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Gas constant R = 8.31 J K~ mol™

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-39
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
Cc—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000
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SECTION A

Answer all questions in the spaces provided.

1 Ammonia can act as a base and as a nucleophile.

1 (a)
1 (b)
1 (o
1 (@
1 (e)
1 ®

Define the term Brgnsted—Lowry base.

(1 mark)
Define the term Lewis base.

(1 mark)
Define the term nucleophile.

(1 mark)

Write an ionic equation for the reaction between ammonia and hydrochloric acid in
which the ammonia acts as a Brgnsted—Lowry base.

Write an equation for the reaction between ammonia and aqueous copper(Il) ions in
which ammonia acts as a Lewis base with the copper ions. Give the colour of each of
the copper-containing ions in your equation below its formula.

(4 marks)

Write an equation for the reaction between ammonia and ethanoyl chloride in which
the ammonia acts as a nucleophile. Name and outline the mechanism for this reaction.

EGUATION ...ttt ettt e e e e e ettt e e e e e e s e asteeeeeeeeesennnsseaeaeaeesannnns
INGAME Of MECHANISTIL ....ooeeeieeeie ettt ettt e s e e s aee s e s sabee e abeesnaeesnneeas

Mechanism

(6 marks)
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2 Some enthalpy of vaporisation values, AH,, and boiling points are given in the table below.

Substance AH/kJmol™  Boiling point/K
NH;(1) 234 240
HE() 32.6 293

2 (a) State the equation that relates free-energy change, AG, to enthalpy change, AH, and
entropy change, AS.

2 (b) Suggest why the free-energy change is equal to zero (AG = 0) when a liquid boils.

2 (c¢) Use data from the table above to calculate the standard entropy change, in J K~ ' mol ™!,
when liquid ammonia boils.

(2 marks)

2 (d) Explain in terms of intermolecular forces why the enthalpy of vaporisation for liquid
hydrogen fluoride is greater than that for liquid ammonia.

0 6

APW/Jun08/CHMS5

Areas outside
the box will
not be scanned
for marking




3 Some data required for this question are given in the table below.

Substance AH{/kJmol™ S°/J K mol™
NHi(g) —46.2 193
Na(g) 0 192
Ha(g) 0 131

3 (a) Write an equation to represent the formation of one mole of ammonia from its elements.

3 (b) Using data from the table above calculate the entropy change for the formation of one
mole of ammonia from its elements.

(3 marks)
3 (¢) (i) Use your answer from part (b) and data from the table to calculate the value of
the free-energy change, AG, for the formation of one mole of ammonia from its
elements at 700 K. (If you have been unable to calculate an answer to part (b),

you may assume that the entropy change for the formation of one mole of
ammonia from its elements is —125JK ' mol™". This is not the correct value.)

3 (c) (i) Predictin qualitative terms what would happen to the value of AG at
temperatures lower than 700 K.

(3 marks)

3 (d) Suggest one advantage, in industry, of operating this reaction at temperatures higher
than 700 K.

Turn over p
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4 (a)
4 (a)
4 (a)
4 (b)
4 (b)
4 (b)
4 (b)

The cell shown below can be used to measure the electrode potential of magnesium.

Hydrogen ——— ———

(i) Identify possible chemical substances for W, X, Y and Z labelled in the diagram
above.

(6 marks)

An alkaline cell that is used to provide electricity has electrodes which can be
represented by the following half-equations. The zinc electrode is the negative electrode.

70t + 20 —> 7Zn E=-076V

MnO,; + H O + e —> MnO(OH) + OH" E is to be determined

(i) The e.m.f. of this cell is 1.60 V. Calculate a value for the electrode potential of
the manganese oxide electrode.

(ii)) Deduce the oxidation state of manganese in MnO(OH)

(iii) Write an equation for the overall cell reaction.

0 8
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4 (b)
4 (b)
4 (o)
4 (o)
4 (o

(iv)

v)

Identify the oxidising agent and the reducing agent in this alkaline cell.
OXIAISTIG AQENL ...ttt ettt s e et e st e st e s eabeeeabeesabeesnnee
ReAUCING QGENT ...ttt ettt sttt

Give one reason why the e.m.f. of the cell decreases to a very low value after the
cell has been used for a long time.

(6 marks)
A redox reaction occurs when concentrated sulphuric acid reacts with solid potassium
bromide.
(i) Write half-equations and an overall equation for this reaction.

(ii)

Half~@qUATION T ...ttt ettt s
Half-qQUATION 2 ...ttt e et e e e e e e naaee e e nees
OVEFAll @QUATION ........cooueeiiiiiiiiiiiieee ettt st
Give one reason why a redox reaction does not occur when concentrated
sulphuric acid is mixed with solid potassium chloride.

Write an equation for the reaction that does occur.

REOGSON oottt ettt s et e et s et re s eae s eae s et e eaasesanesennesennsenns

(5 marks)

Turn over for the next question

09

Turn over p

APW/Jun08/CHMS5

Areas outside
the box will
not be scanned
for marking




10

5 Iodide ions are oxidised to iodine by peroxodisulphate ions, SZO%_. The reaction can be
catalysed by Fe?*(aq) ions and by Fe**(aq) ions.

In an experiment to investigate the uncatalysed reaction, the concentration of iodine was
determined at different times. Curve A shown below was obtained.

The experiment was repeated using half the original concentration of iodide ions but keeping
other conditions the same. Curve B was obtained.

N\

Concentration P
. . /
of iodine é B

Time

S (a) Use these curves and the dotted lines to deduce the order of the reaction with respect to
iodide ions. Explain how you deduced the order.

(2 marks)

5 (b) On the axes above, sketch a curve to show how the results will change if the
experiment leading to curve B is repeated under the same conditions of concentration
but at a lower temperature. Label this curve X.
(2 marks)

S (c) On the axes above, sketch a curve to show how the results will change if the
experiment leading to curve A is repeated in the presence of a catalyst containing
Fe2+(aq) ions. Label this curve Y.
(2 marks)
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S (d) In the oxidation of iodide ions by peroxodisulphate ions, the Fe?* jons act as a catalyst
in a two-step process.

S (d) (i) Write an equation for each of the two steps.
EQUATTION fOF SIEP I oottt ettt e aee e e e e e ee e e
EQUALION fOF STED 2 ..ottt ettt s e e aee e sbee s sabeesnaeeenaeas
5 (d) (i) Give two reasons why the Fe" ions are regarded as a catalyst in this reaction.
REASON I ettt ettt e e e et e e e e e e e e e abaee e e nnees

REOASON 2 oo et e et e e s et e s e et aae e s et e s s etaaeseeaaaeeeenannes
(4 marks)

5 (e) Silveris used as a heterogeneous catalyst for the exothermic process illustrated by the
following equation.

O
/ N\
H,C=CH, + —;OQ —> H,C—CH,

5 (e) (i) Explain the meaning of the term heterogeneous as applied to the silver catalyst.

(4 marks)

Turn over p

11

APW/Jun08/CHMS5



12

12

APW/Jun08/CHMS5

Areas outside
the box will
not be scanned
for marking



13

SECTION B

Detach this perforated sheet.
Answer questions 6, 7, 8 and 9 on page 12 and pages 15-20 of this booklet.

6 (2
6 (a
6 (a
6 (b)
6 (b
6 (b
6 (b
7 (a)
7 (a)
7 (a)
7 (a)
7 (a)
7 (b)
7 (o)

Each of the following pairs of compounds, in aqueous solution, can be distinguished
by using a suitable reagent in test-tube reactions.

For each pair, identify a reagent, describe what you would observe and write equations
for any reactions that occur.

(i) separate solutions of CuSOg4(aq) and of Cu(NO3);,(aq)
(i) separate solutions of CrCls(aq) and of FeCl,(aq) (9 marks)

Separate aqueous solutions of potassium manganate(VII) (KMnO,) and sodium
manganate(VII) (NaMnQy,), each contained 1.000 g of the compound in 250 cm® of
solution.

A250cm’ sample of one of these solutions reacted with exactly 17.60 cm® of a
0.100 mol dm™ acidified solution of sodium ethanedioate, NayCyOy4

(i) Write an equation for the reaction between MnOj ions and CZO%_ ions in an
acidified solution. In this reaction, 2 mol of MnQy ions reacted with 5 mol of
CZOﬁ_ ions.

(i1) Calculate the number of moles of Cin_ ions that have reacted and hence the
number of moles of MnQOy ions used.

(i11) Hence, calculate the mass of one mole of the manganate(VII) compound. Use
your answer to identify this compound as either KMnO,4 or NaMnO,

(6 marks)
Draw the shape of each of the following and, in each case, name the shape.
(i) HCHO
(i) [CoCl)*~
(i) [IF4]”
(iv) [Ag(CN)J” (8 marks)

Draw a structure, including all the bonds, to show how one ethanedioate ion, CZO%_,
bonds as a bidentate ligand to a Co** ion. On your structure represent each
co-ordinate bond with an arrow. (2 marks)

Outline a mechanism for the reaction of HCN with CH;CHO
Use the mechanism to explain why two stereoisomers are formed in this reaction.
Draw structures to show the shapes of the two stereoisomers. (5 marks)
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8 The tables below contain some data about aqueous solutions.

Na* Mg?* ALY CI-
Enthalpy of hydration, Angd/ kJ mol™! -406 -1920 -4690 -364

NaCl MgCl,
Enthalpy of solution, AHZ,/kJ mol ™! +3.9 —-155

o)

8 (a) Use these data to calculate the lattice enthalpy of dissociation of sodium chloride and
of magnesium chloride. (3 marks)

8 (b) Explain why the lattice enthalpy of dissociation of sodium chloride is less than that of
magnesium chloride. (2 marks)

8 (c) Suggest why the enthalpy of hydration of aluminium ions is much more exothermic
than that for magnesium ions. (2 marks)

8 (d) Aqueous solutions of AICI; are acidic.
[AI(H20)6]*(aq) == [Al(H,0)s(OH)]**(aq) + H*(aq)

The acid dissociation constant for this reaction, K, = 1.26 X 1079 moldm™.
Calculate the pH of a 2.0 mol dm™ solution of AlCl3 (4 marks)

8 (e) Write an equation for the reaction that occurs when silicon tetrachloride is added to
water. Predict the pH of the resulting solution. (2 marks)

9 Methanol is a possible alternative to hydrocarbons as a liquid fuel.

9 (a) Calculate the mass of methanol that should be burned in order to raise the temperature
of 1.00kg of water from 20.0 °C to 100 °C. The enthalpy of combustion of methanol
has the value of —715kJ mol™!,

Assume that 50% of the heat obtained from burning the methanol is lost to the
surroundings and that the specific heat capacity of water is 4.18 JK™! g_l. (5 marks)

9 (b) Methanol can be produced by using a reversible reaction between carbon monoxide
and hydrogen.

2Hy(g) + CO(g) =—— CH30H(g)

When 2.00 mol of hydrogen and 1.00 mol of carbon monoxide are mixed and heated to
a high temperature in a container of volume 1.50 dm?, the equilibrium yield of
methanol is 0.80 mol.

Calculate a value for the equilibrium constant, K, for this reaction at this temperature
and give its units. (7 marks)

9 (c) The ester, methyl ethanoate (CH3COOCH3), can be distinguished from its isomer,
ethyl methanoate (HCOOCH;CH3), by proton n.m.r. spectroscopy. For each of these
isomers indicate the number of peaks and the splitting, if any, of each peak in the
proton n.m.r. spectrum. (5 marks)

END OF QUESTIONS
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