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SECTION  A

Answer all questions in the spaces provided.

1 A 0.263 g sample of impure iron, containing an unreactive impurity, was reacted with an
excess of hydrochloric acid.  All of the iron in the sample reacted, evolving hydrogen gas
and forming a solution of iron(II) chloride.  The volume of hydrogen evolved was 102 cm3,
measured at 298 K and 110 kPa.

The percentage, by mass, of iron in the sample can be determined using either the volume of
hydrogen produced or by titrating the solution of iron(II) chloride formed against a standard
solution of potassium dichromate(VI).

(a) (i) Write an equation for the reaction between iron and hydrochloric acid.

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

(ii) Calculate the number of moles of hydrogen produced in the reaction.

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

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

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

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

(iii) Use your answers to parts (a)(i) and (ii) to determine the number of moles of iron
and the mass of iron in the original sample.
(If you have been unable to complete part (a)(ii) you should assume the answer
to be 4.25 × 10–3 mol.  This is not the correct answer.)

Moles of iron ............................................................................................................

Mass of iron ..............................................................................................................

(iv) Calculate the percentage of iron in the original sample.

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

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

Gas constant R = 8.31 J K–1 mol–1
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14

(b) (i) Write half-equations for the oxidation of Fe2+ and for the reduction of Cr2O 7
2– in

acidic solution, and use these to construct an overall equation for the reaction
between these two ions.

Half-equation for the oxidation of Fe2+

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

Half-equation for the reduction of Cr2O 7
2–

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

Overall equation

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

(ii) The number of moles of iron in the sample was determined in part (a)(iii).  Use
this answer to calculate the volume of a 0.0200 mol dm–3 solution of potassium
dichromate(VI) which would react exactly with the solution of iron(II) chloride
formed in the reaction.
(If you have been unable to complete part (a)(iii) you should assume the answer
to be 3.63 × 10–3 mol.  This is not the correct answer.)

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

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

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

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

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

(iii) Explain why an incorrect value for the number of moles of iron(II) chloride
formed would have been obtained if the original solution had been titrated with
potassium manganate(VII).

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

...................................................................................................................................
(7 marks)
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2 The sketch graph below shows how the entropy of a sample of water varies with
temperature.

(a) Suggest why the entropy of water is zero at 0 K.

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

(b) What change of state occurs at temperature T1?

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

(c) Explain why the entropy change, ∆S, at temperature T2 is much larger than that at
temperature T1.

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

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

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

(d) It requires 3.49 kJ of heat energy to convert 1.53 g of liquid water into steam at 373 K
and 100 kPa.

(i) Use these data to calculate the enthalpy change, ∆H, when 1.00 mol of liquid
water forms 1.00 mol of steam at 373 K and 100 kPa.

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

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

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

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

0
0

Temperature / K
T2T1

Entropy
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(ii) Write an expression showing the relationship between free-energy change, ∆G,
enthalpy change, ∆H, and entropy change, ∆S.

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

(iii) For the conversion of liquid water into steam at 373 K and 100 kPa,
∆G = 0 kJ mol–1

Calculate the value of ∆S for the conversion of one mole of water into steam
under these conditions.  State the units.
(If you have been unable to complete part (d)(i) you should assume that
∆H = 45.0 kJ mol–1.  This is not the correct answer.)

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

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

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

Units .........................................................................................................................
(6 marks)

Turn over for the next question

Turn over �
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3 The following scheme shows some reactions of chromium compounds in aqueous solution.

(a) Identify the grey-green precipitate A and the gas B formed in Reaction 1.  Write an
equation for this reaction.

Precipitate A ......................................................................................................................

Gas B .................................................................................................................................

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

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

(b) (i) Identify a reagent for Reaction 2.

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

(ii) Deduce the oxidation state of chromium in CrO4
2–

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

(iii) Identify a reagent needed for Reaction 3.  Write a half-equation for the
conversion of [Cr(OH)6]3– into CrO4

2–

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

Half-equation ............................................................................................................
(4 marks)

CH3CH2OH
+ H2SO4(aq)

grey-green precipitate A + gas B

[Cr(H2O)6]3+ Cr2O7

[Cr(OH)6]3–

CrO4

Reaction 7

Reaction 6
Zn + H2SO4(aq)

blue solution D

Reaction 1
Na2CO3

Reaction 2

Reaction 3

[Cr(NH3)6]3+

chromium-containing
species C

Reaction 4
excess NH3(aq)

Reaction 5
excess H2NCH2CH2NH2

2–

2–
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(c) (i) Draw the structure of the chromium-containing species C formed in Reaction 5.
Indicate the charge on species C.

(ii) Explain, by reference to the changes in bonding, why the enthalpy change, ∆H,
in Reaction 5 is close to zero.

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

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

(iii) Explain why the free-energy change, ∆G, for Reaction 5 is negative.

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

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

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

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

(d) Identify the chromium-containing species present in the blue solution D formed in
Reaction 6 and state the role of zinc in its formation.

Chromium-containing species ...........................................................................................

Role of zinc ........................................................................................................................
(2 marks)

(e) Two organic compounds are formed in Reaction 7.  One of these compounds has a low
boiling point and can be distilled readily from the reaction mixture.  The other
compound has a higher boiling point and is the main organic product formed when the
reaction mixture is refluxed.

(i) Identify the organic product which has a low boiling point.

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

(ii) Identify the main organic product formed when the mixture is refluxed.

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

Turn over �
APW/Jun06/CHM5
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8

4 A sealed flask containing gases X and Y in the mole ratio 1:3 was maintained at 600 K until
the following equilibrium was established.

X(g)  +  3Y(g)          2Z(g)

The partial pressure of Z in the equilibrium mixture was 6.0 MPa when the total pressure
was 22.0 MPa.

(a) (i) Write an expression for the equilibrium constant, Kp, for this reaction.

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

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

(ii) Calculate the partial pressure of X and the partial pressure of Y in the
equilibrium mixture.

Partial pressure of X ................................................................................................

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

Partial pressure of Y ................................................................................................

(iii) Calculate the value of Kp for this reaction under these conditions and state its
units.

Value of Kp ................................................................................................................

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

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

Units of Kp ................................................................................................................
(6 marks)

(b) When this reaction is carried out at 300 K and a high pressure of 100 MPa, rather than
at 600 K and 22.0 MPa, a higher equilibrium yield of gas Z is obtained.

Give two reasons why an industrialist is unlikely to choose these reaction conditions.

Reason 1 .............................................................................................................................

Reason 2 .............................................................................................................................
(2 marks)
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5 Use the data in the table below, where appropriate, to answer the questions which follow.

(a) (i) Identify the most powerful reducing agent in the table.

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

(ii) Identify the most powerful oxidising agent in the table.

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

(iii) Identify all the species in the table which can be oxidised in acidic solution by
BrO3

–(aq).

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

(b) The cell represented below was set up.

Pt | Fe2+(aq), Fe3+(aq) || BrO3
–(aq), Br2(aq) | Pt

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

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

(ii) Write a half-equation for the reaction occurring at the negative electrode when
current is taken from this cell.

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

(iii) Deduce what change in the concentration of Fe3+(aq) would cause an increase in
the e.m.f. of the cell.  Explain your answer.

Change in concentration ..........................................................................................

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

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

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

Turn over �
APW/Jun06/CHM5
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Standard electrode potentials E / V

Fe3+(aq)  +  e– → Fe2+(aq) +0.77

Cl2(g)  +  2e– → 2Cl–(aq) +1.36

2BrO3
–(aq)  +  12H+(aq)  +  10e– → Br2(aq)  +  6H2O(l) +1.52

O3(g)  +  2H+(aq)  +  2e– → O2(g)  +  H2O(l) +2.08

F2O(g)  +  2H+(aq)  +  4e– → 2F–(aq)  +  H2O(l) +2.15

Each of the above can be reversed under suitable conditions.
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SECTION  B

Detach this perforated sheet.
Answer all questions in the space provided on pages 15 to 24 of this booklet.

6 (a) (i) Write an equation for the reaction of ammonia with water.  Explain how, in this
reaction, ammonia behaves as a Brønsted-Lowry base.  Draw the shape of the
species formed from ammonia.

(ii) Write an equation for the reaction of ammonia with boron trifluoride.  Explain
how, in this reaction, ammonia behaves as a Lewis base.  Draw the shape of the
species formed.

(6 marks)

(b) Outline the mechanism for the addition-elimination reaction between ammonia and an
acyl chloride.  Name the organic product formed in the reaction you have given.

(5 marks)

(c) Amines can be made by the reaction between a haloalkane and ammonia.  Explain
why, in an excess of ammonia, a primary amine is the major organic product.

(2 marks)

(d) When ammonia reacts with potassium metal, a redox reaction occurs.  Hydrogen and
NH2

– ions are produced.

Write a half-equation for the formation of hydrogen and NH2
– ions from ammonia.  Use

this to deduce an overall equation for the reaction between potassium and ammonia.
(2 marks)

(e) Boiling point data for three hydrides are given in the table below.

Explain why these three hydrides have very different boiling points. (4 marks)

Hydride Mr Boiling point / K

Methane 16 91.1

Ammonia 17 240

Water 18 373
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7 (a) Explain why the melting point of magnesium chloride is much higher than the melting
point of silicon tetrachloride. (5 marks)

(b) Suggest why the melting point of magnesium oxide is much higher than the melting
point of magnesium chloride. (2 marks)

(c) Magnesium oxide and sulphur dioxide are added separately to water.  In each case
describe what happens.  Write equations for any reactions which occur and state the
approximate pH of any solution formed. (6 marks)

(d) Write equations for two reactions which together show the amphoteric character of
aluminium hydroxide. (4 marks)

8 (a) State the trend in the reducing power of the halide ions Cl– to I–.
Identify all the reduction products formed when solid sodium iodide reacts with
concentrated sulphuric acid.  Write an overall equation for one of these redox reactions.

(6 marks)

(b) Outline a mechanism for the formation of a chloroalkane by the reaction between an
alkane and chlorine. (3 marks)

(c) Name and outline a mechanism for the reaction of a chloroalkane with benzene in the
presence of anhydrous aluminium chloride. (5 marks)

9 (a) Explain why the reaction between sodium ethanedioate, Na2C2O4, and potassium
manganate(VII) in acidified aqueous solution is initially slow but gradually increases
in rate.  Write equations to illustrate your answer. (6 marks)

(b) State what is meant by the term active site as applied to a heterogeneous catalyst.
Explain how the number of active sites can be increased for a given mass of catalyst.
The efficiency of a heterogeneous catalyst often decreases during use.  Explain, using a
specific example, why this happens. (4 marks)

END  OF QUESTIONS
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