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1 A student prepared 250 cm3 of a 0.10 mol dm−3 solution of ammonium iron(II) sulfate 
(NH4)2Fe(SO4)2.6H2O by dissolving the solid in 100 cm3 of dilute sulfuric acid and 
making the solution up to 250 cm3 in a volumetric flask.

 (a) Calculate the mass of ammonium iron(II) sulfate required.

[3]

 (b)  The student titrated 25.0 cm3 portions of the 0.10 mol dm−3 solution with acidified 
potassium manganate(VII) and obtained the results given in the table.

titration initial burette 
reading/cm3

final burette 
reading/cm3

volume added  
/cm3

Rough 0.0 30.5 30.5

1 0.4 30.5

2 0.6 30.5

  (i)  Why is indicator not required in this titration?

[1]

  (ii)  State the colour change at the end point of this titration.

[2]

  (iii)  Complete the results table and calculate the average titre.

[2]
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 (c) (i)  Write the half-equation for the reduction of acidified manganate(VII) ions to 
form manganese(II) ions.

[2]

  (ii)  Write the half-equation for the oxidation of iron(II) ions to iron(III) ions.

[1]

  (iii)  Write the ionic equation for the reaction.

[2]

  (iv)  Calculate the concentration of the acidified potassium manganate(VII) 
solution in g dm−3.

[4]
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2 (a)  Based on the following observations, make deductions for the organic liquids A, 
B and C.

Test Observation Deduction
1 In a fume cupboard add 

a spatula measure of 
phosphorus(V) chloride 
to liquid A.

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

Vigorous reaction. 
Heat produced. 
Steamy fumes 
given off.

White smoke 
produced.

[2]
2 Add 2 cm3 of water to  

2 cm3 of liquid A.

Add 1 cm3 of dilute 
sulfuric acid followed by 
a few drops of potassium  
dichromate solution and 
heat.

A single layer 
forms.

The solution 
remains orange.

[2]
3 Add 2 cm3 of water to  

2 cm3 of liquid A followed 
by a spatula measure of 
sodium carbonate. Test 
any gas given off using 
limewater.

Bubbles of gas. 
Solid disappears.

Limewater turns 
milky.

[2]
4 Add a few drops of liquid 

B to 2 cm3 of 
2,4-dinitrophenyl 
hydrazine solution.

A yellow solid 
forms.

[1]
5 Heat B with Fehling’s 

solution.
The solution 
remains blue.

[1]
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Test Observation Deduction
6 Add a few drops of 

liquid C to 2 cm3 of 
2,4-dinitrophenyl 
hydrazine solution.

An orange solid 
forms.

[1]
7 Heat C with Tollen’s 

reagent.
A silver mirror 
forms.

[1]

 (b)  The nmr spectrum of A contains a quartet, a triplet and a singlet. Suggest a 
structure for A.

[1]

 (c)  The nmr spectrum for B shows that it contains a quartet and a triplet only. 
Suggest a structure for B.

[1]
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 (d)  The mass spectrum of C shows that the molecular ion occurs at an m/z value  
of 58. Suggest a structure for C.

[1]
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3  Methyl 3-nitrobenzoate exists as a solid at room temperature. Its melting point is 
78–79°C.

 NO2

COOCH3

 (a)  (i)  Write the equation for the formation of methyl 3-nitrobenzoate from methyl 
benzoate using nitric acid.

[1]
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  (ii)  Assuming a 60% yield, calculate the minimum mass of methyl benzoate 
required to produce 5.43 g of methyl 3-nitrobenzoate.

[3]

 (b)  Describe the laboratory preparation of methyl 3-nitrobenzoate up to and 
including the removal of the crude product from the reaction mixture.

[5]

  Quality of written communication [2]
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 (c)  (i)  The crude product is recrystallised before its melting point is determined. 
Explain why recrystallisation is carried out and, giving experimental details, 
describe the process of recrystallisation naming a suitable solvent.

[4]

  (ii)  What colour are the crystals?

 [1]

  (iii)  How could the crystals be dried before the melting point is determined?

[1]

  (iv)  How would you use the melting point to determine whether the crystals are 
pure methyl 3-nitrobenzoate?

 [1] 
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THIS IS THE END OF THE QUESTION PAPER

 (d)  The mass spectrum of the product showed two fragment peaks at m/z values of 
59 and 150. Suggest the identities of the two fragments.

  m/z value of 59

[1]

  m/z value of 150

[1]
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* 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


