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1. Magnesium oxide, MgO, is a white solid with a very high melting temperature and it is used as
the refractory lining in furnaces.

fa)  The following Born-Haber cycle shows the enthalpy changes involved in the formation
of magnesium oxide.

All enthalpy changes are in kJ mol™!. The cycle is not drawn to scale.
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{1)  What is the name given to the enthalpy change labelled A7 [1]

(i) State why the second ionisation energy of magnesium is greater than its first
lonisation energy. [1]

(i11)  Suggest why the second electron affinity of oxygen, labelled B, 15 positive. [1]

{iv) Calculate the value of the lattice enthalpy for magnesium oxide. [2]
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{b)  Many metal oxides can be reduced to the metal by carbon monoxide. The equation for
the reduction of magnesmm oxide 1s given below.

Mgs) + CO(g) — Mg(s) + CO,ig)

The conditions under which reactions will occur can be predicted using enthalpy and entropy
changes. The entropies of the substances involved in this reaction are shown in the table.

Substance MgO)s) COig) Mg(s) CO,lg)

Entropy/JK'mol™! 269 197.7 327 2137

(1) Suggest a reason why the entropies of carbon monoxide and carbon dioxide are
much higher than those of magnesium and magnesium oxide. [1]

{11) Calculate the entropy change in this reaction. [1]

(i) The enthalpy change, AH. for the reduction of magnesium oxide is 318 0 kI mol!.
Calculate the minimum temperature at which this reduction could occur. [3]

fe)  Magnesum oxide, MgO, lead(II) oxide, PbO, and aluminium oxide, Al,04, all react
with dilute acids to form aqueous ions — Mg>*(aq). Pb**(aq) and A**(aq).

Suggest tests that would enable you to distinguish between solutions containing one of

each of these 1ons. You should include the expected result for each test and are advised

to record your tests and expected results in a table. [5]
owep)

(d)  Aluminium chlonde, AICl;, can be used to produce compounds including the
chloroaluminate(III) ion, AIC];".

(i) Draw a dot and cross diagram to show the electron arrangement in the AICI,” lon.
You should show outer electrons only. [1]

(i) Give one industrially important use in which the AICI,” ion is involved. State the
role of the ion in this use. [2]

Total [20]
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2. lIron is extracted at high temperatures from the ore haematite, which contains iron(lll) oxide,
Fe,05. The process can be summarised by the equation below.

Fe,O5(s) + 3CO(g)

— 2Fe(s) + 3CO0O,(g)

AH® =-23kJ mol™?

Some thermodynamic data for the substances in the reaction are shown in the following table.

Standard enthalpy
Substance change of formation, S‘f:;cja:j 1entr:;:_p1y,
(i) AH° /kJ mol™ o

Fe,05(s) -826 0

Fe(s) 0 27

CO(g) 198

CO,(g) -394 213
(@) Calculate the standard enthalpy change of formation of carbon monoxide. [3]
AH= kJ mol’

(b) Explain why the standard entropies of carbon dioxide and carbon monoxide are
significantly greater than those of iron(I11) oxide and iron. ]

(c) The standard entropy change for this reaction, AS%,is +9 J K- 'mol1.

(i) Calculate the free energy change, AG?, for this reaction at 298K. [2]
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(ii) Explain why this reaction is feasible at all temperatures.

(2]

(iii) Many industrial processes use high temperatures even when the reaction is feasible at low
temperatures. Suggest why high temperatures are used.

[1]

(Total 9)
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fa)  Inthe reaction below carbon monoxide is acting as a reducing agent.
SO+ IEDS — TD: + [2

Use oxidation states (numbers) to show that carbon monoxide is acting as a reducing
agent in this reaction. [2]

fb)  State how the stabilities of the +II and +IV oxidation states vary down Group 4. [

fe)  You are given two solutions. One czﬂnrains aqueous aluminium ions, AP and the other
contains aqueous lead(II) ions, Pb*".

(1) Describe a reaction to show that both of these 1ons exhibit amphoteric behaviour.
Your answer should state the reagent(s) used, the names of any precipitates and

any relevant observations. Chemical equations are not required. [4]
QW]

(1) Describe what is seen when iodide 1ons are added to an aqueous solution of Ph*
1ons. Give the ionic equation for the reaction that occurs. [2]

fd)  Monomeric aluminium chloride 1s described as containing an electron-deficient species.

(1)  Explain, using monomeric covalent aluminum chloride, what is meant by electron
deficient and why this leads to the ready formation of the Al,Cl; dimer.
You should show the structure of this dimer as part of your answer. [3]

(1) The electron-deficient nature of the aluminium chloride monomer results in the
compound having an affinity for chlorine-containing species. Thisis important in
catalysis and also in the production of specialised solvents.

Give one example of the use of the monomer in either of these ways. M

{i1) On heating, gaseous dimeric aluminum chloride molecules dissociate into the
MOTNOMmer.
I State one reason why the entropy of this gaseous system is increasing.  []
IT Use the equation
AG= AH - TAS
to calculate the temperature at which the dissociation of gaseous Al,Cl; molecules
mnto gaseous AlCl, molecules just occurs spontaneously.

The entropy chaujge for this reaction. AS, is 88 Jmol™ K™ and the enthalpy change,
AH. is 60 kI mol ™~ ]
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fe)/ Solutions containing aqueous aluminmum ions are weakly acidic because of the
dissociation of one of the coordinated water molecules.

[AI(H,0)J"(aq) =  [A{H,0){OH)F"(aq) + H%(aq)
The acidity of this solution has been used to stop bleeding from minor cuts.

The expression for the equilibrium constant, in terms of concentrations, for the above
system 1s shown below.

K, = [[AlH,0)(0H) Paq)] [H*aq)]
[ [Al(H,0) " (aq)]

Use this expression to calculate the pH of a solution of aluminium 1ons of concentration
0.10 mol dm™. The equilibrium constant, &, for this system is 1.26 % 107 mol dm™. [3]

Total [20]
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