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Section A (40 marks) 

Answer all questions. 
Write your answers in the spaces provided. 

 
A1 A colourless liquid was left on a chemistry laboratory table. 

 
Arthur collected the colourless liquid and conducted a few tests on it. 

 

     
 (a) He collected a drop of the colourless liquid and used paper chromatography 

with water as the solvent. He obtained the following chromatogram with 3 
spots, with the help of a locating agent. 

 

    
  

 

 

    
  Suggest what can be deduced about the solubility of the three spots in water. [1] 
    

    

     
 (b) Arthur then heated a sample of the colourless liquid until it completely boiled, 

while measuring its temperature. Suggest and explain what he would observe 
in the readings obtained. 

 
 
[2] 

    

    

    

   Total [3] 
 
 
  

spot A 

spot B 

spot C 
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A2 Calcium and sulfur are two elements in the Periodic Table.  
     
 (a) State the number of protons and valence electrons of a sulfur atom. [2] 
   

number of protons 
   

   
number of valence electrons 

   

    
 (b) The two elements react to form calcium sulfide.  
     
  (i) Draw a Lewis diagram to show the bonding in calcium sulfide. [1] 
    

 
 
 
 
 
 
 
 

 

     
  (ii) Explain if you would expect calcium sulfide to conduct electricity at 

room temperature, referring to its bonding and structure. 
 
[2] 

     

     

     

     

     

     

     
   Total [5] 
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A3 Arsenic acid, H3AsO4, is a tribasic acid.  
    
 The table below shows the concentration of H+ ions in solutions of different pH.  
     
   pH concentration of H+ / mol dm-3   

 1 0.1  
 2 0.01  
 3 0.001  
 4 0.0001  
 5 0.00001  
 6 0.000001  
 7 0.0000001  
 8 0.00000001  

     
 0.0005 mol dm-3 of arsenic acid was found to have a pH of 3. 

 
Using the information in the table, explain if arsenic acid is a weak or strong acid. 
Show all necessary working. 

 
 
 
[3] 

  
 

 

   

   

   

   

   

    
  Total [3] 
 
A4 Sucrose is a carbohydrate that is found in cane sugar.   
   
 (a) Sucrose contains the elements carbon, hydrogen and oxygen. 

 
In order to determine the ratio of the elements, 1 mole of sucrose was 
combusted with 12 moles of oxygen. It was found that 12 moles of carbon 
dioxide and 11 moles of water vapour were produced. 

 

    
  (i) Name a suitable apparatus for measuring the volumes of carbon 

dioxide and water vapour produced. 
 
[1] 

     

     
  (ii) Using the information above, state the molecular formula of sucrose.  [1] 
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  (iii) The empirical formula method could also be employed to find the ratio 
of the elements in sucrose. Given that a sample of sucrose has 41.5% 
of carbon, 6.40% of hydrogen and 52.1% of oxygen by mass, find its 
empirical formula. 

 
 
 
[2] 

     
 
 
 
 
 
 
 
 
 
 

     
  (iv) With reference to your answers in (a)(ii) and (a)(iii), suggest a 

limitation of using the empirical formula method to find the ratio of the 
elements in sucrose. 

 
 
[1] 

     

     

     
 (b) Raw sugar is a mixture of sucrose, inorganic ash and other organic matter 

that includes amino acids, gums and colour impurities obtained during 
extraction from sugar cane. 
 
The flowchart below shows the main steps in the refining of raw sugar. 

 

    
1 
 

The raw sugar is mixed 
with saturated syrup. 

Impurities dissolve in the 
syrup and are removed, 
while sugar crystals are 

obtained. 
 

à  

2 
 

Sugar crystals are 
redissolved.  

 
Amino acids, gums and 

colour impurities remain as a 
precipitate. 

 

à  

3 
 

Solid activated charcoal is 
added to the mixture. The 
inorganic ash sticks to it. 

 
 
 
 

     
  Suggest method(s) of separating:  
    
  (i) amino acids, gums and colour impurities from dissolved sugar crystals 

in step 2; and 
 
[1] 

     

     
  (ii) dissolved sugar from its solution after step 3 has been completed. [1] 
     

     
   Total [7] 
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A5 Arsenic contamination of groundwater is a problem that affects millions of people 
across the world.  

 

     
 (a) Using spdf notation, state the electronic configuration of an arsenic atom. [1] 
    

    
 (b) A sample of arsenic has 2 stable isotopes identified in it, 75As and 73As.   
    
  (i) Describe a difference between the two isotopes. [1] 
     

     

     
  (ii) Using information from the Periodic Table, calculate the percentage of 

the 73As isotope present. 
 
[2] 

    
 
 
 
 
 
 
 
 
 

 

     
 (c) Arsenic sublimes at 614°C and at atmospheric pressure. Describe and 

explain the changes in arrangement and movement of arsenic molecules 
during the sublimation process. 

 
 
[3] 
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 (d) Arsenic is in group 15 of the periodic table, which contains non-metals like 
nitrogen and metals like bismuth. 
 
Suggest why the metallic character of the elements increases down group 15. 

 
 
 
[1] 

    

    

    

    
   Total [8] 
 

A6 Some tests were carried on a mixture of two solutions that contained 2 cations and 
1 anion. The flowchart below shows the tests conducted on the mixture. 

 

   

 
     
 (a) Identify precipitate W and gas Y. [2] 
  

precipitate W 
   

  
gas Y 

   

     
 (b) State the formulae of the 2 ions in solution X that came from the original 

mixture. 
 
[2] 
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 (c) Identify solid Z and write a chemical equation, with state symbols, for its 
formation. 

 
[2] 

    

    

     
 (d) State another reagent(s) that could have been added to solution X to identify 

the anion present and the expected observation(s). 
 
[1] 

    

    
 (e) Acidified barium nitrate was added to another unknown solution and a white 

precipitate was observed. When acidified calcium nitrate was added to the 
same solution, there was no precipitate formed. 
 
Suggest a possible reason for this observation. 

 
 
 
 
[1] 

    

    

    
  Total [8] 

 
 

A7 Transition metal compounds are commonly used in paints.  
   
 (a) State what is meant by the term “compound”. [1] 
    

    
 (b) Suggest why transition metal compounds are suitable used in paints. [1] 
    

    
 (c) “Chrome yellow” contains the compound lead(II) chromate(IV), PbCrO4. 

PbCrO4 is an insoluble salt that can be prepared by reacting sodium 
chromate(IV) with lead(II) nitrate. 

 

     
  Write the ionic equation for the formation of lead(II) chromate(IV) via the 

reaction above. 
 
[1] 
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 (d) “Titanium white” is a white pigment made up of titanium dioxide, TiO2, which 
is produced from titanium tetrachloride, TiCl4. 

 
 

   
The table below shows some properties of TiCl4. 
 
 melting point / °C −24.1  
 boiling point / °C 136.4  
 electrical conductivity does not conduct in any state  

 

 
 

   
Suggest the structure of TiCl4, giving reasons for your answer. 

 
[3] 

     

     

     

     

     

     
   Total [6] 
 

 
End of Section A 
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Section B (30 marks) 
 

Answer all three questions from this section on the writing paper provided. 
 

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

B8 Magnesium sulfate was discovered in water at Epsom, England in 1695. It is used 
to flush toxins from the body. The colourless crystalline heptahydrate, MgSO4.7H2O 
is known as ‘Epsom salt’.  
 
It can be prepared in the laboratory by reacting magnesium carbonate with sulfuric 
acid, followed by filtration and crystallization. In a laboratory preparation, 4.03 g of 
magnesium carbonate was reacted with 250 cm3 of 0.200 mol dm-3 sulfuric acid. 
 

 

 (a) (i) Identify the limiting reagent and calculate the mass of magnesium 
sulfate formed. 
 

 
[3] 

  (ii) Explain why the mixture is stirred after each addition of magnesium 
carbonate. 
 

 
[1] 

  (iii) Suggest why, if the evaporating dish is heated to dryness, crystals of 
Epsom salt are not obtained. 
 

 
[1] 

 (b)  Calculate the percentage by mass of water of crystallization in hydrated 
magnesium sulfate, MgSO4.7H2O (Epsom salt). 
 

 
[1] 

 (c)  Name one other substance, that can be reacted with sulfuric acid to 
prepare hydrated magnesium sulfate.  State the method used. 

 
[2] 
 

 (d)  Explain why calcium sulfate cannot be prepared by reacting calcium 
carbonate with sulfuric acid. 

 
[2] 
 

   Total [10] 
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B9 Napoleon died in 1821 and analysis of his hair samples later showed high levels of 

arsenic. Arsenic exists in three common allotropes: metallic grey, yellow, and black 
arsenic. Arsenic is prepared by heating arsenic(III) oxide with carbon. The 
poisoning could have been deliberate or accidental.   
 
If deliberate, arsenic(III) oxide was probably used. It could have been accidental if 
the poisonous gas arsine, AsH3, was released from the blue copper(II) 
arsenate(III) used to decorate his prison cell. 
 

 

 (a)  Arsenic is often classified as a metalloid. State the meaning of this 
term. 
 

 
[1] 

 (b)  Identify the allotrope which is most likely to be an electrical conductor 
and suggest a reason for its high conductivity in its solid state. 
 

 
[2] 

 (c) (i) Draw a Lewis diagram, showing the arrangement of the valence 
electrons in a molecule of the covalent compound, arsine, AsH3. It has 
a simple  molecular structure. 
 

 
 
[1] 

  (ii) Explain, in terms of bonding and structure, why arsine is a gas at room 
temperature and is insoluble in water.  
 

 
[3] 

 (d)  The formula of the arsenate(III) ion is AsO3
3–. Write an ionic equation 

for the reaction:  
 
copper(II) ions + arsenate(III) ions →  copper(II) arsenate(III) 
 
(State symbols are not required) 
 

 
 
 
 
 
[1] 

 (e)  Arsenic(III) oxide reacts with carbon to form carbon dioxide and 
arsenic: 2As2O3 + 3C → 3CO2 + 4As. 
 
8.87 kg of arsenic(III) oxide is used in the reaction and 5.33 kg of 
arsenic is produced. Calculate the percentage yield. Show your 
working.                        
 

 
 
 
 
 
[2] 

   Total [10] 
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EITHER 
 
B10 In traditional non-digital photography, photographic film is coated with small lumps 

of light-sensitive silver bromide, AgBr. On exposure to light, colourless silver 
bromide is converted to silver atoms that appear as dark areas to form the 
negative. 
 
The negative is placed in developer solution which reacts with the particles of silver 
bromide. The table below shows the effect temperature has on the time needed to 
develop the film. 
 

temperature of developer /°C time needed to develop the film /s 
38 200 
37 220 
36 250 
35 280 

 
The developer solution is a mixture of chemicals including sodium hydroxide.  
 

 

 (a)  Silver is a transition metal.  State one property of its compounds that is 
not typical of transition metal compounds. 
 

[1] 

 (b) (i) Estimate the time needed to develop a film at 34 °C. 
 

[1] 

  (ii) Using collision theory, explain the effect of temperature on the rate of 
film development.  
 

 
[3] 

  (iii) Using collision theory, predict and explain the effect of using a more 
concentrated developer solution (at the same temperature) on the rate 
of film development. 
 

 
 
[2] 

  (iv) Predict and explain the effect of using powdered silver bromide, 
instead of lumps of silver bromide, on the rate of film development. 
 

 
[2] 

 (c)  Suggest why some areas of the film are darker than others. 
 

[1] 

   Total [10] 
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OR 
 
B10 A student carried out an experiment in a laboratory to investigate the displacement 

reaction between bromide ions (limiting reactant) and chlorine gas:  
 

2Br– (aq) + Cl2 (aq)   →  Br2 (aq) + 2Cl– (aq) 
 

Chlorine gas was bubbled through dilute, aqueous sodium bromide for 6 minutes. 
Samples of the reaction were removed every 30 seconds and the colour intensity 
of each sample was measured using a colorimeter. The darker the colour of the 
solution, the more light is absorbed and the higher the absorbance reading on the 
colorimeter.  There is a linear relationship between absorbance and concentration 
of a coloured chemical species. 

 

 
 

The results of the experiment are shown in the graph below. 
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Four additional experiments were carried out to determine the effect temperature 
has on the time taken for the reaction to complete. The same volume but varying 
concentrations of sodium bromide solution was used.  
 
The table below shows the results of the four experiments. 
 
experiment temperature /° C absorbance reading 

at end of reaction 
time taken for reaction to 

finish/ s 
1 25 0.40 360 
2 25 0.80 300 
3 35 0.80 150 
4 25 0.90 150 

 
 

 (a)  Explain why aqueous bromine has a very high absorbance value but 
aqueous chlorine (at the same concentration) has a much lower 
absorbance value. 
 

 
 
[1] 

 (b)  Describe and explain the changes, using collision theory, in the rate of 
the displacement reaction between chlorine gas and bromide ions as 
shown by the graph of absorbance against time. 
 

 
 
[4] 

 (c) (i) Using the information from the table, deduce which two experiments 
can be used to investigate the effect temperature has on the rate of 
displacement reaction between chorine gas and bromide ions. 
 

 
 
[1] 

  (ii) Using collision theory, explain the effect temperature has on the rate of 
displacement reaction. 
 

 
[3] 

 (d)  Explain why there is no reaction when bromine gas is reacted with 
chloride ions. 

 
[1] 
 

     
   Total [10] 
 

 
END OF PAPER 
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