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SECTION A

Answer all questions in the spaces provided.

(02)

1 Use the following enthalpy data to answer the question.

∆H / kJ mol–1

Mg(s) → Mg(g) + 150

Mg(g) → Mg+(g) + e– + 736

Mg+(g) → Mg2+(g) + e– + 1450

O2(g) → O(g) + 248

O(g) + e– → O–(g) – 142

O–(g) + e– → O2–(g) + 844

Mg(s) + O2(g) → MgO(s) – 602

1 (a) Define the term standard enthalpy of formation.

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

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

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

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

1 (b) Suggest why the enthalpy change for the process represented by the equation below is
endothermic.

O–(g) + e– → O2–(g)

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

1
2

1
2
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Gas constant R = 8.31 J K
—1

mol
—1

(04)

Table 1
Proton n.m.r. chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000
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1 (c) Use the data from the table and the incomplete Born–Haber cycle below to calculate
the standard enthalpy of lattice formation for magnesium oxide.

Mg2+(g) + O2–(g)

Mg2+(g) + O(g) + 2e–

Mg2+(g) + O–(g) + e–

Mg2+(g) + O2(g) + 2e–

Mg+(g) + O2(g) + e–

Mg(g) + O2(g)

Mg(s) + O2(g)

MgO(s)

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

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

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

1 (d) The enthalpies of lattice formation for calcium oxide and for barium oxide are 
–3513 kJ mol–1 and –3152 kJ mol–1 respectively.  Suggest why the lattice enthalpy for
CaO is more negative than that for BaO

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

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

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

9

(05)

1
2

1
2

1
2

1
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2 (a) Barium oxide reacts with water to form aqueous barium hydroxide.

2 (a) (i) Write an equation for this reaction.

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

2 (a) (ii) Calculate the pH of the solution formed by reacting 2.00 g of BaO with water
and making up to 100 cm3 of solution at 298 K.  Give your answer to two
decimal places.
(Kw = 1.00 × 10–14 mol2 dm–6 at 298 K)

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

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

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

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

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

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

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

2 (b) State why the pH of a solution formed by adding an excess of magnesium hydroxide to
water is lower than the pH of the solution formed in part (a) (ii).

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

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

Turn over �
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3 (a) Give the equation that relates the free-energy change for a reaction to the enthalpy
change and the entropy change.

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

3 (b) Consider the following equation that represents the first step in the extraction of
titanium.

TiO2(s) + 2C(s) + 2Cl2(g)  → 2CO(g) + TiCl4(g) ∆H = –30 kJ mol–1

3 (b) (i) Deduce the sign of the entropy change for this reaction and explain your answer.

Sign of entropy change ..............................................................................................

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

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

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

3 (b) (ii) Use your answers to part (a) and part (b) (i) to explain why this reaction will be
feasible at all temperatures.

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

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

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

3 (b) (iii) Give one reason why, despite being feasible at all temperatures, the reaction is
carried out at 900 °C.

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

(08)
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3 (c) The following data refer to the second step in the extraction of titanium.

TiCl4(g) Na(l) NaCl(s) Ti(s)

Standard enthalpy of formation, ∆Hf / kJ mol–1 –720 3 – 411 0

Standard entropy, S / J K–1 mol–1 329 58 72 30

3 (c) (i) Use the data from the table to calculate values for the enthalpy change and the
entropy change for the following reaction.

TiCl4(g) + 4Na(l)  → 4NaCl(s) + Ti(s)

Value of ∆H ..............................................................................................................

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

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

Value of ∆S ................................................................................................................

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

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

3 (c) (ii) Use your answers to part (c) (i) to calculate the temperature above which this
reaction is not feasible.
(If you have been unable to calculate answers to part (c) (i) you may assume that
the enthalpy change has the value –812 kJ mol–1 and the entropy change has the
value –312 J K–1 mol–1.  These are not the correct values.)

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

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

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

Turn over �
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4 (a) In terms of electrons, state what happens to the oxidising agent in a redox reaction.

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

4 (b) State the value of the standard electrode potential for the following half-equation.
Give a reason why it has this value.

H+(aq) + e– → H2(g)

Value of E   .........................................................................................................................

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

4 (c) Consider the electrochemical cell shown below.  The aqueous mixture in the right-hand
part of the cell contains the oxidising agent and the reducing agent for that part of the
cell.

State the purpose of the salt bridge and of the electrode X.  Identify the substance or
substances from which each of these is made.

Purpose of salt bridge.........................................................................................................

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

Salt bridge is made from.....................................................................................................

Purpose of electrode X .......................................................................................................

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

Electrode X is made from ...................................................................................................
(4 marks)

(10)

Zn

ZnSO4(aq)
K2Cr2O7(aq),
H2SO4(aq) and
Cr2(SO4)3(aq)

Electrode XSalt bridge

V

1
2
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4 (d) Give the oxidation state of chromium in K2Cr2O7

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

4 (e) Write half-equations for the reactions at each electrode and an overall equation for the
cell reaction.

Positive electrode half-equation

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

Negative electrode half-equation

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

Overall equation for cell reaction

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

4 (f) Give the conventional representation (cell diagram) for this cell.

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

Turn over for the next question

Turn over �
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5 The following compounds can be distinguished by observing what happens in test-tube
reactions.

For each pair, suggest a suitable reagent that could be added separately to each compound.
Describe what you would observe in each case.  Write an equation or equations where
required.

5 (a) MgCl2(aq) and BaCl2(aq)

Reagent ...............................................................................................................................

Observation with MgCl2(aq) ..............................................................................................

Observation with BaCl2(aq) ...............................................................................................
(3 marks)

5 (b) CH3COOH(aq) and CH3COCH3(aq)

Reagent ...............................................................................................................................

Observation with CH3COOH(aq).......................................................................................

Observation with CH3COCH3(aq) .....................................................................................

Equation either with CH3COOH(aq) or with CH3COCH3(aq)

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

5 (c) KF(aq) and KCl(aq)

Reagent ...............................................................................................................................

Observation with KF(aq) ....................................................................................................

Observation with KCl(aq)...................................................................................................
(3 marks)

5 (d) CrCl3(aq) and FeCl2(aq)

Reagent ...............................................................................................................................

Observation with CrCl3(aq)................................................................................................

Observation with FeCl2(aq)................................................................................................
(3 marks)

(12)



13 Areas outside
the box will

not be scanned
for marking

Turn over �

APW/Jun09/CHM5

5 (e) AlCl3(aq) and MgCl2(aq)

Reagent ...............................................................................................................................

Observation with AlCl3(aq) ................................................................................................

Observation with MgCl2(aq) ..............................................................................................

Equation(s) with AlCl3(aq) .................................................................................................

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

Turn over for the next question

(13)
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...............................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(14)
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6 (a) Define the term electronegativity.                                                                (2 marks)

6 (b) Explain why the bonding in sodium chloride is ionic but there is covalent bonding in
anhydrous aluminium chloride.                                                                   (3 marks)

6 (c) The table below shows the melting points of some Period 3 chlorides.

MgCl2 SiCl4 PCl5

Melting point / K 987 203 435

By considering the structures and the bonding involved explain the following.

6 (c) (i) MgCl2 has a high melting point.                                                          (2 marks)

6 (c) (ii) SiCl4 is a liquid at room temperature but PCl5 is a solid with a higher melting
point.                                                                                                 (5 marks)

6 (d) Write equations for the reactions that occur when each of MgCl2, SiCl4 and PCl5 is
added to separate samples of water.                                                              (3 marks)

7 (a) State the meaning of each of the terms ligand and co-ordination number as they apply
to transition metal complex ions.  (2 marks)

7 (b) Explain why transition metal ions are usually coloured.                                 (3 marks)

7 (c) The colour of an aqueous solution containing pink [Co(H2O)6]2+(aq) ions can be
changed by

7 (c) (i) changing the ligand but keeping the co-ordination number the same      (3 marks)

7 (c) (ii) changing both the co-ordination number and the ligand                      (3 marks)

7 (c) (iii) changing the oxidation state.                                                               (4 marks)

In each case, identify the reagent or reagents required to bring about the change, give
the formula of the cobalt-containing ion formed and state its colour.

Turn over for the next question

SECTION  B

Detach this perforated sheet.
Answer all questions in the spaces provided on page 14 and pages 17–20 of this booklet.
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8 (a) State the meaning of each of the terms rate of reaction and catalyst.            (2 marks)

8 (b) Identify the main feature of transition metal ions that enables them to act as good
catalysts for redox reactions.

Explain how and why Fe2+(aq) ions are able to catalyse the reaction between I–(aq)
ions and S2O8

2–(aq) ions.  Illustrate your answer with equations.                   (6 marks)

8 (c) For each of the following processes, suggest a catalyst and write an equation for the
overall reaction.

8 (c) (i) the cracking of octane to form 2,2-dimethylbutane and one other product
(2 marks)

8 (c) (ii) the removal of nitrogen monoxide from the exhaust gases of a petrol engine
(2 marks)

8 (c) (iii) the acylation of benzene.                (3 marks)

9 (a) Bromine molecules react with propene at room temperature.  Outline a mechanism for
this reaction.                                                                                               (4 marks)

9 (b) Bromine atoms are involved in the reaction between bromine and methane to form
bromomethane.  Write equations for the two propagation steps in this reaction.

(2 marks)

9 (c) When heated, bromine molecules can be atomised as shown in the equation below.

Br2(g)          2Br • (g)

In an experiment, 6.30 g of bromine in a sealed container of volume 2.00 dm3 were
heated to a high temperature.  Under these conditions, at equilibrium, 20% of the
bromine is converted into atoms.

9 (c) (i) Write an expression for the equilibrium constant, Kc, for this reaction.    (1 mark)

9 (c) (ii) Calculate a value for Kc under these conditions.                                   (5 marks)

9 (c) (iii) Suggest what happens to the value of Kc when the reaction is carried out at a
higher temperature.  Explain your answer.                                          (3 marks)

END  OF QUESTIONS

(16)
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