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1  Calcium carbonate is present in some indigestion tablets. A back titration is used to 
calculate the percentage by mass of calcium carbonate in an indigestion tablet.

 (a) Explain why a back titration must be carried out to determine the mass of 
calcium carbonate in an indigestion tablet.

    

     [1]

 (b) The following procedure was carried out.

 Step 1:  Four indigestion tablets, total mass 1.76 g, were added to 25.0 cm3 of 
2.00 mol dm–3 hydrochloric acid in a 250 cm3 conical flask.

 Step 2:  On completion of the reaction in Step 1, the contents of the conical 
flask were made up to 250 cm3 in a volumetric flask. The flask was 
labelled ‘solution A’. 

 Step 3:  25.0 cm3 of solution A was transferred to a conical flask using a 
pipette. A few drops of phenolphthalein indicator solution were added 
to the flask with swirling.

 Step 4: This solution was titrated against 0.100 mol dm–3 sodium hydroxide 
solution. Steps 3 and 4 were repeated to obtain concordant results.  
A mean titre value of 24.5 cm3 was calculated.

  (i) Explain how you could determine when the reaction in Step 1 is complete.

     [1]

  (ii) The product mixture formed in Step 1 contains both calcium ions and 
chloride ions. Describe how you would carry out qualitative tests to confirm 
the presence of each of these ions.

   test for calcium ions:  

     

      [2]

   test for chloride ions:  

     

      [2]
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 (c) Describe, giving practical details, how solution A was prepared in Step 2.

    

    

    

    

    

    

     [4]

 (d) State the colour change in the conical flask at the end point in Step 4.

     [1]

 (e) (i) Calculate the number of moles of hydrochloric acid that reacted with the 
sodium hydroxide solution in Step 4.

    

     [1]

  (ii) Calculate the number of moles of excess hydrochloric acid in 250 cm3 of 
solution A.

     [1]

  (iii) Calculate the number of moles of hydrochloric acid which reacted with 
calcium carbonate.

    

     [1]
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  (iv) Calculate the mass of calcium carbonate in the indigestion tablets.

    

     [2]

  (v) Calculate the percentage, by mass, of calcium carbonate in an indigestion 
tablet.

    

     [2]
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2 The table below gives the standard electrode potentials for five redox systems.

redox
system equation E /V

1 MnO4
−(aq) + 8H+(aq) + 5e− ⇌ Mn2+(aq) + 4H2O(l) +1.51

2 Cr2O7
2−(aq) + 14H+(aq) + 6e− ⇌ 2Cr3+(aq) + 7H2O(l) +1.33

3 Ag+(aq) +  e− ⇌ Ag(s) +0.80

4 Fe3+(aq) + e− ⇌ Fe2+(aq) +0.77

5 Al3+(aq) + 3e− ⇌ Al(s) −1.66

 (a) State the conditions that are used to measure standard electrode potentials.

     [2]

 (b) (i) An aqueous solution of Fe2+ reacted with an acidic solution containing 
MnO4

− ions.
   Use the half-equations in the table to write an equation for this redox 

reaction.

     [2]

  (ii) Describe a chemical test to confirm the presence of Fe3+ ions in an 
aqueous solution.

    

    

     [2]
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 (c) An electrochemical cell can be made, based on redox systems 2 and 3. The 
cell emf is measured as + 0.53 V.

  (i) The electrode potential of a silver half-cell is more positive when the 
concentration of silver ions is increased. Explain this in terms of equilibrium.

    

     [1]

  (ii) Suggest how the change in (c)(i) will affect the emf of the electrochemical 
cell based on redox systems 2 and 3.

    

     [1]

 (d) Give the observation in the reduction half-cell when a current flows in the 
electrochemical cell set up using redox systems 1 and 3.

[1]

 (e) Aluminium can be used to clean a silver spoon that has a layer of black silver 
sulfide. The spoon is dipped into sodium hydrogencarbonate solution. It is 
connected by a wire to a strip of aluminium foil, also dipping into the solution. 
An electrochemical reaction occurs.

  (i) Draw and label a diagram of the apparatus you could set up in the 
laboratory to carry out this electrochemical reaction.

    [2]
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  (ii) Write the half-equations for the oxidation and reduction reactions in the cell.

    

     [2]

  (iii) Combine the two half-equations to give a redox equation for the overall 
reaction.

     [1]

  (iv) Calculate the emf for this cell.

     [1]

  (v) The aqueous sodium hydrogencarbonate also removes any aluminium 
hydroxide from the surface of the metal. Suggest why the removal of 
aluminium hydroxide is needed.

     [1]

  (vi) During the reaction, aluminium displaces silver from the silver sulfide to 
form silver metal and aluminium sulfide. Write an equation for this reaction.

     [1]

  (vii) The aluminium sulfide produced reacts with the water present to form a gas 
with a rotten egg smell. Name this gas.

     [1]
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3 Aspirin is a drug used in the treatment of inflammatory conditions and is an 
important blood decoagulant. It can be synthesised in the laboratory from the 
reaction of salicylic acid with ethanoic anhydride.

COOH

OH

 (CH3CO)2O        

O C CH3

   CH3COOH

O

COOH

  aspirin

 (a) (i) Calculate the atom economy for this reaction.

    

    

     [2]

  (ii) There are a number of alternative reagents to ethanoic anhydride for the 
laboratory preparation of aspirin. Name one of these reagents and state 
why it is not normally used.

    

     [2]
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 (b) The laboratory synthesis of aspirin was carried out as outlined below.

 Step 1:  6.0 g of salicylic acid were weighed out and transferred to a clean 
250 cm3 conical flask.

 Step 2:  10 cm3 of ethanoic anhydride (excess) and 1.0 cm3 of concentrated 
phosphoric acid were added to the conical flask.

 Step 3:  The flask was heated, with stirring, in a water bath for 30 minutes.

 Step 4: 6 cm3 of deionised water were added to the flask.

 Step 5:  The crude mixture was poured onto 400 g of crushed ice.

 Step 6: The crude product was collected by suction filtration. 

  (i) What is the role of the concentrated phosphoric acid in Step 2?

    [1]

  (ii) In Step 4 of this reaction the excess ethanoic anhydride is removed by 
reaction with water.  
Write an equation for this reaction.

     [1]

  (iii) Describe the appearance of the crude product collected in Step 6 of the 
procedure.

    [1]

  (iv) Describe the procedure carried out to recrystallise the crude product 
collected in Step 6.

    

    

    

     [3]
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 (c) The purity of laboratory made aspirin can be tested using thin-layer 
chromatography. Aspirin and salicylic acid have different Rf values.  
Salicylic acid is more soluble than aspirin in the mobile phase.

solvent front

baseline

  (i) On the chromatogram above label each spot as either aspirin or salicylic 
acid.  [1] 

 
  (ii) Use the chromatogram provided, to calculate the Rf value of each spot.  

Take measurements from the middle of each spot.  
Give your answers to two significant figures.

    Rf of aspirin 

    Rf of salicylic acid  [1]
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  (d) In this synthesis 7.0 g of aspirin were produced. Calculate the percentage yield  
of this reaction.

 

 

 

     [3]

 (e) (i) In the laboratory synthesis of aspirin, state one theoretical reason for a 
reduced yield of the crude product. 

 

     [1]

  (ii) In the laboratory synthesis of aspirin, state one practical reason for a 
reduced yield of crude product.

 

     [1]

 (f) Over time, aspirin hydrolyses to reform salicylic acid. Name the functional group 
in aspirin that reacts with water. 

     [1]
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 (g) Salicylic acid forms a coloured complex with Fe3+ ions. Describe how colorimetry 
could be used to determine the concentration of salicylic acid in an aspirin tablet.

 

 

 

 

 

     [4]

 (h) (i) The sodium salt of aspirin is the active ingredient in soluble aspirin tablets. 
Give the equation for its formation from aspirin.

     [1]

  (ii) State and explain an advantage of using the sodium salt of aspirin 
in tablets.

     [1]

THIS IS THE END OF THE QUESTION PAPER
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