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SECTION   A

Answer all questions in the spaces provided.
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1 (a) A Born–Haber cycle for the formation of magnesium(II) chloride is shown below.

Taking care to note the direction of the indicated enthalpy change and the number of
moles of species involved, give each of the enthalpy changes (i) to (v) above.

Enthalpy change (i) ....................................................................................................................

Enthalpy change (ii) ...................................................................................................................

Enthalpy change (iii) ..................................................................................................................

Enthalpy change (iv) ..................................................................................................................

Enthalpy change (v) ...................................................................................................................
(5 marks)

Mg2+(g) + 2Cl(g) + 2e–

(iii)

(ii)

(i)

(iv)

(v)

Mg+(g) + 2Cl(g) + e–

Mg2+(g) + 2Cl–(g)

Mg(g) + 2Cl(g)

Mg(g) + Cl2(g)

Mg(s) + Cl2(g)

MgCl2(s)
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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

CHM5 p. 1-24  16/1/04  3:57 pm  Page 4
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(b) Write an equation for the decomposition of MgCl(s) into MgCl2(s) and Mg(s) and use
the following data to calculate a value for the enthalpy change of this reaction.

∆Hf MgCl(s)   = –113kJmol–1

∆Hf MgCl2(s)  = –653kJmol–1

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

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

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

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

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

(c) Use the data below to calculate a value for the molar enthalpy of a solution of MgCl2(s).

Lattice formation enthalpy of MgCl2(s) = –2502kJmol–1

∆Hhydration of Mg2+(g) = –1920kJmol–1

∆Hhydration of Cl–(g) = –364kJmol–1

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

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

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

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

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

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

Turn over �
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2 In the questions below, each of the three elements X, Y and Z is one of the Period 3 elements
Na, Mg, Al, Si or P.

(a) Both the chloride and the oxide of element X have high melting points. The oxide reacts
readily with water. The chloride dissolves in water to form a neutral solution.

(i) Deduce the type of bonding present in the chloride of element X.

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

(ii) Identify element X.

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

(iii) Write an equation for the reaction between water and the oxide of element X.

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

(b) Element Y has a chloride and an oxide which react vigorously with water to form
solutions containing strong acids.

(i) Deduce the type of bonding present in the oxide of element Y.

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

(ii) Identify element Y.

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

(iii) Identify an acid which is formed when both the oxide and the chloride of element
Y react separately with water.

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

CHM5 p. 1-24  16/1/04  3:57 pm  Page 6
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(c) The oxide of element Z is a crystalline solid with a very high melting point. This oxide
is classified as an acidic oxide but it is not soluble in water.

(i) Deduce the type of crystal shown by the oxide of element Z.

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

(ii) Identify element Z.

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

(iii) Write an equation for a reaction which illustrates the acidic nature of the oxide of
element Z.

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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3 Use the data below, where appropriate, to answer the following questions.

(a) State the colours of the following species in aqueous solution.

(i) Cr2O2
7
–(aq) ........................................................................................................................

(ii) Cr3+(aq) .............................................................................................................................

(iii) MnO–
4(aq) ..........................................................................................................................

(3 marks)

(b) From the table above, select the species which is the most powerful reducing agent.

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

(c) Deduce the oxidation state of

(i) chromium in  Cr2O2
7
– .......................................................................................................

(ii) nitrogen in  HNO2 ...........................................................................................................
(2 marks)

Standard electrode potentials                                                       E  /V

S2O2
8
–(aq)  +  2e– → 2SO2

4
–(aq) +2.01

MnO–
4(aq)  +  8H+(aq)  +  5e– → Mn2+(aq)  +  4H2O(l) +1.51

Cl2(aq)  +  2e– → 2Cl–(aq) +1.36

Cr2O2
7
–(aq)  +  14H+(aq)  +  6e– → 2Cr3+(aq)  +  7H2O(l) +1.33

NO–
3(aq)  +  3H+(aq)  +  2e– → HNO2(aq)  +  H2O(l) +0.94

Fe3+(aq)  +  e– → Fe2+(aq) +0.77

CHM5 p. 1-24  16/1/04  3:57 pm  Page 8
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(d) The concentration of iron(II) ions in aqueous solution can be determined by titrating the
solution, after acidification, with a standard solution of potassium manganate(VII).

(i) Explain, by reference to the data given in the table opposite, why hydrochloric acid
should not be used to acidify the solution containing iron(II) ions.

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

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

(ii) Explain, by reference to the data given in the table opposite, why nitric acid should
not be used to acidify the solution containing iron(II) ions.

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

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

(e) (i) Calculate the e.m.f. of the cell represented by

Pt |Mn2+(aq),MnO–
4(aq) ||S2O2

8
–(aq),SO2

4
–(aq) |Pt

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

(ii) Deduce an equation for the reaction which occurs when an excess of S2O2
8
–(aq) is

added to an aqueous solution of Mn2+(aq) ions.

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

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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4 (a) State what is meant by each of the following terms.

(i) Ligand ...............................................................................................................................

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

(ii) Complex ion ......................................................................................................................

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

(iii) Co-ordination number .....................................................................................................

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

(b) Using complex ions formed by Co2+ with ligands selected from H2O, NH3, Cl–, C2O2
4
–

and EDTA4–, give an equation for each of the following.

(i) A ligand substitution reaction which occurs with no change in either the
co-ordination number or in the charge on the complex ion.

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

(ii) A ligand substitution reaction which occurs with both a change in the
co-ordination number and in the charge on the complex ion.

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

(iii) A ligand substitution reaction which occurs with no change in the co-ordination
number but a change in the charge on the complex ion.

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

(iv) A ligand substitution reaction in which there is a large change in entropy.

.............................................................................................................................................
(8 marks)

APW/0204/CHM5
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(c) An aqueous solution of iron(II) sulphate is a pale-green colour. When aqueous sodium
hydroxide is added to this solution a green precipitate is formed. On standing in air, the
green precipitate slowly turns brown.

(i) Give the formula of the complex ion responsible for the pale-green colour.

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

(ii) Give the formula of the green precipitate.

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

(iii) Suggest an explanation for the change in the colour of the precipitate.

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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5 (a) State what is meant by the term homogeneous as applied to a catalyst.

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

(b) (i) State what is meant by the term autocatalysis.

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

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

(ii) Identify the species which acts as an autocatalyst in the reaction between
ethanedioate ions and manganate(VII) ions in acidic solution.

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

(c) When petrol is burned in a car engine, carbon monoxide, carbon dioxide, oxides of
nitrogen and water are produced. Catalytic converters are used as part of car exhaust
systems so that the emission of toxic gases is greatly reduced.

(i) Write an equation for a reaction which occurs in a catalytic converter between two
of the toxic gases. Identify the reducing agent in this reaction.

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

Reducing agent .................................................................................................................

(ii) Identify a transition metal used in catalytic converters and state how the converter
is constructed to maximise the effect of the catalyst.

Transition metal ................................................................................................................

How effect is maximised ..................................................................................................

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

CHM5 p. 1-24  16/1/04  3:57 pm  Page 12
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(d) The strength of the adsorption of reactants and products onto the surface of a transition
metal helps to determine its activity as a heterogeneous catalyst.

(i) Explain why transition metals which adsorb strongly are not usually good
catalysts.

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

(ii) Explain why transition metals which adsorb weakly are not usually good catalysts.

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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SECTION   B

Detach these two perforated sheets.
Answer all questions in the space provided on pages 19 to 24 of this booklet.

6 When anhydrous iron(III) chloride is added to water the following reactions occur.

FeCl3 +  6H2O  → [Fe(H2O)6]3+ +  3Cl–

[Fe(H2O)6]3+ +  H2O           [Fe(H2O)5(OH)]2+ +  H3O+

(a) State the type of acidity shown by FeCl3 and by [Fe(H2O)6]3+ in these reactions.
Explain your answers.

(4 marks)

(b) (i) A 0.150moldm–3 solution of iron(III) chloride was found to have a pH of 1.52
For the acid [Fe(H2O)6]3+, calculate a value for the acid dissociation constant, Ka,
and a pKa value.
(You should assume that all the hydrogen ion concentration is due to the reaction
shown below.)

[Fe(H2O)6]3+(aq)           [Fe(H2O)5(OH)]2+(aq)  +  H+(aq)

(ii) A 50.0cm3 sample of a 0.250moldm–3 solution of iron(III) chloride was diluted by
the addition of 150cm3 of water.

Use the value of Ka determined in part (b)(i) to calculate the pH of the diluted
solution.
(If you have failed to complete part (b)(i) you should assume that the value of Ka
is 4.50 × 10–3 moldm–3. This is not the correct value.)

(9 marks)

(c) Explain why the pH of a solution of iron(II) chloride is higher than that of a solution of
iron(III) chloride of the same concentration.

(2 marks)

CHM5 p. 1-24  16/1/04  3:57 pm  Page 15
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7 Butenedioic acid, HOOCCH=CHCOOH, occurs as two stereoisomers. One of the isomers
readily forms the acid anhydride C4H2O3 when warmed.

(a) Draw the structures of the two isomers of butenedioic acid and name the type of
isomerism shown.
Use the structures of the two isomeric acids to suggest why only one of them readily
forms an acid anhydride when warmed. Draw the structure of the acid anhydride
formed.

(6 marks)

(b) Identify one electrophile which will react with butenedioic acid and outline a mechanism
for this reaction.

(4 marks)

(c) Write an equation for a reaction which occurs when butenedioic acid is treated with an
excess of aqueous sodium hydroxide.

(2 marks)

(d) Describe and explain the appearance of the proton n.m.r. spectrum of butenedioic acid.
(3 marks)

CHM5 p. 1-24  16/1/04  3:57 pm  Page 16
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8 (a) The gaseous reactants W and X were sealed in a flask and the mixture left until the
following equilibrium had been established.

2W(g)  +  X(g)           3Y(g)  +  2Z(g)      ∆H = –200kJmol–1

Write an expression for the equilibrium constant, Kp, for this reaction.
State one change in the conditions which would both increase the rate of reaction and
decrease the value of Kp. Explain your answers.

(7 marks)

(b) Ethyl ethanoate can be prepared by the reactions shown below.

Reaction 1

CH3COOH(l)  +  C2H5OH(l)          CH3COOC2H5(l)  +  H2O(l)    ∆H = –2.0kJmol–1

Reaction 2

CH3COCl(l)  +  C2H5OH(l)  → CH3COOC2H5(l)  +  HCl(g)    ∆H = –21.6kJmol–1

(i) Give one advantage and one disadvantage of preparing ethyl ethanoate by
Reaction 2 rather than by Reaction 1.

(ii) Use the information given above and the data below to calculate values for the
standard entropy change, ∆S , and the standard free-energy change, ∆G , for
Reaction 2 at 298K.

(8 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

CH3COCl(l) C2H5OH(l) CH3COOC2H5(l) HCl(g)

S /JK–1 mol–1 201 161 259 187
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9 The following two-stage method was used to analyse a mixture containing the solids
magnesium, magnesium oxide and sodium chloride.

Stage 1
A weighed sample of the mixture was treated with an excess of dilute hydrochloric acid. The
sodium chloride dissolved in the acid. The magnesium oxide reacted to form a solution of
magnesium chloride. The magnesium also reacted to form hydrogen gas and a solution of
magnesium chloride. The hydrogen produced was collected.

(a) Write equations for the two reactions involving hydrochloric acid.

(b) State how you would collect the hydrogen. State the measurements that you would
make in order to calculate the number of moles of hydrogen produced. Explain how
your results could be used to determine the number of moles of magnesium metal in the
sample.

(8 marks)

Stage 2
Sodium hydroxide solution was added to the solution formed in Stage 1 until no further
precipitation of magnesium hydroxide occurred. This precipitate was filtered off, collected,
dried and heated strongly until it had decomposed completely into magnesium oxide. The
oxide was weighed.

(c) Write equations for the formation of magnesium hydroxide and for its decomposition
into magnesium oxide.

(d) When a 2.65g sample of the mixture of the three solids was analysed as described above,
the following results were obtained.

Hydrogen obtained in Stage 1 0.0528 mol

Mass of magnesium oxide obtained in Stage 2 6.41g

Use these results to calculate the number of moles of original magnesium oxide in 100g
of the mixture.

(7 marks)

END  OF  QUESTIONS
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