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Section A 

Answer all questions. 

 

1 
 
 
 
 
 
 
 
 
 
 

The electronic structures of five atoms, A, B, C, D and E, are shown. 
 

A B C D E 
 
 

 
 

    

 

 (a) Answer the following questions about these electronic structures. 
Each electronic structure may be used once, more than once or not at all. 
 
State which electronic structure, A, B, C, D or E represents: 
 

  (i) an atom of an element in Group 2 of the Periodic Table 
    

………………………...…………………………………………………………,……..[1] 
    
  (ii) an atom of a very reactive metal 
    

…………………………………………………...…………………………………,…..[1] 
    
  (iii) an atom with a proton number of 17 
    

…………………………………………………...………………………………,……..[1] 
    
  (iv) an atom that forms a stable ion with a charge of 2− 
    

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

 
 (b) Atoms B and C reacts to form a compound. Draw a ‘dot-and-cross’ diagram to show the 

bonding between atoms B and C. 
 
Show outer electrons only. 

   
 
 
 
 
 
 
 
 
 

[2] 
   
   [Total: 6] 
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2 Silver dichromate, Ag2Cr2O7, is a red insoluble salt. 
 
Silver dichromate can be made by reacting silver nitrate solution with ammonium dichromate 
solution as shown by the equation below. 
 

2AgNO3 + (NH4)2Cr2O7 → 2NH4NO3 + Ag2Cr2O7 

 
 (a) (i) Describe how you can obtain pure and dry solid silver dichromate after mixing 

silver nitrate solution and ammonium dichromate solution. 
    

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

……………………………………………………………………………..…….……..[2] 
    
  (ii) Describe the steps that you would take to determine if silver nitrate solution is 

present in the reaction mixture after the reaction stops. 
    

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

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

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

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

 
 (b) (i) Deduce the oxidation state of chromium in Ag2Cr2O7. 
    

……………………………………………………………………………..…….……..[1] 
    
  (ii) Write the ionic equation, with state symbols, for the formation of silver dichromate 

in this reaction. 
    

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

 
 (c) The apparatus shown below is set up. 

 
 
After five minutes, a red solid appeared at the position marked S on the diagram. 
 

  (i) Explain why a red solid appeared at the position marked S. 
    

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

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

………………………………………………………………………………..….……..[2] 
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  (ii) The experiment is then 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. 

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

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

    
   [Total: 11] 
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3 A student investigated the change in mass when hydrated cobalt chloride is heated. The 
chemical equation for the reaction is: 
 

CoCl2•6H2O → CoCl2 + 6H2O 

 
This is the method used. 
 

1. Add 2.0 g of hydrated cobalt chloride to an empty test tube. 

2. Measure the mass of the test tube and contents. 

3. Heat the test tube and contents gently for 30 seconds. 

4. Allow the test tube and contents to cool. 

5. Measure the mass of the test tube and its contents. 

6. Repeat steps 3 to 5 until the mass of the test tube and its contents do not change. 

 
 (a) Predict if the mass of the test tube and its contents increase or decrease after heating. 

Give a reason for your answer. 
   

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

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

 
 (b) Suggest why the test tube and its contents were heated until the mass did not change. 
   

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

 
 (c) (i) When 238 g of hydrated cobalt chloride is heated until the mass does not change, 

88.1 kJ of energy is taken in. 
 
Calculate the energy taken in when the student heated 2.00 g of hydrated cobalt 
chloride until the mass did not change. 

    
 
 
 
 
 
 
 
 
 
 
 

Energy taken in = ………………………..kJ  [2] 
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  (ii) Complete the energy profile diagram for the decomposition of hydrated cobalt 
chloride. 
 
Your diagram should show: 

• chemical formula of the products of the reaction, 

• labels to show the activation energy and enthalpy change of the reaction. 
 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 

   [Total: 7] 
    
    

 

  

energy 

CoCl2•6H2O 

progress of reaction 
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4 The diagram shows a Group in a Periodic Table designed by John Newlands in 1864. The Group 
contains elements found in Group 17 (the halogens) of the modern Periodic Table and other 
elements. 

H 

F 

Cl 

Co/Ni 

Br 

Pd 

I 

Pt/Ir 

 
 

 (a) Use the modern Periodic Table to suggest why Newlands put cobalt and nickel in the 
same place. 

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

   
 

 (b) Cobalt, nickel, palladium, platinum and iridium are now classified as transition elements. 
State two ways in which the properties of transition elements are different from halogens. 

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

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

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

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

   
 

 (c) Hydrogen is difficult to be placed in the modern Periodic Table. 
 

  (i) State one way in which hydrogen is similar to the elements in Group 1. 
    

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

………………………………………………………………………………………......[1] 
    
  (ii) State one property of hydrogen which makes it similar to the elements in Group 17. 
    

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

…………………………………………………………………………………………...[1] 
    
   [Total: 5] 
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5 A car manufacturer is planning to sell hybrid cars powered by a type of hydrogen fuel cell that 
uses acid electrolyte. A representation of the hydrogen fuel cell is given below. 

 

 
 
 
 
 
 
 
 
 
 
 

The overall cell reaction is 2H2(g) + O2(g) → 2H2O(g)  

 
 (a) State if oxidation or reduction has occurred at electrode A. Explain your answer. 
   

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

 
 (b) Identify product C. 
   

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

 
 (c) Write an equation for the reaction that occurs at electrode B when the switch is closed. 
   

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

 
 (d) Identify one advantage and one disadvantage of using this fuel cell instead of a petrol 

engine to power the car. 
   

advantage………………………………………………..………………………………….……. 
   

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

disadvantage…………………………………………………..…………………………………. 
   

……………………………………………………………….………………………………......... 
  [2] 
    
   [Total: 5] 
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6 This diagram shows an electrolysis tank used industrially to produce aluminium from aluminium 

oxide. Pure aluminium oxide melts at 2045 C. 

 
 (a) One reason that this process is expensive is that the graphite anodes need replacing 

regularly.  
 
Explain why the graphite anodes need replacing regularly. 

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

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

   
 

 (b) Adding molten cryolite reduces the cost of the process by lowering energy demand. 
Explain how adding molten cryolite reduces the energy demand of the process. 

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

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

   
 

 (c) Aluminium has many uses because of its resistance to corrosion. 
 
Aluminium resists corrosion because it reacts with the air to form a thin layer of aluminium 
oxide.  
 
The thickness of this layer can be increased artificially by placing pure aluminium as the 
positive electrode in the electrolysis of dilute sulfuric acid. Oxygen produced forms on the 
surface of the aluminium and reacts with the metal to form a thicker oxide layer. 
 
Explain, with the help of half equation, how oxygen is formed on the surface of aluminium 
during the electrolysis of dilute sulfuric acid. 

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

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

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

   
……..……………………………………………………………………………………..…......[2] 
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 (d) The diagrams below show the experimental results when metal X, aluminium and metal Y 
are added to dilute hydrochloric acid respectively. 
 

 
 

  (i) Arrange the metals, metal X, aluminium and metal Y, from the most reactive to the 
least reactive. 

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

    
  (ii) Describe the observation that will be made when aluminium is placed in the green 

solution obtained from experiment 1. 
    

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

…………………………………………………………………………………….….....[2] 
    
  (iii) Provide an explanation for the observation made in (d)(ii). 
    

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

…………………………………………………………………………………….….....[2] 
    
   [Total: 11] 
   
   

 

  

HCl HCl HCl 
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7 The diagram shows a monomer that can undergo addition polymerisation. 
 

 
 

 (a) Name the polymer formed when this molecule polymerises and draw the structure of the 
repeat unit of the polymer. 

   
Name: ………………………………………………….. 
 
Structure of repeat unit: 
 
 
 
 
 
 

[2] 
    

 
 (b) Depolymerisation is one of the chemical methods used when recycling plastics. 

 
  (i) Define depolymerisation. 
    

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

…………………………………………………………………………………………...[1] 
    
  (ii) Discuss the social and economic issues related to recycling plastics. 
    

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

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

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

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

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

…………………………………………………………………………………………...[2] 
    
  [Total: 5] 
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8 Olive oil contains a mixture of triesters formed from glycerol and three long-chain carboxylic 
acids, as shown by the general equation. 

 
 
The groups R1, R2 and R3 represent hydrocarbon chains each containing either 15 or 17 carbon 
atoms. A given oil molecule (triester) can be formed from any combination of the following 
carboxylic acids. 
 

name formula 

number 
of C 

atoms in 
molecule 

Mr 

melting 

point  

/ C 

palmitic acid CH3(CH2)14COOH 16 256 63 

stearic acid CH3(CH2)16COOH 18 284 69 

oleic acid CH3(CH2)7CH=CH(CH2)7COOH 18 282 13 

linoleic acid CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH 18 280 −5 

linolenic acid CH3CH2(CH=CHCH2)3(CH2)6COOH 18 278 −11 

 
 

 (a) (i) Explain why the melting point of stearic acid is higher than that of palmitic acid. 
    

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

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

………………………….………………….…………………………….………..……[2] 
    
  (ii) State how the presence of carbon-carbon double bonds affects the melting point 

of the carboxylic acids. 
    

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

………………………….………………….……………………………….……..……[1] 
    
  (iii) Describe a chemical test to show the presence of carbon-carbon double bonds in 

carboxylic acids.  
    

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

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

………………………….………………….…………………………….………..……[2] 
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 (b) Draw the oil molecule (triester) formed when one glycerol molecule reacts with three 
molecules of palmitic acid. 

   
 
 
 
 
 
 
 
 
 

[1] 
   

 
 (c) The average number of carbon-carbon double bonds per molecule in different oils can be 

compared experimentally by determining the mass of iodine that reacts with 100 g of the 
oil. 
 
In one experiment, 0.256 g of olive was found to react with 0.237 g of iodine. 
 

  (i) Calculate the mass of iodine that would react with 100 g of olive oil. 
    

 
 
 
 
 
 
 

[1] 
    
  (ii) Use your answer from (c)(i) to calculate the average number of carbon-carbon 

double bonds in each oil molecule in olive oil. The average Mr of an olive oil 
molecule is 782.  
 
Give your answer to three significant figures. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
    
   [Total: 10] 
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9 Carbon sequestration is the process involved in carbon capture and the long-term storage of 
atmospheric carbon dioxide.  
 
Two carbon sequestration technologies are discussed below.  
 
Geological sequestration  
Geological sequestration refers to the storage of carbon dioxide in underground rock formations 
containing highly concentrated salt solutions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
While trapped in a rock formation, carbon dioxide can react with minerals such as forsterite, 
Mg2SiO4 to form carbonate and silicon dioxide.  
 
The limitation to this technology is that the movement of Earth plates may cause the release of 
stored carbon dioxide gas into the ocean or atmosphere.  
 
 

 Iron fertilisation  
Iron fertilisation is the intentional introduction of iron to the upper ocean to promote a plankton 
bloom. This will in turn increase the rate of atmospheric carbon dioxide removal through 
photosynthesis of plankton. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plankton generates calcium or silicon carbonate skeletons. When these organisms die their 
carbonate skeletons sink relatively quickly and form a major component of the carbon-rich deep-
sea precipitation. 
  

condensation of carbon dioxide from power 

plants and refineries under high pressure 

transportation of carbon dioxide to storage 

site using pipelines 

injection of liquid carbon dioxide to storage 

site, typically 1 km underground 

transportation of large quantity of iron 

compounds to ocean site using vessels 

release of iron compounds into the ocean 

site to boost plankton growth 

absorption of carbon dioxide by plankton 

during photosynthesis 
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The Redfield ratio describes the relative atomic concentrations of critical nutrients in plankton 
biomass and is represented as “106 C: 16 N: 1 P." This expresses the fact that one atom of 
phosphorus and 16 atoms of nitrogen are required to "fix" 106 carbon atoms.  
 
Recent research has expanded this constant to "106 C: 16 N: 1 P: 0.001 Fe" signifying that in 
iron deficient conditions each atom of iron can fix 106 000 atoms of carbon, or on a mass basis, 
1 kg of iron can fix 83 000 kg of carbon dioxide.  
 
However, the complete effect on marine ecosystem is unknown to date.  
 
 

 (a) Suggest a reason why there is a need to remove excess carbon dioxide from the 
atmosphere. 

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

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

   
 

 (b) Suggest why carbon dioxide is liquefied before it is transported to the storage site. 
   

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

 
 (c) (i) Write a balanced chemical equation, with state symbols, for the reaction between 

carbon dioxide and forsterite. 
    

…………………………………………………………………………….……………..[2] 
    
  (ii) What problem might arise during the injection of carbon dioxide into rock formations 

containing high minerals concentration?  
    

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

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

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

 
 (d) A company selling iron fertilisation technology claims that this technology is completely 

non-polluting. 
 
Explain why this claim is false. 

   
………………………………………………………………………………………….………..[1] 
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 (e) By means of calculation, prove that the Redfield ratio shows 1 kg of iron can fix 83 000 kg 
of carbon dioxide. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
  [Total: 10] 
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Section B 

Answer one question from this section. 

10 A student investigated the effect of changing the concentration of sodium thiosulfate solution 
on the rate of the reaction between sodium thiosulfate solution and dilute hydrochloric acid. 
The equation for the reaction is:  
 

Na2S2O3(aq) + 2HCl(aq) → 2NaCl(aq) + H2O(l) + SO2(g) + S(s) 
 
Fig. 10.1 shows the apparatus used. 
 

Fig. 10.1 
 
 
 
 
 
 
 
 
 

 
The student added 10 cm3 of hydrochloric acid into a beaker containing 50 cm3 of                  
0.10 mol/dm3 sodium thiosulfate solution. The sodium thiosulfate solution was used in 
excess in this investigation. He recorded the percentage of light from the light source that 
reaches the light sensor every 20 seconds for 120 seconds. Fig. 10.2 shows his results. 
 
 

Fig. 10.2 
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 (a) Explain why percentage of light from the light source reaching the light sensor 
decreases with time. 

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

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

   
 

 (b) (i) In terms of concentration, explain why the rate of reaction changes between 0 
and 60 seconds. 

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

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

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

    
  (ii) The line of best fit on Fig. 10.2 is horizontal between 80 and 120 seconds 

because the reaction stopped. 
 
Why did the reaction stop? 

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

    
 

 (c) The student repeated the experiment using 0.20 mol/dm3 sodium thiosulfate solution. 
 
Sketch a line on Fig. 10.2 to show the results you would predict for 0.20 mol/dm3 
sodium thiosulfate solution.                                                                                                            [1] 

    
 

 (d) Another student conducted the experiment using 0.10 mol/dm3 sodium thiosulfate 
solution at a higher temperature. He observed that the reaction ended before 80 
seconds.  
 
In terms of reacting particles, explain why his result is different. 

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

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

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

   
………………………………………………………………………………………………..[2] 
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 (e) Fig. 10.3 shows the different masses of sulfur produced when different volumes of 
0.10 mol/dm3 sodium thiosulfate solution and 0.05 mol/dm3 hydrochloric acid are 
completely reacted with each other.  
 

Fig. 10.3 

 
 
 
With reference to Fig. 10.3, determine the simplest whole number ratio of the volumes 
of  

sodium thiosulfate solution : hydrochloric acid 
 
which completely react with each other. 

   
 
 
 
 
 
 
 
 
 
 
 

Simplest whole number ratio = ______________: ________________[2] 
 

   [Total: 10] 
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11 A student investigated how a change in concentration affects the rate of the reaction between 
zinc carbonate powder and sulfuric acid. The equation for the reaction is: 
 

ZnCO3(s) + H2SO4(aq) → ZnSO4(aq) + CO2(g) + H2O(l) 

 
The student added 0.5 g of zinc carbonate powder into a conical flask containing 50 cm3 of 
0.050 mol/dm3 sulfuric acid. He measured the volume of gas collected every 30 seconds for 
5 minutes.  
 
He repeated the experiment with sulfuric acid of concentration 0.062 mol/dm3. 
 
Fig. 11.1 shows the apparatus used. 
 
 

Fig. 11.1 

 
 

 (a) The student made an error in setting up the apparatus in Fig. 11.1. 
 
What error did the student make? 

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

   
………………………………………………………………………………………………..[1] 
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 (b) The student corrected the error. 
 
Fig. 11.2 shows the student’s results. 
 

Fig. 11.2 

 
 
 

  (i) Using the results shown in Fig. 11.2, deduce the limiting reactant in this 
investigation. 
 
Explain your answer. 

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

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

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

    
  (ii) How does Fig. 11.2 show that zinc powder reacts more slowly with 0.050 

mol/dm3 sulfuric acid than with 0.062 mol/dm3 sulfuric acid? 
    

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

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

 

0.050 mol/dm3 sulfuric acid 

0.062 mol/dm3 sulfuric acid 
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 (c) The student repeated the experiment using 0.5 g of zinc carbonate granules and 50 
cm3 of 0.05 mol/dm3 sulfuric acid.  
 
Sketch a line on Fig. 11.2 to show the results you would predict for 0.5 g of zinc 
carbonate granules.                                                                                                                            [1] 

    
 

 (d) When 0.5 g of zinc carbonate powder is added into 50 cm3 of 0.05 mol/dm3 sulfuric 
acid, rapid effervescence is observed.  
 
Describe and explain what the student would observe if he repeated the experiment 
with 0.5 g of calcium carbonate powder.  

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

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

   
   
 (e) Another student conducted the experiment using 0.5 g of zinc carbonate powder and 

0.05 mol/dm3 hydrochloric acid. He observed that the reaction is much slower and took 
almost 10 minutes to complete.   
 
In terms of reacting particles, explain why his result is different. 

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

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

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

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

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

   
  [Total: 10] 
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