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1	 (a)	 Describe, giving experimental details, how the concentration of a solution  
of hydrogen peroxide may be determined using sodium thiosulfate solution. 
Include all the colour changes which occur. No details of calculations  
are required.

[6]
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	 (b)	 Sodium thiosulfate solution may also be used in a redox titration to analyse the 
percentage purity of copper foil. A copper foil electrode from an electrochemical 
cell has a mass of 1.93 g. All of the copper metal in the electrode was converted 
into copper(II) ions in 250 cm3 of solution. 

		  Excess potassium iodide was added to 25.0 cm3 samples of this solution and 
titrated against 0.1 mol dm-3 sodium thiosulfate solution. The average titre 
was 26.4 cm3. 

		  (i)	 Write the ionic equation for the reaction between iodine and thiosulfate ions.

[1]

	 	 (ii)	 The ionic equation for the reaction between copper(II) ions and iodide 
ions is:

2Cu2+  +  2I-  →  2Cu+  +  I2

			   Use the ionic equation and your answer to (b)(i) to state the ratio of 
copper(II) ions to thiosulfate ions.

[1]

		  (iii)	Calculate the percentage purity of the copper foil electrode. Give your 
answer to the nearest whole number.

Answer	 % [5]
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2	 Electrochemical cells are made up of two half-cells. The table below gives some 
standard electrode potentials.

Half-equation EO—/ V

Zn2+(aq)  +  2e-   ⇌  Zn(s) - 0.76

Cu2+(aq)  +  2e-   ⇌  Cu(s) + 0.34

Fe3+(aq)  +  e-   ⇌  Fe2+(aq) + 0.77

	 (a)	 Draw a labelled diagram of the electrochemical cell which you would use to 
measure the emf between the Fe3+/Fe2+ and the Cu2+/Cu half-cells.

� [5]
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	 (b)	 Write the conventional cell representation of the electrochemical cell you have 
drawn in (a).

[2]

	 (c)	 Calculate the emf of the electrochemical cell in (a).

Answer	 [1]
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3	 Methyl benzoate may be nitrated by the nitronium ion to form methyl 3-nitrobenzoate. 

	 The structure of methyl 3-nitrobenzoate is shown below.

C

NO2

O O CH3

methyl 3-nitrobenzoate

	 Methyl 3-nitrobenzoate is prepared by the method below. 

	 1.	 Dissolve methyl benzoate in concentrated sulfuric acid and cool the solution  
in ice. 

	 2.	 Prepare the nitrating mixture by carefully adding concentrated sulfuric acid to 
concentrated nitric acid and then cool this mixture in ice. 

	 3.	 Add the nitrating mixture drop by drop to the solution of methyl benzoate, stir 
with a thermometer and keep the temperature below 10 °C. 

	 4.	 Pour the reaction mixture onto crushed ice and stir until all the ice has melted 
and solid methyl 3-nitrobenzoate forms. 

	 (a)	 (i)	 Write an equation for the production of the nitronium ion.

[2]

	 	 (ii)	 Explain why the nitrating mixture is added drop by drop and why the 
temperature is kept below 10 °C.

[2]
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	 (b)	 The product, methyl 3-nitrobenzoate, is purified by recrystallisation from ethanol.

	 	 (i)	 Describe the appearance of the product.

[1]

		  (ii)	 Describe how you would determine the melting point of the recrystallised 
product.

[3]

		  (iii)	State how the melting point can be used to determine if the product is pure.

[1]
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	 (c)	 Methyl 3-nitrobenzoate may also be prepared from solid 3-nitrobenzoyl chloride 
and methanol. 

	 	 (i)	 Write an equation for this reaction.

[2]

		  (ii)	 Calculate the minimum volume of methanol which would be required to 
react with 14.4 g of 3-nitrobenzoyl chloride. The density of methanol is  
0.79 g cm-3. Give your answer to 2 significant figures.

Answer	 cm3 [3]
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4	 The liquid ester methyl butanoate, C3H7COOCH3, is prepared by the esterification of 
butanoic acid with methanol in the presence of concentrated sulfuric acid. The crude 
ester is separated from the reaction mixture by distillation.

C H

H

H

 
C C C C O

OH

H

H

H

H

H

H  

methyl butanoate

	 (a)	 The first step in this esterification is shown below.

C3H7COOH  +  H2SO4  ⇌  C3H7COOH+
2  +  HSO-

4

		  Write the formula of an acid and its conjugate base from the equation above.

acid conjugate base [2]

	 (b)	 The crude ester is purified in a series of steps using sodium carbonate solution 
and anhydrous calcium chloride. 

	 	 (i)	 Identify an impurity in the crude ester which could be removed using 
sodium carbonate solution.

[1]
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	 	 (ii)	 Describe, giving practical details, how the crude ester is reacted with sodium 
carbonate solution and how the layers obtained can be identified practically 
and separated.

[6]

	 	 (iii)	Explain the purpose of adding anhydrous calcium chloride to the crude ester 
and state how it may be removed from the ester.

[2]
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	 (c)	 A sample of pure methyl butanoate was analysed using mass spectrometry.  
The mass spectrum obtained is shown below. 
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		  (i)	 Explain what is meant by the term base peak and state the m/z value of the 
base peak in the spectrum above.

[2]

		  (ii)	 Identify two fragmentation ions, which could be responsible for the peaks at 
m/z values of 29 and 71.

29 	

71 	 [2]
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	 (d)	 Methyl butanoate produces four signals when analysed by nmr spectroscopy as 
shown in the table below.

Signal A B C D

Chemical shift /ppm 4.9 3.2 2.6 1.9

Integration 3 2 2 3

Spin-spin splitting 
pattern singlet triplet multiplet triplet

		  (i)	 State the name of the compound used as a standard in nmr spectroscopy 
and state one reason why it is chosen.

[2]

		  (ii)	 Explain, with reference to the chemical shift and the structure of methyl 
butanoate, which hydrogen atoms produce the signal at A.

[3]
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		  (iii)	On the structure below, circle all the hydrogen atoms which produce the 
signal at B. 

C H

H

H

 
C C C C O

OH

H

H

H

H

H

H  
[1]

		  (iv)	On the structure below, circle all the hydrogen atoms which produce the 
signal at D. 

C H

H

H

 
C C C C O

OH

H

H

H

H

H

H  
[1]

		  (v)	 Suggest the structure of an ester which is an isomer of methyl butanoate 
which contains only two peaks, which are both singlets, in its nmr spectrum. 

[2]

		  (vi)	State the integration ratio for the singlet peaks of the isomer drawn 
in (d)(v).

[1]
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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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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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