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SECTION A

Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box . If you change 
your mind, put a line through the box  and then mark your new answer with a cross .

1 Which are correct for the reaction shown?

CH3COOH   +   KOH   →   CH3COO−K+   +   H2O ΔH = –55.8 kJ mol−1

Type of reaction Type of enthalpy change

A endothermic formation

B endothermic neutralisation

C exothermic formation

D exothermic neutralisation

(Total for Question 1 = 1 mark)

2 Which equation does not represent a standard enthalpy change of atomisation?

 A Mg(s) →   Mg(g)

 B Cl2(g) →   2Cl(g)

 C ½O2(g) →   O(g)

 D Hg(l) →   Hg(g)

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 5.20 g of sodium hydrogencarbonate is added to an excess of acid.

 The temperature increases and the energy change is calculated to be 1030 J.

 What is the enthalpy change per mole of sodium hydrogencarbonate?

 [Mr NaHCO3 = 84.0]

 A –12.3 kJ mol−1

 B –16.6 kJ mol−1

 C –63.8 kJ mol−1

 D –16 600 kJ mol−1

(Total for Question 3 = 1 mark)

4 The equation for the complete combustion of methanal is shown.

O

C

H H

+   O O   →   O C O   +    ΔH = –591 kJ mol−1O

H H

 Some bond enthalpy data are shown.

Bond Bond enthalpy / kJ mol−1

C H 413

O O 498

C O in CO2 805

O H 464

 What is the C O bond enthalpy in methanal?

 A 623 kJ mol−1

 B 678 kJ mol−1

 C 805 kJ mol−1

 D 1036 kJ mol−1

(Total for Question 4 = 1 mark)
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5 Which sequence shows the molecules in order of increasing boiling temperature?

 A H2O < Br2  < Cl2  < CH4

 B Br2  < CH4 < Cl2  < H2O

 C Cl2  < CH4 < H2O < Br2

 D CH4  < Cl2  < Br2  < H2O

(Total for Question 5 = 1 mark)

6 Which is not correct about ice?

 A ice has a lower density than water

 B H2O molecules are further apart in ice than in water

 C the H−O−H bond angle is the same in ice and in water

 D H2O molecules in ice are held together by hydrogen bonds

(Total for Question 6 = 1 mark)

7 Which intermolecular forces exist between the molecules of the compound shown?

HO O

 A hydrogen bonding and London forces only

 B hydrogen bonding and permanent dipole‑permanent dipole forces only

 C London forces and permanent dipole‑permanent dipole forces only

 D  hydrogen bonding, permanent dipole‑permanent dipole forces and 
London forces

(Total for Question 7 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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8 This question is about alkanes.

 (a) Which of these alkanes has the highest boiling temperature?
(1)

 A butane

 B hexane

 C pentane

 D propane

 (b) Which of these alkanes has the lowest boiling temperature? 
(1)

 A 

 B 

 C 

 D 

(Total for Question 8 = 2 marks)

9 Which solvent dissolves the greatest amount of hydrocarbon C35H72?

 A butan‑1‑ol

 B ethanoic acid

 C hexane

 D water

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 Which reagent would convert an alcohol into an alkene?

 A acidified potassium dichromate(VI)

 B anhydrous calcium sulfate

 C concentrated phosphoric acid

 D ethanolic potassium hydroxide

(Total for Question 10 = 1 mark)

11 Which name is correct for the ion SO4
2− ?

 A sulfate(II)

 B sulfate(IV)

 C sulfate(VI)

 D sulfate(VIII)

(Total for Question 11 = 1 mark)

12 In which compound is the oxidation number of nitrogen +5?

 A Ca(NO3)2

 B Mg3N2

 C N2O3

 D NaNO2

(Total for Question 12 = 1 mark)

13 In which reaction is the copper species acting as an oxidising agent?

 A Cu2+    +   2Ag    →   2Ag+    +   Cu

 B 2Cu+   +   O2–   →   Cu2O

 C 3Cu    +   O2   →   Cu2O   +   CuO

 D Cu    +   Hg2+   →   Hg    +   Cu2+

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 Two half‑equations for a reaction are shown.

 Cu   →   Cu2+   +   2e−

NO3
−   +   4H+   +   3e−   →   NO     +   2H2O

 What is the overall ionic equation for this reaction?

 A Cu    +   NO3
−    +   4H+   →   Cu2+    +   NO    +   2H2O

 B 2Cu   +   NO3
−    +   4H+   →   2Cu2+   +   NO    +   2H2O

 C 3Cu   +   2NO3
−   +   8H+   →   3Cu2+   +   2NO   +   4H2O

 D 6Cu   +   2NO3
−   +   8H+   →   6Cu2+   +   2NO   +   4H2O

(Total for Question 14 = 1 mark)

15 A titre of 13.25 cm3 was obtained using a 50 cm3 burette.

 What is the percentage uncertainty in the titre?

 [Each reading of the burette has an uncertainty of ± 0.05 cm3]

 A ± 0.38 %

 B ± 0.75 %

 C ± 1.5 %

 D ± 7.5 %

(Total for Question 15 = 1 mark)

16 Barium hydroxide reacts with sulfuric acid as shown.

Ba(OH)2(aq)   +   H2SO4(aq)   →   BaSO4(s)   +   2H2O(l)

 Which is the ionic equation for this reaction?

 A Ba2+(aq)  +  2OH−(aq)  +  2H+(aq)  +  SO4
2−(aq)  →  BaSO4(s)  +  2H2O(l)

 B Ba2+(aq)  +  SO4
2−(aq)  →  BaSO4(s)

 C OH−(aq)  +  H+(aq)  →  H2O(l)

 D Ba2+(aq)  +  2OH−(aq)  +  2H+(aq)  +  SO4
2−(aq)  →  Ba2+(s)  +  SO4

2−(s)  +  2H2O(l)

(Total for Question 16 = 1 mark)
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17 Four tests used to identify ions are shown:

 1 flame test

 2 addition of acidified barium nitrate solution

 3 addition of acidified silver nitrate solution

 4 addition of sodium hydroxide solution, then testing any gas with indicator paper

 Which tests could be used to positively identify the ions in ammonium chloride?

 A 1 and 2

 B 1 and 3

 C 2 and 4

 D 3 and 4

(Total for Question 17 = 1 mark)

18 Which conditions give the highest yield for the forward reaction?

NH4Cl(s)      NH3(g)   +   HCl(g) ΔH = +176 kJ mol−1

 A high temperature, high pressure

 B high temperature, low pressure

 C low temperature, high pressure

 D low temperature, low pressure

(Total for Question 18 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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19 Nitrogen dioxide and dinitrogen tetroxide exist in equilibrium.

2NO2(g)                N2O4(g)

 brown gas colourless gas

 When an equilibrium is set up in a gas syringe, the mixture is pale brown.

 When the mixture is compressed the colour becomes

 A darker

 B lighter

 C darker and then lighter

 D lighter and then darker

(Total for Question 19 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

20 Ammonia reacts with 1‑chlorobutane.

 (a) State the type and mechanism of this reaction.
(2)

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

 (b) A student drew the first step of the mechanism for the reaction.

H C C C C Clδ–

H H H H

H H H H

H HH

H C C C C N H   +    Cl–+

H

H

H

H

H

H

H

H

H

H
N

  (i) Identify two omissions in the student’s mechanism.
(2)

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

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

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

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

  (ii) To obtain butylamine, sodium hydroxide solution is added.

   Complete the next step of the mechanism to form butylamine, 
showing curly arrows, relevant lone pairs and the reaction products.

(3)

H C C C C N H
+

H

H

H

H

H

H

H

H

H

H
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 (c) The reactions of ammonia and of hydroxide ions with halogenoalkanes are similar.

  Compare the rate of reaction of ammonia with 1‑chlorobutane and with 
2‑bromo‑2‑methylpropane. 
Justify your answer.

(3)

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

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

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

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

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

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

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

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

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

(Total for Question 20 = 10 marks)
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21 Enthalpy changes of combustion can be determined using calorimetry or calculated 
using Hess cycles. Apparatus for a calorimetry experiment is shown.

thermometer

beaker

75 g water

spirit burner

2‑methylpropan‑2‑ol

 A sample of 2‑methylpropan‑2‑ol was burned in a spirit burner and used to heat 
75 g of water. The results are shown.

At the start At the end Change

Mass of spirit burner / g 267.35 266.78

Temperature of water / °C 19.5 65.3

 (a) (i) Complete the table.
(1)

  (ii) Calculate the enthalpy change of combustion, ΔcH, of 2‑methylpropan‑2‑ol. 
Give a sign and units in your answer.

   [Specific heat capacity of water = 4.18 J g−1 °C−1]
(4)

PMT
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 (b) The standard enthalpy change of combustion, ΔcH d , can be calculated using 
standard enthalpy changes of formation.

Compound ∆fH d  / kJ mol−1

2‑methylpropan‑2‑ol –359

carbon dioxide –394

water –286

  (i) State why no ∆fH d  value has been given for oxygen.
(1)

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

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

  (ii) Complete the Hess cycle.

C4H10O(l)   +   . . . . . . . . . . . . . . . . . . . . . .  O2(g) .. . . . . . . . . . . . . . . . . . . . .  CO2(g)   +   . . . . . . . . . . . . . . . . . . . . . .  H2O(l)

4C(s, graphite)   +   . . . . . . . . . . . . . . . . . . . . . .    +   . . . . . . . . . . . . . . . . . . . . . .

(2)

  (iii) Calculate the standard enthalpy change of combustion of 
2‑methylpropan‑2‑ol using the data in the table and the completed 
Hess cycle.

(2)
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 (c) The value for ΔcH obtained in part (a)(ii) is much less exothermic than ΔcH d  
calculated in (b)(iii).

  Suggest two reasons for this other than non‑standard conditions. 
(2)
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(Total for Question 21 = 12 marks)
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22 This question is about the elements in Group 7.

 (a) Use your knowledge of the trends in the properties of Group 7 elements to 
predict the colour and physical state of astatine at room temperature.

(1)
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 (b) (i) State the meaning of the term electronegativity.
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  (ii) Explain the trend in electronegativity down Group 7.
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 *(c) Compare and contrast the reactions of chlorine with

• water

• cold, dilute aqueous alkali

• hot, concentrated aqueous alkali

  Include an equation for each reaction, stating the type of reaction and the 
oxidation numbers of the chlorine involved. State symbols are not required.
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23 Magnesium ethanedioate (MgC2O4) decomposes on gentle heating to form 
magnesium carbonate and carbon monoxide.

MgC2O4   →   MgCO3   +   CO

 (a) (i) State why the thermal decomposition of magnesium ethanedioate should be 
carried out in a fume cupboard.

(1)

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

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

  (ii) After heating a 6.0 g sample of magnesium ethanedioate for three minutes, 
the decomposition was 70 % complete.

   Calculate the total mass of the solid mixture that remains.
(4)
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 (b) Magnesium carbonate undergoes thermal decomposition at a higher 
temperature than magnesium ethanedioate.

MgCO3   →   MgO   +   CO2

  Explain the trend in the thermal decomposition of Group 2 carbonates going 
down the group.

(3)
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(Total for Question 23 = 8 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C

Answer all the questions. Write your answers in the spaces provided.

24 Some diesel cars contain an extra catalytic converter for the reduction of 
nitrogen oxides (NOx) in exhaust gases. 
A solution of urea is used for this process.

urea

O

HH

H H

N
C

N

 (a) Urea has a melting temperature of 133 °C.

  Explain why this value is higher than expected for a relatively small molecule.
(3)
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 (b) A saturated solution of urea has a concentration of 9.07 mol dm–3 at 25 °C.

  Calculate the mass of urea in 150 cm3 of a saturated solution.
(2)
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 (c) State why NOx emissions are harmful to the environment.
(1)
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 (d) An infrared spectrum of urea is shown. 
Refer to your Data Booklet.

100

50

0
4000

Wavenumber / cm–1

Transmittance 
/ %

3000 2000 1500 1000 500

  (i) Draw a circle around an absorption in the spectrum that could be due to the 
stretching of the N H bond.

(1)

  (ii) Identify the bond responsible for the absorption at 1683 cm−1.
 (1)
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 (e) In a diesel car exhaust system, the urea reacts with water to form ammonia and 
carbon dioxide. The enthalpy change for this reaction is +133 kJ mol−1.

  (i) Complete the equation for this reversible reaction.

   State symbols are not required.
(1)
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  (ii) Sketch the reaction profile for the forward reaction on the axes provided.

   Include labels for ΔH and the activation energy (Ea).

Reaction progress

Energy

(3)

 (f ) The catalytic converter contains metal oxides. When the exhaust gases pass 
through the catalytic converter, ammonia reacts with NOx gases to form nitrogen 
and water.

  (i) Explain why it is not correct to state that urea is acting as a catalyst in the 
reaction.

(1)
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  (ii) Explain how a catalyst increases the rate of a chemical reaction.

   Use the Maxwell‑Boltzmann distribution shown and refer to the 
collision theory.

(3)

Energy, E

Number of 
particles with 
energy, E

Ea
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 (g) The catalytic converter works best at a temperature of around 350 °C.

  (i) Suggest how the catalytic converter reaches this temperature.
(1)
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  (ii) The chemical reactions in the exhaust system of a diesel car, using 
a catalytic converter, form 89.3 m3 of nitrogen per hour.

   Calculate the number of molecules of nitrogen formed per hour.

   [Molar volume at 350 °C = 51.1 dm3 mol−1

   Avogadro constant, L = 6.02 × 1023 mol−1]
(3)

(Total for Question 24 = 20 marks)

TOTAL FOR SECTION C = 20 MARKS 
TOTAL FOR PAPER = 80 MARKS
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