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1 (a) Name the apparatus shown below.

 ...................................................................................................................................... [1]

 (b) (i) What safety item should be used with this apparatus?

 .............................................................................................................................. [1]

  (ii) Why is the safety item used?

 .............................................................................................................................. [1]

[Total: 3]
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2 A student uses the apparatus shown below to prepare ethanoic acid, CH3CO2H.

water in

an alcohol
+ an oxidising agent

heat

Ewater out

 (a) (i) Name the apparatus E.

 .............................................................................................................................. [1]   

  (ii) Why is it used in this preparation? 

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

 .............................................................................................................................. [1]

 (b) A small volume of an alcohol is placed in the flask together with an oxidising agent. The 
mixture is warmed and a colour change observed in the flask.

  (i) Name and give the formula of the alcohol which is used to produce ethanoic acid.

name  ........................................................................................................................

formula  ................................................................................................................. [1]

  (ii) Suggest a suitable oxidising agent and state the colour change which is seen.

oxidising agent  .........................................................................................................   

   the colour changes from ………………………… to ………………………… [2]
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  (iii) What piece of apparatus should the student use to heat the mixture? Explain your 
choice.

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

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

 .............................................................................................................................. [2]

 (c) A student compares some of the properties of ethanoic acid with those of sulfuric acid. 

  A few drops of universal indicator are added to 2 cm3 of 1.0 mol / dm3 solutions of each 
acid.

  (i) What are the final colours of the indicator in

ethanoic acid,  ...........................................................................................................   

sulfuric acid?  ........................................................................................................ [2] 

  (ii) A piece of magnesium ribbon is added to 2 cm3 of each acid.

   State what is seen and compare and explain the speeds of the two reactions.

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

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

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

 .............................................................................................................................. [2] 

 (d) A mixture of ethanol and ethanoic acid is warmed with a few drops of concentrated 
sulfuric acid.

  Name and give the structure of the organic product which is formed and state the 
homologous series of compounds of which it is a member.

name  ................................................................................................................................   

structure  ...........................................................................................................................  

series  ........................................................................................................................... [3]

[Total: 14]
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3 A student adds 50 cm3 of 1.50 mol / dm3 barium nitrate to 100 cm3 of 1.00 mol / dm3 sodium 
sulfate.

 Barium sulfate is produced. 

 (a) (i) Describe the appearance of barium sulfate in the resulting mixture.

 .............................................................................................................................. [1]

  (ii) How does the student produce a pure sample of barium sulfate from the original 
mixture?

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

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

 .............................................................................................................................. [3]

 (b) The equation for the reaction is 

Ba(NO3)2    +    Na2SO4        BaSO4    +    2NaNO3

  (i) Calculate the number of moles of barium nitrate present in 50 cm3 of 1.50 mol / dm3 
solution.

  ....................................... moles  [1]

  (ii) Calculate the number of moles of sodium sulfate in 100 cm3 of 1.00 mol / dm3 
solution.

  ....................................... moles  [1]

  (iii) Deduce the number of moles of barium sulfate produced.

  ....................................... moles  [1]

  (iv) Calculate the mass of barium sulfate produced.
   [Ar: O,16; S, 32; Ba,137]

  ...............................................g  [2]

[Total: 9]
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In questions 4 to 8 inclusive, place a tick (✓) in the box against the correct answer.

4 Separate strips of a metal X are placed in test-tubes containing aqueous solutions of salts as 
shown in the diagrams.

tube I

CuSO4 (aq)

X

tube II

MgSO4 (aq)

X

tube III

Na2SO4 (aq)

X

tube IV

ZnSO4 (aq)

X

 A deposit is formed on metal X in only two of the test-tubes.

 In which two test-tubes is a metal deposit formed?

 (a) I and II  

 (b) I and IV  

 (c) II and III   

 (d) II and IV   
 

[1]
 

[Total: 1]
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5 Pieces of calcium are added to a test-tube containing water coloured green by Universal 
indicator.

 A gas is given off and the indicator changes colour.

 The gas is tested.

 Which pair of observations is correct?

final colour of solution test on gas

 (a) purple relights a glowing splint

 (b) red pops in a flame

 (c) purple pops in a flame

 (d) red relights a glowing splint [1]

[Total: 1]

6 Chromatography can be used to separate the dyes present in black ink.

 Which diagram shows the correct arrangement at the beginning of the experiment?

ink

solvent

ink

solvent

ink

solvent

ink

solvent

 (a) (b) (c) (d)

    
 [1]

[Total: 1]
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7 The organic compound T contains 85.7% carbon and 14.3% hydrogen.

 What is its empirical formula?
 [Ar : H,1; C,12]

 (a) CH    

 (b) CH2     

 (c) CH3  

 (d) CH4      [1]

[Total: 1]
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8 A student does three experiments in which three different solutions of hydrochloric acid are 
added to equal masses of calcium carbonate. 

 The calcium carbonate is in excess.

 The gas produced is collected in a syringe and the volume is recorded at one minute 
intervals.

 The temperature of the acid is the same in each experiment.

 The results are used to plot the graphs shown below.

volume of
gas / cm3

P
Q

R

time / minutes

 The three solutions are

  (I) 25.0 cm3 of 1.0 mol / dm3 hydrochloric acid,

  (II) 25.0 cm3 of 2.0 mol / dm3 hydrochloric acid,

  (III) 50.0 cm3 of 1.0 mol / dm3 hydrochloric acid.

 Which curve corresponds to which solution?

 (I) (II) (III)

 (a) P Q R

 (b) R Q P

 (c) Q R P

 (d) R P Q [1]

[Total: 1]
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9 A student is given a sample of a metal hydroxide, MOH, and asked to determine the relative 
atomic mass of M by titrating an aqueous solution of MOH with 0.095 mol / dm3 sulfuric acid, 
solution S.

 (a) A sample of MOH is placed in a previously weighed container, which is then reweighed.

   mass of container + MOH = 11.58 g
   mass of container = 8.89 g

  Calculate the mass of MOH used in the experiment.

  ...............................................g  [1]

 (b) The student transfers the sample of MOH to a beaker, adds about 100 cm3 of distilled 
water and stirs the mixture until all the solid has dissolved. The contents of the beaker 
are then transferred to a volumetric flask. 

  The solution is made up to 250 cm3 with distilled water. 
  This is solution G.
  25.0 cm3 of G is transferred to a conical flask.
  A few drops of methyl orange indicator are added to the conical flask.

  S is put into a burette and added to the solution in the conical flask until an end-point is 
reached.

  What is the colour of the solution in the conical flask

  (i) before S is added,  ....................................................................................................   

  (ii) at the end-point?  ..................................................................................................[1]
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 (c) The student does three titrations. The diagrams below show parts of the burette with the 
liquid levels at the beginning and end of each titration.

0

1

25

26

27

48

49

32

33

6

7

8

23

24

1st titration 2nd titration 3rd titration

  Use the diagrams to complete the following table.

titration 1 2 3

final burette reading / cm3

initial burette reading / cm3

volume of S used / cm3

best titration results (✓)

  Summary

  Tick (✓) the best titration results. 

  Using these results the average volume of S is

  ........................................... cm3  [4]

 (d) Calculate the number of moles of sulfuric acid in the average volume of 0.095 mol / dm3 
sulfuric acid, S, from (c).

  ....................................... moles  [1]       
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 (e) Using your answer to (d) and the equation, calculate the number of moles of MOH in 
25.0 cm3 of G.

2MOH    +    H2SO4         M2 SO4    +    2H2O

  ....................................... moles  [1]       

 (f) Using your answer to (e) calculate the number of moles of MOH in 250 cm3 of G.

  ....................................... moles  [1]       

 (g) Using your answers to (a) and (f) calculate the mass of one mole of MOH.

  .................................................   [1]       

 (h) Using your answer to (g) calculate the relative atomic mass of M.
  [Ar: H,1; O,16 ] 

  .................................................   [1]       

[Total: 11]
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10 V is a compound which contains two ions.

 Complete the table by adding the observations for (a), (b)(i), (b)(ii) and (c), and the test and 
observation for (d).

test observation conclusion

(a) V is dissolved in water 
and the solution divided 
into three parts for use in 
(b), (c) and (d).

V is probably not a compound 
of a transition metal.

(b) (i) To the first part, 
aqueous sodium 
hydroxide is added 
until a change is 
seen. 

 (ii) An excess of 
aqueous sodium 
hydroxide is added 
to the mixture from 
(i).

V may contain Ca2+ ions. 

(c) To the second part, 
aqueous ammonia is 
added until a change is 
seen.

The presence of Ca2+ in V is 
confirmed.

(d) The presence of Cl– in V is 
confirmed.

[Total: 7]
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11 A student does four experiments to find how the solubility of sodium nitrate varies with 
temperature.

heat

sodium nitrate

water

thermometer

 10.0 g of sodium nitrate is put into a beaker and 10.0 cm3 of water is added.
 The beaker is heated and the contents stirred until all the solid dissolves.
 The beaker is allowed to cool slowly. The temperature at which crystals first appear is noted.

 A further 10.0 cm3 of water is added and the process repeated.
 The experiment is repeated for two further 10.0 cm3 additions of water.

 The diagrams below show parts of the thermometer stem indicating the temperature at which 
crystals appear for total volumes of 10.0, 20.0, 30.0 and 40.0 cm3.

60

50

40

30

20

10

30

20

20

10

1 2 3 4
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 The solubility of sodium nitrate at each temperature is calculated by using the formula

solubility 
in g / 100 cm3

water
= ×  100

mass of sodium nitrate

volume of water

 (a) Complete the temperature column of the table using the temperatures shown in the 
diagram.

  
  Complete the solubility column of the table using the formula shown above.   

experiment total volume of water 
in solution / cm3

temperature at which 
crystals appear / °C

solubility / 
g /100 cm3 
of water.

1 10.0 100

2 20.0

3 30.0 33

4 40.0
[2]

 (b) Plot the results on the grid below and draw a smooth curve through the points. Extend 
the curve to meet the vertical axis.

0
0

20

40

60

80

solubility
g / 100 cm3

of water

temperature / °C

100

10 20 30 40 50 60 70

[3]
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 (c) Use the graph to answer the following questions.

  What is the solubility of sodium nitrate at

  (i) 0 °C,  

  .............................g / 100 cm3 water

  (ii) 40 °C?

  .............................g / 100 cm3 water
[2]

 (d) What is the lowest temperature at which 50 cm3 of water will dissolve 35 g of sodium 
nitrate?  

  ............................................. °C  [2]

 (e) A hot solution of 150 g of sodium nitrate in 100 cm3 of water is cooled to 50 °C. What 
mass of sodium nitrate crystallises out?

  ...............................................g  [2]

[Total: 11]
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