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1	 Butyl ethanoate is a colourless liquid at room temperature and pressure.  
It can be prepared by reacting ethanoic acid with butan-1-ol in the presence of 
concentrated sulfuric acid. 

	 Some information on the two organic reactants is given in the table below: 

Ethanoic acid Butan-1-ol

Melting point /°C 16 -90

Boiling point /°C 118 118

Density of liquid /g cm-3 1.05 0.81

Solubility in water soluble soluble

	 (a)	 The following method may be used to prepare butyl ethanoate:

		  Mix 15 cm3 of ethanoic acid with 30 cm3 of butan-1-ol in a round-bottomed flask. 
Add concentrated sulfuric acid slowly with swirling. Ensuring no loss of reactants 
or products, heat the mixture for approximately 30 minutes and then allow the 
mixture to cool. Pour the contents of the round-bottomed flask into a reagent 
bottle containing cold water. Stopper the bottle, shake the contents and allow  
to settle.

		  (i)	 Explain why the concentrated sulfuric acid is added slowly with swirling.

[2]
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		  (ii)	 Explain why the ethanoic acid for this preparation should not be stored in a 
fridge at 4 °C.

[1]

		  (iii)	Name the technique used to ensure no loss of reactants or products when 
heating the mixture. 

[1]

		  (iv)	Suggest what should be added to the round-bottomed flask to promote 
smooth boiling.

[1]

		  (v)	 After allowing to settle, two layers form in the reagent bottle. Giving practical 
details, describe how the upper organic layer could be separated into a 
clean, dry beaker.

[3]
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	 (b)	 The organic layer is the crude product. To remove any remaining traces of acid, 
it is shaken with sodium carbonate solution. The upper organic layer is then 
separated from the aqueous layer. The organic product is then dried. 

		  (i)	 What would indicate that all remaining traces of acid have been removed 
from the crude product?

[1]

	 	 (ii)	 Describe how the organic product is dried.

[5]

		  (iii)	State how you would remove any remaining organic impurities.

[1]

		  (iv)	State the effect of the presence of impurities on the boiling point of an 
organic liquid.

[1]
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	 (c)	 (i)	 Write an equation for the reaction to produce butyl ethanoate. 

� [2]

		  (ii)	 Calculate the number of moles of ethanoic acid added in this preparation.

Answer                       [2]

		  (iii)	Calculate the number of moles of butan-1-ol added in this preparation.

Answer                       [2]

		  (iv)	Explain, using your answers to (c)(i), (ii) and (iii), why ethanoic acid is the 
limiting reactant.

[2]
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		  (v)	 12.2 g of butyl ethanoate were obtained. Calculate the percentage yield, 
giving your answer to the nearest whole number.

Answer                       %  [3]
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2	 Transition metal ions form coloured complexes.

	 (a)	 A few spatula measures of a cobalt(II) compound were dissolved in 
approximately 50 cm3 of deionised water and a series of tests were carried out 
on portions of the resulting pink solution.

		  A few drops of aqueous ammonia were added to a portion of the solution and a 
blue precipitate formed. On addition of excess aqueous ammonia, the blue 
precipitate disappeared and a yellow solution formed. The yellow solution was 
shaken, allowed to stand and observed over a period of several minutes. 

		  A few drops of silver nitrate solution were added to a separate portion of the pink 
solution. A white precipitate formed.

		  (i)	 Write an ionic equation for the formation of the blue precipitate.

[1]

		  (ii)	 Give the formula of the complex present in the yellow solution.

[1]

	 	 (iii)	What will be observed when the yellow solution is allowed to stand?

[1]

		  (iv)	Name the cobalt(II) compound.

[1]

	 (b)	 A few cm3 of concentrated hydrochloric acid were added to a portion of the 
original pink solution from (a) in a boiling tube. A ligand replacement reaction 
occurred and the colour of the solution changed to blue. When water was added 
to the boiling tube, the solution changed back to pink. 

		  (i)	 Based on these observations, what can you deduce about the reaction?

[1]
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		  (ii)	 Write an ionic equation for the reaction which occurred when the 
concentrated hydrochloric acid was added.

[2]

		  (iii)	State the change in co-ordination number and the change in shape of the 
complexes in the ligand replacement reaction when concentrated 
hydrochloric acid was added.

			   Change in co-ordination number: �

			   Change in shape: �

[2]

	 (c)	 Nickel(II) ions form a variety of complexes with different ligands. 

	 	 (i)	 State the colour change observed when an excess of aqueous ammonia is 
added to an aqueous solution of nickel(II) sulfate.

[1]

	 	 (ii)	 When excess 1,2-diaminoethane is added to an aqueous solution of 
nickel(II) sulfate, a ligand replacement reaction occurs and a purple complex 
forms. Write the formula of the purple complex. 

[1]

		  (iii)	Addition of a solution containing the edta4- ligand to the purple solution 
formed in (c)(ii) results in a purple to blue colour change. Write an ionic 
equation for the reaction which occurs.

[2]
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3	 A student investigated the chemistry of ethanamide and ethylamine by carrying out 
the following procedures. 

	 (a)	 Dissolve 0.5 g of ethanamide in 3 cm3 of deionised water. Add drops of the 
resulting solution onto both red and blue litmus paper. 

		  (i)	 On carrying out this procedure, it was found that the aqueous solution of 
ethanamide had no effect on red or blue litmus paper. What can be 
concluded about the aqueous solution?

	 [1]

		  (ii)	 What would you expect to observe if a solution of ethylamine was used in 
place of ethanamide with red and blue litmus paper?

red litmus paper:

blue litmus paper:	 [1]

	 (b)	 To 1 cm3 of a solution of ethylamine, add a spatula measure of sodium nitrite and 
1 cm3 of hydrochloric acid.

		  On carrying out this procedure, bubbles of gas were formed. Identify the gas and 
name the organic product.

[2]
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	 (c)	 Add half a spatula measure of ethanamide to about 5 cm3 of dilute sodium 
hydroxide in a boiling tube. Warm the boiling tube gently.

	 	 On carrying out this procedure, a gas with a characteristic smell was produced. 
Identify the gas and name the other product.

[2]

	 (d)	 Add a spatula measure of ethanamide to about 5 cm3 of dilute hydrochloric acid 
in a boiling tube. Boil the contents of the boiling tube.

		  Name the two products of this reaction.

[2]
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4	 Iodide ions in aqueous solution can be oxidised to iodine using a solution containing 
peroxodisulfate ions (S2O2-

8 ).

S2O2-
8   +  2I-  →  2SO2-

4   +  I2

	 (a)	 At room temperature, the reaction is relatively slow. It is much faster in the 
presence of iron(II) ions.

		  (i)	 Based on the equation above, suggest why the reaction is relatively slow.

[1]

		  (ii)	 Suggest the role played by the iron(II) ions in this reaction.

[1]
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	 (b) 	When a colourless solution of potassium peroxodisulfate is added to a 
colourless solution of potassium iodide, a slow and gradual colour change  
is observed. 

		  (i)	 State the colour change observed.

[1]

		  (ii)	 In the presence of a small amount of sodium thiosulfate, the colour change  
in (b)(i) is delayed. Explain, using an ionic equation, why the presence of a 
small amount of sodium thiosulfate delays the colour change.

[2]

		  (iii)	 In the presence of a small amount of sodium thiosulfate and starch, 
a different, more immediate, colour change is observed. State the colour 
change.

[1]
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	 (c)	 250 cm3 of a 0.02 mol dm-3 solution of sodium thiosulfate were prepared from 
hydrated sodium thiosulfate, Na2S2O3.5H2O.

		  (i)	 Calculate the mass of hydrated sodium thiosulfate required to prepare 
250 cm3 of this solution.

Answer                       [2]

		  (ii)	 Describe how the solution of sodium thiosulfate was prepared using the 
mass calculated in (c)(i).

[4]
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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88
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104
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277  
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72
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76

192   

77
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78

197   

79

201   

80

89   

39

91   

40

103   

45

85    

37

88   

38

93   

41

96   

42

98   

43

101   

44

106   

46

108   

47

112   

48

131   

54
222   

86

210   

85

210   

84

209   

83

207   

82

204   

81

84   

36

79   

34

73   

32

40    

20

39    

19
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21

48   

22

51   

23

52   
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55   

25

56   

26

59   

27

59   

28

64   

29

65   

30

11   

5

12   

6

14   

7

16  

8

19   

9

20   

10

4   

2

40  

18

35.5   

17

32   

16

31   

15

28   

14

27   

13
70   

31

75   

33

80   

35
115   

49

119   

50

122   

51

128   

52

127   

53

23    

11

24    

12

7    

3

9    

4

 

THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

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

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)
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