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 Section A 
Answer all the questions in this section in the spaces provided. 

The total mark for this section is 50. 

 

 

A1 Table 1.1 shows a list of substances.  

                   

                                                            Table 1.1 
 

sodium graphite lead(II) hydroxide calcium carbonate       

lead(II)chloride chlorine iron(II) chloride            sulfur dioxide 

 
 

Use the list of substances to answer the following questions. Each substance can be 

used once, more than once, or not at all. 

 

Which substance  

  

 (a) can be decomposed by heat to give a gaseous product at room temperature 

and pressure?  

    

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

    

 (b) dissolves in both acids and alkalis?  

    

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

    

 (c) consists of particles that have the highest kinetic energy at room temperature 

and pressure?  

    

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

    

 (d) is formed during electrolysis of concentrated aqueous sodium chloride.  

    

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

    

 (e) has a giant covalent structure.  

    

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

   

                                                                                                                      [Total:5] 
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A2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       

Fig 2.1 shows an article from a textbook about elderberries. 

 

 
                                                       Fig 2.1 

 

 (a) The chromatogram, Fig 2.2, was obtained when water was added to a drop of 

elderberries extract at the centre of a filter paper.  

     

                            
                                             Fig 2.2 
 

(i) Predict the colour of the elderberries extract at pH 7.  

    

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

    

  (ii) An alternative set-up for the above experiment was shown in Fig 2.3 below. 

 
                                                                        Fig 2.3 
 

 

 

 

 

 

 

 

 

[1] 
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Given that the distance travelled by the dark pink dye is 1.00 cm, complete the 

table above by stating the distance travelled by the light blue and dark blue 

dyes. 

 (b) Fig 2.4 below shows how pH values changed during a titration when an acid 

was added from a burette into an alkali. A few drops of elderberries extract were 

added at the start of titration to monitor the pH of the solution. 

  

 

 
                                                            Fig 2.4 
 

(i) State and explain what could be one possible chemical formula of the alkali 

used.  

  

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

    

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

    

  (ii) State the colour of the elderberries extract when the volume of acid added 

was  

 

     20 cm
3
       ………………………  

 

     30 cm
3
       ………………………  

 
[2] 

 

  [Total:6] 

   

964



5 

	

A3 An unknown colourless solution, X, was spotted in the laboratory. 

Several tests were carried out as shown in Fig 3.1. 

 

    
Fig 3.1 

  

 (a) Identify gas Y and describe a test to confirm the identity.  

    

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

    

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

    

 (b) Identify solution Z and write balanced equation with states symbols for the 

formation of solution Z. 

 

 

 

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

    

  ………………………………………………………………………………............. [2] 
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 (c) Prior to the addition of silver nitrate solution, dilute nitric acid was added to 

unknown solution X. Explain the purpose of adding dilute nitric acid and how 

does the observation made lead to the conclusion. 

  

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

    

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

    

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

                                                                                                                                  

[Total:6] 

   

A4 Fig 4.1 is a label found on a bottle of cleaning agent.  It can be used to remove tarnish 

from steel pipes.  Read the information on the label and answer the questions that 

follow. 

  

 TOTALSHINE 
• Removes rust stains quickly and effectively.  

• Removes tarnishes and restores original shine of surfaces without damaging them.  

 

Directions:  

1. Pour directly on surface or apply on cloth or sponge to use.  

2. Leave it for 2 – 5 minutes and rinse with water.  

 

CAUTION:  
Not recommended for application on surfaces of marble.  

Active ingredient: Phosphoric acid (H3PO4), a weak acid 

  

 Fig 4.1 
                     

 (a) TOTALSHINE contains phosphoric acid.  With the help of an ionic equation, 

explain why phosphoric acid is a tribasic acid and a weak acid?  

  

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

 

……………………………………………………………………………………….. 

 

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

    

 (b) Explain why a steel pipe will tarnish after some time.   

    

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

    

 (c) Write a balanced chemical equation for the reaction that occurs when 

TOTALSHINE is applied to rust, Fe2O3.   

    

  ………………………………………………………………………………............. [1] 
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 (d) Why is it important to rinse the object with water after TOTALSHINE has been 

applied?    

    

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

    

 (e) Why TOTALSHINE should not be used to clean a dirty marble table top?  

    

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

    

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

                                                                                                                                  

[Total:6] 

 

A5 The bond dissociation energies of some hydrogen halides are shown in Fig 5.1.  Bond 

dissociation energy is the energy that must be provided to the molecule in order to 

break the bond. 

 
Fig 5.1  

  

 (a) Describe the trend shown in the above chart.  

    

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

    

 (b) Predict the bond dissociation energy of hydrogen astatide, HAt, by drawing the 

rectangular bar in the chart above. [1] 

    

 (c) (i) Suggest which one of the hydrogen halides forms the strongest acid.   

    

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

    

  (ii) Explain your answer to (c)(i).   

    

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

    

  ………………………………………………………………………………………. [1] 
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 (d) Hydrogen bromide can be produced by reacting hydrogen and bromine 

according to the following reaction.  

                                H2 (g) + Br2 (g) à 2HBr (g)  

The bond energies of some bonds are shown in Table 5.1 below. 

Table 5.1 

																																													 
Calculate the enthalpy change of this reaction and state whether it is exothermic 

or endothermic.    

 

 

 

                                              

 

 

 

 

  

   

 

 

 

 

[2] 

                                                                                                                                  

[Total:6] 

 

A6 Fig 6.1 shows the results of experiments involving the reaction of calcium and excess 

water, carried out under different conditions.  

 

 
Fig 6.1  

 (a) Explain why  

  (i) the first part of each curve has a steep gradient.  

    

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

    

  (ii) the last part of each curve is a horizontal line.  

    

  ………………………………………………………………………………............. [1] 
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 (b) (i) Name two factors that can result in the difference in the experimental results 

of experiments 1 and 2.  

    

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

    

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

    

  (ii) Use the ideas about collisions between particle to explain one of the factors 

identified in b(i).  

    

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

    

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

    

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

    

 (c) Another experiment was carried out and the results are shown as experiment 3 

in the Fig 6.1.  Explain what is the likely experimental condition in experiment 3 

as compared to experiment 1?  

    

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

    

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

    

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

                                                                                                                                  

[Total:7] 

   

A7 Pure titanium is extracted from its ore, rutile which has a chemical formula of TiO2. 

Rutile is first reacted with chlorine gas at 1000
o
C to produce titanium(IV) chloride and 

oxygen gas. The titanium(IV) chloride formed is then cooled and collected.  

 
 

 (a) (i)  Construct the chemical equation for the reaction described above.  

    

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

    

  (ii) Which is the oxidising agent in the reaction above? Explain your answer using 

oxidation states.  

    

  .........................................................................................................................  

    

  ………………………………………………………………………………............. [2] 
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 (b) Titanium (IV) chloride is then reacted with magnesium at 1100
o
C in a sealed 

reactor which is filled with argon gas. Titanium is then obtained at the end.  

    

  (i) Name the type of reaction described above.  Explain why the reaction can 

take place.  

    

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

    

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

    

  (ii) Other than magnesium, name another metal and explain why it can be used 

in the above reaction.  

    

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

    

  (iii) Why is it necessary for the reactor be filled with argon gas?  

    

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

                                                                                                                                  

[Total:7] 

 

A8 Fig 8.1 shows an experimental set-up to coat an object with copper using electroplating.  

 

  

 

                               Cell A                                             Cell B 
                                                     Fig 8.1 
 

 (a) On Fig 8.1, indicate the direction of electron flow. Explain your answer.  

    

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

    

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

    

 (b) A student would like to coat one of his metal toy object with copper.  At which 

electrode (1, 2, 3, or 4) should the object be placed in order for it to be coated 

with copper?  

    

  ………………………………………………………………………………............. [1] 
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 (c) Write the half-equations with state symbols for the reactions occurring at 

electrodes 1 and 2.  
  

  electrode 1:  

    

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

    

  electrode 2:  

    

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

    

 (d) Use half equations to explain whether there will be a change in colour intensity 

of the blue copper (II) nitrate solution in cell B throughout the experiment.   

    

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

    

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

    

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

    

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

   

  [Total:7] 
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 Section B 
Answer all three questions in this section. 

 

The last question is in the form of an either/or and only one of the alternatives should be attempted. 

 

B9 There are a range of atmospheric pollution problems currently threatening the Earth’s 

general environment. The increased use of fossil fuels has a negative effect on the 

health of the environment in terms of air and water pollution. 

 

Of all the fossil fuels, coal is the least expensive for its energy content. However, burning 

coal in electric power plants is a major source of carbon dioxide emissions. It also 

releases substantial amounts of methane. The U.S. Environmental Protection Agency’s 

Clean Power Plan, as well as the low cost of natural gas, is leading older coal plants to 

close and reducing interest in new coal plants. Alternative sources of energy used as 

fuels are thus constantly sought after to meet the increasing demands of human 

activities. 

 
Fig 9.1 below shows the changes in the type of fuel used between 1990 and 2002. 

 
 

Fig 9.1 
 

Air pollution is caused by solid particles and poisonous gases in the air. These substances 

are called air pollutants, which include carbon monoxide and unburnt hydrocarbons.  
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Fig 9.2 shows the relationship between the air : fuel ratio and the production of air 

pollutants by the vehicle engines.   

 

 
Fig 9.2 

 

 (a) Using information provided in Fig 9.1, give two main changes in the type of 

fuel used over 12 years from 1990 to 2002. Suggest an explanation for these 

changes and the effect on the environment. 

  

    

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

    

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

    

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

    

  .........................................................................................................................  

   

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

 

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

 

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

 

......................................................................................................................... 
 

[3] 
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 (b) Using the information from Fig 9.2, describe and explain the trend for the 

carbon monoxide curve.  

    

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

    

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

    

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

    

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

 

……………………………………………………………………………………….. 

 

……………………………………………………………………………………….. 

 

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

    

 (c) Estimate the optimum air : fuel ratio to minimise pollution by carbon monoxide 

and unburnt hydrocarbons. 

  

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

    

 (d) (i)   Suggest another air pollutant not mentioned in the graphs which is also 

produced by the vehicle engines.  

    

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

    

  (ii)   Name the device fitted in cars which is used to remove both the emissions 

of carbon monoxide and the pollutant you named in (d)(i) from the car 

engine.  Write a balanced equation for this reaction.   

    

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

    

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

    

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

                                                                                                                                  

[Total:10] 
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B10 A student carries out a series of experiments. In each experiment, he electrolyses 

aqueous copper (II) sulfate solution using the apparatus shown in Fig 10.1. 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        Fig 10.1 
 
He uses the same concentration of aqueous copper (II) sulfate each time, but changes 

the current he passes through the solution. He runs each electrolysis for 10 minutes. 

The student weighs the negative electrode before and after each experiment and works 

out the mass of copper deposited. 

 

Table 10.1 shows the results of his experiments. 

 

Table 10.1 
 

         experiment time / mins current / A mass of copper deposited / g 

1 10 1.0 0.21 

2 10 2.0 0.40 

3 10 3.0 0.58 

4 10 4.0 0.81 

   

 (a) (i)  Use data from the Table 10.1 to describe the relationship between the 

current and the mass of copper deposited.  

   [1] 

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

    

  (ii)  Explain the trend observed in (a)(i).  

    

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

    

  (iii) Explain why the student ran the electrolysis for 10 min for all the 

experiments.  

    

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

    

   

 

  

aqueous copper(II) sulfate 

975



16 

	

 (b) The student carries out another experiment. He passes an electric current of 

6.0 A  through a solution of copper(II) sulfate for 5 minutes. 

Use the information above to predict the mass of copper that would be 

formed in the experiment.  Explain how you derived at your answer by 

showing your calculation.  

   

 

 

 

 

  

    

    

   [2] 

    

 (c) At the end of the electrolysis, the student removes a sample of the 

electrolyte and puts it in a test tube. He then adds aqueous ammonia 

dropwise to the sample until there is no further change. 

Describe and explain what the student sees.  

    

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

 

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

    

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

    

 (d) The student carries out another electrolysis using aqueous silver nitrate and 

silver electrodes. His results are shown in Table 10.2. 

Table 10.2 
electrolyte time / mins current / 

Amps 

mass of silver 

deposited / g 

aqueous silver nitrate 10 4.0 2.7 

                                                 
 

  (i)   Write an ionic half equation with state symbols for the reaction that    

happens at the cathode. 

  

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

    

  (ii)   Carry out calculations to compare the difference in the number of moles 

of copper and the number of moles of silver that are formed when a 

current of 4.0 A is used for 10 minutes.  

       Suggest an explanation for the difference in the number of moles of 

each metal formed. 

 

 

 

 

 [2] 

 
 

                                                                                                                                 

[Total:10] 
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Either 
B11 

This question describes how some substances that can be obtained from 2 

different methods. 

 

 (a) Method 1 describes the extraction of zinc from its ore in the blast furnace 

 

The temperature inside the blast furnace in which zinc is extracted is around 

1000 °C.  

 

Table 11.1 gives some information about substances in the blast furnace in 

which zinc is extracted. 

Table 11.1 
 

substance melting point/ 
o
C boiling point/ 

o
C 

carbon sublimes at 4330 
o
C 

silicon(IV) oxide 1610 2230 

zinc 420 907 

 

Use the data in the Table 11.1 to explain why the molten zinc obtained does 

not contain high levels of impurities such as silicon(IV) oxide and carbon.  

    

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

 
 

  

………………………………………………………………………………………..  

    

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

 

……………………………………………………………………………………….. 

 

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

    

    

 (b) Method 2 describes the preparation of silver dichromate (VI) salt. 

Silver dichromate (VI), Ag2Cr2O7, is a red insoluble salt.  

Silver dichromate (VI) can be made by reacting ammonium dichromate        

[ (NH4)2Cr2O7 ] solution as one of the reactants.  

  

  (i) Suggest the other reactant and describe how it can be used to obtain 

pure dry solid silver dichromate.  

    

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

    

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

    

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

    

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

    

  ………………………………………………………………………………............. [3] 
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  (ii)   Ammonium dichromate and the reactant in (b)(i) were poured into 

opposite ends of a trough. Upon reaction, a red solid appeared along 

the line marked S in Fig 11.1 after five minutes.  

 

Fig 11.1  
 

 
 

 

 

   

Explain the position of the red solid on the line marked S.   

  

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

    

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

    

  (iii)   The experiment was repeated at a higher temperature.  

         What effect, if any, would this have on the time taken for the red solid 

to appear? Explain your answer. 

  

    

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

    

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

    

  (iv)   Predict the change in colour of silver dichromate (VI) when it reacts 

with a reducing agent.  

   

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

                                                                                                                                  

[Total:10] 

   

 

 

 

 

 

 

 

 

 

 

S	
	

water	
	

Ammonium 

dichromate	
	

reactant in 

(b)(i) 
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Or 
B11 

A laboratory assistant has six elements that are consecutively arranged in the Periodic 

Table. He randomly assigns each element a letter, T, V, W, X, Y and Z. The letters do 

not represent the atomic symbols and the order of the elements.  

He carried out some experiments on the elements and found the following properties.  

• V2  reacts with X2 to form a compound VX3.  

• Y forms a carbonate that decomposes to carbon dioxide and an oxide on heating.  

• W reacts with T2 to form W2T. W2T dissolves in water to form a solution that turns 

purple with addition of Universal Indicator.  

• Z is a gaseous element. It is used in advertising strip lights.  

 

 (a) Name the following elements  

    

  (i) T   ……………………………               (ii) W  ……………………………  

    

  (iii) Z ………………………….. [3] 

 

 (b) Write a balance equation for the between 

  

  (i)  Y and Cl2  

    

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

    

  (ii)  X2 and NaCl.  

    

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

    

 (c) (i)  State the industrial conditions required to produce VH3.  

     (H is hydrogen).  

    

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

    

  (ii)  Explain in terms of collision between reacting particles why one of the 

conditions named in c(i) is used.  

    

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

    

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

    

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

    

 (d) Explain in terms of structure and bonding why VX3 and W2T have very 

different electrical conductivity.  

    

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

    

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

                                                                                                                                  

[Total:10] 
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