explain what has happened in terms of the water and cryscal particles. (3) 

iii) Name che process chat has occurred (1) 

c) The student then: 

5hook l cm~ of the 5olvtiori iri ariothe r terttvbe with q cm~ of water 

removed l cm~ of the riew 5olvtio11, arid placed it iri ariother tert-tvbe 
witJ,, q cm~ of water 

repeated the two 5tep5 vritil the 50 lvtiori looked like water. 

Each time the solution was diluted the colour became paler. Suggest how this 
investigation can be used as evidence that particles have a very small size. (3) 

Practical work 



1 Principles of chemistry 1 

II Using the Periodic Table 
You should use a copy of the Periodic Table co help you answer the questions on this 
section (see page vi). 

Example 
1 The diagram represents an atom of an element. 

a) i) Stace the atomic number and mass number of this element. (2) 

ii) State the electronic configuration of this element. (1) 

iii) Name this element. (1) 

b) i) Which group is this element in? (1) 

ii) Name a different element in the same group. (1) 

iii) Name a different element in the same period. (1) 

iv) Explain how you chose your answer co part ii). (2) 

(Total for q uestion= 9 marks) 

Student 1 response ~ :--~ Marker comments and tips for success 

a) i) Atomic rovmber ir 12 0 , the marr 
The student has counted al I the particles in the nucleus to obtain an 1incorrect 

rovmbe,- ir 18 0 
atomic number, and then added thie six electrons to obtain the wrong1 mass number. 
Checking the Periodic Table would show that element 12 has a mass of 24, not 18. 

ii) 2, 'f y Counting the electrons in each shell gives the electronic configuration. 

Th is uses the incorrect answer from part a) i), but correctly identifies the element 

iii) Ma9roesi1.1m Y in the Periodic Table with atomic rnumber 12, so gains an error carried forward mark. 
Th is stops the student being penalised twice for the same error. 

b ) i) 6ro1.1 p 'I Y 
The electron diagram shows it is a Group 4 element. Th is provides an opportun ity to 

correct the answers to a) i) and a) iii), as magnesium is a Group 2 element. 

ii) Nitrogero 0 The answer confuses group with period and names an element in the same period 

iii) Silicoro 0 
instead of group, then group rather than period. 

iv) If the e lemerot ir iro the rame vertical Insufficient to gain a mark. You need to explain clearly the connection between the 
Ii roe they have the rame rovmber of 
e lectroror. 0 

group and the number of electrons in the outer shell. 

Student 2 response "Uell'.llt:1 rn Marker comments and tips for success 

a) i) Atomic rovmber ir G., Y the marr Knowing that the nucleus contains protons and neutrons, the mass number is found 
rovmbe,- ir 12 Y by counting all the dots in the nucleus. As there are six shaded and six unshaded 

dots, the atomic number must be six. 

ii) 2, 'f y The electronic configuration can be determined by counting the electrons in each 
shell. 

iii) Carbo,.. Y Carbon is the element on the Peri odic Table with atomic number 6. 

b ) i) 6rovp 'f y The group numbers run across the top of the table. 

ii) Silicoro tl Correct choice from the vertical group. 

iii) O.xygen Y Correct choice f rom the horizontal period. 

iv) ltir iro 1:1,e rame 9ro1.1p ar carboro arod The answer clearly states the relationship between the number of outer electrons 
e leme,,.tr iro the rame 9ro1.1p Y have the and the group number. 
rame rovmber of 01.1ter electroror. Y 



Using the Periodic Table 

Practice questions 
2 The diagram below represents an atom of an element. 

a) i) What is the atomic number of this atom? (1) 

ii) What does then = 20 mean? (1) 

iii) Scare the mass number of this acorn, and describe how you can 
calculate it using the diagram. (2) 

b) i) Scare the electronic configuration of this atom. (1) 

ii) Stace in which group of the Periodic Table this atom belongs. (1) 

c) i) Name an element with a greater A, in the same group of the Periodic 
Table. (1) 

ii) How many outer electrons will this element have? Explain your answer. (2) 

3 This question is about atomic structure. 

a) Copy and complete this cable about the atomic structure of five different 
atoms from Group 7 of the Periodic Table. Use your copy of the Periodic 
Table to help you fill in che blanks. (4) 

Number of 

Name Mass number Protons Neutrons Electrons Outer electrons 

fluorine 19 9 10 9 7 
chlorine 35 17 7 
bromine 80 45 7 

iodine 127 74 7 

chlorine 37 17 7 

b ) i) Seate the electronic configuration of fluorine. (1) 

ii) Astatine is an element in the same group of the Periodic Table. 
Suggest how many outer electrons it will have. (1) 

iii) The table shows a pattern in electronic configurations and group 
number. What is this pattern? (1) 

c) There are cwo chlorine atoms in the table, chlorine-35 and chlorine-37. 

i) Stace the difference between the two atoms. (2) 

ii) What name is used for different atoms of the same element such as 
chlorine-35 and chlorine-3 7? (1) 



1 Principles of chemistry 1 

d) In a sample of chlorine gas a student discovered that there were three 
atoms of chlorine-35 for every one atom of chlorine-37. Use this data to 
calculate that relative atomic mass of chlorine. (2) 

4 This is an outline of the Periodic Table. The letters below represent elements, 
but are not their chemical symbols. 

D 
~ 

~~ 

s T 
'"-'"-

p 

w Q 

R 

X 

a) Which two elements are in the same g.roup? 

b) Which two elements are in the same period? 

c) Which two elements have similar chemical properties? 

d) Which two elements have the same number of outer electrons? 
Explain your answer. 

e) Deduce the electronic configurations of elements S, P and T. 

f) Name element W. 

g) Give the correct chemical symbol for element X. 

5 Magnesium and calcium are in the same group of the Periodic Table. 
Magnesium reacts with many other elements to make compounds. 

a) Draw diagrams to show the electronic configuration of: 

i) magnesium 

ii) calcium. 

b) Explain in terms of electronic configurations why magnesium and 
calcium are in the same group of the Periodic Table. 

Argon is in the same period of the table as magnesium. It does not 
react easily with other elements. 

c) Explain in terms of electronic configuration why magnesium is more 

(1) 

(1) 

(1) 

(2) 

(3) 

(1) 

(1) 

(1) 

(1) 

(2) 

reactive than argon. (2) 

d) Draw diagrams co show the outer elect ronic configurations of: 

i) barium 

ii) krypton. 

(1) 

(1) 



Calculations 

II Calculations 

Example 
1 A student dissolved 2.4 g of magnesium ribbon in excess sulfuric add to make 

some magnesium sulfate and hydrogen gas. 

Mg(s) + H2S04(aq) ~ MgS04(aq) + H2(g) 

a) Calculate the relative formula mass of sulfuric acid. (1) 

(1) 

(2) 

(1) 

b) Calculate the relative formula mass of magnesium sulfate. 

c) Calculate the amount, in moles, of magnesium ribbon used. 

d) How many moles of hydrogen gas were produced? 

e) Calculate the volume, in dm3, of hydrogen gas produced at room 
temperature and pressure. (2) 

(Total for q uestion= 7 marks) 

Student 1 response •••ir-; Marker comments and tips for success 

a ) /MO, The sum is incorrect and gains O marks - only one hydrogen has been counted. Check all 

l + C32+ (14x 'l )J O your calculations twice to make sure you haven't lost a simple mark like this. 

= '17 ii' 

b ) M9SO, It can be useful in this type of question to work out the formula mass of the sulfate group 

2'1 + (32 + (1G. X 'l)J ii' to save having to work it out every time you need it. 

2'1 + % 

= 120 ii' 

c) M9 vred = * ii' 1 mark for the method and 1 for the calculation. The unit is given in the question, but 
should be included in the answer. 

= 0.1 molerV 

From the equation, 1 mole of magnesium imakes 1 mole of hydrogen gas, but the student 
d) 1 mole 0 forgot that there were only 0.1 moles of magnesium used. The answer shou Id be 

1 x 0.1 mol = 0.1 mol. 

The answer gains the mark as the working clearly shows the correct method even 
e ) l X 2'1 ii' though the wrong answer from part d) has been substituted. To prevent the student being 

= 2q d,..,s i,1 penalised twice for the same error the mairk is given for the correct method and calculation 

using the previous wrong answer. This is another example of erroir carried forward. 

Student 2 resJ)onse ~ .'!Im;:' Marker comments and tiJ)S for success 

a) 1 + 1 + 32 + 1G. + 1G. + lG. + 1G. ii' In this answer the four oxygen atoms masses have been added together instead of 

= '18 ii' multiplied, which is an alternative way to get the correct answer. 

b) 2'1 + '18= 122 0 This answer loses both marks because of a simple calculation error. S04 is 96, H,iS04 is 98. 

C) fr 0 The answer is wrong. The incorrect mass !has been used for magnesium. 

= 0.2 moler 0 

The student is confused about the subscri'pt numbers. H2 is one mole of hydrogen gas. You 

d) 2 moler 0 
should learn the seven diatomic elements so when you see them in an equation you know 
that the 1 mole of the gas contains 2 moles of atoms, but only occupies the volume of 

1 mole of gas. 

The answer uses the wrong number of moles from c) instead of the value from d), so no 

e ) 0.2 X 2'1 = 'f.8 0 error carried forward. Also the units have been omitted. You must remember to check that 

you inc'lude the units in your answer with every calculation you do. 



1 Principles of chemistry 1 

Practice questions 
2 A chemical works produces calcium oxide by heating calcium carbonate. 

This equation represents the reaction: 

CaC03(s) ~ CaO(s) + C02(g) 

a) Calculate the relative formula mass of calcium oxide. 

b) Calculate the relative formula mass of calcium carbonate. 

c) If 100 tonnes of calcium carbonate are converted co calcium oxide 
ea.eh week, calculate the amount, in tonnes, of carbon dioxide gas that 

(1) 

(1) 

is produced. (3) 

d) A scientist from the chemical works dissolves 0.88 g of carbon dioxide in 
2 dm3 (2000 cm3) of water to form carbonic acid (H2C03). 

i) Calculate the relative formula mass of carbonic acid. 

ii) Calculate the amount, in moles, of carbon dioxide used. 

iii) Calculate the volume ofche carbon dioxide, in dm3, chacwas 
dissolved in the water at room temperature and pressure. 

iv) Calculate the concentration, in mol/dm3, of the carbonic acid. 

3 Ammonia is an alkaline gas that easily dissolves in water. Ammonia's 
formula is NH3. When it dissolves in water it makes ammonium hydroxide 
solution, NH40H. 

NH3(g) + H20(g) ~ N~OH (s) 

a) i) Calculate the relative formula mass of ammonia. 

ii) Calculate the relative formula mass of ammonium hydroxide. 

b) Dissolving 24 dm3 of ammonia gas at room temperacure and pressure, 
in 1 dm3 of water, will make a solution of ammonium hydroxide with a 
concentration of 1 molf dm3. 

A student dissolved 12 dm3 of ammonia gas in 1 dm3 of water. 

i) Calculate the amount, in moles, of ammonia that dissolved. 

ii) Calculate the mass, in grams, of the ammonia char dissolved. 

iii) What is the concentration, in mol/dm3, of the ammonium 
hydroxide solution? 

c) The ammonium hydroxide solution was then diluted by adding 
1 dm3 more water. Calculate the concentration, in mol/dm3, of the 
diluted solution. 

d) Ammonia gas can react with hydrogen chloride gas according to 
this equation: 

NH3(g) + HCl(g) --+ NH4Cl(s) 

i) Calculate the relative formula mass of ammonium chloride. 

ii) A student made 13.4 g of ammonium chloride using the reaction. 
Calculate the amount, in moles, of ammonium chloride that was 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(1) 

(2) 

(2) 

produced. (2) 



4 Calcium hydroxide solution can react wich carbon dioxide gas to make 
calcium carbonate. 

Ca(OH)2(aq) + C02(g) ~ CaC03{s) + H20(1) 

a) i) Calculate the relative formula mass of water. 

ii) Calculate the relative formula mass of calcium hydroxide. 

iii) Calculate the relative formula mass of calcium carbonate. 

b) 1.48 g of calcium hydroxide is reacted with carbon dioxide. 

(1) 

(1) 

(1) 

i) Calculate the amount, in moles, of calcium hydroxide that reacted. (2) 

ii) The reaction produced the same amount, in moles, of calcium carbonate. 
Calculate the mass, in grams, of calcium carbonate produced. (2) 

iii) The reaction required the same amount, in moles, of carbon dioxide 
gas. Calculate the volume, in dm3, of the carbon dioxide gas that 
was reacted at room temperature and pressure. (2) 

5 A student dissolved some magnesium ribbon in excess hydrochloric acid 
to make some magnesium chloride and hydrogen gas. 

Mg(s) + 2HCl(aq) ~ MgClz(aq) + H2(g) 

a) Calculate the relative formula mass of hydrochloric acid. (1) 

b) Calculate the relative formula mass of magnesium chloride. (1) 

c) What is the mass of 1 mole of magnesium? ( 1) 

d) 6 g of magnesium are reacted with excess hydrochloric acid. Calculate the 
volume of hydrogen gas that would be produced by the reaction. (2) 

Calculations 



1 Principles of chemistry 2 

Ill Charges, chemical formulae and equations 

Example 
1 A student wanted co find the formula of magnesium oxide. 

The student used d1is apparatus for the investigation. 

Mass of crucible and lid 

Mass of crucible, lid and magnesium 

= 16.81 g 

= 18.24g 

Mass of crucible, lid and magnesium oxide made = 19.16 g 

a) Calculate the mass, in grams, of magnesium chat was used. (1) 

b) Calculate the amount, in moles, of magnesium that was used. (2) 

c) Calculate the mass, in grams, of oxygen that was used. (1) 

d) Calculate the amount, in moles, of oxygen that was used. (2) 
heat 

e) Calculate the empirical formula of magnesium oxide. (2) 

(Total for ques tion= 8) 

Student 1 response ... ,.; :I Marker comments and tips for success 

a) 18.2'1 - 1C..81 = 1.'13 9 tt' Correct subtraction gains the mark. 

b) ~~1 tt' = 0.5'158333 0 The calculation is correct, but the answer given is wrong. The units are not necessary as 

they are given in the question, but you will lose a mark if you give wrong units. 

C) 1'1.1(. - lf..81 = 2.359 0 The wrong subtraction. The mass of oxygen made is the difference in the mass of 
magnesium and magnesium oxide. 

d) 1ft tt' = 0.1%875 tt' The calculation uses the wrong mass of oxygen, but as this has already been penalised 
there is an error carried forward mark. 

e ) 0.5'158333 : 0.1%875 = ? 0 This complex ratio needs to be reduced to a simple one. 0.59 is nearly 0.60, and 0.146 
is nearly 0.1 5, which would give a simple ratio of 4: 1. 

Student 2 response ·- Marker comments and tips for sucoess -. .. a:1• !•~!~ 

a ) 18.2'1 - 1r..81 = 1.'139 tt' Clearly shown calculation with units. 

b) 1i~l tt' = 0.0 G.O mol tt' 
The calculation is correct and the answer is rounded up to only two significant figures to 
make later calculations easier. 

C) l'f.1(. - 18.2'1 = 0.'12 9 If' Corirect subtraction gains the mark. 

d ) 
0
i~t/ = 0.058 mol t/ 

The calculation is correct. For the unit you can use either mol (the symbol) or moles. 

e) o.oc.o: 0.058 = 1 : 1 v' Remember that answers from practical work will not always give exact answers. Realising 
ro M90 ir the formvlo tt' that 0.060 is virtually the same as 0.058 allows the correct formula to be given. 



Charges, chemical formulae and equations 

Practice questions 
2 a) Iron reacts easily with the oxygen in damp air co form iron(III) oxide. 

i) Give the formula ofiron(III) oxide. (1) 

ii) Write a chemical equation for the reaction between iron and oxygen 
that produces iron(III) oxide. (2) 

iii) Stace, in terms of electrons, what happens when an oxygen atom 
becomes an oxide ion. (1) 

b) A scudenc heated 14.34 g of an oxide of lead in dry hydrogen. 12.42 g of 
lead were obtained. 

i) Calculate the mass, in grams, of oxygen that was present in the lead 
oxide. (1) 

ii) Calculate the amount, in moles, of oxygen chat was present in 
the lead oxide. 

iii) Calculate the amount, in moles, oflead that was used. 

iv) Calculate the empirical formula of the lead oxide. 

3 a) A beaker containing some acidified water was electrolysed. 
Electrolysis can be used co break down compounds like water into 
the elements they contain. Two gases were collected as shown in the 
diagram. After 1 hour, 59 cm3 of oxygen and 119 cm3 of hydrogen 
had been produced at room temperature and pressure. 

1 mole of any gas at room temperature and pressure always has a 
volume of24 dm3

• 

i) Calculate the amount, in moles, of oxygen produced at 
room cemperacure and pressure. 

ii) Calculate the amount, in moles, of hydrogen produced at 
room temperature and pressure. 

iii) What is the reacting ratio of hydrogen to oxygen? 

iv) What is the empirical formula of water? 

(2) 

(2) 

(1) 

(1) 

b ) A compound containing only hydrogen and carbon was found to have a 
composition of 14.3% hydrogen and a relative molecular mass of 28. 

oxygen 

(2) 

(2) 

(2) 

i) Calculate the amount, in moles, o f hydrogen in 100 g of the compound. (2) 

ii) Calculate the amount, in moles, of carbon in 100 g of the compound. (3) 

iii) Calculate the empirical formula o f the compound. (2) 

iv) Calculate the molecular formula of the compound. (2) 

4 a) A student analysed 31.9 g of anhydrous copper sulface and found that it 
contained 12.7 g of copper and 6.4 g of sulfur. 

i) Calculate the mass, in grams, of oxygen the copper sulfate contained. (1) 

ii) Calculate the amount, in moles, of oxygen the copper sulfate contained. (2) 

iii) Use the information in the question to calculate the empirical formula 
of~oo~su~ ~ 

b ) The same student made a sample of hydrated manganese sulfate. The 
sample weighed 22.3 g. The scudent then dehydrated the sample, and 
found the mass was now 15.1 g. Calculate d1e value of x in the formula 
MnS04.xH20. (4) 

water 

+ 



1 Principles of chemistry 2 

II Using electronic configurations 

Example 
1 Chlorine is an element. Chlorine reacts with many other elements. This 

question is about the compounds that chlorine can make. 

a) i) Chlorine has 17 electrons. Use the Periodic Table to help 
you to complete a copy of the diagram to show the arrangement of 
electrons in a chlorine atom. (2) 

ii) Chlorine atoms join together to fom1 chlorine molecules, Cl2. 
Draw a doc and cross diagram co show how cwo chlorine 
atoms join together co form a chlorine molecule. You should 
only show the outer electrons of each atom. (2) 

b) i) Chlorine can also join together with other atoms such as 
sodi um. Use the Periodic Table to help you to complete a copy 
of the diagram to show the arrangement of electrons in a 
sodium atom. (2) 

® 
ii) When chlorine bonds with sodium it forms the compound 

sodium chloride (NaCl). Draw a dot and cross diagram to 
explain how the sodium and chlorine atoms are bonded 
together. You should only show the outer electrons of each 
atom. (2) 

(Total for question= 8) 



Student 1 response otal 8/8 

a ) i) 

ii) 

b) i) 

ii) 

@ 
X X ,i • • 

X Cl • Cl • 
X X • 

X X ,( • • 

@ 
., .. 

Nax~CI : 
• • 
•• 

Na~----- x c1- • \ . ; .. 
electrostatic attraction 

Student 2 response 

a) i) @ 
ii) Cl-Cl 

b) i) 

ii) 

Using electronic configurations 

Marker comments and tips for success 

The electronic configuration is correct. To work this out, place the first 

two electrons in the inner shel I, then the next eight in the second shell, 
leaving seven for the outer shell. Check your answer by counting the 
crosses - there shou Id be 17. 

The number of outer electrons comes from the electronic configuration 

diagram in part a) i). This diagram clearly shows the two atoms 
interacting in the molecule of eh lorine. Make sure the shared electrons 

are clearly shown on the same shel I. 

This is the correct electronic configuration. You need to know that the 
first two electrons fil I the inner shel I, then eight electrons go in both the 

second and third shells. The fourth shell takes the rest, if the element 
has 20 electrons or fewer. 

The diagrams clearly show the transfer of the electron and the resulting 
charges and attraction between the two ions. Adding a laibel, as here, is 
a good way to explain your diagrams. 

Marker comments and tips for success 

1 mark for each correct shel I. 

The question asks for a dot and cross diagram showing outer electrons. 

Th is diagram is a displayed formula. Read the question carefully. 

The first two electrons have been added to the al ready filled inner shell 
and seven have been added to the second shell. This has used up all 

the electrons, but leaves the third shell with none. Make sure you only 

put the correct maximum number in each shell. 

With the error in b) i) it is now possible to make a covalent bond from 

the wrong electronic configuration. If you know it should be gain and 

loss of electrons and it doesn't work, go back and find out where you 
have gone wrong. 



1 Principles of chemistry 2 

Practice questions 
2 a) Carbon has six electrons. Copy the diagram and use the Periodic Table to help 

you to complete it to show the arrangement of electrons in a carbon atom. (2) 

b) Hydrogen has one electron. The electronic configuration of hydrogen is 
shown. Hydrogen and carbon make the molecule methane {CH4). Draw a 
dot and cross diagram to show the arrangement of electrons in a molecule 
of methane. You should only show the outer electrons of each atom. (1) 

c) Carbon can also make the molecule carbon dioxide {C02). 

i) Oxygen has eight electrons. Copy the diagram and use the Periodic 
Table to help you to complete it co show the arrangement of electrons 
in a oxygen atom. (2) 

ii) Draw a dot and cross diagram to show the arrangement of electrons 
in a molecule of carbon dioxide. You should only show the outer 
electrons of each atom. (2) 

3 a) The electronic configuration of calcium can be written as 2, 8, 8, 2. Use the 
Periodic Table to write the electronic configurations for the following 
elements. 

i) sodium 

ii) calcium 

iii) fluorine 

iv) sulfur 

v) hydrogen 

b) Draw dot and cross diagrams to show the bonding in the following 
compom1ds. You should only show the outer electrons of each atom. 

i) hydrogen sulfide 

ii) sodium fluoride 

iii) calcium fluoride 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2) 



Using electronic configurations 

4 Copy and complete the following chart about the electronic configuration of 
some ions and atoms. Use the Periodic Table to help you. (5) 

Electronic configuration Electronic configuration 
Element Proton number of an atom of anion 

neon 2,8 no ions 

beryllium 

nitrogen 7 

aluminium 2,8 

phosphorus 

5 a) Explain using dot and cross diagrams the formation of the following 
covalent compounds. You should only show the outer electrons of 
eachacom. 

i) hydrogen chloride {HCl) 

ii) ammonia {NH3) 

iii) water {H20) 

iv) nitrogen {Nz) 

b) Explain using dot and cross diagrams the formation of the following 
ionic compounds. You should only show the outer electrons of 
each atom. 

i) lithium fluoride 

ii) magnesium oxide 

iii) calcium chloride 

(1) 

(2) 

(2) 

(1) 

(2) 

(2) 

(2) 

Number of outer 
electrons 

2 

5 



1 Principles of chemistry 2 

II Data analysis 

Example 
1 The table shows the properties of five different substances. 

Conducts electricity as a 

Substance Melting point I •c Boiling point I •c Solid Liquid 

p -114 - 85 no no 

a 714 1418 no yes 

R 3550 4827 no no 

s - 39 357 yes yes 

T 6 15 no no 

Use the information in the cable to answer the following questions. 

a) Which substance has the lowest meltin g point? (1) 

b) Which substance is a liquid at room temperature (20°C)? (1) 

c) Which substance is a metal? Explain your answer. (2) 

d) Which substance has a giant covalent structure? Explain your answer. (2) 

(Total for question= 6 marks) 

Student 1 response -.ir., •: •' Marker comments and tips for success 

a) so The melting point of S (- 39 °C) is the smallest negative number, but remember that 
with negative numbers, the larger the number the lower the value. 

This is a gas, not a liquid. For a substance to be a gas at room tern pe rature of 
b)T O 20 °C, the boiling point must be more than 20 °C and the melting point less. Read 

the data very carefully. 

In a question like this e,{ery column of data has a purpose. You need to look at two 

c) Q, or it co,.dvctr electrici-ty. 0 pieces of data, not one. To be a metal the substance must conduct as both a solid 

and as a liquid. 

1 mark for the correct substance. For the second mark you need to explain using 

d) R t/1 or it ca""ot co,.,dvct electrici-ty. 
two sets of data. Read the table headings carefully and decide which data to use. It 
can help to read the questions and then go back to the table. Use what you know 
about key terms I ike ionic and covalent to help understand the data. 

Student 2 response •••1•:, . . .... .. Marker comments and tips for success 

a) Pt/ Correctly identifies -114 °C as the lowest melting point. 

b) s t/ Correct choice. 

C) S t/1 or metalr co,.,dvct electriciiy or bot/, 
You do not have to memorise data, but you must know the key features of each type 
of substance and be able to find it in the table, e.g. metals conduct electricity as 

rolidr a,.,d l;qvid. t/ 
both solids and liquids, and are usually sol ids at room temperature. 

d) R, t/ or it I.or S.i9/, melti,.,9 a,.,d boili,.,9 A clear answer which uses information from more than one column of the table to 

poi,.,tr, a,.,d doer,.,'t co,.,dvct electriciiy, t/ ro choose the substance and explains the choice using known properties of covalent 
itmvrt be covale,.,t i,.,itl, a cryrtal lattice. substances. 



Practice questions 
2 The table shows some information about two substances, chlorine and sodium 

chloride. Use information from the table to help you answer these questions. 

Data analysis 

Property Chlorine Sodium chloride 

melting point I °C -1 0 1 808 

boiling point I °C - 34 1465 

solubility in wafor I grams/I itre 7 8 15 

electrical conductivity as a liquid poor good 

electrical conductivity when dissolved in water poor good 

structure at room temperature (20 °C) Oo Qo O···· . ...... ··0- .•.•. • 
, , . ,' . , , ' ," . 

, t , I I I , ' 

,, , , : ,' : , , : ,,' : 

Qo 
ff ---- i -Q'----:- -.'-- --:--o' : 

'\) : .. .. :-, ...... <> ~~ ...... .,. .. ~ ....... ,o 
o ; t I , I I , I I ; I 

0 : ,...,,. : : ,,' : : ,/' : : ,-' : 
0 Cf---- ;_. : ___ :_-0'----~-,,, : 

00 
: ,o- -:----Jt- -:- ---,0-,----, 

~ 
: ,,' : ,,' : ,," : ,,' 
I , ; ' ,' I ; I , , 

• ···· ··O ••••• • ····· -6 

a) Which of the two substances has ionic bonding? Give two pieces of 
information from the table co support your answer. (3) 

b) Explain, using information from the table, the differences in solubility 
of sodium chloride and chlorine. (2) 

c) Explain, using information from che diagrams, why sodium chloride has 
a high melting point and chlorine has a low melting point. ( 4) 

3 The table shows the formulae, boiling points and bonding in the chlorides 
of some elements. 

Atomic number 
of element 3 4 5 6 7 8 9 10 

Formula of chloride LiCI BeCl2 BCl3 CCI, OCl2 none no chloride 

Boiling point of 1382 547 13 76 71 2 - -
chloride I °C 

Bonding ion ic covalent covalent covalent - -

a) The element with atomic number 7 has symbol N. Suggest the formula 
ofics chloride. (1) 

b) Suggest the type of bonding in BCh. Explain your answer. (2) 

c) Describe the trend in boiling points of the chlorides. (2) 

d) Stace the atomic numbers of the metallic elements. ( 1) 

e) Explain why the element with atomic number 10 has no chlorides. (2) 

f) If chlorine makes an ion with a charge of -1, what is the charge on the 
ion of element with atomic number 3? Explain your answer. (2) 



1 Principles of chemistry 2 

4 Carbon is an element that can exist in several different forms. The cable gives 
some information about two of these forms, diamond and graphite. 

Property Diamond Graphite 

melting point/ °C 3550 3727 

number of C- C bonds per atom 4 3 

electrical conductivity poorr good 

uses used to cut very hard substances used as a high temperature lubricant 

structure r ~ ,,;.,, I 

ii Ii· ·! i Ii: ii ,~· ... 
-~~-~-·l. ~ ' ' !;i-:• .. , .. , --~ ' .. ' . . ' .--~l-i .•. -~--~ ..... .... ' ' I, ''I 'I ' ' " I 'I ' " ' ,,:,•i .... ..... .... 

~ •-·~·-..• ' • ' 

a) Use information in d1e cable to suggest why diamond and graphite both 
have high melting points. (3) 

b) Use information from the table co explain why diamond is used to cut glass. (2) 

c) Use information in the cable to explain why graphite can be used as a high 
tempera ture lu bricanc. (3) 

d) Use information in the cable to suggest why diamond does not conduct 
electricity, but graphite does. (4) 



Using the Periodic Table 

II Using the Periodic Table 

Example 
1 This is an outline of the Periodic Table. The letters below represent elements, but 

are no t their chemical symbols. 

D 
~ 

M 

N L 

K 

J 

a) Which elements are in the same period? 

b) Which element is a transition metal? 

c) What is t:he charge on an ion of element L? 

d) Which element is very unreactive? Explain why. 

(1) 

(1) 

(1) 

(2) 

(Total for q uestio n= 5 marks) 

Student 1 response -........... Marker comments and lif>s for success 

a ) L a,,d N II' Clearly identifies elements in the same period (row). 

b)M O M is a noble gas; K is the transition metal. Remember that the transition 
metals are in the middle block of the table. 

c ) ,,e9anve II' Negative gains the mark, but you should mention how many negative charges, 

as some elements have two negative charges. 

d) M II' This gains both marks, but a, better explanation would refer to a full outer 

It har ,,a ovter electro,,r to vre to react II' 
shell of electrons instead of no outer electrons. 

Student 2 response "'11"1Jf; JII'~·--, Marker comments and tii,s for success 

a ) L a,,d J 0 The answer confuses periods (rows) with groups (columns) 

b) K II' Correctly locates the transition metals in the middle block of the Periodic 
Table. 

c) - II' The mark is gained here as there is only one minus charge. 

d) M II' 1 mark for identifying the unreactive noble gas. The explanation is poor, but 

It hara f1;II 111<tec i:bell 11£ electi:1101: II' te.1:e<1.c.t. 
gains the mark Noble gases do not react as they have fu II outer shells. 

Jcl.ith., 



2 Chemistry of the elements 

Practice questions 
2 This cable shows the electronic configurations of several elements. 

Element Electronic configuration 

A 2,8 

B 2,8, 7 

C 2, 8, 1 

D 2,6 

E 2, 1 

a) State an element in the cable which will be a non-mecal. (1) 

b) Which element in the table will be very w1reactive? (1) 

c) State the element that will have an ion with a 2- charge. (1) 

d) Which two elements will have similar chemical reactions with water? ( 1) 

e) Element Fis directly beneath elemenc Din the Periodic Table. Write ics 
electronic configuration. ( 1) 

f) Use the Periodic Table co help you name element D. (1) 

3 Use information from the diagrams below and the Periodic Table to help you 
answer this question. 

a) Name an element with two more outer electrons tl1an magnesium. (1) 

b) Name an element that has the same number of oucer electrons as calcium, 
and is heavier. ( 1) 

c) Name the element that has three fewer electrons than argon. (1) 

d) Explain why argon is very w1reactive. (1) 

e) A calcium ion has the same electronic configuration as an argon atom. 
Explain why. (2) 



Using the Periodic Table 

4 The table shows the formulae, and pH of the aqueous solution of the oxides of 
elements in the same period of the Periodic Table. 

5 

Element sodium magnesium aluminium silicon phosphorus sulfur 

Formula of oxide Na20 MgO Al20 3 Si0 2 P,06 S02 

pH of aqueous solution 14 11 insoluble insoluble 2 1 

a) Describe how the pH of the aqueous solution of oxides changes across the 
period. (3) 

b) What does the cable show about the oxides of elements in the middle of the 
period? (1) 

c) Use information in the cable to suggest a method of recognising a 
non-metal element using its oxide. (2) 

d) Suggest the likely pH of the aqueous solutions of the oxides of these 
elements: 

i) nitrogen 

ii) bromine 

iii) lithium 

iv) germanium. 

Sodium oxide forms an alkaline solution when dissolved in water. Sulfur oxide 
forms an acidic solution when dissolved in water. 

a) i) What cype of element normally has alkaline oxides? 

ii) Use the Periodic Table co name a different element that has an alkaline 
oxide. 

iii) What cype of element normally has acidic oxides? 

iv) Use the Periodic Table co name a different element chat has an acidic 
oxide. 

b) i) What type of element normally conduces electricity? 

ii) Use the Periodic Table co name a different element that conduces 
electricity. 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

chlorine argon 

Cl20 no oxide 

over 3 no oxide 



2 Chemistry of the elements 

II Using electronic configurations 

Example 
1 Sodium is a metal in Group 1 of the Periodic Table. Sodium's atomic number 

is 11. Sodium reacts violently with water. 

a) What is the electronic configuration of a sodium atom? (1) 

b) Describe what you would observe during the reaction of sodium wich water. (4) 

c) Balance the chemical equation for the reaction of sodium with water. (1) 

_ Na(s) + _ H20(l) ~ _ NaOH(aq) + _ H2(g) 

d) Explain, in terms of the arrangement of electrons in the atoms, why the 
reactivity of the metals with water increases down Group 1. (3) 

(Total for question= 9 marks) 

Student 1 response- ~ Marker comments and tips for success 

a) 2,8 0 This is the electronic configuration of the ion, not the atom. 

b) JtJJMti t/ 4rid fuli.t t/ <lr<>vrid. The Two points gain 2 marks. The answer then describes the water turning blue, 
watertvrri, blve, arid the lvmp everitvally rem em be red from a demonstration as the sodium hydroxide made reacted with 
.!fo'E2£.'t."..!.l:· universal indicator. This is correc~ but the question does not mention an indicator. No 

mark for 'disappear' - the sodium reacts. 

c) 3Na(r) + 3th0(1) -t 3NaOH(aq) + 3Hi(9) 0 This is not balanced. There are only six hydrogen atoms as reactants but 
nine hydrogen atoms as products. 

d ) There are ,.,ore electrorir. for irirtarice The question wanted electronic arrangements, not number of electrons. There is 
lithivm har three electrorir arid rodivm 11. 1 mark for the increasing distance of the electrons from the n udeus. The other 
Thir mearir thatthey are earierto lore ar 2 marks are for explaining how the attraction to the positive nucleus lessens owing 
they are f1o1ct!i1:c gla(g~ fo1o::i :tbi: c1o1cl1:1.1~ t/ to more shells, which makes the outer electron easier to lose. 
or there are more electrorir. 

Student 2 response 'i1;ffll mi) Marker comments and tips for success 

a) 2, 8, 1 v You can either draw the electron shells, or just give the correct numbers to gain the 
mark. Drawing the shells means you can count up the electrons at the end to check 
you have 11 . 

b) The rodivm ~ t/ arid ;twnf into a ball t/. Good description worth 3 marks. Mention of the evidence for a gas would gain the 
It mover arovr,d 9ettiri9 rmaller ar it final mark. The word 'dis appears' is used, but in this case it is associated with getting 
!ttdI. t/ wit/., the water. Everitvally it smaller through reaction. 
dirappearr. 

c) ~Na(r)+ ~HiO(l)-t ~NaOH(aq) + 3Hi(9) 0 The balancing is tricky here. Always start with the metal, then the other elements, 

leaving oxygen and hydrogen to be last. It shou Id be 2 H2o 

d) Ar yov 90 dlowri the 9rovp there ir a frerh The answer clearly refers to the electron arrangements with two examples. Using 
e lectro.., rhell, e.9. Na har 2, 8, 1, arid I<. the symbol rather than the name for the elements saves time in making the answer. 
hM 2, 8, 8, 1. Thir e.xtl'll rhell inoeom tbe The answer clearly refers to the effect of more shells, and the lessening attraction of 
dirtan,e fro~ :tbe o!iJ:.er ele,tron t o t ht the nucleus on the outer electron. 
nvdevr v , makiri9 the ovter electror, 
lt(f attra ,ted t o :tbe nv,levr v, ro the I<. 
e lectro.., ir .Iocr mOrt> 1>a<ilv V thari ff,e Na. 



Using electronic configurations 

Practice questions 
2 The table below shows the atomic number, electronic configuration, and the relative 

distance of the outer electron from the nucleus of some elements. 

Group 1 element Atomic number Electronic configuration 

lithium 3 

sodium 11 2, 8, 1 

potassium 19 2,8,8, 1 

a) What is the electronic configuration of lithium? (1) 

b) Describe the relative reactivities of che three elements. (2) 

c) Describe the trend of the relative distance of the outer electron to the 
nucleus in comparison to the atomic number. (1) 

d) Rubidium is in the same group of the Periodic Table. Suggest its reactivity 
in comparison co potassium. 

e) Explain, in terms of the arrangement of electrons i.n the atoms, the 
differences in reactivity down the grou p of elements. 

3 The diagram shows the electronic configuration of a chlorine atom. 

® 

(1) 

(3) 

a) Draw a similar diagram to show the electronic arrangement of fluorine. (2) 

b) Bromine and iodine are elements i.n the same group as fluorine and chlorine. 

i) Scare the group number of this group. 

ii) Scare the number of outer electrons in a bromine atom. 

c) Fluorine is a more reactive element than chlorine. Suggest which of the 
elements in each pair will be most reactive. 

i) chlorine and bromine 

(1) 

(1) 

(1) 

ii) bromine and iodine (1) 

iii) Explain your answers to pares i) and ii) in terms of the reactivity of 
Group~ ~) 

4 When chlorine gas is bubbled through sodium bromide solution the 
colourless solution turns orange. 

a) Why does the solution turn orange? 

b) Complete the ionic equation for the reaction. 

Ch(g) +_ Br- (aq) ~ ___ (aq) + ___ (aq) 

(1) 

(2) 



2 Chemistry of the elements 

c) What is the electronic configuration of: 

i) a chlorine acorn (1) 

ii) a chloride ion? (1) 

d) Explain in terms of electrons how the chlorine acorns become chloride 
ions during the reaction. (2) 

5 A student dissolved some hydrogen chloride gas in water co make some 
hydrochloric acid. The student knew that the hydrogen chloride gas could 
not conduct electricity, and was surprised to find that when dissolved in 
water it now conducted electricity. 

a) Draw a doc and cross diagram to show the arrangement of electrons in 
hydrogen chloride. You should show only the outer electrons of each atom. (2) 

b) Complete the equation to show what happens when hydrogen chloride 
dissolves in water. (2) 

HCl(g) ~ ___ (aq) + ___ (aq) 

c) Explain in terms of the arrangement of electrons what happens to: 

i) the hydrogen atom in hydrogen chloride when it dissolves (1) 

ii) the chlorine acorn in hydrogen chloride when it dissolves. (1) 

d) Explain why the solution of hydrochloric acid can conduce electricity but 
liquid hydrogen chloride cannot. (3) 

6 a) Copy and complete the cable about Group 1 and 7 elements. (S) 

Appearance at Electronic configuration Electronic configuration 
Element room temperature of the atom of the ion. 

lithium dul I grey sol id 2, 1 

fluorine colourless gas 2,8 

sodium I ight grey solid 2,8 

chlorine 2,8, 7 

potassium dark grey solid 2,8, 8, 1 

b) Explain why the electronic configuration of a sodium ion is the same as 
chat of a fluoride ion. (2) 

c) Explain, in terms of the arrangement of electrons in the atoms, why 
potassium is more reactive chan lithium. (3) 



Charges, chemical formulae and equations 

II Charges, chemical formulae and equations 

Example 
1 A student used the apparatus below to investigate the percentage of oxygen in air. 

The copper was heated and reacted with the oxygen in the air to make copper oxide. 

copper 

~ '------~l __.._'f_"_'"-~-+~-1"_"'_"~_~"_'''_~_""_'"~·1~: =~x~x~xg~, ~~~x~g~~:~r_"''_"i_"'_''"-·t_"'_'"'_l _"''_"~_l"_"''_·:~_1.---11 ...... ~ 
7 heat 

air 

The 100 cm3 of air in the apparatus was passed repeatedly over the hot copper until 
no further loss in volume occurred. The apparatus was allowed to cool and the 
volume of air remaining was found to be 79 cm3

. 

a) Write a chemical equation for the reaction between copper and oxygen. (2) 

b) Calculate the percentage of oxygen in the air. (2) 

c) The copper has reacted with the oxygen. What name is given co the type of 
change when a substance gains oxygen? (1) 

d) Stace in terms of electrons what happens when a copper atom becomes a 
copper ion. (1) 

(Total for q uestio n= 6 ma rks) 

Student 1 resl)onse "ii:1t1I 01:l Marker comments and tips for success 

a) c,., + 0 ~ c,.,o 0 The formulae for Cu and CuO are correct, but O should be 02- You must reme mber the 

elements that have diatomic molecules. 

b) 7'1% 0 The question has not been read properly. The 79 cm3 is the volume of gas at the end after 

the oxygen has been removed. This loses lboth marks, as there is no indicatio n that the 

student knows how to calculate a percentage. Always show your working. 

c) oxidatio,.. v' You need to remember that oxidation is when a substance gains oxygen. 

d) Tt,e copper lorer electro,..5. 0 This is w hat happens, but the answer doesn~ relate the charge on a copper ion (Cu2+) to 

the number of electrons lost You should re member the charges on copper, zinc and iron, as 

these a re hard to work out from the Periodic Table. 

Student 2 response ~ Marker comments and tips for success 

a ) 2Cv(r) + 0 1(9) ~ ZC,.,O(r) v'v' Both formulae and balancing are correct, and gain the marks. The answer inc ludes state 

symbols, but these are not needed unless asked for in the question. 

b)100 - 7'1 = 21 v' The answer shows a clear understanding of how to calculate the volume of oxygen and 

21 
then the percentage in the air. 

-- x100 = 21% 11"' 
100 

C) oxidiratio,.. v' Make sure you spel I technical words correctly. On this occasion it doesn ~ matter, but for 

very similar technical words you would lose the mark for incorrect spelling. 

d ) Tt,e copper atom /.,a5 lortfyto A clear description of what has happened in terms of electrons. You could also describe 
ele.,j:ro~t v' to become a,.. io,... this using a half-equation: Cu2+ + 2e- ~ Cu 



2 Chemistry of the elements 

Practice questions 
2 Magnesium powder was used in early photography to provide flash lighting. 

When burnt the magnesium powder reacted with the oxygen in the air 
producing large amounts of bright white light. 

a) Complete the chemical equation for the burning of magnesium in air. (2) 

_ Mg(s) + 02(g) ~ __ _ 

b) The magnesium has reacted with the oxygen. What name is given to che 
cype of change when a substance gains oxygen? ( 1) 

c) State in terms of electrons what happens co an oxygen atom when it 
becomes an oxygen ion. ( 1) 

d) Magnesium can also burn in carbon dioxide gas, producing dense black 
smoke. 

_ Mg(s) + ___ ~ ___ + C(s) 

i) Complete the chemical equation for the burning of magnesium in 
carbon dioxide. (2) 

ii) Which substance will be the dense black smoke? (1) 

iii) The carbon dioxide has reacted with the magnesium and lose oxygen. 
What is the name given to the cype of change when a substance loses 
oxygen? (1) 

3 Sulfur is present in diesel fuels. When che fuel is burnt inside a diesel engine 
the sulfur reacts with oxygen co form sulfur dioxide (S02) gas. 

a) Use the Periodic Table co find the charge on an oxygen ion. (1) 

b) Write a chemical equation for the reaction of sulfur with oxygen. (2) 

c) The oxygen has reacted with the sulfur. What is the name given to the 
cype of change when a substance gains oxygen? (1) 

d) Explain why sulfur dioxide is an atmospheric pollutant. (2) 

4 A student was interested in finding the percentage of oxygen in air. The 
student placed some iron wool in the bottom of a glass measuring cylinder 
and then inverted it over water as shown in the diagram. After a week the 
water level inside the cylinder was at the 40 cm3 mark. 

air 

a) Copy and complete the equation to show how che iron reacted with the air. (2) 



Charges, chemical formulae and equations 

b) What is the charge on the iron ion in c:he iron oxide in the equation? (1) 

c) Calculate the percentage of oxygen in the air. (2) 

d) The iron has reacted with the oxygen. What is the name given to the type 
of change when a substance gains oxygen? (1) 

e) There is a second type of iron oxide with the formula Fe 0. What is the 
charge of the iron ion in FeO? (1) 

f) State, in terms of electrons, what happens to the iron atom in FeO when it 
becomes an iron ion. (1) 

5 Zinc carbonate (ZnC03) can be converted to zinc oxide by strongly heating 
che zinc carbonate. 

a) Name the gas chat is released when zinc carbonate is converted to zinc oxide. (1) 

b) Explain how the gas released may concribuce co climate change. 

c) Copy and complete the equation to show the conversion of zinc 
carbonate to zinc oxide. 

ZnCOl{s)-t ____ + ___ _ 

d) The oxygen in zinc oxide can be removed if the zinc oxide is heated 
strongly with carbon. 

i) Name the gas chat is produced. 

ii) The carbon gains oxygen so it is oxidised. What is the name given to 

(2) 

(2) 

(1) 

the type of change when a substance loses oxygen? (1) 

iii) What is the name we give to reactions when one substance gains 
oxygen, and another substance loses oxygen? (1) 

6 a) Copy and complete the chart below to show the composition of air. (3) 

Gas Percentage in air 

2 1 

nitrogen 79 

carbon d ioxide 

0.98 

water vapour variable 

b) Give two reasons why the percentage of water vapour in the air is variable. (2) 

c) Magnesium is easily oxidised co magnesium oxide. 

i) Write a chemical equation for the reaction. 

ii) Name the substance chat is oxidised. 

(2) 

(1) 



2 Chemistry of the elements 

II Practical work 1 

Example 
1 A student visits his local graveyard. He sees several headstones made from 

different materials. 

He notices that the older gravestones have been corroded by acid rain. It 
appears to be worse for tombstones made from marble (calcium carbonate). 

The student thinks the marble corrodes faster in acid rain than other types 
of scone. 

a) Describe an experiment that the scudent could do co test his idea. (5) 

b) Acid rain reacts with calcium carbonate to produce carbon dioxide. 

Describe a test co identify chat the gas produced is carbon dioxide. (2) 

(Total for q uestion= 7 marks) 

Student 1 response ..... ,.: Marker comments and tips for success 

a) Collect five or rix differentfyper of rtone ured in This answer clearly describes how to carry out a test that will 
headrtone,, ,vch ar 9ranite, ,andrtone, marb-le, lime,tone. produce reliable resu Its. The control variables are al I correctly 
\.lei9h each ram pie V and place in a beaker .containing identified; a sensible method of speeding up the eiqperiment is 
50 en} of a·cid rain. V Thir covld be qvite di!vte rvlfvric given that contro ls the concentration of the acid rain. There is a 
acid to act a, the acid ,o that the reaction i,.,ill be farter 
than happenr i n 9raveyard1 ,owe covld get re,vltr qvite clear strategy fo r making the resu Its for each stone comparable. 

,oon. Pvt a ,econd piece of marble in beaker coritairiiri9 
pvre water or a control. V Leave the beakerr for a few day,, 
,vch ar a w·eek. V Remove and war!, the ,toner, dry them 
and re·wei9h them. V find the percenta9e noar, lo,t by 
each ,tone. 

b ) Collect and rhake tt,e 9ar with rome limewater. V If the Good description. The answer also uses the correct scientific 

901 ir carbon dioxide, tt,e limewoterwill prodvce a white word, 'precipitate' for the white 'cloudiness' that appears in the 
precipitate. V solution. 

Student 2 resi:,onse .... ,.: ,,di Marker comments and tips for success 

a) Pvt a different rtone in revera l tertn..ber. Cover each ,tone This is a poor method that gives insufficient explanation. You need 
with ,ome acid rain. V Leave them for a week, then look at to give a description of how to control the key variables of mass/ 
the rtoner to ree which har corroded mo,t V To make it a size of stone, not the volume of acid rain. Looking to see which 
fairtertyov covld keep tt.e tvber in the ,ame place in yovr has corroded most wil I not give results that can be compared, as 
lob. 

there is no attempt to either explain how you would tell which has 

corroded most or measure it. Wherever possible you shou Id devise 

a method of measuring the change that allows for a comparison. 

In this case the easiest is to use the change in mass. The fair test 

statement is really about control measures, but is not in enough 

detail to gain any marks. 

b) U,e limewa-ter When describing how to do a test, you should mention how to do 

it as well as the chemical(s) needed, with the positive result you 

would expect from the test. 



Practice questions 
2 A student wanted to find out how easily different metal carbonates decomposed on 

heating. 

He placed a sample of a metal carbonate into a test tube and heated it. The carbon 
dioxide given off was collected in a measuring cylinder as shown. 

metal carbonate 

t 
heat 

0 

0 

0 

carbon dioxide 

---+-- water 

He heated t hree other metal ca rbonates in tum and measured the volume of carbon 
dioxide gas produced by 3 minutes of heating. 

The results. are given in the table. 

Metal carbonate Volume of gas produced after heating for 3 minutes I cm3 

sodium carbonate 5 

zinc carbonate 120 

copper carbonate 165 

magnesium carbonate 75 

a) Use the results to identify, with a reason, which metal carbonate 
decomposed most easily. (2) 

b) Stace two d1ings chat the student must do to make sure the experiment 
is valid. (2) 

c) The student was warned about d1e danger of'sucking back'. Explain what 
this is, and how to avoid it. (2) 

3 Marsha has been told by a friend chat carbon dioxide is used as a fire 
extinguisher because it is heavier than air. This means that the carbon 
dioxide can cover the fire and prevent oxygen reaching the fire. 

Marsha always thought carbon dioxide was lighter than air. 

a) Describe an experiment that Marsha's friend could do to prove to Marsha 
that carbon dioxide is heavier than air. (4) 

b) Write a chemical equation to show how carbon dioxide can be made by 
the reaction of calcium carbonate (CaC03) and dilute hydrochloric acid 
(HCl(aq)). (2) 

Practical work 1 



2 Chemistry of the elements 

4 A student visited a museum and looked at some old metal sculptures. The student 
noticed chat some sculptures were more corroded than others. She thought this was 
because some metals are more reactive to acids in rainwater than others. 

a) Describe an experiment that the student could do co test her idea. 

b) Describe a physical test the student could do co show that rain water is 
not pure water. 

5 a) Copy and complete the table below about the reactions of some elements 
with oxygen in the air. 

(S) 

(2) 

The first line has been completed. (6) 

Observations during pH of aqueous Is the oxide an 
Element reaction solution of oxide acid or a base? 

calcium burns with a red glow 13 base 

carbon 

magnesium 

su~ur 

b) Describe how the results in the cable can be used to decide if an elem ent 
is a metal or a non-metal. (2) 

c) Describe a test you could use co show that the solution of calcium oxide 
was made with water as the solvent and not a different solvent. (2) 

d) Describe how you could test a liquid co show it was pure water. (2) 



Practical work 2 

II Practical work 2 

Example 
1 Gypsum is used to make plaster for house walls. The ions present in gypsum 

can be identified using chemical tests. 

A student carried out a flame test on some gypsum. It burned brick red . 

a) N ame che positive ion chat is present in gypsum. (1) 

The student then dissolved some gypsum in water and tested the solution to 

see if it contained chloride ions. 

b) Describe how you would test for the presence of chloride ions. (3) 

c) The test for chloride ions did not work. The student t hen tested the 

gypsum for sulfate ions and obtained a positive result. Describe how the 

student tested for sulfate ions. (3) 

d) Write the chemical formula for gypsum. (1) 

(Total for q uestion= 8 marks) 

Student 1 resi:,onse - - -•••1 •-1 • •r•!I Marker comments and tips for success 

a) calcivm t/ Correct ilame test colour for calcium. 

b) Add t il'£.<:.r_,;ii1:ta.JsJP!0:i~~· t/ A The addition of dilute nitric acid has been forgotten, so 1 mark is lost With the tests for 

cJ,loride wiM prodvce a \:'bite cloyd halogen ions you always add dilute nitric acid to make sure there are plenty of nitrate ions to 
i,.. tJ,e water. t/ react. There is 1 mark for the silver nitrate and 1 mark for the white 'cloud: altlhough solid or 

precipitate wou Id be much better descriptions. Remember to use the correct scientific words. 

c) Add batilla:i cbllltide tlllllii/lo. t/ A 1 mark is lost for forgetting to mention addling dilute hydrochloric acid. With barium chloride 
rvlfate will prodvce a \:'bite cloyd you need to add di lute hydrochloric acid to ensure enough chloride ions for a positive resu It. 
i,.. tJ,e wate,. v Remember that you add the same acid that makes the salt of the chemical you are adding to 

the unknown solution. 

d ) Ca50, t/ The two test results have been used to corirectly identify the ions and the forrrnula is correct 

Student 2 response "i?ffll M:1 Marker comments and tips for success 

a ) litl,ivm 0 Lithium is deep crimson, not brick red. You 1need to learn the flame test colours for u•, Na•, 

K· and Ca2• . 

b) Add rome dilvte J,ydrochloric This is a poor description of the test for carbonates. The question wanted the test for a 
acid. It will fizz. 0 chloride. You must learn the tests for sulfate, carbonate and halide ions. To get 3 marks you 

need to give both correct chemicals and the positive result 

C) A<l.d.t.ilw-.ni:tr.llt.eJ.1110:i~o.. ~ For practicals involving identification of ions and gases you have to know the tests. Here the 

~c'->-d1.£ct a k!hitc £wi ~.:o£i'2o-t/ solution to be added is wrong, but the description of the positive result gains a mark. 

d) LiSO, This forrmula is wrong. Writing Li~O, would have gained the mark under the error carried 

forward rule. Always check the charges on ions so you get the correct formula 



2 Chemistry of the elements 

Practice questions 
2 Ammonium carbonate {(NH4)zCO,) is sometimes called baker's ammonia. le is 

used as a raising agent in bread and cake, and is present in some baking powders. 

a) Describe how you would test a solution of baker's ammonia for the 
presence of carbonate ions. (3) 

b) Describe how you would test a solution of baker's ammonia for the 
presence of ammonium ions. (3) 

c) Use the Periodic Table to help you calculate the relative fonnula mass of 
baker's ammonia. (2) 

3 Bordeaux mixture is used as a fungicide. le is made from a mixture of calcium 
hydroxide {Ca(OH)i) and copper sulfate {CuS04). 

a) Describe how you would test a solution of Bordeaux mixture for the 
presence of copper ions. (2) 

b) Describe how you would test a solution of Bordeaux mixture for the 
presence of sulface ions. (3) 

c) Copper ions give a green flame test result. Suggest why it is not possible to 
show the presence of calcium ions in Bordeaux mixture using a flame test. (2) 

4 Potassium bromide (KBr) is used in some medicines. To show the presence 
of potassium bromide in a medicine you have co test for potassium and 
bromide ions. 

a) Describe how you would test a solution of a medicine for the presence of 
bromide ions. (3) 

b) Describe how you would test a solution of a medicine for the presence of 
potassium ions. (3) 

c) You can use the same test for iodide ions as for bromide ions. What would 
you expect the resulc to be for iodide ions? ( 1) 

5 A chemical factory that uses hydrogen, oxygen, ammonia and chlorine gases 
has been badly damaged by a falling tree. The room where the gases are stored 
has filled with gas from a leaky gas cylinder. The emergency response team has 
asked you to identify which gas has escaped. 

a) Describe how you would test the gas to decide if it was chlorine or ammonia. (3) 

b) Describe how you would test the gas to show it was oxygen. 

c) Describe how you would test the gas co show it was hydrogen. 

6 A teacher in a laboratory has made up some iron(II) sulfate solution for use 

(1) 

(1) 

in the laboratory later on in the week. When the solution was used, the experiment 
failed to work. One of his colleagues looked at the solution and told him that 
the solution contained iron(III) ions, nor iron(II) ions. 

a) Describe what the teacher should do to check the solution contains 
iron(III) ions. (2) 

b) Describe what the teacher should do to check the solid used to make the 
iron(II) sulface solution contains iron(II) ions. (3) 

c) Explain, in terms of electrons, che difference between an iron(II) ion and 
an iron(III) ion. (1) 



Data analysis 

II Data analysis 

Example 
1 The following table shows the reactions of five metals A - E with water and dilute 

hydrochloric acid. 

Metal Reaction with water Reaction with dilute hydrochloric acid 

A no reaction no reaction 

B bl!lbbles of gas form on the metal surface produces large volume of gas 

C no reaction produces bubbles of gas 

D floats and rapidly produces bubbles of produces large volume of gas 
gas 

E no reaction produces bubbles of gas slowly 

a) Metals B, C, D and E produce a gas. Describe the chemical test for this gas. (1) 

b) Write the letters of the metals in order of their reactivity. Start with t he 

most reactive metal. ( 4) 

c) One of the metals is copper. Which metal is this? (1) 

(T o tal for q uestio n= 6 m arks) 

Student 1 response ~ffi=l Marker comments and tips for success 

a) Ure limewater. It will tv,,, clovdy This is the test for carbon dioxide gas. Make sure you know the gases given off by 
white. 0 metals and carbonates with acids and the tests for each gas. You should know that the 

gas here is hydrogen, so the test shou Id be the test for hydrogen. 

b) D, B, E, C, A Only three metals are in the right order. Use the reaction with water to get a starting 
t/ t/ II' order, and then use the reaction with acid to order the metals that didn't react with 

water, or have the same description in the water column. Read the descriptions 
care fully as often only one word is different or extra to show the order. 

C) £0 A is copper. Copper is very unreactive, and wil I only react with concentrated acids. 

Student 2 response -- ----ml.!"~ Mark.er comments and tips for success 

a) Collect rome i,, a terttvbe, add a 1 mark for describing the correct test for hydrogen and the positive result 
flami,i9 rpill a,,d it rhovld bvr,i with a 
'pop'. t/ 

b) A, E, C, B, D 1 mark only. The order is correct but the metals are written with the /east reactive first. 
t/ This means only the middle one is correct Make sure you complete I ists like this as the 

question asks. The answer loses 3 marks it could have gained. 

c) A v Correct. You should remember that un reactive metals such as copper and lead do not 
react with acids. 



2 Chemistry of the elements 

Practice questions 
2 A student wanted to find out the reactivity of four metals: magnesium, copper, iron 

and zinc. The student reacted each metal in turn with solutions of the other metal 
sulfate and observed what happened. Here are the results: 

Metal 

Solution Magnesium Copper Iron Zinc 

magnesium sulfate X no reaction no reaction no reaction 

copper sulfate blue colour fades X blue colour fades blue colour fades 

iron sulfate green colour fades no reaction X green colour fades 

zinc sulfate silver magnesium goes no reaction no reaction X 
grey 

a) Explain why some results boxes have an X in them. (1) 

b) What is the name given to the type of reaction where one metal removes 
another metal from its salt? (1) 

c) Which metal is most reactive? Explain your answer. (2) 

d) Which metal is least reactive? Explain your answer. (2) 

e) Write a chemical equation for the reaction of magnesium with iron sulfate 
(FeS04) with state symbols. (2) 

3 Bromine, chlorine, and iodine are known as the halogens. They can all be 
dissolved in water to make bromine water, chlorine water and iodine water. 

A student wanted to investigate which of the three halogens was most reactive. 
She reacted each colourless halogen water with solutions of sodium chloride, 
sodium bromide and sodium iodide. She noted any colour changes and 
recorded her results in a chart. 

Colour of solution after adding halogen water 

Solution Chlorine water Bromine water Iodine water 

sodium chloride colourless colourless 

sodium bromide orange colourless 

sodium iodide brown brown 

a) Name, if any, the solutions that reacted with bromine water. (1) 

b) Name, if any, the solutions that reacted with iodine water. (1) 

c) Use information from the table to list bromine, chlorine and iodine in 
order of their reactivity with each other. Place the most reactive fuse. (1) 

d) Chlorine water reacts with sodium bromide solution. Write a word 
equation for the reaction. ( 1) 

e) Chlorine water reacts with sodium iodide. Copy and complete the ionic 
equation for the reaction. (2) 

Clz(aq) + _ J-(aq) ~ ___ + __ _ 

f ) Explain in terms of electrons the reaccion between bromine water and 
sodium iodide. (2) 

4 Displacement reactions between metals and metal oxides can be useful. The 
reaction of iron oxide (Fe20 3) with aluminium metal can be used co weld 
metal railway tracks together. 

_ Al(s) + Fe203(s) ~ ___ + __ _ 



a) Copy and complete the equation for the reaction. 

b) This is an example of a redox reaction. 

i) Name the substance that is oxidised. 

iii) Name the oxidising agent. 

c) Here is some information about the displacement reactions between the 
metals aluminium, copper, sodium and zinc. 

(2) 

(1) 

(1) 

Data analysis 

Metal Metal oxide Does the metal displace the other metal in the metal oxide? 

sodium aluminium oxide yes 

zinc copper oxide yes 

copper aluminium oxide no 

aluminium zinc oxide yes 

i) List the four metals in order of reactivity. (3) 

ii) What other piece ofinformation would you need to be able to place 
iron in your order of reactivity? (1) 

iii) Explain your answer to part ii) (1) 

5 A student wanted to find the order of reactivity of the first three Group 1 
and che first three Group 2 mecals. 

The student reacted all the metals with water. Here are the results. 

Group 1 metal Reaction with water Group 2 metal Reaction with water 

lithium floats and produces hydrogen gas beryllium no reaction 

sodium melts, floats and produces hydrogen gas magnesium produces hydrogen gas slowly 

potassium melts, floats, burns with lilac flame and produces calcium floats and produces hydrogen gas 
hydrogen gas rapidly 

a) i) Use the data in the cable to identify the trend of reactivity for both 

~OU~. ~ 

ii) Wrice a chemical equation for the reaction of lithium with water. (2) 

b) The student could not decide on the order of the metals calcium, lithium, 
magnesium, and sodium. To help decide the order, the student decided to 
hear each metal in turn with the oxides of the other three metals. 

Here are the results: 

Reaction with metal oxide 

Metal Sodium oxide Lithium oxide Magnesium oxide 

calcium no reaction no reaction no reaction 

lithium no reaction vigorous reaction 

magnesium no reaction no reaction 

sodium vigorous reaction vigorous reaction 

i) Explain why che student decided to react the metals with the metal 
oxides instead of solutions of the metal salts. (1) 

ii) Use data from the cwo cables to decide on the order of the reactivity 
of the six metals. List them with the most reactive metal first. (5) 

iii) Wrice a chemical equation for the reaction of lithium with magnesium 
oxide. (2) 

iv) Which substance is reduced in the reaction between lithium and 
magnesium oxide? Explain your answer. (2) 

Calcium oxide 

vigorous reaction 

no reaction 

vigorous reaction 



2 Chemistry of the elements 

II Longer-answer questions 

Example 
1 Describe how the apparatus shown can be used to make a pure sample of oxygen. 

Your answer should refer co: 

tt.e chemical5 needed 

why a m ett.od i5 needed to enrvre the 905 collected i5 pvre oxy9eo. (6) 

(Total for question = 6 marks) 

Student 1 response 11a1w ; .... Marker comments and tips for success 

Pvt three or fovr rpatvlar of m..0-9-'\f.£!.Y_"l(JyJ _oJ<l 4t into the You must take care to use the correct chemical, which is 
f/arl<. Ure tJ.e fop fvnnel to add bydro9eo peroxide t/ a drop at manganese(IV) oxide, particularly when the names are nearly the 
a time to tJ,e flark. Thir "'ill make tJ,e oxy9en 9ar. Make rvre same. 
that no air 9etr into tJ,e f/ark tJ,rov9J. tJ,e tap fvnnel, or tJ.ir 
"'ill make the oxy9en impvre. 

The oxy9en 9M "'ill be parrin9 tJ.rov9h the L,,1ater and collect- The answer gives a clear explanation of where the oxygen gas is 
in9 in the 9ar jar. The firrt 9ar jar "'ill c ootaio air t/ from the collected, and why it is not pure. You should aim for this level of 
apparatvr ar well or rome oxygen that har been prodvced ro it clarity in explanations. 
will o<>t l?e e!lre. v 
!2itcard tbe fi"tttl:!o or three 90( jar( t/ of air and oxygen You shou Id give a clear explanation of the reason why an action is 
2efore c ollecJ:ioS a '1ar of Pllre oxy9eo, t/ done, if it is needed by the question. 

Student 2 response .... 11: ., Marker comments and tips for success 

fill tl,e tap fvonel "'ith S.ydro9eo peroxide t/ and add rome Both chemicals are correctly named, although an indication of 
r:r:1Qo9Qoete (llll 11ii:ide t/ to tJ,e flark. quantity would help. Always suggest how much to use. 

Open tJ,e tap B.!>9l.bs_o;<,1,SfD.i0llJ;.O_rat.9.Yt Coll ecttJ,e pvre This answer suggests the oxygen comes out of the tap funnel. 
oxygen in the gar jar. Make sure you read your answer and make sure your meaning is 

clear. The gas comes over to the trough to collect in the gas jar. 

Yov need to make rvre tJ,e 9ar ir pvre otJ,er..,ire yov covldn't The student did ,not read and understand the question. You need 
breatl,e it rafely. to say why the gas wil I not be pure at the start, but wi II be pure at 

the end. Think of possible reasons why the gas might not be pure, 
and how you can overcome these. 



Practice questions 
2 Iron is a metal that reacts easily with water and air to rust. 

Iron is used in many different ways including making railings for fences. 

Iron can be prevented from rusting using grease, paint or galvanising. 

Evaluate the use of grease, paint and galvanising for preventing railings for 
fences from rusting. 

You should include an advantage and a disadvantage of each method in your 
answer. 

3 Potassium sulfate is a compound that can be made by reacting potassium 
hydroxide solution with dilute sulfuric acid. 

potassium hydroxide + sulfuric acid~ potassium sulfate + water 

You have been given a sample of pure potassium sulfate crystals. 

Describe how you would test the crystals to show they contain potassium 
sulfate. 

In your method you should: 

de5cribe, in detail, the chemical te5t5 yov will vre to identify the rvlfate ion 
de5cribe, in detail, how yov will identify the pota55ivm ionr in the potaHivm 
rvlfate 

Longer-answer questions 

(7) 

whatthe expected rervltr of each tertwill be. (6) 
4 Hydrogen chloride is a gas at room temperature 

A student dissolved some hydrogen chloride in water. The solution made 
was acidic. 

The student then dissolved the hydrogen chloride in methylbenzene. The 
solution made was neutral. 

Using your knowledge of hydrogen chloride bonding and dissociation 
explain the student's observations. 

5 A student wanted co investigate the causes of rusting. 

The student set up the following experiment, and left it for one week. 

boiled 
water water (air tree) dry air 

2 3 

Describe the conditions present in each tube, and explain how this would 
enable the student to find the causes of rusting. Stace the resulcs you would 

(5) 

expect co see after a week. (6) 



3 Organic chemistry 

Ill Calculations 

Example 
1 A student investigated a compound similar to ethanol. The student found 

chat this compound contained 59.76% by mass of carbon, 13.33% by mass 
of hydrogen, and that the rest was oxygen. 

Calculate the empirical formula of this compound. (5) 

(Total for question= 5 marks) 

Student 1 response Marker comments and tips for success 

C, 5'1,7', = 'l.'18 0 
12 

//, ~=13J3 0 
1 

Always read the question carefully. This answer does not include oxygen 
in the calculation. As a resu It, the suggested formula is correct for 
carbon and hydrogen, but has no oxygen. On an error carried forward the 

answer gains 2 marks. 

So ratio = 
13·

28 
= 2.1.7 or 1: 2.1.7 or 3: 8 II' 

'l.'18 
So formula ir Ci/ie II' 

Student 2 response Marker comments and tips for success 

0 = 100 - 5'1.71. - 13.33 = 2G..5G. % II' 
C ir 5'1.71. = q.<18 /I ir HJ3 = 1>.33 0 ir Zi..51. = 1.i.G. -~ 

12 ' 1 ' 11. " 

Divide by 1.G.I. II' to 9ive C = 3, Ii = 8, 0 = 1 II' 
formula ir Ci/ieO II' 

1 mark for correctly calculating the percentage of oxygen and 1 mark 
for dividing by the relative atomic masses. Finding the sim pie ratio gains 
1 mark, with the final mark for the correct empirical formula. You shou Id 

try to lay out your calcUJlation answers like this one. Allow a line for each 
step, and clearly state what you are doing. 

Practice questions 
2 A student investigated a compow1d similar to ethanol. The student found 

that this compound contained 37.8% by mass of carbon, 50.4% by mass of 
oxygen, and that the rest was hydrogen. 

Calculate the empirical formula of this compound. 

3 A student investigated a compound containing hydrogen, carbon and 
oxygen. The compound contained 40.0% by mass of carbon, 6.7% by mass 
of hydrogen, and 53.3% by mass of oxygen. 

Calculate the empirical formula of this compound. 

4 A scientist investigated a hydrocarbon with formula mass 112. The 
hydrocarbon had 85.7% by mass of carbon and 14.3% by mass of hydrogen. 

a) Calculate the empirical formula of the hydrocarbon. 

b) Calculate the formula of the hydrocarbon. 

5 A student investigated a compow1d. The compound had 56.8% by mass of 
chlorine, 38.4% by mass of carbon and the rest was hydrogen. 

Calculate the empirical formula of this compound. 

(5) 

(4) 

(4) 

(3) 

(5) 



Structure, properties and reactions of alkanes and alkenes 

II. Structure, properties and reactions 
of alkanes and alkenes 

Example 
1 Methane is che simplest hydrocarbon. The table below shows some information 

about methane molecules. 

Methane Ethane 

molecvlar form via CH• 

dirplayed formvla H 
I 

H- C- H 
I 
H 

dot a,..d crorr d iagram of bo,..di,..9 H 
• x 

H : C ; H 
x • 
H 

rtate at room temperatvre gas 

a) Copy and complete the cable to show the same information for ethane 
as is shown for methane. (4) 

b) What is a hydrocarbon? (1) 

c) Methane and ethane are part of a homologous series. What is a 
homologous series? (1) 

d) Methane bums co produce water vapour. Name the other three possible 
products of the combustion of methane, and state the conditions 
necessary for each product to be made. (3) 

(Total for q uestion= 9 marks) 

Student 1 response ~ .;m Marker comments and tips for success 

a ) ---- The molecular formula is wrong. C2H, is ethene, not ethane. 
Ethane 

---- Remember that changing the 'a' to an 'e' gives a different 
molecular formula ~ H• O ---- compound. The displayed formula and the dot and cross diagram 
displayed formula H H are incorrect and do not follow the molecular formula given in I I 

H- C- H- C- H the answer. Remember the rule that carbon always makes four 
I I bonds, and hydrogen only one. This means that hydrogen only H H 0 -- -- joins to one other atom and can not form a chain as shown in the 

dot and cross diagram of H H 
two diagrams. 

bonding • x • x 
H X C - H- C • H 

• X 
x • x • 
H H 0 

----
state at room tern peratu re liquid 0 ----

b) A carboJ,ydrate ;,.. cl,emirtry. 0 Th is is a common error. Carbohydrates contain carbon, hydrogen 
and oxygen, and hydrocarbons only contain carbon and 

hydrogen. You rmust be sure about the difference. 



3 Organic chemistry 

Student 1 response -.ir.,•:•• •··· · Marker comments and tips for success 

C) A 9rovp of compov ,..drthatarethe rame. 0 Th is starts to explain, but doesn't express clearly that compounds 
in a homologou,s series have the same basic formula that 
increases by a single unit moving along the series. Take time to 
think about how you will answer before starting to write. 

d ) Car\,o,.. dioxide a,..d car\,o,.. mo,..oxide Insufficient for a mark. Read the question careful ly - you are 
asked for three products and the conditions necessary for each 
product to be made, so there is 1 mark for each product with the 
appropriate conditions. 

Student 2 response llr1l • : " I Marker comments and tips for success 

a) ---- Full marks. The formula is correct and so are the displayed 
Ethane 

---- formula and dot and cross diagram. The answer shows a clear 
molecular formula C2He v ---- understanding of carbon's need for four bonds, and hydrogen's 
displayed formula H H one bond. 

I I 
H- C- C - H V 

I I 
H H 

----
dot and cross diagram of H H 
bonding x • • x 

H ; C 
)( C • H v' • X 

• x x• 
H H 

----
state at room temperature 

---- gas v 
b) A compov,,d co,..tai,..i,..9 o,..ly carbo,.. a ,..d hydro9e,.. v Correctly explains the elements present in a hydrocarbon. 

C) A 9rovp of compov ,.. dr i,.,here each compov,id ir differe,..tto Gives the correct definition, for 1 mark. The two named examples 
the ,..ext by tt.e rame amov,..t. v 1,.. thir care CHi. are used to give the repeat unit of the alkane horn ologous series. 

d ) Car\,o,.. dioxide i,.,he,.. there ir lofy of oxy9e,... v Only 1 mark 0U1t of 3. Read the question carefully to find the 

Car\,o,.. mo11oxide .l;"J,_e_,.._tt,_e..rrjtof?.P.a<,VS,t'l· 0 
number of answers wanted. Carbon dioxide and the conditions 
are right, but the conditions for carbon monoxide are wrong. 
There has to be some oxygen present for the methane to burn to 
make carbon 1111onoxide and carbon. 

Practice questions 
2 Alkenes are a homologous group with the general formula CnH2n. Ethene 

has the molecular formula of CiH4. 

a) Draw diagrams to show: 

i) the displayed formula of ethene ( 1) 

ii) a dot and cross diagram of an ethene molecule. (1) 

b) C3~ is another member of the alkenes. Draw the displayed formula 
of C3~. Write the name of the compound beneath it. (2) 

c) Draw the displayed formula of the straight-chain alkene with four carbon 
atoms. Name the compound, and give its molecular formula. (3) 

d) What would be the molecular formula of the alkene with seven carbon 
atoms? (1) 

e) Describe how adding bromine water to a sample of hydrocarbon would 
allow you to decide if the compound was an alkene or an alkane. (3) 



Structure, properties and reactions of alkanes and alkenes 

3 A student was using a Bunsen burner co heat some water in a beaker. 
The Bunsen burner was burning methane gas. The student used a yellow or 
safe flame. After a few minutes there was a black substance ion the 
bottom of t he beaker. 

a) Name the homologous series of which methane is part. (1) 

b) i) Name che black substance that appeared on the bottom of the beaker. (1) 

ii) Explain why the black substance formed. (2) 

iii) Explain how the student could change the apparatus to avoid the black 
substance forming. (1) 

c) Methane reacts with bromine. Part of che equation for the reaction that 
occurs is: 

CH4 + Br2 -t ____ + ___ _ 

i) Copy and complete the equation. 

ii) What conditions are needed for the reaction to cake place? 

iii) Name one of the produces made. 

4 Butane (C4H 10) is used in camping gas. le can exist as two different isomers. 

a) Draw the displayed formulae of the two isomers of C4H10• 

b) What are isomers? 

c) Butene is a member of the alkene homologous series. le has four carbon 
atoms. 

i) What is meant by a homologous series? 

ii) Scace two ways butene is differenc from butane. 

d) A student wanted to test samples ofbucene and butane co identify th e 
butene. Describe what the scudent should do, and what the expected 
differences in the results would be. Butane and butene are both gases at 
room tempera.cure. 

5 Ethane (C2~) and ethene (CzH4) are both hydrocarbons with two carbon 
atoms. 

a) i) Draw dot and cross diagrams to show the bonding in ethane and 

(2) 

(1) 

(1) 

(2) 

(2) 

(1) 

(2) 

(2) 

echene. (2) 

ii) What is the difference between the bonding in ethane and ethene? (1) 

iii) Ethane is a saturated hydrocarbon, and ethene is an unsaturated 
hydrocarbon. Explain what is meant by the terms saturated and 
tuisaturated . (2) 



3 Organic chemistry 

b) The graph below shows the boiling points of five members of the alkane 
series plotted by number of carbon atoms. Alkanes have the general 
formula of C0 H20 + 2 

100, 

so, 

~ o, 
--. 
c 
8. - 50 

? 
~ -100, 

-150 

- 200, 

• 
0 

t 
f carbon 
he alkane 

i) What is the formula of che alkane with six carbon acorns? 

ii) Whacshape of line of best fit would you draw on the graph? Explain 
your answer. 

iii) Name and suggest the boiling point of the alkane with three carbon 
atoms. 

(1) 

(2) 

(2) 



Longer-answer questions 

II Longer-answer questions 

Example 
1 Ethanol is very useful as a fuel. It can be made from plant sugars or from 

ethene obtained from crude oil. 

The displayed formulae of ethanol and ethene are shown. 

H H 
I I 

H- C- C- 0 - H 
I I 
H H 

ethanol 

H H 
' / C= C 
/ ' H H 

ethene 

a) Describe how ethanol can be manufactured from ethene. Your answer 
should include the conditions needed for the reaction. (4) 

b) Ethanol can also be made by the fermentation of plant sugars. Descr ibe 
the advantages and disadvantages of using ethene instead of plant sugars 
to make ethanol. (4) 

(To tal for question= 8 marks) 

Student 1 response 'iZilr:ll "1l!.l Marker comments and tips for success 

a ) The etl:?a!lol i t rea, ted 1,,1jtl:? tRam '°' 1,,1ith a 1 mark for saying steam is used. The catalyst is mentioned, 
tra,,ritio,, metal cata lyrt. Thir prod veer the but no description of the conditions needed, which are 
ethe,,e. 1),ir ea,, be collected over 1,,1ater before required by the question. When you are asked about 
bei,,9 vred. conditions for a reaction you need to mention temperature, 

pressure and name the catalyst where one is used. 

b ) Yov ca,,,,ot 9ro1,,1 pla,,tr a"y1,,1here ar they take a For 4 marks there shou Id be four points. The answer 
lo,,9 time to 9ro1,,1 . .., comments on the time taken to grow plants, which is a 

.!l.sU1,9-~iaotutilL l?f .P.A.11.cJ.'.S ..cru-.b12 o .sf.iQXid e-'Wl disadvantage. You should make four points and at least 

U .otrjb 11t~_tp_9,i.11 ].,,gl ~.0.1:ai.io.g.. one shou Id be a disadvantage or advantage. All the points 

are disadvantages. For this type of question you shou Id 

use as many sentences as there are marks, and state the 
advantage I disadvantage with an explanation. 

Student 2 response ~~[fj Marker comments and tips for success 

a ) (rteam, ;;o, atm G.0, catalyrt?) Writing a quick plan at the start is good way to tackle 

Yov 1,,10..,ld rt a ,ttl:?e tlae!le 1,,1jtl:? iteam ._, at 
longer-answer questions. The key points are there, but the 

a t e mperatyre of 300 °C . .., 1),e reactio,, alrc name of the catalyst is forgotten. The answer gains 3 marks 

,,eedr a catalyrta,,d a bi9b preuvre of abov tG.0 for correctly describing the reaction. The equation is a help, 
time£ !lormol atmotpberi, prfttvre . .., Here ir the but the question doesn't ask for one so it gains no mark. At 
eqvatio,, for tt,e reactio,i: the end the choice of catarlyst is wrong, so no mark, but this 

C2H, + H20 ~ C2HsOH guess might have been rig1ht You should always try a guess 

The catalyr-t vred ir rvlfvric acid. 0 
if you know something is rneeded. 

b ) Ethe,ie ir readily available from crvde oil, bvtyov The question says 'instead of, which means you need to 
have to 1,,1ait mo,,thr for cropr to 9ro1,,1 . .., compare the two methods. This answer gets 2 marks only. 

The reactio,,, ir mvch qvicker tt,a,, havi,,9 to 1,,1ait If you compare the two methods, give an advantage and 

for ferme,itatio,, by year+; .., a disadvantage for each method to get the 4 marks. Don't 

Yov are mvch more i,i co,,trol. 
make the same point as an advantage. then use it again as a 

disadvantage, for example 'crops take a long time to grow' and 
'ethene from oil is available immediately' are the same point. 
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Practice questions 
2 Plant sugars such as glucose {C6H1206) can be converted co ethanol by 

fermentation. 

Describe how you could make a pure sample of ethanol in the laboratory 
from glucose. Write a chemical equation for the reaction. You may use a 
diagram to help you. (6) 

3 Ethanol is a chemical chat can be used co produce fuel for motor vehicles. 
There are cwo methods for producing ethanol. It can be obtained by the 
reaction of ethene from crude oil. Alternatively it can be produced by 
fermentation from food crops such as su gar cane. 

Evaluate the factors that should be considered when selecting the method of 
ethanol production. Suggest with reasons your preferred production method. (6) 

4 Crude oil is a source of ethene. Ethene is used to make many different 
polymers {plastics). Crude oil is becoming increasingly scarce. Scientists 
have developed a method for making ethene from ethanol so that as crude oil 
prices rise there will still be an inexpensive source of echene. 

a) Describe how ethanol is converted to ethene. Your answer should include 

che conditions needed for the reaction, and a chemical equation. (3) 

b) Give three disadvantages of using ethene from ethanol instead of echene 
from crude oil co make polymers. (3) 

c) Ethene can be converted to ethanol using a phosphoric acid catalyse. What 
is a catalyst? (1) 

5 Ethanol can be made from plane sugars or ethene from crude oil. One 
scientist said, 'Whenever possible ethanol should be made from plant 
material.' A different scientist said, 'Using plant materials co make ethanol to 
burn in cars will cause the poor to starve, and the rich to travel, we 
should use crude oil.' 

Use your knowledge of the two methods of obtaining ethanol to evaluate 
the two statements. State which method of production you would choose 
with reasons. (6) 



Charges, chemical formulae and equations 

II Charges, chemical formulae and equations 

Example 
1 Copper was first extracted by reduction from copper ores containing 

copper carbonate in the Middle East. The copper carbonate was heated in 
fires with wood charcoal to produce impure copper. 

a) Copy and complete the chemical equation. (2) 

_ CuC03(s) + C(s) --+ ___ + __ _ 

b) Calculate the mass in grams of 1 mole of copper carbonate. (2) 

c) Use the equation to: 

i) give the state of the carbon at the start (1) 

ii) state the number, in moles, of carbon dioxide molecules released 
when 1 mole of copper is made (1) 

iii) calculate the mass of carbon dioxide released by the reaction of 
1 mole of copper carbonate with carbon. (3) 

(Total for question= 9 marks) 

Student 1 response ~ Marker comments and tips for success 

a) 2CvCOi(r) + C(r) 7 2Cv(r) + 3COi(9) vv The formulae for the products are correct and the balancing is correct. 

b) CvC0i = G.3.5 + 12 + (3x1G.) v The formula is given in the question. 1 mark for correct substitution of relative atomic 
= 1235 v masses and 1 mark for correct addition. 

c) i) rolid v' Thie state symbol provided in the question gives the answer. 

ii) 3 moler O This answer comes from the equation in part a). but 3 moles of carbon dioxide are 

produced for every 2 moles of copper, not 1 mole of copper. Half the copper means 
half the carbon dioxide, so divide the 3 moles by 2 to get 1.5 moles. 

iii) C01 ir 'f'f, v 1 mark for correctly stating the relative formula mass of carbon dioxide as 44. The number 
ro3x't't v = 1329 v of moles in part c) ii) is wrong, but the error is carried forward. The working gains 1 mark 

for showing the 3 moles multiplied by the formula mass of C02• The final mark is gained 

for correct calculation. If you do not show your working, you will miss out on these marks. 

Student 2 response ~ I :n ,.Jt:'i Marker comments and tips for success 

a) CvCOi(r) + C(r) 7 Cv(r) + COi(9) v 1 mark for the correct formulae, but the equation is not balanced. To gain the second mark 

you must balance the equation. Correct the carbon fi rst to give 2C02- The oxygen now 

has 3 atoms as reactants, but 4 atoms as products. Increase the oxygen in the reactants 
by making it 2CuC03 • There are now 2 Cu atoms so the products need to be 2Cu. The 

6 oxygen atoms provide two more than 111eeded, but there is an extra carbon atom. This is 
a C02 molecule, so you need to change 2C02 to 3C02 and the equation balances. 

b) G,3.5 + 12 + lG, + 1G, = 107.5 0 The calculation only includes two oxygen atoms, not three. You must make sure when 
calculating formula mass that you carefu I ly read and use the subscript numbers. 

c) i) rolid v The state symbol tells you the state of the chemical. 

ii) 1 mole O This is a guess, as no attempt was made to balance the equation in part a). 

iii) 12 + 1G, + 1G, v = 't't 1 mark for calculating correctly the formula mass of carbon dioxide. 2 marks on error 
't't X 1 V = 't't 9ramr V carried forward for method and calculation. 
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Practice questions 
2 Ammonium sulface is an important chemical fertiliser. It is made by reacting 

ammonia gas with sulfuric acid. 

The equation for the reaction is: 

a) What information in the equation shows chat the ammonia gas is 
dissolved in water before reacting with the sulfuric acid? ( 1) 

b) What amount, in moles, of ammonia reacts with 1 mole of sulfuric acid? ( 1) 

c) One mole of gas has a volume of24 OOO cm3 at room temperacure. 
Calculate the volume of ammonia chat needs co be dissolved in water 
co make 1 mole of ammonium sulface. (2) 

d) Calculate: 

i) the relative formula mass of ammonia (2) 

ii) the .relative formula mass of ammonium sulface. (2) 

e) Describe how a pure dry sample of ammonium sulfate can be obtained 
from che (NH4)iS04(aq). (2) 

3 A student wanted co make a sample of barium sulfate. The student reacted 
some barium nitrate solution with dilute sulfuric acid. The equation for 
the reaction is: 

Ba(N03h(aq) + H2S04{aq)-+ BaS04{s) + 2HN03(aq) 

Use information in the equation to help you answer the questions. 

a) Explain how the student could obtain a sample of barium sulfate. (2) 

b) Calculate the formula mass of barium sulface. (2) 

c) The student used 0.25 moles of barium nitrate. Calculate the mass, in 
grams, of barium sltlfate that would be made. (2) 

d) The student dried the barium sulfate made and then weighed it. The 
mass was 36.12 g. Use your answer to part c) to help you calculate 
the percentage yield of the student's experiment. (2) 

e) Barium sulfate is used in hospitals to help investigate digestive system 
problems. Patients are given a barium 'meal' to drink before having 
an x-ray. The barium 'meal' is a suspension of barium sulfate in water. 
Barium ions are highly toxic. Suggest why it is safe to drink a barium 
'meal'. (2) 

4 People who go climbing mow1tains can find it hard co heat up food to eat. 
Several specialise food companies provide self-heating packs of food. 
The diagram shows how one type of self-heating food pack works. 

sealed plastic ba9- - ..r 

sealed plastic bag chemlcalB 
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When the climber wants co hear the food. the plastic container containing 
chemical A is broken. This allows chemical A to react with chemical B, 
releasing a lot of heat energy. 

a) What is t:he name given to reactions that release heat energy? 

b) Two chemicals that can be used for the reaction are calcium oxide 
and water. 

Copy and complete the equation for the reaction of calcium oxide 
with water. 

CaO(s) + H20(l) ~ __ _ 

c) Calculate the formula mass of calcium oxide. 

d) A student investigated the reaction of 3.5 g of calcium oxide in 25 cm3 

of water. There was a temperature rise of 35 °C. 

(1) 

(1) 

(2) 

i) Calculate the amount, in moles, of calcium oxide the student used. (2) 

ii) How many moles of water would che calcium oxide react with? 

e) Theoretically the reaction should produce the same number of moles 
of calcium hydroxide as calcium oxide chat is used. In the studenc's 
reaction only 0.0455 moles of calcium hydroxide were made. 

Calculate the percentage yield of the reaction. 

5 A student used the reaction of sodium thiosulfate with hydrochloric acid co 
measure the rare of a chemical reaction. 

The equation for the reaction is: 

a) As che reaction proceeds che solution becomes cloudy. Name the 
substance that cums the solution cloudy. 

b) The student used 1.58 g of sodium thiosulfate in the reaction. 

i) Calculate the formula mass of sodium thiosulfate. 

(1) 

(2) 

(1) 

(2) 

ii) Calculate the amount, in moles, of sodium thiosulfate used. (2) 

iii) Scare the amount, in moles, of sulfur dioxide produced. (1) 

c) One mole of gas has a volume of24 OOO cm3 at room temperature. 
Calculate the volume, in cm 3, of sulfur dioxide that will be produced 
using 1.58 g of sodium thiosulface. (2) 

6 The presence of water in a substance can be shown using white anhydrous 
copper sulfate. The equation for the reaction is: 

CuS04(s) + 5H20(l) ~ CuS04 · 5H20(s) 

a) What colour is CuS04· 5H20(s)? (1) 

b) How many moles of water will react with 1 mole of anhydrous copper 
sulfare? (1) 

c) Calculate the mass, in grams, of 1 mol of CuS04· 5H20(s). (2) 

The reaction of anhydrous copper sulface with water is reversible. 

d) What is meant by a reversible reactio.n? 

e) What piece of information in the equation tells you the reaction 
is reversible? 

(1) 

(1) 
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II Practical work 1 

Example 
1 A student wanted co test some household products to see if they were acidic, 

alkaline or neutral. She had no universal indicator, but knew she could make an 
indicator as shown in the diagrams below. 

a) The student heated the red cabbage and water for 10 minutes, 
and allowed the solution to cool. 

water 

Describe what she must do next to obtain the indicator 
solution. 

b) Describe how the student could find out the colour of 
her red cabbage indicator in acids, alkalis and neutral 
solutions. 

c) Copy and complete the cable showing the pH scale. 

Colour of indicator 

pH 0 5 7 

Strength of acid I alkali 

(1) 

(3) 

(4) 

Blue 

9 

weak alkali 

t 
heat 

14 

d) Describe how you could use universal indicator paper co test the pH 
of some liquids. (2) 

(Tota l for question= 10 marks) 

Student 1 resp onse .. ,.:, .. II Marker comments and tips for success 

a) filter the rclvtio,,. v 1 mark for correctly identifying how to separate the solid red 

cabbage from the solution. 

b ) She rhovld -9etrome acidr a,,d alkalir v a,,d reactthem together The answer is unstructured. Answer this type of question in 
wit/, the i,,dicator. v the form of instructions: 'Do this .. : then 'do that .. :, followed 

by how you would use the results. 

C) The answer is too imprecise. The table clearly states the 

strength offthe alkali at pH 9. You need to say if the acid or 
Colour of red orange green v blue .bl1J.e alkali is strong or weak. The answer only describes the pH 
indicator 

as acid or alkali, so only the pH 7 column gairns the mark for 
pH 0 5 7 9 14 the correct colour and correct description. 
Strength of acid acid neutral weak alkali 
acid I alkali alkali 

d ) Pvttl,e i,,dicator i,, eacl, liqvid. v Take it ovtthe,, look at the To make the instructions really clear, imagine you are telling 

chart. v an 11-year-old student how to use indicator paper. There 

are 2 marks: dip the paper in the solution, then compare with 

a pH chart to find the nearest match. 



Practical work 1 

Student 2 response ~~ Marker comments and tips for success 

a ) Parr the rol1.1tio,, throv9h rome fi lter paper v to remove the red A good clear answer. 
cabba9e. 1J..e,, vre the ro lvtio,,. 

b ) Pvt a,, eqval volvme of a,, acid rvch or vi,,e9ar ;,, o,,e terttvbe, Full marks. Notice how the answer uses clear sentences 
rome ave,, clea,,er which ir alkali i,,to a,,other o,,e, a,,d rome tap and explains each step in order. 
water which rhovld be ,,evtral i,, a third terttvbe. t,I Add e,,ov9h 
i,,dicator ro lvtio,, to colovr each liqvid. t,I Note the colovr of 
the red cabba9e ;,, each tvbe. t,I Thir tellr you the colovr of tt.e 
i,,dicator i,,. acid, alkali a,,d ,,evtral rolvfio,,r. 

C) The answer correctly shows the right colours and the 

strength of the acid and alkali. Make sure you know the 
Colour of red orange green blue purple colours of these five pH values for universal indicator. 
indicator t,I t,I t,I t,I 

pH 0 5 7 9 14 

Strength of strong weak neutral weak strong 
acid I alkali acid acid a lkali alkali 

d) Dip a piece of frerh indicator paper;,, eacl, liqvid. t,I Compare the Full marks for a good answer giving the key st eps in order. 

colovr that hor developed to a pH chart to f;,,d the bert' ptl valve. t,I 

Practice questions 
2 The gas ammonia dissolves in water to form a solution. This solution 

cums red litmus paper blue. 

a) i) Explain what the litmus paper test shows about the solution of 
ammonia in water. 

ii) The solution of ammonia in water is sometimes called ammonium 
hydroxide. 

(1) 

Wrice the formulae of the cwo ions present in ammonium hydroxide. (2) 

iii) Which ion has caused the red litmus paper co turn blue? (1) 

b) Hydrogen chloride is a gas chat dissolves in water. The solution 
causes methyl orange solucion to turn red. 

i) Explain what the methyl orange test shows about the solucion of 
hydrogen chloride in water. (1) 

ii) What is a solucion of hydrogen chloride in water called? 

iii) Write the formulae of the cwo ions present in the solution of 
hydrogen chloride in water. 

iv) Which ion has caused the methyl orange solution to turn red? 

c) A scudent mixed fresh samples of the solutions of hydrogen chloride 
and ammonia together. The solutions neutralised each other. 

i) Describe a method the student could use to test chat the final 

(1) 

(2) 

(1) 

solution was neutral. (2) 

ii) What is meant by the term neutra l? (1) 

iii) Name the cwo compounds made by the neutralisation of ammonia 
solution with hydrogen chloride solution. (2) 
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3 a) Copy and complete the cable below showing the colours of three 
indicators in acid, alkaline and neutral solutions. (3) 

Colour of indicator in 

Acidic Neutral Alkaline 
Indicator solutions solut ions solutions 

methyl orange 

phenolphthalein 

litmus 

b) Explain which indicator to use co show that a solution has just become 
alkaline. (2) 

c) Explain which indicator to use co show that a solution has changed 
from a strong acid co neutral. (2) 

d) A student added enough sodium hydroxide solution to dilute 
hydrochloric acid to neutralise the solution. 

The equation for the reaction is: 

NaOH(aq) + HCl{aq) ~ NaCl(s) + H20(1) 

i) Explain how the student could check the solution was neutral using 
some universal indicator paper. (2) 

ii) What is meant by a neutral solution? (1) 

iii) The student's friend said that the equation could be simplified to 

show just the ions taking part in neutralisation. Copy and complete 
the simplified ionic equation for neutralisation. (1) 

___ + -+ H20{l) 

4 A student placed three different dilute acids in three test tubes. Each cube had 
five drops of universal indicator solution added to it. He then added magnesium 
oxide to the sulfuric acid, calcium carbonate to the nitric acid, and magnesium 
co the hydrochloric acid, as shown in the diagram. The student added enough 
magnesium oxide, calcium carbonate and magnesium to change the colour of 
the universal indicator. 

nitric 
sulfurlc acid acid hydrochloric 

magnesium 
oxide 

calcium magnesium 
carbonate 

a) Describe what the student would see in: 

acid 

i) the test tube with magnesium oxide and sulfuric acid (2) 

ii) the test tube with calcium carbonate and nitric acid. (3) 

b) One of the gases produced was hydrogen. Explain how you would test 
co show that a gas was hydrogen gas. (1) 



c) Name all the products of: 

i) the reaction between magnesium oxide and sulfuric acid 

ii) the reaction between calcium carbonate and nitric acid 

iii) the reaction between magnesium and hydrochloric acid. 

d) When the reactions had finished, the scudent then tested the pH of 
each solution using a pH meter. Here are his results. 

pH of the solution after the reaction of 

(2) 

(3) 

(2) 

Practical work 1 

Magnesium oxide and sulfuric acid Calcium carbonate and nitric acid Magnesium and hydrochloric acid 

8.3 7.05 

i) The student measured one pH with greater precision than the 
others. Stare, with reasons, which one this was. 

1.3 

(2) 

ii) State, with reasons, which acid was added to excess in the experiment. (2) 

5 A student wanted to prepare some carbon dioxide in the laboratory. She set 
up the apparacus shown. 

dilute 
sulfurlc acid 

carbon dioxide 

water 

After a few bubbles of gas the reaction stopped. Her friend said this was 
because she had used the wrong acid. 

a) Which acid should the student have used to make the carbon dioxide gas? (1) 

b) Explain why the reaction with sulfuric acid stopped after a few bubbles 
were produced. (3) 

c) How could the student test the gas produced to show it was carbon 
dioxide gas? (2) 

d) The student wanted to know how quickly the carbon dioxide gas was 
being produced. At first she counted bubbles, but she soon lost count. 

i) Suggest a change to the apparatus that would enable che student co 
accurately record the volume of gas being produced in one minute. (1) 

ii) What other piece of equipment would the student need to find 
out how much gas was produced in one minute? (1) 
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II Practical work 2: making salts 

Example 
1 A student wanted co make some copper sulfate. Copper sulfate is a solu ble salt. 

The student had some copper oxide and reacted it with dilute sulfuric acid. 

a) Describe the seeps needed for the student to obtain a pure neutral 
sample of copper sulfate crystals. (4) 

b) Describe how the student could obtain some dry copper sulface crystals 
from the copper sulfate solution. (2) 

c) Describe a chemical cesc the student could do to show chat the 
crystals obtained contained sulfate ions. (3) 

(Total for question= 9 marks) 

Student 1 response .. , .: ' . Marker comments and tips for success 

a) /ieat25 cm3 of dilvte rvlfvric acid in a beaker over This is the standard of answer you should aim for. You shou Id remember 
a Bvnren b..,rner. Add a rpatvla at a fime of .copper there are three methods for making a salt. You either use precipitation for 
oxide. tl' Stir between each addition and keejp insoluble salts, and wash and filter the precipitate, titration for alkalis or 
adding vnti l no more will dirrolve tl'. The rolvtion 

react a solid with an acid. Metals, metal carbonates and metal oxides all 
will look blackirh, bvttJ.e liqvid will be blve. Filter 
the hot liqvid, t1' and place the filtrate in an react with the acid. 

evaporann9 dirh. Heat vnnl one-tl,ird ir left, then 
allow to cool. v' 

b) filter to obt'<>in the crystolr. t1' Filtering is correct but the question asked for dry crystals. Make sure you 

read the question carefully. 

C) Add the crysto lr to some dilvte hydrochloric acid You need to remember all the steps in a test. For this test the crystal should 
and borivm chloride rolvnon. t1' I t rhovld 9ive a white first be dissolved, so 1 mark is lost. 
precipitate. tl' 

Student 2 response 11a1w ; ' Marker comments and tips for success 

a) Add some ot the acid to the copper oxide. 'when it The answer explains how to obtain the crystals but not how to make sure all 
/.,or all dirro.lved filter the liqvid. t1' l.3.9jltf,_~U,i1.![SL the su~uric acid has reacted. The solution is almost certainly .still acidic. You 
f'lli.t~.etJ.t.Dtil.it.is.d!)', Yov rhovld hove some copper should always make sure the acid has completely reacted by checking the 
rvlfote crys'tolr. t1' pH or using an excess of the other chemical. Never boil the solution until it 

is dry. 

b ) Take tl,e crystals ovt of yovr borin. They rhovld be When answering questions on practicals imagine you are doing the 
dry. If notd!ob them with o paper towel. v' practical. What would you do next? How would you do it? The solution 

should be filtered before drying the crystals. 

C) Add silver nit>ote to 9et o white preciprtote. 0 Th is is the test for halide ions. Make sure you know all the eh emical tests in 

the specification. 



Practical work 2: making salts 

Practice questions 
2 Some sales can be made by a precipitation reaction. Calcium sulfate 

(CaS04) is one of chem. 

If sodium sulfare solution is added co calcium nitrate a precipitate 
of calcium sulfate is made. 

The equation for the reaction is: 

Na2COJ(aq) + Ca(N03h(aq) ~ CaS04{s) + 2NaN03(aq) 

a) What is a precipitate? 

b) Describe how a pure, dry sample of calcium sulface can be made using this 
reaction. 

c) 0.01 mol of sodium sulface is reacted with excess calcium nitrate. 

i) What is meant by d1e term excess? 

(1) 

(4) 

(1) 

ii) Calculate the amount, in moles, of calcium sulfate that should be made. (1) 

iii) Calculate the amount, in moles, of sodium nitrate char should be made. (1) 

iv) Calculate the mass, in grams, of calcium sulfate that should be made. (3) 

d) A student carried our d1e reaction using 0.01 mol of sodium sulface. 
She weighed che dry calcium sulface and found that it weighed 0.95 g. 

Use your answer to part c) iv) to calculate the percentage yield of d1e 
student's experiment. (2) 

3 A student wanted to make some zinc chloride (ZnClz). The scudent had 
some zinc oxide (ZnO). 

a) Name the acid chat the student should react with the zinc oxide co 
make zinc chloride. (1) 

b) Describe che steps needed for che scudenc co obtain a pure dry sample 
of zinc chloride. (S) 

c) Write a chemical equation for che reaction. (2) 

4 A student wanted to make some sodium sulface (Na2S04). Here is che 
med10d che student used. 

The student added an excess of sodium hydroxide (NaOH) to an acid. 

The solution was evaporated to one-third d1e original volume. 

The sodium sulfate crystals were obtained by filtering. 

a) Name the acid that the student used. (1) 

b) The student discovered that the crystals were alkaline instead of neutral. 
Explain why this had happened. (3) 

c) Suggest two changes to the experimental method that the student should 
do to make sure char the only sodium sulfate was in the crystals. (2) 

d) Write a chemical equation for the reaction. (2) 
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5 The table shows three different methods for making salts. 

Method 1 Method 2 Method 3 

add an alkali to an acid add an excess of carbonate, metal mix solutions of two salts together 
or metal oxide to an acid 

check the solution is neutral filter the solution filter, and wash the sol id on the filter paper 

evaporate solut ion to obtain salt evaporate solution to obtain salt dry solid to obtain salt 

a) i) 

ii) 

b) i) 

Explain, with a reason, which method would be best to make a 
sample of copper sulfate. 

Suggest the two chemicals you would use to make copper sulfate. 

Explain, with a reason, which method would be best to make a 
sample of potassium chloride from an alkali. 

ii) Suggest the two chemicals you could use to make the sample of 

(2) 

(2) 

(2) 

potassium chloride. (2) 

c) i) Explain, with a reason, which method would be best to make a 
sample of lead iodide. (2) 

ii) Suggest the two chemicals you could use to make lead iodide. (2) 

d) Explain why nitrates can only be made using method 1 or method 2. (2) 

6 A student wanted co make some nickel chloride crystals from some 
nickel oxide. Here is the student's proposed method. 

Step 1 - Warm SO cm3 of dilute sulfuric acid in a 250 cm3 beaker. 

Step 2 - Add three spatulas of nickel oxide. 

Step 3 - When all the nickel oxide has dissolved filter the solution. 

Step 4 - Place the solution in an oven until it is dry. 

a) The student has several problems with the method. Describe two problems, 
and what the student should do to correct these problems. (4) 

b) Describe a chemical test the student could do to show that the crystals 
obtained contained chloride ions. (3) 



II Data analysis 

Example 
1 Hydrogen peroxide (H20 2) decomposes to water and oxygen. A student investigated 

adding manganese(IV) oxide to hydrogen peroxide by measuring the volume of 
oxygen gas given off over a period of ten h ours by SO cm3 of hydrogen peroxide. 
Here are the results: 

Volume of oxygen gas I cm3 

Data analysis 

Time (hours) No manganese(IV) oxide With 1 g of manganese(IV) o xide With 2 g of manganese(IV) oxide 

0 0 0 

2 5 495 

4 10 785 

6 15 945 

8 20 985 

10 25 990 

a) What do we call a substance char alters the race of a chemical reaction and is 
unchanged ac the end? (1) 

b) Use data from the cable to describe che difference, if any, between the 
reaction with 1 g of manganese(IV) oxide and without 
manganese(IV) oxide. (2) 

c) Use data from the cable to describe che difference, if any, between the 
reaction with 1 g of manganese(IV) oxide and with 2 g of 
manganese(IV) oxide. (2) 

d) What conclusion should the student make about using manganese(IV) 
oxide on the effect of the rate of the reaction from the table? (2) 

(Total for question= 7 marks) 

Student 1 response 'I . ,.; Marker comments and tips for success 

a ) catalyrt t,I Correct Make sure you know the correct scientific terms. 

0 

505 

775 

935 

975 

985 

b ) After every time there idar 1 mark for stating that more oxygen is made with manganese(IV) oxide. To gain the 
more oxy9ero t,I made with the 
maro9aroere(IV) oxide tharo with ovt. 

second mark the answer needs to refer t,o data from the 1 g column of the table. 

C) Althov9h a II the fi9vrer are differerot Poorly expressed but right. Remember that experimental data will have random errors. You 
they are iro tl,e rame rortof area V, should concentrate on the trends rather than the exact figures. Saying 'no real difference' 
a rod they \,o,tl, reem to dow vp is quite correct from the data 
towardr the erod. I thirok there if ~ 
rea I d jffere!ls:;e betweero the effect. t,I 

d) lt irocreare, the rate of reactioro. t,I A good con cl us ion made by corn paring the data about the effect of the catalyst, and the 
It probably .doerro't matter how mvch 
yov vfe. t,I 

mass of catalyst used. 
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Student 2 response "ii:m1m If; Marker comments and tips for success 

a) ..,a,,9a,,ere(IV) oxide 0 This is the name of the catalyst Make su1re you answer the question asked. 

b) It 9oer farter. t,I 1 marik only; the answer does not use the data in any way to support the diffe rence 
described. You should always refer to data in some way, such as quoting the volumes after 
4 houirs as a compa rison. 

C) Itrtartr off better 1,1ith 2 9 bvtby The arnswer compares i nd ivid ual figures without looking at the trend. You should realise 
the e,,d itr 'better at 1 9. 0 that experimental data a lways shows some random e rror or variation so the figures will be 

diffe re nt, but nearly the same. The trend is the same for both columns. Do not focus on 

individual resu Its - use the trend. 

d) The more yov vre the be1ter. 0 This c,onclusion shows the student has not looked carefully at the data. Look at all 
the data, not just the first row. Over time, doubling the mass of the catalyst rrnakes no 
diffe rence to its effectiveness. 

Practice questions 
2 Ammonia gas {NH3) can be made by reacting nitrogen gas from the air: with 

hydrogen gas from natural gas. 

The equation for the reaction is: 

N 2(g) + 3H 2(g) ~ 2NH3(g) 

The reaction is exothermic 

a) The reaction is a dynamic equilibrium . What is a dynamic equilibrillm? (2) 

The cable shows the effect of increasing temperature on the percentage of 
ammonia chat is made. 

Temperature I •c 200 
percentage of ammonia made after 1 day without a cata lyst at 15 
normal pressure 

percentage of ammonia made after 7 days withou,t a catalyst 5 1 
at normal pressure 

percentage of ammonia made after 1 day with a catalyst at 50 
normal pressure 

percentage of ammonia made after 1 day with a catalyst at 62 
50 atm pressure 

b) What is the effect on the equilibrium of increasing the temperature at a 

300 
7 

18 

19 

23 

constant pressure? (1) 

c) The reaction uses a catalyst. What is the purpose ofrhe catalyst? (1) 

d) What evidence is there that the catalyst has been effective? (2) 

e) Explain what will happen to the number of molecules of ammonia gas if: 

i) the pressure is increased at a constant temperature 

ii) the temperature is increased at a constant pressure 

iii) some of the molecules of ammonia are removed. 

3 Sulfur dioxide reacts with oxygen to produce sulfur trioxide. The equation 

for the reaction is: 

2S0i{g) + 0 2{g) ~ 2S03{g) 

The table shows the conversion percenta,ges at different temperatures. 

(1) 

(1) 

(1) 

400 SOO 
0 0 

6 2 

5 3 

9 3 



Temperature I •c 350 400 450 500 

% converted to S03 / g 98 97 96 92 

a) What trend is shown about the temperature and conversion to sulfllr 
trioxide of sulfur dioxide? (1) 

b) Explain, using data from the rable, if the reaction is exothermic or 
endothermic. (2) 

c) At 100 ° C the reaction very slowly converts all the sulfur dioxide to 
sulfur trioxide. 1n industry the temperature chosen is 450 •c despite 
the lower yield. Suggest why. (1) 

d) A student suggested that increasing the pressure might improve the 
yield. Explain why this would be successful. (2) 

e) Even at 450 •c the reaction is very slow. Explain what could be done to 
speed up the race of the reaction at 450 •c whilst maintaining the yield. (2) 

4 The yield of ammonia gas from the reaction of nitrogen and hydrogen can 
be affected by the pressure at which the reaction takes place. 

The equation for the reaction is: 

Ni(g) + 3Hi{g) ~ 2NH3(g) the reaction is exothermic 

Pressure in atm 100 200 300 400 

% converted to 10 20 24 27 
NH, tg at soo •c 

a) What does the~ symbol in the equation show about the reaction of 
nitrogen and hydrogen to make ammonia? (1) 

b) Describe how changing the pressure affects the yield of ammonia. Explain 

~ ~ 

c) How will reducing the cemperacure affect the yield of ammonia at 100 acm? 
Explain why. (2) 

d) The reaction is very slow. Explain the benefit of using a catalyst as well as 
a high temperature. (2) 

Data analysis 
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II Working with graphs 

Example 
1 A student wanted co find out how changing the temperature, concentration and 

particle size affects the race of a chemical reaction. 

"' § 
en 

"' 

The student decided co react excess sodium carbonate with hydrochloric acid. He 
measured che volume of carbon dioxide gas produced against time. He did one 
reaction, and used this co compare with his other reactions. Graph B shows his 
original experiment. Graphs A, C and D show his other experiments. 

70 

60 .. 
50 

0) 

{!! 
40 x 

0 
'o 
C 
0 30 e 
"' 0 

0 20 Q) 

E 
::, 

g 10 

0 
0 20 40 60 

time / s 

80 100 120 

a) Explain why lines A, Band Call rise co a maximum but then do not change. (2) 

b) Explain which graph has the fastest race of reaction. (2) 

c) Explain which graph could show the reaction taking place at a lower 
temperature. 

d) Explain which graph shows the reaction has not been completed. 

(2) 

(2) 

(To tal for q uestion= 8 marks) 

Student 1 response 'it:I ., 1flf:1 Marker comments and tips for success 

a) Attl,e mAxirovro peiotaU tJ.e .S:Q.diJ..D.J. 1 mark only. Make sure you know which substance is in excess. Here the substance in 

CJUh11oate ba"eacted t/ excess is sodium carbonate, so it is the hydrochloric acid that has run out. 

b ) A t/ <>fit I.of tl,e fteepert cvrve. t/ Correct. Remember that in rate graphs, the steepest curve has the fastest reaction. 

C) C t/ <>f tl,e reaction if r lower. t/ Correct. You need to know how temperature affects the rate of a reaction. Curve C 

is less steep and therefore slower than 8 , so it is the most likely lower temperature 

reaction. As D does not reach the same height as A, B, or C, it is I ikely to be at a different 

concentration rather than temperature. 

d) D t/ ar tJ.e reaction line l,af not Correct. The flat part of the graph shows that the reaction has stopped. If it does not 

flattened ovt. t/ become flat, then the reaction is still happening. 



Working with graphs 

Student 2 response 'im~ Marker comments and tips for success 

a ) The reactio,, har fi,,irhed. V 1 mark only. You need to show you know that a maximum is reached when at least one of 

the reactants has been corn pletely used up. You must also name the reactant to gain the 
second mark. 

b ) C, it hor the lowert cvrve -H,ot To answer this type of question you need to understand that the steeper the curve, the 
reacher the top. 0 faster the reaction. Carefully look at the curves and decide which is fastest, slowest, and 

other features before attempting the question. 

C) A O With this 'explain' question you need to give both a choice of curve and a reason for your 

choice to gain both marks. If you can~ explain your choice, it may be the wrong one. 

d) D v' bvtit!!'l.<>-r..lY.rtbg:itfL'\i.tb_eA 1 mark only. The answer shou Id state that the curve has not level led off. Concentrate on 

what you can see on the graph, not what might be about to happen. 

Practice questions 
2 A student did an experiment to find the effect of increasing 

the temperature on the race of a reaction. She reacted 0.5 g 
magnesium ribbon with SO cm3 of dilure hydrochloric acid 
and recorded che time taken to collect 100 cm3ofhydrogen 
gas. 

The studen t repeated the experiment at five different 
temperatures. 

The graph shows the results she obtained. 

a) Why did she use five different temperatures? 

b) What conclusion should be made from the graph 
about the rate of reaction and temperature? 

c) Explain, in terms of collisions, why changing the 
temperature affects the rate of a reaction. 

(1) 

(1) 

(3) 

d) State the time, in seconds, chat would be needed to produce 
100 cm3 of hydrogen gas at 35 °C. 

300 

250 

200 

CJ) .... 
(I) 150 
E 
-;: 

100 

50 

0 

e) The student wanted to double the surface area of the magnesium 
ribbon and repeat the experiment at 40 ° C. 

i) Suggest how long it would cake co collect 100 cm3 of 
hydrogen gas if the magnesium's surface area was doubled 
and there was an excess of hydrochloric acid. (1) 

ii) Explain, in terms of collisions, your answer to 
pare i). (2) 

3 Hydrogen gas is made when zinc metal is reacted with 
dilute sulfuric acid. 

The equation for che reaction is: 

Zn(s) + H2504(aq) ~ ZnS04{aq) + H2(g) 

Graph A shows the volume of gas produced over 
100 seconds when the reaction takes place. Graph B shows 
the same reaction but with the addition of a spatula of 
copper sulfate to the zinc. The copper sulfate is unchanged 
at the end o f the reaction. 
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a) Explain why the copper sulfate has been added to 
the mixture. (2) 

b) Describe the effect of adding the copper sulface 
co the reaction. (2) 

The diagram shows one possible explanation of how a catalyst works. 

energy energy 

reactants 

products 

reactants n -t 
products 

without catalyst with catalyst 

c) Copy the first of the two diagrams and mark on the activation energy. ( 1) 

d) What is meant by activation energy? (2) 

e) Explain, in terms of activation energy, how a catalyst works. (1) 

f) Explain, in terms of collisions, how altering the activation energy can 
increase the race of a chemical reaction. (3) 

4 A student investigated the effect of changing the particle size on a 
chemical reaction. He reacted an excess of marble chips (CaC03) with dilute 
hydrochloric acid. The reaction produced carbon dioxide gas. The student 
followed the race of the reaction by measuring the loss of mass as shown in 
the diagram. 

a) What is meant by the term an excess? 

The student used cwo samples of marble chips with different chip sizes. 

The graph shows the results he obtained. 

0 50 100 150 200 250 300 350 

tlme Is 

b) i) Explain which graph shows the marble chips with the larger 
surface area. 

(1) 

ii) Explain, in terms of collisions why altering the surface area of a reactant 

(2) 

changes the rate of reaction. (3) 

balance (reading to O.Ot g) 



c) Use the graph to find the loss of mass, in grams, in experiment B after 
120 s. (1) 

d) i) Which reaction went co completion? 

ii) Explain why you chose this reaction. 

iii) State after what time, in seconds, the reaction was complete. 

5 A student investigated how concentration affected the rate of a chemical 
reaction. T he student used sodium thiosu lfate and dilute hydrochloric acid 
in a disappearing cross experiment. The reaction produces a yellow precipitate 
of sulfur that makes a cross placed under the reaction flask disappear. The 
student timed how long it cook for the cross co disappear when he looked 
down on the flask. 

The student used three different concentrations of dilute hydrochloric acid 
solution in the experiment. 

At the end of the lesson the student's teacher said it would have been better 
co use five different concentrations. 

a) Explain ·why it would have been better to use five different concentrations 
of hydrochloric acid. 

The graph shows the results the student obtained. 
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Working with graphs 

sodlu~ thlosulfate a cross 
solution drawn 

on paper 

0 0. ~ 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

concentration of hydrochloric acid I mol / dm3 

b) Which th ree concentrations of hydrochloric acid did the student use? (1) 

c) Explain ·why the line does not pass through any of the points. (2) 

d) From the graph, calculate the time it would take for the cross to disappear 
if che student used 1 mol/ dm3 hydrochloric acid. (1) 

e) What is the relationship between concentration and the time for the cross 

to~~? w 
f) Explain, in terms of collisions, your answer to part e). (3) 
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II Calculations 1 

Example 
1 A student mixed 25 cm3 of 1 mol/ dm3 hydrochloric acid and 25 cm3 of 

1 mol/ dm:i: sodium hydroxide solution together in an insulated beaker. 
The reaction is exothermic. 

The equation for the reaction is: 

HCl(aq) + NaOH(aq) ~ NaCl(s) + H20(l) 

The student recorded the temperatures of the hydrochloric acid and sodium 
hydroxide solution before the experiment and the highest temperature reached 
during the reaction. 

The table shows the results obtained. 

Temperature of the hydro· Temperature of the sodium Highest temperature of 
chloric acid t •c hydroxide solution I •c the final solution I •c 

21 2 1 28 

a) Calculate, in °C, the temperature rise for the reaction. (1) 

b) Calculate, in joules, the heat energy released during the reaction. Assume 
the specific heat capacity of the solution is 4.2 J/g/°C, and the mass of 
1 cm3 of solution is 1 g. (3) 

c) Calculate the amount, in moles, of hydrochloric acid the student used. (2) 

d) Calculate, in joules, the heat energy released when 1 mole of sodium 
chloride is made. (2) 

(Total for question= 8 marks) 

Student 1 response ·- Marker comments and tips for success 11'•1•:•• • ! I 

a) 7°C v' Correct answer calculated by mental arithmetic (no working shown). 

1 mark only. A mark was lost for failing fo give the equation for how to get the answer. 

b) 25 X '1.2 X 7 0 
Always write the formula before substituting the values. The calculation uses the wrong 

= 7~5 J v' 
mass. You need to use the total volume ,of all the I iqu ids and convert that into grams. The 

mass of the apparatus is usually ignored unless you are told this is the question. The mark 
is gained for correct calculation. 

C) 1 mol X 25/1000 Y Correct. Remember that you find the number of moles by dividing the volume used by 
= 0.025 mol Y 1 OOO cm3 and then multiplying by the concentration of the solution. 

d) 735/0.025 tl 
The answer is wrong, but the method is right. Both marks are gained under error carried 

= 2'1 '100 v' 
forward as the wrong value from part b) is used. Although units are not required, it is a 
good idea always to give units in your answer. 
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Student 2 response ~11£] Marker comments and tips for success 

a ) 21 - 28 Make sure you do subtractions like this the right way round. A simple slip that can cost 
=- 1·co a mark is easily corrected. The temperature went up, so the value shou Id be positive. 

b) marr X rpecific !,eat/temp. cha,,9e 0 The formula is wrong. You need to learn the formula to gain marks. Although the 

= 50 X 'l.2/ - 7 calculation is correct, there is no error carried forward as the wrong formula is not a 

=-30 J previous answer. 

C) 1 X 25 X 1000 = 
The number of moles is correct, but you divide the volume used by 1000, not multiply. 

= 25 OOO moler 0 
This is a common mistake. Make sure that you get the multiplication and division the 

right way round. 

d) - 30/25 OOO Y 
There is an error carried forward mark for the first line. The final answer is just a copy of 

the display on the calculator and so is wrong. Make sure you can convert this calculator 
=-1.2- 03 0 

answer to -1.2 x 10-3 or - 0.001 2. 

Practice questions 
2 A student reacted 1.0 g of three different metals with 20 cm3 copper su.lfate solution 

in an insulated test cube. The student recorded the temperature rise for each 
reaction. 

The table shows the results obtained. 

Metal Temperature rise / 0C 

zinc 8 

lead 0 

magnesium 15 

a) Calculate the amount, in moles, of zinc the student used. (2) 

b) Calculate, in joules, t he heat energy released during the reaction of the zinc 
and copper sulfate. Assume the specific heat capacity of the solution is 
4.2 J/ g/"C and the mass of 1 cm3 of solution is 1 g. (3) 

c) Calculate, in joules, the heat energy released when 1 mole of zinc reacts 
with an excess of copper sulfate. (2) 

d) How much heat energy was released by the test cube containing the lead? ( 1) 

e) Calculate, in joules, t he heat energy released when 1 mole of magnesium 
reacts with excess copper sulfate. (3) 

f) Suggest one source of error in the experiment. (1) 
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3 A student wanted co find out the molar end1alpy change of combustion of ethanol. 

The student used this apparatus. 

100 cm3 water 

burner containing 
ethanol 

The student weighed d1e burner with the ethanol in before starting to 

heat the water. When the water's temperature had risen by 5 ° C the student 
extinguished the flame and re-weighed the burner. 

The table shows the results obtained. 

mass of burner and ethanol at the start in g 75.20 

mass of bu mer and ethanol at the end in g 74.28 

a) Suggest one way the student could reduce heatlosses from the apparatus. ( 1) 

b) Calculate, in kilojoules, d1e heat energy released during the reaction. 
Assume the specific heat capacity of the solution is 4.2 kJ/kg/0 C. (3) 

c) Calculate the amount, in moles, of ethanol (M, = 46) the student used. (2) 

d) Calculate, in kilojoules, the heat energy released when 1 mole of 
ethanol burns. (2) 

e) Burning ethanol produces water. Water can be split into hydrogen and 
oxygen. The equation for the reaction is: (2) 

2H20 ~ 2H2 + 02 

H-H bond energy/kJ/mol 0-H bond energy/kJ/mol O=O bond en:ergy/kJ/mol 

436 464 498 

Use information from the table to 

i) Calculate, in kJ, the energy required to break the water molecules in d1e 
equation into Hand O acorns. (2) 

ii) Calculate, in kJ, the energy released when the Hand O atoms form 
H2 and 02. (2) 

iii) Calculate, in kJ, the enthalpy change for the reaction. (1) 

4 When ammonium nit.rate is dissolved in water a temperature change takes place. 

A student dissolved 8 g of ammonium n itrate (M, = 80) in 25 cm3 of water and 
recorded the temperature change. 



The table shows the results obtained. 

Water temperature at the start I •c Solution temperature at the end I •c 

19 11 

a) Explain whether the reaction is exothermic or endothermic. (2) 

b) Calculate, in °C, the temperature change for the reaction. ( 1) 

c) Calculate, in joules, the heat energy change during the reaction. Assume the 
specific heat capacity of the solution is 4.2 J/ g/°C, and the mass ofl cm3 of 
solution is 1 g. (3) 

d) Calculate the amount, in moles, of ammonium nitrate the student used. (2) 

e) Calculate, in joules, the heat energy change when 1 mole of ammonium 
nitrate was used. (2) 

f) A textbook showed that D.H for the reaction was positive. What does this 
mean? 

5 A student investigated neutralisation. He read in a textbook that 11H for 
neutralisation was always - 57 OOO J/ mol for strong acids. The student 
decided to test if this was true. 

a) What does 11H represent? 

The student reacted 25 cm3 ofl molfdm3 hydrochloric acid with 25 cm3 of 
1 molf dm3 sodium hydroxide in a beaker. The molarity and volumes chosen 
enabled all the hydrochloric acid to be neutralised. The solution's 
temperature rose by 6 °C. 

b) Calculate, in joules, the heat energy released during the reaction. Assume 
the specific heat capacity of the solution is 4.2 J/ g/°C, and the mass of 

(1) 

(1) 

1 cm3 of solution is 1 g. (3) 

c) Calculate, in joules, the heat energy released when 1 mole of hydrochloric 
acid is neutralised. (2) 

d) Suggest two reasons why the figure you calculated in part c) is less than the 
~~of~ ~ 

Cal,culations 1 
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II Calculations 2 

Example 
1 A student did a titration to neutralise some sodium hydroxide with some 

sulfuric acid. 

The equation for the reaction is: 

2NaOH + H2S04 ~ Na2S04 + 2H20 

A 25.0 cm3 sample of sodium hydroxide was neutralised by 23.50 cm3 of 
0.100 mol/dm3 sulfuric acid. 

a) Calculate the amount, in moles, ofsulfuric acid used. (2) 

b) Calculate the amount, in moles, of sodium hydroxide used. (1) 

c) Calculate the concentration, in moljd.m3
, of the sodium hydroxide solution. (2) 

(Total for question = 5 marks) 

Student 1 resi:,onse •••1•: Marker comments and tips for success 

a) 0.1 X ilo1 .., Correct A clearly laid out answer showing how you should give an answer to 
2 significant places. Don't waste time writing down every number on the calculator after the 

= 0.002~ mcl V decimal place. Round up after the second or third figure. 

b) 2 x O.OOZ'f From the balanced equation and you can see that 2 moles of sodium hydroxide are needed 
= 0.00~8 mol V to neut,ralise 1 mole of su lfu ric acid. 

25 
No marks. To calculate concentration of a solution from the moles used, the moles 

C) 0.00~8 X lOOO used shou Id be multi pi ied by 1 OOO divided by the volume of solution used. It should 
= 0.0012 0 read 0.0048 x 1000/25 mol/dm3 

Student 2 response -- Marker comments and tips for success ..... , . :1• • 

a) 0.1 X f&J .., Corred . A clear answer showing 3 significant figures. 

= 0.00235 mol V 

The answer is a guess without looking at the equation. Make sure you understand how 

b) 0.00235 mol 0 equations show reacting amounts. The question asks for a calculation, so more is needed 
than simply copying a previous answer. 

C) 0.00235 X l~~O V 
1 mark. for showing how to calculate the concentration of the solution, even though the 

0.00235 moles used is the wrong answer from part b).This is an error-carried-forward 
= O.O'f~ mol/d..,l V mark. The second mark is for correct calculation. 



Practice questions 
2 A student did a titration to find the concentration of some hydrochloric acid. The 

student measured the volume of hydrochloric acid needed co neutralise 25 cm3 of 
0.200 moljdm3 potassium hydroxide solution. 

The equation for the reaction is: 

KOH + HCl(aq) --+ KC! + H20 

The diagrams show the readings on the burette at the start and finish of the titration. 

Start End 

25 

2 26 

3 27 

a) Make a copy of the table and use these diagrams to complete it, entering all 
values co the nearest 0.05 cm3

. (3) 

burette reading at end in cm3 

burette reading at start in cm9 

volume of acid added in cm3 

b) Calculate the amount, in moles, of potassium hydroxide solution used. (2) 

c) Calculate the amount, in moles, of hydrochloric acid used. (1) 

d) Calculate the concentration, in moljdm3, of the hydrochloric acid solution. (2) 

3 A forensic scientist wanted to find out the concentration of lithium carbonate 
in a water sample. The scientist titrated 25 cm3 of the lithium carbonate solution 
sample with 0.100 moljdm3 hydrochloric acid. The scientist repeated the titration 
four times to check the results were repeatable. 

The equation for the reaction is: 

Li2C03(aq) + 2 HCl(aq) --+ 2LiCl(aq) + H200(1) + COi(g) 

a) Suggest two different methods of identifying when the reaction has been 
completed that the scientist could use. (2) 

Here are the scientist's results. 

Trrial 1 Trial 2 Trial 3 Trial 4 

burette reading at the end (cm3) 41 .30 39.25 40.10 40.60 

burette reading at the start (cm9) 0 .40 2.55 1.85 1.15 

volume of hydrochloric acid added (cm3) 40.90 36.70 38.25 39.45 

Cal,culations 2 



4 Physical chemistry 

b) The scientist decided co use only three of the four results. Explain which 
result he discarded. (2) 

c) Calculate the average volume, in cm 3, of the three titrations the scientist 
used. (2) 

d) Calculate the amount, in moles, of hydrochloric acid used. (2) 

e) Calculate the amount, in moles, of lithium carbonate present. (1) 

f) Calculate the concentration, in moJ/d.m3, of the lithium carbonate solution. (2) 

4 A student made a salt by a precipitation reaction co find out the 
concentration of a solution of sodium iodide. He used the reaction of lead 
nitrate with sodium iodide. 

The equation for the reaction is: 

2Nal + Pb(N03)i ~ 2NaN03 + Pbl2 

The student placed 25 cm3 of the sodium iodide solution in a beaker. He added 
0.200 molf dm3 lead nitrate to the beaker until no more precipitate was formed. 

The student filtered, washed, dried and weighed the lead iodide made. 
The mass was 9.22 g. 

a) Explain why the lead iodide made was washed and dried. (2) 

b) Calculate the amount, in moles, oflead iodide made (M, = 461). (2) 

c) Calculate the amount, in moles, present in 25 cm3 of the sodium iodide 
~u~. ~) 

d) Calculate the concentration, in mol/d.m3
, of the sodium iodide solution. (2) 

5 A student carried out a titration co find the concentration of some sulfuric 
acid. She placed 40 cm3 of 1.5 moljdm3 sodium hydroxide solution in a flask 
with an indicator. She placed the flask on a white tile and then titrated alkali 
with the acid. Her average titration value was 29.85 cm3

• 

The equation for the reaction is: 

2NaOH + H 2S04 ~ Na2S04 + 2H20 

a) Suggest a suitable indicator to use. Give a reason why you chose this 
in~~~ w 

b) Explain why the student placed the flask on a white tile. ( 1) 

c) Calculate the amount, in moles, of sodium hydroxide solution used. (2) 

d) Calculate the amount, in moles, of sulfuric acid used. (1) 

e) Calculate the concentration, in mol/d.m3, of the sulfuric acid. (2) 
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II Charges, chemical formulae and equations 

Example 
1 Aluminium is extracted from aluminium oxide (Alz03), 

dissolved in molten cryolite at 950 °C. The diagram shows 
an electrolysis cell for the reduction of aluminium oxide 
co aluminium. Aluminium metal is formed at the negative 
electrode. 

The equation for the reaction is: 

2Alz03 ~ 4Al + 302 

a) Name the substance formed at the positive 
electrode. Explain why it is formed. 

b) Write an ionic equation to show: 

(2) 

i) the reduction of the aluminium ion to an aluminium atom 

carbon electrodes 

molten aluminium 

(1) 

ii) the oxidation of the oxide ion to oxygen. (1) 

c) One faraday is the charge of electricity that contains 1 mole of electrons. 
How many faradays of electricity are required to produce 1 mole 
of aluminium? (1) 

(Total for q uestion= 5 ma rks) 

Student 1 response OOj]fl i:l Marker comments and tip s for success 

graphite electrode 

' alumlnlum out 

a ) Oxy9ero - it- comer from #,e Oxygen gas is a product in the equation for the r,eaction, but you need to remember the details of 

aluminium oxide. v' aluminium extraction. The oxygen ion is attracted] to the positive electrode, but as the electrode is 

made from carbon and is hot, the oxygen produced reacts to become carbon dioxide gas. 

b) i) A lt+ + ze- ~AI O The charge on the aluminium ion is incorrect, so loses the mark. Always check the charges on 

ions. Using the Periodic Table, the group number of a metal is the same as the number of positive 

charges it has. 

ii) 0 1- ~0i + Ze- o The charge is correct but the half-equation is not balanced, so the mark is lost. Use the Periodic 

Table to check the charge: 8 minus the group number gives the negative charge for non-metals. 

To balance the half-equation two oxide ions are needed on the left to produce oxygen gas, 0 2, and 

four electrons are needed on the right. 

c) 2 foradoyr i./ 
Although the charge on the aluminium ion in the half-equation in b) i) is wrong, the 2 faradays 

gains the mark through error carried forward. 

Student 2 respo nse "ir:n:11~~ Marker comments and tips for success 

a ) Corboro dioxide. v' 1 mark for the correct substance and 1 mark for a clear explanation. You need to re member that 

T!,e oxy9ero reoctr wit/, t/,e 
corboro electrode. v' 

the carbon electrode is bu mt away during the process. 

b) i) A 11• + 3e---+ A l v The aluminium ion is correct, so the half-equation is easily balanced with three electro ns. 

ii) 0 1
- ~fY+ie- v 

The equation is balanced by using a 1h in front of the 02- Th is is an acceptable alternative to using 

two 0 2- ions which avoids having to increase the number of electrons to 4. 

C) 3 forodoyr i./ 
It will take 1 faraday of electricity for each electro n in the balanced half-equation fo r aluminium, so 

3 are needed. 
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Practioe questions 
2 Iron is a metal that is extracted by reduction with carbon, not by electrolysis. 

a) Explain why iron is extracted by reduction with carbon and not 
by electrolysis. 

b) The equation for the reaction is: 

_ Fe203 + _ C~---- + ___ _ 

(2) 

Copy and complete the equation for the reduction of iron oxide to iron. (2) 

c) Limestone, coke and air are added to i ron oxide in the blast furnace. 
Describe the purpose of each of the three substances. (3) 

d) Suggest one advantage and one disad vantage of using carbon to exnact 
iron from iron oxide. (2) 

3 Zinc is a metal chat can be extracted from its ore, zinc sulfide {ZnS). The zinc 
sulfide is reacted with oxygen co make zinc oxide, producing sulfur dioxide, 
and then reduced with carbon to zinc. 

a) Write a chemical equation of the reaccion of zinc sulfide with oxygen 
to make zinc oxide. (2) 

The equation for the reduction of zinc oxide is: 

+ C~Zn + 

b) Copy and complete the equation for the reduction of zinc oxide to zinc. (2) 

c) Suggest two environmental problems that converting zinc sulfide to 

zinc may cause and explain how these problems can be overcome. (4) 

d) Explain why zinc oxide can be reduced by carbon to zinc. (1) 

4 In che 1850s, Napoleon III of France often held banquets where the guests 
were given aluminium places and cutlery to show his wealth. Aluminium 
was more expensive than gold. 

This was before a method was invented for making aluminium using electricity. 
All the aluminium made before the 1880s was made by reducing aluminium 
oxide {A}i03) with expensive sodium or other very reactive metals. 

a) Write a chemical equation for the reaction of aluminium oxide with 
sodium to make aluminium. (2) 

b) Explain, using your equation, why aluminium was a very expensive metal 
in the 1850s. (2) 

c) Explain why carbon cannot be used to make aluminium from 
aluminium oxide. (1) 

Today aluminium is extracted by electrolysis. le is still more expensive 
than iron, but cheap enough to be used to make soft drink cans that can 
be thrown away. 

The diagram shows an electrolysis cell for the reduction of aluminium oxide 
to aluminium. 
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carbon electrodes 

graphite electrode 

'aluminium out 

molten aluminium 

d) Explain why che aluminium oxide is dissolved in cryolice. (2) 

e) Write the formula for the ion accracced co: 

i) the negative electrode (1) 

ii) the positive electrode. (1) 

f) Write an ionic half-equation co show: 

i) the changes when an aluminium ion becomes an aluminium atom (1) 

ii) the changes when an oxygen atom becomes an oxygen ion. (1) 

g) Explain why the half-equation shows that aluminium is an expensive 
metal to extract. (3) 

5 Sodium metal is obtained by the electrolysis of molten sodium chloride. 

The diagram shows a simple electrolysis cell for the production of sodium 
metal in a laboratory. 

+ 

I 11 I _,_m 
~ chloride 

t 
heat 

a) Write the formula for the ion accracced co: 

i) the negative electrode 

ii) the positive electrode. 

b) Write an ionic half-equation co show: 

i) the reduction reaction 

(1) 

(1) 

(1) 

ii) the oxidation reaction. (1) 

c) A scientist made 46 g of sodium metal. Calculate che number 
of faradays of electrical charge that was used. (2) 

d) Suggest two safety precautions you should make, one for each product, 
if you attempted this reaction in a laboratory. (2) 
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II Practical work 

Example 
1 Some sodium chloride solid was dissolved in water. The solution 

was placed in a beaker with some universal indicator solution. Two 
inert electrodes were placed into the solution, and the solution was 
electrolysed. 

a) What colour would you expect the solution to be at the stare? (1) 

b) i) Describe what you would see at the positive electrode. (1) 

ii) Name the gas produced at the negative electrode. 

c) The solution around the negative electrode turned blue during 
the electrolysis. 

(1) 

What does this show about the solution around the negative electrode? 

+ 

Suggest a substance that could be causing the blue colour. (2) 

d) The solution around the positive electrode was bleached during 
the electrolysis. Suggest a chemical chat could be causing the bleaching. (1) 

(Total for question= 6 marks) 

Student 1 response ;moo Marker comments and tips for success 

sodium chloride 
solution and 
universal Indicator 
solution 

The question has not been read carefully and the importance of the universal indicator has been 

a) Colovrlerr 0 missed. If an answer seems rather obvious, read the question again to make sure you'Ve missed 

nothing. 

b) i) Bvbbler of 9ar v' The answer correctly describes what is seen at the positive electrode. 

ii) /iydro9en v' The gas is correctly named. 

The answer shows a lack of understanding about what indicators are for. Universal i·ndicator is 

C) The blve ir cavred b)' the used to monitor the pH, in this case the pH of the solution around the electrode to help identify 

u11iverrnl indicator. 0 the product. Read the question carefully and think about what each part of the procedure will do or 

how it might be useful. 

d ) Chlorine v' The gas is correctly named. 

Student 2 response im0l13 Marker comments and tips for success 

a) Green v' 
The mark is gained for realising that the universal indicator wil I provide a colour, and that as the 

solution is neutral it will be green. 

b) i) Nothin9 0 
You should remember that you would see chlorine gas produced at the positive electrode in the 

electrolysis of brine. 

Correct. 

ii) liydro9en v' This answer is learned rat.her than understood. If the student had understood the process, they 

would have answered part b) i) correctly. 

1 mark for correctly identifying the reason for the blue colour of the universal indicator. The name 

c) It ir a,, alkali. v' of the substance is needed to gain the second mark. Make sure you suggest a substance if the 

question asks for one. 

d ) Chlorine v' The other gas is correctly identified. 



Practice questions 
2 A student had done an electrolysis experiment using brine. She then watched 

a YouTube clip of the electrolysis of brine in industry. She took a screen grab 
of a diagram of the process. 

brine -
+ 

diaphragm 

a) What is the chemical name for a solution of brine? 

b) i) Using information from the diagram, name the gas that is produced 

(1) 

at the positive electrode. (1) 

ii) Describe a chemical test you could do to confirm the identity of the gas. (2) 

c) i) Using information from the diagram, name the compound cliac 
is produced in the solution at the negative electrode. 

ii) Write a half-equation for the formation of the hydrogen gas that is also 

(1) 

produced. (1) 

iii) Describe a chemical test you could do to confirm the gas is hydrogen. (1) 

d) What is the purpose of the diaphragm in the electrolysis cell? 

3 A student did the electrolysis of some dilute sulfuric acid solution using the 
apparatus shown. 

di lute sulfurlc acid 

1--1 
The volume of the gas given off at the negative electrode had twice the 
volume of the gas given off at the positive electrode. 

a) Name the gas that was given off at the negative electrode. 
Describe a chemical test for this gas. 

b) i) The gas that was given off at the positive electrode was oxygen. 
Describe a chemical test for this gas. 

ii) Write a half-equation for the production of this gas. 

(2) 

(1) 

(1) 

Practical work 
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c) The student took the two gases and mixed chem together. He burnt 
the gases, and collected the liquid that formed. Describe how the student 
could show the liquid was pure water. (2) 

4 A student dissolved some sodium chloride in some water. He then electrolysed 
the solution in the apparatus shown. 

eh lorlne gas hydrogen gas 

sodium chloride solution 

+ 

a) i) Describe a chemical test to show chat the gas collected above 
the positive electrode is chlorine gas. 

ii) Write a half-equation for the prod uction of the chlorine gas. 

b) Describe a chemical test to show that the gas collected above 
the negative electrode is hydrogen gas. 

c) i) Sodium ions are attracted to the negative electrode where they gain 
an electron to become sodium atoms. Explain why sodium metal is 

(2) 

(1) 

(1) 

not deposited on the negative electrode, and hydrogen gas is evolved. (2) 

ii) Write a chemical equation to show the reaction you have described 
in parcc) i). (2) 

d) The produces of the electrolysis of sod ium chloride solution or brine 
are usefol. Give one use for sodium hydroxide and chlorine. (2) 

5 A student did the electrolysis of sodium 
chloride solution using a Petri dish. The 
student made up some sodium chloride 
solution, added some red litmus solution 
and placed two electrodes in the mixture. 
The two diagrams show the Petri dish 
from above, before and after the 
electrolysis. start 

red 
bleached with 
gas bUbbles 

a) Copy and complete the results chart below. Some of the observations 
the student made have already been entered. (3) 

At t he start of During t he At the e nd of t he 
t he exp eriment exp eriment experiment 

colour of solution in the red 
centre o,f the Petri dish 

observations around starting to go 
the posit ive electrode colourless 

observations around changing from 
the negative electrode red to blue 

other observations none slight smell of eh lorine strong smell of eh lorine 

end 

blue with 
gas bubbles 



b) Explain why there was ascrong smell of chlorine ac the end of che experiment. (1) 

c) Write a half-equation for the formation of the chlorine gas. (1) 

d) The solution around the negative electrode is sodium hydroxide. 
Describe how it has been made. (2) 

e) The gas at the negative electrode is hydrogen. Describe a test to 
show the gas is hydrogen. (1) 

f) Suggest a safety precaution the student should take when doing 
the experiment other than wearing eye protection. (1) 

6 A student electrolysed a solution of copper sulfate. He used platinum 
electrodes for the electrolysis. 

a) Write a half-equation for the production of copper at the negative electrode. ( 1) 

b) The positive electrode produced a gas. He found chat che gas re-lit a 
glowing spill. 

i) Name the gas produced ac the positive electrode. 

ii) Write a half-equation for the production of this gas. 

c) Why did the student use platinum electrodes for his experiment? 

d) The student found that a mass of0.635 g of copper has been deposited 
on the negative electrode. 

Calculate the amount, in faradays, of electricity that was used to produce 

(1) 

(1) 

(1) 

the copper. (3) 

e) In a similar experiment using sodium chloride solution, 0.25 faradays of 
electricity were used. The half-equation for the production of chlorine 
gas is: 

2c1--+ Cli + 2e-

i) Calculate the amount, in moles, of chlorine gas that was made. 

ii) Calculate the mass, in grams, of chlorine gas that was made. 

(1) 

(2) 

Practical work 
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II Data analysis 

Example 
1 Crude oil is separated by fractional distillation into hydrocarbon fractions. 

A hydrocarbon is a compound that contains only hydrogen and carbon. 
A fraction :is a mixture of hydrocarbons chat contains molecules with a similar 
number of carbon atoms. The cable gives some information about four fractions. 

Common name Average number of carbon Average boiling point Time for ignition after flame 
of fraction atoms in the molecules of fraction I •c applied / s 

refinery gases 3 40 0 

gasoline 8 11 0 1 
kerosene 10 180 3 

diesel 14 250 5 

a) Explain why the table uses the average number co describe the number of 
carbon atoms in the molecules of a fraction. (2) 

b) Describe the relationship between average number of carbon atoms in 
a fraction and average boiling point of the fraction. (1) 

c) Explain why diesel is the most viscous of the fractions in the table. Use 
information from the cable and your knowledge of hydrocarbons in 
your answer. (2) 

d) Fuel oil and bitumen are two more fractions. Bitumen has more than 
50 carbon atoms in its molecules and fuel oil has on average 35 carbon 
acorns. Explain which of the six fractions will be hardest to ignite. (2) 

(To tal for q uestion= 7 marks) 

Student 1 response 11• 1•~ :1 Marker comments and tips for success 

a) Each fractio,, ir a mixtvre of molecvler. v' 1 mark only. Th is is a statement of some knowledge, not an exp I anation. You 

need to Ii n k your knowledge with what is in the table, and why the average 
number is used, to get both marks. 

b ) The higher the boili,,9 poi,,tthe more carbo,, The answer correctly associates higher boiling point with greater number of 
atomr. II carbon atoms, so gains the marks. However, the boiling point de

1
pends on the 

number of carbon atoms, not the other way round. 

c) It har the lar9ert "vmber of carbo,, atomr. The answer should refer to at least one piece of data from the table such as 
'boiling point' or 'number of carbon atoms', and then explain how the chosen 

data relates to viscosity. 

d) Bitvme,, v , it har morr carbo,, atomr. 1 mark only. The explanation shou Id link to the data in the table. stating the 
trend of ignition would be a good way to start the answer before positioning 

bitumen as having most carbon atoms in the molecule, and suggesting from 
the trend that it would be hardest to ignite. 



Data analysis 

Student 2 response 'imfl.KJ Marker comments and tips for success 

a ) Each fractio,.. ir made vp of lot, of di-ffere,..t A good answer using information from the table and question with a clear 
molecvler. V TJ.e molecvler have rimilar boili,..9 explanation of why is it useful to give the average number of canbon atoms for 
poi,..tr arthey have rimilar l\vmberr of carbo,.. 
atomr II', ro it} bertto vre tt.e mea,.. valve for t h e 

a fraction. 

carbo,.. atomr. 

b ) The hi9her the l\vmber of carbo,.. atomr, the This answer clearly relates the boiling point to the number of carbon atoms. 
hi9her tt.e boili,..9 poi"t. II' 

c ) Dierel har the highert boi li,..9 poi,..t1,1hich mea,,r You shou Id use the data in this way. Refer to the data, then use your 

the molecvler are mort rtro,..9ly attracted to each 
other II'. So the molecvler 1,1ill fi"d it harder-to 

knowledge to explain the information and its relevance to the question. 

rlip part each off.er II' maki ,.. 9 it more vircovr. 

d) /3in,me14 II' The tre"d from the table rho1,1r 1 mark for the correct choice. The trend from the table is given and then used 

i,..c,eari,..9 difficvlfyto i9,..rte 1,1,th more carbo,.. 
atomr, roar itir tt.e largertll', bm,me,.. ir hard re 

to support the answer. 

light.. 

Practice questions 
2 A student burned samples of four different hydrocarbon fractions in 

the air. The student placed an inverted glass funnel ac the same height 
above each burning fraction as shown in the diagram. 

The student found the change in mass of the funnel after burning each 
hydrocarbon for 5 minutes. The funnel was cleaned after weighing 
before the next hydrocarbon was burnt. 

The studen t's results are given in the table. 

Averag e number of carbon 
Crude oil fraction atoms in the molecules Mass of black coating I g 

gasoline 8 1.56 

kerosene 10 3.9 

diesel 14 8.52 

a) i) Name the black coating chat appeared on the funnel. (1) 

ii) Explain why this black coating appeared. (1) 

b) Describe the relationship between average number of carbon acorns 
in a fract ion and the increase in mass of the funnel. (2) 

c) The scudent has failed to record one mass to the correct resolution. 
Which fraction was this? Explain your answer. (2) 

d) Name the two products of the complete combustion of a hydrocarbon. (2) 

e) Explain ·why che incomplete combustion of hydrocarbons in gas fires 
poses a health hazard. (2) 

3 This question is about addition polymers. The commonest addition polymer 
is poly( ethene). 

a) Describe the changes in bonding that occur when ethene forms poly(echene). (2) 

This cable gives some information about three common addition polymers. 

b) Stace one difference between the small molecules that make poly{ethene) 
and poly{chloroethene). (1) 

c) Use a diagram to describe how the small molecules can join together to 
form poly(chloroethene). (2) 

d) Teflon is a polymer that is used co give non-stick pans a slippery surface. 
The polymer is also known as PTFE. 

blac:k coating 
~ --- appears 

after burning 
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The repeat unit of a teflon polymer is 
shown below. 

Molecule the polymer 
Polymer is made from 

F F 
I I 

- C- C-

poly(ethene) H...._ _,.H 
C= C 

1 I 
H.,. 'H 

F F 

Draw the structure of the small 
molecule used to make this poly(propene) H...._ _,.H 

C= C H 
polymer. ( 1) H,,. °" I 

e) If the Tin PTFE stands for tetra, 
use the formula of the repeat 

C- H 
I 
H 

unit to suggest the chemical name poly(chloroethene) Cl.___ ,,,H 
C= C for PTFE. (1) H,,, 

f) Explain why the disposal of 
addition polymers is difficult. (2) 

4 Addition polymers are made by 
polymerising identical monomers. A different 
type of polymer can be made by reacting two different monomers together. 

a) What is a monomer? 

b) Poly(ethene), poly(propene) and poly(chloroethene) are addition 
polymers. Identify a use for each polymer. 

The diagram shows a condensation polymerisation reaction between two 
monomers A and B. 

c) Explain why the reaction is caUed condensation polymerisation. 

d) Name a condensation polymer. 

5 The table shows some of the output of a fractional distillation column in an 
oil refinery and the local demand for each of the fractions. 

Fraction Percentage of the refinery output Percentage demand locally 

gasoline 15 26 
kerosene 8 8 

diesel 12 25 

I u bricati ng oil 26 14 

fuel oil 29 20 

'-H 

(1) 

(3) 

(1) 

(1) 

a) Name the fractions for which demand is greater than the refinery's output. (1) 

b) Explain why the figures in each column do not add up co 100. (1) 

c) Cracking is a process that is used to make sure there is enough of each 
fraction to meet local demand. Describe what happens in cracking. (2) 

d) Name the fractions in the table that should be used for cracking at this 
refinery. (1) 

e) The alkane molecule C20H42 can be cracked to make a shorter-chain alkane 
and C2H4, erhene. Write a chemical equation for the cracking of C20H42 to 
make a shorter molecule and ethene. (2) 

Repeat unit of polymer 

H H 

I I 
- C - C -

I I 
H H 

H H 
I I 

- C - C -
I I 

CH3 H 

Cl H 

I I 
- c - c -

I I 
H H 



II Working with graphs 

Example 
1 Ammonia is manufactured by the Haber process from nitrogen and hydrogen. The 

reaction is exothermic. 

The graph shows the percentages of reacting nitrogen and hydrogen converted into 
ammonia at different temperatures and pressures. 
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a) i) Use the graph to estimate the percentage yield of ammonia using 
a pressure of 300 atmospheres and a temperature of350 °C. (1) 

ii) Describe with reasons why increasing the pressure at 450 °C affects 
the yield of ammonia. (2) 

b) Explain, how the graph shows chat the reaction must be exothermic. (3) 

c) In industry the Haber process uses 450 °C and 200 atmospheres pressure. 
Use your knowledge of the process and the graph co explain why these 
values are chosen when the yield is only 15- 20%. (4) 

(T otal for question= 10 ma rks) 

Student 1 response ~ Marker comments and tips for success 

Working with graphs 

a) i) 20% 0 The graph or question has not been read correctly. When you are asked to 
estimate or read a value off a graph, draw graph construction Ii nes to help you 
read off the correct answer. 

ii) I"creari-,9 the prem,re i"crearer the 1 mark only; the answer does not give a reason for the statement lfo avoid 
ammo"ia formed. v missing parts of your answer, underline each part of the question that asks you to 

do something. You should underline reasons and affects yield, so you know to do 
both. 

b ) The 9raph 9'etr hi9her at lo1,,1ertemperatvrer. Insufficient to gain a mark. The graph shows that less product is made as the 
0 temperature rises. In an exothermic react.ion, heat is given out This means that as 

the temperature gets hotter it is harder for the reaction to happen. 

C) The hi9h temperature letr the reactio" 90 1 mark only; there is no reference to the graph. Use figures on the graph to 
qvickly, ro too doer the prerrvre. v explain your answer, for example 550 •c reaches 15% and 350 °C makes 60% 

much slower. 
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Student 2 response U!lliUWWI Marker comments and lips for success 

a) i) '-3% 11' The answer is within the acceptable limits, and has been obtained by drawing 

70 
· - -or,. lines on the graph to enable the value to be easily read off the graph. 
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ii) for eacl,, plot li,,e at differe,,t The answer clearly uses the data from the graph in the form of the three trend 
temperatvrer, V i,,creari,,9 the prerrvre lines to explain how the pressure affects the yield. 
i,,crearer the yield of ammo ,,ia. V 

b) Ar the tem peratvre decrearer the yield 1 mark only; there is no explanation of why this means that the reaction is 
i,,crearer ro the reactio,, ir exoff,,ermic. V exothermic. You need to commernt on the backward reaction being endothermic and 

as such favoured by increasing the temperature, providing energy to be absorbed. 

c) The 9raph fholt'f the hi9her the te..,peratvre The answer uses the graph and refers to both temperature and pressure, with a 
the lerr ammo,,ia ir made, bvtthe reactio,, concluding explanation. A reference to the need for speed to keep costs down 
happe,,r qvickly. v J,,creari,,9 the prerrvre wou Id gain the final mark, as would a comment about competing priorities in 
i,,crearer the ammo,,ia made. V The 101,1 

maximising yield against time and costs. 
yield ir ,,ot a problem ar tt,,e .,,,reacted 9arer 
are recycled V ro eve,,tvally all become 
Ommo'lio. 

Practice questions 
2 Sulfur dioxide is made by burning sulfur in oxygen. The sulfur dioxide made reacts 

with more oxygen in the presence of a catalyst to make sulfur trioxide: 

2S02 (g) + 0 2(g) .== 2S0a(g) 

a) i) Name the catalyst used co converc the sulfur dioxide co sulfur trioxide. (1) 

ii) Why is a catalyse used? 

iii) What does the symbol .== in the equation mean? 

b) The graph shows the percentage of sulfur trioxide produced at different 
temperatures. 
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Use the graph to answer these questions. 

i) What is the percentage conversion to sulfur trioxide at 500 °C? 

ii) The reaction is carried out at 450 °C with a catalyst. What percentage 
of sulfur trioxide is made at this temperature? Explain why this 

(1) 

temperature and a catalyst is used. (4) 

iii) The reaction is exothermic. Suggest with reasons what would happen 
to the yield of sulfur trioxide at temperatures higher than 650 °C. (3) 

3 Sulfuric acid and ammonia are used to make the fertiliser ammonium .sulfate 
(NH.)iso •. 

A student titrated 50cm3 of ammonium hydroxide solution with sulfuric acid, 
to find out how much sulfuric acid was needed to neutralise the ammonium 
hydroxide solution. 

The equation for the reactions is: 

The reaction is exothermic. 

a) The student recorded the pH of the solution after each addition of sulfuric 
acid. The student stopped adding sulfuric acid after adding SO cm 3. Here is 
a graph of the results. 
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i) Describe in derail how rhe pH of the solution changed during the titration. ( 4) 

ii) After what volume of sulfuric acid had been added was there most 
ammonium sulfate in the solution? Explain your answer. (2) 

b) Use data from the graph to explain in detail how the student could obtain 
a pure sample of ammonium sulfate. (4) 

c) What does the graph and equation tell you about the concentrations of 
the two solutions? (1) 

4 The Haber process is used to make ammonia. The reaction is a dynamic 
equilibrium. This equation shows the reaction: 

The forward reaction is exothermic. 

a) What is meant by a dynamic equilibrium? (2) 

b) Where are nitrogen and hydrogen obtained from for the Haber process? (2) 

c) The graph shows how the percentage of ammonia formed varies according 
to d1e pressure of the gases and the temperature. 

Working with graphs 
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The reaction is usually done at 450 °C and 200 atmospheres pressure, 
with a catalyst. 

Use che graph and your knowledge of reaction races and equilibriwn 
reactions to help you answer these questions. 

i) What percentage of ammonia is produced with these conditions? (1) 

ii) Exp lain why the reaction is carried with these conditions and a catalyst. ( 4) 

5 A class of students investigated how time affected the percentage of ethanol 
that could be produced by fermenting sugar solution with yeast. They set up 
three idencical fermenting solutions and kept them at 30 °C, 40 °C and 55 °C. 
At che end of each day they measured the percentage of ethanol in each 
solution. 

Here is a graph of che results. 
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Ac which temperature was most ethanol produced? ( 1) 

What was che maximum percentage of ethanol produced by 
any solution? (1) 

How long, in days, did it cake the solution at 40°C co produce 
its maximum percentage of ethanol? (1) 

b) A scientist suggested that increasing the temperature increases the race 
of the fermentation reaction. Using information from the graph explain 
whether you agree with the scientist. (4) 



Calculations 

II Calculations 

Example 
1 Limestone (CaC03) is used throughout the world co help farmers grow crops. 

Before the limestone can be used it must be changed to calcium oxide by heating. 

The equation for the reaction is: 

CaCOJ(s) ~ CaO(s) + C02(g) 

a) Calculate the mass, in grams, of 1 mol of calcium carbonate. (2) 

b) The M, of calcium oxide is 56. If2 moles of calcium carbonate are heated 
and the carbon dioxide gas collected, calculate the maximum volume, in 
dm3, of carbon dioxide gas that could be produced. (3) 

c) A farmer heated 125 tonnes of calcium carbonate. All the calcium carbonate 
was converted to calcium oxide. Calculate the mass, in tonnes, of calcium 
oxide produced. (3) 

d) Only 55 tonnes of calcium oxide was produced. Calculate the percentage 
yield of calcium oxide. (2) 

(Total for question= 10 ma rks) 

Student 1 response 'im'l] 1/i},t-':,i Marker comments and tips for success 

a ) CaC01= '10 + 12 + (1G.x ;) v = 1009 V Correct substitution of relative atomic masses and correct calculation of fonmu la mass. 

b) Reacti,.,9 ratio ir 1: 1 ro The equation shows that 1 mole of calcium carbonate produces 1 mole of carbon 
1 X 2 X 2'1 = '18 dm3 V V V dioxide. If you heat 2 moles of calcium carbonate, 2 moles of carbon dioxide are made. 

You need to make it clear that the 1 is the reacting ratio in the equation arnd the 2 is 
from rn umber of moles heated. 

C) 125 Calculate the moles and mass that would be made first in grams, then scale up the mass 
- = 1.25 moler V ro 1.25 X 5G. = 70 9 V from grams to tonnes. There is no mention of the reacting ratio in the answer. Here it is 100 

ro 125 to,.,,.,er prod veer 70 to,.,,.,er V 1 : 1. Make sure you always show the reacting ratio from the equation even when it's 1 ; 1 

to avoid forgetting it 

d) 55' x 100 V = 78.G.% v 
70 

Correctly uses answer to part c) to get the right percentage. 

Student 2 response ~ Marker comments and tips for success 

a ) 1009 v v Correct However, you should always show your working as a wrong answer may gain 

some marks for the working out 

b) '18 d..,1 v II" v It is unclear whether the calculation has taken into account the reacting ratio, but the 

answer is correct and gains full marks. It rs risky to just write the answer as you either get 
full marks or no marks. AIW'if/S show your working in case you make an error. 

c) 12S' 
The mass of calcium carbonate has been divided by the formula mass given in the 

-= 2.2; moler question, which is for calcium oxide not carbonate, so the number of moles is wrong. The 
5G. 0 next calculation uses the wrong answer ,correctly, so gains 2 marks. 

ro 2.2; X 5G, = 12'1.'19 V 

ro 12'/J to,.,rier_v 

5(, The student has realised that 102% can not be the yield so to get a figure less than 100 
- x100 = 102% has switched the division round. The problem has been identified, but not the solution. If 

d ) 55 0 you get an unrealistic answer you shou Id check the step before. Checking the answer to 55 
- x100 = '18.2"/. part c) wou Id have corrected the problems in both parts of the question. 5(, 
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Practice questions 
2 Ammonia is an important industrial chemical. It is obtained from nitrogen and 

hydrogen gas. 

The equation for the reaction is: 

N2(g) + 3H2(g) ~ 2NH3(g) 

a) What is the amount, in moles, of nitrogen gas needed to make 1 mole of 
ammonia gas? (1) 

b) Calculate the mass, in grams, of 1 mol of ammonia. (2) 

c) Calculate the volume at r.t.p., in d.m3, of 51 g ammonia gas. (3) 

d) Calculate the volume, in dm3, of nitrogen gas that would produce 51 g 
of ammonia gas. (2) 

3 Ammonia gas can be reacted with nitric acid to make the fertiliser ammonium nitrate. 

The equation for the reaction is: 

NH3(aq) + HN03(aq) ~ NH4N03(aq) 

a) Calculate the mass, in grams, of 1 mole of nitric acid. 

b) Calculate the mass, in grams, of 1 mole of ammonium nitrate. 

c) A student reacted 0.2 moles of nitric acid wid1 excess ammonia. 

(2) 

(2) 

i) Calculate che mass, in grams, of ammonium nitrate thac should be produced. (3) 

ii) Only 5.6 g of ammonium nitrate was made. Calculate the percentage 
yield of ammonium nitrate. (2) 

4 Iron metal is extracted from iron ore by heating the mecal with carbon. 

The equation for the reaction is: 

2Fe203{s) + 3C(s) ~ 4Fe(s) + 3COi{g) 

a) What is the name given to this type of reaction? 

b) Explain why iron is extracted using carbon. 

c) Calculate the mass, in grams, of 1 mol of iron(III) oxide. 

d) Calculate the mass, in grams, of 1 mol of carbon dioxide. 

e) If8 g ofiron(III) oxide is reacted with carbon: 

i) calculate the mass, in grams, of carbon required 

ii) calculate the volume, in dm3, of carbon dioxide produced. 

5 Electricity is passed through a solution of copper sulfate co obtain some 
copper metal. A current of2.5A was passed for 1 hour. 

The half-equation for the reaction is: 

Cu2+(aq) + 2e-~ Cu(s) 

(1) 

(1) 

(2) 

(2) 

(3) 

(2) 

a) Calculate the amount, in coulombs, of charge passed through the solution. (2) 

(charge in coulombs = current in amps x time in seconds) 

b) Calculate the amount, in moles, of copper deposited in 1 hour. 

(96 500 coulombs of charge contains l mole of electrons) 

c) Calculate the mass, in grams, of copper deposited. 

d) The electrolysis also produced oxygen gas at the positive electrode. 

The half-equation for the reaction is: 

40H- (aq) - 4e- ~ 2H20(l) + 02(g) 

i) Calculate the amount, in moles, of oxygen gas produced. 

ii) Calculate the volume, in dm3, of oxygen gas produced. 

(3) 

(2) 

(3) 

(2) 



Longer-answer questions 

II Longer-answer questions 

Example 
1 Sulfuric acid (H2S04) is made by a series of reactions between oxygen, sulfur and 

water. 

Describe how sulfuric acid is made. Your answer should include the reactants at 
each stage, the temperature and pressure used, and any catalyses chat are used. (6) 

(Total for q uestion= 6 marks) 

Student 1 respo nse 'il!mll ln'!l Marke r comments and tips for success 

Svlfvr ir l,c.,r,..t with 01<y9e,.. to make rvlfvr The answer is very brief. This part of the process is two stages, so no marks. There is no 
trio1<ide. 0 mention of temperature, pressure or catalysts, yet the question clearly asks for these. 

The rvlf.,, trioxide ir tJ.,e,.. dis:rolyed in The dissolving of the su lfu r trioxide in sulfuric acid is correct, but the su lfu r trioxide should 

dil yte rvlfvric acid V made by dilvti,..9 be dissolved in concentrated not dilute su lfu ric acid. Underline the key prompts in the 
co,..ce,..trated svlf.,ric acid with warer question, or write them at the start of your answer, then tick them off as you answer each 
1,,1/.,icJ.. the,.. maker more co,..ce,..trated one. irhe key prompts are reactants, each stage, temperature, pressure, catalysts. 
rvlfvric acid. 

A brief plan before starting to answer is always a good idea Write down as notes what 

you know of the stages, temperatures, pressures and catalysts before providing a detailed 

answer. 

Student 2 response 'il:.i.dl . ' C:l Marke r comments and tips for success 

Sta9e 1: Svlfvr ir !,.,,,..twit/., oxy9e,.. to The answer is well structured. The key prompts of reactants, each stage, temperature and 
9ive rvlfvr dioxide. V catalysts have been used. A balanced equation for stage 1 would help the answer, but the 

description in words is enough to gain the mark. 

TI.ir ir the,.. reacted at.EQ.:<;;. a,..d a The description of stage 2 gains marks for mentioning the catalyst and the need for more 
va nadiy!!:l Ol(ide catall'fi:V ~itl:! !!:l ore oxygen. Tern perature is mentioned, but the value is wrong, so no mark. An equation is 
~ ma ki,..9 rvlf c.,r trio1<id e V given, but it is not balanced. 
(5ta9e 2): 
501 + 01""750i 

J,.. 5ta9e 3 the rvlfvr trio1<ide ir tJ.,e,.. 1 mark for describing the final stage. The unbalanced equation shows an understanding 
dis:s:tzhu:d io C~DC~ctt:Bted s:,ilft.lciC '1Cid of the overall reaction. The answer loses a mark because the key prompt of pressure has 
wQ~iog a:u2t:t C'2oCfo1°J:gttd s:1,,dff.lt:ic not been used. Check your answer against the key prompts and tick each one off as you 
acid. v 
Overall the reactio,.. ir: find it in your answer. 

S + 0 1 + /i10 ~ Ji1SO, 
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Practice questions 
2 Crude oil is separated into useful fractions in a fractionating column. 

a) Describe how the separation of crude oil into useful fractions takes place 
in the fractionating column. (4) 

b) Some fractions are more useful than others. Describe how less useful 
fractions can be converted to more useful fractions, by cracking. (4) 

3 Sodium hydroxide and chlorine are manufactured by the 
electrolysis of brine in a diaphragm cell. The diagram shows a 
diaphragm cell. 

chlorine 

+ 

a) Describe how the diaphragm cell produces sodium hydroxide brine 

and chlorine. Your answer should include the chemical _ _,,== 
names of the reactants, the purpose of the diaphragm, and 
any products not mentioned. (4) 

b) State a use of sodium hydroxide, and a use of chlorine. (2) 

4 Ammonia is manufactured from the reaction between hydrogen 
and nitrogen. 

The equation for the reaction is: 

Ni(g) + 3Hz(g) s== 2NHJ(g) 

The percentage yield of the reaction is less important than the time taken co 
make some ammonia. 

a) Use your knowledge of the reaction to explain why the race of the reaction 

0 0 

0 

is more important than the percentage yield of ammonia. (2) 

b) The reaction to make ammonia is exothermic. 

Describe the effect of raising the temperature and pressure on the 
equilibrium position, and why 450 °C and 200 atmospheres 
pressure is used. (4) 

5 Aluminium is obtained by the electrolysis of purified aluminium oxide (Ali03). 

The major cost of the process is the cost of electricity for the electrolysis and 
for heating. The aluminium oxide is dissolved in molten cryo!ite at 950°C. 
The melting point of aluminium oxide is 2040 °C. 

a) Explain the economic benefit of dissolving the aluminium oxide in cryolite. (4) 

b) Aluminium and magnesium are metals chat are produced by electrolysis. 

The half-equation for the reaction that produces aluminium is: 

Al3+ + 3e- ~ Al 

The half.equation for the reaction that produces magnesium is: 

Mg2+ + ze-~ Mg 

Use your knowledge of electrolysis and the half-equations to explain 
why it coses more to produce 1 mol of aluminium than 1 mol of 
magnesium by electrolysis. (2) 

6 An accountant for a chemical company was very concerned to discover that 
the process his company used to make ammonia from nitrogen gas and 
hydrogen gas had a yield of only 15%. Using your knowledge of the Haber 
process, write an explanation for the accountant to help him understand that 
a 15% yield is highly cost effective. You should refer to the race of reaction, 
temperature, pressure and the reactants and produces. (5) 

diaphragm 

g sodium 
hydroxlde 

o solution -
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ammonium nitrate 64-5, 84 
ammonium sulfate 46, 81 
argon 6, 20 
astatine 5 
atomic number 4, 5, 17 
atoms, structure of 4-6 

baker's ammonia 32 

barium 6 
barium chloride 31, 52 
barium sulfate 46 

beryllium 35 
blast furnaces 70 

boiling point 1-2, 16, 17, 42, 76, 77 
bonding 17, 41 
Bordeaux mixture 32 
brine see sodium chloride 
bromide ions 32 

bromine 5, 23, 34, 40, 41 
butane 41 
butene 41 

calcium 6, 14, 20, 30, 35 
calcium carbonate 

acid rain and 28 
formation 9 

heating 8, 83 
reaction with hydrochloric acid 29, 60 
reaction with nitric acid 50-1 
reaction with sulfuric acid 51 

calcium chloride 15 
calcium fluoride 14 
calcium hydroxide, 9 
calcium nitrate 53 

calcium oxide 8, 30, 4 7, 83 
calcium sulfate 53 

carbon 

electronic configuration 14 
forms of 18 
reaction with water 30 

reduction of metal oxides 70, 84 
carbonates 29, 32 
carbon dioxide 

electronic configuration 14 
production 29, 51, 69 
properties 29 
reaction with calcium hydroxide 9 

ltest for 28, 33, 51 
in water 8 

carbonic acid 8 
catalysts 43, 44, 57 

activation energy and 60 
effect on reaction rates 55-6, 57, 80-1 , 
82 

changes of state 1-2 

charge 
in electrolysis 69, 71, 75, 84 

on ions 13, 17, 19, 20, 27 
chlorides 17, 24, 31 

chlorine 
electronic configuration 12-13, 23-4 
manufacture 86 
reactivity 23, 34 
structure and properties 5- 6, 17 

ltest for 32, 74, 75 
collision the,ory 59, 60, 61 
concentration 8, 66- 8, 81 

reaction rates and 6 1 
condensation 1 - 2 

condensation polymerisation 78 
conductivity 16, 18, 21, 24 

copper 25,32,33, 45, 75, 84 
copper carbonate 45 
copper sulfate 11 

as catalyst 59- 60 

electrolysis of 75, 84 
production 52, 54 
reactions with metals 63 

test for water 47 
covalent compounds 15 
cracking 78, 86 
crude oil 44, 76-7, 78, 86 

diamond 18 
diaphragm cell 73, 86 
'disappearing cross' experiment 61 
displacement reactions 34-5 
displayed formulae 39, 40, 41 
distillation 2 

dot and cross diagrams 12-15, 24, 39, 40, 41 
dynamic equilibrium 56, 81-2 

electrolysis 
of acidified water 11 
of aluminium oxide 69, 70-1, 86 

of copper sulfate 75, 84 

Index 

of sodium chloride 71 , 72- 3, 74-5, 86 
of sulfuric acid 73-4 

electronic configuration 4-6, 12-15, 19-20, 
22- 4 

empirical formulae 10-11 , 38 
endothermic reactions 57 

enthalpy changes 64, 65 
equilibrium 56, 81 - 2, 86 
ethane 39, 40, 41 
ethanol 43-4, 64, 82 

ethane 40, 41 , 43, 44 
evaporation 1-2 
exothermic reactions 46-7, 57, 62-5, 79 

fermentation 44, 82 

flame tests 31, 32 
fluorine 5, 14, 23, 24 
formulae, finding 10-11 

fractional distillation 76, 78, 86 
fractions 76- 7, 78, 86 

gases 1-3, 16 

giant covalent structures 16 
graphite 18 
Group 1 metals 22, 23, 24, 35 

see also individual elements 
Group 2 metals 35 
Group 7 (halogens) 5- 6, 23-4, 24, 34 

see also individual elements 
groups (Periodic Table) 4, 5, ,5 

gypsum 31 

Haber process 79- 80, 81-2, 86 

half equations 25, 69, 71 , 73- 5, 86 
halide ions 52 

halogens see Group 7 (halogens) 
heat energy 4 7, 62- 5 
homologous series 39-42 
hydrocarbons 11 , 38-44, 76 - 8 
hydrochloric acid 

reaction with calcium carbonate 29, 60 
reaction with lithium carbonate 67- 8 
reaction with magnesium 9, 50- 1, 59 
reaction with metals 33 
reaction with potassium hydroxide 67 
reaction with sodium hydroxide 50, 62- 3, 

65 
reaction with sodium thiosulfate 47, 61 

hydrogen 

electronic configuration 14 
production 7, 9, 11 , 59-60, 72, 73 
test for 32, 50, 73, 74, 75 

hydrogen chloride 
reaction with ammonia 8, 4 9 
structure and properties 15, 24, 37 

hydrogen peroxide 36, 55- 6 
hydrogen sulfide 14 

indicators 48-50, 72 

iodide ions 32 



Index 

iodine 5, 23, 34 
ionic compounds 15, 17 
ions 

iron 

in acids/alkalis 49, 50 
testsfor 31 - 2 

extraction 70, 84 
rusting 11 , 26- 7, 37 
test for ions 32 

iron{III) oxide 11 , 34- 5, 70, 84 
iron(lf) aulfate 32 

isomers 41 

krypton 6 

lead 11 , 63 
lead iodide 54 
lead nitrate 68 
limestone (calcium carbonate) 83 
liquids 1-3, 16 
lithium 23, 24, 35 
lithium carbonate 67- 8 
lithium fluoride 1 5 

litmus paper 4 9, 50 

magnesium 
combustion 26 
electronic configuration 6 
extraction 86 
oxidation 27 
reaction witn copper sulfate 63 
reaction with hydrochloric acid 9, 50- 1, 59 
reaction with, metal oxides 35 
reaction witn sulfuric acid 7 
reaction witn water 30, 35 

magnesium chlori'de 9 

magnesium oxide 10, 15, 27, 50- 1 
magnesium sulfate 7 

man9anese(IV) oxide 36, 55-6 
manganese sulfate 11 
mass, calculations of 7- 9, 10-11 , 45, 46, 53, 

75,83-4 
mass number 4, 5 
melting point 1- 2, 16, 17, 18 
metals 

properties 16, 30 
reactions with hydrochloric acid 33 
reactions with metal oxides 34- 5 
reactions with metal sulfates 34 
reaction witn water 22, 33, 35 
t ransition metals 19 

methane 14, 39, 41 
methyl orange 4 9, 50 
molar enthalpy change 64 
molecular formulae 11 , 39, 40 
monomers 78 

neutralisation 49, 50, 65, 66- 7, 81 
nickel chloride 54 
nitrates 54 

nitric acid 
reaction with ammonia 84 
reaction with calcium carbonate 50-1 

nitrogen 15 
non-imetals 20, 21 , 30 

oxidation 25, 2 7, 35, 69 
oxides 11, 21 
oxygen 

electronic configuration 14 
percentage in air 25, 26-7 
production 11 , 36, 69, 84 
reactions with elements 30 
test for 32, 73 

particles 

rate of reaction and 60 
in substances 1-3 

peroentage yield 47, 79- 82, 83, 84, 86 
Periodic Table 4-6, 19- 21 
periods (Periodic Table) 4, 6, 19 
phenolphthalien 50 
pH scale 21, 48-9, 51, 81 
poly(chloroethene) 77- 8 
poly(ethene) 77- 8 
poly(propene) 78 
potassium 23, 24, 32, 35 
potassium bromide 32 
potassium chloride 54 
potassium hydroxide 67 
potassium manganateMIJ 3 
potassium sulfate 37 
precipitation 52, 53, 54, 68 
pressure 

effect on equilibrium 56, 86 
effect on yield 57, 79- 81 , 81 - 2 

properties of substances 16- 18 

reaciion rates 58- 61 , 82, 86 
catalysts and 55-6, 57, 80- 1, 82 

reaclivity 
electronic configuration and 19, 20, 23, 24 
of halogens 34 
of metals 23, 24, 33, 34, 35 

redax reactions 35 
redu-ction 69, 70 
relative atomic mass 6 

relative formula mass 7- 9, 32, 46 
reversible .reactions 47, 56- 7 
rubidium 23 
rusting 11, 26- 7, 37 

salts , preparation of 52-4 
saturated hydrocarbons 41 
sodium 

electronic configuration 14, 23 
from electrolysis 71 
reaction with water 22, 35 
structure and properties 22, 23, 24 

sodium bromide 23 
sodium chloride 

electrolysis of 71, 72- 3, 74-5, 86 
electronic configuration 12, 13 
properties 17 

sodium fluoride 14 
sodium hydroxide 

production 74, 75, 86 
reaction with hydrochloric acid 50, 62- 3, 
65 
reaction with sulfuric acid 66, 68 
uses 74, 86 

sodium iodide 68 
sodium oxide 21 
sodium sulfate 53 
sodium thiosulfate 4 7, 61 
solubility 17 
sulfates 3 1, 32, 52 
sulfur 14, 26, 30 
sulfur dioxide 26, 56- 7, 80- 1 
sulfuric acid 

electrolysis of 73- 4 
manufacture 85 
reaction with ammonia 46, 81 
reaction with calcium carbonate 51 
reaction with magnesium 7 

reaction with magnesium oxide 50-1 
react ion with sodium hydroxide 66, 68 
reactions with zinc 59 

sulfur oxide 21 
sulfur trioxide 56- 7, 80- 1 
surface area 59, 60 

Teflon 77- 8 
temperature 

effect on equilibrium 56, 86 
effect on yield 57, 79- 81, 81-2 
reaction rates and 58-9, 82 

titration 52, 66- 8, 81 
transition metals 19 

universal indicator 50, 72 
unsaturated hydrocarbons 41 

volume, calculations of 7, 8, 9, 46, 83-4 

water 

energy to break molecule·s 64 
reactions with metals 22, 33, 35 
structure 15 
test for 30, 47 

yield 47, 57, 79- 82, 83, 84, 86 

zinc 59, 63, 70 
zinc carbonate 27 
zinc chloride 53 
zinc oxide 27, 53, 70 
zinc sulfide 70 


