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

1. (a) Potassium dichromate(VI) solution acidified with dilute sulphuric acid is an oxidising 
agent.  It is used to show the presence of some chemical compounds which can be 
oxidised.

  State the colour change that occurs when an acidified solution of potassium 
dichromate(VI) is reduced.

  From ............................................................ to ............................................................
(1)

 (b) Identify the following compounds from their behaviour when treated with acidified 
potassium dichromate(VI) solution

  (i) A pungent acidic gas which is readily oxidised.

    ................................................................................................................................
(1)

  (ii) TWO colourless organic liquids, both of formula C4H10O, which are oxidised on 
heating. 

    ................................................................................................................................

    ................................................................................................................................

(2)

  (iii) A colourless organic liquid, also of formula C4H10O, which resists oxidation even 
on heating.

    ................................................................................................................................

(1)
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 (c) Aluminium powder in sodium hydroxide solution is a reducing mixture which can 
be used in tests to identify certain ions.  (Zinc or Devarda’s alloy can also be used in 
place of the aluminium.)

  (i) Identify an anion that can be detected by its reaction with one of these mixtures.

    ................................................................................................................................
(1)

  (ii) Identify the gas produced when the reaction in (i) occurs.

    ................................................................................................................................
(1)

  (iii) Describe a test to show the gas in (ii) is present.  Give the positive result of this 
test. 

    ................................................................................................................................

    ................................................................................................................................
(1)

 (d) A compound containing the anion detected in (c)(i), was thought to contain either 
lithium or sodium cations. 

  Describe how you would carry out a flame test to identify the metal ion present, 
giving the result for each cation.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(4) Q1

(Total 12 marks)
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2. You are provided with a clean, dry weighing bottle containing 2.45 g of pure anhydrous 
sodium carbonate, Na2CO3.

 (a) Describe how you would prepare exactly 250 cm3 of a standard solution containing 
all of this sodium carbonate.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(5)

 (b) Calculate the concentration of the sodium carbonate solution in mol dm–3, giving your 
answer to 3 significant figures.

 

 

 

 

 

 

 
(3)
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 (c) 25.0 cm3 samples of the sodium carbonate solution were titrated against aqueous 
hydrochloric acid using methyl orange indicator. 

  The equation for the reaction is

Na2CO3 + 2HCl → 2NaCl + H2O + CO2

  The results of three titrations (in cm3) were: 29.10, 28.60 and 28.70.

  (i) State the colour change at the end-point of the titration.

   From ......................................................... to .........................................................
(1)

  (ii) Calculate the mean (or average) titre that you would use to calculate the 
concentration of the hydrochloric acid.

  

  

  
(1)

  (iii) Use your mean titre and the concentration of the sodium carbonate solution 
from (b) to calculate the concentration of the hydrochloric acid in mol dm–3. 

   If you have been unable to calculate the concentration of the sodium carbonate 
solution in (b) use a value of 1.50 mol dm–3 (this is not the correct answer to 
(b)).

(3) Q2

(Total 13 marks)
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3. 1-bromopropane may be prepared from propan-1-ol using the following method:

 • Propan-1-ol, water and solid sodium bromide are mixed in a flask and 50 % sulphuric 
acid is added, a little at a time, with cooling.

 • The mixture is heated under reflux and then distilled.

 • The distillate is mixed with sodium carbonate solution in a separating funnel and the 
lower organic layer removed.

 • Solid anhydrous calcium chloride is added to the organic layer, which is finally 
distilled.  The distillate boiling in the range 70–72°C is collected.

 The reaction may be represented by the following equation: 

CH3CH2CH2OH + HBr → CH3CH2CH2Br + H2O

 (a) (i) Why is the mixture cooled while the sulphuric acid is added?

    ................................................................................................................................

    ................................................................................................................................
(1)

Hazard information about 1-bromopropane

• flammable
• harmful by skin absorption
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  (ii) Draw a labelled diagram of the apparatus used for heating under reflux.

(3)

  (iii) What property of 1-bromopropane allows it to be separated from the
sodium carbonate solution using a separating funnel?

    ................................................................................................................................
(1)

  (iv) What is the purpose of the anhydrous calcium chloride?

    ................................................................................................................................
(1)

  (v) Suggest a safety precaution (other than the use of a fume cupboard, laboratory 
coat or safety goggles) that would be appropriate for this experiment.

   Give a reason for your choice.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2)
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 (b) (i) Calculate the theoretical maximum mass of 1-bromopropane that could be 
obtained from 7.55 g of propan-1-ol. 

   [Molar masses/g mol–1 : propan-1-ol 60.0, 1-bromopropane 123]

(2)

  (ii) In the actual experiment 8.30 g of 1-bromopropane was obtained.
   Calculate the percentage yield of the reaction.

(1)

  (iii) Suggest a reason why the yield is less than 100 %.

    ................................................................................................................................

    ................................................................................................................................
(1) Q3

(Total 12 marks)
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4. The enthalpy change for the reaction between aqueous sodium hydroxide solution and 
aqueous hydrochloric acid was determined by the following method:

 • Aqueous hydrochloric acid was titrated against 25.0 cm3 of 1.50 mol dm–3 aqueous 
sodium hydroxide solution using a suitable indicator.  The mean (or average) titre was 
22.75 cm3.

 • 25.0 cm3 of the sodium hydroxide solution was carefully measured into a polystyrene 
cup and 22.75 cm3 of the hydrochloric acid was transferred to a clean dry beaker.  
Both solutions were allowed to stand for five minutes before their temperatures were 
noted.

 • The hydrochloric acid was then added to the sodium hydroxide solution, the mixture 
stirred thoroughly and the highest temperature noted.

 • The experiment was repeated three times giving an average temperature change of 
+10.5°C.

 (a) (i) Explain why the titration was carried out.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)

  (ii) Why was it necessary to allow the two solutions to stand before mixing?

    ................................................................................................................................

    ................................................................................................................................
(1)
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 (b) (i) Calculate the heat produced in the reaction, in joules.
   Use the approximations that the density of the final solution is 1.00 g cm–3 and its 

specific heat capacity is 4.18 J g–1 K–1. 

  

  

  

  
(2)

  (ii) Calculate the enthalpy change for the reaction, in kJ mol–1.

  

  

  

  

  

  
(3)

 (c) State ONE assumption made when calculating this enthalpy change, other than those 
stated in (b)(i).

   .......................................................................................................................................

   .......................................................................................................................................
 (1) Q4

(Total 8 marks)
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5. It is suggested that when a more reactive metal displaces a less reactive metal from a 
solution of its salts, the enthalpy of reaction increases as the difference in reactivity 
between the two metals increases.

 Plan an experiment to test this suggestion for magnesium displacing the metals copper, 
lead and zinc from solutions of their salts.

 You are provided with magnesium powder and solutions of copper(II) sulphate, lead(II) 
nitrate and zinc nitrate (all of concentration 0.5 mol dm–3), the usual laboratory glassware, 
150 cm3 polystyrene cups, an accurate thermometer and access to a balance.

 In your plan you should:

 • indicate the amounts of each substance you would use
 • outline the procedure
 • state the measurements you would make 
 • state how you would use your results to test this suggestion.

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................
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  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

TOTAL FOR PAPER: 50 MARKS

END

Q5

(Total 5 marks)
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