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Section A – Multiple Choice Questions [20 marks]     
Answer all questions. For each question, there are four possible answers (A, B, C, and D). Choose 
the most appropriate answer and record your choice in the separate Answer Sheet provided.  
 

  

1 Which row shows the source and effect of the pollutant? 
 

  pollutant source effect 
 A carbon monoxide combustion of fuels global warming 
 B oxides of nitrogen lightning  irritates eyes and lungs 
 C sulfur dioxide acid rain volcanic eruptions 
 D unburnt hydrocarbon decay of plant matter acid rain 
  

 
2 Which pair of reagents is most suitable to prepare copper(II) chloride? 

 
 A copper and dilute hydrochloric acid 
 B copper(II) hydroxide and dilute hydrochloric acid  
 C copper(II) nitrate solution and dilute hydrochloric acid 
 D copper(II) sulfate solution and sodium chloride solution 
   

 
3 The table provides information about the electrical conductivity of four substances. 

 

substance electrical conductivity 
in solid state in molten state in aqueous state 

W no no no 
X yes yes no  
Y no yes yes 
Z no no yes 

 
Which row is correct? 
 

  W X Y Z  
 A copper citric acid diamond sodium chloride  
 B citric acid sodium chloride copper diamond  
 C diamond copper sodium chloride citric acid  
 D sodium chloride diamond citric acid copper  
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4 The structural formula of hydrazine, N2H4, is given below. 

 

 
 

What is the total number of electrons involved in bonding? 
 

 A 5 
 B 6 
 C 10 
 D 14 
   

 
5 The diagram shows part of the Periodic Table. 

 
                  

P                Q  
            R    S  
                  

T        U          
                  
                  
                                    
                  

 
Which statement is correct? 
  

 A T is denser than U. 
 B Q is more reactive than S. 
 C P has a lower melting point than T. 
 D R has less metallic character than S. 
  

 
6 Which equation represents an endothermic reaction? 

 
 A C(s) + O2(g) → CO2(g) 
 B CaCO3(s) → CaO(s) + CO2(g) 
 C Zn(s) + CuSO4(aq) → ZnSO4(aq) + Cu(s) 
 D HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l) 
  

 
 
 
 
 
 

H 

N N 

H H 

H 
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7 Which statement is correct about the Haber process? 
 

 A Increasing the pressure speeds up the reaction. 
 B Hydrogen is obtained from the fractional distillation of air.  
 C A high yield of ammonia is favoured by high temperature. 
 D Magnesium catalyst is used to increase the production of ammonia. 
 
 

 

8 A molecule of hydrocarbon C12H26 undergoes cracking to produce one hexane molecule 
and a number of ethene molecules. How many ethene molecules are produced? 
 

 A 1 
 B 2 
 C 3 
 D 4 
  

 
9 Gas pressure is one of the factors affecting the rate of reaction. 

 
Which reaction is not affected by changes in pressure? 
 

 A CuO(s) + H2(g) → Cu(s) + H2O(l) 
 B Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g) 
 C Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g) 
 D CO2(g) + Ca(OH)2(aq) → CaCO3(s) + H2O(l) 
  

 
10 Ferrites are compounds that consist of iron oxide and one other metal. One such ferrite 

contains 18.5% calcium and 51.9% iron by mass.  
 
What is the empirical formula of the ferrite? 
 

 A CaFe2O 
 B CaFe2O4 
 C Ca2FeO2 
 D Ca4Fe2O 
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11 The diagram shows the fractional distillation of petroleum.  

 

 
 

Which row shows the fractions obtained? 
 

  1 2 3 4 
 A bitumen diesel kerosene petrol 
 B kerosene petrol bitumen diesel 
 C petrol kerosene diesel bitumen 
 D diesel bitumen petrol kerosene 
   

 
12 In what way is ammonia separated from the reaction mixture when it is produced during the 

Haber Process? 
 

 A by dissolving the reactants 
 B by cooling the reaction mixture  
 C by filtering out the reactants using cotton wool 
 D by passing the reaction mixture through fused calcium oxide 
  
  
13 A 14.0 g sample of nitrogen gas contains the same number of atoms as 23.0 g of element Z 

which is monoatomic.  
 
What is the relative atomic mass of Z? 
 

 A 7 
 B 14 
 C 23 
 D 46 
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14 Galvanising is a method used to coat the surface of iron with a layer of zinc or tin to 
prevent rusting.  
 
Which statement explains why zinc is a better choice than tin? 
 

 A Zinc has a lower density than tin. 
 B Zinc is more readily reduced than tin. 
 C Zinc loses electrons more readily than tin. 
 D Zinc has a lower relative atomic mass than tin. 
   
   
15 The diagram shows a simple cell.  

 

 
 
Which statement is correct? 
 

 A Zinc oxidises and becomes smaller. 
 B Copper oxidises and becomes smaller.  
 C Effervescence of hydrogen gas is observed at the zinc electrode.  
 D Effervescence of oxygen gas is observed at the copper electrode.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aqueous 
copper(II) 
sulfate 

zinc copper 

voltmeter 
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16 Small portions of aqueous potassium iodide and acidified potassium manganate(VII) were 

added to four solutions separately.  
 
The table shows the observation seen.  
 

solution number potassium iodide potassium 
manganate(VII) 

1 colourless to brown purple to colourless 
2 colourless to brown no observable change 
3 no observable change purple to colourless 
4 no observable change no observable change 

 
Which solution(s) show the presence of an oxidising agent? 
 

 A 3 only B 1 and 2 only 
 C 1 and 3 only D 2 and 4 only 
  

 
17 How many isomers does C3H6Cl2 have? 

 
 A 2 
 B 3 
 C 4 
 D 5 
  

 
18 Cooking oil contains a mixture of saturated and unsaturated fats. An unsaturated fat 

molecule has a relative molecular mass of 300. 
 
75 g of the fat reacts with 120 g aqueous bromine.  
 
How many carbon-carbon double bonds are there in each molecule of fat? 
 

 A 2 
 B 3 
 C 4 
 D 6 
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19 Solution X is gradually added to solution Y, followed by addition of dilute nitric acid. 
 
The graph shows the change in mass of precipitate formed. 
 

 
 
Which row is correct? 
 

  solution X anions present in solution Y 
 A aqueous barium nitrate chloride, carbonate 
 B aqueous barium nitrate iodide, sulfate 
 C aqueous silver nitrate chloride, carbonate 
 D aqueous silver nitrate iodide, sulfate 

            mass of precipitate/ g 

addition of 
solution X 

addition of dilute nitric acid 

 

volume of reagents/cm3 
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------ End of Section A ----- 
 

  
20 The diagram shows a set up with three electrolytic cells. Carbon electrodes are used and 

the respective electrolytes are shown. 0.500 mol of electrons flows through the circuit in 
the first minute. 
 

 
 
Which row shows the masses of metals deposited at the cathodes at the end of one 
minute? 
 

  mass of silver /g mass of copper /g mass of aluminium /g 
 A 54.0 16.0 0.0 
 B 54.0 16.0 27.0 
 C 108.0 64.0 0.00 
 D 108.0 64.0 27.0 

direct current supply 

silver nitrate 
solution 

copper(II) 
sulfate solution 

aluminium nitrate 
solution 
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Section B – Structured Questions [60 Marks] 
Answer ALL questions and write your answers in the spaces provided. 
 
21 The diagram below shows the reaction scheme of an insoluble metal oxide, A, which 

undergoes a series of reactions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Identify the substances below.  
 

 

  A 
 

………………………………………..   

  B 
 

………………………………………..   

  C 
 

………………………………………..   

  D 
 

………………………………………..   

  E 
 

………………………………………..  [5] 

     
 (b) Write an ionic equation to show the reaction between A and B.  

 
 

  …………………………………..………........................................................................... [1] 
 

     [Total: 6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

metal oxide, A 

pale yellow solution, C 
is formed  

add dilute acid, B 

gas, E evolved turns 
moist red litmus paper 

blue add aq. NaOH, 
Al foil and warm 

reddish-brown 
precipitate, D is formed 

add excess 
aq. NaOH 
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22 X belongs to Group I in the Periodic Table. 

  
 (a) Give two physical properties of X. 

  
  …………………………………..……….................................................................................. 

 
  …………………………………..………........................................................................... [2] 
    
 (b) A piece of X is added to cold water containing a few drops of Universal Indicator solution.  

 
  (i) Write a chemical equation, including state symbols, for the reaction. 

  
   …………………………………..………................................................................... [2] 
     
  (ii) State the colour change observed in the reaction.  

  
   …………………………………..………................................................................... [1] 
     
 (c) X is below sodium in Group I of the Periodic Table.  

 
State and explain the differences in their reactivities in cold water.  
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [2] 
 

[Total: 7] 
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23 The table below shows some information about three hydrogen halides. 
 

hydrogen halide relative molecular 
mass, Mr 

melting 
point / °C 

boiling 
point / °C 

hydrogen chloride 36.5 − 114 − 85.1 
hydrogen bromide 81.0 − 86.9 − 66.8 
hydrogen iodide 128 − 50.8 − 35.4 

   
 (a) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer shell electrons in 

hydrogen chloride.  
 

  
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [1] 

    
 (b) State and explain, in terms of bonding, the general trend in melting point of hydrogen 

halides. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [3] 
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 (c) Hydrogen halides are soluble in water. When dissolved in water, hydrogen halides 

dissociate to form hydrogen and halide ions.  
 

hydrogen halide bond energy/ kJ mol−1 name of acid formed 
HCl 431 hydrochloric acid 
HBr 366 hydrobromic acid 
HI 299 hydroiodic acid 

 
The larger the extent of dissociation of the hydrogen halide molecule, the stronger the 
acid. 
 
Using the data provided, state and explain which of the three acids is the strongest.  
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [3] 
 

[Total: 7] 
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H 

C C 

H 

H C 

H 

H 

H   +     5O2          3CO2     +     4H2O 

H 

H 

24 Propane is a highly flammable gas.  
 
The equation for the complete combustion of propane is shown below.  
 

 
  
 
 
 
 
The table below shows the bond energies of some chemical bonds. 
 

bond bond energy (kJ/mol) 
C – H 413 
C – C 348 
C = O 799 
O – H 463 
O = O 495 

   
 (a) Calculate the enthalpy change for the combustion of 1 mole of propane. 

  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [3] 

  
 

 
 

 (b) Explain, in terms of bond breaking and bond forming, why the reaction is exothermic. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [2] 
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 (c) Complete the energy profile diagram for the complete combustion of propane.  

 
Your diagram should include: 
• the identities of the reactants and products of the reaction, and 
• labels to show the enthalpy change of reaction and the activation energy. 

  
  

 [2] 
    

[Total: 7] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

energy 

progress of reaction 

 



 Raffles Girls’ School (Secondary)  Year 4 End-of-Year Assessment 
 

                                                                                                                                                  16 

25 A student investigated the rate of reaction between calcium carbonate and hydrochloric acid. 
 
Experiment A: 20.0 cm3 of 1.0 mol/dm3 of hydrochloric acid reacted with an excess of large 
lumps of calcium carbonate at room temperature.  
 
The results of the experiment is shown in the graph. 
 

 
 

 (a) Explain what is meant by ‘effective collision’ in a chemical reaction.  
  

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [2] 
    
 (b) A further experiment was carried out where the temperature was raised to 50 °C.  

 
Explain, using collision theory, how this will affect the rate of reaction.  
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [3] 
   

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Volume of CO2 / cm
3 

Time / min 

A 
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 (c) Two further experiments were carried out. 

 
Experiment B: 20.0 cm3 of 0.5 mol/dm3 of hydrochloric acid reacted with an excess of 
large lumps of calcium carbonate at room temperature 
 
Experiment C: 20.0 cm3 of 1.0 mol/dm3 of hydrochloric acid reacted with an excess of 
powdered calcium carbonate at room temperature 

 
  Sketch and label the results of these experiments on the graph. [2] 
    
 (d) A student repeated Experiment A using 20.0 cm3 of 1.0 mol/dm3 of sulfuric acid. She 

observed that the initial reaction appeared faster than in Experiment A, but did not reach 
completion.  
 
Explain her observations.  
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..……….................................................................................. 
 

  …………………………………..………........................................................................... [2] 
 

[Total: 9] 
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26 (a) When 10.0 cm3 of a gaseous hydrocarbon CxHy reacted with excess oxygen, 60.0 cm3 of 
gases and 0.0375 g of water was collected. After bubbling the products into excess 
aqueous sodium hydroxide, only 20.0 cm3 of gas was collected. All volumes were 
measured at room temperature and pressure.  
 

  (i) Explain why there is a decrease in the volume of gases collected after bubbling the 
products into excess aqueous sodium hydroxide.  
 

   …………………………………..………........................................................................... 
 

   …………………………………..……….................................................................... [1] 
 

  (ii) Calculate the mole ratio CxHy : CO2 : H2O in the reaction. 
 

    
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 

  (iii)  Hence, deduce the molecular formula of the hydrocarbon. 
 

 

     
 
 
 
 
 
 
 
 
 
 
 
 
[1] 
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 (b) Octane can be ‘cracked’ to produce butene which can then be separated by fractional 

distillation. 
 

  (i) State the conditions necessary for this reaction to take place.  
 

   …………………………………………………………………………………………….. 
 

[1] 

  (ii) Draw and name the full structural formulae of the product obtained when but-1-ene 
reacts with steam and aqueous chlorine respectively.  
 
 

product of but-1-ene with steam product of but-1-ene with aqueous 
chlorine 

full structural formula: 
 
 
 
 
 
 
 
 
 
 
 

full structural formula: 
 

 
 

name:  name: 
 

    [4] 
 

[Total: 10] 
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27 (a) Standard electrode potentials (E°) are also known as reduction potentials. They measure 
how easily a substance is reduced.  
 
The E° values for some substances are shown below. 
 

Ag+(aq)  +  e  ⇌  Ag(s) E° = +0.80 V 

Ba2+(aq)  +  2e  ⇌  Ba(s) E° = -2.90 V 

Co2+(aq)  +  2e  ⇌  Co(s) E° = -0.28 V 

Cu2+(aq)  +  2e  ⇌  Cu(s) E° = +0.34 V 

2H+(aq)  +  2e  ⇌  H2(g) E° = 0.00 V 

Mg2+(aq)  +  2e  ⇌  Mg(s) E° = -2.38 V 

Zn2+(aq)  +  2e  ⇌  Zn(s) E° = -0.76 V 

 
The more positive the E° value, the more likely the forward reaction takes place and the 
more easily the substance is reduced.  
 
Conversely, the more negative the E° value, the more likely the reverse reaction takes 
place and the more easily the substance is oxidised.  
 
As the reactivity of metals increases, the E° values becomes increasingly negative. 
 

  (i) State the most reactive metal from the list.  
 

   …………………………………………………………………………………………... [1] 
 

  (ii) A piece of zinc metal was added to a colourless solution of barium nitrate in                
test tube A while another piece of zinc metal was added to a pink solution of            
cobalt(II) nitrate in test tube B. 
 
State the observation(s), if any, in the two test tubes and write relevant ionic 
equation(s) to support your answer.  
 

   observations: …………………………………………………………………………………. 
 
……………………………………………………………………………………...…………… 
 
………………………………………………………………………………...………………… 
 
………………………………………………………………………………...………………… 
 
ionic equation(s): ……………………………………………………………………..……… 
 

   ……………………………………………………………………………….……………... [3] 
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  (iii) Will barium carbonate require a higher or lower temperature than cobalt(II) carbonate 

to decompose? 
 
Explain your answer.  
 

   …………………………………..………........................................................................... 
 

   …………………………………..………........................................................................... 
 

   …………………………………..………........................................................................... 
 

   …………………………………………………………………………………………... [2] 
    
  (iv) The reactions of two metals X and Y are given in the table below.  

 
metal X No visible reaction observed between metal X and acid.  

Metal X displaces copper from its solution.  
metal Y Hot metal Y reacts readily with steam but not with cold 

water.  
Metal Y displaces zinc from its solution.  

 
Use the information above to predict the E° values of metals X and Y.  
 

   Metal X: …………………………………. 
 
Metal Y: …………………………………. 
 

 
 

[2] 

 (b) The diagram shows a simple cell.  
 

 
 
 

 

  (i) Write down the ionic half-equations, including state symbols, for the reaction at the 
electrodes.  
 

   cathode: ………………………………………………………………………..……..      
 

   anode: ………………………………………………………………………………… [2] 
     

magnesium copper 

aqueous 
copper(II) 

sulfate 
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  Magnesium metal is replaced with silver and metals P, Q and R. The voltmeter readings for 
the different setups are as shown below.  
 

metal voltmeter reading / V 
magnesium +2.72 

silver -0.46 

P +0.48 

Q +0.78 

R -0.70 
 

   
(ii) 

 
Arrange the metals, copper, magnesium, silver, P, Q and R in increasing order of 
reactivity. 
 

   …………………………………………………………………………………………... [1] 
      
  (iii) Explain your answer in (ii). 

 
   …………………………………..………........................................................................... 

 
   …………………………………..………........................................................................... 

 
   …………………………………..………........................................................................... 

 
   …………………………………..………........................................................................... 

 
   …………………………………..………........................................................................... 

 
   …………………………………………………………………………………………... [3] 

 
 [Total: 14] 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

------ End of Section B ----- 
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