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

1. (a) (i) A is a colourless, corrosive liquid which is miscible with water.  On adding A to 
water, a large amount of heat is liberated.  Complete the inferences column in the 
table below.

Test Observation Inferences

A dilute aqueous solution 
of A is added to a piece of 
magnesium ribbon.

Fizzing.

When the gas is tested with 
a lighted splint, there is a 
squeaky pop.

Gas evolved is

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

A contains

.................................... ions

A few drops of dilute 
hydrochloric acid are 
added to a dilute aqueous 
solution of A.  Then 
barium chloride solution is 
added.

White precipitate is formed. The precipitate is

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

(3)

  (ii) Write the formula of liquid A ……………………………………………………
(1)

 (b) (i) B is a white solid.  Complete the column in the table below to show the formulae 
of the ions present in B.

Test Observation Formula of ion

Flame test. Lilac flame.

Solid B is dissolved in water 
and acidified with dilute 
nitric acid.  Silver nitrate 
solution is added.

Yellow precipitate.

(2)
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  (ii) Give the ionic equation, with state symbols, for the reaction between an aqueous 
solution of B and silver nitrate solution.

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

  (iii) A further test can be carried out on the yellow precipitate to confirm its identity.  
Give the reagent added to the yellow precipitate and state what you would see.

   Reagent ...................................................................................................................

   Observation .............................................................................................................
(2)

 (c) When liquid A was added to solid B, a reaction took place during which the mixture 
became hot.  Give TWO other observations you would expect to make. 

  First observation ............................................................................................................

  Second observation ........................................................................................................
(2)

 (d) Suggest one safety precaution you would take when mixing A and B.  State a reason 
for the precaution.

  Precaution ......................................................................................................................

  Reason ............................................................................................................................

   .......................................................................................................................................
(1) Q1

(Total 12 marks)
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2. Zinc reacts with aqueous copper(II) sulphate in an exothermic reaction.

Zn(s) + CuSO4(aq) → ZnSO4(aq) + Cu(s)

 In an experiment to find the enthalpy change for the reaction, a student weighed out
1.25 g of zinc powder.  The student then used a burette to measure out 25.0 cm3 of 
0.800 mol dm–3 copper(II) sulphate solution into a polystyrene cup.  The temperature of 
the solution in the cup was measured every minute for 12 minutes, with the zinc being 
added after four minutes.

 The temperature readings obtained are shown in the table below.

Time
/minutes 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

Temperature
/°C 20.2 20.2 20.2 20.2 29.3 30.7 30.2 29.8 29.4 29.0 28.6 28.2

 (a) (i) Plot the points on the grid below.

(1)
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  (ii) Draw a line of best fit for the points before the fourth minute and another line for 
those points between the sixth and the twelfth minutes.

(1)

  (iii) Use the graph to calculate the maximum temperature rise, T∆ .  Show clearly on 
the graph how you obtained your answer.

   T∆  = .................................... °C
(2)

 (b) (i) Calculate the heat given out in the reaction, in joules.  The solution has a density 
of 1.00 g cm–3 and a specific heat capacity of 4.18 J g–1 °C–1.

(1)

  (ii) Calculate the amount (moles) of zinc present in 1.25 g.

(1)

  (iii) Calculate the amount (moles) of copper(II) sulphate, CuSO4, in 25.0 cm3 of a 
0.800 mol dm–3 solution.

(1)

  (iv) State which of the two reactants, zinc or copper(II) sulphate, is in excess.  Justify 
your answer.

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

    ................................................................................................................................
(1)
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  (v) Calculate the enthalpy change for the reaction in kJ mol–1.  Give your answer to 
three significant figures.  Include a sign with your answer.

(2)

 (c) Identify a major source of error, other than heat loss, in this experiment.  Suggest 
ONE improvement to minimise this source of error.

  Major source of error  ....................................................................................................

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

  Improvement  .................................................................................................................

   .......................................................................................................................................
(2)

 (d) The accuracy of the balance used to weigh a weighing bottle, first when empty and 
then containing the zinc powder, was ±0.01 g.  Calculate the percentage error in the 
mass of zinc used in the experiment.

(1) Q2

(Total 13 marks)
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3. In an experiment to prepare cyclohexene, C6H10, concentrated sulphuric acid was reacted 
with 10.0 g of cyclohexanol, C6H11OH, in the apparatus shown below.

 An impure liquid, consisting of two immiscible layers, distilled over into the collection 
flask.  Some black solid formed in the reaction flask.

 The equation for this reaction is

C6H11OH(l) → C6H10(l) + H2O(l)

 After purifying the liquid in the collection flask, 4.10 g of cyclohexene was collected.

 (a) Calculate the percentage yield of cyclohexene in this experiment.

(3)

Concentrated
sulphuric acid

Cyclohexanol

Cyclohexene

Heat
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 (b) (i) Suggest the identity of an impurity that could have been present with the 
cyclohexene in the collection flask before purification.

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

  (ii) Suggest the identity of the black solid formed in the reaction flask.

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

  (iii) Why does the formation of the solid in (ii) lower the yield of cyclohexene?

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

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

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

  (iv) The upper organic layer from the collection flask, which contains cyclohexene, 
is removed using a separating funnel.  In order to purify the cyclohexene, four 
further steps are necessary.  Identify these steps in the correct sequence.

   Step 1 ......................................................................................................................

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

   Step 2 ......................................................................................................................

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

   Step 3 ......................................................................................................................

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

   Step 4 ......................................................................................................................

    ................................................................................................................................
(4)
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 (c) (i) Suggest a reagent which could be used to test for the presence of an –OH group 
in a sample of pure cyclohexanol.  Give the expected result of this test.

   Reagent ...................................................................................................................

   Result ......................................................................................................................
(2)

  (ii) Suggest a chemical test which could be used to show the presence of the C=C 
bond in a sample of pure cyclohexene.  Give the expected result of the test.

   Reagent ...................................................................................................................

   Result ......................................................................................................................
(2) Q3

(Total 14 marks)
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4. A water-soluble organic acid, H2X, is a solid at room temperature.

 In an experiment to determine the molar mass of the acid, 2.95 g of solid H2X was 
dissolved in water and made up to exactly 500 cm3 of solution.

 25.0 cm3 of the H2X solution was then titrated with aqueous sodium hydroxide of 
concentration 0.100 mol dm–3.  The titre was 25.00 cm3.

H2X(aq) + 2NaOH(aq) → Na2X(aq) + 2H2O(l)

 (a) Phenolphthalein is an indicator which is colourless in acidic solution and red in 
alkaline solution.

  Give the colour change you would expect to observe at the end-point of the titration 
described above.

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

 (b) Describe the essential steps you would take in order to dissolve the solid acid, H2X, 
and make up exactly 500 cm3 of solution ready for the titration.  Your description 
should include the names of any apparatus required.

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

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

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

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

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

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

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

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

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

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

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

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

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

   .......................................................................................................................................
(4)
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 (c) (i) Calculate the amount (moles) of NaOH in 25.0 cm3 of 0.100 mol dm–3 solution.

(1)

  (ii) Calculate the amount (moles) of H2X in 25.0 cm3 of solution.

(1)

  (iii) Calculate the amount (moles) of H2X in 500 cm3 of solution.

(1)

  (iv) From your answer to (iii) and the mass of solid acid, H2X, calculate the molar 
mass of H2X in g mol–1.

(1)
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 (d) The organic acid, H2X, may be represented by the formula HOOC(CH2)nCOOH.

  Use your answer to (c)(iv) to determine the value of n.

(2)

TOTAL FOR PAPER: 50 MARKS

END

Q4

(Total 11 marks)
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