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Section A

For each of the following questions only one of the lettered responses (A–D) is correct.

Select the correct response in each case and mark its code letter by connecting 
the dots as illustrated on the answer sheet.

1 In the equilibrium below

 CCl3COOH + CH3COOH  ⇌  CCl3COO− + CH3COOH2
+

 which two species are acting as acids?

 A CCl3COOH and CH3COOH

 B CCl3COOH and CCl3COO−

 C CCl3COOH and CH3COOH2
+

 D CCl3COO− and CH3COOH2
+

2 What is the name of the following compound?

 OH

O

 A 1-hydroxy-1,1-dimethylpropanal

 B 2-hydroxy-2-methylbutanal

 C 3-hydroxy-3-methylbutanal

 D 3-hydroxy-3,3-dimethylpropanal

3 Which statement concerning the nitration of methyl benzoate is not correct?

 A Concentrated sulfuric acid acts as an acid

 B Concentrated nitric acid acts as an acid

 C The nitronium ion acts as an electrophile

 D The product is a cream solid
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4 A mechanism for the reaction of ethanal with hydrogen cyanide is drawn below. 
Which curly arrow shows the incorrect direction of movement of an electron pair?

O¯

CH3— C— H

 CN

B
O

CH3— C
H

A
:CN ̄

C D
O:̄ H—CN

CH3— C— H

 CN

OH

CH3— C— H � :CN¯

 CN

:

5 The kinetics of the following reaction were studied and the results obtained are 
shown below.

 ClCH=CHCl + Cl2 → Cl2HC−CHCl2

[ClCH==CHCl] / mol dm−3 [Cl2] / mol dm−3 rate / mol dm−3 s−1

0.1 0.1 2.7 × 10−6

0.3 0.1 8.1 × 10−6

0.5 0.1 1.35 × 10−5

0.25 0.2 1.35 × 10−5

 The rate equation is

 A rate = k[ClCH=CHCl].

 B rate = k[ClCH=CHCl][Cl2].

 C rate = k[ClCH=CHCl][Cl2]2.

 D rate = k[ClCH=CHCl]2[Cl2].
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6 7.85 g of ethanoyl chloride are completely hydrolysed in water. 

 CH3COCl(l) + H2O(l) → CH3COOH(aq) + HCl(aq)

 What volume of 2.00 M NaOH(aq) is needed to neutralise the resulting solution?

 A 10 cm3

 B 50 cm3

 C 100 cm3

 D 200 cm3

7 Which compound produces a red precipitate when heated with Fehling’s solution?

 A CH3COCH2CH3

 B CH3CH2CH2COOH

 C CH3CH2CH2CHO

 D CH3CH2COOCH3

8 Which indicator would be suitable for a titration between 0.1 M solutions of 
hydrochloric acid and ammonia?

indicator pH range

A cresol red 0.2–1.8

B congo red 3.0–7.0

C cresolphthalein 8.2–9.8

D indigo carmine 11.6–14.0
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9 A mixture of 0.200 mol ethanoic acid and 0.111 mol of ethanol was allowed to reach 
equilibrium. The ethanoic acid present at equilibrium required 54.4 cm3 of 2.00 M 
sodium hydroxide solution to react completely. What is the value of the equilibrium 
constant?

 A 0.259

 B 0.823

 C 3.86

 D 34.8

10 Which statement about benzene is correct?

 A The bond lengths in the molecule are equal

 B There are twelve delocalised electrons in the molecule

 C The empirical formula of benzene is C6H6

 D The molecule is planar
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Section B

Answer all seven questions in this section

11 The enthalpy cycle shown below can be used to determine the enthalpy change 
when hydrogen chloride is dissolved in water.

 HCl(g) + aq → H+(aq) + Cl−(aq)

H�(g) � e� � Cl(g)

D

H(g) � Cl(g) H�(g) � Cl�(g)

B E

HCl(g) H�(aq) � Cl�(g)

A F

H�(aq) � Cl�(aq)

C

 (a) Name the following enthalpy changes.

B 

C 

D [3]
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 (b) Use the data in the table below to calculate A.

enthalpy change ∆H / kJ mol−1

B +432

C +1312

D −349

E −1091

F −378

[2]

 (c) Explain, with the aid of a diagram of the chloride ion and water molecules, why 
enthalpy change F is exothermic.

[2]
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12 There are three carbonyl compounds that have the molecular formula C4H8O. Two of 
these are aldehydes and one is a ketone.

 (a) Draw the structures of these three compounds and give their IUPAC name in the 
table below.

compound structural formula IUPAC name

A which is an 
aldehyde

B which is an 
aldehyde

C which is a 
ketone

[3]
 

 (b) State and explain which of these two aldehydes has the lower boiling point.

[3]
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 (c) (i) Write the equation for the reaction of compound C with 
2,4-dinitrophenylhydrazine.

[2]

  (ii) Explain, with full experimental detail, how the purified organic product of the 
reaction in (c) (i) can be used to identify compound C.

[4]
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 (d) Carbonyl compounds react with hydrogen cyanide.

  (i) Name the mechanism for the reaction.

[1]

  (ii) Hydrogen cyanide is generated in situ by the reaction of potassium cyanide 
with hydrochloric acid. Write the equation for this reaction.

[1]

  (iii) Hydrogen cyanide is weakly acidic.

   HCN  ⇌  H+ + CN−

   The reaction occurs at pH 4–5. Use the above equilibrium to suggest why a 
lower pH is not used.

[2]
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 (e) Another compound, which does not contain the carbonyl group, also has the 
molecular formula C4H8O. It reacts with bromine water, changing it from orange 
to colourless. When heated with acidified potassium dichromate(VI) it undergoes 
oxidation.

  (i) Identify the two different functional groups present in the compound.

[1]

  (ii) Suggest a structure for the compound.

[1]

  (iii) Suggest the name of the organic product when the compound in (e) (ii) is 
completely oxidised using acidified potassium dichromate(VI).

[2]
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13 Iron is produced from the ore haematite, which contains iron(III) oxide, in the blast 
furnace.

 (a) Iron(III) oxide can be reduced by carbon monoxide to produce iron. 

  Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g)

  The standard enthalpy change for the reaction is −24.8 kJ mol−1 and the 
standard entropy change for the reaction is 15.2 J K−1 mol−1. 

  (i) Define the term feasible.

[1]

  (ii) Explain why this reaction is feasible at all temperatures.

[2]

 (b) At high temperatures, the reaction between iron(III) oxide and carbon becomes 
feasible. Data for the reaction are shown below.

  Fe2O3(s) + 3C(s) → 2Fe(s) + 3CO(g)

substance ∆fHO / kJ mol−1 SO / J K−1 mol−1

Fe2O3 −824 87.4

C 0 5.7

Fe 0 27.3

CO −111 214

  (i) Explain why the standard enthalpy changes of formation for carbon and iron 
are both zero.

[1]
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  (ii) Calculate the standard enthalpy change for the reaction.

[2]

  (iii) Calculate the standard entropy change for the reaction.

[2]

 (c) Calculate the temperature at which the value of the standard free energy 
change, ∆GO, for the reactions in (a) and (b) is the same.

[2]
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14 Ibuprofen is a drug used to treat fever, pain and inflammation. It was first synthesised 
in the 1960s and became available commercially in 1983. The structure of ibuprofen 
is shown below.

OH

O

 (a) State the molecular formula of ibuprofen.

[1]

 (b) (i) Ibuprofen contains an asymmetric centre. Define the term asymmetric 
(chiral) centre.

[1]

  (ii) Label the asymmetric centre on the structure of ibuprofen above with  
an asterisk (*). [1]

  (iii) Draw the three-dimensional structures for the two optical isomers of 
ibuprofen.

[2]
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 (c) Ibuprofen works by inhibiting cyclooxygenase enzymes in the body. The active 
site of the enzyme is stereospecific. However, the drug is usually administered 
as a racemic mixture.

  (i) Define the term racemic mixture.

[1]

  (ii) Suggest what is meant by the term stereospecific.

[1]

  (iii) Suggest why only one of the ibuprofen optical isomers produces the desired 
effect in the body.

[1]
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 (d) Ibuprofen reacts as an acid as it contains the carboxyl group. It is virtually 
insoluble in water; 21 mg of ibuprofen dissolves in 1 dm3 of water at 25 °C. 

  (i) The pKa of ibuprofen is 4.9. Calculate the pH of a 21 mg dm−3 solution of 
ibuprofen. Give your answer to 2 decimal places.

[4]

  (ii) Write an equation for the reaction between ibuprofen and sodium hydroxide.

[1]

  (iii) State and explain whether the salt produced from the reaction of ibuprofen 
with sodium hydroxide is acidic, alkaline or neutral.

[2]
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 (e) Describe a procedure, using a titration, which could be used to determine 
whether ibuprofen is more soluble in methanol or water. Include, in your answer, 
the name of the indicator and any colour change. 

  Explain how the results would show in which solvent the ibuprofen is more  
soluble.

  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

[6]
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15 The rate of reaction between solutions of bromine and excess methanoic acid was 
investigated by monitoring the concentration of bromine over time. Samples of the 
reaction mixture were taken at regular intervals, quenched and analysed.

 Br2(aq) + HCOOH(aq) → 2H+(aq) +  2Br −(aq) + CO2(g)

 (a) Explain why each sample taken from the reaction mixture was quenched before 
analysis. 

[1]

 (b) Describe, using colorimetry, how the concentration of bromine in each sample 
could be determined.

[3]
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 (c) The results obtained were plotted on the graph shown opposite.

  (i) Use the graph to determine the time taken for the concentration of the 
bromine to decrease from 0.100 M to 0.050 M and from 0.050 M to 0.025 M.

[1]

  (ii) Suggest, using the times calculated in (c) (i), the order of reaction with 
respect to bromine.

[2]

  (iii) Suggest why a large excess of methanoic acid was used to investigate the 
order of reaction with respect to bromine.

[1]
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16 Phenylethanoic acid is a white solid used in perfumes on account of its honey-like 
odour. It can be synthesised from benzene as shown below. 

CH2ClCH3

Step 2

CH2CN

Step 4Step 3Step 1

CH2COOH

phenylethanoic
acid

 (a) State the reagent and catalyst needed for Step 1.

[1]

 (b) Draw the mechanism for Step 1 using curly arrows. Include equations for the 
formation of the electrophile and regeneration of the catalyst.

[5]
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 (c) (i) Chlorine is used in Step 2. Name the reaction mechanism and state the 
essential condition for the reaction.

[2]

  (ii) Methylbenzene is formed in Step 1. It can undergo an electrophilic 
substitution reaction with chlorine to form three monochlorinated products. 
Draw the structures of these three products.

[2]

 (d) The compound produced in Step 3 is hydrolysed in Step 4, in the presence of 
dilute hydrochloric acid, to produce phenylethanoic acid. Write an equation for 
this reaction.

[2]
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 (e) The ethyl ester of phenylethanoic acid is used as a flavouring on account of its 
honey-like flavour.

 
  (i) Write the equation for the formation of the ethyl ester from phenylethanoic 

acid.

[2]

  (ii) Describe, giving experimental details, the preparation of a pure, dry sample 
of the liquid ethyl ester. 

   In this question you will be assessed on your written communication 
skills including the use of specialist scientific terms.

[6]
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  (iii) Draw the structure of a reagent that could be used in place of 
phenylethanoic acid to produce the ester in (e)(i).

[2]
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17 Cocoa butter is a mixture of triesters derived from three main fatty acids: stearic acid, 
palmitic acid and oleic acid.

fatty acid formula

stearic acid CH3(CH2)16COOH

palmitic acid CH3(CH2)14COOH

oleic acid CH3(CH2)7CHCH(CH2)7COOH

 (a) The three main triesters which make up cocoa butter are often abbreviated as 
POS, SOS and POP. The abbreviation POS means that the triester contains 
palmitic, oleic and stearic acids.

  (i) Suggest the structure of the triester POS.

[2]

  (ii) State and explain, giving one reason, which of the three triesters has the 
lowest melting point.

[3]
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 (b) Bromine reacts with cocoa butter. Describe how a solution of bromine water 
could be used to confirm the removal of unsaturation from a sample of cocoa 
butter.

[3]

 (c) The number of C=C double bonds in a triester can be determined by catalytic 
hydrogenation.

  (i) Name the catalyst used in the reaction.

[1]

  (ii) 0.732 g of a triester, C57H98O6, required 120 cm3 of hydrogen for complete 
hydrogenation measured at room temperature and pressure. Calculate the 
average number of C=C double bonds per fatty acid chain.

[3]

THIS IS THE END OF THE QUESTION PAPER
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