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Section A

1 The percentage of water of crystallisation in a sample of 
hydrated sodium carbonate was determined by dissolving 
5.72g of hydrated sodium carbonate in deionised water 
and making the solution up to 500cm3 in a volumetric 
flask. 25.0cm3 samples of this solution were titrated with 
0.1mol dm–3 hydrochloric acid. The results are given in the 
following table.

 
Rough Accurate 1 Accurate 2

Final burette 
reading/cm3 20.5 40.6 19.9

Initial burette 
reading/cm3 0.0 20.5 0.0

Titre/cm3

 (a)  (i)  Complete the table by calculating the titre values.      
[1 mark]

  (ii)  Calculate the average titre.     [1 mark]

 (b) Name a suitable indicator for the titration and give the 
colour change at the end point.

  Indicator     [1 mark]

  Colour change     [2 marks] 
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 (c)  Write the equation for the reaction between hydrochloric 
acid and sodium carbonate.     [2 marks]

 (d) Using the following headings calculate the percentage of 
water of crystallisation in the sample of hydrated sodium 
carbonate.     [6 marks]

  moles of hydrochloric acid used in the titration

  moles of sodium carbonate in 25.0cm3 

 
  moles of sodium carbonate in 500cm3 

  mass of sodium carbonate in 500cm3 

  mass of water in the sample

  percentage of water of crystallisation in the sample

 
 (e) Suggest an alternative method to determine the 

percentage of water of crystallisation in the sample.
  [1 mark]
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2  (a)  A mixture of two salts, labelled A, have a common 
cation. The following tests were carried out on A. 
Complete both columns in the table and identify the 

  two salts.

Test Observations Deductions
1 Describe the appearance 

of A.
White solid

[1 mark]
2 Dip a nichrome wire 

into concentrated 
hydrochloric acid, touch 
sample A with the wire, 
then hold it in a blue 
Bunsen fl ame.

Lilac fl ame

[1 mark]
3 Add concentrated 

sulfuric acid to a spatula 
measure of A in a boiling 
tube in a fume cupboard. 

Heat the boiling tube.

A grey-black solid 
forms

A purple vapour 
forms
 
Smell of rotten eggs [2 marks]

4 Add a spatula measure 
of A to a test tube half 
fi lled with dilute nitric 
acid.

Add a few drops of silver 
nitrate solution.

A colourless solution 
forms with no 
effervescence

A yellow precipitate 
forms [2 marks]
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Test Observations Deductions
5 Add a spatula measure 

of A to a test tube half 
fi lled with deionised 
water. 

Add chlorine water.

A colourless solution 
forms

[1 mark]
6 Add a spatula measure 

of A to a test tube half 
fi lled with dilute nitric 
acid.

Add a few drops of 
barium chloride solution.

A colourless solution 
forms with no 
effervescence

White precipitate 
forms

  Name the two salts present in A.     [1 mark for each]
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 (b) The following tests were carried out on an organic 
  liquid B. 

  (i) Complete the table, giving observations and 
deductions.

Test Observations Deductions
1 Add 1cm3 of B to 1cm3 

of deionised water in a 
test tube.

A single layer 
forms

[1 mark]

2 Add a spatula measure 
of phosphorus(V) 
chloride to 4cm3 of B in 
a boiling tube in a fume 
cupboard. 

Test any gas produced 
using damp blue litmus 
paper.

Test any gas produced 
using a glass rod which 
has been dipped in 
concentrated ammonia 
solution.

Solid disappears
Steamy fumes 
produced
Hissing sound

Paper turns red

[1 mark]

[1 mark]

[1 mark]

[1 mark]

3 Add 1cm3 of B to 2cm3 
of acidifi ed potassium 
dichromate solution in 
a test tube. Warm the 
mixture gently in a water 
bath.

The solution 
remains orange

[1 mark]
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  (ii) Suggest the structure of B which contains four 
carbon atoms.     [1 mark]
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Section B

3  Planning

 You are required to plan an experiment to determine the 
enthalpy change for the endothermic reaction which occurs 
when potassium hydrogencarbonate, KHCO3, is added to 
an excess of dilute sulfuric acid. An appropriate procedure 
would involve adding 5.0g of potassium hydrogencarbonate 
to 50.0cm3 of 2.0 mol dm–3 sulfuric acid in a polystyrene 
cup.

 (a)  Suggest one advantage of using a polystyrene cup.
  [1 mark]

 (b) The polystyrene cup is often placed inside a beaker. 
Give one advantage of this method.     [1 mark]

 (c)  Identify three pieces of apparatus which are used to 
take measurements in this experiment.     [3 marks] 



10745.02 MV18  9 [Turn over

 (d) Write an equation for the reaction which occurs.
  [2 marks]

 

 (e)  Suggest why an excess of sulfuric acid is used.
  [1 mark]

 (f)  Describe the method that you would use. Include the 
apparatus identified in (c) and the measurements you 
would take.     [6 marks]
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 (g) A student added 5.0g of potassium hydrogencarbonate 
to 50.0cm3 of 2.0 mol dm–3 sulfuric acid and then used 
the following equation 

  heat energy absorbed (in J) 
= volume of acid (in cm3) × 4.18 × T

  to calculate that the enthalpy change for the reaction 
was +30 kJ mol–1. 

  The initial temperature of the acid was 18.0°C. Use the 
following steps to calculate the final temperature of the 
solution.     [5 marks]

  Number of moles in 5.0g of potassium 
hydrogencarbonate

  Heat energy (in kJ) absorbed from the solution

  Heat energy (in J) absorbed from the solution

  Temperature change ( T)

  Final temperature of solution (°C)
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 (h) Other than a  temperature change, what is observed 
when potassium hydrogencarbonate is added to the 
sulfuric acid?     [1 mark]
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4  The compound 2-bromopropane can be prepared in a 
 two-stage process.

 Stage 1: The preparation of hydrobromic acid by the 
reaction of potassium bromide with concentrated sulfuric 
acid.

 Potassium bromide is dissolved in water. The beaker 
containing potassium bromide solution is placed in an 

 ice-bath and concentrated sulfuric acid is added very slowly. 
Potassium hydrogensulfate precipitates out of solution and 
is removed by suction filtration. The hydrobromic acid is 
purified by distillation.

 (a)  (i)  Write the equation for the reaction of potassium 
bromide with concentrated sulfuric acid.     [1 mark]

  (ii)  Draw a labelled diagram to show how the suction 
filtration is carried out.     [3 marks]
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  (iii) Suggest safety precautions which should be taken 
when using concentrated sulfuric acid.     [1 mark]

 Stage 2: Reaction of a large excess of hydrobromic acid 
with isopropyl alcohol.

 (CH3)2CHOH(l) + HBr(aq)  (CH3)2CHBr(l) + H2O(l)

 Isopropyl alcohol and aqueous hydrobromic acid are mixed 
together in a round-bottomed flask. The flask is heated 
electrically and the product is collected by distillation 
at 60°C. The crude product is shaken with water in a 
separating funnel. The lower layer is separated and treated 
with anhydrous magnesium sulfate. The liquid is then 
decanted off.

 (b) What is the IUPAC name for isopropyl alcohol?
  [1 mark]

 (c)  Apart from isopropyl alcohol and hydrobromic acid, what 
else should be added to the round-bottomed flask?

  [1 mark]

 (d) Suggest an advantage of heating electrically.     [1 mark]
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THIS IS THE END OF THE QUESTION PAPER

 (e)  Name an impurity which is removed from the 
2-bromopropane by shaking with water.     [1 mark]

 (f)  How could you confirm that the lower layer was the 
organic layer?     [2 marks]

 (g) What is the function of the anhydrous magnesium 
sulfate?     [1 mark]

 (h) Assuming a 75% yield, calculate the minimum mass of 
isopropyl alcohol which would be needed to produce 
10.0 g of 2-bromopropane.     [4 marks]
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12
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3
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4

1   

1

* 58–71    Lanthanum series
† 90–103  Actinium series

a = relative atomic mass
        (approx.)
x = atomic symbol
b = atomic number

THE PERIODIC TABLE OF ELEMENTS
Group

a
b x

0VIIVIVIVIIIIII

*

†

One mole of any gas at 20 °C and a pressure of 1 atmosphere (105 Pa) 
occupies a volume of 24 dm3.
Planck Constant = 6.63 × 10–34 J s
Gas Constant = 8.31 J mol–1 K–1

Avogadro Constant = 6.02 × 1023 mol–1
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