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Answer ALL the questions.  Write your answers in the spaces provided.

1. Iron is a typical transition metal.

 (a) (i) Complete the electronic configurations for

   Fe2+:  [Ar]  .............................................

   Fe3+:  [Ar]  .............................................
(1)

  (ii) Use your answer to (i) to explain which of the ions, Fe2+ or Fe3+, would be 
expected to be the more stable.  

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

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

    ................................................................................................................................
(1)

  (iii) Explain why both the hydrated Fe2+ and Fe3+ ions are coloured.  

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

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

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

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

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

    ................................................................................................................................
(3)

  (iv) Suggest why the hydrated Fe2+ and Fe3+ ions have different colours.

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

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

    ................................................................................................................................
(1)
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 (b) The compound ammonium iron(III) sulphate, NH4Fe(SO4)2.12H2O, contains the pale 
purple [Fe(H2O)6]3+ ion.  When dissolved in water, the resulting solution is yellow.

  (i) Name the [Fe(H2O)6]3+ ion, and draw it to show its shape clearly.  Include the 
charge on the ion.

   Name .......................................................................................................................

   Diagram

(2)

  (ii) The yellow ion in aqueous solutions of iron(III) salts has the formula 
[Fe(H2O)5OH]2+.  Write the equation to show how this ion is formed when 
hydrated iron(III) salts are dissolved in water.  State symbols are not required.

    ................................................................................................................................
(1)

  (iii) What could be added to an aqueous solution of an iron(III) salt to ensure that 
[Fe(H2O)6]3+ is present, not [Fe(H2O)5OH]2+?

    ................................................................................................................................
(1)
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 (c) (i) State what you see when sodium hydroxide solution is added to a solution of 
hydrated iron(II) ions, [Fe(H2O)6]2+.  Give the ionic equation for the reaction.

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

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

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

    ................................................................................................................................
(2)

  (ii) State and explain what you see when the mixture obtained in (c)(i) is left to stand 
in air for a period of time.

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

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

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

    ................................................................................................................................
(2)
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 (d) (i) A red, water-soluble compound, R, contains potassium, iron and oxygen only.

   When 1.98 g of R (molar mass 198 g mol–1)  is dissolved in water and acidified 
with dilute sulphuric acid, the solution will oxidise 4.56 g of iron(II) sulphate 
(molar mass 152 g mol–1).  All of the iron in the product mixture is present as 
Fe3+.

   Calculate the amount (moles) of R reduced and the amount (moles) of the iron(II) 
sulphate oxidised.  Hence calculate the oxidation state of iron in compound R.

(4)

  (ii) R contains one mole of iron per mole of compound.  What is the formula of R?

    ................................................................................................................................
(1) Q1

(Total 19 marks)



Leave 
blank

6

*N33912A0620*

2. Safflower oil is sold as a dietary supplement.  Over 75% of its fat contains the 
polyunsaturated fatty acid linolenic acid, C17H29COOH.

 (a) Give the mechanism for the reaction of bromine with a C=C bond.

  Use C=C to represent the unsaturated part of the molecule.

(3)

 (b) The C=C bonds in linolenic acid react with iodine in a similar way to their reaction 
with bromine.  100 g of linolenic acid (molar mass 278 g mol–1) reacts with 274 g of 
iodine, I2.

  (i) Calculate how many C=C bonds a molecule of linolenic acid contains.

(3)



Leave 
blank

7

Turn over*N33912A0720*

  (ii) Give the structural formula of the fat derived from linolenic acid, C17H29COOH.  
You do not need to show the structure of the C17H29 group.

(1)

  (iii) Give the equation to show the conversion of the fat in (ii) into a soap.

(2) Q2

(Total 9 marks)
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3. The hexagonal ring structure of benzene was first suggested by Kekulé in 1865, but the 
nature of the bonding was not elucidated until the 1930s.  This question concerns aspects 
of the structure of benzene.

 (a) The enthalpy of hydrogenation of cyclohexene to give cyclohexane is –120 kJ mol–1

  +  H2    

  and that of cyclohexa-1,4-diene is –240 kJ mol–1 .

  +  2H2    

  (i) What would you expect the value of the enthalpy of hydrogenation to be for the 
hypothetical molecule cyclohexa-1,3,5-triene, on the basis of these data?

  +  3H2    

    ................................................................................................................................
(1)
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  (ii) The hydrogenation enthalpy of benzene to give cyclohexane is –208 kJ mol–1.

   Use your result from (i) and this information to draw an enthalpy level diagram 
to show that benzene is thermodynamically more stable than the hypothetical 
cyclohexa-1,3,5-triene.  Label the stabilisation energy on your diagram.

(2)

  (iii) Explain in terms of bonding why benzene would be less reactive with bromine 
than the hypothetical cyclohexa-1,3,5-triene.

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

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

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

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

    ................................................................................................................................
(3)

energy
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 (b) Benzene reacts with a mixture of concentrated nitric and sulphuric acids to give 
nitrobenzene.  The temperature should be no higher than 55 °C.

  (i) Give the overall equation for the reaction.

    ................................................................................................................................
(1)

  (ii) Give the mechanism of the reaction, including the equation for the formation of 
the electrophile.

(4)

  (iii) Why must the temperature of the reaction be kept below 55 °C?

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

    ................................................................................................................................
(1)
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 (c) Ethanol, CH3CH2OH, and phenol, C6H5OH, both contain hydroxyl groups as their 
functional group.  However, they do not always react similarly.

  (i) Write TWO equations to show one reaction of ethanol and one reaction of phenol 
where they react in a similar manner.

(2)

  (ii) Give an equation for a reaction of phenol which is not shown by ethanol.

(2)
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 (d) This question concerns the reaction scheme shown below.

  (i) Give the reagents needed for the reduction of nitrobenzene in step 1.

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

    ................................................................................................................................
(1)

  (ii) In step 1 when reduction is complete, the reaction mixture must be made alkaline 
to liberate the phenylamine product.

   Give the equation for the reaction that occurs when the alkali is added.

(2)

  (iii) In step 2, a mixture of sodium nitrite and hydrochloric acid is used at a temperature 
between 0 °C and 10 °C.

   Explain why the reaction mixture must not be cooler or warmer than these 
limits.

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

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

    ................................................................................................................................
(2)

NO2 NH2

Compound A

Yellow precipitate
B

Step 1 Step 2

Step 3
nitrobenzene phenylamine
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  (iv) Complete the structure of the cation in compound A, showing all the bonds.

(1)

  (v) In step 3, compound A reacts with phenol.  What conditions are necessary?

    ................................................................................................................................
(1)

  (vi) Draw the structure of compound B, showing all the bonds.

(2) Q3

(Total 25 marks)
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4. Propanone reacts with iodine in the presence of an acid catalyst as shown below.

CH3COCH3 + I2 → CH3COCH2I + HI

 The rate equation is of the form

rate = k[CH3COCH3]a[I2]b[H3O+]c

 In an experiment designed to find the values of a, b and c, propanone was reacted with 
iodine in the presence of an acid catalyst at constant temperature.

 (a) Explain, in terms of the rate equation, why the temperature must be kept constant.

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

   .......................................................................................................................................
(1)

 (b) In such an experiment, at various times the concentration of iodine in quenched 
samples of the reaction mixture was determined by titration of the iodine with sodium 
thiosulphate solution.

  (i) Use the half-equations given to derive the equation for the reaction between 
thiosulphate ions and iodine, and show that it is feasible.

 I2 + 2e–  2I– E ○  = +0.54 V

S4O6
2– + 2e–  2S2O3

2–        E ○  = +0.09 V

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

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

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

    ................................................................................................................................
(2)

  (ii) The samples of the reaction mixture are quenched using 
sodium hydrogencarbonate solution, which neutralises the acid catalyst.  
Why is quenching required?

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

    ................................................................................................................................
(1)
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  (iii) Sodium hydroxide is not used to neutralise the acid catalyst because propanone 
reacts with iodine and sodium hydroxide.  Give the equation for this reaction.

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

    ................................................................................................................................
(2)

 (c) With propanone in large excess, its concentration and that of the acid catalyst are 
virtually constant during the reaction, so that the rate equation becomes

 rate = k′[I2]b

where k′ = k[CH3COCH3]a[H3O+]c

  (i) An experiment was carried out as described above and the results are given 
below.  Plot these data on the axes provided.

time/min 5 10 15 20 25

[I2]/mol dm–3 0.045 0.036 0.027 0.019 0.010

 (2)

[I2]/mol dm–3

0.05

0.04

0.03

0.02

0.01

00 5 10 15 20 25 30
time/min
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  (ii) What is the order of reaction with respect to iodine?  Justify your answer.

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

    ................................................................................................................................
(2)

  (iii) Another experiment was carried out with the concentration of propanone being 
doubled, but with all other concentrations and the temperature being the same as 
before.  The slope of the line doubled.

   What is the order of reaction with respect to propanone?

    ................................................................................................................................
(1)

  (iv) On the basis of the reaction orders determined above, explain why the reaction 
between propanone and iodine must take place in at least two steps.

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

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

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

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

    ................................................................................................................................
(2)

 (d) Briefly outline another method by which the rate of change of iodine concentration 
could be followed.

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

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

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

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

   .......................................................................................................................................
(2)

TURN OVER FOR QUESTION 5

Q4

(Total 15 marks)
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5. Propanal, CH3CH2CHO, and propanone, CH3COCH3, are isomeric carbonyl compounds.

 (a) Give ONE chemical test to distinguish between these two compounds.  Give the result 
of the test for each compound.

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

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

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

   .......................................................................................................................................
(3)

 (b) Give the number of peaks, and the relative areas under the peaks, in the nmr spectra 
of propanal and propanone.

  Propanal .........................................................................................................................

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

  Propanone ......................................................................................................................

   .......................................................................................................................................
(3)

 (c) Explain why you would not easily be able to distinguish propanal from propanone 
using their infra-red spectra, without the use of standard comparison spectra.

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

   .......................................................................................................................................
(1)

TOTAL FOR PAPER: 75 MARKS

END

Q5

(Total 7 marks)
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