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SECTION   A

Answer all questions in the spaces provided.

1 (a) A solution with a pH of 3.25 was formed when 4.22g of aluminium chloride, AlCl3, were
dissolved in water to make 1.00dm3 of solution.

(i) Calculate the concentration, in moldm–3, of aluminium chloride in this solution.

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

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

(ii) Calculate the concentration of hydrogen ions in this solution.

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

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

(iii) Identify the major aluminium-containing species present in this solution.

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

(iv) Write an equation for the hydrolysis reaction which causes this solution to be
acidic.

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

(v) Use your answers from parts (i) and (ii) to calculate the percentage of aluminium
ions which have been hydrolysed.

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

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

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

(b) State what is observed when sodium carbonate is added to an aqueous solution of
aluminium chloride.

Observation 1 ..............................................................................................................................

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

APW/0105/CHM5
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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
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(c) Aqueous silver nitrate, followed by an excess of aqueous ammonia, can be used to
identify halide ions in solution.

(i) State what is observed when aqueous silver nitrate is added to a solution of
aluminium chloride. Write an equation for the reaction which occurs.

Observation .......................................................................................................................

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

(ii) Explain why the addition of aqueous ammonia cannot be used to confirm the
presence of chloride ions when the solution also contains aluminium ions.

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

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

(d) (i) State what is observed when concentrated sulphuric acid reacts with solid sodium
chloride.

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

(ii) Write an equation for the reaction occurring and state the role of sulphuric acid in
this reaction.

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

Role of concentrated sulphuric acid ...............................................................................

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

TURN  OVER  FOR  THE  NEXT  QUESTION

17
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2 A Born–Haber cycle for the formation of calcium sulphide is shown below. The cycle includes
enthalpy changes for all Steps except Step F. (The cycle is not drawn to scale.)

(a) Give the full electronic arrangement of the ion S2–

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

(b) Identify the species X formed in Step E.

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

(c) Suggest why Step F is an endothermic process.

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

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

Ca2+(g) + 2e– + S(g)

Ca2+(g) + S2– (g)

+1145 kJ mol–1Step D
Step E     –200 kJ mol–1

Step F

Ca+(g) + e–+ S(g)

+590 kJ mol–1Step C

Ca(g) + S(g)

+279 kJ mol–1Step B

Ca(g) + S(s)

+178 kJ mol–1Step A

Step G     –3013 kJ mol–1

Ca(s) + S(s)

–482 kJ mol–1∆Hf 
  CaS

Ca2+(g) + e– + X

CaS(s)

CHM5  pgs 1-20  21/9/04  9:40 am  Page 6



7
LEAVE

MARGIN
BLANK

(d) Name the enthalpy change for each of the following steps.

(i) Step B ................................................................................................................................

(ii) Step D ................................................................................................................................

(iii) Step F .................................................................................................................................
(3 marks)

(e) Explain why the enthalpy change for Step D is larger than that for Step C.

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

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

(f) Use the data shown in the cycle to calculate a value for the enthalpy change for Step F.

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

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION
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3 Use the standard electrode potential data given in the table below, where appropriate, to
answer the questions which follow.

Each of the above can be reversed under suitable conditions.

(a) The cell represented below was set up under standard conditions.

Pt |H2SO3(aq),SO2
4
–(aq) ||Fe3+(aq),Fe2+(aq) |Pt

(i) Calculate the e.m.f. of this cell.

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

(ii) Write a half-equation for the oxidation process occurring at the negative
electrode of this cell.

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

E   /V

V3+(aq)  +  e– → V2+(aq) –0.26

SO2
4
–(aq)  +  4H+(aq)  +  2e– → H2SO3(aq)  +  H2O +0.17

VO2+(aq)  +  2H+(aq) +  e– → V3+(aq)  +  H2O(l) +0.34

O2(g)  +  2H+(aq)  +  2e– → H2O2(aq) +0.68

Fe3+(aq)  +  e– → Fe2+(aq) +0.77

VO+
2(aq)  +  2H+(aq) +  e– → VO2+(aq)  +  H2O(l) +1.00

2IO–
3(aq)  +  12H+(aq)  + 10e– → I2(aq)  +  6H2O(l) +1.19

MnO–
4(aq)  +  8H+(aq)  +  5e– → Mn2+(aq)  +  4H2O(l) +1.52

CHM5  pgs 1-20  21/9/04  9:40 am  Page 8
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(b) The cell represented below was set up under standard conditions.

Pt |H2O2(aq),O2(g) || IO–
3(aq), I2(aq) |Pt

(i) Write an equation for the spontaneous cell reaction.

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

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

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

(ii) Give one reason why the e.m.f. of this cell changes when the electrodes are
connected and a current flows.

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

(iii) State how, if at all, the e.m.f. of this standard cell will change if the surface area of
each platinum electrode is doubled.

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

(iv) State how, if at all, the e.m.f. of this cell will change if the concentration of IO–
3 ions

is increased. Explain your answer.

Change, if any, in e.m.f. of cell .........................................................................................

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

.............................................................................................................................................
(7 marks)

(c) An excess of acidified potassium manganate(VII) was added to a solution containing
V2+(aq) ions. Use the data given in the table to determine the vanadium species present
in the solution at the end of this reaction. State the oxidation state of vanadium in this
species and write a half-equation for its formation from V2+(aq).

Vanadium species present at end of reaction ...........................................................................

Oxidation state of vanadium in final species ...........................................................................

Half-equation ..............................................................................................................................
(3 marks)

Turn over �
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4 (a) The Period 3 elements, Na, Mg, Al, Si, P and S, all form oxides when the elements are
burned in an excess of oxygen.

(i) Give the formula of an oxide of one of these elements in which the element is not
in its highest oxidation state. Give the oxidation state of the element in this oxide.

Formula of oxide ..............................................................................................................

Oxidation state of element ...............................................................................................

(ii) Write an equation for the reaction in which phosphorus(V) oxide is formed from
phosphorus and oxygen.

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

(b) The melting points of some of the oxides formed by Period 3 elements are given in a
random order below.

(i) Using the letters A to E, give two oxides which have simple molecular structures.
Explain your answer.

Oxide 1 ..............................................................................................................................

Oxide 2 ..............................................................................................................................

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

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

(ii) Give a simple chemical test which could be used to show which of the oxides in the
table is sodium oxide. State the observation you would make.

Chemical test .....................................................................................................................

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

Observation .......................................................................................................................
(6 marks)

Oxide A B C D E

Tm/°C 2852 –73 1610 1275 300

CHM5  pgs 1-20  21/9/04  9:40 am  Page 10
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(c) The pH curve for the titration of the weak diprotic acid H2SO3 with aqueous sodium
hydroxide is shown below.

(i) Identify the sodium salt formed from H2SO3 when x cm3 of NaOH have been
added.

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

(ii) Write an equation for the reaction that occurs between the two end-points
(equivalence points).

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

(iii) Name an indicator which could be used to determine the second end-point
(equivalence point).

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

12

pH 14

12

10

8

6

4

2

0
x

Volume of NaOH added / cm3

CHM5  pgs 1-20  21/9/04  9:40 am  Page 11
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5 (a) Complete the electronic arrangement of the Co2+ ion.

[Ar] ...............................................................................................................................................
(1 mark)

(b) Give the formula of the cobalt complex present in an aqueous solution of cobalt(II)
sulphate and state its colour.

Formula of cobalt complex ........................................................................................................

Colour of cobalt complex ..........................................................................................................
(2 marks)

(c) (i) When a large excess of concentrated aqueous ammonia is added to an aqueous
solution of cobalt(II) sulphate, a new cobalt(II) complex is formed. Give the
formula of the new cobalt(II) complex and state its colour.

Formula of new cobalt(II) complex ...............................................................................

Colour of new cobalt(II) complex ..................................................................................

(ii) Write an equation for the formation of this new complex.

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

(d) When hydrogen peroxide is added to the mixture formed in part (c), the colour of the
solution darkens due to the formation of a different cobalt complex. Identify this
different cobalt complex and state the role of hydrogen peroxide in its formation.

Cobalt complex formed...............................................................................................................

Role of hydrogen peroxide ........................................................................................................
(2 marks)

8

CHM5  pgs 1-20  21/9/04  9:40 am  Page 12
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6 (a) Octahedral and tetrahedral complex ions are produced by the reaction of transition
metal ions with ligands which form co-ordinate bonds with the transition metal ion.
Define the term ligand and explain what is meant by the term co-ordinate bond.

(3 marks)

(b) (i) Some complex ions can undergo a ligand substitution reaction in which both the
co-ordination number of the metal and the colour change in the reaction.
Write an equation for one such reaction and state the colours of the complex ions
involved.

(ii) Bidentate ligands replace unidentate ligands in a metal complex by a ligand
substitution reaction.
Write an equation for such a reaction and explain why this reaction occurs.

(8 marks)

(c) The frequency, v, of light absorbed by a transition metal complex ion can be determined
using the relationship ∆E = hv. State what is meant by the symbols ∆E and h. Give three
factors which result in a change in the frequency of light absorbed as a result of the
reaction of a complex ion.

(5 marks)

7 (a) Iron is extracted by the reduction of iron(III) oxide using carbon. Titanium is extracted
by the reduction of titanium(IV) chloride using sodium in an inert atmosphere.

Explain why these methods are used and state how the method chosen influences the
cost of extraction of titanium compared to that of iron.

(6 marks)

(b) A 1.27g sample of impure iron obtained from the Blast Furnace was reacted with an
excess of dilute sulphuric acid. All of the iron in the sample was converted into aqueous
iron(II) sulphate, and hydrogen was evolved. The solution formed was made up to
250 cm3. A 25.0 cm3 sample of this solution reacted completely with exactly 19.6 cm3 of
a 0.0220moldm–3 solution of potassium manganate(VII).

(i) Calculate the percentage by mass of iron in the sample.

(ii) Write an equation for the reaction between iron and dilute sulphuric acid.

(iii) Calculate the volume of hydrogen evolved, measured in cm3, at 295K and 98kPa.
(If you have been unable to complete the calculation in part (i) above assume that
the sample contained 1.82 × 10–2 mol of iron. This is not the correct value.)

(11 marks)

SECTION   B

Detach this perforated sheet.
Answer all questions in the spaces provided on pages 15 to 20 of this booklet.
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8 (a) Addition reactions to both alkenes and carbonyl compounds can result in the formation
of isomeric compounds.

(i) Choose an alkene with molecular formula C4H8 which reacts with HBr to form
two structural isomers. Give the structures of these two isomers and name the
type of structural isomerism shown.
Outline a mechanism for the formation of the major product.

(ii) Using HCN and a suitable carbonyl compound with molecular formula C3H6O,
outline a mechanism for an addition reaction in which two isomers are produced.
Give the structures of the two isomers formed and state the type of isomerism
shown.

(14 marks)

(b) Explain why ethanoyl chloride reacts readily with nucleophiles.
Write an equation for one nucleophilic addition–elimination reaction of ethanoyl
chloride. (A mechanism is not required.)

(4 marks)

9 (a) In the Haber Process for the manufacture of ammonia, the following equilibrium is
established in the presence of a heterogeneous catalyst.

N2(g)  +  3H2(g)            2NH3(g)

Identify the heterogeneous catalyst used in this process and state what is meant by the
term heterogeneous.

A heterogeneous catalyst can become poisoned by impurities in the reactants. Give one
substance which poisons the heterogeneous catalyst used in the Haber Process and
explain how this substance poisons the catalyst.

(5 marks)

(b) State what is observed when an excess of aqueous ammonia reacts with an aqueous
iron(II) salt. Write an equation for this reaction.

(4 marks)

END  OF  QUESTIONS
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