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Section A 
 

Answer all questions. 
 

1 Choose from the following compounds to answer the questions. 

 
Each compound may be used once, more than once or not at all. 
 

For 
Examiner’s 

Use 
 

 (a) State which compound: 
 

 

  (i) reacts with hydrogen gas at 150 oC, in the presence of nickel catalyst 
 
……………………………  

 
 
[1] 
 

  (ii) can be oxidised to form propanoic acid 
 
……………………………  

 
 
[1] 
 

  (iii) is an isomer of butane 
 
……………………………  
 

 
 
[1] 

  (iv) is an unsaturated hydrocarbon. 
 
……………………………  
 

 
 
[1] 

 (b) Identify the two compounds that will turn moist blue litmus red.  
 
…………………………… and …………………………… 
 

 
 
[1] 

  [Total: 5]  
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2 (a) The table shows information on five different particles.  
 

particle 
number of 

protons 
number of 
electrons 

number of 
neutrons 

P 19 19 20 

Q 19 19 19 

R 9 10 10 

S 9 9 9 

T 8 10 10 
 

For 
Examiner’s 

Use 

 
 
 
 
 

  (i) Explain why particle T is an ion. 
 
……………………………………………………………..…………………………………... 
 

 

[1] 

  (ii) Identify the two particles that are isotopes.  
 
………………………… and ………………………… 
 

 

[1] 

 (b) A sample of Krypton was found during a space mission.  
 
Experiments were conducted on the sample and the following information was obtained.  
 

relative isotopic mass percentage abundance 

80 2 

82 12 

83 12 

84 57 

85 17 
 
Calculate the relative atomic mass of the sample of Krypton and give your answer to three 
significant figures.  
 
 
 
 
 
 
 
 
 

relative atomic mass = …………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 

 
  [Total: 3]  
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3 The table below shows the physical properties of four substances.  
 

substance melting point / oC boililng point / oC 
electrical 

conductivity 

phosphorus trichloride -94 76 poor 

diamond 3550 4830 poor 

calcium oxide 2570 2850 poor in solid state, 
good in aqueous 

state sodium oxide 1130 1950 
 

For 
Examiner’s 

Use 

 
 
 
 
 
 
 
 
 
 

 (a) Which substance(s) exist(s) as a solid at 2000 oC? 
 
………………………………..……………………………...………………………………..……..… 

 
 
[1] 
 

 (b) Describe the arrangement and motion of phosphorus trichloride molecules at 0 oC. 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 

 
 
 
 
 
 
[2] 
 

 (c) Explain why calcium oxide has a higher melting point as compared to sodium oxide.  
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 

 
 
 
 
 
 
 
 
[2] 

 (d) With reference to structure and bonding, explain why diamond is a poor conductor of 
electricity.  
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 

 
 
 
 
 
 
 
[2] 

    
  [Total: 7]  
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4 The diagram describes some of the substances that result from the chemical reactions with solid 
M. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For 
Examiner’s 

Use 

 

 (a) Name the following compounds. 
 
M: ............................................................ 

N: ............................................................. 

O: ............................................................. 

P: ............................................................. 

 
 
 
 
 
 
 
 
[4] 
 

 (b) Write the balanced ionic equation for the reaction between solid M and dilute hydrochloric 
acid. 
 
………………………………..……………………………...………………………………..……..… 

 
 
[2] 
 

  [Total: 6]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

solid M 

add  
dilute hydrochloric acid 

solution O 

green precipitate P 
insoluble in excess 

reagent 

gas N 

add  
aqueous sodium 

hydroxide 

+ 

gas evolved 
formed white 
precipitate in 

limewater 
green precipitate P 

insoluble in  
excess reagent 

 

add  
aqueous  
ammonia 
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5 A scientist added 24.00 cm3 of 0.75 mol/dm3 dilute nitric acid to 23.5 g of potassium oxide.  
 

K2O + 2HNO3  2KNO3 + H2O 
 

For 
Examiner’s 

Use 
 

 (a) Calculate the number of moles of dilute nitric acid added by the scientist.  
 
 
 
 
 
 
 
 
 
 

number of moles = …………………………… mol 
 

 
 
 
 
 
 
 
 
 
 
 
[1] 

 (b) Determine the limiting reactant.  
 
Workings should be clearly shown.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
limiting reactant:  ……………………….………….. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

 (c) Assuming that all of the water produced is evaporated to form water vapour.  
 
Calculate the volume of water vapour produced at room temperature and pressure. 
 
 
 
 
 
 
 

volume =  …………………………… cm3 

 
 
 
 
 
 
 
 
 
 
[2] 
 

   [Total: 6]  
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6 The table below shows the boiling point and melting point of three halogens.  
 
They are chlorine, bromine and iodine.  
 

halogen melting point / oC boiling point / oC 

 -7 59 

 -103 -34 

 113 185 
 

For 
Examiner’s 

Use 
 
 
 
 
 
 
 
 
 
 

 (a) Complete the table above by filling in the names of the halogens. 
 

[1] 
 

 (b) In an experiment involving a solution of colourless potassium bromide, some fluorine gas was 
bubbled into the solution. After a while, the solution turns reddish-brown. 
 
Explain why did the solution turn reddish-brown.  
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 

 
 
 
 
 
 
 
 
 
[2] 
 

 (c) A student commented that among the three halogens, chlorine, bromine and iodine, iodine 
has the most metallic character.  
 
Do you agree with the comment? Explain your answer.  
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 

 
 
 
 
 
 
 
 
[2] 

   [Total: 5]  
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7 A student conducted some experiements to study the compounds sodium chloride and calcium 
chloride. 
 

For 
Examiner’s 

Use 

 (a) In the first experiment, both compounds were dissolved in water to study the enthalpy change 
for dissolving. 
 
The diagrams below show the energy changes when sodium chloride and calcium chloride 
are dissolved in water.  
 

 
 
Describe the differences in energy changes and temperature changes that happen as 
each compound dissolves.  
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 
 
………………………………..……………………………...………………………………..……..… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

[4] 
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 (b) In another experiment, electrolysis was conducted using concentrated aqueous sodium 
chloride as the electrolyte and graphite electrodes. 

 

For 
Examiner’s 

Use 
 
 

  (i) Write the ionic equation for the reaction at the cathode and the anode. 
 
At the cathode:  
 
……………………………………………..…………………………………………………… 
 
At the anode:  
 
……………………………………………..…………………………………………………… 
 

 
 
 
 
 
 
 
 
[2] 
 

  (ii) After a long period of time, a few drops of Universal Indicator solution were added into 
the electrolyte.  
 
State the colour of the solution observed and explain your answer. 
 
……………………………………………..…………………………………………………… 
 
……………………………………………..…………………………………………………… 
 
……………………………………………..…………………………………………………… 
 

 
 
 
 
 
 
 
 
 
[2] 

  (iii) Give one difference between the products of electrolysis of dilute and concentrated 
aqueous sodium chloride.  
 
……………………………………………..…………………………………………………… 
 
……………………………………………..…………………………………………………… 
 

 
 
 
 
 
[1] 

  [Total: 9]  
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 

concentrated 
aqueous 

sodium chloride 

graphite electrodes 
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8 A scientist was given two different acids, P and Q. 

 
 
 

For 
Examiner’s 

Use 
 

 (a) Describe a chemical test that allows the scientist to differentiate between the two acids. 
Include the expected observations. 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
 
 
 
 
 
[2] 
 

 (b) Draw the full structural formulae of the products formed when acid Q reacts with methanol 
in the presence of concentrated sulfuric acid.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

   [Total:4]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

acid P acid Q 
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9 
 
 
 
 

Sodium thiosulfate solution is mixed with dilute hydrochloric acid in a conical flask. 
 

Na2S2O3(aq) + 2HCl(aq) → 2NaCl(aq) + S(s) + SO2(g) + H2O(l) 
 

The conical flask is placed on a piece of paper with a cross.  
 
Experiments were carried out to investigate the rate of reaction by measuring the time taken for 
the cross on the paper to be covered by the sulfur solid formed.  
 

 
 
The table shows the results of the experiments, each repeated using 10 cm3 of 0.8 mol/dm3 solution 
of dilute hydrochloric acid.  
 

experiment 1 2 3 4 5 

volume of Na2S2O3 / cm3 50 40 30 20 10 

volume of water / cm3 0 10 20 30 40 

time for cross to disappear / s 44 55 74 125 270 
 

For 
Examiner’s 

Use 
 

 (a) Using the information in the table, comment about the relationship between the volume of 
sodium thiosulfate solution used and the rate of reaction. 
 
……………………………………………….………………………………………………………… 
 

 
 
 
[1] 
 

 (b) With reference to your answer in (a), explain in terms of collision theory, how the volume of 
sodium thiosulfate used affects the rate of reaction.  
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 

eye 

addition of dilute hydrochloric acid 

sodium thiosulfate solution 

cross on paper 
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 (c) A scientist wants to study the effect of two catalysts on the chemical reaction.  
 
Catalyst 1 has a porous, honey-combed shaped design and catalyst 2 has a non-porous, 
blocked shaped design. Both catalysts are made of identical material and have the same 
mass. 
 

 
 
 
Which catalyst is most likely to have a larger impact on the rate of reaction. Explain why. 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

For 
Examiner’s 

Use 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

   [Total: 5]  

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

catalyst 1 catalyst 2 
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10 Climate change has become increasingly severe, leading to more frequent weather events.  
 
To reduce the amount of pollutants in the air, countries around the world has made it compulsory 
for catalytic converters to be installed in vehicles and encouraged the planting of more trees.   
 

 
 

For 
Examiner’s 

Use 

 

 (a) Within a catalytic converter, the following reactions take place.  
 

2CO + 2NO  2CO2 + N2 
 

2C8H18 + 25O2  16CO2 + 18H2O 
 

 

  (i) Draw a ‘dot-and-cross’ diagram to show the bonding in carbon dioxide.  
 
Show outer electrons only.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

  (ii) Explain why the catalytic converter does not reduce the impact of exhaust gases on 
extreme weather events? 
 
……………………………………………….………………………………………………..… 
 
……………………………………………….………………………………………………….. 
 

 
 
 
 
 
[1] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 (iii) Explain why the catalytic converter reduces the amount of pollutants released in the 
air. 
 
……………………………………………….………………………………………………..… 
 
……………………………………………….………………………………………………….. 
 

 
 
 
 
 
[1] 

catalytic converter 
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 (b) Much of the internal parts of vehicles are made using plastics. However, plastics have to be 
recycled to reduce the impact of land pollution.  
 
Describe two methods to recycle plastics. 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

For 
Examiner’s 

Use 

 
 
 
 
 
 
 
 
 
 
 
[2] 

 (c) Suggest why planting more trees does not solve the problem of global warming caused by 
the use of vehicles.  
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
 
[1] 

 (d) Bioethanol is an alternative fuel to fossil fuels.  
 
Describe briefly how bioethanol is produced. 
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
[1] 

  [Total: 8]  
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11 
 
 
 
 
 

Chlorofluorocarbons (CFCs) are a group of compounds which can be classfied as ozone depleting 
compounds.  
 
Other than CFCs, there are also hydrofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs) 
and perfluorocarbons (PFCs). Some common examples of CFC and HCFC molecules are shown 
below with their names. 
 

   
 
A naming system for these substances was devised several decades ago. The prefixes to the 
name tell us the elements present in the compound as shown in the table below. 
 

prefix elements  present 

PFC Carbon, Fluorine 

CFC Carbon, Fluorine, Chlorine 

HFC Hydrogen, Carbon, Fluorine 

HCFC Hydrogen, Carbon, Fluorine, Chlorine 

 
The numbers suffixed to the names of the compounds give us the number of each type of atom 
present in one molecule of the compound. The key to decoding the number is simply to add 90 to 
the number suffixed to the name. 
 
For example, to decode the number of atoms in CFC-113a, we add 113 to 90 to obtain 203. The 
first number, 2, tells us the number of carbon atoms, the second number, 0, tells us the number of 
hydrogen atoms, and the third number, 3, tells us the number of fluorine atoms. Chlorine atoms 
make up the remaining bonds since all these compounds are saturated. 
 
The letter ‘a’ in CFC-113a tells us about the structural formula of the compound. The arrangement 
of the type of atoms on the compound that most evenly distributes atomic masses has no letter. 
The second most even distribution is given the letter ‘a’, the third most even distribution is given 
the letter ‘b’, so on and so forth.  
 

molecule  atomic mass on left carbon atomic mass on right carbon 

 
 

 
 

73.5 

 
 

90 

 
 

 
 

57 

 
 

106.5 

 
 

For 
Examiner’s 

Use 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CFC-11 CFC-113a HCFC-141 

CFC-113a 

CFC-113 
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Although most of these substances are harmful to the ozone layer, they can also be used to make 
polymers by first converting them to alkenes. For example, HCFCs react with potassium hydroxide 
dissolved in ethanol (solvent) to give an alkene, potassium chloride and water. An example of the 
reaction is shown below: 
 

                                
 
The alkene produced from the above reaction can be used to make useful polymers such as the 
one shown below. 
 

 
 

For 
Examiner’s 

Use 
 

 (a) Draw the structure of a PFC molecule with three carbon atoms. 
 

 
 
 
 
 

 

 

 
 

[1] 
 

 (b) Draw the full structural formule of two other isomers of HCFC-141 in the correct respective 
boxes. 
 

HCFC-141a HCFC-141b 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 

ethanol + KOH  +  H2O  +  KCl 
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 (c) Explain why compounds such as HCFCs, similarly to CFCs, harm the environment.  
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

For 
Examiner’s 

Use 

 
 

[1] 

 (d) Using the naming system from the passage, deduce the names of the following molecules.  
 

 

  (i)  
 
 
 
 
 
 
 
…………………..… 
 

 
 
 
 
 
 
 
 
[2] 

  (ii)  
 
 
 
 
 
 
…………………..… 
 

 
 
 
 
 
 
 
[1] 

 (e) Draw two isomers of the following compound within the box below.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

isomer 1 isomer 2 
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 (f) A scientist wants to produce the polymer, polyvinyl fluoride using HCFCs.  
 

 
polyvinyl fluoride 

 
Using a suitable HCFC, write down the equation showing the reaction needed to produce 
polyvinyl fluoride. Show the full structural formulae of the organic compounds in your 
equation. 
 

For 
Examiner’s 

Use 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 

     [Total: 12]  
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Section B 
 

Answer one question from this section. 
 

12 Small pieces of different metals were added to the sulfate solutions containing different metal ions. 
The results are summarised in the table below. 
 
‘√’ represents that reaction is observed while ‘x’ represents that no reaction took place. 
 

            metal 
solution 

copper nickel iron scandium zinc 

copper(II)  √ √ √ √ 

nickel(II) x  √ √ √ 

iron(II) x x  √ √ 

scandium(II) x x x  x 

zinc x x x √  
 

For 
Examiner’s 

Use 

 

 (a) Arrange the given metals in increasing order of reactivity.  
 
……………………………………………….………………………………………………………… 
 

 
 
[1] 

 (b) (i) State the conditions required for rusting to occur. 
 
……………………….………………………………………………………………………….. 
 

 
 
[1] 

  (ii) State and explain whether attaching a block of zinc to iron will prevent the iron from 
rusting.  
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
 
 
 
[2] 

 (c) Describe the observations when zinc was placed into a test-tube containing copper(II) sulfate 
solution.  
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
 
 
 
[2] 
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 (d) In another experiment, zinc was added to a sample of iron(III) nitrate to produce iron. 
 

For 
Examiner’s 

Use 

 
  (i) Write a balanced chemical equation for the chemical reaction. State symbols are not 

required. 
 
……………………….………………………………………………………………………….. 
 

 
 
[2] 

  (ii) Describe the observation when a few drops of aqueous iron(III) nitrate was added into 
potassium iodide solution. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
[1] 
 

 (e) Scandium is found above carbon in the reactivity series.  
 
Name the method used to extract scandium from its ore.  
 
……………………………………………….………………………………………………………… 
 

 
 
 
 
[1] 
 

   [Total:10]  
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13 An experiment was conducted to study the properties of iron and its compounds.  
 
To extract iron from its ore, iron(III) oxide and carbon monoxide are made to react within a blast 
furnace.  
 
 
 
 
 
 
 
 
 
 
 
 
 
The temperatures within a blast furnace can be as high as 2000 oC. 
 

For 
Examiner’s 

Use 

 
 
 
 
 

 (a) The following chemical equation represents the formation of iron in the blast furnace. 
 

Fe2O3 + 3CO  2Fe + 3CO2 
 

 

  (i) Complete the table below. 
 

element 
oxidation state before 

decomposition 
oxidation state after 

decomposition 

Fe +3  

C  +4 
 

 
 
 
 
 
 
 
 
[2] 

  (ii) Name the substance that acts as a reducing agent in the reaction. Explain your answer. 
 
……………………….………………………………………………………………………….. 
  
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

blast furnace 
iron(III) oxide and 

carbon monoxide react 
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 (b) On a recent space mission on Mars, two large ores of impure barium were found.  
 
Each ores contains different amounts of barium carbonate.  
 
When excess dilute acid is mixed with the powdered ore, a gas is produced. The volume of 
gas formed is a measure of the amount of barium carbonate in the ore. 
 

For 
Examiner’s 

Use 

 

  (i) Design and describe an experiment that compares the amount of barium carbonate in 
the two different ores.  
 
You may include a diagram if it helps you answer the question. 
 
 
 
 
 
 
 
 
 
 
 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[4] 

  (ii) Other than using powered carbonates, describe one other measure that you had taken 
in (i) to ensure your experiment is fair. 
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
[1] 
 

  (iii) In the experiment, an assumption was made about the substances within the barium 
ores. The assumption made it possible to compare the amount of barium carbonate 
present in each of the ores. 
 
Deduce the assumption made.  
 
……………………….………………………………………………………………………….. 
 
……………………….………………………………………………………………………….. 
 

 
 
 
 
 
 
 
 
[1]  

     [Total: 10]  
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