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

1. (a)  Construct a Born-Haber cycle for silver chloride, AgCl.

  Use it to calculate a value for the lattice energy of silver chloride.
  Include a sign and units with your answer, which should be given to three significant 

figures.

(3)
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 (b) (i)  Calculate the standard enthalpy change for solid silver chloride dissolving in 
water, using data from Tables 5.3 and 5.6 in your Book of Data. 

AgCl(s) → Ag+(aq) + Cl–(aq)

   Hence calculate the standard entropy change of the surroundings at 298 K for this 
reaction.

(2)

  (ii) Calculate the standard entropy change of the system for silver chloride dissolving 
in water.

(1)

  (iii) Calculate the total entropy change for silver chloride dissolving in water at 298 K 
and comment on the result of your calculation.

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

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

    ................................................................................................................................
(1)
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 (c) A convenient standard electrode for measuring standard electrode potentials is the 
silver–silver chloride electrode.

AgCl(s), [Ag(s) + Cl–(aq)] | Pt  E ○  = + 0.22 V

  (i) Write the ionic equation for this half-cell.

(1)

  (ii) Complete the diagram below to show how you would set up this half-cell, under 
standard conditions.  State the conditions and include the concentrations of any 
solutions that you use.  There is no need to show platinum in your diagram.

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

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

Ag wire
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 (d) (i) Write a cell diagram for the cell that would be used to measure the standard 
electrode potential for Cu2+(aq) | Cu(s) with the silver–silver chloride electrode.  
The silver–silver chloride electrode should be shown on the left hand side of 
your diagram.

(2)

  (ii) Calculate the emf for this cell.

(2)

  (iii) State how you would convert emf values measured with the standard silver–silver 
chloride electrode to those stated in your Book of Data, which have been 
measured with a standard hydrogen electrode.

(1)

  (iv)  Suggest ONE advantage of the silver–silver chloride electrode over a standard 
hydrogen electrode.

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

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

(Total 17 marks)
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2. The formulae of five organic compounds (A, B, C, D and E) containing four carbon atoms 
per molecule are shown below:

 (a) Which formula represents a secondary amine?

  Put a cross in the box ( ) of the correct answer.

A

B

C

D

E
(1)

 (b) Which formula represents compounds which are two geometric isomers?

  Put a cross in the box ( ) of the correct answer.

A

B

C

D

E
(1)

 

H2NCHCO2H

CH2CO2H
A

CH3CH2CHBrCH3

B

CH3CH=CHCH3

D

CH3CONHCH2CH3

E

C

NH

CH2 CH2

CH2 CH2
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 (c) Which TWO of the formulae, A to E, represent molecules with chiral centres?

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

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

 (d) This part of the question is concerned with compounds A, B, C and D only.

  (i) Which compound would give a cream precipitate when hot silver nitrate is 
added?

   Put a cross in the box ( ) of the correct answer.

A

B

C

D
(1)

  (ii) Which compound would give a purple colour when ninhydrin solution is 
added?

   Put a cross in the box ( ) of the correct answer.

A

B

C

D
(1)

  (iii) Which TWO compounds would react with sodium hydroxide solution?

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

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

  (iv) Which TWO compounds would react with dilute hydrochloric acid to form 
salts?

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

 ..................................................
(1)
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  (v) Which TWO compounds react with water, under appropriate conditions, to form 
alcohols?

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

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

 (e) (i) Name compound E.

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

  (ii) Write the equation for the formation of compound E from ethylamine and another 
suitable reagent, using structural formulae.

(1)
 (f) (i) Compound A can react with itself to form a dipeptide under appropriate 

conditions.

   Give the structural formula of this dipeptide.

(1)
  (ii) One of the compounds B to E reacts with itself to form an addition polymer.

   Write a balanced equation for the formation of this polymer using structural 
formulae.  State the conditions for this polymerisation.

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

    ................................................................................................................................
(2)
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 (g) (i) Which of the compounds A to E has the least number of peaks in the nuclear 
magnetic resonance (NMR) spectrum?

   Put a cross in the box ( ) of the correct answer.

A

B

C

D

E
(1)

  (ii) Justify your answer.

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

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

 (h) Which of the compounds A to E would not have an absorption above 3000 cm–1 in 
the infrared spectrum?

  Put a cross in the box ( ) of the correct answer.

A

B

C

D

E
(1)

 (i) Which of the compounds A to E would have peaks occurring in pairs in the mass 
spectrum?  Justify your answer.

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

   .......................................................................................................................................
(2) Q2

(Total 18 marks)
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3. This question is about the transition element cobalt.

 (a) Aqueous solutions of cobalt salts usually contain cobalt(II) ions, Co2+.

  Give the electron arrangement for cobalt(II) ions, using the s,p,d notation.

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

 (b) An aqueous solution of cobalt(II) chloride is coloured pink due to the presence of the 
complex ion, hexaaquacobalt(II), Co(H2O)6

2+(aq).

  Draw a diagram of this ion to show its shape.

(1)

 (c) When concentrated hydrochloric acid is added to an aqueous solution of 
cobalt(II) chloride, a blue solution forms due to the presence of the complex ion, 
tetrachlorocobalt(II).

  (i) What is the ligand in this complex ion?

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

  (ii) Write an equation for the formation of tetrachlorocobalt(II) in this reaction.

   Use your equation to predict the sign of the entropy change of the system for this 
reaction.  Justify your prediction.

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

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

    ................................................................................................................................
(2)
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 (d) (i) Cobalt(II) ions form a green complex with concentrated ammonia solution.
   Use Table 6.13 in your Book of Data to deduce the formula of this complex ion.

(1)

  (ii) Cobalt(II) ions form a pink complex with edta solution.

   Describe the changes you would expect to see when concentrated ammonia 
solution and then edta solution is added to an aqueous solution of cobalt(II) 
ions.

   Justify your predictions by referring to the appropriate stability constants in Table 
6.13 in your Book of Data.

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

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

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

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

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

    ................................................................................................................................
(3)
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 (e) The oxidation of tartrate ions by hydrogen peroxide in aqueous solution is catalysed 
by the presence of a few drops of cobalt(II) chloride solution.

  (i) Explain why cobalt(II) chloride is classified as a homogeneous catalyst.

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

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

  (ii) During this catalysed reaction, the mixture turns green, due to the presence of 
cobalt(III) ions, returning to pink at the end of the reaction.

   Suggest how the reaction is catalysed by the presence of cobalt ions.

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

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

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

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

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

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

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

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

  (iii) Draw the displayed formula of a tartrate ion, systematic name, 
2,3-dihydroxybutanedioate ion.

(1) Q3

(Total 13 marks)
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4. A gaseous hydrocarbon, W, is a product formed in the cracking of eicosane, C20H42.
 W decolourises bromine, forming compound X.

 When X is reacted with aqueous potassium hydroxide, compound Y is formed.

 When a solution of Y is refluxed with an excess of acidified potassium dichromate(VI), 
compound Z is formed.

 Compound Z contains carbon, hydrogen and oxygen only.

 (a) (i) On complete combustion, 0.10 g of Z produced 53 cm3 of carbon dioxide and 
0.020 g of water at room temperature and pressure.

   Calculate the empirical formula of compound Z.
   [Molar volume of a gas is 24 000 cm3 mol–1 at room temperature and pressure]

(3)

  (ii) The molar mass of Z is 90 g mol–1.  Find the molecular formula of Z.

(1)
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  (iii) A solution made by dissolving 0.900 g of compound Z in water is titrated 
with sodium hydroxide solution.  20.0 cm3 of sodium hydroxide solution of 
concentration 1.00 mol dm–3 is required for complete neutralisation.

   Deduce the structural formula of compound Z.

(2)

  (iv) Deduce the structural formulae of compounds W, X, and Y.

(3)

  (v) Suggest a balanced equation for the cracking of eicosane.

(1)
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 (b) Compound Y can be made in one step from compound W.

  State the reagents needed for this reaction.

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

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

TOTAL FOR PAPER: 60 MARKS

END

Q4

(Total 12 marks)
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