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Section A (50 marks) 

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

1 The table shows the temperature of the thermal decomposition of some metal 

carbonates. 

metal 
minimum temperature of decomposition of 

carbonate/ °C  

calcium 840 

lead  

lithium 1300 

magnesium 402 

silver 210 
 

   

 (a) Construct a chemical equation for the decomposition of magnesium 

carbonate.                                                                                                        

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

 

 (b) With reference to the table above, describe how the temperature needed for 

the decomposition of carbonate relate to the reactivity of the metal. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

   

 (c) Predict the minimum temperature needed for the decomposition of lead(II) 

carbonate. 

Explain your reasoning. 

Temperature: ……………….. 

Reason: 

……………………………………………………………………………………… 

…………………………………………………………………………………...[1] 
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2 The diagram below shows two important industrial processes producing 

compounds for many other industries to manufacture plastics compounds, 

agricultural materials, explosives etc. 

 

 

 

                                   

 

 

 

 

 

 (a) State the conditions required for the Haber Process. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

   

 (b) Explain why air is not used as a raw material in the Haber Process. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

   

 (c) When the products of the Haber and Ostwald Processes are reacted 

together, a new compound is formed. 

Name the compound and state one use of this compound. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

hydrogen 

nitrogen  

catalyst   

gases cooled to 

liquefy ammonia    

unreacted 

gases   

liquid ammonia   water   air    

nitric acid   

Ostwald 

Process   

Haber 

Process   
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 (d) Haber Process : nitrogen to ammonia 

Ostwald Process : ammonia to nitric acid 

Write down the oxidation states of nitrogen for all three substances.       [1] 

  substance oxidation state 

nitrogen  

ammonia  

nitric acid  

 

   

 (e) Deduce whether oxidation or reduction has taken place in each process. 

  (i) Haber 

Process : ………………………………………...……...………………..[1] 

  (ii) Ostwald 

Process: ………………………...……………………...…….…………..[1] 

   

3 In recent years scientists have made tube-shaped structures of carbon called 

nanotubes. 

 

 

 

 

 

 

 

 

 

 

 

 (a) Predict, with explanation, if carbon nanotubes are able to conduct electricity. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

carbon atom 
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 (b) Carbon nanotubes are fifty times stronger than steel, which is a mixture of 

iron and carbon. Explain, in terms of structure and bonding, why carbon 

nanotubes are strong. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 

 (c) The iron in the steel has metallic bonding. Define metallic bonding. 

……………………………………………………………………………………… 

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

 

4 Elements X, Y and Z are found in Period 4 of the Periodic Table. The table below 

shows some information about the oxides of these elements. 

 oxides of 

X Y Z 

solubility in water insoluble Slightly soluble soluble 

reaction with 

aqueous sodium 

hydroxide 

oxide of X 

dissolves to form 

a colourless 

solution 

oxide of Y 
dissolves to form 

a colourless 

solution 

oxide of Z remains 

reaction with 

dilute hydrochloric 

acid 

oxide of X 

dissolves to form 

a colourless 

solution 

oxide of Y 

remains 

oxide of Z 

dissolves to form 

a colourless 

solution 

 

   

 (a) Based on the information in the table, arrange elements X, Y and Z 

according to increasing proton number. 

…………………………………………………………………………………...[1] 
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 (b) Give two reasons why element X cannot be lead. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

   

5 A few pieces of aluminium foil were warmed in a mixture of aqueous lead(II) 

nitrate and aqueous sodium hydroxide as shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) Name gas A. 

 

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

   

 (b) Gas A dissolves in water to form a solution.  

 

Suggest a pH value for the solution formed. 

 

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

   

gas A 

round-bottomed flask 

 

aqueous  

zinc chloride 

aqueous lead(II) 

nitrate and aqueous 

sodium hydroxide 

 

 

aluminium foil 

 

aluminium foil 

 

 

aluminium foil 
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(c) A grey deposit is formed on the pieces of aluminium foil.   

 

Explain how this grey solid is formed. 

 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 (d) Gas A is bubbled into aqueous zinc chloride until there is no further change.  

 

State the observations. 

 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

…………………………………………………………………………………...[1] 
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6 (a) The changes in the type of fuels used between 1990 and 2002 is shown 

below in figure 1.  

 

 

 

 

 

 

 

 

 

Using the information from figure 1, state two main changes in the types of 

fuels used between 1990 and 2002.  

Suggest an explanation for these changes. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 

  

1990 2002 

nuclear 22% 

hydro 1% 

other fuels 2% 

imports 2% 

coal 32% coal 67% oil 1% 

gas 40% 

gas 1% 
oil 7% 

nuclear 19% 

hydro and 

other fuel 2% 

imports 4% 

figure 1 
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 (b) The relationship between the air: fuel ratio and the production of pollutants 

by vehicle engines is shown below in figure 2. 

 

 

 

 

 

 

 

 

 

Using the information from figure 2, describe and explain the shape of graph 

for carbon monoxide. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 

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

monoxide and unburnt hydrocarbons. 

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

 

  

figure 2 

pollutant 

concentration 

unburnt hydrocarbon 

carbon monoxide 

high air content low air content 

air : fuel ratio 

12:1 14:1 16:1 18:1 20:1 22:1 24:1 
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7 Considerable scientific research is taking place to develop hydrogen as a fuel for 

the future. Scientists are especially interested in developing hydrogen as motor 

fuel because it burns more cleanly and more efficiently than petrol. 

 (a) Suggest what is meant by the statement “hydrogen burns more cleanly than 

petrol.” 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

   

 (b) Scientists use a term called the ‘energy density’ to compare fuels. Energy 

density is the energy produced from the combustion of one gram of a fuel. It 

can be calculated from the enthalpy (energy) change of the combustion of a 

fuel. 

It is found that 5473 kJ of energy is released when one mole of petrol 

consisting of hydrocarbon, C8H18, burnt in air. However, 287 kJ of energy is 

released when one mole of hydrogen burnt in air.  

  (i) Calculate the energy density of hydrogen and of petrol. Hence, 

determine which fuel has a greater energy density. 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                          [3] 
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  (ii) Petrol (C8H18) combusts completely to produce carbon dioxide and 

water. Complete the energy profile diagram below for the combustion 

of petrol. 

Show the names of the reactants and products, and label the 

activation energy for the reaction.                                                     [2] 

 

 

 

 

 

 

 

 

 

 

 

 

  (iii) Suggest a reason why petrol is the preferred fuel for motor vehicles 

despite the advantage of using hydrogen. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

…………………………………………………………………………….[1] 

 

 

 

 

 

Energy 

Reaction 
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  (iv) “Biogas’ is growing rapidly as an alternative energy supply, particularly 

in some countries. It is produced when carbohydrates in plants and 

animal waste were digested by bacteria. 

Biogas, which consists mainly of methane, is used as a fuel because 

of its exothermic reaction with oxygen. 

Explain why this reaction is exothermic in terms of bond breaking and 

bond making. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

…………………………………………………………………………….[2] 

 

8 Hydrogen fluoride attacks glass and is used to draw on glass. It is prepared by 

adding concentrated sulfuric acid to calcium fluoride. The reaction takes place at 

room temperature. 

                   CaF2 (s)  +  H2SO4 (l) à  2HF (g)  +  CaSO4 (s) 

 (a) When 15.6 g of a sample of calcium fluoride was reacted with 12.5 cm3 of 

20.0 mol/dm3 sulfuric acid at room temperature and pressure, 7.68 dm3 of 

hydrogen fluoride was formed. 

  (i) What is the limiting reactant in this reaction? 

 

 

 

 

 

 

 

                                                                                                        [2] 
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  (ii) Calculate the theoretical volume of hydrogen fluoride that was formed. 

 

 

 

 

 

 

 

 

 

                                                                                                        [2] 

 

 (b) Calculate the percentage purity of calcium fluoride. 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                  [2]                                                                                                    
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9 Chromatography is the general name applied to a series of separation methods 

that employ a system with two phases of matter; a mobile phase and a stationary 

phase. Analytes in a mixture to be separated interact with the stationary phase 

with different affinities. While moving through the system, carried along by the 

mobile phase (solvent), analytes with a low affinity for the stationary phase will 

tend to move along rapidly, while those with a high affinity will tend to lag behind. 

Thin Layer Chromatography (TLC) is a fast and inexpensive form of 

chromatography that has many uses in the organic laboratory. The retention 

factor (Rf) is simply the fractional distance the solute spot moves along the plate 

relative to the solvent front. The stationary phase in TLC is typically an adsorbant 

made of silica gel.  

 

 Analgesics are substances that relieve pain. The most common of these is 

aspirin. Other common analgesics include acetaminophen. Additionally, to 

counteract the acidic properties of aspirin, an inorganic buffering agent is added 

to some preparations. In some cases, caffeine is added to counteract the 

sedative effects of the analgesic.  

 

 TLC will be used to analyse a commercial analgesic tablet. The above-mentioned 

compounds will also be run on the same TLC for comparison. The retention 

factor value for each standard and each analyte spot produced by the 

commercial analgesic tablet will be determined. This will then allow the 

compounds used in the analgesic tablet to be identified. 

 

 Literature values of the compounds are listed as followed. 

 

compound melting point/ oC retention factor 

Acetaminophen 168.0 0.333 

Aspirin 136.0 0.639 

Caffeine 236.1 0.125 

  

 The retention factor values are obtained after each of the components, X, Y and 

Z, are isolated and were analysed using TLC. 

 

compound melting point/ oC retention factor 

X 132.1 – 132.2 0.676 

Y 166.2 – 168.2 0.378 

Z 234.3 – 235.5 0.189 
 
Source: https://infohost.nmt.edu/~jaltig/TLC.pdf  

 (a) Use the literature information provided to name the components, X, Y and 

Z.                                                                                                                  [1] 

name of X name of Y name of Z 
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 (b) Based on the literature Rf values, which of the compounds has the highest 

affinity to the stationary phase, silica gel?  

 

Explain your reasoning.   

 

…………………………………………………………………………………… 

 

…………………………………………………………………………………… 

 

………………………………………………………………………………… [2] 

 

 (c) What can you conclude about the literature melting points and the 

experimental melting points? 

 

Explain your reasoning. 

 

…………………………………………………………………………………… 

 

…………………………………………………………………………………… 

 

………………………………………………………………………………… [2] 
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Section B (30 marks) 

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. 

10 Aqueous chlorine dioxide, a yellow solution, reacts with an alkali according to the 

following equation: 

           2ClO2 (aq)  +  2OH− (aq) à  ClO3− (aq)  +  ClO2− (aq)  +  H2O (l) 

            yellow                                  colourless       colourless 

A student carried out different experiments to investigate the rate of reaction 

using different concentrations of aqueous chlorine dioxide and alkali. In each 

experiment, she measured how quickly the colour of chlorine dioxide 

disappeared.  

The table shows the results obtained with differing concentrations of aqueous 

chlorine dioxide and alkali used in each experiment. 

experiment concentration of 

ClO2 / mol/dm3 

concentration of 

OH− / mol/dm3 

rate of 

disappearance of 

ClO2 / mol/dm3 

1 0.020 0.030 0.00276 

2 0.040 0.030 0.01104 

3 0.020 0.060 0.00552 

4 0.040 0.060 0.02208 

5 0.040 0.090 0.03312 

6 0.120 0.030 0.09936 

 

The reaction of aqueous chlorine dioxide with alkali is interesting because it is 

an example of disproportionation reaction. Disproportionation happens when the 

oxidation state of the same element both increases and decreases in the 

reaction. 
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 (a) Describe the trend in the rate of reaction with respect to the concentration 

of the reagents used. 

Explain and justify your answer using the results in the table, stating clearly 

the experiment number you are using for each reagent. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 

 (b) Using Collision Theory, explain the trend stated in (a). 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

…………………………………………………………………………………...[2] 
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 (c) Two students have different opinions about the data. 

student 1 : I think that the rate of reaction depends on the 

concentration of aqueous chlorine dioxide to a greater 

extent. 

student 2 : I think that the rate of reaction depends on the 

concentration of alkali to a greater extent. 

 

Who do you agree with? Explain your answer using the results from the 

table. State which experiment number you are using, and show clearly how 

you arrived at your answer. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

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

 

 (d) Predict the rate of disappearance of ClO2, if the experiment was conducted 

using 0.040 mol/dm3 of ClO2 and 0.120 mol/dm3 of OH−. 

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

   

 (e) Use the idea about oxidation state to explain why the reaction of chlorine 

dioxide with an alkali is a disproportionation reaction. 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

…………………………………………………………………………………...[2] 
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11 The diagram shows the electrolysis of three different solutions using inert 

electrodes.  

        

 (a) (i) Write equations for the reactions that happens at each electrode in 

Cell B during electrolysis. Include state symbols. 

Cathode: …………………………………………………………………… 

Anode:…………………………………………………………………….[2] 

    

  (ii) Describe two observations that takes place at Cell B.  

Explain your observations. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

…………………………………………………………………………….[4] 

copper (II) 

sulfate 

solution 

silver 

nitrate 

solution 

concentrated 

sodium chloride 

solution 

A 

A B C 
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 (b) It was recorded that at room temperature and pressure, 6.0 dm3 of oxygen 

was liberated from Cell A. 

  (i) Calculate the increase in mass of the cathodes in Cell A. 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                   

                                                                                                         [2] 

  (ii) What is another observation in Cell A? Explain your observation. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

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

12 The diagram below shows an electrolytic setup. It consists of cell A where the 

2 electrodes are zinc and copper and Cell B where the 2 electrodes are made 

of graphite. 

 

  

 

 

 

 

 

 

 

 

 (a) For Cell A, 

  (i) Indicate on the diagram the direction of electron flow with an arrow.[1]                                                                                                                   

 

  (ii) Write an ionic equation with state symbols for the reaction that takes 

place at the positive electrode. 

…………………………………………………………………………...[1] 

 

  (iii) If the dilute sulfuric acid is replaced by ethanol, will there be a reading 

on the ammeter? Explain your answer. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

…………………………………………………………………………...[2] 

 

zinc copper  

ammeter to 

measure current 
A 

cell A 

dilute sulfuric 

acid 

graphite electrode D graphite electrode C 

aqueous sodium 

sulfate and 

litmus solution 

Cell B 
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  (iv) Without changing the copper electrode, what change in ammeter 

reading would be obtained if the zinc electrode is replaced by 

magnesium?  

Explain your answer. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

…………………………………………………………………………...[2] 

 

 (b) For cell B, 

  (i) State clearly the products formed at each electrode. 

……………………………………………………………………………… 

…………………………………………………………………………...[1] 

 

  (ii) Write the ionic equation for the reaction that takes place at electrode 

D. 

…………………………………………………………………………...[1] 

 

  (iii) The litmus solution around electrode C turns blue after some time.  

Explain this observation.  

……………………………………………………………………………… 

…………………………………………………………………………...[1] 

 

  (iv) When graphite is replaced by aluminium at electrode D, the ammeter 

shows a reading for a short while before zero is obtained.  

Why is there no reading? 

……………………………………………………………………………… 

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

12 The table below shows a study of a precipitation reaction between dilute sulfuric 

acid and aqueous barium hydroxide. 

The reaction tubes contain different volumes of barium hydroxide and dilute 

sulfuric acid as stated in the table. To each tube, two drops of methyl orange 

indicator are added. Precipitate occurs in all reaction tubes and after 20 minutes, 

the height of the precipitate in each tube is measured and recorded. 

reaction tube 1 2 3 4 5 6 

volume of 0.50 mol/dm3 of 

barium hydroxide (cm3) 

5.0 5.0 5.0 5.0 5.0 5.0 

volume of 1.00 mol/dm3 of 

sulfuric acid (cm3) 

1.0 1.5 2.0 2.5 3.0 3.5 

height of precipitate (cm) 2.5 3.0 3.5 4.0 4.0  

 

  

 (a) What is the name of the precipitate produced in the reaction? 

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

   

 (b) What is the colour of the solution that is observed in 

  (i) reaction tube 1? 

……………………………………………………………………..……...[1] 

  (ii) reaction tube 5? 

………………………………………………………………………..…...[1] 

    

 (c) (i) Predict the height of the precipitate in reaction tube 6. 

………………………………………………………………………..…...[1] 

 

 

  

(ii) 

 

Explain briefly for your answer to c(i). 

……………………………………………………………………………… 

………………………………………………………………..…………...[1] 
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 (d) The electrical conductivity of each reaction tube was measured.  

Sketch a graph of electrical conductivity against the reaction tube number.     

 

 

 

 

 

 

 

 

                                                                                                                   [2] 

   

 (e) A student tried to prepare two salts, lead (II) sulfate and sodium nitrate, using 

the method described in the paragraph below.  

Aqueous lead (II) nitrate was mixed with aqueous sodium sulfate and the 

precipitate of lead (II) sulfate was obtained by filtration. The residue was 

dried in an oven. The filtrate was heated until the solution is saturated. 

Crystals of sodium nitrate was formed when the saturated solution was 

cooled. 

  (i) State one missing step in the preparation of lead (II) sulfate. 

……………………………………………………………………………… 

……………………………………………………………………………… 

………………………………………………………………..…………...[1] 

    

  (ii) Explain why the student could not obtain pure crystals of sodium 

nitrate using the method described above. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………..……………...[1] 

electrical conductivity 

reaction tube number 
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  (iii) Name a suitable method to prepare pure crystals of sodium nitrate. 

………………………………………………………………………..…...[1] 

 

End of Paper  
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