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Answers to the Student book 
Cambridge Assessment International Education bears no responsibility for the example answers to questions 
taken from its past question papers which are contained in this publication. Exam-style questions and sample 
answers have been written by the authors. In examinations, the way marks are awarded may be different. 
References to assessment and/or assessment preparation are the publisher’s interpretation of the syllabus 
requirements and may not fully reflect the approach of Cambridge Assessment International Education. 

1 States of matter 
Test Yourself Questions  

Page 4 
1 The particles in copper are vibrating about a fixed point. As the temperature increases, 

they gain kinetic energy and vibrate more, colliding with neighbouring particles. This 
has the effect of increasing the overall volume of the metal. In other words, it expands. 

Page 7 
2 The particles in gases have much weaker forces of attraction between their particles as 

the particles are already further away from each other compared with those in a solid. 
These weaker forces of attraction are more easily broken as temperatures rise, allowing 
the particles to move away from one another more easily. 

3 There is friction between the ice and the air as the car moves through it. This friction 
produces heat which causes the ice to melt. 

4 Adding salt to ice lowers the freezing point of the ice. As long as the temperature is not 
lower than the freezing point of the mixture of salt and ice, the ice will melt. 

5  
 
 
 
 
 
 
 
 
 
 

The graph should show that when the changes of state occur the temperature does not 
change until the change of state is complete. So there should be a flat line at 100°C as 
the steam condenses to form water and at 0°C as the water freezes to form ice. 
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Page 8 
6 Particles from the coffee diffuse from the jar around the room as a result of collisions 

with particles in the air. The smell of coffee would be stronger nearer to the jar because 
of the higher concentration of particles. It would take longer for people further away 
from the coffee to be able to smell it.  

7  
 
 
 
 
 
 
 
 
 

 Initially there would be a darker green colour at the bottom of the beaker. As the water 
molecules collide and mix with the food colouring particles the green colour would 
spread throughout the beaker. 

8 In gases, the particles have weaker forces of attraction between their particles and are 
moving much more quickly than the particles in a liquid. This enables the gas to diffuse 
more rapidly. 

9 Different gases diffuse at different rates because, at a given temperature, gas particles 
with a lower relative molecular mass are able to move faster than the particles of a gas 
with a higher relative atomic mass. At a given temperature all gases will have, on 
average, the same kinetic energy. The gas particles with the lower mass will move 
more quickly. 

 

Practical Skills Question (Changes of state, page 5) 
1 So that the stearic acid wasn’t being kept at a higher temperature by the water. 
2 So that the temperature in the tube was the same throughout/to evenly mix the hot and 

cold parts of the stearic acid. 
3 The more readings there are the easier it is to spot anomalous results. 
4 & 5 Temperature should be drawn on the y-axis ideally using a scale from 55–80°C. 
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6    a 69°C 
b It became flat. 
c As the change of state occurs, stronger bonds begin to form between the stearic acid 

molecules, which releases heat, and prevents the temperature from dropping until 
the change of state has occurred. 

 
Exam-Style questions (page 9) 
1 a i  

 
 
 
 
 
 

[1] 
ii  

 
 
 
 
 
 

[1] 
iii  

 
 
 
 
 
 

[1] 
b In solid oxygen, the particles vibrate about a fixed point but cannot move past one 

another. [1] In liquid oxygen, the particles are able to move past one another. [1] In 
oxygen gas, the particles are far away from one another, moving randomly and 
colliding with other particles. [1] 

c As the particles in gaseous oxygen are cooled they slow down [1] and the attractive 
forces between them grow stronger, pulling them closer together, changing them 
into a liquid state. [1] As the temperature drops, these forces become so strong that 
the particles are unable to move past one another and vibrate about a fixed point 
and are changed into a solid state. [1] 
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2 a Expansion – when a solid is heated, the particles move faster and vibrate more 
causing the volume of the solid to increase with temperature. [1] Any suitable 
example, e.g., railway lines expand in hot weather. [1] 

b Contraction – when the temperature drops, particles move more slowly and are 
pulled closer together by the attractive forces between the particles and the volume 
of the substance decreases. [1] Any suitable example, e.g., the mercury in a 
thermometer contracts as temperature decreases. [1] 

c Physical change – this is where a substance changes between states, but does not 
undergo a chemical reaction. [1] Any suitable example, e.g., boiling water changes 
to steam. [1] 

d Diffusion – the process by which different substances mix together as a result of 
random motion and collisions with other particles. [1] Any suitable example, e.g., 
For example, coffee can be smelled by people all over a room when the coffee pot 
is opened. [1] 

e Random motion – the particles in a gas and liquid move around, colliding with 
other particles in a haphazard process. [1] Any suitable example, e.g., diffusion of 
the smell of a perfume from a bottle throughout a room. [1] 

3 a Their particles vibrate about a fixed point [1] and are therefore unable to move 
around one another. [1] 

b Any suitable examples, e.g., the diffusion of smells throughout the house when 
cooking [1] and the diffusion of smells from a cat litter tray. [1] 

4 a In the fridge, the particles of the butter have very little kinetic energy and are 
vibrating slowly about a fixed point, held together by attractive forces between the 
particles. [1] When the butter is taken out of the fridge, its temperature begins to 
increase. The particles of the butter gain more kinetic energy and start to vibrate 
more, breaking some of the attractive forces between them and causing the butter to 
become soft enough to spread. [1] 

b The particles of the food have diffused from the kitchen throughout the house. [1] 
These particles are detected by receptors in your nose and you smell the food. [1] 

c In the evening, the temperature will have dropped so the particles of air in the ball 
will have less kinetic energy, will not be moving as quickly, and will not be 
colliding as violently with the inside of the ball as they did at the higher 
temperatures earlier in the day. [1] This means that the pressure inside the ball will 
decrease due to the less frequent collisions. The volume of the gas inside the ball 
will decrease. This will result in the ball feeling softer. [1] 

d The particles of perfume move randomly, colliding with other particles in the air, 
taking a random path away from the perfume. [1] It will therefore take time for the 
particles to reach the back of the room. [1] 
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5 a i The lower part of the beaker would still be a darker green than the upper part. 
          [1] 

ii The beaker would contain a solution of food colouring with the same green 
colour throughout.        [1] 

b The food colouring particles are moving randomly in the solution at the bottom of 
the beaker, as are the water particles above. Over time, the random movements will 
result in the particles mixing together. [1] After a few hours, only a few water and 
food colouring particles will have become mixed, but after several days they will be 
fully mixed together. [1] 

c Diffusion          [1] 
6 a A chemical reaction between the ammonia and hydrochloric acid particles occurs, 

producing a white solid which appears as a white cloud.   [1] 
b The particles of ammonia and those from hydrochloric acid have to diffuse by 

random motion and collide with air particles along the tube until they collide with 
one another (causing the reaction to occur). This will take time to occur. [1] 

c The ammonia particles are lighter, they have a lower relative molecular mass, than 
those of the hydrochloric acid and so they move faster. [1] This enables them to 
move more quickly along the tube. [1] 

d Lowering the temperature would cause both the ammonia particles and the particles 
from hydrochloric acid to move more slowly.    [1] 

2 Atoms, elements and compounds 
Test Yourself Questions  
Page 12 
1 Oxygen – it is a non-metal 
2 Iron – it is a metal 
3 Soft or brittle – metals are hard or ductile 

Page 14 
4 14,285,714 
5 I—I, F—F 
6 a Cr, solid 

b Kr, gas 
c Os, solid 

7 CH4 

Page 15  
8 A reaction which involves the two processes of oxidation and reduction. 
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9 a Oxidising agent: copper(II) oxide 
 Reducing agent: hydrogen 
b Oxidising agent: tin(II) oxide 
 Reducing agent: carbon 
c Oxidising agent: PbO 
 Reducing agent: H2 

Page 16 
10 Ammonia, NH3   1N:3H 

 Calcium hydroxide, Ca(OH)2 1Ca:2O:2H 
 Carbon dioxide, CO2  1C:2O 
 Copper sulfate, CuSO4  1Cu:1S:4O 
 Ethanol (alcohol), C2H5OH 2C:5H:1O:1H (2C:6H:1O) 
 Glucose, C6H12O6   6C:12H:6O 
 Hydrochloric acid, HCl  1H:1Cl 
 Nitric acid, HNO3   1H:1N:3O  
 Sodium carbonate, Na2CO3 2Na:1C:3O 
 Sodium hydroxide, NaOH  1Na:1O:1H 
 Sulfuric acid, H2SO4  2H:1S:4O 

Page 17 
11 a calcium + oxygen → calcium oxide 

 2Ca(s) + O2(g) → 2CaO(s)  
b copper + oxygen → copper oxide 
 2Cu(s) + O2(g) → 2CuO(s) 

Page 19  
12 Any examples of common mixtures are acceptable, some likely ones are:  

• Air – gases (oxygen, nitrogen, argon, carbon dioxide, neon, helium, krypton and 
xenon, plus minute amounts of other gases – see Chapter 11, page 171) 

• Petroleum (Crude oil) – hydrocarbon gases (such as methane, ethane, etc.) and 
hydrocarbon liquids (such as octane, decane, dodecane, etc. – see Chapter 6, 
page 84) 

• Alloys (mixtures of metals, see Chapter 10, page 159) such as: 
• brass – copper, zinc 
• bronze – copper, tin 
• pewter – lead, tin, antimony 
• solder – lead, tin 

• Sea water – a solution of many metal salts such as those based on sodium, 
calcium and magnesium as chlorides, bromides, sulfates and carbonates. 
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• Emulsions, such as mayonnaise – a mixture of immiscible liquids, e.g. oil, egg 
white, an emulsifier and vinegar; foams – a mixture of gas trapped in a liquid or 
solid, e.g. soda water, where carbon dioxide is trapped in water, or bread dough, 
where carbon dioxide is trapped in a solid matrix that is cooked to give us 
bread; gels, such as sweet jelly and hair gel – a mixture of a solid in a liquid, 
e.g. gelatine in water (see Chapter 2, page 19) 

13 Tin, sulfur, gold 

Page 23  
14 a Differences  

Charges: electron –1, proton +1 
Masses: electron is negligible, proton is 1amu 
Where found: electron in shells, protons in nucleus 

b Similarities 
Both have a mass of 1 amu, and found in nucleus 

c Atoms contain equal numbers of electrons and protons. These particles are of 
opposite charge. Hence they are neutral. 

15  
Element Symbol Particles 

present 

Nitrogen  N714  7p, 7n, 7e 

Aluminium Al13
27  13p, 14n, 13e 

Potassium  K19
39  19p, 20n, 19e 

Argon Ar18
30  18p, 22n, 18e 

16  
Element Proton 

number 
Number of 
electrons 

Charge on ion 

Sodium  11 10 +1 

Fluorine  9 10 –1 

Magnesium  12 10 +2 

Page 25 
17 a 14 

b 16  
c 51 
d 114  

18 Ar of neon = ((90 × 20) + (10 × 22)) / 100 = 20.2 
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Page 27 
19 First electron shell – two maximum 
 Second electron shell – eight maximum 
 Third electron shell – 18 maximum 
20 a They all have one electron in their outer electron shell.  

b They all have two electrons in their outer electron shell.  
21 2, 8, 3 

 
Practical Skills questions (Heating copper, page 16) 
1  

 
 
 
 
 
 
 
 

 
2 0.12 g 
3 Copper has combined with oxygen from the air 
4 Copper(II) oxide 
5 copper + oxygen → copper(II) oxide 

2Cu(s) + O2(g) → 2CuO(s) 
6 a Use a lid for the crucible. Keep raising it during the heating to let air into the 

crucible.  
b Possible inaccurate weighing 

7 There would be an increase in mass. Due to formation of a white powder formed – 
calcium oxide. 

 
Exam-Style questions (page 29) 
1 a i A proton is a sub-atomic particle which has a positive charge [1] equal in 

magnitude to that of an electron [1], and a mass of one amu. [1] The nucleus of 
an atom contains one or more protons.  

ii A neutron is an, uncharged [1] sub-atomic particle with a mass of one amu. [1] 
The nucleus of an atom contains one or more neutrons.  

iii An electron is a sub-atomic particle with a negative charge [1] present in all 
atoms. They are found within shells [1] around the nucleus. Electrons have 
negligible mass. [1] 

 b i 19 electrons, 19 protons and 20 neutrons     [3] 
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ii One          [1] 
iii 2.8.8.1          [1] 

2 a Isotopes are atoms of the same element [1] which have different numbers of 
neutrons. [1] They differ in nucleon number (mass number). In the case of Ga, the 
isotopes Ga31

69  and Ga31
71  have 38 and 40 neutrons, respectively. [1]  

b Ar of gallium = ((60 × 69) + (40 × 71))/100 = 69.8 [2] (1 for answer and 1 for 
correct fraction used to obtain it) 

3 a Element – a substance which cannot be further divided [1] into simpler substances 
by chemical methods [1] 

b Metal – a class of chemical elements which have a characteristic lustrous 
appearance [1] and are good conductors of heat [1] and electricity [1] 

c Non-metal – a class of chemical elements that are typically poor conductors of heat 
[1] and electricity [1] 

d Compound – a substance formed by the combination of two or more elements [1] in 
fixed proportions [1] 

e Molecule – a group of atoms [1] chemically bonded [1] together 
f Mixture – a system of two or more substances [1] that can be separated by physical 

means [1] 
4 a Metals – calcium, iron, copper       [3]  

b Non-metals – silicon, argon, diamond, sulfur, nitrogen    [5] 
c Compounds – water, carbon monoxide, sodium chloride, ammonia   [4] 
d Mixtures – sea water, air, brass, dilute sulfuric acid, oil    [5] 

5 a A solid element – tin, copper        [2] 
b A liquid element – bromine, mercury      [2] 
c A gaseous mixture – air        [1] 
d A solid mixture – steel, bronze       [2] 
e A liquid compound – water        [1] 
f A solid compound – marble, sand, salt      [3] 

6 a i 1H, 1N, 3O         [3] 
ii 1C, 4H          [2] 
iii 1Cu, 2N, 6O         [3] 
iv 2C, 4H, 2O         [3] 
v 12C, 22H, 11O         [3] 
vi 6C, 6H, 1O         [3] 
vii 2N, 8H, 1S, 4O         [4] 

 b i 2Zn(s) + O2(g) → 2ZnO(s)       [2] 
ii 2Fe(s) + 3Cl2(g) → 2FeCl3(s)       [3] 
iii 4Li(s) + O2(g) → 2Li2O(s)       [2] 
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iv 2H2(g) + O2(g) → 2H2O(g)       [2] 
v 2Mg(s) + CO2(g) → 2MgO(s) + C(s)      [2] 

3 Bonding and structure 
Test Yourself questions  
Page 32 
1 Ionic bond – A strong electrostatic force of attraction between oppositely charged ions  
2 Because they have full outer shells  
3 a Potassium fluoride 

 
 
 
 
 
 

b Lithium chloride 
 
 
 
 
 
 

c Magnesium fluoride 
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d Calcium oxide 
 
 

 
 

 

Page 34 
4  

Oxidation Involves loss of electrons 

Reduction Involves gain of electros 

Redox Involves both oxidation and reduction 

Negative ion An atom or group of atoms which has gained one or more 

electrons 

Positive ion An atom or group of atoms which has lost one or more 

electrons 

Ionic bond A strong electrostatic force of attraction between oppositely 

charged ions. 

Page 37 
5 a Oxidising agent: H2SO4  

 Reducing agent: Zn 
b Oxidising agent: Cu2+ 

Reducing agent: Zn 
c Oxidising agent: Cu2+ in Cu(NO3)2 
 Reducing agent: Mg 
d Oxidising agent: H2SO4 
 Reducing agent: Fe 

6 a Cu2O 
b Zn3(PO4)2 
c FeCl3 
d PbBr2 
e KMnO4 
f Na2Cr2O7 
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7 Copper(I) oxide, Cu2O   2Cu:1O 
Zinc phosphate, Zn3(PO4)2  3Zn:2P:8O 
Iron(III) chloride, FeCl3   1Fe:3Cl 
Lead(II) bromide, PbBr2   1Pb:2Br 
Potassium manganate(VII), KMnO4 1K:1Mn:4O 
Sodium dichromate(VI), Na2Cr2O7 2Na:2Cr:7O 

Page 42 
8 Covalent bond – a chemical bond formed by the sharing of one or more pairs of 

electrons between two non-metal element atoms. 
9 a Tetrachloromethane 

 
 
 
 
 
 
 
b Hydrogen sulfide 
 
 
 
 

 

Page 48 
10 In ionic bonding, electron or electrons are donated to the other atom(s) participating in 

the bond, while electrons in a covalent bond are shared equally between the atoms. 
Ionic bonds form between a metal and a non-metal. Covalent bonds form between two 
non-metals. 

11 Diamond: In diamond, each carbon shares all of its outer electrons with four other 
carbon atoms, forming four single covalent bonds. This is a giant covalent structure. 
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Silicon(IV) oxide: The silicon(IV) oxide structure includes some oxygen atoms. Each 
silicon atom alternates with an oxygen atom.  

 
 
 
 
 
 
 
 

12  

 Ionic  Simple Giant 

Property    

Physical state Crystalline solids Gases, liquids or 

soft solids 

Solids 

Melting and boiling 

points 

High Low High 

Electrical 

conductivity 

Do not conduct 

electricity (except 

when molten) 

Poor Non-conductors 

(except graphite) 

Solubility Many are soluble in 

water 

Usually insoluble in 

water, but some will 

dissolve in some 

solvents, such as 

ethanol 

Insoluble 

 

Page 49 
13 a Malleable – refers to substances that are capable of being moulded or shaped by   

      hammering or by pressure from rollers 
b Ductile – refers to substances that are easily drawn into thin wires 

14 Metals conduct electricity because of the mobile/delocalised electrons within the metal 
structure. When a metal is connected in a circuit with a battery, the electrons move 
towards the positive terminal while at the same time electrons are fed into the other end 
of the metal from the negative terminal.  



Cambridge O Level Chemistry Student’s book answers 

Cambridge O Level Chemistry  
© Bryan Earl and Doug Wilford 2021 

14 

 
Practical Skills questions (Testing the electrical conductivity of ionic and covalent 
substances, page 44) 

1  
• 20 cm3 of each solution was added to the 100 cm3 beaker using a measuring 

cylinder.  
• Two carbon electrodes were then placed into the solution and the bulb holder 

connected up to them.  
• The beakers were rinsed out with distilled water after each solution was tested. 
• Each of the solutions was tested and the results noted in the table.  
• For fair test – same volume of each solution, ensure apparatus cleaned out in same 

way between each test, same concentration of each solution used. 
2 Completed results table: 
Solution  Does the bulb light?  Does the substance 

in solution conduct 
electricity?  

Does the substance 
in solution contain 
ionic or covalent 
bonding?  

Glucose (C6H12O6)  No  No  Covalent 

Potassium chloride  Yes  Yes  Ionic 

Calcium chloride Yes  Yes  Ionic 

Sodium iodide  Yes  Yes  Ionic 

Ethanol (C2H5OH)  No  No  Covalent 

Copper(II) sulfate  Yes  Yes  Ionic 

Pure water No No Covalent 

 
3 The results show that if a compound contains a metal element then it will conduct 

electricity in solution. These compounds are ionic and the ions present separate and are 
free to move when dissolved in water, which allows the solution to conduct electricity. 
The compounds that contain non-metals only do not conduct electricity when dissolved 
in water because they do not contain ions.  

4 Yes, the results would be different as the solid would not conduct electricity. In the 
solid state the ions present in these ionic substances are held tightly together by strong 
electrostatic forces of attraction. Therefore they are not capable of moving away from 
each other.  

5 It would conduct in solution. It is an ionic compound and the ions separate in solution 
and conduction can therefore take place.  

6 Water, H2O, only contains non-metal elements. It is covalent and so the bulb would not 
light.  
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Exam-Style questions (page 51) 
1 a An atom or group of atoms which has lost one or more electrons [1], making it 

positively charged [1] 
b An atom or group of atoms which has gained one or more electrons [1], making it 

negatively charged [1] 
c A strong electrostatic force of attraction [1] between oppositely charged ions [1] 
d A strong force of attraction [1] between opposite charges [1] 

2 Three from those shown in a, b and c. 
a Any three from: 

Magnesium (Mg2+) 
Calcium (Ca2+) 
Copper(II) (Cu2+) 
Zinc  (Zn2+) 
Iron(II)  (Fe2+) 
Lead  (Pb2+) 
Barium  (Ba2+)        [3] 

b Any three from: 
Lithium (Li+) 
Sodium (Na+) 
Potassium (K+) 
Silver  (Ag+) 
Copper(I) (Cu+)        [3] 

c Any three from: 
Oxide  (O2−) 
Sulfide  (S2−) 
Carbonate (CO3

2−) 
Sulfate  (SO4

2−) 
Dichromate(VI) (Cr2O7

2−)      [3] 
3 a Calcium fluoride 

 
 
 
 
 
 
 
 [4] (Take [1] off for each error) 
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b Oxygen 
 
 
 

 
[4] (Take [1] off for each error) 

 
c Magnesium chloride 

 
 
 
 
 
 
 
 
 
 
 

[4] (Take [1] off for each error) 
 d Tetrachloromethane 

 
 
 
 
 

[4] (Take [1] off for each error) 
4 a Silver oxide, Ag2O 

b Zinc chloride, ZnCl2 
c Potassium sulfate, K2SO4 
d Calcium nitrate, Ca(NO3)2 
e Iron(II) nitrate, Fe(NO3)2 
f Copper(II) carbonate, CuCO3 
g Iron(III) hydroxide, Fe(OH)3 
h Aluminium fluoride, AlF3      [1] × 8 = [8] 

5 a i Z2X          [1] 
ii ZY          [1] 
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iii X2          [1] 
 b i Ionic         [1] 

ii Ionic         [1] 
iii Covalent         [1] 

 c ii Any two from: high melting point, high boiling point, crystalline solid  
at room temperature, soluble in water, conducts electricity when 
molten/aqueous        [2] 

  iii Any two from: low melting point, low boiling point, probably gas at room 
temperature, insoluble in water, does not conduct electricity   [2] 

6 a Ammonia is a gas at room temperature because the molecules have small relative 
molecular mass [1] and weak intermolecular forces of attraction. [1] Therefore, the 
molecules need relatively low amounts of energy to separate them. [1]  

b Sodium chloride is a crystalline solid at room temperature, with a high melting 
point. [1] This is due to the strong electrostatic forces [1] between the oppositely 
charged ions that hold the crystal lattice together. [1] A lot of energy is therefore 
needed to separate the ions and melt the substance. [1] 

 In the case of iodine, which is a simple molecular substance [1], it is usually a solid 
at room temperature but has a low melting point. [1] The melting point is low 
because of the weak intermolecular forces of attraction which exist between the 
iodine molecules. [1] Therefore, the molecules of iodine need relatively low 
amounts of energy to separate them. [1] 

c Metals conduct electricity because of the mobile/delocalised electrons [1] within 
the giant lattice. When a metal is connected in a circuit, these electrons (negative) 
move towards the positive terminal [1] while, at the same time, electrons are fed 
into the other end of the metal from the negative terminal to replace those that have 
been lost. [1] 

d Graphite can conduct electricity because of the vast ‘sea’ of delocalised electrons 
[1] within the carbon sheets/layers. [1] These electrons are free to move, so graphite 
is able to conduct electricity via these electrons. However, the electricity is only 
conducted within the plane of the layers. Diamond is an allotrope of carbon with a 
tetrahedral shape, with each carbon atom covalently bonded to four others. [1] 
There are therefore no freely moving/delocalised electrons [1] within the structure 
of diamond and this is why it cannot conduct electricity. 

4 Stoichiometry – chemical 
calculations 
Test Yourself questions  
Page 53 
1 CaCO3 + 2HCl → CaCl2 + H2O + CO2 
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 Moles of calcium carbonate = 10/100 = 0.1 moles 
 Moles of carbon dioxide = 0.1 moles 
 Mass of carbon dioxide = 0.1 × (12 + 16 + 16) = 4.4 g 
2 S + O2 → SO2 
 Moles of sulfur = 64 × 106/32 = 2 × 106 moles 
 Moles of sulfur dioxide = 2 × 106 moles 
 Mass of sulfur dioxide = 2 × 106 × (32 + 16 + 16) = 128 × 106 g or 128 tonnes 

Page 58 
3 a Moles of neon = 2/20 = 0.1 moles 

b Moles of magnesium = 4/24 = 0.167 moles 
c Moles of carbon = 24/12 = 2 moles 

4 a Calcium 6.02 × 1023 atoms 
b Carbon dioxide 1.806 × 1024 atoms 

c Methane 3.01 × 1024 atoms 

5 a Mass of oxygen molecules = 0.1 × (16 × 2) = 3.2 g 
b Mass of sulfur = 5 × 32 = 160 g 
c Mass of sodium = 0.25 × 23 = 5.75 g 

6 a Moles of sulfuric acid = 9.8/(1 + 1 + 32 + 16 + 16 + 16 + 16) = 0.1 moles 
b Moles of sodium hydroxide = 40/(23 + 16 + 1) = 1 mole 
c Moles of iron(II) oxide = 720/(56 + 16) = 10 moles 

7 a Mass of zinc oxide = 2 × (65 + 16) = 162 g 
b Mass of hydrogen sulfide = 0.25 × (1 + 1 + 32) = 8.5 g 

c Mass of copper(II) sulfate = 0.35 × (63.5 + 32 + (16 × 4)) = 55.825 g 
8 a Moles of carbon dioxide = 2/24 = 0.083 moles 

b Moles of sulfur dioxide = 240/24 = 10 moles 
c Moles of carbon monoxide = 0.002/24 = 8.33 × 10–4 moles 

9 a Volume of hydrogen chloride = 0.3 × 24 = 7.2 dm3 
b Moles of carbon dioxide = 4.4/(12 + 16 + 14) = 0.1 moles 
 Volume of carbon dioxide = 0.1 × 24 = 2.4 dm3 
c Moles of ammonia = 34/(14 + 1 + 1 + 1) = 2 moles 
 Volume of ammonia = 2 × 24 = 48 dm3 

10 a Concentration of sodium hydroxide = 0.2/0.1 = 2 mol/dm3 
b Moles of sulfuric acid = 9.8/(1 + 1 + 32 +(4 × 16)) = 0.1 moles 
 Concentration of sulfuric acid = 0.1/0.5 = 0.2 mol/dm3 

11 a Moles of copper(II) sulfate = 0.1 × 0.5 = 0.05 moles 
 Mass of copper(II) sulfate = 0.05 × (63.5 + 32 + (16 × 4)) = 7.975 g 
b Moles of potassium nitrate = 2 × 0.2 = 0.4 moles 
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 Mass of potassium nitrate = 0.4 × (39 + 14 + (16 × 3)) = 40.4 g 
Page 60 
12  

 Ca O 

Mass (g) 0.4 0.16 

Number of 

moles 

0.4/40 = 0.01 0.16/16 = 0.01 

Ratio of moles 1 1 

 
  Empirical formula: CaO 

 
13  

 C H 

% by mass 80 20 

Mass (g) in 100 g 80 20 

Number of moles 80/12 = 6.67 20/1 = 20 

Ratio of moles 1 3 

 Empirical formula: CH3 
 Mr of empirical formula unit CH3 = 12 + 1 + 1 + 1 = 15 
 Number of empirical formula units present = 30/15 = 2 
 Molecular formula is C2H6 

 

Page 64 
14 S + O2 → SO2 

 Moles of sulfur burned = 16/32 = 0.5 moles 
 Moles of sulfur dioxide produced = 0.5 moles 
 Mass of sulfur dioxide produced = 0.5 × (32 + 16 + 16) = 32 g 

15 S + O2 → SO2 
 Moles of sulfur dioxide produced = 640/(32 + 16 + 16) = 10 moles 
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 Moles of sulfur burned to produce 10 moles of sulfur dioxide = 10 moles 
 Mass of sulfur = 10 × 32 = 320 g 

16 2Cu + O2 → 2CuO 
 Moles of copper(II) oxide produced = 159/(63.5 + 16) = 2 moles 
 Moles of copper needed to produce 2 moles of copper(II) oxide = 2 moles 
 Mass of copper = 2 × 63.5 = 127 g 

17 2H2 + O2 → 2H2O 
 Moles of water produced = 24/24 = 1 mole 
 Moles of hydrogen needed to produce 1 mole of water = 1 mole 
 Volume of hydrogen = 1 × 24 = 24 dm3 

18 Mg + H2SO4 → MgSO4 + H2 
 Moles of magnesium = 24/24 = 1 mole 
 Moles of H2SO4 which react with 1 mole of magnesium = 1 mole 
 Volume of sulfuric acid = 1/2= 0.5 dm3 (500 cm3) 

19 KOH + HCl → KCl + H2O 
 Moles of hydrochloric acid = 0.2 × 0.02 = 0.004 moles 
 Moles of potassium hydroxide reacting with 0.004 moles of HCl = 0.004 moles 
 Concentration of potassium hydroxide = 0.004/0.015 = 0.27 mol/dm|3 

20 Mr of NH4NO3 = 80  
 %N = (2 × 14) × 100/80 = 35 % 

% H = (4 × 1) × 100/80 = 5% 
%O = (3 × 16) × 100/80 = 60% 

21 Moles of magnesium = 48/24 = 2 moles 
Moles of oxygen gas = 38/32 = 1.19 moles 
Oxygen gas is in excess 
Moles of magnesium oxide formed = 2 moles 
Mass of magnesium oxide formed = 2 × 40 = 80g 

 
Practical Skills questions (Experiment to find the formula of magnesium oxide, pages 
58–59) 
1 Mass of magnesium used = 0.24 g 
2 Mass of oxygen reacting = 0.16 g 
3 Moles of magnesium used = 0.24/24 = 0.01 moles 
4 Moles of oxygen reacting = 0.16/16 = 0.01 moles 
5 Simplest ratio is 1:1 
6 Simplest formula for magnesium oxide is MgO 
7 The magnesium oxide formed is a fine white powder which can be lost from the 

crucible and so the mass readings would be inaccurate 
8 Errors which could occur are: 

• errors when reading masses on the balance 
• that not all of the magnesium will have reacted. 
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Exam-Style questions (page 65) 
1 a i Mass = 1 × (2 × 35.5) = 71 g 

ii Mass = 1 × ((2 × 56) + (3 × 16)) = 160 g 

 b i Mass = 0.5 × (24 + 2 × (14 + 16 + 16 + 16)) = 74 g 
ii Mass = 0.5 × (14 + 1 + 1 + 1) = 8.5 g 

2 a Volume = 24 × 12.5 = 300 dm3 

b Volume = 24 × 0.15 = 3.6 dm3 

3 a Number of moles = 0.036/24 = 1.5 × 10–3 moles 
b Number of moles = 144/24 = 6 moles 

4 Mass of silicon used = 18.48 – 18.20 = 0.28 g 
 Mass of oxygen reacting with the silicon = 18.80 – 18.48 = 0.32 g 

 Si O 

Mass (g) 0.28 0.32 

Moles 0.28/28 = 0.01 0.32/16 = 0.02 

Ratio of 

moles 

1 2 

Empirical formula: SiO2 
5 a  

 C H O 

% 26.67 2.22 71.11 

Mass (g) in 100 g 26.67 2.22 71.11 

Moles 26.67/12 = 2.22 2.22/1 = 2.22 71.11/16 = 4.44 

Ratio of moles 1 1 2 

 Empirical formula: CHO2 
b Mr of empirical formula unit CHO2 = 12 + 1 + (2 × 16) = 45 
 Number of empirical formula units present = 90/45 = 2 
 Molecular formula is C2H2O4 

6 a Carbon monoxide 
b Iron(III) oxide 
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c Both oxidation (of carbon monoxide) and reduction (of iron(III) oxide) are 
occurring in the reaction. 

d Moles of haematite (Fe2O3) = 640 × 106/(56 + 56 + 16 + 16 + 16) = 4 × 106 moles 

 Moles of iron produced = 2 × 4 × 106 = 8 × 106 moles 

 Mass of iron produced = 8 × 106 × 56 = 448 × 106 g (448 tonnes) 

5 Electrochemistry 
Test Yourself questions 
Page 68 
1 Electrolysis is the chemical breakdown of an ionic compound when molten or in 

aqueous solution by the passage of electricity. Electrodes are often made of graphite or 
platinum and are generally used in electrolysis because they are inert. 

2 a i At anode, chlorine gas; at cathode, potassium metal 
ii At anode, oxygen gas; at cathode, lead metal 

b at the cathode: 
K+(l) + e– → K(l)  
At the anode: 
2Cl–(l) → Cl2(g) + 2e–  

c The cathode reaction is reduction (Mg2+ gains electrons). 
The anode reaction is oxidation (Cl– loses electrons). 

Page 71 
3  
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4 A mixture of gases is formed at the anode because: 
• some of the oxygen liberated at the anode reacts with the carbon anodes producing 

carbon dioxide:  
carbon + oxygen → carbon dioxide 
C(s) + O2(g) → CO2(g) 

 and 
• the cryolite breaks up to a small extent liberating some fluorine: 

fluoride ions → fluorine + electrons 
2F–(l) → F2(g) + 2e– 

Page 72 
5 Aluminium is extracted from its molten ore, bauxite by electrolysis in an electrolytic 

cell. Before the extraction process begins cryolite is added. The carbon electrodes are 
then lowered into the cell. During the process aluminium is produced at the cathode 
and is siphoned off. At the anode oxygen is produced. Because to the high temperature 
required in process the carbon electrodes burn away due to the reaction of the anodes 
with oxygen produced and that electrode. Therefore the anodes have to be replaced 
regularly. 

Page 74 
6 This is due to the presence of sulfuric acid. Some of the hydrogen ions from the acid 

are discharged along with those from the water to give a ratio of hydrogen to oxygen of 
slightly more than 2:1. 

7  
 
 

 

 

 

 

 

 

 

 

Page 78 
8 By using inert electrodes, there is very little chance that the electrolyte or the products 

of electrolysis will react with the electrodes. Hence, there should be more of the desired 
products and a purer grade of product. 

9 At anode: oxygen gas. At cathode: copper metal. 
10 At anode: chlorine gas. At cathode: hydrogen gas. 
11 At anode: chlorine gas. 2Cl–(aq) → Cl2(g) + 2e–  

 At cathode: copper. Cu2+(aq) + 2e– → Cu(s) 
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Page 79 
12 2H2(g) + O2(g) → 2H2O(l) 

Page 81 
13 You would not use copper(II) chloride as the electrolyte on safety grounds. During the 

process, chlorine would be produced at the anode. Chlorine is a poisonous gas. 
14 a K+ + e– → K 

b Pb2+ + 2e– → Pb 
c Al3+ + 3e– → Al 
d 2Br– → Br2 + 2e– 
e 2O2– → O2 + 4e– 
f 2F– → F2 + 2e– 

 

Practical Skills questions (Electrolysis of copper sulfate solution, page 77) 
a Wear eye protection ensure hands are dry when dealing with the power supply, and 

wash hands if any of the acidified copper(II) sulfate gets on them. 
b To help the solution conduct electricity. 
c The colour of the copper(II) sulfate is due to the presence of copper ions in solution. 

These ions are replenished in solution from the anode, as they are deposited at the 
cathode. 

d The gain in mass by the negative electrode(0.24g), is similar to the loss in mass by the 
positive electrode(0.27g).  

e So the copper deposited on the negative electrode must be the same, copper ions that 
are lost from the positive electrode. The difference is due to the impurities that have 
collected below the anode. 

f Filtration  
g i Chromatography 

ii  

• Appropriate safety, e.g. eye protection. 
• Appropriate preparation for chromatography paper including: pencil line origin, 

hanging on a glass rod, hanging in vessel to hold solvent but not quite touching 
the bottom, dot of coloured material spotted onto origin. 

• Solvent poured into vessel before paper hung. Solvent does not come over the 
origin line when paper hung into vessel from glass rod. 

• Some form of cover over vessel to prevent loss of solvent. 
• Leave until solvent just below glass rod. 

Exam-Style questions (page 81–82) 
1 a Hydrogen         [1] 

b Oxygen         [1] 
c 50 cm3          [1] 
d Platinum          [1] 
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e Cathode          [1] 
f Anode           [1] 
g H+, OH–, SO4

2–    [3] (Take [1] off for each mistake) 
h At X: 4H+ + 4e– → 2H2 (2H+ + 2e– → H2)     [3]  

At Y: 4OH– → 2H2O + O2 + 4e–       [4] 
2 a Anode – the positive [1] electrode. [1] (It is positively charged because electrons 

are drawn away from it).  
b Cathode – the negative [1] electrode. [1] (It is negatively charged because an excess 

of electrons move towards it).  
c Electrolysis – a process in which a chemical breakdown [1] is caused by the 

passage of an electric current [1]  
d Electrolyte – a substance which will carry an electric current [1] only when it is 

molten or dissolved [1]  
e Anion – negatively [1] charged ion [1]  
f Cation – positively [1] charged ion [1]  
g Oxidation is the loss of electrons.      [1]  
h Reduction is the gain of electrons.      [1]  

3 a Electrode A = pure copper [1], electrode B = impure copper [1] 
b Electrolyte C is acidified [1] copper(II) sulfate solution [1] (acidified using sulfuric 

acid). Substance D is a mixture of the precious metals [1] gold and silver. [1] 
c As substance D is a mixture of gold and silver, removal of these valuable metals [1] 

from the anode slime is a positive addition [1] to the overall economics of the 
process. [2] 

d At the cathode:  
 copper ions + electrons → copper atoms     [1] 
 Cu2+(aq) + 2e– → Cu(s)       [2] 
 At the anode: 
 copper atoms → copper ions + electrons     [1] 
 Cu(s) → Cu2+(aq) + 2e–   [2] (Take [1] off for each mistake) 
e The electrolyte has to be acidified to increase [1] the conductivity [1] of the 

copper(II) sulfate solution during the electrolysis process.  
f The metal must be 99.99% pure, since even small amounts of impurities [1] cut 

down the conductivity [1] of the copper metal quite noticeably.  
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4  

Electrolyte Product at anode 

(positive electrode) 

Product at cathode 

(negative electrode) 

Molten aluminium oxide Oxygen Aluminium 

Concentrated sodium 

chloride solution 

Chlorine Hydrogen 

Molten lithium chloride Chlorine Lithium 

Silver nitrate solution Oxygen Silver (and a little 

hydrogen) 

[5] 
a An inert electrode (usually made of platinum or carbon) does not react with the 

electrolyte [1] or the substances produced at the electrodes [1] themselves.  
b Concentrated sodium chloride solution, on electrolysis, produces chlorine [1] at the 

anode and a little hydrogen at the cathode. [1] This water leaves hydroxide ions [1] 
from the solution, giving an alkaline solution. Hence, as the electrolysis continues 
the solution becomes increasingly alkaline.  

c The ions in the lithium chloride crystals are fixed and cannot move to the electrodes 
[1] when electricity is applied to the cell containing this substance. However, when 
molten or in solution, the ions from lithium chloride are mobile [1] and can 
therefore move to the oppositely charged electrodes when electricity is applied to 
the cell. [1] Hence, when molten or in solution, lithium chloride will be a good 
conductor.  

d At the high temperature of the electrolysis of molten aluminium chloride, the 
chlorine liberated at the carbon anodes reacts [1] with the carbon producing 
tetrachloromethane. [1]  

 C(s) + 2Cl2(g) → CCl4(g)   [2] (Take [1] off for each mistake) 
5 a At the anode: 2Cl–(aq) → Cl2(g) + 2e– [3] (Take of [1] for each mistake) 

 This process is oxidation (the removal of electrons from chloride ions). [1] 
 At the cathode: 2H+(aq) + 2e– → H2(g) [3] (Take of [1] for each mistake) 
 This process is reduction (the addition of electrons to the hydrogen ions). [1] 
b Two from: Sodium hydroxide is used in the manufacture of paper, soap and textiles, 

as well as in the extraction of aluminium and effluent treatment.   [2] 
Two from: Hydrogen is used in the manufacture of margarine, ammonia, 
hydrochloric acid and hydrogen peroxide, as well as being used in welding and as a 
rocket fuel (along with oxygen).       [2] 
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Two from: Chlorine is used in the manufacture of hydrochloric acid, bromine, 
plastics, solvents, disinfectants and a variety of other chemicals. It is also used in 
water treatment and the extraction of titanium.    [2] 

c The reason for the expense of this process is the high cost of the technology 
required [1]and the high cost of very large quantities of electricity [1] required for 
the electrolysis process.  

6 a Electroplating is the process of depositing metals from solution in the form of a 
layer on other surfaces [1] such as another metal [1] (or plastic).  

b Usually the purpose of electroplating is to give a protective coating to the metal 
beneath. [1] For example, bath taps are chromium plated to prevent corrosion, and 
at the same time are given a shiny, more attractive finish. [1]  

c  Any two from: 

• surface protection, e.g. electroplating of nickel on iron to prevent corrosion  
• making articles more attractive, e.g. electroplating of gold or silver on brass 

items 
• plating can reduce the build-up of friction in certain materials such as electrical 

connectors, e.g. plated with nickel.     [2] 

6 Chemical energetics 
Test Yourself questions  
Page 85 
1 A substance which contains atoms of carbon and hydrogen only. 
2 The name organic chemistry comes from the word organism because it is concerned 

with compounds of carbon found in living organisms. Today, these organic compounds 
are taken to be those containing carbon and one or more other elements, most often 
hydrogen, oxygen, nitrogen, sulfur or the halogens, but sometimes others as well. 

3 The main fractions obtained by separating petroleum are refinery gas, gasoline (petrol), 
naphtha, kerosene (paraffin), diesel oil (gas oil), fuel oil, lubricating fraction, bitumen 
fraction. 

 The technique used is fractional distillation. In this process, the different components 
(fractions) separate because they have different boiling points. The petroleum (crude 
oil) is heated to about 400 °C to vaporise all the different parts of the mixture. The 
mixture of vapours is passed into the fractionating column near the bottom and each 
fraction is obtained by collecting hydrocarbon molecules which have a boiling point in 
a given temperature range. For example, the fraction we know as petrol contains 
hydrocarbon molecules which have boiling points between 30 °C and 110 °C. The 
molecules in this fraction contain between five and ten carbon atoms. These smaller 
molecules have lower boiling points and so condense higher up the tower. The bigger 
hydrocarbon molecules which have higher boiling points will condense in the lower 
half of the tower. The liquids condense at different levels and are collected on trays. In 
this way, the petroleum is separated into its different fractions. Each fraction usually 
contains a number of different hydrocarbons. The individual single hydrocarbons can 
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then be obtained, again by refining through further fractional distillation. The 
hydrocarbon molecules left behind are the residue and are collected out of the bottom 
of the fractionating tower. 

4 a Lubricating oil 
b Kerosene/paraffin 
c Naphtha 

5 a the chain length decreases 
b they get more volatile 
c they get less viscous 
d their boiling point decrease 

Page 86 
6 They are called fossil fuels because, like fossils, they were formed many millions of 

years ago and have been preserved in the Earth’s crust by pressure, bacterial processes 
and heat. 

7 An example, for the formation of coal: 

  

Page 87 
8 The perfect fuel would be cheap, renewable and available in large quantities, would 

give off a vast amount of energy for a small amount of fuel, would give off no 
pollutants and would be easy and safe to store and transport. None of the fuels that we 
currently use has all of these qualities. 
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9 Possible energy sources are given in the table. 

 Advantage Disadvantage 

Solar A renewable source of energy Cost of solar panels 

Wave A renewable source of energy • Cost of construction is high 

• Potential damage to ecosystems 

Tidal • Has the ability to generate a lot 

of electricity 

• A renewable source of energy 

• Potential damage to ecosystems 

and tidal flow 

• Relatively few places where it can 

be used 

• Cost of construction of the 

barriers needed 

Wind A renewable source of energy • Cost of production of turbines is 

high 

• Spoils countryside 

Geothermal A renewable source of energy • Only available in areas with 

volcanic activity 

• Potential risk to ecosystems 

Hydroelectric 

power 

As well as producing cheap 

electrical energy, it creates water 

reserves in the form of lakes and 

reservoirs 

• Costs a lot to build dams and 

turbines 

• Might need the flooding of valley 

areas to create the water source 

• Potential risk to ecosystems 

Biomass • Uses a cheap and abundant 

feedstock 

• A renewable source of energy 

if crops are replanted 

When it is burned, greenhouse gases 

are given off 

 
10 a A non-renewable energy source is one which is not replaced or is replaced very  

      slowly compared with the rate at which it is used. 
b A renewable energy source is one which, in theory, comes from a source which will 

never run out. 
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Page 93 
11 a C2H5OH + 3O2 → 2CO2 + 3H2O 
 

 kJ mol–1 

Bonds being broken: 

1: C–C 347 

5: C–H 2175 

1: C–O 358 

1: O–H 464 

3: O=O 1491 

Total 4835 kJ of energy 

Bonds being made: 

4: C=O 3212 

6: O–H 2784 

Total 5996 kJ of energy 

 
Enthalpy of combustion of ethanol = 4835 – 5996 = –1161 kJ mol–1 

b   
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c The enthalpy of combustion of ethanol is less exothermic than that of heptane. 
d Energy released per gram of ethanol = 1161/46 = 25.24 kJ 
 Energy released per gram of heptane = 4853/98 = 49.52 kJ 

12 a Energy released = 0.5 × 728 = 364 kJ 
b Energy released = 5 × 728 = 3640 kJ 
c Moles of methane = 4/(12 + 1 + 1 + 1 + 1) = 0.25 moles 
 Energy released = 0.25 × 728 = 182 kJ 

13 a Energy released = 2 × 57 = 114 kJ 
b Energy released = 0.25 × 57 = 14.25 kJ 
c 1 mole of sulfuric acid contains 2 moles of H+ ions. 
 Energy released = 2 × 57 = 114 kJ 
 

Practical Skills questions (Experiment to find the enthalpy change of reaction, page 
92) 
1 Polystyrene is a good insulator and prevents the heat produced from the reaction from 

being lost to the surroundings. 
2 The beaker prevents the polystyrene cup from falling over, especially when the 

thermometer is in the cup. 
3 To ensure that the reaction is fully completed. 
4 a Possible errors: 

• Heat loss from the polystyrene cup. 
• The temperature change was not very large 
• Difficult to read the thermometer accurately 

b Put a lid on the polystyrene cup to prevent further heat loss.  
Use larger quantities of chemicals to give a larger change in temperature, reducing 
error. 
Use a digital thermometer 

5 Heat given out = 25 × 4.2 × (26.9 − 19.5) = 777 J 
6 Moles of copper(II) sulfate used = 1 × 25/1000 = 0.025 moles 
7 Energy given off if 1 mole of copper sulfate had been used = 777/0.025 = 31,080 J 
8 ΔH = –31.08 kJ 
 

Exam-Style Question Answers (page 94–95) 
1 a i Endothermic         [1] 

ii Exothermic         [1] 
b i C2H5OH + 3O2 → 2CO2 + 3H2O 
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 kJ/mol 

Bonds being broken: 

1: C–C 347 

5: C–H 2175 

1: C–O 358 

1: O–H 464 

3: O=O 1491 

Total 4835 kJ of energy [1] 

Bonds being made: 

4: C=O 3212 

6: O–H 2784 

Total 5996 kJ of energy [1] 

 Enthalpy of combustion of ethanol = 4835 – 5996 = –1161 kJ/mol [1] 
ii Exothermic        [1] 

2 a Fractional distillation        [1] 
b A = refinery gas (fuel for cooking and central heating, e.g. camping (Calor) gas or 

‘propagas’) =         [1] 
 B = gasoline (petrol) (for fuel in cars)     [1] 
 C = naphtha (as a chemical feedstock)      [1] 
 D = kerosene (paraffin) (for jet fuel)       [1] 
 E = diesel (gas oil) (for fuel in diesel engines)     [1] 
 F = fuel oil (fuel for ships and home heating)     [1] 
 G = lubricating oil (for lubricants, waxes and polishes)    [1] 
 H = residue (for making roads)       [1] 
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c The technique used is fractional distillation. [1] In this process, the different 
components (fractions) separate because they have different boiling points as the 
molecules that make up the fractions have increasing numbers of carbon (and 
hydrogen) atoms. [1] For example, naphtha contains hydrocarbon molecules with 
between 6 and 11 carbon atoms, whereas kerosene contains molecules with 
between 11 and 18 carbon atoms. The molecules with the larger numbers of carbon 
atoms have higher boiling points and will, therefore, condense lower down the 
column. [1] 

 (Note: this process is not exact. There is some overlap in the molecules present in 
the differing fractions. Thus, these fractions have to be further fractionally distilled 
to refine them into the exact hydrocarbons required.) 

d The smaller molecules have lower boiling points and so condense higher up the 
tower. The bigger hydrocarbon molecules, which have higher boiling points, will 
condense in the lower half of the tower. [1] 

e The fraction containing the smaller molecules will be the most flammable, i.e. 
refinery gas. [1] 

3 a Propagas is propane and natural gas is methane. 
b Yes. It is a larger molecule containing more carbon atoms. 
c The fractional distillation of petroleum (crude oil) 

 d i Moles of propagas needed = 5550/2220 = 2.5 moles 
 Mass of propagas needed = 2.5 × ((3 × 12) + (8 × 1)) = 110g 
ii Heat energy produced = 2220 × 0.5 = 1110 kJ 
iii Moles of propagas = 11/44 = 0.25 moles 

Heat energy produced = 2220 × 0.25 = 555 kJ 
iv Moles of propagas = 2000/24 = 83.33 moles 
 Heat energy produced = 2220 × 83.33 = 184992.6 kJ 

4 a An endothermic reaction takes in thermal energy from the surroundings leading to a 
decrease in the temperature of the surroundings.    [1] 

  An exothermic reaction transfers thermal energy to the surroundings leading to an 
increase in the temperature of the surroundings.    [1] 

b i  
 

[1] for axes and labels [1] for correct position label 
of reactants and products [1] for correct drawing 
of line between reactants and products [1] for 
correctly showing the enthalpy change. 
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ii Exothermic         [1] 
iii –114 kJ          [1] 

c i  
 

 

 

 

 

 

 

 

 
[1] for axes and labels [1] for correct position label of reactants and products [1] 
for correct drawing of line between reactants and products [1] for correctly 
showing the enthalpy change. 

ii Endothermic        [1] 
iii The energy change given in the equation is for the conversion of 2 moles or 36 

g of water; [1] thus, for 9 g, energy change = 575/4 = 143.75 kJ [1] 
5 a Mass of ethanol burned = 85.3 – 84.8 = 0.5 g [1] 

b Amount of heat produced = 200 × 4.2 × 12 [1] = 10080 J [1] 
c 10.08 kJ         [1] 
d Amount of heat produced by 1 g of ethanol = 10.08/0.5 = 20.16 kJ  [1] 

e Mass of 1 mole of ethanol = (2 × 12) + (6 × 1) + 16 = 46 g   [1] 

f Amount of heat produced from 1 mole of ethanol = 46 × 20.16 = 927.36 kJ 
           [1] 

g The amount of heat produced from the experiment is much less than the actual 
value. [1] The main reason for this is to do with loss of heat from the water and 
evaporation of the ethanol; [1] the flame is not just heating the water but also the 
surroundings and the metal calorimeter. Incomplete combustion of the ethanol was 
occurring. [1] 

h C2H5OH + 3O2 → 2CO2 + 3H2O      [1] 
6 a NaOH(aq) + HCl(aq) → NaCl(aq) + H2O(l)     [1] 

b 100 g          [1] 

c Heat energy = 100 × 4.2 × 5 = 2100 J      [1] 

d Moles of HCl = 1 × 50/1000 [1] = 0.05 moles [1] 
e Heat produced if 1 mole of HCl was used = 2100/0.05 [1] = –42 000 J (–42 kJ) [1] 
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f There is a difference between the two readings because heat is being lost from the 
apparatus, [1] the reaction may not have occurred completely and the heat released 
was warming up the apparatus. [1] 

7 Chemical reactions 
Test Yourself questions 
Page 100 
1 The reaction between the limestone and acid could occur in a conical flask fitted with a 

bung and delivery tube. The carbon dioxide gas could be collected from the delivery 
tube into either an inverted burette or a gas syringe. 

2 a  

 

 

 

 

 

 

 

 

 

 

b At the beginning of the reaction 
c 26 cm3 (± 0.5 cm3) 
d 1 minute and 51 seconds (± 3 seconds) 

Page 102 
3 Oil is at a higher temperature and reactions happen faster at higher temperatures. 
4 Set up the apparatus shown and record the volume of hydrogen gas collected over time. 

To change the temperature at which the reaction is carried out, the conical flask could 
be placed in a thermostatically controlled water bath to heat up the acid before the 
magnesium is added. 
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5 The pressure is much higher in a pressure cooker than an open pan, so the temperature 
of the water will be higher than 100 °C. The chemical reactions involved in the cooking 
process will occur faster. 

Page 103 
6 For example, using the decomposition of hydrogen peroxide to give water and oxygen, 

a reaction such as the one detailed on page 102 could be used. 
7 The pH and temperature at which the washing powder will be used. 
8 The active site of the enzyme changes shape as weak bonds break. Reactant molecules 

are then not able to bind to the active site, and so the reaction does not occur. The 
enzyme is ‘denatured’ by the higher temperature. 

Page 107 
9 Problems include the location of the plant in terms of transport routes to and from the 

plant, the neighbouring environment and a local workforce with the necessary skills to 
run the plant. In addition, the availability of the raw materials to the plant and their 
transport to it are also problems. 

10 The high pressures mean that the reaction vessel has to be built from expensive 
materials which are able to withstand the high pressures. Often the reaction vessel will 
need very thick walls. There are safety implications involved in the running of 
chemical plants at high pressures. 

Page 108 
11 Sulfur reacts with oxygen (from the air): S + O2→SO2 

Sulfur dioxide (from the above reaction, or from heating a sulfide ore) reacts with more 
oxygen gas (from the air): 2S + O2 ⇌ 2SO3 
(Conditions: 450°C/200 kPa, vanadium(V) oxide catalyst) 
Sulfur trioxide reacts with water: H2O + SO3 → H2SO4 

12 a There are equal moles of gas on each side of the equation so pressure will have no 
effect. 

b In this reaction there are 3 moles of gas on the reactant side but only 2 moles of gas 
on the product side. An increase in pressure will therefore move to the position of 
equilibrium to the right producing more XO2. 
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Practical skills questions (Experiment to show the effect of surface area on reaction 
rate, page 99) 
1 Drawing should show a conical flask fitted with delivery tube leading to a dish filled 

with water into an inverted burette filled with water. The hydrochloric acid and 
limestone in the flask should be labelled. A stopwatch should be shown. 

2  
  

 

 

 

 

 

 

3 a The experiment with the smaller fragments. 
b The graph is steeper (larger gradient) for the smaller fragments. 
c Smaller fragments will have a larger surface area. This means there is more chance 

of the fragments colliding with the acid particles and a reaction occurring. There 
will be more collisions in a given time with the smaller fragments than the larger 
ones. 

4 a 80 s 
b The graph flattens off. 

5 Temperature, the volume and concentration of acid. 
6 Possible sources of error are in reading the volume collected as the bubbles move up 

the burette every 10 seconds. CO2 both dissolves and reacts with water so less would 
be collected, so harder to measure accurately. 

 

Exam-Style questions (page 110–111) 
1 a If the car is in constant use, the exhaust will be hot for longer. [1] The longer it is at 

a higher temperature, the faster the rusting process will occur. [1] 
b Chopped up vegetables have a larger surface area in contact with the boiling water. 

[1] 
c If a catalyst can be found, the process can usually be run at lower temperatures, [1] 

which saves money on the fuels needed to produce high temperatures and makes 
the process more environmentally friendly. [1] 

d Powdered chemicals in fireworks have a large surface area, [1] which means that, 
when ignited, the reaction will occur very quickly. [1] 
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e In a greenhouse, the temperatures are much higher than outside the greenhouse. [1] 
Therefore, the chemical reactions which cause tomatoes to ripen will occur more 
quickly. [1] 

f In a solution of concentrated acid, there will be a much higher concentration of 
hydrogen ions, [1] which will increase the number of collisions between them and 
the zinc, increasing the rate of reaction. [1] 

2 a  

 

  
 
 
 
 

[1] for gas syringe (or collection by downward displacement of water) [1] for 
conical flask and delivery tube [1] for watch/clock 

b  
 

 

 

 

 

 

 

 

 

 

 

 

 

 [1] for correct scale and labels of axes [1] for plotting of point [1] for drawing 
smooth curve  

c Yes, [1] because increasing the mass of the manganese(IV oxide used increases the 
rate of the reaction. [1] 

d i At the beginning        [1] 
ii The line is steepest at the beginning of the reaction (greatest gradient). [1] 
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iii At the beginning of the reaction, the most reactant particles are present [1] and 
therefore the most collisions will be able to occur at this point. [1] 

e As the reaction proceeds, there are fewer and fewer reactant particles [1] and so 
fewer and fewer collisions occur in a given time, meaning that the reaction slows 
down. [1] 

f 46 cm3          [1] 
g 43 seconds (± 1 second)       [1] 
h 2H2O2 → 2H2O + O2        [1] 

3 a  

 

 

 

 

 

 

 

 
[1] for correct scale and labels of axes [1] for plotting of point [1] for drawing smooth 
curve. 
b The result at six minutes. [1] This is because it does not fit on the best-fit line. [1] 
c CaCO3(s) + 2HCl(aq) → CaCl2(aq) + CO2(g) + H2O(l) [1] 
d The carbon dioxide produced in the reaction escapes from the flask through the 

cotton wool.         [1] 
e To stop any loss of mass caused by acid spray.    [1] 
f The rate of reaction will decrease with time. [1] As the reaction proceeds, there are 

fewer and fewer reactant particles because they react to form products. This means 
that fewer collisions will occur in a given time and therefore the rate will decrease. 
[1] 

g 12 minutes         [1] 
h 1 minute and 50 seconds (± 5 seconds)     [1] 

4 a A catalyst is a substance which speeds up a chemical reaction [1] without itself 
being chemically changed at the end of the reaction. [1] (It does this by providing 
an alternative route for the reaction to occur via with lower activation energy.) 

b They speed up chemical reactions.      [1] 
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They are chemically unchanged at the end of the reaction.   [1] 
They can be reused.        [1] 

c ii Finely divided iron       [1] 
iii Nickel         [1] 

d d-block/transition metals       [1] 
e Haber process: 450°C, 20,000 kPa of pressure, catalyst of finely divided iron 

           [1] 
 Hydrogenation of unsaturated fats: 200°C, nickel catalyst   [1] 

5 a Two from:  
  By measuring the time taken for the magnesium to react fully with the acid. 
  By collecting the hydrogen gas produced in a gas syringe and recording the volume 

collected against time. 
  By recording the loss in mass over time.     [2] 

b When nitrogen monoxide (a colourless gas) reacts with oxygen gas, nitrogen 
dioxide (a brown gas) is formed. [1] The rate of colour change could be recorded 
using a colorimeter. [1]       [2] 

6 a i nitrogen + hydrogen ⇌ ammonia      [1] 
   N2 + 3H2 ⇌ 2NH3        [1] 
  ii Moles of ammonia gas = 2.4 × 104/24 = 1000 moles 
   Maximum moles of ammonia produced = 2 × 1000 = 2000 moles 
   Maximum mass of ammonia = 2000 × 17 = 34,000 g 
  iii % yield = 13.7 × 100/34 = 40.3 % 

b A reaction which can go both ways      [1] 
c i Lower temperatures       [1] 

ii Higher pressures        [1] 
d     i    As the temperature increases the percentage yield of ammonia decreases. The 

endothermic reaction is the one which will take in the thermal energy and will be 
favoured by the rise in temperature – this is the reverse reaction. The forward reaction 
must therefore be exothermic. 

ii Energy needed to break bonds = 2254 kJ 
Energy given off when bonds are made = 2340 kJ 
ΔH = 2254 – 2340 = -86  kJ/mol 

e i 33%         [1] 
ii 20%         [1] 

f 25% (+/–1%)         [1] 
g Although more ammonia is produced at higher pressures, it is very expensive and it 

is dangerous to use pressures higher than 20,000 atmospheres. [1] More ammonia 
would be produced at lower temperatures, but, at these temperatures, the reaction 
rate would decrease too much. [1] 
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8 Acids, bases and salts 
Test Yourself questions 
Page 116  
1 a CH3COOH + NaOH → CH3COONa + H2O 

 The acid is ethanoic acid, the base is sodium hydroxide. 
b H2SO4 + 2KOH → K2SO4 + 2H2O 
 The acid is sulfuric acid, the base is potassium hydroxide. 
c NH3 + HBr → NH4

+ + Br– 
 The acid is hydrogen bromide, the base is ammonia. 

2 An acid is concentrated if there is a lot of the acid present and very little water. If there 
is a lot of water with the acid, the acid is diluted. 

 The strength of an acid depends on how much of it dissociates when it is added to 
water. If it dissociates completely, it is a strong acid; if it dissociates only partially, it is 
a weak acid. 

3 HNO3(aq) → H+(aq) + NO3
–(aq) 

4 HCOOH(aq) ⇌ HCOO–(aq) + H+(aq) 

5 The water molecule accepts a proton from the acid molecule to form the H3O+ ion, 
which is the ion responsible for acidity in solution. 

6 a H2SO4 + 2NaOH → Na2SO4 + 2H2O 

b 2H+ + 2OH– → 2H2O 

c It is doubled because each H2SO4 contains 2 moles of H+. 

Page 122 
7 a magnesium + sulfuric acid → magnesium sulfate + hydrogen 

Mg(s) + H2SO4(aq) → MgSO4(aq) + H2(g) 
Mg(s) + 2H+(aq) → Mg2+(aq) + H2(g) 

b calcium carbonate + hydrochloric acid →  
calcium chloride + water + carbon dioxide 

CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g) 
CO3

2–(s) + 2H+(aq) → H2O(l) + CO2(g) 
c zinc oxide + hydrochloric acid→ zinc chloride + water 

ZnO(s) + 2HCl(aq) → ZnCl2(aq) + H2O(l) 
O2–(s) + 2H+(aq) → H2O(l) 

d potassium hydroxide + nitric acid → potassium nitrate + water 
KOH(aq) + HNO3(aq) → KNO3(aq) + H2O(l) 
OH–(aq) + H+(aq) → H2O(l) 

8 Lead carbonate: lead nitrate and sodium (potassium) carbonate 
a lead nitrate + sodium carbonate → lead carbonate + sodium nitrate 
b Pb(NO3)2(aq) + Na2CO3(aq) → PbCO3(s) + 2NaNO3(aq) 
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c Pb2+(aq) + CO3
2–(aq) → PbCO3(s) 

Lead iodide: lead nitrate and sodium (potassium or ammonium) iodide 
a Lead nitrate + sodium iodide → lead iodide + sodium nitrate 
b Pb(NO3)2(aq) + 2NaI(aq) → PbI2(s) + 2NaNO3(aq) 
c Pb2+(aq) + 2I–(aq) → PbI2(s) 

9 a Sulfate: add a little dilute hydrochloric acid followed by a few drops of barium 
chloride solution to the water sample. A white precipitate would indicate that a 
sulfate was present. 

  Carbonate: add a few drops of hydrochloric acid to a sample of the water. Bubbles 
of a colourless gas (carbon dioxide) would indicate that a carbonate was present. 

  Chloride: add a few drops of dilute nitric acid followed by a few drops of silver 
nitrate solution to a sample of the water. A white precipitate (which goes grey if left 
to stand) would indicate the presence of a chloride. 

b Sulfate: Ba2+(aq) + SO4
2–(aq) → BaSO4(s) 

 Carbonate: 2H+(aq) + CO3
2–(aq) → H2O(l) + CO2(g) 

 Chloride: Ag+(aq) + Cl–(aq) → AgCl(s) 

Page 123 
10 a RFM of CuSO4.5H2O = 63.5 + 32 + (4 × 16) + 5 × (1 + 1 + 16) = 249.5 

  % water = 5 × (1 + 1 + 16) × 100/249.5 = 36% 

b RFM of Na2CO3.10H2O = (2 × 23) + 12 + (3 × 16) + 10 × (1 + 1 + 16) = 286 

 % water = 10 × (1 + 1 + 16) × 100/286 = 62.9% 

c RFM of Na2S2O3.5H2O = (2 × 23) + (2 × 32) + (3 × 16) + 5 × (1 + 1 + 16) = 248 
 % water = 5 × (1 + 1 + 16) × 100/248 = 36.3% 

Page 131 
11 HCl + KOH → KCl + H2O 
 Moles of HCl = 24.2 × 0.2/1000 = 4.84 × 10–3 moles 
 Moles of KOH = 4.84 × 10–3 moles 
 Concentration of KOH = 4.84 × 10–3 × 1000/25 = 0.19 mol/dm3 
12 H2SO4 + 2NaOH → Na2SO4 + 2H2O 
 Moles of H2SO4 = 22.4 × 0.1/1000 = 2.24 × 10–3 moles 
 Moles of NaOH = 2 × 2.24 × 10–3 = 4.48 × 10–3 moles 
 Concentration of NaOH = 4.48 × 10–3 × 1000/25 = 0.18 mol/dm3 

Practical Skills questions (Preparation of potassium nitrate, page 123–124) 
1 To allow the volume readings to be taken accurately. 
2 If it is not filled up the volume of nitric acid used will be incorrect. 
3 Potassium hydroxide is caustic. 
4 You read the volume by looking at the bottom of the meniscus of the nitric acid in the 

burette. 
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5 It is important to make sure that the two reactants mix thoroughly to ensure the reaction 
takes place. 

6 By dipping a cold glass rod into it. If potassium nitrate crystals form at the end of the 
rod the solution is ready to crystallise and is left to cool. 

7 Some crystals contain water of crystallisation in their structures. If the water is totally 
removed the crystal will not form correctly and a powder would be formed. 

8 By drying them with tissue paper. 

Exam-style questions (page 127–128) 
1 a A strong acid is one which dissociates completely when added to water, [1] e.g. 

hydrochloric acid: HCl → H+ + Cl– [1] 
b A weak acid is one which only partially dissociates when added to water, [1] e.g. 

ethanoic acid: CH3COOH ⇌ CH3COO– + H+ [1] 
c A strong alkali is one which dissociates completely when added to water, [1] e.g. 

sodium hydroxide: NaOH → Na+ + OH– [1] 
d A weak alkali is one which only partially dissociates when added to water, [1] e.g. 

ammonia: NH3 + H2O ⇌ NH4+ + OH– [1] 
2 a Note for table below: there are some alternative answers. 

Method of 

preparation 

Name of salt 

prepared 

Two substances used in the 

preparation 

Acid + alkali Potassium 

sulfate 

Potassium hydroxide [1] and sulfuric 

acid [1] 

Acid + metal Magnesium (or 

Zn, Sn or Fe) 

chloride [1] 

Magnesium (or Zn, Sn or Fe) [1] and 

dilute hydrochloric acid 

Acid + insoluble 

base 

Magnesium 

sulfate 

Sulfuric acid [2] and magnesium 

oxide (or hydroxide) [2] 

Acid + carbonate Copper chloride 

(or nitrate or 

sulfate) [1] 

Copper carbonate [1] and 

hydrochloric acid (or HNO3 or H2SO4) 

[1] 

Precipitation Lead iodide Lead nitrate [1] and sodium (or 

potassium) iodide [1] 

b potassium hydroxide + sulfuric acid → potassium sulfate + water  [1] 
 2KOH + H2SO4 → K2SO4 + 2H2O      [1] 
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 H+ + OH– → H2O        [1] 
 magnesium + hydrochloric acid → magnesium chloride + hydrogen [1] 
 Mg + 2HCl → MgCl2 + H2       [1] 
 Mg + 2H+ → Mg2+ + H2        [1] 
 sulfuric acid + magnesium oxide → magnesium sulfate + water  [1] 
 H2SO4 + MgO → MgSO4 + H2O       [1] 
 2H+ + O2– → H2O         [1] 
 copper carbonate + hydrochloric acid → copper chloride + water + carbon dioxide 

          [1] 
 CuCO3 + 2HCl → CuCl2 + H2O + CO2     [1] 
 CO3

2– + 2H+ → H2O + CO2        [1] 
lead nitrate + sodium iodide → lead iodide + sodium nitrate   [1] 

 Pb(NO3)2 + 2NaI → PbI2 + NaNO3       [1] 
 Pb2+ + 2I– → PbI2         [1] 

3 a A – sodium sulfate         [1] 
 B – calcium nitrate         [1] 
 C – water          [1] 
 D – calcium sulfate         [1] 
 E – sodium nitrate         [1] 
b Cobalt chloride paper will turn from blue to pink or use anhydrous copper(II) 

sulfate solid which will turn from white to blue.    [1] 
c Phenolphthalein         [1] 
d 2NaOH + H2SO4 → Na2SO4 + 2H2O      [1] 
 Ca(OH)2 + 2HNO3 → Ca(NO3)2 + 2H2O     [1] 
 Ca(NO3)2 + Na2SO4 → 2NaNO3 + CaSO4     [1] 
e Ca2+(aq) + SO4

2–(aq) → CaSO4(s)      [1] 
4 a sulfuric acid + potassium hydroxide → potassium sulfate + water   [1] 

 H2SO4 + 2KOH → K2SO4 + 2H2O      [1] 
b Phenolphthalein, pink to colourless      [1] 
c Moles of H2SO4 = 28 × 1/1000 = 0.028 moles    [1] 

 Moles of KOH = 2 × 0.028 = 0.056 moles     [1] 

 Concentration of KOH = 0.056 × 1000/24 = 2.33 mol/dm3    [1] 
d If a few drops of dilute hydrochloric acid followed by some barium chloride 

solution are added to the solution formed, [1] a white precipitate of barium sulfate 
will be formed showing that sulfate ions are present in the solution. [1] 

5 a Neutralisation occurs when all the H+ ions (or OH– ions) are removed from solution 
by the addition of the correct amount of alkali (or acid) to form a solution of pH 7. 
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[1] For example, a solution of hydrochloric acid will be neutralised by the addition 
of the correct amount of a solution of sodium hydroxide. [1] 

  H+(aq) + OH–(aq) → H2O(l) 
b A titration is a method of volumetric analysis in which a known volume of one 

reactant (acid or alkali is neutralised by the addition of the correct amount of 
another solution (alkali or acid) from a burette. The point of neutralisation is found 
using an indicator such as phenolphthalein. The concentration of one of the two 
solutions needs to be known. [1] For example, the concentration of a solution of 
sodium hydroxide can be found using a titration against a hydrochloric acid 
solution of known concentration. [1] 

c A soluble salt is one which dissolves in water, [1] e.g. sodium chloride. [1] 
d An insoluble salt is one which does not dissolve in water, [1] e.g. lead iodide. [1] 

6 a Pentahydrate – the salt contains 5 moles of water per mole of the crystal hydrate. 
           [1] 

  Salt hydrate – salts which contain water of crystallisation.    [1] 
  Water of crystallisation – water molecules which form part of the crystal structure 

as some salts crystallise.        [1] 
  Anhydrous – a salt which contains no water of crystallisation.   [1] 

b           [1]  
 

 

 

 

 

 You need to heat some of the hydrated salt in a boiling tube fitted with a bung and 
delivery tube. [1] The delivery tube should end in another boiling tube sitting in an 
ice bath to condense the steam. [1] 

  CuSO4.5H2O(s) → CuSO4(s) + H2O(g)      [1] 

c Cobalt chloride paper will turn from blue to pink or use anhydrous copper(II) 
sulfate solid which will turn from white to blue.    [1] 

d Heat it to check that it boils at exactly 100 °C.    [1] 
e i Mass of hydrated MgSO4 used = 16.66 – 14.20 = 2.46 g   [1] 
  Mass of water lost by heating = 16.66 – 15.40 = 1.26 g    [1] 
  % water = 1.26 × 100/2.46 = 51.2%      [1] 

ii Moles of water driven off = 1.26/18 = 0.07 moles   [1] 
 Mass of anhydrous salt remaining = 15.40 – 14.20 = 1.20 g 
 Moles of anhydrous MgSO4 remaining = 1.2/(24 + 32 + (4 × 16)) = 0.01 moles

          [1] 
iii Ratio of moles of anhydrous MgSO4 to H2O = 1:7 
 Formula of hydrated magnesium sulfate = MgSO4.7H2O  [1] 
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9 The Periodic Table 
Test Yourself questions 
Page 135  
1 a sodium + oxygen → sodium oxide 
  4Na + O2 → 2Na2O 

b sodium + water → sodium hydroxide + hydrogen 
2Na + 2H2O → 2NaOH + H2 

2 a Francium would be a reactive metal with a low melting point. It would be soft and 
would have a low density. With water, francium would give a violent reaction, 
probably an explosion. 

b 2Fr + 2H2O → 2FrOH + H2 
3 a magnesium + water → magnesium hydroxide + hydrogen 
  Mg + 2H2O → Mg(OH)2 + H2 

b calcium + oxygen → calcium oxide 
2Ca + O2 → 2CaO 

4 Calcium is more reactive than magnesium because the two electrons it loses from its 
outer shell are further from the nucleus and are therefore attracted less strongly to it. 
They are lost more easily than those in the magnesium atom, making it more reactive. 

Page 140  
5 a bromine + potassium iodide → potassium bromide + iodine 
  Br2+ 2KI → 2KBr + I2 

b No reaction. Bromine is less reactive than chlorine and cannot displace it from its 
salt. 

c Astatine would be a black solid with a higher density and melting point than iodine. 
Astatine would not react with sodium bromide solution as it would be less reactive 
than bromine and would not be able to displace it from its salt. 

Page 142 
6 a Copper is malleable, does not corrode rapidly, it is shiny. 

b Iron is malleable, strong 
c Monel is a very strong alloy, it is very resistant to corrosion. 
d Iron would rust so it has been coated with zinc to prevent it from rusting. The zinc 

sacrificially protects the iron as it is the more reactive metal 
e Stainless steel does not corrode. It has a high melting point and is very strong. 

7 a Groups 1 and 2 
b Groups 7 and 0 
c Groups 3, 4, 5 and 6 

8 a +2     b +3 c +2  d +2 
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Practical Skills questions (Halogen displacement reactions, page 139–140) 
1 3 
2 Cl2(aq) + 2NaI(aq) → 2NaCl(aq) + I2(aq) 

Cl2(aq) + 2NaBr(aq) → 2NaCl(aq) + Br2(aq) 
Br2(aq) + 2NaI(aq) → 2NaBr(aq) + I2(aq) 

3 The halogens have been reduced (gain of electrons). 
4 Cl2 > Br2 > I2 
5 Fluorine – colourless gas. Astatine – black or very dark brown solid. 
6 Fluorine is the most reactive. 
 When the halogens react they gain one electron to give a full, stable outer shell of 

electrons. Fluorine atoms are the smallest and they are able to attract an incoming 
electron most strongly because the positively charged nucleus of the atom is closer to 
the outer shell. 

7 The halogens themselves are too dangerous to use. 
 

Exam-Style questions (page 143–144) 
1 a Cl           [1] 

b Li          [1] 
c P          [1] 
d Ca          [1] 
e Cl          [1] 
f Br           [1] 
g Zn          [1] 
h He          [1] 

2 a i 2.8.7         [1] 
ii Because the relative atomic mass is an average mass of an element  

of chlorine taking into account the mass of its isotopes and their  
percentage abundances.       [1] 

iii 35           [1] 
iv 74           [1] 
v Chlorine is the most reactive of these elements, [1] as it has the smallest atom, 

which means that the electron it gains is attracted most easily [1] into the atom 
by the positive charge of the nucleus. [1] 

 Bromine atoms are larger than chlorine atoms and iodine atoms larger still. In 
these atoms the electron is attracted less easily than in the smaller chlorine 
atom. [1] As bromine is the next largest atom, to chlorine, it will be more 
reactive than iodine but less reactive than chlorine. [1] 

 b i Chlorine is a toxic gas.       [1] 
ii Potassium chloride        [1] 
iii potassium + chlorine → potassium chloride     [1] 
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 2K + Cl2 → 2KCl        [1] 
iv The red-brown colour of the bromine would disappear and white fumes of 

potassium bromide would be formed.     [1] 
 potassium + bromine → potassium bromide     [1] 
 2K + Br2 → 2KBr        [1] 

3 A displacement reaction occurs only if the halogen used in the reaction is more reactive 
that the halogen in the metal salt it is reacted with. [1] By carrying out displacement 
reactions, it is possible to show that chlorine will react with bromides and iodides, [1] 
bromine will react with only iodide and iodine will not react at all. [1] Using the 
results, it can be shown that chlorine is more reactive than bromine and bromine is 
more reactive than iodine. [1] 

4 a S            [1] 
b S           [1] 
c R [1]and X [1] 
d Q and X, [1] which are group 1 elements [1] 
e Q and T are in period 2 [1], S is in period 3 [1], R and X are in period 4 [1] 
f X           [1] 
g R           [1] 

5 a Fluorine will be a pale-yellow gas which will react violently with sodium metal. [1] 
Astatine will be a black-coloured solid which will react very slowly with sodium. 
[1]           [2] 

 b i chlorine + sodium bromide → sodium chloride + bromine  [1] 
ii Cl2(g) + 2NaBr(aq) → 2NaCl(aq) + Br2(aq) [1] state symbols [1] 
iii Cl2(g) + 2Br–(aq) → 2Cl–(aq) + Br2(aq) [1] state symbols [1] 

6  [1] for each correct row 

 Transition element, 

e.g. copper 

Group 1 metal, e.g. 

sodium 

Hardness 

(hard/soft) 

Hard Soft 

Reactivity Unreactive Reactive 

Density (high/low) High Low 

Catalytic activity Yes No 

Variable oxidation 

states 

Yes No 
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10 Metals 
Test Yourself questions 
Page 148  
1 a Fe(s) + 2HCl(aq) → FeCl2(aq) + H2(g) 

b 2K(s) + 2H2O(l) → 2KOH(aq) + H2(g) 
c 2Zn(s) + O2(g) → 2ZnO(s) 
d Ca(s) + 2H2O(l) → Ca(OH)2(aq) + H2(g) 

2 Any six from: 
 Silver – jewellery, anti-bacterial nanoparticles 
 Gold – jewellery, electronics 
 Platinum – electrodes, jewellery 
3 Magnesium – not used as the metal itself because it reacts with water and oxygen in the 

atmosphere. It is usually combined with other metals to make strong, lightweight 
alloys. 

 Lead – owing to its lower reactivity, it can be used as the metal; for example, in 
weatherproofing roofs (it is a soft metal and can be easily shaped) and to protect us 
from radiation. 

Page 151 
4 a No reaction will occur 

b iron + copper(II) nitrate → iron(II) nitrate + copper 
 Fe(s) + Cu(NO3)2(aq) → Fe(NO3)2(aq) + Cu(s) 
 Fe(s) + Cu2+(aq) → Fe2+(aq) + Cu(s) 
c copper + silver nitrate → copper nitrate + silver 
 Cu(s) + 2AgNO3(aq) → Cu(NO3)2(aq) + 2Ag(s) 
 Cu(s) + 2Ag+(aq) → Cu2+(aq) + 2Ag(s) 

5 If, when a metal is added to a solution of a metal nitrate, a colour change occurs then a 
reaction has occurred. This can be used to find out which metal is the most reactive. 

 1-cm depth of nitrate solution of one of the metals under consideration is placed in test 
tubes and a different metal is added to each of the tubes. The ones which show a colour 
change have reacted. The process is then repeated with nitrate solutions of all the other 
metals. The metal which has undergone the most reactions is the most reactive metal. 

6 Least reactive → most reactive: B, D, C, A, E 

Page 152  
7 Al3+(aq) + 3OH–(aq) → Al(OH)3(s) 

 Ca2+(aq) + 2OH–(aq) → Ca(OH)2(s) 

 Cr3+(aq) + 3OH–(aq)→ Cr(OH)3(s) 

 Cu2+(aq) + 2OH–(aq) → Cu(OH)2(s) 
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 Fe2+(aq) + 2OH–(aq) → Fe(OH)2(s) 

 Fe3+(aq) + 3OH–(aq) → Fe(OH)3(s) 

 Zn2+(aq) + 2OH–(aq) → Zn(OH)2(s) 

8 When a few drops of sodium hydroxide are added to the iron(II) nitrate solution, a 
green precipitate would first form. If this precipitate is left, it will slowly turn into a 
brown precipitate. 

Page 155  
9 Reactive metals are extracted by electrolysis. Moderately reactive metals are extracted 

by competition reactions, often with carbon. Unreactive metals are found native, 
without the need for any extraction process. 

10 Yes. In the reactions that are undertaken to extract aluminium from its ore bauxite 
(Al2O3), aluminium gains electrons to produce the metal. The gain of electrons is 
reduction. 

 Iron is extracted by reacting iron(III) oxide with carbon monoxide gas. During the 
reaction, oxygen is removed from the iron (III) oxide. The loss of oxygen is reduction. 

Page 159  
11 Rust is hydrated iron(III) oxide (Fe2O3.xH2O). Iron reacts with oxygen from both the 

air and water to form iron(II) hydroxide, which then oxidises to give iron(III) 
hydroxide. After further reaction with oxygen in the air, rust forms. 

12 Rusting is a redox process because, during the reaction, the iron loses electrons 
(oxidation) to produce Fe2+ ions and the oxygen and water gain electrons (reduction) to 
form OH– ions. 

13 Take two boiling tubes. Into one, place an iron nail and, into the other, place a piece of 
stainless steel of the same shape and size. Pour the same volume of water into each tube 
to partially cover each of the pieces of metal. The tubes should not be bunged. Leave 
the test tubes for the same amount of time and compare the amount of rusting.  

14 Car exhausts are, while the car is running, at a much higher temperature than other 
structures made of steel. Chemical reactions occur much more quickly at higher 
temperatures. 

Page 161  
15 Stainless steel is a mixture of iron, nickel and chromium. It does not corrode but iron 

does. This allows it to be used for purposes where iron could not, for example in 
surgical instruments. 

 

Practical Skills questions (Using displacement reactions to determine the order of 
reactivity, page 150) 
1 To make sure that all of the metal is in contact with the solution so that the reaction 

occurs more quickly 
2 A colour change would be observed 
3 Magnesium 
4 Copper 
5 Copper, tin, iron, zinc, magnesium 
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6 a magnesium + copper(II) nitrate → magnesium nitrate + copper  
Mg(s) + Cu(NO3)2(aq) → Mg(NO3)2(aq) + Cu(s) 
Mg(s) + Cu2+(aq)         → Mg2+(aq)         + Cu(s) 

b The solution would become a paler blue and eventually colourless. The silver 
magnesium metal would disappear and a pink/brown solid would form on the 
surface of the colourless solution. 

 

Exam-Style questions (page 168–169) 
1 a Platinum and gold         [1] 

 b i Sodium          [1] 
ii Aluminium         [1] 

c Calcium          [1] 
d Gold and platinum        [1] 
e Sodium and potassium        [1] 
f 2Na + 2H2O → 2NaOH + H2, or 2K + 2H2O → 2KOH + H2   [1] 
g Aluminium          [1] 
h Magnesium and zinc         [1] 
i Zinc           [1] 

2 a A – copper(II) oxide, CuO        [1] 
 B – copper, Cu         [1] 
 C – magnesium oxide, MgO       [1] 
 D – magnesium chloride MgCl2       [1] 
 E – magnesium, Mg         [1] 
 F – chlorine, Cl2        [1] 

 b i 2Cu(s) + O2(g) → 2CuO        [1] 
ii CuO(s) + Mg(s) → MgO(s) + Cu(s)      [1] 
iii MgO(s) + 2HCl(aq) → MgCl2(aq) + H2O(l)     [1] 

c Copper(II) oxide loses an oxygen (reduction) [1] and the magnesium gains an 
oxygen (oxidation) to form magnesium oxide. [1] Both reduction and oxidation are 
taking place. [1] 

d Anode: 2Cl– → Cl2 + 2e–       [1] 
 Cathode: Mg2+ + 2e– → Mg        [1] 

 e i Electrical wires/water pipes       [1] 
ii Making lightweight alloys       [1] 
iii Treating drinking water, bleaching cloth and paper    [1] 

3 a These are unreactive metals [1] which do not react to form compounds. [1] 
b In deep water there is less dissolved oxygen. [1] Both water and oxygen are needed 

for iron to rust. [1] 
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c Zinc is a more reactive metal than the iron used to build oil rigs. [1] It corrodes 
instead of the iron. [1] 

d Copper corrodes as it reacts [1] with water and air in the atmosphere. [1] 
e Recycling metals removes the costs involved in the mining of the ore and its 

purification before it can be made into items. [1] It conserves the supplies of the 
metal ores in the Earth’s crust. [1] 

4 a Gas X: carbon dioxide       [1] 
  Gas Y: carbon monoxide        [1] 

b When bubbled through limewater, [1] the limewater turns chalky (milky).  [1] 
c C + O2 → CO2         [1] 
 CO2 + C → 2CO         [1] 
 Fe2O3 + 3CO → 2Fe + 3CO2       [1] 

 d i Limestone: calcium carbonate       [1] 
   Slag: calcium silicate        [1] 

ii CaCO3 → CaO + CO2        [1] 
 CaO + SiO2 → CaSiO3        [1] 
iii Calcium oxide, a metal oxide, is a base. [1] Silicon(IV) oxide, a non-metal 

oxide, is an acidic oxide. [1] 
iv The molten slag floats on the molten iron, [1] as it has a lower density. [1] 

e Because of the blasts of hot air which are fed into the furnace  [1] 
5 a Hydrogen gas [1], H2 [1]       [2] 
 b i Water          [1] 

ii 2H2 + O2 → 2H2O        [1] 
 c i Zinc oxide         [1] 

ii Zn + H2O → ZnO + H2       [1] 
d Magnesium          [1] 
e Zn + 2HCl → ZnCl2 + H2       [1] 
 Zinc chloride          [1] 

6 a i To remove the water from the tube     [1] 
ii To remove the dissolved oxygen      [1] 
iii To prevent oxygen gas re-entering the water    [1] 

 b i B C D         [1] 
ii A B C         [1] 
iii B C         [1] 

c A D          [1] 
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11 Chemistry of the environment 
Test Yourself questions 
Page 170 
1 (NH4)3PO4: %N = (3 × 14) × 100/149 = 28.2  

(NH4)2SO4: %N = (2 × 14) × 100/132 = 21.2  
CO(NH2)2: %N = (2 × 14) × 100/60 = 46.7  

2  
• Use a pipette to put 25 cm3 of ammonia solution into a conical flask, and add three 

drops of methyl orange indicator. The indicator will turn red.  

• Fill up a burette with some dilute sulfuric acid. Record the initial reading of acid in 
the burette. Add the acid from the burette to the ammonia solution in the conical 
flask. Stop adding the acid when the indicator changes from yellow to orange. 
Record the amount of acid added. 

• Repeat the titration, but this time without the indicator (as its presence can affect 
the colour and shape of the crystals formed) using exactly the same volumes of acid 
and ammonia. 

• To obtain the ammonium sulfate crystals, empty the contents of the flask from your 
second titration into an evaporating basin. Heat the basin and contents until half of 
the volume of solution has evaporated. Allow to cool and then leave for a few days 
for the ammonium sulfate crystals to form.  

3 Plants usually absorb nitrogen from either ammonium ions (NH4
+) or nitrate ions from 

fertilisers. Nitrogen is essential for the healthy growth of crops and plants through 
being an essential element in the formation of amino acids and in the production of 
plant protein.  

Page 172 
4 Pie chart showing the percentage composition of the atmosphere: 

 

 

 

 

 

 

 
 

(Note that the carbon dioxide and inert gases segments are too small to see.) 
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5 Air is a mixture. It contains both elements (e.g. oxygen) and compounds (e.g. carbon 
dioxide). A mixture can be separated by physical means. The gases in the air can be 
separated from each other by fractional distillation.  

6 a False  
b False  
c False 
d True  

Page 174 
7 Carbon dioxide, CO2, nitrogen, N2 

Page 178 
8 More carbon dioxide is produced by worldwide the growth of industry and hence the 

need to produce more electricity has increased. Also there are far more vehicles on the 
road using fossil fuels as their main source of energy. 
Less carbon dioxide is absorbed because large deforestation is taking place in many 
countries and so overall the amount of CO2 is increasing. 

9 H2SO4(aq) + Ca(OH)2(aq) → CaSO4(aq) + 2H2O  
10 a It is a major part of acid rain as nitric acid and photochemical smog. 

b They cause asthma and lung infections when inhaled or lung cancer. 

Practical Skills questions (Acid rain, page 176) 
1 Test tubes, test tube rack, teat pipettes 
2 A  
3 C (or playing fields)  
4 a Carbon dioxide 

b Filtration 
5  

 
 
 
 
 
 
 
 
 

6 Yes, because most carbon dioxide would be produced by the more acidic water.  
7 Experiment A. The strongest acid rain tested was shown to be that in rainwater A. 

When tested with universal indicator solution it turned the indicator orange showing it 
to have a pH of at least 3. The other samples had a pH much higher than that.  
Experiment B. Acid rain reacts with calcium carbonate to produce bubbles of gas. The 
stronger the acidity of the acid rain the greater the number of bubbles showed. 
Rainwater A was the lowest pH and so produced the most gas. 
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Exam-Style questions (pages 180–181) 
1 a The apparatus was allowed to cool so that the reading of the final volume would be 

as accurate as possible. [1] This allows the contraction of the remaining air mixture 
to the actual volume at room temperature. [1] 

b Reduction in the volume of gas used up is 200 – 157 = 43 cm3   [1] 
 43/200 × 100 = 21.5%        [3] 
c There is a change in volume because the oxygen in the air has reacted with the 

heated copper [1] producing black copper(II) oxide [1] 
d The fact that the copper slowly turned black, which is copper(II) oxide. [1] 
e 2Cu(s) + O2(g) → 2CuO(s)     [3] (Take off [1] for each error) 
f Nitrogen          [1] 
g The copper will have increased in mass. [1] This is because of the mass of the 

oxygen in the CuO that is taken into account [1] 
2 a 2.6           [1] 

b Electrons = 8, neutrons = 8 and protons = 8     [3] 
c Diatomic molecules are those which have two atoms [1]of the same element joined 

together [1] by a covalent bond [1] 
d Double covalent        [1] 

 

 

 

 

 

[5] (Take off [1] for each error) 

3 a Air is a mixture of elements such as argon, oxygen and nitrogen [1] with 
compounds such as carbon dioxide. [1]  

b The percentage of carbon dioxide in the atmosphere is a relative constant owing to 
the carbon dioxide produced being reabsorbed [1] by plants and the oceans, lakes 
and rivers. [1] 

c Power stations that produce their electrical energy via the burning of coal are a 
major cause of acid rain because the coal contains some sulfur. [1] The sulfur in the 
coal produces sulfur dioxide, [1] which dissolves in the water in the air eventually 
producing sulfuric acid. [1] This is a major contributor to the acidity of acid rain. 
[3] 

4 Water is essential for all life on Earth. It is the most abundant substance on Earth. 
Water is not only used for drinking and washing but also: 
• in chemical reactions, for example in the production of ethanol from ethene 

• as a solvent to dissolve things 
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• as a coolant in some chemical processes. 

 For us to drink it, water must be relatively pure. To make the water drinkable, any 
undissolved solids are removed through filtration beds. Aluminium sulfate is added to 
remove small particles of clay and chlorine is added to kill bacteria.  [8] 

5 a Water pollution – pollution of the water in streams, rivers and lakes where 
undesirable and harmful substances [1] are released into the water as a result of 
human activities. [1]  

  Air pollution – the condition in which air is contaminated by foreign substances 
that are undesirable and harmful [1] as a result of human activity [1] 

 b i One from: sulfur dioxide, carbon monoxide and carbon dioxide  [1] 
ii Nitrogen oxides such as nitrogen(IV) oxide (NO2) and nitrogen(II) oxide (NO) 

          [1] 
 c i Distillation, [1] because not only are the large bits of material left behind [1], 

but also all the material dissolved in the water is left behind. [1]  
ii Filtration, [1] because of the huge cost of distillation owing to the huge 

quantities of water required on a daily basis. [1]  
6 a Methane         [1] 

b Short wavelength radiation from the sun passes through the atmosphere to Earth's 
surface. [1] The surface of the earth's then radiates different wavelengths, [1] which 
are absorbed by greenhouse gases such as carbon dioxide to produce a rise in 
temperature. [1] 

 c i The amount of CO2 in the air increases between 1860 and 2000. [1]  
ii Increased industrialisation worldwide over those years.   [1] 

Increased world population.      [1] 

12 Organic chemistry 1 
Test yourself questions 
Page 184 
1 a 96–100°C  

b 122–128°C 
2 Heptane 

Page 185 
3   
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Page 187 
4 C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)  
5 Equal proportions of chlorine to methane. For chloromethane, there needs to be a ratio 

of 1 mole of chlorine to 1 mole of methane 
6  

 
 

 

 

 

7 a Fossil fuel mining/distribution 
Livestock 
Landfills and open waste dumps  

b Climate change will affect all of us to some extent: 

• Colder winters/hotter summers vice versa 
• More flooding/less flooding vice versa 
• Water availability may change 
• More diseases around such as malaria 

Page 188 
8  

 

 

 

 

 

 

Page 189 
9 Between 25 and 35°C 

10 decane → octane + ethene 

 C10H22(g) → C8H18(g) + C2H4(g)  

 Another possibility (and there are others) is: 
 C10H22(g) → C6H14(g) + C4H8(g)  
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Page 191 
11 Addition reaction – a type of reaction of unsaturated hydrocarbons with reagents such 

as hydrogen, halogens and halogen acids, where the reagent adds across the carbon–
carbon multiple bond.  

12 Add aqueous bromine. If an alkene, this solution is decolourised.  
13  

 

 

 

 

14 Alkanes (general formula CnH2n+2): 
• Octane, C8H18  

• Nonane, C9H20 

Alkenes: (general formula CnH2n): 
• Propene, C3H6 

• Butene, C4H8 

They fit with the general formulae. 

15 a Ethanol, C2H5OH 
b Ethene, C2H4 
c Ethane, C2H6 

Page 195 
16 –(CH3CH2CHCH2)– or 

 

17  
 

 

 

 
Practical Skills questions (Alkanes and alkenes, page 191) 
1 Any two from: The teacher will have put on eye protection and used plastics gloves. 

Also the demonstration took place in a fume cupboard. 
2 No. The teacher would have added an exact amount, say 5 cm3 of the bromine solution 

to ensure the tests were fair.  
3 The aqueous bromine solution used will be a pale yellow or maybe orange in colour. 
4 Shake vigorously (to ensure the two liquids mixed thoroughly).  
5 Would have expected two layers. Hydrocarbons and aqueous solutions don’t mix. 
6 No, it should be the other way around.  



Cambridge O Level Chemistry Student’s book answers 

Cambridge O Level Chemistry  
© Bryan Earl and Doug Wilford 2021 

59 

Exam-Style questions (pages 197–198) 
1 a Ethene (an alkene) is called an unsaturated hydrocarbon because it contains one (or, 

in other unsaturated compounds, more) [1] double carbon–carbon bonds. [1] (This 
means that it will undergo addition reactions across the carbon–carbon double 
bonds and so produce saturated compounds.) 

b This process of cracking larger alkane molecules into simpler alkanes and alkenes 
is important in the petrochemical industry because: 
• it allows us to produce unsaturated hydrocarbons which do not occur to any 

great extent in nature. This allows for the production of large quantities of 
polymers. [1] 

• it means that we can top up the stores of necessary fuels such as petrol (octane 
in particular). Economically, this is very sound. [1] 

• there is a great demand for hydrogen, which is also obtained from the cracking 
process. (This gas is used to manufacture ammonia, as a rocket fuel, and in the 
manufacture of foods such as margarine.) [1] 

c In the reaction between ethene and water (as steam), the water splits as it adds 
across the C=C bond. [1] A hydrogen atom joins to one carbon atom while the 
remaining OH group adds to the other as shown below. [1]  

 

 
 
 
 
2 a A = nickel, Ni         [2] 

 B = ethane, C2H6         [2] 
 C = carbon dioxide, CO2        [2] 
 D = acid catalyst (usually phosphoric(V) acid) H3PO4    [2] 
 E = ethanol, C2H5OH         [2] 
 F = dibromoethane, C2H4Br2        [2] 

 b i ethene + steam ⇌ ethanol       [1] 
 C2H4(g) + H2O(g) ⇌ C2H5OH(g)   [3] (Take [1] off for each mistake) 
ii Temperature = 300°C 
 Pressure = 60 atmospheres 
 Catalyst = phosphoric(V) acid (or acid catalyst)    [3] 

c Gas B belongs to the alkanes        [1] 
d If carbon dioxide (gas C) is mixed with limewater [1], initially a white precipitate 

of calcium carbonate is seen/limewater turns cloudy or milky. [1] 
3 a Hydrocarbons – substances which contain atoms of carbon [1] and hydrogen only. 

[1]  
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  Homologous series – a family of organic compounds which have similar structures, 
name endings and chemical properties. [1] They show a trend in physical properties 
and their formulae can be represented by a general formula. [1]  

  Alkanes – a family of saturated hydrocarbons [1] with the general formula CnH2n+2. 
[1] The term ‘saturated’, in this context, is used to describe molecules that have 
only single bonds. The alkanes can only undergo substitution reactions in which 
there is replacement of one atom in the molecule by another atom.  

             [6] 
 b i chlorine + methane → chloromethane + hydrogen chloride  [1] 

 Cl2(g) + CH4(g) → CH3Cl(g) + HCl(g) [3] (Take off [1] for each mistake) 

ii Substitution reaction (often called a free radical substitution reaction)  [1] 
4 a Addition polymerisation       [1] 

b Poly(ethene)         [1] 
 c i Mix with bromine dissolved in water or 1,1,1-trichloroethane. [1] If ethene is 

present, the orange colour will disappear. [1]  
  ii  

 

           
     [1] 

5 a i Two from: The plastic does not react with substances in the environment, is not 
decomposed by bacteria, so will not rot.  

   They create a polluted environment and are a danger to animals. [2] 
  ii In recycling, new bags are made from the existing plastic. [1], meaning savings 

are made in the costs of energy and raw materials. [1]. 
  iii One from: Stronger, flexible      [1] 
 b i Element – a substance which cannot be further divided into simpler substances 

[1] by chemical methods. [1] 
  ii Hydrocarbon         [1] 
  iii Exothermic         [1] 
  iv Carbon monoxide, CO       [2] 
6 a Alkanes: C5H12, C9H20, C20H42, C8H18 

  Alkenes: C6H12, C12H24, C2H4  

  Neither: CH3, C6H6, C3H7       [3] 
 b There are five isomers of C6H14: 
  Hexane          [2] 
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2-Methylpentane         [2] 

 

 

 

 

 

 

     3-Methylpentane         [2] 
 

 
 

 

 

 

2,2-Dimethylbutane         [2] 
 

 
 

 

 

 

   
         2,3-Dimethylbutane        [2] 
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13 Organic chemistry 2 
Test Yourself questions 
Page 200 
1 Pentanol, heptanol  
2 Octanol 
3 C2H5OH 

Page 201 
4 Because of the presence of the OH group 

Page 203 
5 A continuous process runs without stopping to refill reaction vessels. More efficient 

process.  

Page 205 
6 a ethanoic acid + calcium → calcium ethanoate + hydrogen  
  2CH3COOH(aq) + Ca(s) → (CH3COO)2Ca(aq) + H2(g)  
 b ethanoic acid + potassium carbonate →  
        potassium ethanoate + carbon dioxide + water 
  2CH3COOH(aq) + K2CO3(s) → 2CH3COOK(aq) + CO2 + H2O(l)  
 c ethanoic acid + potassium hydroxide → potassium ethanoate + water 
  CH3COOH(aq) + KOH(aq) → CH3COO K(aq) + H2O(l)  
7 a Reaction with propanoic acid: effervescence observed as a colourless gas is formed  

       (hydrogen gas).  
       magnesium + propanoic acid → magnesium propanoate + hydrogen 

  Mg + 2CH3CH2COOH →Mg(CH3CH2COO)2 + H2  
  Reaction with butanoic acid: effervescence observed as a colourless gas is formed     
  (hydrogen gas).  
  magnesium + butanoic acid → magnesium butanoate + hydrogen 
  Mg + 2CH3CH2CH2COOH → Mg(CH3CH2CH2COO)2 + H2 

b Reaction with propanoic acid: effervescence observed as a colourless gas (carbon 
dioxide). 
sodium carbonate + propanoic acid →sodium propanoate + water + carbon dioxide  
Na2CO3 + 2CH3CH2COOH → 2CH3CH2COONa + H2O + CO2 
Reaction with butanoic acid: effervescence observed as a colourless gas (carbon 
dioxide). 
sodium carbonate + butanoic acid → sodium butanoate + water + carbon dioxide 
Na2CO3 + 2CH3CH2CH2COOH → 2CH3CH2CH2COONa + H2O + CO2 

Page 206 
8  

• Hexanoic acid, C6H13COOH 

• Methanoic acid, HCOOH 



Cambridge O Level Chemistry Student’s book answers 

Cambridge O Level Chemistry  
© Bryan Earl and Doug Wilford 2021 

63 

Fit general formula  

• Butanol, C4H9OH 

• Hexanol, C6H13OH 

Fit general formula  

9 propanoic acid + ethanol conc ⇌ ethyl propanoate + water  
CH3CH2COOH(l) + CH3CH2OH(l) ⇌ CH3CH2COOCH2CH3(aq) + H2O(l)  

Page 209 
10  

 

 

 

 

 

11 An addition polymer is a polymer formed by joining together lots of unsaturated 
molecules by opening up the double bond. Condensation polymers are polymers 
formed by joining together molecules in a reaction in which a small molecule such as 
water is given out.  

Page 210 
12 100+ 
13 a C5NH11O2  

 b Amine, carboxylic acid  

Practical Skills questions (page 207) 
1 Dilute, 5cm3 
2 Effervescence 
3 Hydrogen 
4 It should have been added carefully (using a spatula) until no more reacted. 
5 Vigorously, to ensure mixing of the gas and limewater thoroughly. 
6 Carbon dioxide 
7 a Volume of acid measured using a measuring cylinder 

 b Sodium carbonate added using a spatula 
8 Volume of acid measured using a measuring cylinder. 

 Sodium carbonate added using a spatula. 

Exam-Style questions (pages 211) 
1 a A homologous series is a family of similar compounds with similar chemical 

properties [1] due to the presence of the same functional group. [1] 
  A functional group is an atom or group of atoms [1] that determine the chemical 

properties of a homologous series. [1] 
 b CnH2n+1OH         [1] 
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 c i But-1-ene + water ⇌ butan-1-ol      [1]  
   C4H8(g) + H2O(l) ⇌ C4H9OH(l)   [3] (Take [1] off for each error) 
  ii Acid catalyst (usually phosphoric(V) oxide), 300°C, 6000 kPa  [3] 
 d Butanoic acid C3H7COOH       [2] 
2 a Condensation polymerisation        [1] 
 b Glycine – C2H5NO2 , alanine C3H7NO2     [2]  

c  
 

 

 

H2N –CH2-CONH-CH(CH3)-COOH 

 

 

 

H2N-CH(CH3)-CONH-CH2-COOH      [2] 

3 a  

Ethanol Ethanoic acid 

 

 

 

             [4] 
 b If universal indicator paper [1] is placed in a solution containing ethanol, it will 

show the light green of a neutral solution. [1] If, however, the indicator paper is 
placed in methanoic acid (a weak acid) solution, it will show a colour on the acid 
side, probably orange. [1] 

 c i Ester         [1] 
  ii Concentrated sulfuric acid       [1] 
  iii ethanoic acid + ethanol ⇌ ethyl ethanoate + water    [1] 
   CH3COOH(l) + C2H5OH(l) ⇌ CH3COOC2H5(aq) + H2O(l)  

  [3](Take [1] off for each error) 

4 a A weak acid is an acid which only partially ionises to produce a low concentration 
of hydrogen ions [1] in water solution [1] 
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 b ethanoic acid + sodium carbonate → sodium ethanoate + carbon dioxide + water 
           [1] 

  2CH3COOH(aq) + Na2CO3(s) → 2CH3COONa(aq) + CO2 + H2O(l) 
      [3] (Take [1] off for each error) 

 c ethanoic acid + magnesium → magnesium ethanoate + hydrogen  [1] 
2CH3COOH(aq) + Mg(s) → (CH3COO)2Mg(aq) + H2(g)  

      [3] (Take [1] off for each error) 

 d i A base is a substance that reacts with an acid to produce a salt [1]and water.[1] 
  ii Potassium carbonate or other carbonate, copper(II) oxide or other metal oxide 

           [1] 
  iii ethanoic acid + sodium hydroxide → sodium ethanoate + water  [1] 
   CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l)  
           [3] (Take [1] off for each error) 
5 a i Alcohol: butanol. Acid: methanoic acid     [2] 
  ii Alcohol: ethanol. Acid: methanoic acid     [2] 
  iii Alcohol: propanol. Acid: propanoic acid     [2] 
 b i Butyl ethanoate        [1] 
  ii Methyl methanoate       [1] 
  iii Butyl propanoate         [1] 
 c i   

 

 

 

 

           [2] 
  ii  

 

 

 

 

           [2] 
6 a Condensation polymerisation        [1] 
 b i Nylon: 1,6-diaminohexane and hexanedioic acid    [2] 
  ii PET: ethane-1,2-diol and benzene-1,4-dicarboxylic acid   [2] 
 c Water, H2O         [2] 
 d i Amide         [1] 
  ii Ester         [1] 
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14 Experimental techniques and 
chemical analysis 
Test yourself questions 
Page 215 
1 a i 1000 cm3  
  ii 38 cm3, 6.6 cm3, 45 cm3, 21.5 cm3  
 b 0.087g , 0.081g  
 c 35°C, 40°C, 45°C 
 d Mercury is extremely toxic and so anything containing it must be handled very 

carefully.  

Page 221 
2 a Filtration – silver bromide remains in filter paper  
 b Distillation – collect pure water  
 c Add water – salt is soluble and dissolves  
  Filter mixture – salt solution is filtrate and passes through  
  Evaporate water to leave sodium chloride  
 d Fractional distillation  
 e Evaporate water to leave calcium chloride  

Page 224 
3 Rf = 0.6  

Page 228 
4 a Chloride – white 

b Bromide – cream 
c Iodide – yellow  

5 Oxygen – e 
Carbon dioxide – d 
Hydrogen – b 
Ammonia – c 
Chlorine – a  

Practical Skills questions (Testing a compound, page 228) 
1 Aluminium nitrate, Al(NO3)3 
2 Ammonia is produced in this test if A is a nitrate. This gas is colourless and has a 

pungent smell. However, it can irritate the eyes and lungs.  
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Test Observation Conclusion 

(a) Compound A was dissolved in 
water and the solution produced 
divided into three parts for the 
tests (b), (c) and (d) 

When dissolved in water 
a colourless solution was 
produced 

A probably does not 
contain a transition metal 
ion.  

 

(b) (i) To the first sample, a small 
amount of aqueous sodium 
hydroxide was added. 

(ii) An excess of aqueous sodium 
hydroxide was added to the 
mixture from (i). 

(i) white precipitate was 
produced. 

 

(ii) which dissolved in 
excess sodium hydroxide  

A may contain the metal 
ions Al3+, Ca2+ or Zn2+.  

 

A may contain the metal 
ions Al3+ or Zn2+.  

(c) (i) To the second part, a small 
amount of aqueous ammonia was  

(ii) An excess of aqueous 
ammonia was then added to the 
mixture from (i). 

(c) (i) a white precipitate 
was formed  

(ii) the white precipitate 
was insoluble in excess  

The presence of Al3+ ions 
in A is confirmed.  

(d) Aqueous sodium hydroxide 
solution was added to some of the 
solution of A followed by some 
aluminium foil. The mixture was 
then warmed carefully  

A gas was produced 
which turned moist 
litmus paper blue  

A is a nitrate and contains 
NO3– ions.  

 

Exam-Style questions (pages 230) 
1 a i Hours, minutes, seconds       [3] 
  ii degrees Celsius        [2]  
  iii cm3, litres         [2]  
  iv Kilograms, grams        [1]  
 b i Hundredth of second       [1]  
  ii Tenth of a degree        [1]  
  iii hundredth of a gram        [1]  
  iv Tenth of a cm3        [1]  
2 a Fractional distillation 
 b Centrifuging 
 c Fractional distillation 
 d Filtration 
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 e Using a magnet 
 f Chromatography 
 g Simple distillation         [7] 
3  

• Add the mixture to some water and filter off the red dye.    [2] 
• Add chalk to the filtrate from the previous filtration, stir and filter.   [2] 
• Evaporate the filtrate to obtain the blue dye.      [2] 
• Add the chalk residue to alcohol, stir thoroughly and filter.    [2] 
• Evaporate the filtrate over a water bath to leave the yellow dye.   [2] 

4 a i An agent that causes colourless [1] substances on a chromatogram to become 
coloured [1] 

  ii The ratio of the distance travelled by the solute [1] to the distance travelled by 
the solvent [1] in chromatography 

 b Ninhydrin         [1] 
 c i Sample 1 = alanine [1], sample 2 = lysine [1], sample 3 = glycine [1] 
  ii The Rf values of these amino acids are closest to those of the samples. [1] 
5 a Add dilute hydrochloric acid and warm gently. [1] If bubbles of gas are seen, test 

with acidified potassium manganate(VII) solution. [1] If this solution is 
decolourised, it is potassium sulfite. [1]  

 b Add dilute sodium hydroxide and warm. [1] If a gas is produced that turns moist 
indicator paper blue, [1] it is ammonia from ammonium chloride. [1]  

 c Carry out a flame test. [1] If a brick-red colour is seen, [1] it is calcium in calcium 
nitrate. 

 d Acidify a dilute solution of the substance with nitric acid. Add aqueous silver 
nitrate. [1] A white precipitate indicates chloride from sodium chloride, [1] where 
as a yellow precipitate indicates an iodide from sodium iodide. [1]  

 e Add aqueous ammonia to a solution of the salt [1] . If a dirty green precipitate is 
produced that does not dissolve in excess aqueous ammonia, the salt is iron(II) 
sulfate. [1] If a gelatinous blue precipitate is produced that does dissolve in excess 
aqueous ammonia producing a clear deep blue solution, the salt is copper(II) 
sulfate. [1]  

6 a Sodium ion: carry out a flame test. If the flame is a golden yellow, [1] this shows 
the presence of the sodium ion. [1]  

  Carbonate ion: add dilute acid [1] and, if bubbles of gas are seen which turn 
limewater cloudy white, [1] carbon dioxide [1] is being produced from a carbonate. 

 b Water will turn anhydrous copper(II) sulfate [1] from white to blue [1] and 
cobalt(II) chloride [1] from blue to pink. [1] 

 c The liquid will boil at 100°C.       [1] 
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Theory past paper questions 
(Page 231) 
1 a Isotopes are atoms of the same element which have the same number of  

protons but have different numbers of neutrons/atoms with the same  
atomic number but different mass numbers.     [1] 

b Neutrons: 17         [1] 
  Protons: 16         [1] 
  Electron configuration: 2.8.6       [1] 
c S8          [1] 

 d i Sulfur has weak attractive forces/intermolecular forces between its  
molecules.         [1] 

  ii Sulfur has no delocalised electrons/free electrons.   [1] 
e Positive ion: K+ 2.8.8        [1] 
 Negative ion: S2– 2.8.8       [1] 
f Diagram shows a shared pair of electrons between both hydrogen atoms  

and the sulfur atom.        [1] 
 Remainder of the diagram shows four other electrons on the sulfur atom. [1] 
g H2S + SO2 → 3S + 2H2O       [1] 
           [Total: 12] 
 

2 a Add sodium hydroxide to the ammonium nitrite and warm.   [1] 
 The gas produced, ammonia, should turn moist red litmus paper blue. [1] 
b Moles of ammonium nitrite heated = 0.5 × 25.0/1000 = 0.0125 moles [1] 
 Moles of nitrogen = 0.0125 moles      [1] 
  Volume of nitrogen = 0.0125 × 24 = 0.3 dm3/ 300 cm3   [1] 
c H2O and N2O         [1] 
d Uses ammonia solution/ammonium hydroxide    [1] 
  Uses a titration method adding an indicator to the solution in the flask. [1] 
  Note the volume of solution added from the burette to bring about  

neutralisation/to find the end-point.      [1] 
Repeat without the indicator, using the same volumes of solutions.  [1] 
          [Total: 10] 
 

3 a MoO3 + 2Al → Al2O3 + Mo       [1] 
b Oxidation occurs because the aluminium gains oxygen AND Reduction  

occurs because the molybdenum(VI) oxide loses oxygen.   [1] 
c Mr of molybdenum(VI) oxide = 144      [1] 
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  Moles used = 125/144 = 0.868      [1] 
  Mass of molybdenum formed = 0.868 × 96 = 83.3 g    [1] 
d Molybdenum, because the aluminium can remove oxygen from it/displace it. 

[1] 
 e i The diagram should show: 

• Closely and regularly packed positive metal ions.   [1] 
• Delocalised electrons.       [1] 

  ii Two from: 
• Molybdenum has stronger attraction between its positive ions and 

delocalised electrons. 

• More energy is needed to break the stronger attractive forces/more heat is 

needed.  

• Greater positive charge on the molybdenum ions. 

• More delocalised electrons are present.    [2] 

[Total:10] 

4 a Fractional distillation. [1] Cracking. [1]     [2] 
b 2Cl– → Cl2 + 2e–        [1] 
c   
 
 

 [1] 
 
d Hydrogen chloride.        [1] 
e   
 
 

  [2] 
          

   
 f i Maximum mass is 2250 tonnes.      [1] 
  ii % yield = 2175 × 100/2250      [1] 
   % yield = 96.7%        [1] 
            [Total: 10] 
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5 a It melts below 25oC [1] and it boils above 25oC. [1]    [2] 
b The butane molecules are vibrating about a fixed point when it is a solid and, as it 

melts, the molecules gain energy and move faster.    [1] 
The butane molecules leave their ordered state and are able to move past one 
another as the intermolecular forces between them are overcome.  [1] 

c The volume will decrease.       [1] 
  The ethane molecules/particles become closer together.   [1] 
d Fractional distillation AND they all have different boiling points.  [1] 
e  

 
  

 
 

   
       [2] 

f Any correct diagram showing at least one of the hydrogen atoms substituted with a 
chlorine atom.         [1] 

           [Total: 10] 
6 a One from:  

• low melting point or boiling point  

• not a good conductor of heat  

• does not conduct electricity      [1] 

 b i H2S ⇌ HS- + H+        [1] 
  ii It does not completely dissociate/shows incomplete dissociation when  

added to water.         [1] 
c Moles of H2S = 0.170/34 = 0.005 moles     [1] 
  Moles of KOH which will react = 2 × 0.005 = 0.010 moles    [1] 
  Volume of KOH solution = 0.010 × 1000/0.15 = 66.7 cm3   [1] 

 d i Two from:  
• It will have a high melting point/boiling point. 

• It will dissolve/is soluble in water. 

• It will not conduct electricity as a solid. 

• It will conduct electricity when molten.    [2] 

  ii The magnesium atom will lose it two outer electrons.   [1] 
   The sulfur atom will gain the two electrons.    [1] 
            [Total: 10] 
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7 a Temperature: 350–500oC 
 Pressure: 15000–100000 kPa 
 Catalyst: iron     All three correct [2] two correct [1] 
b The rate of the forward reaction increases because at the higher pressure there will 

be more particles per unit volume/because the particles are closer together/because 
the particles are more crowded.      [1] 
This results in more collisions in unit time/more frequent collisions. [1] 

c It lowers the activation energy.      [1] 
d % of nitrogen in urea = (2 × 14) × 100/60 = 46.6%    [1] 

% of nitrogen in ammonium nitrate = (2 × 14) × 100/80 = 35%  [1] 
OR 
Both of the formulae contain two nitrogen atoms [1] and urea has a lower Mr so it 
will have a higher percentage of nitrogen. [1]    [2] 
          [Total: 7] 

8 a Four from: 
• uses nitric acid 

• uses an excess of silver oxide 

• warm the acid 

• filter the mixture to remove the excess silver oxide 

• evaporate some of the resulting solution and leave to crystallise  [4] 

 b i A white precipitate would form.      [1] 
  ii Ag+(aq) + Cl–(aq) → AgCl(s) [1], correct state symbols [1]  [2] 
 c i Silver metal        [1] 
  ii 4OH– → 2H2O + O2 + 4e–       [1] 

d 4AgNO3 → 2Ag2O + 4NO2  + O2      [1] 
           [Total: 10] 
 

9 a Breaking chemical bonds is endothermic and bond making is exothermic. [1] In this 
reaction more energy is needed to break the bonds in the reactants than is released 
when the new bonds in the products are formed. [1]    [2] 

b Moles of hydrogen = 240/24 = 10 moles     [1] 
Energy absorbed = 131 × 10 = 1310 kJ     [1] 

 c i The position of equilibrium will move to the left.    [1] 
   There are fewer moles of gas on the reactant side.    [1] 
  ii The position of equilibrium will move to the right.    [1] 
   The forward reaction is endothermic and is favoured by temperature rises. 

          [1] 
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 d i The reaction produces carbon monoxide which is a toxic gas OR the reaction 
needs a very high temperature.      [1] 

  ii Preserves crude oil supplies OR carbon can be obtained in the form of  coal or 
coke which are much more available.     [1] 

            [Total: 10] 
10 a  

Sub-atomic particle  Relative electric charge  Relative mass 
electron  –1  0 or 0.0005 
neutron 0 1 
proton  +1  1 

  If all four correct [3]; For three correct [2]; For two correct [1]; For one correct [0] 
 b i 85          [1] 
  ii There are  more electrons than protons.     [1] 
  iii C and E [1]. Same number of protons present but there are different number of 

neutrons. [1]        [2] 
              [Total: 7] 
 

11 a H+ + OH– → H2O        [1] 
 b i Sulfuric acid and sodium hydroxide (both)    [1] 
  ii Place the alkali in a flask and acid in the burette.    [1] 
   Add the acid to the alkali until the indicator shows it is neutralised. [1] 
   Repeat experiment using the same volumes but this time no indicator  
   present         [1] 
  iii Evaporate solution and allow to crystallise/(concentrate) by heating the solution 

until the first signs of crystallisation/heat to crystallisation point. [1]  
(Filter) Wash with organic solvent/dry with filter paper/leave or dry  
in an oven. [1]         [2] 

 c i Calculated moles = 0.020 × 0.550 OR number answer of 0.011  [1] 
   Mass = 2.563        [1] 
  ii Percentage yield = 74.91%      [1] 
            [Total: 10] 
 

12 a Ca2+ ion is 2.8.8         [1] 
  Cl– ion is 2.8.8         [1] 

b Negative electrode: Ca2+ + 2e– → Ca      [1] 
Positive electrode: 2Cl– → Cl2 + 2e–      [1]  

c H2 (hydrogen) AND Cl2 (chlorine)       [1] 
d Ionic bonds – this is attraction between negative ions and positive ions [1] 
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Idea of having many (strong) bonds – this mark is dependent on the  
correct bonding        [1] 
           [Total: 7] 
 

13 a Reaction with steam [1] in presence of a catalyst [1]    [2] 
 b i One of: making vinegar/solvent      [1]  
  ii Either: 
   C2H5OH + O2 → 2C + 3H2O  
   OR 
   C2H5OH + 2O2 → 2CO + 3H2O  
   For correct products [1] and for correct balancing [1]   [2] 

c Oxygen or (acidified) potassium manganate(VII)    [1]  
d Any of:  

 

 

 

[1]  

e   
        

 

[1] 

 f i Addition reaction         [1] 
  ii They do not decay or decompose naturally/they are not attacked by  

bacteria or microbes.       [1] 
            [Total: 10] 
 
14 a One from: The metal disappears/blue solution produced/gas bubbles 

produced/brown gas produced.      [1] 
 b i Copper(II) nitrate         [1] 
  ii Copper atom loses electron(s)       [1] 

c Calculation: Moles of acid = 0.025 × 16 OR numerical answer of 0.4 [1] 
Moles of NO2 gas = 0.2       [1] 
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Volume of NO2 gas = 4.8 dm3 (4800 cm3)     [1] 
d 2Cu(NO3)2 → 2CuO + 4NO2 + O2      [1] 

 e i Blue precipitate or solid. [1] When in excess a dark blue solution  
is produced. [1]        [2] 

  ii Blue precipitate or solid which does not dissolve in excess.  [1] 
            [Total: 10] 
 

15 a They all have 7 electrons in their outer shell.     [1] 
 b i Colourless to brown solution       [1] 
  ii Iodide ion loses electrons        [1]  
  iii Chlorine molecule gains electrons      [1] 

c Test – use moist red or blue litmus paper or universal indicator paper [1] 
Observation – the indicator paper is bleached or goes white   [1] 

 d i The rate of reaction increases as there are more particles per unit  
volume, [1] hence more collisions per second taking place. [1]  [2] 

  ii It provides an alternative reaction pathway [1] which has a lower  
activation energy. [1]       [2] 

            [Total: 10] 
 
16 a i Mix the two solutions together and then filter the mixture produced.  [1] 
   Wash the residue with distilled water (or solvent).   [1] 
   Place residue in warm place to dry it or place in oven to dry or leave  

to dry on a windowsill.       [1] 
  ii Ba2+(aq) + SO4

2–(aq) → BaSO4(s): formulae and balancing correct [1]  
correct state symbols which is dependent on correct formulae [1] [2] 

b Moles of hydrochloric acid = 6 × 10–2 moles (0.06 moles)   [1] 
Moles of barium chloride = moles of HCl/2 = 3 × 10–2 moles (0.03 moles) [1] 
Mass of barium chloride = moles × 208 × 0.75 = 4.68 g   [1] 

c Subatomic particles, number of subatomic particles: electrons 54, [1]  
neutrons 82, [1] protons 56. [1]      [3] 

           [Total: 11] 
 

17 a Because the rate of forward reaction equals the rate of backward reaction [1] 
b The composition does not change [1] due to same number of moles of gas  

on left-hand side and right-hand side [1]     [2] 
 c i It is exothermic or the enthalpy change is negative   [1]  
  ii The rate increases because the particles have more energy and are  

moving faster giving rise to more successful collisions.   [1] 
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 d i Water         [1] 
  ii Fe3O4 + 4H2SO4 → Fe2(SO4)3 + FeSO4 + 4H2O  
   For correct formulae, [1] balanced equation is dependent on correct  

formulae [1]        [2] 
  iii Chemical test: add aqueous sodium hydroxide or aqueous ammonia [1] 
   Observation: brown precipitate or brown solid    [1] 
            [Total: 10] 
 

18 a Ca20
39           [1] 

b  Cl17
35           [1] 

c Cl17
37           [1] 

d Ne10
20           [1] 

e  Cu29
64           [1] 

             [Total: 5] 
 

19 a They all have 2 electrons in their outer shell     [1] 
b The atomic radius is always increasing while the melting point goes up  

and down         [1] 
 c i 2.8          [1] 
  ii Negative electrode: Mg2+ + 2e− → Mg     [1]  
   Positive electrode: 2Cl− → Cl2 + 2e−     [1] 

d Cu2+ because it gains electrons to form Cu atoms    [1] 
e Magnesium oxide and hydrogen      [1] 
f Ca + 2H2O → Ca(OH)2 + H2       [1] 
g Use hydrochloric acid [1] with excess magnesium    [1] 

Filter off the excess magnesium after reaction stops    [1] 
Leave the filtrate in a warm place to evaporate solution slowly to the point  
of crystallisation and then leave       [1] 
          [Total: 12] 

 

20 a  
Element        C H O  
Mass in g       1.68 0.14 4.48          [1] 
Moles         0.14 0.14 0.28  
Simplest mole 
ratio   

1 1 2          [1] 

The empirical formula is CHO2      [1] 
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b Moles of KOH = 0.0127 × 0.150  = 0.001905 moles    [1] 
Moles of U = 0.5 × moles of KOH = 0.001905 × 0.5 = 0.0009525 moles [1] 
Mr =0.086/0.0009525 = 90.3       [1] 

c C2H2O4         [1] 
             [Total: 7] 
 

21 a It is when a reversible reaction in a closed system [1] reaches a point  
when the rate of forward reaction equals the rate of the backward or reverse 
reaction [1]         [2] 

b Prediction (one from): more PCl5, or concentration of PCl5 increases,  
or less PCl3, or less Cl2, or concentration of Cl2 decreases, or concentration  
of PCl3 decreases.        [1] 
Reason: there are fewer moles of gas on the left-hand side of the reaction  
than on the right        [1] 

 c i Because the reaction absorbs heat as the forward reaction is endothermic 
          [1]  

  ii Because the particles have more kinetic energy and so the particles  
are moving faster [1]. There will be more successful, energetic or  
effective collisions as more particles now have equal or above  
activation energy [1]       [2] 

d Outer shell of phosphorus is correct [1] rest of outer shells of all three  
chlorine atoms correct. [1]       [2] 

 
 
 
 
 
 
e PCl5 + 4H2O → H3PO4 + 5HCl      [1] 
           [Total: 10] 
 

22 a A molecule that contains only hydrogen and carbon    [1] 
b They have the same molecular formula but different structures  [1] 
c Test: add aqueous bromine. [1] Cyclobutane stays orange (no change) [1]  

but butene removes the colour to produce a colourless solution. [1]  [3] 
d Mr butene  = 56        [1] 

%C in butene = 85.7         [1] 
 e i Ethanol (CH3CH2OH or C2H5OH)     [1] 
  ii Steam         [1] 
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  iii Acidified potassium manganate(VII)      [1] 
            [Total: 10] 
 

23 a Positive electrode: 2O2– → O2 + 4e–      [1] 
  Negative electrode: Al3+ + 3e– → Al      [1] 

b Aluminium does not corrode as there is a thin layer of aluminium oxide  
on its surface. This oxide layer prevents water/oxygen getting to the  
surface of the metal. The layer is impermeable/non-porous.   [2] 

c Magnesium metal is more reactive than iron and loses its electrons more  
easily/is oxidised more easily than iron. [1] The magnesium metal reacts in 
preference to the iron/magnesium metal sacrificially protects the iron. [1] [2] 

d Sulfuric acid is used.        [1] 
  An excess of aluminium oxide is added to the acid.    [1] 
  The resulting solution is filtered to remove the excess aluminium oxide. [1] 

The resulting solution/filtrate is heated to evaporate some of it/leave the  
solution to crystallise.        [1] 
          [Total: 10] 
 

24 A Copper(II) carbonate        [1] 
B Carbon dioxide        [1]  
C Copper(II) sulfate        [1] 
D Copper(II) hydroxide        [1] 
E Magnesium sulfate        [1] 
F Copper metal         [1] 
             [Total: 6] 
 

25 a The rate of the forward reaction increases because at the higher pressure  
there will be more particles per unit volume/because the particles are  
closer together/because the particles are more crowded. [1] This results 
in more collisions in unit time/more frequent collisions. [1]   [2] 

b Increasing the temperature moves the position of equilibrium to the left. [1] 
Because increasing the temperature favours the endothermic reaction, the  
one which takes in heat.       [1] 

 c i Moles of CO2 reacting = 220/44 = 5 moles    [1] 
   From the equation moles of CO2 = moles of CH4, so, 
   Mass of methane = 5 × 16 = 80g      [1] 
  ii % yield of methane = 46 ×100/80 = 57.5%    [1] 
 d i The position of equilibrium does not change.    [1] 
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  ii The rate of the reaction increases. [1] The reaction, with the catalyst,  
follows a different pathway with a lower activation energy meaning  
more of the collisions will be successful. [1]    [2] 

            [Total: 10] 

Alternative to practical past paper 
questions 
 (Page 240) 
1 a A transition metal compound/ion may be present.    [1] 
 b i A green precipitate is formed.      [1] 
  ii The green precipitate is insoluble in excess sodium hydroxide.  [1] 
  iii Ammonia gas is produced [1] which turns moist red litmus blue. [1] [2] 

c Barium nitrate/Ba(NO3)2 OR barium chloride/BaCl2    [1] 
Hydrochloric acid/HCl OR nitric acid/HNO3     [1] 
A white precipitate is formed.       [1] 
            [Total: 8] 
 

2 a CnH2n+1 = 88 – 45 = 43       [1] 
  n = 3          [1] 
  Butanoic acid         [1] 

b Name: hydrogen        [1] 
Squeaky pop heard when lighted with a splint.    [1] 

 c i Esters.          [1] 
  ii CH3COOC2H5 OR CH3CO2C2H5      [1] 
  iii Ethanol          [1] 
   Ethanoic acid        [1] 
  iv HCOOC3H7, [1] propyl methanoate [1] 
   OR 
   C2H5COOCH3, [1] methyl propanoate [1]    [2] 
            [Total: 11] 
 
3 a i Red         [1] 
  ii Use universal indicator paper/solution     [1] 
   pH meter/probe        [1] 
  iii 0–2          [1] 
 b i Effervescence/fizzing/bubbles (of a colourless gas).   [1] 
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  ii The reaction using hydrochloric acid will be faster.   [1] 
   Hydrochloric acid is a strong acid, and ethanoic acid is a weak acid. [1] 
 c i Hydrogen gas [1] pops when ignited. [1]     [2] 
  ii Mg + 2HCl → MgCl2 + H2      [1] 
            [Total: 10] 
 
4 a 8.38 – 6.92 = 1.46 g        [1] 

b Blue to colourless colour change.      [1] 
c   

1 2 3 
25.9 48.6 32.4 
0.0 23.3 7.3 
25.9 25.3 25.1 
   

  One mark for each correct column. [3] 
  Mean titre = 25.3 + 25.1 = 25.2 cm3 [1]     [4] 
d Moles of HCl = 0.00252 moles      [1] 
e Moles of NaOH in 25 cm3 of W = 0.00252 moles    [1] 
f Moles of NaOH in 250 cm3 of W = 0.0252 moles    [1] 
g Moles of NaOH = 0.05 moles       [1] 
h 0.05 – 0.0252 = 0.0248 moles       [1] 
i Moles of V = 0.0124 moles       [1] 
j Molecular mass of the acid V = 1.46/0.0124 = 118    [1] 
k 118 – (2 × 45) = 28        [1] 
  Mr of CxHy =28 so x = 2 and y = 4      [1] 
l CH3CH2OOCCH2CH2COOCH2CH3      [1] 
           [Total: 16] 
 

5 a A is a crucible [1], B is a tripod. [1]      [2] 
b Either:  

Escape of (white) powder or smoke, or MgO from of the crucible. [1] 
Place a lid on or cover crucible. [1]  
OR 
The magnesium sample has not been heated long enough; not enough  
air can get in and so magnesium has not been completely burned. [1] 
Heat the contents of the crucible for a longer time to a constant mass. [1] [2] 
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c The atomic mass of zinc is greater or that of magnesium is less. [1]  
So fewer moles of zinc are being heated in 0.36 g or fewer moles  
of oxygen (less oxygen) are required. [1]      [2] 

d Eye protection/safety goggles/safety glasses     [1] 
             [Total: 7] 
 

6 One method from: 
 Method 1  

• Add water to the beaker containing the mixture and then stir/heat/mix/to  
dissolve the sodium chloride.       [1] 

• Then filter the sand from the beaker.      [1] 
• Dry the sand on the filter paper.       [1] 
• Now weigh the dry sand.       [1] 
• Determine the: 

   percentage of sand = mass of sand × 100/10.0 
   percentage of sodium chloride = 100 – percentage of sand  [1] 

Method 2 

• Add water to the beaker containing the mixture and then stir/heat/mix/to  

dissolve the sodium chloride.       [1] 

• Then filter the sand from the beaker.      [1] 

• Now evaporate filtrate to dryness (remove all water).   [1] 

• We can now get the weigh dry sodium chloride.    [1] 

• The percentage of sodium chloride = mass of sodium chloride × 100/10.0 [1] 

 [Total: 5] 

7 a Transition metal ion or compound is not present    [1] 
b Zn2+ [1], Al 3+         [2] 
c Add aqueous ammonia. [1] The Zn2+ ions give a white precipitate, which  

is soluble in excess forming a colourless solution. Al 3+ ions would give  
a white precipitate which is insoluble in excess [1]    [2] 

d Add aqueous silver nitrate. [1] If it is a chloride, a white precipitate is  
formed. [1] If it is an iodide a yellow precipitate is formed. [1]  [3] 

             [Total: 8] 
 

8 a A = burette [1], B = conical or Erlenmeyer flask [1], C = volumetric/ 
graduated flask [1]        [3] 
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 b i Titration number: 4 
   Final burette reading/cm3 = 18.8  
   Initial burette reading/cm3 = 0.6  
   Volume of 0.025 mol/dm3 sodium hydroxide used/cm3 = 18.2  
   Final and initial readings correct [1] volume used correct [1]   [2] 
  ii Titration numbers: 1 and 3  
   Volume of 0.025 mol/dm3 sodium hydroxide used/cm3 = 19.0 and 18.7  
            both numbers [1] 
  iii  under columns 2 and 4 in results table → 18.1 cm3   [1] 
  iv Use a pipette instead of a measuring cylinder to measure solution into  
                  the flask.         [1] 
   This gives less uncertainty, apparatus error or less error in the  

measurement.        [1] 
 c i NaOH used = 0.00046/4.6 × 10–4 mol     [1]  
  ii CH3COOH in flask =  0.00046/4.6 × 10–4 mol    [1] 
  iii 0.0046/4.6 × 10–3 mol       [1] 
  iv 0.92 / 9.2 × 10–1 mol/dm3       [1] 
            [Total: 13] 
 

9 a A pink/brown solid coating the surface of the zinc [1]. The solution  
becomes a paler blue, colourless or is decolourised. [1]   [2] 

 b i Most reactive to least reactive: magnesium, zinc, tin, copper  [1] 
  ii So magnesium displaces or reacts with all the others. All entries = yes.  
   Copper reacts with none of the solutions. All entries = no.  
   Zinc displaces tin.        [2] 

c Add acid to metal in a container.      [1] 
  Ensure there is equal volume/concentration/amount of acid in each  

reaction.         [1] 
  Measure temperature at start [1] then measure highest temperature. [1] [2] 

The biggest change in temperature shows the highest reactivity, while  
the smallest change in temperature shows the lowest reactivity.  [1] 
          [Total: 10] 
 

10 a i It is slightly soluble or has low solubility in water.   [1] 
  ii Use a burette or a (gas) syringe       [1] 
  iii Insert a glowing splint [1] which relights. [1]     [2] 
 b i For [2]:7 or 8 points plotted correctly. 
   For [1]: 5 or 6 points plotted correctly.     [2] 
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  ii A circle is drawn round point at 4 (50 cm3)    [1] 
  iii A smooth line drawn through remaining points, excluding circled point. 

          [1] 
  iv The second graph starts at (0,0) and is initially steeper. [1] This graph  

then levels off at the same height. [1]     [2] 
   This is due to the rate of reaction being greater at the higher temperature, [1] 

because the same total volume of gas is produced. [1]   [2] 
            [Total:12] 
 
11 a Add water to the mixture to dissolve the sodium chloride.   [1] 
  Then heat and stir the mixture.      [1] 
  Filter the mixture using a funnel/filter paper to separate the sand from  

the solution.         [1] 
  Wash the sand (residue) [1] and evaporate the solution/filtrate.  

Alternatively, crystallise solution/filtrate [1]     [2] 
b Heat or boil the mixture.       [1] 

Distil (fractional distillation of) the mixture.     [1] 
Mentioning the use of indirect heating or using a water bath or a heating  
mantle. [1] Because of the lower boiling point alcohol (ethanol boils off, 
leaving the higher boiling point alcohol (butanol) in the flask). [1]  [2] 
The vapour is condensed using a condenser.     [1] 
         [Total: 10] 
 

12 a A = ethanol, B = hexane, C = ethanoic acid  
     All three correct answers for [2], 1 or 2 answers correct for [1] 

b 
Reagent Observations 

 A B C 

Add bromine 

solution 

The mixture 

remains orange / 

stays the same / has 

no visible change 

[1] 
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Reagent Observations 

 A B C 

Add solid 

calcium 

carbonate 

  Effervescence / 

bubbles / fizzing / 

calcium carbonate 

dissolves / 

disappears [1] 

Add dilute 

sulfuric acid and 

a few drops of 

potassium 

manganate(VII) 

The mixture turns 

(from purple) to 

colourless / 

decolourises [1] 

  

 c i Ethanoic acid and ethanol       [1] 
  ii Precaution: eye protection, e.g. safety goggles 
   Reason: acid is corrosive       [1] 
   OR 
   Precaution: avoid naked flames/use a water bath or hotplate or heating  

mantle Reason: ethanol is flammable     [1] 
              [Total: 7] 
 


