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Section A

Answer all questions in the spaces provided.

1 (a) Define the term lattice enthalpy of  dissociation.

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

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

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

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

1 (b) Lattice enthalpy can be calculated theoretically using a perfect ionic model.

Explain the meaning of  the term perfect ionic model.

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

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

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

(Extra space) .....................................................................................................................

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

1 (c) Suggest two properties of  ions that influence the value of  a lattice enthalpy calculated
using a perfect ionic model.

Property 1 ..........................................................................................................................

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

Property 2 ..........................................................................................................................

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

(02)

2
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1 (d) Use the data in the table to calculate a value for the lattice enthalpy of  dissociation for 
silver chloride.

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

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

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

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

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

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

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

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

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

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

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

1 (e) Predict whether the magnitude of  the lattice enthalpy of  dissociation that you have
calculated in part (d) will be less than, equal to or greater than the value that is
obtained from a perfect ionic model.  Explain your answer.

Prediction compared with ionic model ...............................................................................

Explanation ........................................................................................................................

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

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

(03)

3

Turn over �

10

Enthalpy change Value / kJ mol–1

Enthalpy of  atomisation for silver +289

First ionisation energy for silver +732

Enthalpy of  atomisation for chlorine +121

Electron affinity for chlorine –364

Enthalpy of  formation for silver chloride –127
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4

2 The enthalpy of  hydration for the chloride ion is –364 kJ mol–1 and that for the bromide
ion is –335 kJ mol–1.

2 (a) By describing the nature of  the attractive forces involved, explain why the value for the
enthalpy of  hydration for the chloride ion is more negative than that for the bromide ion.

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

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

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

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

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

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

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

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

2 (b) The enthalpy of  hydration for the potassium ion is –322 kJ mol–1.  The lattice enthalpy
of  dissociation for potassium bromide is +670 kJ mol–1.

Calculate the enthalpy of  solution for potassium bromide.

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

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

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

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

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

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

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

............................................................................................................................................
(2 marks)
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2 (c) The enthalpy of  solution for potassium chloride is +17.2 kJ mol–1.

2 (c) (i) Explain why the free-energy change for the dissolving of  potassium chloride in water is
negative, even though the enthalpy change is positive.

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

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

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

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

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

(Extra space) .....................................................................................................................

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

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

2 (c) (ii) A solution is formed when 5.00 g of  potassium chloride are dissolved in 20.0 g of  water.
The initial temperature of  the water is 298 K.

Calculate the final temperature of  the solution.

In your calculation, assume that only the 20.0 g of  water changes in temperature and
that the specific heat capacity of  water is 4.18 J K–1 g–1.

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................
(5 marks)

5
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3 (a) Figure 1 shows how the entropy of  a molecular substance X varies with temperature.

Figure 1

3 (a) (i) Explain, in terms of  molecules, why the entropy is zero when the temperature is 
zero Kelvin.

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

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

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

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

(Extra space) .....................................................................................................................

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

3 (a) (ii) Explain, in terms of  molecules, why the first part of  the graph in Figure 1 is a line that
slopes up from the origin.

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

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

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

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

(Extra space) .....................................................................................................................

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

6

(06)

S 
o

  / J K–1 mol–1

T / K

L2

L1

0
0
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3 (a) (iii) On Figure 1, mark on the appropriate axis the boiling point (Tb) of  substance X.
(1 mark)

3 (a) (iv) In terms of  the behaviour of  molecules, explain why L2 is longer than L1 in Figure 1.

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

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

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

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

(Extra space) .....................................................................................................................

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

Question 3 continues on the next page

7
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3 (b) Figure 2 shows how the free-energy change for a particular gas-phase reaction varies
with temperature.

Figure 2

3 (b) (i) Explain, with the aid of  a thermodynamic equation, why this line obeys the
mathematical equation for a straight line, y = mx + c.

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

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

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

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

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

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

3 (b) (ii) Explain why the magnitude of  ΔG decreases as T increases in this reaction.

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

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

3 (b) (iii) State what you can deduce about the feasibility of  this reaction at temperatures lower
than 500 K.

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

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

8

(08)

ΔG / kJ mol–1

T / K 500300
0
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3 (c) The following reaction becomes feasible at temperatures above 5440 K.

H2O(g)            H2(g) + –O2(g)

The entropies of  the species involved are shown in the following table.

3 (c) (i) Calculate the entropy change ΔS for this reaction.

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

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

3 (c) (ii) Calculate a value, with units, for the enthalpy change for this reaction at 5440 K.

(If  you have been unable to answer part (c) (i), you may assume that the value of  the
entropy change is +98 J K–1 mol–1.  This is not the correct value.)

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

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

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

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

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

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

15

1
2

H2O(g) H2(g) O2(g)

S / J K–1 mol–1 189 131 205
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4 Magnesium oxide, silicon dioxide and phosphorus(V) oxide are white solids but each
oxide has a different type of  structure and bonding.

4 (a) State the type of  bonding in magnesium oxide.
Outline a simple experiment to demonstrate that magnesium oxide has this type of
bonding.

Type of  bonding ................................................................................................................

Experiment ........................................................................................................................

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

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

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

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

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

4 (b) By reference to the structure of, and the bonding in, silicon dioxide, suggest why it is
insoluble in water.

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

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

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

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

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

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

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

10

(10)
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4 (c) State how the melting point of  phosphorus(V) oxide compares with that of  silicon
dioxide.  Explain your answer in terms of  the structure of, and the bonding in,
phosphorus(V) oxide.

Melting point in comparison to silicon dioxide ...................................................................

Explanation ........................................................................................................................

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

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

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

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

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

4 (d) Magnesium oxide is classified as a basic oxide.

Write an equation for a reaction that shows magnesium oxide acting as a base with
another reagent.

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

4 (e) Phosphorus(V) oxide is classified as an acidic oxide.

Write an equation for its reaction with sodium hydroxide.

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

11

Turn over �

(11)

12



WMP/Jun13/CHEM5
(12)

Do not write
outside the

box

12

5 An electrochemical cell is shown in the diagram.  In this cell, the amount of  copper in
the electrodes is much greater than the amount of  copper ions in the copper sulfate
solutions.

5 (a) Explain how the salt bridge D provides an electrical connection between the two
electrodes.

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

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

5 (b) Suggest why potassium chloride would not be a suitable salt for the salt bridge in this
cell.

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

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

5 (c) In the external circuit of  this cell, the electrons flow through the ammeter from right to
left.

Suggest why the electrons move in this direction.

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

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

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

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

A

Copper Copper

1.0  mol dm–3

CuSO4(aq)
0.2 mol dm–3

CuSO4(aq)

D
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5 (d) Explain why the current in the external circuit of  this cell falls to zero after the cell has
operated for some time.

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

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

5 (e) The simplified electrode reactions in a rechargeable lithium cell are

Electrode A Li+ + MnO2 + e– → LiMnO2 E = –0.15 V

Electrode B Li+ + e– → Li

Electrode B is the negative electrode.

5 (e) (i) The e.m.f. of  this cell is 2.90 V.

Use this information to calculate a value for the electrode potential of  electrode B.

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

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

5 (e) (ii) Write an equation for the overall reaction that occurs when this lithium cell is being 
recharged.

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

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

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

5 (e) (iii) Suggest why the recharging of  a lithium cell may lead to release of  carbon dioxide into
the atmosphere.

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

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

13
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(14)

6 This diagram represents the energy change that occurs when a d electron in a
transition metal ion is excited by visible light.

6 (a) Give the equation that relates the energy change ΔE to the Planck constant h and the
frequency of  the visible light v.

Use this equation and the information in the diagram to calculate a value for the
frequency of  the visible light, and state the units.
The Planck constant h = 6.63 × 10–34 J s.

Equation ............................................................................................................................

Calculation .........................................................................................................................

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

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

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

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

6 (b) Explain why this electron transition causes a solution containing the transition metal ion
to be coloured.

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

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

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

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

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

Ground state

Excited state

∆ E = 2.84 × 10–19
 J×
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6 (c) The energy change shown in the diagram represents the energy of  red light and leads
to a solution that appears blue.
Blue light has a higher frequency than red light.

Suggest whether the energy change ΔE will be bigger, smaller or the same for a
transition metal ion that forms a red solution.  Explain your answer.

Energy change ...................................................................................................................

Explanation ........................................................................................................................

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

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

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

6 (d) State three different features of  transition metal complexes that cause a change in the
value of  ΔE, the energy change between the ground state and the excited state of  the
d electrons.

Feature 1 ............................................................................................................................

Feature 2 ............................................................................................................................

Feature 3 ............................................................................................................................
(3 marks)

Turn over for the next question

15

Turn over �

(15)
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Section B

Answer all questions in the spaces provided.

7 An excess of  a given reagent is added to each of  the following pairs of  aqueous metal
ions.

For each metal ion, state the initial colour of  the solution and the final observation that
you would make.

In each case, write an overall equation for the formation of  the final product from the
initial aqueous metal ion.

7 (a) An excess of  aqueous sodium carbonate is added to separate aqueous solutions
containing [Fe(H2O)6]2+ and [Fe(H2O)6]3+

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

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

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

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

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

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

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

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

............................................................................................................................................
(5 marks)

7 (b) An excess of  concentrated hydrochloric acid is added to separate aqueous solutions
containing [Cu(H2O)6]2+ and [Co(H2O)6]2+

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

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

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

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

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

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

............................................................................................................................................
(4 marks)

16

(16)
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7 (c) An excess of  dilute aqueous sodium hydroxide is added to separate aqueous solutions
containing [Fe(H2O)6]2+ and [Cr(H2O)6]3+

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

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

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

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

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

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

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

............................................................................................................................................
(4 marks)

7 (d) An excess of  dilute aqueous ammonia is added to separate aqueous solutions
containing [Al(H2O)6]3+ and [Ag(H2O)2]+

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

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

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

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

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

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

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

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

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

............................................................................................................................................
(4 marks)

Turn over for the next question

17

Turn over �
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8 This question explores some reactions and some uses of  cobalt compounds.

8 (a) Ethanal is oxidised to ethanoic acid by oxygen.  The equation for this reaction is

2CH3CHO   +   O2 → 2CH3COOH  

This redox reaction is slow at room temperature but speeds up in the presence of
cobalt compounds.

Explain why a cobalt compound is able to act as a catalyst for this process.

Illustrate your explanation with two equations to suggest how, in the presence of  water
and hydrogen ions, Co3+ and then Co2+ ions could be involved in catalysing this
reaction.

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

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

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

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

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

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

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

............................................................................................................................................
(4 marks)

18

(18)
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8 (b) In aqueous solution, the [Co(H2O)6]2+ ion reacts with an excess of  ethane-1,2-diamine
to form the complex ion Y.

8 (b) (i) Write an equation for this reaction.

Explain, in terms of  the chelate effect, why the complex ion Y is formed in preference
to the [Co(H2O)6]2+ complex ion.

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

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

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

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

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

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

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

8 (b) (ii) Draw a diagram that shows the shape of  the complex ion Y and shows the type of
bond between the ethane-1,2-diamine molecules and the cobalt.

(3 marks)

Question 8 continues on the next page

(19)

19

Turn over �
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8 (c) Compound Z is a complex that contains only cobalt, nitrogen, hydrogen and chlorine.

A solid sample of  Z was prepared by reaction of  50 cm3 of  0.203 mol dm–3 aqueous
cobalt(II) chloride with ammonia and an oxidising agent followed by hydrochloric acid.

When this sample of  Z was reacted with an excess of  silver nitrate, 4.22 g of  
silver chloride were obtained.

Use this information to calculate the mole ratio of  chloride ions to cobalt ions in Z.

Give the formula of  the complex cobalt compound Z that you would expect to be
formed in the preparation described above.

Suggest one reason why the mole ratio of  chloride ions to cobalt ions that you have
calculated is different from the expected value.

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................
(5 marks)

END  OF  QUESTIONS

(20)

20
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