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This workbook has been w ritten to help yo u in your further understanding of chemistry fo r the Cambridge IGCSE 
specification. This workbook shou ld be used alongside the 3rd edition of t he IGCSE Chemistry t extbook, w r itten by 
the same authors. 

In th is workbook the chapters have the same names as t hose in the textbook and are organised by syllabus topic. 
They conta in quest ions re lat ed to t he content of the equivalent chapters in the !GCSE Chemistry textbook. The 
questions maybe related to: 

the ·core· ofthelGCSEsyllabus 

both the 'core· and t he 'extended' parts of the syllabus. If you are to be entered for the extension paper you 
should try to do t hese questions as wel l as the extended questions. 

the 'extended· part of the IGCSE syllabus, which is examined in the extension paper. 

Chapter 16 has questions that relate to the 'A lternative to Practica l· examinat ion paper. 

To ensure your answers to the questions are kept toget her in one place, there are spaces provided in t his book for 
you t o w rite your answers in. This w ill help when you come to revise for exami nations. 

Bryan Earl andDoug Wilford 

Cambridge IGCSE Chemistry W orkbook Photcxopyingproh ibited O 



G) The particulate nature of matter 

• Co re 

1 A sa mple of a solid substance, which had been cooled t o - s•c, was put Into a test-tube . 
The test-tube was then heated in a water bath . The temperature of the substance was taken every 
5 minutes for an hour. The results obtained are shown below. 

Time/min 10 15 20 25 30 35 40 45 so 55 60 

Temperaturel°C - 5 - 1 13 28 45 62 76 79 82 82 

a Plot the results on the graph paper below, putting time on the horizo ntal axis and temperature 
on the vertical ax is. 

b What is the melting poi nt of the substance? ... 

c What Is the bo iling point of the substa nce? ... 

/4/ 

/1/ 

/1/ 

d Describe w hat is happening to the particles of the substance after 50 minutes. 

/2/ 
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Core/Extended 

2 Imagine that you are a water molecule in an ice cu be. Describe what happens to you as the ice cu be 
is heated up to a temperatu re of ,oo~c. 

3 a Explai n the meaning of each of the following t erms. 

; melting ... /1/ 

ii chemi cal cha nge .. /1/ 

iii su blimation ... /1/ 

;, 

' 
, ; 

condensation ... 

evaporation . 

d issolving .. 

/6/ 

/1/ 

/1/ 

/1/ 

b Which of the t erms given In pa rt a best describes w hat is taking place in each of the following? 

i The formation of water droplets on the inside of a w indow on a cold day. 

ii The formation of liquid potassium chloride from solid potassium chloride 

using strong heat ·· ························ ·-·······-····· --····· -··· ·· --··· ·· -··· 

iii The formation of iodine vapour from solid iod ine on heating. 

iv Adding sugar to hot coffee to sweeten t he drink .. 

• Core/Extended 

4 Use ideas about ki netic theory to explain the following : 

a Diffusion does not occur in so lids. 

b Gases ca n be compressed more t han liquids. 

c It is possible fo r a liquid t o flow but a solid cannot. 

/1/ 

/1/ 

/1/ 

/1/ 

/2/ 

/2/ 

/2/ 

Cambridge IGCSE Chemistry Workbook Photcxopying prohibited O 



1 THE PARTICULATE NATURE OF MATTER 

• Extended 

5 W hen t he following experiment is set up, a cloud of f ine w hite powder ca n be seen as t he ammonia 
gas reacts with the hydroge n chl oride gas. 

rnttonwool10ilked 
inmncmtrated 
hydrochloric add 

rnttoowocilOilked 
in corKe<1trated 
ammonialciutioo 

Hydrogen ch loride particles are more than twice as heavy as ammon ia pa rticles. 

a Wh ich of the particles w ill move faste r? ···-······· -·----·-··-··· -·····--····· ·· -···---··· -- ···--- ···--· 

b At wh ich point, A to E, along the tube will t he w hite cloud be see n? Explai n your 
answer in te rms of t he movement of t he particles. 

c How do the particles of hydrogen chloride and ammonia gas move along the tube? 

Exam focus 
1 a i Give two properties shown by: 

b 

a liquid .. 

a gas . . 

ii Draw d iagrams in the boxes below to show how the particles are arranged in each of the 
physical states. 

DOD 
liquid 

The melting and boiling points of five Substance Meltinl!noint/K Ba ilin, noint/K 
substances are given in the table. Oxygen 55 90 

(Take room temperature as 298K) Bromine 2"6 332 

Mercury 234 630 

Phosphorus 317 553 

l,= 1808 3023 

/1/ 

/2/ 

/1/ 

/2/ 

/2/ 

/2/ 

/3/ 
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i What is the melting point of mercury in °C? ... 

ii Which element/ sis a gas at room temperature? .. 

iii Which element/sis a solid at room temperature? . 

iv Which of the elements will boil first if the temperature is raised from room 

temperature? 

2 Use the kinetic theory to explain the following. 

a Walking along the street in front of a coffee shop, it is possible to smell the coffee. 

b When laying railway track, gaps have to be left between the lengths of track. 

c When a tea bag is placed in a cup of hot water, the colour of the water changes. 

Extended 

/1} 

/1] 

/1] 

/11 

[Total: 13] 

/2/ 

/2/ 

/2/ 

d In cold weather, the amount of water found running down the inside of windows increases. 

/2/ 

e A bubble of methane rises from the bottom of the Pacific Ocean. As it rises, the bubble gets bigger. 

/2/ 

f Pollen grains are mixed with water and obseived under a microscope. Dust particles in the air are 
also observed in the same way. 

i What would the pollen grains and dust particles be doing? 

11/ 

ii What causes the grains and dust particles to behave in the way you have described in part i? 

/2/ 

[Tota/: 13] 
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Elements, compounds and 
@ experimental techniques 

• Co re 

1 The t able below shows the melting points, boiling points and densities of element s A to E. 

Substance Meltinq point/°C Bollinq pointl°C Density/q cnrl 

A - 259 -253 0.09 

1085 2580 8.93 

- 7 59 3.1 

- 39 357 13.6 

- 218 - 183 0.0013 

a Wh ich of these substances, A to E, a re gases at room tem perat ure? . 

b Wh ich of these substances, A to E, are liqui ds at room temperature? 

c Wh ich of these substances, A to E, are so li ds at room temperat ure? 

d Wh ich two of these substances, A to E, are most li kely to be metals? ... 

e Wh ich of these substances, A to E, is most li kely to be mercury? ... 

f Wh ich of t hese substances, A to E, is t he least dense metal? .. 

g Wh ich of these subst ances, A to E, w ill be a liquid at-2 10°C? ... 

/2/ 

/2/ 

/1/ 

/2/ 

/1/ 

/1/ 

/1/ 

2 a Pick t he 'odd one out ' in each of the following groups of elements and explain why it is d iffere nt 
from the others. 

i Cu, C. ea, Cs, Cr 

Odd one out .. 

Explanation ,,, 

ii nitrogen, neon, su lfu r; Iron, silicon 

Odd one out ,, __ __ , ., __ ,, , 

Explanation 

iii Mg, Al, Cl, Na, Ar 

Odd one out 

/2/ 

/2/ 

Explanat ion _,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, __ ,,, __ , __ , __ ,,,,,,,,_,,,,,_,.,,,,,, __ , __ ,., __ , __ ,,,_,., __ ,,,,,,,,_,.,,,_ /2/ 
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Core 

b For each of the fo llowing statements about elements, write eithe r ·true' or 'false·. 

i There are on ly 103 element s. ·--··,, 

ii More elements are metals than non-metals . .. 

iii Each element has a chem ical name and a symbol. .. 

iv Metals such as magnesium cont ain two atoms joined together to form molecules. 

v Molecul es of argon cont ain only one atom ... 

vi Some of the symbols for the elements come from their Chinese names ... 

vi i W here elements contain two atoms jo ined together in pairs, they are ca lled diatomic. 

3 a Distinguish between the terms compound and mixture, using specific examples. 

b Here is a list of substances: 

stainl ess steel ca rbon monoxide lemonade sulfuric acid ce ment 
methane sod ium hydroxide limestone beer brass 

Which of these substances are: 

i compounds? ... 

Ii mixtures? ... 

c Pick the 'odd one out ' In each of the following groups and expl ain w hy it is different from the 
others. 

i petrol, oi l, water, air, solder 

Odd one out .. 

Explanati on ... 

ii lead nitrate, potassium oxide, chromium, hydrochloric acid, silicon dioxide 

Odd one out .. 

Explanati on 

iii HCI, Fi, MgO, FeS, col 

Odd one out -- ··· 

Explanation 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/3/ 

/5/ 

/5/ 

/2/ 

/2/ 

/2/ 
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2 ELEMENTS, COMPOUNDS AND EXPERIMENTAL TECHNIQUES 

4 a A mixtu re of zi nc metal powder and sulfur w as heated strongly in a test-tu be. A bright 
red glow spread very quickly th roughout the mixtu re during t he react ion. At t he end of 
the experiment , a white powder was produced. 

i What safety precaut ions should be taken whe n carrying out th is experiment? 

ii Explain what the 'bright red glow' indicat es . . 

iii Give the chemical name of t he 'white powder' . . 

iv Write a word equation and a balanced chemical equation for the react ion that has 
taken place. 

v The white solid is a com pound. Explai n the difference between the mixture of 
zinc and sulfu r and t he compound formed by t he chemica l reaction between t hem. 

vi Many compounds are very useful substances. Salt (chemical name sod ium chloride) is one 
of t hese usefu l compo unds. It Is a wh ite crysta ll ine soli d and has been prized by people for 

/2/ 

/1/ 

/1/ 

/3/ 

/3/ 

a very long time. Find and make a 11st of some th ings that we use sa lt for in our w orld today. 

b The metal cop per can be extracted from Its ore, copper su lfide, In a two-stage process: 

I Copper su lf ide reacts w it h oxygen at a high temperature to form copper oxide and sulf ur 
dioxide gas. 

II Then t he copper oxide is reacted with carbon, aga in at high temperature, to form copper 
metal and ca rbon dioxide gas. 

i Name the elements ment ioned in t he passage above. 

ii Name the compounds mentioned in the passage above. 

iii Write word and balanced chemica l equations for t he reactions described in the 
passage above. 

/3/ 

/3/ 

/4/ 

/8/ 
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5 a The table below shows the formu lae for so me compounds. 

Complete the tab le by w riti ng in: 

i the symbols present in each formula and the elements they represent 

Ii the number of atoms of each element present in t he formula 

iii t he total number of atoms present in the formu la. 

The fi rst one has been done for you. 

Formula of 
substance t-,S-ym~b-071 -rN7~-~m-,'-"-" ~ "'" ," ~~'-um~b-,-, o~,---< ~:!~er of 

atoms atoms 

Lithium 

Nitrogen 

0 Oxygen 

b Balance the fo llowing equations. Some of t he spaces should be left blank . 

. ... _Pb(s) + ..... .0/g) -+ ...... PbO(s) 

. .. .Hz{g) + . .. 0
2
(g) ...-i, • _ .Hp (I) 

.... C1H. (g) + .... 0 1(g) -+ ... C02(g) + ... H10(1) 

iv ... .. .Fe(s) + ..... _.Br
1
(1) ...-i, ••••• FeBri(s) 

.CuO(s) + HCl(aq)-,. CuCl/aq) + Hp(I) 

Vi . .. .. SnOiCs) + . -···H1(g)-+ ····--Sn(s) + ·-·-·.HzD(I) 

Core 

/12/ 

/12/ 

/4/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 
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2 ELEMENTS, COMPOUNDS AND EXPERIMENTAL TECHNIQUES 

6 a The diag ram on the right shows the apparatus used for 
fractional d isti llati on. The labels have been replaced 
w it h numbers. 

i For each number, write down the correct label from 
the li st below. 

Liebig condenser fract ionating column 
cold water out distillate cold water in 
t he rmometer mixtu re of liquids heat 

2 ... 

3 ... 

/1/ 

/1 / 

/1/ 

/1/ 

··············-··-····--····--····--····-··---··· /1/ 

6 ... 

8 ... 

/1/ 

/1/ 

/1/ 

ii Which of t he following mixtures can be separated successfully by fractiona l distillation? 
Explain your answers. 

crude oil magnesium and sulfur a mixtu re of dyes air 

/4/ 

For each number, write down the correct labe l from the list in the box. 
1 

b The diag ram on the right shows a simple apparatus used for Q 
chromatography. The labels have been replaced with numbers. 

pencil li ne beaker solvent sa mp les 
chromatography pa per 2 

' . 
2 .. 

3 ... 

e Photocopying prohibited 

/1/ 

/1/ 

/1/ 

~ 
/1/ 

/1/ 
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Extended 

c What do you understand by the term accuracy of experimental work? 

d Which of the fo llowing are units of: 

i time ... 

Ii temperature 

Iii vo lume 

;, ma>> ... .... ..... ..................................................... ..... .... ..... ......... ............................................ ......... ..... .... ..... ............................... .......... . 

cm1 kilograms hours degrees Celsi us litres minutes 
seconds grams 

e In experiments you wi ll require the use of accurate measuring instruments. What accuracy 
would you expect of: 

i a st opwatch ... 

ii a t hermometer 

• Extended 

/1/ 

/1/ 

Ii i an electron ic balance ... 

iv a bu rette 

7 The metal zinc can be extracted from Its ore, zi nc su lfide (z inc blende), in a two-stage process. 

/2/ 

[BJ 

/1/ 

/1/ 

The second part of the process involves a redox reaction in which zinc oxide is reacted with carbon, 
at a high temperature, to form zinc metal and ca rbon monoxide gas. 

zi nc ox ide+ coke (carbon)--+ zi nc+ carbon monoxide 

a What do you understand by the term redox? 

/2/ 

b Which of the substances shown in the word equation Is being : 

i oxidised? ... /1/ ii reduced? .. /11 

c Which of the substances shown in the word equation is acting as the : 

i oxidising agent? .. /1/ Ii reducing agent ? ... /11 

d Write a balanced chem ical equation fo r the reaction shown in the word equation . 

/2/ 
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2 ELEM ENTS, COM POUNDS AND EXPERIMENTAL TECHNIQUES 

e The word equati ons below describe reactions by w hich the meta ls lead and ti n are 
obtained fro m thei r ores. 

lead oxide+ ca rbon -+ lead+ carbon d ioxide 

ti n(1v) oxide + hyd rogen gas -+ ti n + wate r 

In each of t hese reactions, wh ich of the substances show n is be ing: 

i oxidi sed? /2/ ii reduced? 

Wh ich of the substances shown is acting as t he: 

iii oxidising agent? .. /2/ iv reduci ng agent? 

v Write a ba lanced chemi cal equation for each of these reactions. 

Exa m focus 

Core 

1 The table below shows some information abou t four different elements, W, X, Y and Z. (Note that W, 
X, Y and Z are not chemical symbols.) 

a Complete the following table. 

Element Metal or non-metal? Shinv? Conductor of electridtv? Meltinl! ooint 

w Metal Yes High 

Non-metal No No Low 

Yes Yes High 

z Non-metal No Low 

b Zinc is a metal. Give one property of zinc, not shown in t/1e table, which shows that it is a metal. 

/2/ 

/2/ 

/6/ 

[3/ 

.................................................................................................................................................................................................................... (1/ 

c Sparklers are a type of firework. They usually consist of a chemical mixture that has been moulded 
onto a thin wire. One of the main substances fotmd in the mixture is iron powder. 

The word equation for one of the main reac tions that takes place during the burning of a sparkler is: 

iron+ oxygen --. iron oxide 

i Give the name of one of the reactants present in the word equation above . .. [1/ 

ii Give the name of the compound present in the word equation above . . [1/ 

iii Give one reason why people should be careful when handling sparklers. 

[1/ 
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Extended 

iv Write a balanced chemical equation for the reaction of iron with oxygen. 

/31 

[Tota/:10] 

Core/Extended 

2 Iron is usually extracted from its ore haemati te (iron(m ) oxide). The following is a brief ou tline of the 
reactions involved in this extraction. 

I coke + oxygen -+ carbon dioxide 

II carbon dioxide + coke ~ carbon monoxide 

Ill iron(m ) oxide+ carbon monoxide-+ iron + carbon dioxide 

a Wri te balanced chemical equations for: 

i reaction! . 

ii reactionII. 

b Which substance is being oxidised in reac tion I? 

c Which substance is being reduced in reac tion II? . 

d Balance the following equation fo r reaction Ill. Some spaces may be left blank. 

................... Fep3(s) + ................... CO(g)-+ .................. Fe(!)+ .................. CO,(g) 

e In reaction Ill, which substance is ac ting as the reducing agen t and which is ac ting as 

/21 

/31 

111 

/11 

/21 

the oxidising agent? ·······-·····- ····················-·····-·····-·····-·····-···············-·····-· [21 

f Complete the table below. 

Formul a of Elements resent Total number 
substance Name Svmbol Numberofatoms of atoms 

co 

Fe 

co, 
/251 

g v\'hich of the substances shown in the table are: 

i elements? ....... _ 

ii compounds? ... /41 

[Total:40] 
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0 Atomic structure and bonding 

• Core 

1 Com pl et e the fo llowing tab le. 

Element Atomic Mass Number of Number of Number of Electron 
number number protons electrons neutrons configuration 

A 11 

24 12 

39 2,8,8, 1 

20 2,8,8,2 
/ 16} 

2 For each of the following statements about ion ic/cova lent bonding and ion ic/cova lent compounds, 
write either 'true' or 'fa lse '. 

a Ion ic bonds are formed between non-metals only. 

b Ion ic bonds are formed by transfer of electrons between the elements forming the bond. 

c Ionic compounds usually have low melting points and high boi li ng points ... 

d Cova lent bonds are formed between non-metals only.·-

e Covalent bonds are formed by sharing of electrons between the elements forming the bond . 

f Cova lent co mpounds usually have low melt ing and boi ling points .. 

3 The d iagrams below show two different forms of carbon, A and B. 

~ 
~ :: ::: , :: :::,:: :: 

' 

~ -~ -

a Name the two all otropes of ca rbon shown above. 

b Expla in the mea ning of the term allotrope. 

/1/ 

/1} 

/1/ 

/1/ 

/1/ 

/1/ 

/2/ 

/2/ 
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Core/Extended 

What type of bonding is represented by these forms of carbon? (1] 

ii W hat type of structure is represented by these forms of carbon? (1] 

d i How many other ca rbon atoms are linked to each carbon atom in form A ? (1] 

ii How many other ca rbon atoms are linked to each carbon at om in form B? ···-·····--··· (1] 

e Complete the table below, w hich relates to the propert ies of the meta l copper 
and substances A and B. 

Substance oint Hardness 
Copper High 

A 

f In 1985, a new allotrope of ca rbon was discovered. What is the name of this allotrope? 

• Core/Extended 

4 Draw diagrams to show the bonding in each of the followi ng ionic compounds. 

a lithium chloride (Li CI) 

b ca lcium su lfide (CaS) 

/6/ 

/1/ 

/4/ 

/4/ 
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3 ATOMIC STRUCTURE AND BONDING 

5 a The table shows the valencies of some co mmon ions. Use the info rmation in t he table to wo rk 
out the form ula of each of the compou nds li st ed below. 

; 

Meta ls 

Non-met als 

Groups of 
atoms 

Sod ium (Na•) 
Potassium (K•) 
Silver (Ag•) 

Fluoride (F-) 
Chloride (Cl-) 
Bromide (Br) 

pot assium chloride 

Valencv (oxidation state) 

Magnesium (Mg1•) 

Lead (Pb1•) Aluminium (All+) 
Barium (Ba1•) Iron (Fe1•) 

Copper (Cu2• ) 

Oxide (01- ) 

Sulfide (51- ) 

/1/ 

Phosphate (PO/-) 

, ; ammonium sulfate 

ii copper(11) fl uoride ···- ·····-·······-·······-·······-··· /1/ vii magnesium phosphate 

iii sodium ca rbonate /1/ viii ba rium sulflde . 

;, silver phosphate .. /1/ ;, aluminium hydroxide ... 

' lead oxide ·· ··· ··-····· -·······-·····-- /1/ ' iron(rn) brom ide 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

b Using the fo rm ul ae from your answers t o part a, g ive the ratio of t he atoms present for each of 
those compounds. 

ii_···· ···-·····-

iv ... 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

vii 

ix ... 

/1/ 

························· ···············--··-··--·· /1/ 

/1/ 

/1/ 

/1/ 

6 Draw diagrams to show the bonding in each of t he fo llowing cova lent com pounds. 

a hyd rogen fl uori de (HF) 

/4/ 
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Extended 

b nitrogen tr ich loride (NCl
1

) 

(4] 

• Extended 

7 a The bonding in metals can be described in the foll owing way: 

·it is an electrostatic force of attraction between free electrons and t he regu lar array of positive 
meta l ions w it hin the solid metal. The bond ing in metals g ives rise t o certain properties.' 

Complete the fo llowing passage about the properties of meta ls by writ ing in words from t he list. 

energy levels ductile energy attractive deloca lised 
hi gh ma lleable ions conductors negative 

Metals are good . . of electricity and heat, because the free electrons from 

the outer ...... _ .............................................. _ ....... of meta l atoms carry a ·-

charge or heat ..................... t hrough t he metal. The free electrons are often described as 

.... The free electrons allow metal ... .. to slide over each other; so meta ls 

........... --...... __ ... and _ ... . They have _ .. ·-.... ·-- ..... _ .. melt ing and boili ng points 

due to the strong . forces within the structu re of the metal. (10} 

b The melti ng point of calci um (840°C) is much higher t han t hat of potassium (63 °C) . 
Using the idea of metalli c bond ing, exp lain why this is the case. 

(4] 
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3 ATOMIC STRUCTURE A ND BONDING 

Exam focus 

Core 

1 One of our most important fuels is natural gas (methane, CHJ . The diagram below shows the 
bonding in a methane molecule. 

a What type of bonding is shown in this methane molecule? 

b What type of par ticle is represented by the dots and crosses? ·-- ···- ...... ·-··· ---·-·······-··· -

c Methane is a gas a t room temperature and pressure. Explain why this is the case. 

d Why are four hydrogen atoms needed for each carbon atom in the methane molecule? 

e i What inert (noble) gas s tructure do the hydrogen atoms have? .. 

ii What iner t (noble) gas s tructure does the carbon a tom have? .. 

iii When atoms within a molecule form chemical bonds, they normally end up with eight 
electrons in their outer energy level. Why do the hydrogen atoms have only two? 

11/ 

/11 

/21 

/21 

/11 

11/ 

11/ 

{Tota/: 9] 

G) Photocopyi ng prohibi ted Cambridge IGCSE Chemistry Workbook 



Extended 

Exte nded 

2 The diagram below shows the structure of sodium chloride (salt) . 

• 
0 

a How does the electronic struc ture of a sodium atom differ from tha t of a sodium ion? 

/2/ 

b How does the electronic structure of a chlorine atom differ from that of a chloride ion? 

/2/ 

c What type of chemical bond is found in sodium chloride? ·······-······-·······-·- 11/ 

d Using the diagram of sodium chloride above, explain why sodium chloride: 

i forms crystals tha t are cubic in shape 

/2/ 

ii has a high melting point (801 °C) 

/2/ 

iii acts as an insulator when solid, but will conduct electricity when mol ten. 

/2/ 

[Total: 11] 
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Stoichiometry - chemical 
@)~c_a_lc_u_l_a_ti_o_n_s~~~~~~~-

Use the Periodic Table on page 2 to look up any values for relative atomic mass t hat you may need in this chapter. 

• Core 

1 a Calculate t he relative molecular mass of each of the follow ing compounds. 

i C
2
H~OH [1) 

ii CH1COOCH2CH1 .--···--···--·-··-·-··-·--···-- ··· {1] 

iii CH1CH2COO H (1} 

iv CH1CH= CH2 ···················-·-···--·---·--·--·-··· (1] 

b Calculate t he relative formula mass of each of t he fo ll owing compounds. 

ii Ca(O H)
2 

••• 

• Core/Extended 

/1/ 

/1/ 

2 A st udent carried out a reaction between iron and hyd rochloric acid to make some iron(u) chloride 
crysta ls. She started w it h 5.6g of iron and used an excess of hydrochloric acid . 

a i Write a ba lanced chem ical equation for the reaction. 

ii How many moles of Iron d id she st art off w it h? 

/1/ 

/1/ 

/3/ 

·································--·-····--·--···· /1/ 
iii W hat mass of iron(11) chlo ride could she have expected t o obtain from t his reaction? 

iv She actually obtained 9.17g of the iro n(u) chlo ride. W hat was her percentage yield? 

b Iron is extracted from it s ore haematite (Fep1) in the blast furnace. The reaction t hat prod uces 
t he iron is: 

100 tonnes of haematit e gave 7 tonnes of iron. Calculate the percentage yield of t he process. 

/2/ 

/2/ 

/4/ 
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Extended 

• Extended 

3 a calculate the number of moles of t he element in: 

i 54g of aluminium /1/ ii 0.4 g of calcium .. 

b calculate the number of moles of the compound in: 

i 51 g of al uminium oxide (AlzD1) /1/ ii 11 6g of butane (C. H10) .. 

4 Calcu late the mass of : 

a 2 moles of ca lci um carbonate 

b 0.25 mole of wate r . 

c 2.5 moles of sod ium hydroxide ... 

5 a calculate the emp irical formu lae of t he compounds w ith the followi ng compositions by mass. 

i 24.0g of calcium and 5.6g of nitrogen Ii 50.Sg of copper and 6.4 g of oxygen 

/2/ 

iii 2.18g of carbon, 0.36g of hydrogen and 1.46g of oxygen 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/2/ 

/2/ 

b calculate the emp iri cal formu lae of t he co mpounds w ith the following percentage composit ions 
by mass. 

i 92 .3% carbon and 7.7% hydrogen ii 60.0% magnesium and 40.0% oxygen 

/2/ /2/ 

iii 27.4% sodium, 1.2% hydrogen, 14.3% ca rbon and 57 .1% oxygen 

/2/ 
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4 STOICHIOM ETRY - CHEMICAL CALCULATIONS 

6 a ca lcu late t he number of moles of so lut e in each of the following solut ions. 

i 0.5dm1 of0.25mol dm-l NaOH 

/1/ 

ii 100 cm1 ofO.Smol dm-l NaCl 

/1/ 

b ca lcu late t he concentration (i n moldm-1) of each of the fol lowing solut ions. 

i 0.5 mole of sodium hydroxide in 5D0cm1 

/1/ 

ii 0.25 mole of copper(n) su lfat e in 250cm1 

/1/ 

7 To fi nd out the conce ntration of a solution of hydrochloric acid, a student carried out a titration . 
She found that 18.95cm1 of t he hydrochloric acid was needed t o neutra lise 25cm1 of a 0.1 mol dm-1 

sodium carbonate solution. 

a Write a ba lanced chemica l equation for the react ion bet wee n hydrochloric acid and sodium 
carbonate. 

b Describe how the t itration procedure was carried out . 

c Use the informati on given to fi nd the concentration of the hydrochloric acid solution . 

/3/ 

/5} 

/3} 

8 When sodium chloride reacts with concentrated sulfu ric acid, hydrogen chloride gas (HCI) is one of 
the products. 

If hydrogen chloride gas is d issolved in water, a solution of hydrochloric acid is formed. W hat would 
be t he concentration of the hydrochloric acid obtained if the reaction was ca rried out using 11 .7g of 
sodium chloride, and the hydrogen chloride gas was dissolved in 2S0cmi of wat er? 

/4/ 
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Extended 

Exam focus 

Exte nded 

1 a Copper(n ) oxide can be reduced to copper by passing hydrogen gas over the oxide, as shown in the 
equation below. A student started the experiment with 8g of copper(n) oxide and passed hydrogen 
gas over the heated oxide to produce copper metal. 

CuO(s) + H.i(g) ~ Cu(s) + .H,_O(g) 

i What volume of hydrogen gas would be needed to react with all the copper(u) oxide? (1 mole 
of any gas a t room temperature and pressure has a volume of 24 dm3.) 

ii What mass of copper metal could be obtained from this reaction? 

iii The s tudent obtained 5.8g of copper. What was his percentage yield? 

b The hydrocarbon propane (Cl\) undergoes complete combustion as shown by the equation below. 

c;f-\(g) + SOi(g) ~ 3CO,(g) + 4H.p(g) 

i What volume of oxygen gas would be needed to react completely with 10dm3 of propane gas? 

/31 

/21 

/21 

........... .... ...... .... ..... .............................................................. ..... .... ..... .............................................................. ...... .... ..... ........................... ... /31 

ii What would be the total volume of gases produced from the reaction of propane with 10dm3 of 
oxygen? 

/31 

[Total: 13] 
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4 STOICHIOMETRY - CHEMICAL CALCULATIONS 

2 This question is about a titration involving the neutralisation reaction of 25cm3 of dilute sodium 
hydroxide with dilute sulfuric acid. 

The initial concentration of the dilute sodium hydroxide was 025moldm...J. The solution in the 
burette was dilute sulfuric acid. The indicator used was phenolphthalein. The table shows the 
titration results. 

Rou h 
Final burette readin cmJ 21.75 28.25 2235 27.30 

Ini tial burette readinglcm3 0.00 6.00 0.00 5.00 

Volume of sulfuric add used/cm1 

a Complete the table by calculating the volume of dilute sulfuric acid used in each titration. [11 

b From the three most accurate results, calculate the average volume of sulfuric acid used. 

c Write a balanced chemical equation for the reaction. 

d From the information given, calculate the number of moles of sodium hydroxide in 25cm3 of 
solution. 

e How many moles of sulfuric acid were neutralised? 

f Calculate the concentration of the dilute sulfuric acid. 

/21 

/31 

/21 

/11 

/21 

[Total: 11] 
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® Electricity and chemistry 

• Core 

1 The ta ble below shows the result s of t esti ng a number of solid and liquid substances t o see If they 
conducted an electric current . The electrodes used were made from plati num in each case. 

Substance Physical state Conductivity Products 
T Liquid Yes Hydrogen and chlorine 

Liqui d Yes Silvery metal and green va pour 

V Liquid No None 

w Liqui d Yes Hydrogen and oxygen 

Liqui d Yes None 

So lid Yes None 

Liqui d Yes Pi nk-brown metal and oxygen 

a Which of these substances, T to Z, are e lectrolytes? ... 

b Which of these substances, T to Z, may be metals? ... 

c Which of these substances, T to Z, may be sodium ch lo ride? .. 

d Which of these substances, T to Z, may be mercury? _ 

e Which of these substances, T to Z, may be sugar solution? .. 

f Give the name of a substance that W may be 

g Give the name of a substance that Z may be .. 

2 Comp lete the t able below about a series of electrolysis experiments. 

Substance Material of Substance formed at Substance formed at 
electrodes the cathode the anode 

Molten lead(11) 
ca rbon 

chloride 

Plati num Hydrogen Oxygen 

Molten ca lci um 
bromide 

Sodium Chlorine 

Copper(11) sulfate 
Copper 

/4/ 

/2/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

solution /10/ 
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5 ELECTRICITY AND CHEMISTRY 

• Core/Extended 

3 Explain the following . 

a In the pu rif icat ion of copper by electro lysis, it is essential that a litt le dilute sulfu ric acid Is added 
to the electro lyte. 

b In the elect ro lysis of concent rated sodium chloride solution, it is necessary to keep the chlorine 
gas and sodium hydroxide separated . 

c In t he extract ion of aluminium from aluminium oxide, t he anodes are replaced regularly. 

/1/ 

/2/ 

/2/ 
d In any electroplating process, it is necessary t o degrease t he meta l t o be plated before the process 

is started. 

/2/ 

• Extended 

4 Co mplet e and balance t he fo llowing Ionic equat ions fo r processes that take place at the electrodes 
during electro lysis. 

a Na• + ~ Na 

.. Br ....:; ···-- ·······---· + 2e 

C (al+ + 

- ....:;Cu 

.......... 1- ....:; 

. OH- ....:; 

G) Photocopying prohibited 

/1/ 

/2/ 

/2/ 

/2/ 

/3/ 

/4/ 
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Extended 

5 The diagram below shows an electrolysis cel l. 

a Name the mate ria ls used to make: 

i the anode ... /1/ ii thecathode .. /1/ 

b i Hydrogen is produced at the cathode. Balance the fo llowing electrode equation for this process. 
So me spaces may be left blank . 

........... H•(aq) + ... ...... . Hi(g) /2/ 

ii Chlorine is prod uced at the anode. Balance the following electrode equation for this process. 
So me spaces may be left blank . 

............. Cl--(aq)-+ ............ Cli+ 

Iii Give two large-scale uses for hydrogen and two for chlorine. 

c The overall chemical equat ion that represents w hat is happen ing In the electrolysis cell shown 
above is: 

2NaCl(aq) + 2Hp (I)-+ 2NaOH(aq) + Cl/g) + H/g) 

If 234 g of sodium chloride w as electrolysed, calculate the mass of each of t he fol lowing 
su bstances that would be formed. (Ar values: H = 1; O = 16; Na = 23; Cl = 35 .5) 

i sodium hydroxide 

ii chlorine 

iii hydrogen 

d Give two large-sca le uses for sodium hydroxide. 

/2/ 

/4/ 

/2/ 

/2/ 

/2/ 

/2/ 
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5 ELECTRICITY AND CHEMISTRY 

Exam focus 
Ext e nded 

I Aluminium is an extremely useful metal. It is extracted by electrolysis from its ore, bauxite. Pure 
aluminium oxide is separated chemically from bauxite and dissolved in molten cryoli te. It is then 
elec trolysed in a s teel cell lined with carbon. 

a Why is aluminium extracted fro m its oxide by electrolysis rather than by using a chemical reducing 
agen t such as the element carbon? 

b The electrolysis cell operates a t about 1000°C. This is well below the melting point of aluminiwn 
oxide, which is 2070°C. How is the molten state maintained so that electrolysis can take place? 

At which electrode is the aluminium produced? ... 

ii Balance the following equation for the depositing of aluminiwn . 

......... Al:..+ ....... Al 

d i Oxygen gas is produced at the o ther electrode. What is this electrode made from? 

ii Balance the following equation for the production of oxygen gas a t this electrode . 

. ..... . O'-~ ...... . Oz+ 

e i What fu r ther chemical reaction takes place at the electrode where oxygen is produced? 

ii Write a balanced chemical equa tion for this reac tion. 

f Why are aluminium smelters si tua ted in hilly or mountainous areas? 

g Large amounts of aluminium are recycled. Suggest two advantages of doing this . 

/21 

/21 

/11 

/11 

/11 

/21 

/21 

/21 

/21 

/21 

[Total:17] 
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Extended 

a i How does the mass of the cathode change during the process? ... 

ii Why does the mass of the cathode change? 

b i What charge do the tin ions in the tin(n) sulfate solu tion carry? 

ii How did you decide on your answer to part i? 

Does the concentra tion of the tin(n) sulfate solution differ at the end of the process 

/1] 

/1] 

[1J 

/1] 

compared to the beginning? [11 

ii Explain your answer to part i. 

d i Write a balanced equation for the electrode process tha t takes place at the cathode for the 
depositing of tin. 

ii Write a balanced equation for the electrode process that takes place at the anode. 

e Steel used to be pla ted by dipping it into mol ten tin. Why has this method been replaced by 
electroplating? 

f Suggest a reasoct why food cans are made from mild s teel electroplated with tin rather than from 
mild steel alone. 

/21 

/31 

/31 

/21 

/1] 

[Total: 16] 
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@ Chemical energetics 

• Core 

1 Crude oi l is aver; important mixture. There are many su bstances in this mixture that are used as 
fue ls or as the starting materials for the production of a variety of important chemicals. Oi l can be 
sepa rated by fractional distillation. A simplified d iag ram of this process is shown below. 

a Why are oi l ref ineries usually found near ports? 

b i What cha nge to the crude oi l takes place in part A? 

ii Name the fract ion B .. 

iii Give the use C. .. 

iv Name the fract ion D . . 

c Wh ich of the fractions shown in the diagram contai ns: 

i the biggest molecules? ... 

ii the smallest molecu les? . 

d Wh ich of the fractions represents liqu ids w ith the lowest boiling points? 

e The gasoline is itself a mixture of su bstances. How a re these different substances se parated? 

/1/ 

/2/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 
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Extended 

2 a What isafuen 

b Give four propert ies of a good fuel. 

c Name: 

i a liquid f uel ... 

ii a soli d fuel . 

iii a gaseous fuel. .. 

d Write wo rd and balanced chemica l equat ions for the burn ing of t he gaseous fuel you have 
named in you r answer to pa rt c iii . 

• Extended 

3 The react ion between metha ne and oxygen is exotherm ic. The standard heat of co mbust ion of 
methane is -728kJ mol-1• 

CH/g) + 20i(g) -+ COig) + 2Hp(1) /lH = -728 kJ mol-1 

a calculate the amount of energy produced when each of the following amounts of methane is 
completely co mbusted. 

i 2 moles of methane .. 

ii 0.25 mole of methane .. 

iii 8g of methane ... 

/2/ 

/4/ 

/1/ 

/1/ 

/1/ 

/4/ 

/1/ 

/1/ 

/1/ 

iv 64 g of methane ........... ·-·····-········-·····- ·································-······-····-··--······-····-·· /1/ 

b Draw an energy level di agram to represe nt the complete combustion of 1 mole of methane . 

/3/ 
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6 CHEMICAL ENERGETICS 

4 Use t he bond energy data g ive n in the table below to answer t his question. 

Bond Bond enerav/kJmo1-1 

C-H 413 

O= O 498 

C==O 805 

H-0 464 

c-c 347 

a ca lculate t he ent halpy of com bustion of propane. 

b Draw an energy level diag ram to rep rese nt this combustion process. 

c How much energy is released w hen each of t he following amount s of propane is burned? 
(A, va lues: H = 1; C = 12) 

i 0.5 mole of propane 

ii 5 moles of propane . 

iii 11 g of propane -·····-

5 Water is formed and energy is released w hen hydrogen combines w it h oxygen. 

a Writ e a balanced chemical equat ion, includ ing state symbols, for this reaction. 

/5/ 

/3/ 

/1/ 

/1/ 

/1/ 

/4/ 
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Extended 

b In this reaction, the covalent bonds in the molecul es of hydrogen and oxygen are broken . 
Is the bond breaking process exothermic or endothermic? Explai n yo ur answer. 

c Use the bond energies In the table below to calculate the energy change for the reaction yo u 
have shown in part a. 

Bond Bond ener /kJ mo1-1 

H- H 436 

CFO 498 

0-H 464 

6 The table below gives the entha lpies of combustion of four alcohols. 

Alcohol Molecular formula Enthalov of combustion/kJ mo1-1 

Methanol CH OH -726 

Ethanol C,H OH - 1370 

Propan-1-ol C,H OH -2010 

Butan-1-ol C4H OH -2670 

a Plot a graph of the enthalpy of combustion against relative molecular mass for these four 
alcohols. 

Ii 
Ill II!! 

i'-

lil II!! 
~ 

,,.. 
Ill I!!! 
re ,... 

me "" 
b i From your graph, predict the enthal py change of co mbustion of pentan-1-ol. 

/2/ 

/5/ 

/4/ 

/2/ 
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6 CHEMICAL ENERGETICS 

ii Explain how you obtained your answer to pa rt i. 

c What ca n yo u say about the energy produced w hen alcohols of progressively higher molecular 
mass are burned in air? 

7 In so me countries, includi ng Brazil, ethanol is mixed with petrol. 

a i Write a ba lanced chemical equat ion for the complete combustion of ethanol. 

ii Use the bond energy data In the tables below t o calculat e the enthalpy of combustion of 
ethanol. 

Bond Bond ener / kJ mo1-1 Bond Bond ener /kJmol-1 

C-H 413 H-0 464 

Q:a() 498 c-c 347 

(:a() 805 C-0 358 

/2/ 

/1/ 

/3/ 

/5/ 

b In the manufacture of ca rs, an important factor that is conside red is known as the energy 
density. Th is is the amount of energy re leased w hen 1 kg of the fuel is burned. It can be used to 
com pare the energy efficiencies of different fue ls. Using you r answer to part a ii, and given that 
the enthalpy of combustion of hydrogen gas is -286kJ mol-1, calculate the ene rgy density of both 
hydrogen and ethanol in kJ kg-1 

/4/ 

c Compare the energy density of hydrogen w ith that of ethanol and give a reason for the difference. 

/3/ 
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Extended 

8 The diag ra m below shows an electrochemi cal cell that is based on the first ever chem ical cell. 

a The electrode react ion t aking place at the anode is: 

Cu1•(aq) + 2e- -+ Cu(s) 

Does th is equation show oxidation or reduct ion? Explain your answer. 

b Write an equation to show what occurs at the cathode, includ ing state symbols. 

c Which way wou ld the electrons flow in the w ire - from copper to magnesium or from 

magnesium to copper? ... 

d What carries the electric current through the so lutions? 

e What is the purpose of the porous pot? 

Exam focus 

Extended 

/2/ 

/4/ 

/1/ 

/1/ 

/1/ 

1 An experiment was carried ou t to determine the enthalpy of 
combustion of butan-1-ol. The apparatus used is shown on the 
right. The heat source was a spirit burner containing butan-1-ol. 

The mass of the spirit burner and butan-1-ol was recorded. It 
was allowed to bum for 4 minutes under a copper beaker that 
contained 500cm3 of water. The initial temperature of the water 
was also recorded. 

After 4 minutes, the mass of the spirit burner and the remaining 
butan-1 -ol was recorded, as well as the final temperature of the 

~

ham,~>, 

metal 
calorimeter 

clamp 

water 

draught 

""" 
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6 CHEMICAL ENERGETICS 

The results are shown below. 

Initial mass of spi rit burner and but an-1-ol = 29.42 g 

Final mass of spirit burner and butan-1-ol = 27.51 g 

Initia l tempe rat ure of t he water = 21.2"C 

Final tempe rature of the water = 42.0°C 

a What mass ofbutan-1-ol was burned during the experiment? 

b What was the temperature rise of the wa ter during the experiment? 

c Use the following rela tion ship to find the energy transferred during the experiment in joules. 
(The density of water is l g cm--a.) 

energy transferred "' mass of water x 4.2 x temperature rise 

/1] 

/1] 

/3/ 

d Howmanymolesofbutan-1-ol werebumedduring theexperiment? (A,values: H = l; C= 12;0"' 16) 

/3/ 

e Using the results from this experiment, what is the en thalpy of rombustion of bu tan-1-ol? 

/3/ 

[Total: 11} 

2 Hydrazine, HzN- NH~ has been used as a rocket fuel for many years. When it burns in oxygen gas, it 
reacts to form nitrogen gas and water as the only products. 

a Wri te a balanced chemical equation for the combustion of hydrazine. 

b When hydrazine undergoes combus tion, a lot of energy is 
produced. Use the bond energies in the table to 
calculate the magnitude of this energy change. 

Bond Bond ener=/k mol-1 

N- H 390 

N-N 158 

N==N 946 

0-H 464 

0~ 498 

c If 240kg of hydrazine was burned completely, wha t amount of heat energy would be released? 
(A .. ..._: H = l ; N=14) 

/3/ 

/5/ 

/3/ 

[Tota/:11} 

G) Photocopyi ng prohibi ted Cambridge IGCSE Chemistry Workbook 



(j) Chemical reactions 

• Core 

1 a Chemical reactions occur faster at higher t emperatu res. Explai n why t his is the case. 

/4/ 

b State fo ur ot he r factors that may affect the rate at wh ich a chemi cal reaction occurs. 

/4/ 

c Explai n the meaning of each of the following t erms. 

i activation energy 

/2/ 

ii successfu l collision 

/2/ 

2 A student carried out a reaction between dilute hydrochloric acid and marble chips (calcium 
carbonate, CaCO) of different sizes. He placed a conical flask containing 50cm1 of hydrochloric acid 
solution onto a d ig ital balance and then added 10g of la rge marble chips. He inserted a piece of 
cotton wool into the neck of t he flask. He recorded the loss In mass (i n grams) aga inst ti me. 

He re peated the experiment but t hi s ti me used 10g of smaller marble chips. 

His resu lts are shown in the table below. 

Time/min O Yi 1Yi 2 2Yi 3 3Yi 4 4Yi 5 5Yi 6 6% 

1
10goflarge o 0.22 0.41 0.59 0.78 0.93 1.07 1.14 1.23 1.28 1.35 1.40 1.44 1.47 

Loss in marble chips 

mass/g llOgofsma ll o 0.45 0.82 1.1 5 1.35 1.50 1.61 1.66 1.68 1.69 1.70 1.70 1.70 1.70 
marble chips 

a Write a ba lanced chemi cal equation for t he react ion between the marble chips and hydrochloric 
acid. 

/3/ 

b What was the purpose of the cotton woo l that the student placed into the neck of the flask? 

/2/ 

c Why did the mass decrease? 

/1/ 
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7 CHEMICAL REACTIONS 

d Plot a graph of the loss in mass (vert ical axi s) against time (horizontal axis). You wi ll need to 
draw two lines on the sa me axes, one fo r the small chips and one for the large ch ips. 

e Wh ich of the react ions was the fastest? How can you tell this from the graph ? 

• Core/Extended 

/6/ 

/2/ 

3 The graphs on the right we re produced by carrying out reactions between ~ 
su lfun c acid and 2g of magnesium In five different experiments ~ c 

' ' 1 ' 
0 ' 

I A The experiments carried out involved 5l 

I 2g of magnesi um ribbon and 40 cm1 of 0.1 mol dm-1 sulfuric acid at 25°C time 

II 2g of magnesi um ribbon and 40 cm1 of O.OS moldm-1 sulfuric acid at 2s·c 

Ill 2g of magnesi um powder and 40cm1 of 0.1 moldm-1 su lf uric acid at 25°C 

IV 2g of magnesium powder and 20cm1 of 0.1 moldm-1 su lfur ic acid at 2s·c 

V 2g of magnesium powder and 20cm1 of 0.1 moldm-1 su lfuric acid at so·c. 

a Wh ich of the two reactants is in excess? 

b In the table be low, w rite in the number of the experiment that is represented by 
each of the lines on the graph . 

I Line 
Experiment 

A 

/2/ 

/5/ 
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Extended 

c Explai n why the reaction shown by line B occurs more rapidly tha n the reaction shown by line C. 

/2/ 

d Explain why the reaction shown by line D occurs more rapidly than the react ion shown by line E. 

/2/ 

• Extended 

4 Expla in each of the following using the collision theory. 

a Reactions in so lution occu r faster if the solution has a high concentration. 

/31 

b Powdered zi nc metal reacts faster w ith hydrochloric acid to give hydrogen gas tha n strips of zi nc 
metal do. 

/3/ 

c A catalyst increases the rate of a chem ical react ion. 

/3/ 

5 A student carried out a reaction between sod ium and wate r. The results she obtai ned are shown in 
the tab le below. 

Time/s 0 10 20 30 40 50 60 70 80 

Volume of H (g)/cm3 O 13 25 36 45 48 50 50 50 

a Plot a graph of the volume of hydrogen produced (vertical axis) aga inst time (horizontal axis) . 

[l , ' 
,,, 

,, 
"'' 

,, • 18=1±c 

f!S-4' Jir 

·,; 

"" 
/4/ 
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7 CHEMICAL REACTIONS 

b i When was the reaction the fast est ?. /1/ 

ii How ca n you tell t his from t he graph? 

/1/ 

c Write a balanced chemica l equation for the reaction betwee n sodium and water. 

/3/ 

d What mass of sodium did the student use in t he experiment? 

/3/ 

e How much hydrogen was produced in the experiment after: 

i 25 seconds? .. /1/ ii 65 seconds? ... /1/ 

f Which other Group I metal cou ld the student have used, instead of sodium, to g ive a slowe r 

reaction w it h water? /1/ 

6 Cars are now fitted w ith cat alyt ic converters to prevent carbon monoxide and nit rogen monoxide 
gases from passing into the atmosphere w ith t he exhaust gases. The catalyst speeds up t he reaction 
between carbon monoxide and nit rogen monoxide t o produce ca rbon dioxide and nitrogen. 

a Write a ba lanced chemica l equat ion for the reaction between carbon monox ide and nitrogen 
monoxide gases. 

b The reaction you have w ritten in part a shows both oxidation and reduct ion. Which of t he 
reactants has been: 

i oxidised? ···········-·····-·····-·····--···--·····-·····-··· {1) ii reduced? 

c What cata lyst is used in the cata lytic co nverter? 

/3/ 

/1/ 

d 5dm1 of pet ro l is combusted in a ca r engine. Assume that it is octane (CaH18), w hich has a density 
of 0.70g cm--1. 

i Write a ba lanced chemical equation for t he combustion of octane . 

/3/ 

ii Calculate the mass of ca rbon dioxide that would be produced . 

/3/ 
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Extended 

iii What wou ld be the total volume of ca rbon dioxide gas that would be produced? 

iv If the car produced 100g of carbon monoxide, w hat mass of carbon dioxide would this be 
converted to in the cata lytic converter? 

/2/ 

/3/ 

7 A student was trying to find out which of two transition metal oxides would be the best catalyst to 
decompose hydrogen peroxide (Hp/ Hydrogen peroxide is a colourless so luti on that decomposes 
to give water and oxygen gas. 

a Whatisacatalyst? 

/2/ 

b Write a ba lanced chemical equation for the decomposition of hydrogen peroxide. 

' 

d 

/3/ 
The table below shows the student·s results. 

Time/s 0 30 60 90 120 150 180 210 240 

Volume of Sg of manganese(1v) 
9 17 23 26 28 29 30 30 

oxygen gas oxide 
collected/cm3 5 g of copper(11) oxide 9 11 13 15 17 

Plot a gra ph of t he volume of oxygen produced (vertical axis) against time (horizontal axis) . You 
wi ll need to draw two lines on the same axes. 

i ~ ' .i " "' 
.1 ·"' L "'·· ,, 

'" Is I• ' ,, 
,, .. 

Iii II 

i:~ . ,, .. r · ' 
.. ,, 

' " ' 
' II /6/ 

Which of the t wo cat alysts is the best? Explain your answer. 

/2/ 
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7 CHEMICAL REACTIONS 

e Draw apparatus that could be used t o carry out t his experiment . 

/4/ 

f What mass of copper(11) oxide would be obtained at the end of the experiment? Expla in you r 

/3/ 

Exam focus 

Ext e nded 

1 This question is about a series of experiments involving the reaction be t\veen soclium thiosulfate and 
dilu te hydrochloric acid . 

NaiSPiaq) + 2HCl(aq) ~ 2NaCl(aq) + f--40(1) + 50
2
(g) + S(s) 

The same amount of d ilute hydrochloric acid was used in each experiment but the concentration of 
soclium thiosulfate was changed. 

The volumes of water and sodium thiosulfa te shown in the table below were pu t into a conical flask, 
which was placed on a pencil cross on a piece of paper. The acid was added and a stopwatch star ted. 
The studen t carrying out the experiment looked down through the flask at the cross and s topped the 
stopwatch when she could no longer see it. 

Experiment Volume of Volume of Concentration of Time for cross Rate of 
0.2 mol dm-3 sodium waterlcm' sodium thiosulfa te/ to become reaction/s-1 

thiosulfa te/cml mol dm-3 invisible/s 
100 0.2 25 4.0x 10-2 

80 20 0.1 6 43 

60 40 0.12 65 

40 YJ 0.08 102 

20 80 0.04 160 

a Why was it important to keep the total volume of solution used in each experiment the same? 

·· ······ ·····--··· -··· --·--··· -- ·· [21 
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Extended 

b Why d id it become more difficult to see the cross on the paper as the reaction proceeded? 

c Complete the table by calculating and writing in the rate of reaction for each of 
experiments 2 to 5. 

d Plot a graph of the rate of reaction (vertical axis) against concentration of sodium thiosulfate 
(horizontal axis). 

e Use your graph to find: 

i the concentration of sodium thiosulfute at which the cross would become invisible after 

SO seconds . .. 

/21 

/41 

/4/ 

/1] 

ii the volume of sodium thiosulfate for which the cross would become invisible after 90 seconds. 

iii the time you would expect the experiment to take if the concentration of sodium thiosulfate 

in the conical flask was O.lOmoldm-.1 . .. 

/1] 

/1] 
[Tota/:15] 
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7 CHEMICAL REACTIONS 

2 A student carried out a series of reactions between zinc metal and dilute sulfuric acid. In each of the 
reactions he used the same mass of zinc (an excess) and the same volume ofsulfuric acid. The graph 
below shows his results. 

a Which was the fastest reaction? Explain how you can tell this from the graph. 

·-····-·····-·····-·····-···············--···-···--···--···············-·····-·····-·····-················-·-···-······-···-·-···············-·····-·····-·····-···············--···-···· /21 

b Which of the reactions was carried out 

i at the highest temperature? .. /11 

ii using sulfuric acid of half the concentration used in the other two? ... /11 

c How could the rate of reaction A have been increased? 

.................................................................................................................................................................................................................... /11 

d What volume ofO.OSmoldm-J sulfuric acid was used for reaction C? 

...................................................................................................................................................................................................................... /31 

e What was the total mass of hydrogen gas produred in reaction A? 

........................................................................................................................................................................................................................ /21 

[Total:10] 
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® Acids, bases and salts 

• Core 

1 Write word and balanced chemical equations for the reactions between each of the following pairs 
of su bstances. 

a sodium carbonat e and nitric acid 

b magnesium and hydrochlo ric acid 

2 Complete the t able below, w hich is about the different methods of preparing soluble and 
insol uble salts. 

Substances used to make the salt Salt oreoared Other products 

Cal cium oxide Hydroch loric acid 

Su lfu ric acid Sodium sulfate Water 

Potassium carbonate Potassium nitrate Wat er and carbon dioxide 

Hydroch loric acid Zinc chloride Hydroge n 

Lead nitrate Sodium chloride Sodium nitrate 

Barium ch loride Potassium sulfate 

3 Expla in how you would identify the presence, in solution, of each of the following ions. 

a chloride, bromide and iodide ions 

ii Br ..... ·-·······-·-

b carbonate ions 

c su lfate ions .. 

d lron(11) and iron(111) Ions 

i Fe1• ...... _ 

/4/ 

/4/ 

/8/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 
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8 ACIDS, BASES AND SALTS 

• Core/Extended 

4 The diagram below shows some reactions of iron. Name and give the form ulae of the substances 
P t o T shown in t he diag ram. 

AgN03(aq) 
solutfon R +gas5 ---- whiteprec~itate T 

,ma 

Cl{g)a~ 
1 

solidP shakewithNaOH(aq) rust-brownprecipitate Q 

a solid P ............................................................ [2) d gas S .. . 

b rust-brown precipit ate Q .................. [2) e w hit e preci pitate T .. 

c solution R. .. /2/ 

5 a Use li nes to link t ogether the substance In Column A w ith its pH In Column B. 

Col umn A Column B 

0.1 mol dm--l HCI 13.0 

0.1 mol dm--l Na OH 7.0 

0.1 mol dm--l CH
1
COOH 1.0 

Pu re Hp 11 .0 

0.1 moldm--l NH
1 

solution 2.9 

b Why are the pHs of 0. 1 mol dm-1 HCI and 0.1 mol dm--l CH
1
COOH not t he same? 

• Extended 

6 a Write down the names of two chemi cal solutions that co uld be added together t o form 
each of the fo llowing insoluble sa lts by a preci pitat ion react ion. 

i si lver chloride .. 

ii barium sulfate .. 

iii calci um ca rbonate .. 

/2/ 

/2/ 

/5/ 

/3/ 

/2/ 

/2/ 

/2/ 
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Extended 

b Give full experimental deta ils to explain how you cou ld prepare a sample of the yellow 
insoluble sa lt lead(11) iodide. In your account, you shou ld name the reactants and give a 
balanced ionic equat ion, w ith state symbols, for the react ion you wo uld carry out. 

7 a What is the cha racteristic featu re of an acid? 

b Describe what Is meant by each of the fo llowing t erms. 

i a weak acid_ 

ii a strong acid 

c Write equations t o show: 

i the ioni sat ion of hydrochloric acid 

Ii the ionisat ion of ethanoic acid. 

d Explai n the difference between the terms strong and weak acids compared with concen trated 
and d ilute acids. 

Exam focus 

Core/Extended 

1 a Comple te the following paragraph. 

Acids dissolve in wa ter to produce ..... ions, which can be written as 

....................................... . Alkalis are soluble ....................................... . They dissolve in wa ter to produce 

.......................... ions, which can be wri tten as .......................... . Acids and alkalis react 

together to produce solutions with a p H of7; these are called ... ... reac tions. 

/8/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

/4/ 

{6/ 
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8 ACIDS, BASES AND SALTS 

b Write an ionic equation for the neutralisation reaction that takes place when an acid reacts with 
an alkali. 

c In a reaction between potassium carbonate and hydrochloric acid to produce potassium chloride 
crystals, the following method was used. 

25 cm3 of hydrochloric acid was placed in a beaker. Solid potassium carbonate was added to the 
acid and effervescence was seen. The mixture was stirred and potassium carbonate was added 

/31 

until some remained at the bottom of the beaker. The mixture was then filtered and the filtrate 
collected in an evaporating basin. The filtrate was heated until about one half had evaporated and 
crystals were starting to form. The solution that remained was allowed to cool, and crystals formed . 

i Write a balanced chemical equation for the reaction. 

ii Why was potassium carbonate added until some remained at the bottom of the beak.er? 

iii What was the name of the filtrate? ... 

iv What name is given to a solution that has crystals starting to form from it? 

/31 

/11 

/11 

/1] 

[Total: 15] 

Extended 

2 a A reaction is carried out to prepare a sample of sodium sulfate crystals, starting from dilute 
sodium hydroxide and dilute sulfuric acid. The reaction is carried out using a titration. Explain 
clearly how you would prepare the sodium sulfate crystals. 

/71 

b Write a balanced chemical equation for the reaction between sodium hydroxide and sulfuric acid. 

/31 

[Tota/: 10] 
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® The Periodic Table 

• Core 

1 The re are f ive elements in Group VII of the Period ic Table. They are known as the ha logens. The table 
be low gives the melting and boiling points of the halogens. However, one of t he val ues is missing . 

Element Atomic number Meltina ooint/K Boilina ooint/K 
F 54 85 

Cl 17 172 239 

B, 35 266 

53 387 458 

At B5 576 610 

a Plot a graph of t he melti ng and boili ng point s of t he halogens aga inst their atomic numbe rs. 
Join the plotted points for the melti ng point s together and, in a different colour; the plotted 
points for t he boiling points. 

; I 
; ! 

----- ' . L ,, ---- --- -,- + 
' + ; 

: •+---

' ; 

----- ' . : ,, ---- --- ! ,---

' 
I 

' 

I 

b Use you r graph to estimate the boi ling point of bromine . .. 

c What is the tre nd In t he melt ing points of t he hal ogens? 

d Which of the halogens would be a gas at room t emperatu re (298 K)? 

2 Chlorine gas w ill react w ith aluminium metal using the apparatus shown below. 

chlorine ______. 
gasm 

/6/ 

/1/ 

/1/ 

/2/ 
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9 THE PERIODIC TABLE 

a Write word and ba lanced symbol equations for the reaction between aluminium metal and 
chlorine gas. 

b W hy is it necessary to ensu re that the unreacted chlorine gas is passed into a fume cupboard? 

c Name a halogen that wo uld react with al uminium metal more quickly than ch lorine does. 

d Name a metal that wou ld react w ith chlorine gas more quickly than aluminium does. 

3 Complete the fo llowing passage. 

The modern Periodi c Table has been credited to the work of the Russian chemist 

. After many years of chem ists across the world trying to classify 

the elements in a useful way, he came up w ith the table that we have been using fo r nearly 150 

/4/ 

/1/ 

/1/ 

/1/ 

years. He arranged the elements in order of increasing .. .. . Occasiona lly he had 

to swap elements around so that they were in the same ....................... . as other elements w ith 

sim ilar properties, for example tell urium (Te) and ......................... .. ( ............. ). The major change that 

he introduced to hi s classif ication was that he left ... for elements that had not been 

discovered at the t ime. Today, the elements in the modern Period ic Table are arranged in order of 

increasing 

• Core/Extended 

4 Element Y has a proton number of 19 and a relative atom ic mass of 39 . 

a i How many electrons, protons and neutrons are there in an atom of element Y? 

ii What is the electronic configu rat ion of this element? .. 

iii In wh ich group of the Period ic Table wou ld you find this element? Expla in your answer. 

iv What would be the symbol for the ion that element Y forms? ... 

/71 

/3/ 

/1/ 

/2/ 

/1/ 
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Core/Extended 

b The proton number of bromine (Br) is 35 . It is in Group VII of the Periodic Table - it is a halogen. 
How many electrons w ill bromine have in its out er energy level? . (1] 

c When potassium metal is heated and lowered into a gas jar of brom ine vapour, a chemical 
react ion occu rs, which produces w hit e fumes. 

i W hat do the wh ite fumes consist of?--·····-····· --····· -·····--·····--·····-

ii Write word and ba lanced chemical equations for the reaction . 

iii W hen potassium is reacted with chlorine gas, the reaction is more vigorous. Explain this 
observation in terms of t he reactivity of the ha logens. 

5 The diagram below shows part of the Periodic Table. 

Hll{tl 
Using t he elements shown above, write down the symbol for an element that: 

a isa tra nsition element ... (1] e has a fu ll outer electron ene rgy 

b has fou r electrons in its outer energy leve l ... 

level (1] f has an electronic configurat ion 

c is a liqu id at roo m temperatu re and of 2,8,5 ... 

pressure .. (1] g is a Group I metal ... 

d Is stored under o il . (1] h Is a gaseous Group VII element .. 

6 In 1817, Johann DObereiner tr ied t o organise the elements t hat were known at that time into an 
order t hat w ould be usefu l to other chemists. He put elements into groups of th ree call ed ·t riads· . 
One of these groups contained t he elements li th ium, sodium and potassi um. 

a Describe how the reactions of these elements with water are: 

i simi lar 

/1/ 

/4/ 

/3/ 

/1/ 

/1/ 

/1/ 

/1/ 

/4/ 
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9 THE PERIODIC TABLE 

ii different . 

........................ ...................... ..... .... ..... .... ..... ...................... ......... ...................... ..... .... ...... .... ..... ...................... ......... ...................... ..... ........ /2/ 

Explain yo ur answers in terms of the electronic structure and/or size of the atoms of the 
element s. 

b In another group DObereiner placed the elements strontium, barium and calcium. 

i In w hich group of the modern Period ic Tabl e w il l you find these elements? ... (1] 

ii How many electrons wi ll each of these elements have In its outer energy level? ... [1] 

iii Which of these elements will undergo the most vigorous reaction when added t o water? 
Explain your answer in terms of its electron ic structure. 

7 This question is about the transition elements. 

a Give two physical properties of transition elements that make them more useful to us than the 
Group I meta ls. 

b i What type of chemical bonding is present in all transition elements? 

ii Draw a labelled diagram t o show the type of chem ical bonding present In transition 
elements. 

c The transition elements, and thei r compounds, often make very good catalysts and are used 
extensively in industrial processes. 

i Explain why a catalyst would be used in an industrial process. 

ii Give two examples of processes that use a transition element catalyst , or a co mpound 
of a transition element, and stat e the catalyst used . 

/3/ 

/2/ 

/1/ 

/3/ 

/2/ 

/4/ 
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Extended 

• Extended 

8 Use t he info rmation g iven in t he table below to a nswer t he fo ll owing questions a bout elements 
A, B, C, D and E. 

Element Proton number Nucleon number Electronic st ructure 
A 10 20 2,8 

19 39 2,8,8, 1 

13 27 

16 

35 2,8,7 

a Com plete the tab le by writi ng in: 

i the electronic structure of e lements C and D 

Ii the proton number of e lement E. 

b i Which of these e lements, A to E, is a noble gas? .. 

ii Which of these e lements, A to E, is a Grou p I e le ment? ... 

iii Which of these e lements, A to E, is a Group VII e leme nt? ... 

iv Whi ch of these e lements, A to E, is aluminium? . 

c i Which of these e lement s, A to E, will form an ion wit h a +3 charge? ·-

ii Whi ch of these e lements, A to E, will form an ion wit h a - 2 charge? 

iii Which of these e lement s, A to E, will not form an ion? ···-······-···· 

Exam focus 

Core 

1 Displacement reactions occur when a solu tion oontaining a halide ion reacts with a more reactive 
halogen. This type of reaction can be seen when a solution of potassium bromide reacts with 
chlorine. 

a Write word and balanced chemical equations for the reaction that occurs between potassium 
bromide solu tion and chlorine. 

/2/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/3] 
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9 THE PERIODIC TABLE 

b Why is chlorine more reactive than bromine? 

······· ·····-- ··· -··· --·-- ··· -- ·· [21 

c Which other halogen would react with potassium bromide? .. /1] 

d Would there be a reaction between a solution of sodium fluoride and bromine? 
Explain your answer 

/21 

[Tota/: 8] 

Core/Ext ended 

2 In the Periodic Table, elements are arranged in vertical columns called groups. Within each group, 
the elements have similar chemical reactions but show a trend in their physical properties such as 
reactivity and melting point. 

a Consider the two elements potassium and sodium, both found in Group I of the Periodic Table. 

i Give the electronic configurations of the elements sodium and potas.sium. 

ii Which of these elements, potassium or sodium, is the more reactive when added to water? 
Explain your answer in terms of their atomic strncture. 

iii Write a balanred chemical equation for the reaction of sodium with water. 

/21 

/21 

/31 

b In Group VII there are five elements, all of which have the same number of electrons in their outer 
energy level. 

i How many electrons do these elements have in their outer energy level? ... 

ii What do all of these elements do when they react and form ions? 

iii What would be the charge on an ion of any of the Group VII ions? ... 

iv Which of the Group VIl elements would be the most reactive? Explain your ,mswer. 

/1] 

/1] 

/1] 

/31 

[Total:13] 

G) Photocopying prohibited Cambridge IGCSE Chemistry Workbook 



@ Metals 

• Core 

1 This question concerns the extraction of iron from its ore haematite (Fep1) in the blast furnace. 

a The coke that is added to the furnace fulfil s two functions. W hat are they? 

b Why is limestone added as a raw material to the furnace? 

c Write chemical equations for each of the foll owing processes, whi ch occu r in the blast furnace. 

i the thermal decomposition of limestone 

ii the oxidation of carbon (co ke) 

iii the formation of carbon monoxide 

iv the extraction of iron from the haematite 

v the formation of calcium silicate (slag) 

d What role does the carbon monoxide play in the extraction process? 

/2/ 

/1/ 

/3/ 

/31 

/31 

/31 

/31 

/1/ 

2 The table below g ives the com positi ons and properties of some different types of steel and cast iron . 

Tvoe of steel Comoosition Prooerties 

Cast iron 96% Fe, 4% C Very brittle, easi ly moulded, hard 

Mild steel 99 .5% Fe, 0.5% C Easily worked, little brittleness, springy 

Hard steel 99% Fe, 1% C Tougher than mild steel, brittle 

Stainless steel 74% Fe, 18% Cr, 8% Ni Tough, does not rust 

Tungsten steel 95% Fe,5%W Tough even at high t emperatu res 

a i W hi ch element that is present in st eels and cast iron makes them brittle? 

ii How is the amount of the element you have named in your answer to part i reduced during 
the st eel-making process? 

/1/ 

/2/ 
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10METALS 

b Stainless steel is a mixture of three different metals. What name do we give to substances 
suchasstai nlessst eel? ... (1] 

c ca rs and sh ips made from steel often suffer from rusting . Stainless steel, howeve r, does not rust. 
Why do we not make cars or ships out of stainless steel? 

d Complete the tabl e below to give the properties required for the objects listed and 
the type of steel you would choose to make them out of. 

Obiect Properties Steel 
Chisel Tough Hard st eel 

Car body 

Surgical knife 

3 A student set up the experiment below to find out what conditions were needed for rusting 
t o occur. 

rube O 

;• ; .. ;;,;~ 
dtsl1lledwatl'f anhy{Jrm.11 boiledwater distilk>d 

c.akiumchkKkle water 
(drying agent) 

a What was the purpose of : 

i the anhydrous ca lci um chl oride In tube B? 

ii boiling the water in tube C? 

iii the layer of oi l in tube C? 

b What conditions were present in each of the tubes? Put ticks in the table below to show if 
oxygen or water were present in each of the tubes. 

Tube Water Oxvaen 
A 

/2/ 

/6/ 

/2/ 

/2/ 

/2/ 

/4/ 
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Extended 

In which t ube(s) wi ll t he nails not rust ? .. 

ii Explain you r answer to part i. 

d i In which t ube w ill the na ils rust t he most ? 

ii Explain you r answer to part I. 

• Core/Extended 

4 Complete and ba lance t he following chemical equations . 

. . . + HiS04(aq) -J, MgS0 4(aq) + Hp(I) + ... 

b 2(a(s) + OiCg)-+ 

c Mg(s) + ............. -+ MgS0 4(aq) + Zn(s) 

. -+ 2MgO(s) 

e Zn(s) + 2 ···- ·· -·· (aq)....,. ·····-·······-·· + Hi(g) 

• Extended 

/2/ 

/2/ 

/1/ 

/1/ 

/2/ 

/1/ 

/1/ 

/2/ 

/2/ 

5 The list below shows four meta ls in order of their chemical reactivity. Use It t o answ er the questions 
t hat fo llow. 

(most react ive) zinc iron t in copper (least reactive) 

a i Write a ba lanced symbol equation for t he react ion that occurs when zi nc powder (g rey) is 
added t o copper(11) su lfate sol ut ion (blue). 

ii What changes would you see when the zinc is added t o copper(11) sulfate so lut ion? 

iii Explain w hat happens to ca use the cha nges you have described in your answer t o part ii . 

b Iron cans for storing food are usually coat ed wi t h a layer of t in. Give two reasons w hy t in is a 
su itable metal fo r this purpose. 

/3/ 

/2/ 

/2/ 

/2/ 
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10METALS 

6 Write ba lanced chemica l equations for the reactions between each of t he fo llowing pa irs of 
substances. 

a li t hium meta l and water 

b zinc metal and hydroch loric acid 

c magnesium and copper(11) oxide 

d lead and silve r nit rate solut ion 

e zinc meta l andsteam 

f magnesium metal and water 

/3/ 

/3/ 

/3/ 

/3/ 

/3/ 

/3/ 

7 A student carried out an experiment to fi nd the order of reactivity of six d ifferent metals, labelled 
A to F. Small st rips of each metal were placed into so lut ions of t he nitrates of t he other fi ve metals. 
The student looked for a react ion occurring in each case . 

a What would t he student be looki ng for t o see if a reaction was occurring? 

/1/ 

b If a reaction d id occur, what type of react ion wo uld t he student be observing? 

/1/ 

c The table below shows a record of t he student's results. 

Metal A nitrate B nitrate ( nitrate D nitrate E nitrate F nitrate 
A ,,, ,,, 

,,, ,,, 
,,, ,,, ,,, ,,, ,,, 
,,, ,,, ,,, ,,, 

,,, 

./ reaction occurred 1 no reaction - react ion not done 

Put t he met als A to F in order of their reactivity, w it h the least reactive meta l fi rst. 

/3/ 
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Extended 

8 Whe n a mixture of copper(11) oxide and zinc meta l reacts, a pink-brown solid is fo rmed along w ith a 
yellow soli d that changes colour to w hite when it gets co ld. 

a Write wo rd and balanced chemica l equati ons for the reaction t hat occurs. 

b Name the pink-brown solid that is formed in t he reaction.··-·····- ···········--····· -·--···--········-···-·····-···· 

c Name the solid t hat is yellow w hen hot and w hite when cold ... 

d i W hich of the reactants is being oxid ised In th is reaction? ... 

Ii Explain w hy th is reactant is being oxid ised . 

iii W hat is happen ing to the ot her reacta nt when the react ion occu rs? 

Exam focus 
Core/Extended 

1 Look a t the flow diagram shown below. 

~luteHCI 
heil t withpowdl'fedMg 

a Name and give the formulae of substan ces A to I. 

...................................................................................... /1/ 

"······················································································ /1/ 
...................................................................................... /1/ 

D .. .. [1] 

....................................................................................... /1/ 

l eH!ctrolysisofmo!ten B 

SitverymetalF +Gils G 

l Cu504(aq) 

6rown-pink,olkl H+So1vtion 1 

F. 

G . 

H . 

I. 

b Write balanced chemical equa tions for the reac tions in which: 

i solid B was formed 

/31 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

. [11 

. [11 

. [11 

. [1] 

/2/ 
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10METALS 

ii solution D and gas E were formed. 

c Write anode and cathode reactions for the processes that take place during the electrolysis of 
molten B. 

/31 

/61 

{Total: 20} 

2 Use the reactivity series on the right to answer the questions 
that follow. 

a When lead(n) oxide reacts with iron, a redox reaction occurs. 

i Write a balanced chemical equation for the reaction. 

.. ........• ........• .................................• ..........• ..................................• ......... ... (21 hydrogen 

ii Whatisaredoxreaction? 

re.ictivity 

iii Describe what is happening to the iron and the lead(n) oxide when the reaction occurs. 

b Magnesium reacts with hydrochloric acid to give a salt and hydrogen gas. 

i Write a balanced chemical equation for the reaction. 

/21 

/21 

/31 

ii Copper metal does not react with acid. Explain why the reaction does not occur for copper but 
does occur for magnesium. 

iii Name another metal that will not re..ict with hydrochloric acid 

c Zinc oxide is unusual in that it changes colour when it is heated. It is yellow when hot but white 
when cold. When zinc oxide reacts with magnesium metal, a white solid is obtained 10 minutes 
after the reaction has ended. 

i What is the white solid? 

ii Write a balanced chemical equation for the reaction. 

iii What would happen to the white solid obtained if it were heated? 

/21 

111 

111 

/21 

111 

{Total:16] 
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@ Air and water 

• Core 

1 Helium, neon and argon are noble gases found In the atmosphere. 

a Which group in the Period ic Table do these elements belong to? ... /1/ 
b The atomic numbers and mass numbers of these elements are g iven be low. 

i What are the electron ic structures of each of these e lements? 

/31 

ii W hy are these elements classif ied as inert gases? 

/1/ 

iii W hen elements combine by means of cova lent bonds, what electronic struct ure do they try to 
achieve in their outer electron energy level? 

/2/ 

c Give a use for each of these gases based on their inert nature. 

/3/ 

2 Water pollution has become a rea l problem. Water is such a good so lvent that many substances will 
disso lve in it, including fertilisers. 

a EKplain how fert ilisers get into rivers. 

b Give the names and formu lae of the nitrogen-conta ining ions, from chemica l fert ilisers, that 
poll ute water in rivers. 

c Name and give the formula of an artificial fert iliser that conta ins the ions you have named in 
your answer to part b. 

/2/ 

/4/ 

/2/ 
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11 AIR AND WATER 

d i What organisms are encouraged to grow in rivers by the presence of artificial fertilisers? 

ii What effect does the growth of these organisms have on life in the river? 

3 As well as the substances you would expect in pure dry air, other subst ances ca lled pollutants are 
found in the atmosphere. These pollutants cause air pollution. 

a Explain the meaning of the two sentences above, using specific exampl es where possible. 

b Sulfur dioxide is a pollutant. Major sou rces of this gas are heavy industry and power stat ions. 

i From wh ich three substances would su lfur dioxide be produced in these industries? 

/2/ 

/2/ 

/3/ 

/3/ 

ii The word and balanced chemical equati ons for the production of sulfu r dioxide are given below. 

sulfur +oxygen -,. su lfur dioxide 

Calculate the mass of sulfur di oxide produced by 32 kg of sulfur. (A, values: O = 16; S = 32) 

/1/ 

iii The sulfur dioxide dissolves in water in the atmosphere and produces an acid. This acid is then 
oxidi sed to give a different acid. What are the names and formulae of the initial acid and the 
final acid produced on oxidati on? 

/4/ 

iv What problems do the acids produced from su lfur dioxide in the air ca use in the environment? 

/3/ 

v Units are being added to some power stations to prevent the emission of su lfur dioxide. 
What is the name give n t o these units? 

/1/ 
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Core/Extended 

• Core/Extended 

4 Nitrogen gas was discovered by Daniel Rutherford in 1772. It is now known to be a very important 
gas in the atmosphere. It is also an element that is essential fo r the well-being of animals and plants. 

a It is known that nitrogen atoms have an atomic number of 7. W hat information does th is g ive 
you about atoms of nitrogen? 

/4/ 

b Nitrogen is a diatomic gas and contains a triple bond between the nitrogen atoms. With the aid 
of a bonding diagram, showing the out ermost energy levels only, show that you understand the 
meaning of the phrase in italics. 

/5/ 

c i W hi ch of the bonds fou nd in oxygen and nitrogen molecules is the strongest? 

/1/ 

ii Explain you r answer to part i. 

/3/ 

d Give two uses fo r nitrogen . 

/2/ 

5 a Nitrogen Is one of the three essentia l mineral elements needed by plants. 

i W hat type of compound in pl ants, essentia l for their growth, contai ns nitrogen? 

/1/ 

Ii W hat are the other two esse nti al mineral elements needed by plants for healthy growth? 

/2/ 

b The nitrogen needed by plants ca n be obtained by two different routes. Some plants are able to 
take nitrogen directly from the ai r wh ilst others obtain their nitrogen from the soi l. 

i Name a plant that is able to take nitrogen directly from the air .. /1/ 

ii How do farmers ensu re that there is sufficie nt nitrogen in the soil for t heir crops to 

grow health ily? /1/ 
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11 AIR AND WATER 

c ca lcu late t he percentage of nitrogen in each of these nitrogen co mpounds used by fa rmers. 

i sodium nitrate, NaN0 1 

ii ammonium phosphate, (NH_J1P04 

• Extended 
6 Ox ides of nitrogen are atmospheric pollutants. Motor ve hi cles are responsible for much of the 

pollut ion by these oxides t hat is found in the atmosphere In t owns and cities. 

a Nitrogen monoxide is formed by the reaction of nitrogen and oxygen inside the car engine . 
The word and symbol equations are g ive n below. 

nitrogen+ oxygen -+ nit rogen monoxide 

i Calculate t he volume of nitrogen monoxide produced at room temperature from 48dmi 
of nitrogen . 

ii As it exits the exhaust, t he nit rogen monoxide produced in t he ca r engine t hen reacts w ith 
oxygen from the air and forms the brown gas nitrogen(1v) oxide. Th is is an acidic gas. The 
word and symbol equat ions are g iven below. 

nit rogen monoxide+ oxygen -+ nit rogen(1v) oxide 

Balance the chemical equat ion above. 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 
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Extended 

iii What attachment to a car would help to eliminate the probl em of pollution by oxi des of 

/1/ 

b When nitrogen(1v) oxide reacts w ith water from the atmosphere, an acid is produced along wi th 
some nitrogen monoxide. 

i Name and give the formula of the acid produced . 

/2/ 

ii Write word and balanced chemical equations for the production of this acid. 

/4/ 

7 The gases in the ai r can be separat ed by fractiona l 
distillat ion of liquid air. In this process, water va pour and 
carbon dioxide are removed from the air. The remain ing 
gases in the air are then liquefied and separated by 
fractional distillation . The t able shows these gases, along 
w ith their boiling points. 

Gas Boilina ooint/°C 

a How are solid part icles removed from the air before 
the ca rbon dioxide and any water vapou r are removed? 

Argon 

Helium 

Krypton 

Neon 

Nitrogen 

Oxygen 

Xenon 

- 186 

-269 

- 157 

-246 

- 196 

- 183 

- 108 

/1/ 

b To w hat temperature is the air cooled to remove the carbon dioxide and water vapour? .... (1] 

c Before distill ing the air, it is cooled to below -200°C at high pressure. 

i W hy Is it necessary to remove the carbon dioxide and water va pour from the air before the 
t emperature is taken down to - 200 °C? 

ii Whi ch of the gases w ill not become liqu ids at -200°C? .. 

iii W hi ch two gases are difficult to sepa rate by thi s method? ... 

iv Expl ain you r answer to part ii i. 

d Explain how the liquid ai r Is separated by fractional d istillation . 

/2/ 

/2/ 

/2/ 

/1/ 

/4/ 
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11 AIR AND WATER 

Exam focus 

Core 

1 Water is very good at dissolving substances. It is, therefore, very unusual to find really pure water on 
this planet. The questions that follow are abou t the purification of water from a reservoir. 

a i How is filtration of the water from the reservoir carried out? 

ii What is the purpose of fil tering at this stage? 

b Chlorine is added to the wa ter near the end of the purification process. Why is chlorine added? 

c Chlorine prociuces an acidic solu tion containing two acids. The incomplete chemical equation is 
shown below. The acid shown as a product is called chloric(1) acid. 

Cli(g) + ~ 0(1)--+ .............. (aq) + HCX:: l(aq) 

What are the name and formula of the o ther acid tha t is prociuced? 

d Why is sodium hydroxide added after chlorination? 

e To prevent tooth decay, an ion is often added to the water before it is supplied to homes. Name 

this ion and give its formula . . 

f i Tap water usually contains some chloride ions ra ther than chlorine. Describe a chemical test 
that would show tha t tap water does contain chloride ions. 

ii Explain in terms of electronic configurations what happens to chlorine when it is converted 
into chloride ions. 

{1/ 

£1/ 

{1/ 

{2/ 

{1/ 

{2/ 

{3/ 

{3/ 

[Tota/:14) 
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Extended 

2 Gaseous ammonia is manufactured in large quantities. 
The process by which it is manufactured was developed 
by Fritz Haber in 1911 and first used industrially in 1913. 
The production of this important chemical is affected 
both by the temperature and by the pressure at which the 
process is run. The equation that represents the synthesis 
of ammonia is: 

N,(g) + 3Hig) _. 2N~(g) 

An iron catalyst is used. 

The graph shows how the percentage yield of ammonia 
changes with temperature and pressure. 

a Using the graph, state: 

i the effect of increasing the pressure on the yield of ammonia 

ii the effect of decreasing the temperature on the yield of ammonia. 

pressur&'atm 

b Explain why the change you have described in part a i occurs with increasing pressure. 

Extended 

/21 

/11 

/31 

c Using your answer to part a ii, deduce the sign of the energy change that occurs during the 
production of ammonia. Explain your answer. 

d The conditions used in industry for the prcxiuction of ammonia are a pressure of200 
atmospheres and a temperature of 723K. What is the percentage yield of ammonia under 

/31 

these condi tions? [1] 

e Why is a temperature lower than 723K not used? 

/21 

[Total: 121 
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@ Sulfur 

• Core 

1 a Ra inwater Is naturally acid ic. 

i Explain why th is is the case. 

ii What is the expected pH of naturally acidic ra inwater? ... 

iii Another acid Is fou nd in rain, wh ich is ca used by human activity producing oxides 

of nitrogen . Give the name and formula of th is acid .... 

b In many parts of the world, the pH of ra inwater has fallen . 

i What is the pH of t he acid rain found in many parts of the world ? 

ii Give two problems associated w ith acid ra in. 

• Core/Extended 

2 For each of the following statements, write either 'true' or 'fa lse·. 

a Sulfurisa met all icelement ... 

b Sulfu r reacts with burn ing magnesium t o form magnesium su lf ide .. 

c Initia lly whe n sulfur dioxide dissolves in rainwater it forms sulfurous acid . . 

d Concentrat ed sulfuri c acid cannot remove the water of crysta llisation from Cu S0 4.5HzD. 

e In medicine, magnesium sulfate is used as a laxative ... 

f The formation of S01 in the Cont act process Is a reversible reaction 

/2/ 

/1/ 

/2/ 

/1/ 

/2/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 

/1/ 
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Extended 

3 Draw li nes t o li nk each substance on t he left with t he correct description on t he right . 

A Formed w hen testi ng for a su lfate 

A powerfu l dehydrati ng agent 

so, WIi i react with dilute sulfuric acid 

A ma in cause of acid ra in 

MAZIT metals Used in making detergents 

A norma l salt of sulfu ric acid 

Conce ntrated HiS04 An acid salt 
/7/ 

• Extended 

4 The scheme below shows some react ions of di lute su lfu ric acid. 

+ ~·· 
a Name and g ive t he formulae of substances A to E. 

/2/ 

B .. /2/ 

/2/ 

/2/ 

/2/ 
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12 SULFUR 

b Write word and balanced chemical equations for the reactions in wh ich substance A reacts and 
substances B, C, D and E are formed . 

c Describe a chemical test to confi rm t he identi ty of gas C. 

/9/ 

/2/ 

5 The real acidity In acid rai n Is mainly caused by su lfu ric acid. The amount of th is acid can be 
dete rmi ned by carrying out a t itration. The results be low came from a titration of a sample of acid 
rai n with sodium hydroxide solution. The neutra lisat ion reaction ta ki ng place is: 

25 .00cm1 of acid ra in was j ust neutralised by 15.00cm1 of a 0.10mo ldm-1 sodium hydroxide solution . 
Calculat e: 

a the conce ntrat ion of su lfu ric acid in the acid rain solution 

b the amount of sulfuric acid in 1000 litres of acid ra in. 

c Acid ra in (mainly sulfuric acid) attacks steel structures (ma inly iron). Write word and balanced 
chem ical equations for the reaction t hat takes place. 

/3/ 

/3/ 

/3/ 
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Extended 

6 Car body parts are made from sheet steel. Before the car body parts are pa inted, t he metal must be 
free from rust, Fep3 . To ensure that the steel is rust free, t he sheet s are dipped into sulfu ric acid. An 
unba lanced chemical equat ion fo r this process is: 

a Balance the che mical equation above. 

/2/ 

b The steel sheets are only left in the acid for a short t ime. Why are t hey not left in for longer? 

/3/ 

c Su lfu ric acid is used in the manufactu re of t he fert iliser (N H
4

)
2
S0

4
• What is the name of this 

su bstance? /1/ 

d To make t he ferti liser in pa rt c, sulfu ric acid has to be neutralised by an alka line substance. 
In th is case, a possible al kali ne su bstance to use is ammonia solution, NHp H. 

i Explain w hat you understand by the term neutralised with respect to th is react ion. 

/3/ 

ii The balanced chemical equat ion for the reaction between ammonium hydroxide and sulfu ric 
acid is: 

Calculat e the amount of ammonium su lfate fertiliser produced from 196 tonnes of sulfu ric 
acid. (A, va lues: H = 1; C = 12; N = 14; O = 16) 

/4/ 
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12 SULFUR 

Exam focus 

Exte nded 

1 When manufacturing sulfuric acid, sulfur dioxide is first made into sulfur trioxide. 

a Give three reasons why a catalyst is used in this reaction 

b Name and give the formula of the catalyst used in this process. 

c Write word and balanced chemical equations for the making of sulfur trioxide. 

d The reaction in part c goes almost to completion. What does this mean with respect to 
this reaction? 

e The sulfur trioxide produced is then dissolved in concentrated sulfuric acid. 

i Give the name of the substance ~ Sp7_ ... 

ii Why is sulfur trioxide not dissolved directly into water to form concentrated sulfuric acid? 

/31 

/21 

/41 

/21 

111 

/21 

f With the aid of a balanced chemical equation, explain how concentrated sulfuric acid is made from 

H,_SPT 

/41 
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Extended 

g Give two uses for concentrated sulfuric acid. 

/21 

[Tota/: 20] 

2 It has been found in recent years that the sulfuric acid in acid rain reacts with limestone, which is 
eaten away by the following process. 

CaCO,(s) + H;,0/aq)-+ CaSOls) + l-I,_0(1) + COi(g) 

a Write the ionic equation for the above reaction. 

b What other pollutant gases, apart from sulfur dioxide, contribute to acid rain? 

How many moles of calcium carbonate are there in 150 g of calcium carbonate? 
(A, values: C "'12; 0 = 16) 

/3} 

/I} 

/3} 

ii Calculate the mass of carbon dioxide formed when 150g of calcium carbonate reacts with excess 
sulfuricacid. 

iii The amount of sulfuric acid in rainwater has increased over the years. Explain the reasons 
for this. 

/3 } 

/3} 

[Total: 13] 
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@ Inorganic carbon chemistry 

• Core 

1 Limestone is a very important raw material in a number of industries. 

a What do you understand by the term raw material? 

/2/ 

b Give three important uses for limestone . 

/3/ 

c Limestone is obtained by open-cast mining. What are the adva ntages and disadva ntages to the 
loca l comm unity of an open-cast limestone mine in their area? 

2 a i Calcium hydroxide, or slaked lime, is a cheap industrial al kali. Explain the meaning of the 
term alkali. 

/6/ 

······· ··········--·····-·-·····- ·········· ······ ····-···-·-·····-···--·--········-···- ···-···-········--·--···-·····-·-···- ······· ··········--·····-·-·····--·· /3/ 

ii Give two large-sca le uses for calcium hydroxide . 

/2/ 

b i A weak solution of calci um hydroxide In wat er is called limewater. It is used to test for carbon 
dioxide gas. Explain w hat happens in this test, giving the chemica l name and formula of the 
maj or substance produced during the test. 

ii If carbon dioxide is passed through limewater continuously, a further change takes place . 
Describe what happens t o the limewater solution and give an explanation of what is 
happening, along w ith the name and formu la of t he major product . 

iii If calcium hydroxide is mixed with sa nd, what useful bui lding material is produced? 

/3/ 

/4/ 

/1/ 
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3 The diagram shows the limestone cycle. 

a Give the chemical name and formula for: 

i limestone ... 

ii quicklime 

iii slaked lime ················-·····-········--···-···-- ···-- ···-

Core 

/2/ 

/2/ 

/2/ 

b Sla ked lime is sometimes used for neutralising soi l acidity. One of the causes of soil acidity is acid 
rain and the su lfuri c acid found in it in particular. 

i W hat do you understand by the words and phrases in Itali cs? 

ii Write a word and balanced chemica l equation for the reaction that takes place when the 
acid in the soil is neutralised in thi s way. 

4 In recent years, scientists have detected an increase in the amount of ca rbon dioxide in the 
atmosphere. Carbon dioxide is a greenhouse gas and has been linked to global warming. 

a Explain the meaning of each of the following t erms. 

i greenhouse gas .. 

ii global warming .. 

/4/ 

/4/ 

/2/ 

/2/ 
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13 INORGANIC CARBON CHEMISTRY 

b Describe the effect that g lobal warming will have on t he Earth over time. 

/3/ 

• Core/Extended 

5 a Draw a labelled diagram of the apparatus that cou ld be used to prepare a sample of carbon dioxide. 

/6/ 

b If you want ed a dry sample of the gas, how w ould you alter the apparatus to allow you to obt ain 
th is dry sa mple? Name any chemical substances you would use . 

Carbon dioxide w ill on ly all ow very strongly burn ing substances, such as magnesium, to 
continue burn ing in it . Describe w hat you wou ld see during th is react ion. 

/4/ 

······-·······--··-··--·-- ·······································-···--·--········-·····-········--·--···- ·······························-···-···--·--···-·· ·· /3/ 

ii Balance the following chemical equation for t his reaction . 

. . . . . . . . Mg(s) + ·--·· ---·· C01(g) ~ ··· -- ·· --- MgO(s) + ····-- ······ C(s) 

iii Write the word equati on for th is reaction . 

iv This is a redox reaction . What do you understand by the t erm redox reaction? 

v Name and give the fo rm ulae of the reducing and oxidising agents in th is reaction. 

/2/ 

/1/ 

/2/ 

/4/ 
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Core/Extended 

6 a Burning fossil fuels makes a large co ntribut ion to t he amount of carbon dioxide in the at mosphere. 

i Coal is a fossil f uel. W hat is a fossil fuel? 

/2/ 

ii Methane gas is also a fossil f uel. It usually occurs toget her w ith a further fossil fue l. Give t he 

name of th is other fossil f uel. . 

iii The balanced chemica l equation for burn ing methane in air is: 

CH•(g) + 201(g) ~ C01(g) + 2HzD(I) 

Ca lculate t he mass of ca rbon dioxide produced when 32g of methane is burned . 
(A,values: H = 1; C = 12; O = 16) 

iv W hat volume of carbon dioxide would be produced when 32 g of methane is burned? 
(1 mole of gas occupies 24dm1 at room temperat ure and pressure.) 

/1/ 

/2/ 

/2/ 
b The formu la of the maj or constit uent of pet rol is C3H18 Explain w hy you wou ld expect petro l to 

produce more carbon dioxide than methane when it Is burned inside car engines. 

Exam focus 

Core 

1 Marble is a naturally occurring form of calcium carbonate, CaC03. When marble is heated, it 
decomposes in a chemical reaction to form quicklime by an endothermic reaction. 

a i Give the chemical name and formula of substance A 

ii Give the name and formula of the further substance that is produced during the 

decomposition of marble. 

iii What has to be added to substance A to make substance B? .. 

iv Give the chemical name and formula of substance B-···-···- ........ ·--······--··· -···-·····-·--·--········-···· 

/1/ 

/2/ 

/2/ 

/1/ 

/2/ 
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13 INORGANIC CARBON CHEMISTRY 

b Explain the term endothermic read ion as applied to the decomposition of marble. 

/2/ 

c Name a further na turally occurring form of calcium carbonate . . /1/ 

d Give one use for each of substances A and B . 

.................................................................................................................................................................................................................... /2] 

[Total: 12] 

Core/Extended 

2 Limestone is a very important industrial substance. It can be converted into 

:-..:::::-~-""··-·o-~o~, " .. rJ'~:s=: 
b Why do you think hot a ir is blown through the kiln? of air .. ! 

quicklime 

·······-···-···-- ···-···-·· ·· [21 

c The main reaction in the kiln involves the thermal decomposition of calcium carbonate. The 
balanced chemical equation is: 

CaC03(s) -+ CaO(s) + CO,(g) 

i What do you understand by the term thermal decomposition? 

ii What mass of quicklime can be made from 100 tonnes of limestone? 
(A, values: C = 12; 0 "' 16; Ca "'40) 

/2/ 

/1/ 

d In add ition to the above reaction in the kiln, there is a fur ther reaction taking place in which carbon 
d ioxide is produced. Wri te word and balanced chemical equations for this reac tion. 

e Modern kilns have been conver ted to be heated with a gaseous fuel. Name and give the formula 
of a possible gaseous fuel that could be used safely in this process. 

/4/ 

/2/ 

[Total:12] 
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@ Organic 1 

• Core 
1 Cracking using a catalyst is one of t he most Important chemi cal processes carried out by t he o il 

industry. Cracking invo lves the thermal decomposition of t he fractions co ntai ning t he larger alkane 
molecu les. The process produces a mixture of saturated and unsaturated molecu les. 

Explain the mean ing of each of the foll owing terms. 

a cracking .. 

b cata lyst .. 

c thermal decomposit ion 

d alkane .. 

e satu rated .. 

f unsatu rated .. 

2 a Use the words be low t o complete t he fo llowing passage about plast ics. 

addit ion polymer, po lymerisation, monomers, cha ins, po lymers, macromolecules, ethene 

When sma ll mo lecules such as ..................... j oin together to form long .. . 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

/2/ 

of atoms, ca lled .......... , the process is cal led ··- ........................... The sma ll mo lecu les 

like ethene that jo in t ogether in th is way are call ed ... . The polymer formed w it h 

ethene is an ........................................................ . Po lymers are often referred to as .. . 

b Other add ition polymers include PVC and PTFE. Give the chemical name of: 

i PVC ... 

Ii PTF E ... 

c Name and draw t he monomer unit that each of these polymers is made from. 

i PVC .. ·---·---···---···--·····-···-

ii PTF E · ······-·······-·····-·······-··· 

/71 

/1/ 

/1/ 

/2/ 

/2/ 
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140RGANIC 1 

d Draw part of t he polymer cha in for each of these two addition polymers. 

i PVC 

ii PTFE 

e Give two uses for: 

i PVC ···················-- ···--·--···--·- ···············-·····-········-- ···-···-·····--·--

ii PTFE .. 

3 a Ethene, CzH_., is the starti ng mate ri al for maki ng plastic carrier bags. 

i Name the type of chemical change taki ng place in the diagram above. 

ii Name the product fo rmed by this reaction . .. 

iii The alkene ethene is made by cracki ng la rge al kane molecules. Describe a simple chemical 
test to show that ethene is present. 

b The majority of carrier bags are d iffi cult to d ispose of. 

i Explain why carrier bags should not j ust be th rown away. 

ii Explain why the majority of plast ic ca rrier bags are recycl ed. 

iii Give one advantage t hat a plastic carrier bag has over one made out of pa per. 

/1/ 

/1/ 

/2/ 

/2/ 

/1/ 

/1/ 

/2/ 

/4/ 

/2/ 

/1/ 
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Extended 

• Core/Extended 

4 a Al kanes are unreactive compounds. They are not affected by many substances. Name two 
common classes of substance that they do not react w ith . 

b The most important property of alkanes Is that they wi ll genera lly burn quite easily. The 
gaseous alkanes are some of the most usefu l fuels. When a gas like methane burns in a 
plentifu l supply of air, w hich type of combustion does it undergo? 

c What is the common name for methane? ... 

/2/ 

/1/ 

/1/ 
d The balanced chemical equation for the burning of methane in a plentiful supply of air is given 

below. 

i W hat does the sign of 6.H tell you about the reaction? 

ii How many moles of carbon dioxide are prod uced by 1 mole of methane? . 

iii W hat mass of ca rbon dioxide would be produced by 64g of methane burning in a plentiful 
su pply of ai r? (A, va lues: H = 1; C = 12; O = 16) 

/1/ 

/1/ 

/2/ 

iv W hat volume of ca rbon dioxide wou ld be produced when 1D0dm1 of methane is burned in a 
plentiful supply of air? (1 mole of any gas occupies 24 dm1 at room temperatu re and pressure.) 

/2/ 

• Extended 

5 a What structural feature does an alkene possess that an alkane does not? 

b The diagram on the ri ght shows the outer energy 
levels of the elements present in the com pound 
ethene. Comp lete the bonding d iag ram by 
drawing dots and crosses to show the electrons in 
the overlap areas. 

Cambridge IGCSE Chemistry Workbook 
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140RGANIC 1 

6 Give the name and structu ra l formula of the main organ ic product(s) formed w hen each of the 
following chem ica l procedures is carried out. 

a A mixture of methane and ch lorine is exposed to ultravio let light .. 

(2/ 

b A mixture of ethene and steam is passed over an acid cata lyst at high temperatu re and pressure. 

c A mixture of ethene and hydrogen is passed over a metal cata lyst at a high temperatu re. 

d Ethene is bubb led into a solution of bromine in 1, 1, 1-trich loroethane. 

e Decane Is passed over a heated catalyst . . 

7 a Expla in t he meaning of the term isomer with reference to the mo lecule c.H10 . Name and draw 
t he structures of any substances you Include in your answer. 

(2/ 

(2/ 

(2/ 

(4/ 

(6/ 

b i What would you expect to be t he relative boiling points of the isomers you have drawn in part a? 

(1/ 

ii Explain w hy the isomers you have drawn in part a have different bo iling points. 

/2/ 
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Exam focus 

Core/ Extended 

1 The diagram shows the apparatus used in the cracking of a liquid alkane. Some of the labels have 
been replaced with letters. 

a For each letter, write down the correct label from the list below. 

gaseous alkene hard glass bo ili ng tube paraffin-soaked minera l woo l water 

b What is the purpose of the porcelain chips in this experiment? 

c Give an explanation of the following observation: 'The substance collected in the test-tube was 
found to decolourise bromine dissolved in an organic solvent. ' 

d Draw a star on the diagram above to show the position where you would introduce a 

111 

/11 

111 

11/ 

/2/ 

/3/ 

further piece of apparatus to collect any liquid product. [1] 

e An explosive element gas can also be produced in this process. Give the name and formula 

of this gas . .. /2/ 

f i Complete the following symbol equation for a possible cracking of dodecane. 

ii Name the products of the reaction shown in the equation in part i. 

Cambridge IGCSE Chemistry Workbook 
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/2/ 
[Total:15] 
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140RGANIC 1 

Extended 

2 a The alkanes form a homologous series of hydrocarbons obtained from crude oil. Wha t do you 
unders tand by the terms homologous series and hydrocarbons? 

b i The firs t four members of the alkane family are shown in the table below. 

Alkane Formula 

Methane 

Ethane C,H, 

Propane 

Butane 

Structure 

H - C- H 

I 

" 

" " " I I I 
H - C - C - C - H 

I I I 

Complete the table by filling in the missing formulae and structures. 

ii Name the type of bonding present in alkanes ............. ·····-·--·····--···---···---·---···---·---· ···--· 

iii By showing the outer electron energy levels, draw a d iagram to show the chemical 
bonding in a molecule of e thane. 

iv All the alkanes shown in the table above are gases. What would be the physical difference 
between these four alkanes and the alkane decane, C1oHu? 

v What is the general formula for the alkane series? . 

/5/ 

/5/ 

/2/ 

/4/ 

/1/ 

/1/ 

{Total: 18} 
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• Extended 

1 Butanol ls the fou rth member of the alcohols and has a molecular form ula C4H,OH. Biobutanol is a 
fuel of the future. It can be made by the fermentation of almost any form of biomass such as gra in, 
straw or leaves. 

a Draw the structural formula of butanol. 

b Write a word and a balanced symbol equati on for the complet e combustion of butanol. 

c Why is it important to develop these fuels, such as biobutanol, as alternatives to petroleum? 

2 All alcoholic drinks contain ethanol (alcohol). 

a Explain why alcoholic drinks go sou r If left open for some time. Write a word and balanced 
chemica l equation to help w ith your explanation. 

b i Alcohols react with carboxyli c acids to produce w hich type of compound? ... 

ii Give two uses of the type of subst ance you have named in part i . 

/1/ 

/4/ 

/2/ 

/5/ 

/1/ 
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3 The structure of the choleste rol molecu le is shown be low. 

a What type of bonding is present in th is molecule? 

b Wh ich part of the molecule w ill react w ith: 

i st eam? ....... _ 

ii ethanolcacid? .. 

c If an add it ion polymer was to be made with thi s cholesterol, wh ich part of t he molecule would 
be likely to react? 

/1/ 

/1/ 

/1/ 

/1/ 

d If a condensation polymer like Terylene was to be made with this cholesterol, w hich part of the 
molecu le wo uld be li kely to react? 

4 a Starch can undergo a process called hydrolysis. Explai n what you understand by t he term 
hydrolysis. 

b i The chart below represents the breaking down of starch and su bsequent react ions of the 
products. Identify and give the formu lae of substances A to C. 

diluteocid yeast 
Slilrrh ________. A ________. B +Carbo11dioxkle 

potassium 
dichromate(") 

-----

/1/ 

/2/ 

/6/ 
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Extended 

ii What test could be used to identify su bstance C? 

iii What type of reagent is potassium dichromate(vi)? ... 

iv A d iffe rent substance w ill be produced instead of A if an enzyme Is used in the f irst stage. 
Name the different substance t hat would be produced if an enzyme was used. 

v Name an enzyme that could be used instead of the dilute acid ... 

5 a Name the polymeri sati on process that is used to make both nylon and Terylene. 

b Name t he start ing materials for maki ng : 

/3/ 

/1/ 

/1 / 

/1/ 

/1 / 

i nylon [2] 

Ii Terylene. .. (2] 

c Give t he name and formula of the sma ll mo lecule produced during t he polymerisat ion 
react ions used to produce both nylon and Terylene. .. (2] 

d Give the name of t he chem ica l link t hat holds t ogether: 

i nylon 

Ii Terylene. 

e Give two uses fo r: 

i nylon ... 

ii Terylene ... 

f Expla in the difference between t he type of polymerisation you have named in pa rt a and 
add it ion polymerisation. 

/1/ 

/1/ 

/2/ 

/2/ 

/2/ 
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6 The amount of etha noic acid in vinegar ca n be determ ined by carrying out a t it rat ion. The 
result s below came from a t it ration of a vinegar solut ion with sodium hydroxide solution. The 
neut ralisation reaction taki ng place is: 

CH
3
COOH(aq) + NaOH(aq) _,. CH

1
C00Na(aq) + Hp(I) 

25 .D0cm1 of vinega r was j ust neutral ised by 20.D0cm1 of a 0.10moldm-3 sod ium hydroxide solution. 
Calculate: 

a the conce nt ration of ethanoic acid in the vinega r solution 

/3/ 

b the mass of ethanoic acid In a 1 litre (1 dm1) bottle of th is vinegar. (A, val ues: H = 1; C = 12; O = 16) 

/2/ 

7 a Am ino acids are essentia l for the formation of protei ns. How many amino acids are there? 

/1/ 

b Each amino acid conta ins two fu nctional groups. What are the names of these f unctiona l groups? 

/2/ 

c The structure of the fi rst am ino acid, glycine, is shown below. 

" o'\' I / 
HO/C - , - N'-H 

" 
Redraw the structure to show a bonding diagram for th is substance, showing the outer electron 
energy leve ls only. 

/10/ 
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Extended 

d Am ino acids are the building blocks for proteins. Proteins are long-chai n molecu les or natura l 
polymers. 

i Name the polymerisation process that is requ ired to form proteins. 

ii Which industrial polymer contains the same li nk as that found in proteins? 

iii The diagram below shows a dipeptlde. 

\_J _]_J_J_c~o 
{ I ~ "-oH 

What do you understand by the term dlpeptide? 

iv Draw a circ le around the li nk that holds th is d ipeptide together. 

Exam focus 

Core/ Extended 

1 Ethanol (alcohol) is a product of many fermentation reactions and of the hydration of ethene. The 
molecular formula of ethanol is Cz1-\0H. 

a Draw the s truc tural formula of ethanol. 

/1/ 

/1/ 

/1/ 

/1/ 

/1] 

b i Balance the following chemical equation for the fermentation reac tion. Some spaces may be left 
blank. 

ii Name the subs tance C,8i,_O, . .. 

iii Calculate the M , value for C,Hll0 6. 

Cambridge IGCSE Chemistry Workbook 
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/1] 
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15 ORGANIC 2 

c When ethanol is heated with potassium dichromate(VI), it is converted to ethanoic acid. 

Ci\OH(l)-+ ~COOH(l) 

i What type of reaction is this? ··· -·······-·······-·······-·······-·-···· -·-·······-·······-·······-···· 11/ 

ii Ethanoic acid belongs to a homologous series of organic acids. What is the name given to 
this homologous series of acids? .. [I] 

iii When ethanoic acid is reacted with ethanol in the presence of a catalyst, a new substance is 
produced. Give the name and formula of this new substance. 

iv Name the catalyst you would use for the reaction in part iii. .. 

v The reaction in part iii is known as a reversible reaction. Explain the meaning of the term 
rroersiblereaction. 

/21 

11/ 

11/ 

[Total: 11] 

• Extended 

2 The first member of the homologous series of carboxylic acids is methanoic acid (HCCXJH ). 

a What do you understand by the term lwmologous series? 

/51 

b In some areas, when water is boiled the inside of the kettle becomes coated with a layer of calcium 
carbonate. This type of water is known as temporary hard water. This deposit of calcium carbonate 
can be removed by adding methanoic acid. 

i Complete the equation for the reaction between calcium carbonate and methanoic acid. 

CaC03 + .... HCOOH -+ Ca(HC00)1 + . 

ii Methanoic acid reacts with most metals above hydrogen in the reactivity series. 

Complete the word equation for the reaction between methanoic acid and magnesium. 

methanoic acid + magnesium -+ 

iii Aluminium is also above hydrogen in the reactivity series. Why do you think methanoic acid 
does not react with aluminium? 

c Give the name, molecular formula and empirical formula of the third acid in this series. 

/31 

/21 

11/ 

/31 

[Total: 141 
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@ Experimental chemistry 

1 Concentrated sod ium ch loride so lution was broken down by the passage of electricity using the 
apparatus shown below. 

a What is the name of thi s process? .. 

b Suggest a su ita ble material from w hich t o make the electrodes ... 

c Gas A bleached moist indicator paper. What is gas A and what is its formula? 

d Gas B is hydroge n. Suggest a chemica l t est to prove t his. 

/1/ 

/1/ 

/2/ 

/2/ 

2 Ethene can be obtai ned by passi ng liquid paraffin vapour over hot al uminium oxide or broken pot . 

a Complete the boxes in the d iag ram to show the chemica ls used in th is experiment. (2] 

b Show on the d iag ram w here the heat is app li ed during the ex periment using two arrows. {2] 

c Why must t he delivery tube be removed from the water before the heating is stopped? 

d Ethene is an unsaturated hydrocarbon . Describe a chemica l test yo u could use to test for th is 
unsaturation . 

/1/ 

Cambridge IGCSE Chemistry Workbook 

/2/ 

Photcxopyingproh ibited CD 



16 EXPERIMENTAL CHEMISTRY 

3 A so lid fertili ser for household pl ants is thought to contain both potassi um ions and ammonium 
ions. Describe the tests that co uld be carried out to decide if this is t he case. 

/6/ 

4 In each of t he qua litative ana lysis stages below, identify by name and formu la t he substances A to E. 

a When blue-green crystals, A, were heated in a dry test-tu be, a brown gas, B, was produced . 

/4/ 

b A black solid residue, C, was left behind. When some dilute sulfu ric acid was added to t he black 
residue, the residue dissolved. There was no effervescence and a bl ue solution, D, was produced . 

c Upon adding a few drops of barium ch loride sol ution to a portion of D, a w hite precipitate, 
E, Is formed, w hich is Insoluble in d ilute hydrochloric acid. 

5 An analytical chemist was asked to identify two colou rless solutions, A and B, and a green solid, 
C. He carried out various tests in an attempt to ident ify t he solutions. The resu lts of his tests are 
shown in t he ta ble below. 

Substance Flame test Dilute HCl(aq) Addition of NHi aq) Dilute Dilute 

/4/ 

/2/ 

colour HN01(aq) + HCl(aq) + 
Few drops Excess AgN01(aq) BaCli (aq) 

A Bri ck red No reaction 
Wh ite Preci pitate White 

No reaction 
precipit ate dissolves precipitate 

Lilac No reaction No react ion No reaction No reaction 
Wh ite 
precipitate 

Blue 
precipitate 

Green Fizzes 
w hen added Precipitate 

Fizzes Fizzes 
to solut ion dissolves 
from effect of 
HCl(aq) 

a Look at t he result s that were obtained for solution A . 

i Which metal ion is present in the sol ution? .. /1/ 
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Experimental chemistry 

ii What does the format ion of a white precipitate when acid ified silver nitrate is added tell you? 

iii Write a balanced ionic equation for the formation of the wh ite precipitate, 
incl uding state symbols. 

b Look at the results that we re obtained for solution B. 

i Wh ich meta l Ion is present In the solution? 

ii Wh ich anion must be present for a wh ite precipitate to form w hen di lute hydroch loric acid 

/1/ 

/2/ 

/1/ 

and barium ch loride sol ution are added t o solution B? .. {1] 

iii Write a balanced Ionic equation for the formation of the wh ite precipitate, includ ing stat e 
symbols. 

c Look at the results that we re obtained for solid C. 

I Which meta l ion is present In the solid? ... 

ii Wh ich an ion must be present to give fizzing when hydrochloric acid is added to solid C? 

/2/ 

/1/ 

/1/ 

d Using the information in t he t abl e, give the formula of the chemica l present in each of sol utions 
A and B and solid C. 

i sol utionA . /1/ ii solution B . /1/ iii solid C ... /1/ 

6 In each of the qua litative ana lysis stages be low, identify the substances G to L by name and formu la. 

a When a white powder, G, was heated in a dry test-tube, a gas, H, was produced . When bubbl ed 
through limewater, gas H gave a w hite precipitate. 

b A ye llow solid residue, I, was left behind, w hich turned white on cooling . Whe n some di lute 
hydrochloric acid was added t o the w hite residue, the residue dissolved . There was no 
effervescence and a colourless solution, J, was produced . 

c When a f ew drops of d ilute sodium hydroxide was added t o a small portion of J, a white 
precipitate, K, was formed . This precipitate d issolved In excess of the di lute sodium hydroxide. 

/4/ 

/4/ 

/2/ 
d Upon adding a few drops of nitric acid followed by si lver nitrate solution to a further portion of 

J, a white precipitate, L, was produced . This went grey on standing in sunlight . 

/2/ 
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