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1 You are provided with substance S both as a solid and as an aqueous solution S(aq). 
You are required to carry out the following tests.

  (a) Place two spatula measures of solid S in a boiling tube. Heat gently using a 
Bunsen burner flame. Record four observations made.

[4]

 (b) (i) Weigh out approximately 5.0 g of solid S using a balance and transfer it to  
a 250 cm3 conical flask. Add approximately 200 cm3 of deionised water and 
stir using a glass rod to dissolve. Add 10 cm3 of dilute sodium hydroxide 
solution and swirl the flask. Add approximately 4 cm3 of potassium 
manganate(VII) solution and place on a white tile. Watch the conical flask 
carefully and then record four colours observed. 

1. 

2. 

3. 

4. [4]

  (ii) Using the colour observations made in (b)(i) and your knowledge of 
transition metal chemistry, suggest why this reaction can be described as a  
redox reaction.

 
[1]
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 (c) Measure out approximately 10 cm3 of S(aq) and transfer to a boiling tube. Add 
approximately 5 cm3 of Fehling’s solution to the boiling tube. Place the boiling 
tube in a hot water bath for a few minutes. State what you observe.

[1]

 (d) Measure out approximately 10 cm3 of S(aq) and transfer it to a boiling tube. Add 
approximately 5 cm3 of dilute hydrochloric acid to the boiling tube. Place the 
boiling tube in the hot water bath for five minutes. Remove it from the water bath 
and add sodium carbonate solution dropwise until effervescence stops. Divide 
the resulting solution equally between two test tubes.

  (i) To the first test tube add approximately 3 cm3 of Fehling’s solution. Place the 
test tube in the hot water bath. Describe what you observe in the test tube 
after five minutes.

[2]

  (ii) To the second test tube add 5 cm3 of 2,4-dinitrophenylhydrazine solution. 
Place the test tube in the hot water bath and record the observations made.

[2]

  (iii) A reaction occurs when dilute hydrochloric acid is heated with sample S(aq). 
Explain how the observations you have recorded in parts (c) and (d)(i) 
support this statement.

[2]

  (iv) What evidence is there that an aldehyde is formed in part (d)? 

[1]
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2 You are required to carry out four experiments which may be used to determine the 
order of reaction with respect to iodide ions. In each experiment iron(III) ions react 
with iodide ions to produce iodine. The iodine formed reacts with a fixed amount of 
sodium thiosulfate solution. When all the thiosulfate ions have reacted, a blue-black 
colour is observed.

    2Fe3+(aq) + 2I−(aq)  →  2Fe2+(aq) + I2(aq)

 2S2O3
2−(aq) + I2(aq)  →  S4O6

2−(aq) + 2I−(aq)

 (a) Carry out the following procedure:

   Fill a burette with potassium iodide solution.
   Transfer 8.0 cm3 of potassium iodide solution to a 250 cm3 conical flask.
   Using a dropping pipette, carefully measure out 5 cm3 of sodium thiosulfate 

solution into a 10 cm3 measuring cylinder.
   Add the 5 cm3 of sodium thiosulfate solution to the conical flask.
   Measure out 21 cm3 of deionised water and transfer to the conical flask.
   Add 10 drops of starch solution to the conical flask.
   Swirl the flask and place on a white tile.
   Measure out 6 cm3 of iron(III) chloride solution into a 10 cm3 measuring 

cylinder.
    Transfer the iron(III) chloride solution to the conical flask and start the  

stop clock.
   Swirl the mixture and record the time taken, to the nearest second, for the 

blue-black colour to appear. Record this value in the table provided.
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  Repeat this procedure for experiments 2, 3 and 4 using the volumes of reagents 
shown below.

  Experiment 2 will be the slowest.

experiment 
no.

volume of KI 
solution /cm3

volume of S2O3
2−− 

solution /cm3
volume of 
H2O /cm3

volume of Fe3++ 
solution /cm3

2  5.0 5 24 6

3  6.0 5 23 6

4 10.0 5 19 6

  Record your times in the table below.

experiment number 1 2 3 4

volume of KI solution /cm3 8.0 5.0 6.0 10.0

time /s

initial rate of reaction /s−1

(volume of KI solution)2 /cm6 64.0 25.0 36.0 100.0

[2]

 (b) Using the time values recorded, calculate the initial rate of reaction, 

  using initial rate = 1000
time , to 1 decimal place and enter the values in the table.

   [2]
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 (c) Plot a graph of initial rate of reaction against (volume of KI solution)2. Draw a 
best-fit straight line. [5]
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THIS IS THE END OF THE QUESTION PAPER

 (d) (i) Explain the formation of the blue-black colour formed in each experiment.
 

[1]

  (ii) Explain why the same total volume of solution was used in the reaction 
mixture in all four experiments.

[1]

  (iii) Identify one source of inaccuracy in the experimental procedure.

[1]

  (iv) Suggest how the reliability of the results could be improved.

[1]
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