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

1. The tables below show a series of simple tests on different compounds.  Fill in the spaces 
in the tables.

 (a)

Test Observation Inference

The flame test was carried 
out on solid A. ...............................................

Potassium ions present in A.

(1)

 (b)

Test Observation Inference

To an aqueous solution of B, 

add ........................................

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

followed by

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

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

A yellow precipitate was 
produced that was insoluble 
in concentrated ammonia 
solution.

Iodide ions present in B.

(1)

 (c)

Test Observation Inference

Add dilute hydrochloric 
acid to solid C.  Heat the 
mixture and pass the gas 
through acidified potassium 
dichromate(VI) solution.

Orange solution goes green. Gas evolved ..........................

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

Anion in C.............................

(2)
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 (d)

Test Observation Inference

Add dilute sulphuric acid to 
a solution of D. ...............................................

Calcium, strontium, or 
barium cation present.

(1)

 (e)

Test Observation Inference

To an aqueous solution of E, 

add ........................................

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

and ........................................

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

Then warm the solution.

Gas evolved that turns red 
litmus blue.

Gas ammonia.

Anion nitrate.

(2)

 (f)

Test Observation Inference

Add dilute hydrochloric acid 
to a solution of F.  Test the 
gas evolved with damp blue 
litmus paper.

...............................................
Gas chlorine.

(1) Q1

(Total 8 marks)
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2. Analysis shows that a compound has a molecular formula of C4H8O2.  It is suggested that 
the compound could be either P, which is an acid, or Q, which contains a C=C bond and 
alcohol groups.

CH3CH2CH2COOH    or    HOCH2CH=CHCH2OH
 P Q

 Describe ONE test which would give a positive result for P but not for Q.

 Describe ONE test which would give a positive result for Q but not for P.

 For each test you should name the reagent and the expected result.

Test Observation

P

Test Observation

Q

Q2

(Total 4 marks)
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3. Compound Z is a salt of a Group 2 metal.  Complete the table below and suggest the 
formula of Z.

Test Observation Inference

To a solution of Z in distilled 
water, add 5 cm3 of dilute 
sulphuric acid.

No precipitate was 
produced.

To a solution of Z in distilled 
water, add an excess of an 
aqueous solution of chlorine. 

A black precipitate in 
a brown solution was 
produced.

Formula of Z .................................................................................... Q3

(Total 3 marks)
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4. 1-bromobutane can be prepared in a laboratory by heating under reflux butan-1-ol,
sodium bromide and 50 % sulphuric acid.

 The apparatus is then arranged for distillation and a mixture of water and 1-bromobutane is 
distilled off.  This mixture is collected in a separating funnel where two layers form.  The 
denser 1-bromobutane is separated from the water and dried by adding solid anhydrous 
calcium chloride.

 The 1-bromobutane is finally purified by distillation, collecting the fraction boiling 
between 101–103 °C.

 (a) (i) Explain how the apparatus for heating under reflux works and suggest why it is 
necessary.

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

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

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

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

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

    ................................................................................................................................
(3)

  (ii) Draw a diagram of the apparatus used for the final distillation.

(3)
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 (b) Suggest ONE safety precaution that could be used when heating flammable liquids 
such as butan-1-ol.

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

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

(Total 7 marks)
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5. Tartaric acid is an organic acid.  Volumetric analysis can be used to find out how many 
acid, –COOH, groups each molecule of the acid contains.

 The formula of tartaric acid can be represented in this acid-base reaction as HxTa.

 Ta represents the rest of the tartaric acid molecule, and x is the number of hydrogen atoms 
in the molecule which are part of the acid, –COOH, groups.

 The equation for its reaction with sodium hydroxide can be written as follows:

HxTa + xNaOH → NaxTa + xH2O

 The value of x can be found by experiment. 25.0 cm3 of 0.110 mol dm–3 tartaric acid 
solution was titrated with 0.235 mol dm–3 sodium hydroxide solution, using phenolphthalein 
as the indicator.  The following results were obtained.

1 2 3

Burette reading (final) / cm3 36.25 23.50 47.35

Burette reading (initial) / cm3 12.30  0.05 24.00

Volume of NaOH used / cm3 23.95 23.45 23.35

 (a) In this titration what is the colour change for the phenolphthalein indicator?

  From ..................................................

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

 (b) State why the mean (or average) titre should be based only on titrations 2 and 3.

   .......................................................................................................................................
(1)
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 (c) Calculate the mean titre.

(1)

 (d) (i) Calculate the amount (moles) of tartaric acid in 25.0 cm3 of 0.110 mol dm–3 
solution.

(1)

  (ii) Calculate the amount (moles) of sodium hydroxide in the mean titre.

(1)

  (iii) Calculate the number of moles of sodium hydroxide that reacts with 1 mol of 
tartaric acid.

(1)

  (iv) Hence state the value of x, which is also the number of –COOH groups in each 
tartaric acid molecule.

 x =  ....................
(1)
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 (e) Tartaric acid has a molar mass of 150 g mol–1.  The percentage composition by mass 
is C 32%, H 4%, O 64%.

  Use these data to show that the molecular formula of tartaric acid is C4H6O6.

(4)

 (f) Tartaric acid is a straight chain compound with molecular formula C4H6O6.  It contains 
two alcohol groups.  Suggest a structural formula for the molecule.

(1)

 (g) Most burettes are capable, if read correctly, of giving a reading which is ±0.05 cm3 of 
the true value.

  Suggest why the experiment is designed to give a titre of between 20 to 30 cm3, rather 
than 5 to 10 cm3.  Justify your answer.

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

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

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

   .......................................................................................................................................
(2) Q5

(Total 14 marks)
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6. The enthalpy change for the reaction of anhydrous aluminium chloride, AlCl3, with water 
can be found as follows:

 • Add about 100 cm3 of distilled water to a weighed polystyrene cup.
 • Measure the steady temperature of the water.
 • Add anhydrous aluminium chloride to the polystyrene cup, with stirring.
 • Measure the highest temperature reached.
 • Re-weigh the polystyrene cup and contents

 (a) (i) Calculate the heat change in this experiment.

(2)

  (ii) Assuming that 100 cm3 of water is a large excess, calculate the enthalpy change, 
in kJ mol–1, when one mole of aluminium chloride reacts.  Include a sign and unit 
in your answer.

(3)

Data
Mass of anhydrous aluminium chloride = 4.00 g
Mass of solution = 104 g
Initial temperature =  17.5 °C
Highest temperature reached =  43.5 °C
Specific heat capacity of the solution = 4.09 J g–1 °C–1
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 (b) In reactions of this type, the dissolving process may be slow and heat may be lost 
in cooling while the reaction is still going on.  This can make it difficult to get an 
accurate measurement of the temperature change using the method above.

  Suggest how, using the same apparatus, together with a clock, the method could be 
modified to find the maximum temperature change more accurately.

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

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

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

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

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

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

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

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

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

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

   .......................................................................................................................................
(3) Q6

(Total 8 marks)
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7. Plan an investigation to find out the products from the action of heat on sodium 
hydrogencarbonate.

 Three possible reactions are:

  I 2NaHCO3(s) → Na2CO3(s) + H2O(g) + CO2(g)

  II NaHCO3(s) → NaOH(s) + CO2(g)

  III 2NaHCO3(s) → Na2O(s) + H2O(g) + 2CO2(g)

 Describe an experiment, based on the changes in mass on heating, to establish which of 
these reactions take place.  In your plan you should include:

 • an outline of the procedure,

 • what measurements you would make,

 • how you would ensure that the results are as accurate as possible,

 • an explanation, in detail, of how the results would be used to show which reaction has 
occurred.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

Data
Molar masses/g mol–1: NaHCO3 = 84; Na2CO3 = 106; NaOH = 40; Na2O = 62
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  ..............................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TOTAL FOR PAPER: 50 MARKS

END

Q7

(Total 6 marks)
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