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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 alkane has the highest boiling temperature?

  A 2,2-dimethylpropane

  B 2-methylbutane

  C butane

  D pentane

(Total for Question 1 = 1 mark)

2 Which is the order of increasing boiling temperature?

H C C C C O H

H

O

H

H

H

H

H

O

W = 

HH

H C C C C H

H

H

H

H

H

H

H

H

Y = 

H C C C C O H

H

H

H

H

H

H

H

H

X = 

H C C C C O H

H

O

H

H

H

H

H

H

Z = 

H

  A  Y Z X W

  B  Y X Z W

  C W X Z Y

  D X W Y Z

(Total for Question 2 = 1 mark)

3

Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

*S58310A0326*

3 Which statement is not explained by hydrogen bonding? 

  A all Group 1 hydroxides are soluble in water

  B many simple alcohols are soluble in water

  C the density of ice is less than the density of liquid water at 0 °C

  D the melting temperature of water is abnormally high

(Total for Question 3 = 1 mark)

4 Which compound is hydrolysed most rapidly?

  A 1-chloropropane

  B 1-chlorobutane

  C 2-chloro-2-methylpropane

  D 2-chlorobutane

(Total for Question 4 = 1 mark)

5 Give the systematic name for the following molecule.

Br

  A E-1-bromo-2-methylbut-2-ene

  B E-2-methyl-1-bromobut-1-ene

  C E-1-bromo-3-methylpent-2-ene

  D E-1-bromo-2-methylbut-1-ene

(Total for Question 5 = 1 mark)
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3 Which statement is not explained by hydrogen bonding? 

  A all Group 1 hydroxides are soluble in water

  B many simple alcohols are soluble in water

  C the density of ice is less than the density of liquid water at 0 °C

  D the melting temperature of water is abnormally high

(Total for Question 3 = 1 mark)

4 Which compound is hydrolysed most rapidly?

  A 1-chloropropane

  B 1-chlorobutane

  C 2-chloro-2-methylpropane

  D 2-chlorobutane

(Total for Question 4 = 1 mark)

5 Give the systematic name for the following molecule.

Br

  A E-1-bromo-2-methylbut-2-ene

  B E-2-methyl-1-bromobut-1-ene

  C E-1-bromo-3-methylpent-2-ene

  D E-1-bromo-2-methylbut-1-ene

(Total for Question 5 = 1 mark)
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6 1-bromobutane reacts with alkali:

 CH3-CH2-CH2-CH2Br  +  OH−  →  CH3-CH2-CH2-CH2OH  +  Br−

 The mechanism and type of reaction is:

  A electrophilic addition

  B electrophilic substitution

  C nucleophilic addition

  D nucleophilic substitution

(Total for Question 6 = 1 mark)

7 Which of the following compounds could be oxidised to a carboxylic acid by refluxing 
with potassium dichromate(VI) and dilute sulfuric acid?

  A CH3 C CH CH3

O H

CH3

CH3

  B CH3 C O H

CH3

CH3

  C CH3 CH2 CH CH3

O H

  D CH3 C CH2 O H

CH3

CH3

(Total for Question 7 = 1 mark)
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8 A student made the following statements about trends going down Group 2. 
Which statement is correct?

  A the thermal stability of the nitrates decreases

  B the thermal stability of the carbonates decreases

  C the solubility of hydroxides increases

  D the solubility of sulfates increases

(Total for Question 8 = 1 mark)

9 A colourless solid, Q, was warmed with sodium hydroxide solution.  A gas was 
evolved which turned damp red litmus paper blue.  What is solid Q?

  A NaNO3

  B NH4Cl

  C NaCl

  D Ca(NO3)2

(Total for Question 9 = 1 mark)

10 Which test is used to show that sodium chloride solution contains chloride ions?

  A damp blue litmus paper turns red

  B damp blue litmus paper is bleached

  C dilute hydrochloric acid followed by silver nitrate solution gives 
a white precipitate

  D dilute nitric acid followed by silver nitrate solution gives a white precipitate

(Total for Question 10 = 1 mark)
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6 1-bromobutane reacts with alkali:

 CH3-CH2-CH2-CH2Br  +  OH−  →  CH3-CH2-CH2-CH2OH  +  Br−

 The mechanism and type of reaction is:

  A electrophilic addition

  B electrophilic substitution

  C nucleophilic addition

  D nucleophilic substitution

(Total for Question 6 = 1 mark)

7 Which of the following compounds could be oxidised to a carboxylic acid by refluxing 
with potassium dichromate(VI) and dilute sulfuric acid?
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8 A student made the following statements about trends going down Group 2. 
Which statement is correct?

  A the thermal stability of the nitrates decreases

  B the thermal stability of the carbonates decreases

  C the solubility of hydroxides increases

  D the solubility of sulfates increases

(Total for Question 8 = 1 mark)

9 A colourless solid, Q, was warmed with sodium hydroxide solution.  A gas was 
evolved which turned damp red litmus paper blue.  What is solid Q?

  A NaNO3

  B NH4Cl

  C NaCl

  D Ca(NO3)2

(Total for Question 9 = 1 mark)

10 Which test is used to show that sodium chloride solution contains chloride ions?

  A damp blue litmus paper turns red

  B damp blue litmus paper is bleached

  C dilute hydrochloric acid followed by silver nitrate solution gives 
a white precipitate

  D dilute nitric acid followed by silver nitrate solution gives a white precipitate

(Total for Question 10 = 1 mark)
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11 Compound X gives a red flame test colour and a white precipitate on addition of 
dilute hydrochloric acid followed by barium chloride solution.  Which compound is X?

  A calcium chloride

  B lithium sulfate

  C potassium sulfate 

  D strontium chloride

(Total for Question 11 = 1 mark)

12 Which process explains the flame colour produced by the compounds of  
Group 1 elements?

  A absorption of visible light energy as electrons are promoted to higher energy levels

  B absorption of visible light energy as electrons are removed from gaseous atoms

  C emission of visible light energy as electrons return to lower energy levels

  D emission of visible light energy as electrons are added to gaseous ions

(Total for Question 12 = 1 mark)

13 When chlorine is reacted with hot concentrated potassium hydroxide, the chlorine 
undergoes disproportionation.

 What are the oxidation states of chlorine in the products?

  A –1 and +3

  B –1 and +5

  C +1 and –1

  D +1 and +5

(Total for Question 13 = 1 mark)
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14 What are the gaseous products formed, other than water vapour, when concentrated 
sulfuric acid is added to potassium bromide?

  A bromine and sulfur dioxide only

  B bromine, hydrogen bromide and hydrogen sulfide only

  C bromine, hydrogen bromide and sulfur dioxide only

  D bromine, hydrogen bromide, sulfur dioxide and hydrogen sulfide only

(Total for Question 14 = 1 mark)

15 Zinc metal reacts with copper(II) sulfate solution.  The equation for the reaction is:

 Zn(s)  +  CuSO4(aq)  →  ZnSO4(aq)  +  Cu(s)   ¨rH = −210 kJ mol–1.

 (a) What is the temperature rise, in °C, when excess zinc powder is added to 50 cm3 of 
copper(II) sulfate solution containing 0.0025 mol of copper(II) ions?

  [Assume the specific heat capacity of the solution is 4.2 J g–1 °C–1].
(1)

  A 2.5

  B 10.5

  C 25.0

  D 44.1

 (b) The reaction of zinc with copper(II) sulfate is best classified as:
(1)

  A disproportionation

  B neutralisation

  C redox

  D thermal decomposition

(Total for Question 15 = 2 marks)

16 Magnesium metal reacts with hydrochloric acid.  Which change in condition would 
have no effect on the initial rate of this reaction?

  A an increase in the volume of acid solution

  B a decrease in the temperature of the acid solution

  C an increase in the surface area of the magnesium

  D a decrease in the concentration of the acid solution

(Total for Question 16 = 1 mark)
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11 Compound X gives a red flame test colour and a white precipitate on addition of 
dilute hydrochloric acid followed by barium chloride solution.  Which compound is X?

  A calcium chloride

  B lithium sulfate

  C potassium sulfate 

  D strontium chloride

(Total for Question 11 = 1 mark)

12 Which process explains the flame colour produced by the compounds of  
Group 1 elements?

  A absorption of visible light energy as electrons are promoted to higher energy levels

  B absorption of visible light energy as electrons are removed from gaseous atoms

  C emission of visible light energy as electrons return to lower energy levels

  D emission of visible light energy as electrons are added to gaseous ions

(Total for Question 12 = 1 mark)

13 When chlorine is reacted with hot concentrated potassium hydroxide, the chlorine 
undergoes disproportionation.

 What are the oxidation states of chlorine in the products?

  A –1 and +3

  B –1 and +5

  C +1 and –1

  D +1 and +5

(Total for Question 13 = 1 mark)
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14 What are the gaseous products formed, other than water vapour, when concentrated 
sulfuric acid is added to potassium bromide?

  A bromine and sulfur dioxide only

  B bromine, hydrogen bromide and hydrogen sulfide only

  C bromine, hydrogen bromide and sulfur dioxide only

  D bromine, hydrogen bromide, sulfur dioxide and hydrogen sulfide only

(Total for Question 14 = 1 mark)

15 Zinc metal reacts with copper(II) sulfate solution.  The equation for the reaction is:

 Zn(s)  +  CuSO4(aq)  →  ZnSO4(aq)  +  Cu(s)   ¨rH = −210 kJ mol–1.

 (a) What is the temperature rise, in °C, when excess zinc powder is added to 50 cm3 of 
copper(II) sulfate solution containing 0.0025 mol of copper(II) ions?

  [Assume the specific heat capacity of the solution is 4.2 J g–1 °C–1].
(1)

  A 2.5

  B 10.5

  C 25.0

  D 44.1

 (b) The reaction of zinc with copper(II) sulfate is best classified as:
(1)

  A disproportionation

  B neutralisation

  C redox

  D thermal decomposition

(Total for Question 15 = 2 marks)

16 Magnesium metal reacts with hydrochloric acid.  Which change in condition would 
have no effect on the initial rate of this reaction?

  A an increase in the volume of acid solution

  B a decrease in the temperature of the acid solution

  C an increase in the surface area of the magnesium

  D a decrease in the concentration of the acid solution

(Total for Question 16 = 1 mark)
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17 The diagram shows the general shape of a Maxwell-Boltzmann distribution curve for 
the particles present in a reaction mixture.

                      

Number of 
particles with 
energy, E

Energy, EEa

A

B

 (a) How does the peak change when the temperature of the reaction mixture  
is decreased?

(1)

Peak position Peak height

A shifted left higher

B shifted right higher

C shifted left lower

D shifted right lower

 (b) The activation energy of an uncatalysed reaction is represented by the vertical 
line, Ea, on the horizontal axis.  The shaded areas A and B are the areas under the 
curve on either side of the line Ea.

  How do the two shaded areas change, if at all, when a catalyst is added?
(1)

Area A Area B

A increases decreases

B decreases increases

C no change no change

D increases increases

(Total for Question 17 = 2 marks)
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18 The equilibrium reaction shown in the equation was studied by placing the 
components into a sealed glass container.

2NO2(g)    N2O4(g)

 At equilibrium, which of the following statements is not true? 

  A the concentrations of the NO2(g) and N2O4(g) both remain constant

  B the total number of molecules is constant 

  C the forward and reverse reactions have both stopped

  D the rate of the forward reaction is equal to the rate of the 
reverse reaction

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS
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17 The diagram shows the general shape of a Maxwell-Boltzmann distribution curve for 
the particles present in a reaction mixture.
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energy, E
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B

 (a) How does the peak change when the temperature of the reaction mixture  
is decreased?

(1)

Peak position Peak height

A shifted left higher

B shifted right higher

C shifted left lower

D shifted right lower

 (b) The activation energy of an uncatalysed reaction is represented by the vertical 
line, Ea, on the horizontal axis.  The shaded areas A and B are the areas under the 
curve on either side of the line Ea.

  How do the two shaded areas change, if at all, when a catalyst is added?
(1)

Area A Area B

A increases decreases

B decreases increases

C no change no change

D increases increases

(Total for Question 17 = 2 marks)
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18 The equilibrium reaction shown in the equation was studied by placing the 
components into a sealed glass container.

2NO2(g)    N2O4(g)

 At equilibrium, which of the following statements is not true? 

  A the concentrations of the NO2(g) and N2O4(g) both remain constant

  B the total number of molecules is constant 

  C the forward and reverse reactions have both stopped

  D the rate of the forward reaction is equal to the rate of the 
reverse reaction

(Total for Question 18 = 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.

19 2-methylpropan-1-ol has the skeletal formula:

OH

 (a) 2-methylpropan-1-ol can be converted to 1-bromo-2-methylpropane.

  Give the reagents and conditions used for this reaction.
(2)

Reagents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) 1-bromo-2-methylpropane can be converted back to 2-methylpropan-1-ol by 
heating with aqueous alkali.  A student suggested the following mechanism for 
the reaction.

CH3 C Cį– Br į+ CH3 C C OH      +      :Br–

OH–

CH3

H H

H CH3

H H

H

  Identify and correct the three mistakes in the mechanism shown.
(3)

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) 1-bromo-2-methylpropane can be converted to 2-methylpropene.

  Give the reagents and conditions used for this reaction.
(2)

Reagents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 19 = 7 marks)
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SECTION B

Answer ALL the questions.

Write your answers in the spaces provided.

19 2-methylpropan-1-ol has the skeletal formula:

OH

 (a) 2-methylpropan-1-ol can be converted to 1-bromo-2-methylpropane.

  Give the reagents and conditions used for this reaction.
(2)

Reagents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) 1-bromo-2-methylpropane can be converted back to 2-methylpropan-1-ol by 
heating with aqueous alkali.  A student suggested the following mechanism for 
the reaction.

CH3 C Cį– Br į+ CH3 C C OH      +      :Br–

OH–

CH3

H H

H CH3

H H

H

  Identify and correct the three mistakes in the mechanism shown.
(3)

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) 1-bromo-2-methylpropane can be converted to 2-methylpropene.

  Give the reagents and conditions used for this reaction.
(2)

Reagents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 19 = 7 marks)
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20 Ethanedioic acid is a solid diprotic acid.  A student used ethanedioic acid in a titration to 
find the concentration of a potassium hydroxide solution.

 The equation for the reaction is: 

 2KOH  +  (COOH)2  →  (COOK)2  +  2H2O

 (a) Calculate the mass of ethanedioic acid that should be used to make 1000 cm3 of a 
0.0500 mol dm–3 solution in water. 

  Give your answer to an appropriate number of significant figures.

  [Molar mass of ethanedioic acid = 90.0 g mol–1].
(2)

 (b) A student decided to check to see if phenolphthalein was a suitable indicator for 
this titration.  The student measured 400 cm3 of the 0.0500 mol dm–3 ethanedioic 
acid into a beaker and added a few drops of phenolphthalein indicator.

  Calculate the minimum mass of solid potassium hydroxide that should be added 
to produce a colour change.

(2)
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  *(c) A student used a 0.0500 mol dm–3 solution of ethanedioic acid to find an accurate 
concentration of a potassium hydroxide solution which was known to have an 
approximate concentration of 0.1 mol dm–3.

  Describe a procedure to obtain reliable titration results using standard laboratory 
equipment.
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20 Ethanedioic acid is a solid diprotic acid.  A student used ethanedioic acid in a titration to 
find the concentration of a potassium hydroxide solution.

 The equation for the reaction is: 

 2KOH  +  (COOH)2  →  (COOK)2  +  2H2O

 (a) Calculate the mass of ethanedioic acid that should be used to make 1000 cm3 of a 
0.0500 mol dm–3 solution in water. 

  Give your answer to an appropriate number of significant figures.

  [Molar mass of ethanedioic acid = 90.0 g mol–1].
(2)

 (b) A student decided to check to see if phenolphthalein was a suitable indicator for 
this titration.  The student measured 400 cm3 of the 0.0500 mol dm–3 ethanedioic 
acid into a beaker and added a few drops of phenolphthalein indicator.

  Calculate the minimum mass of solid potassium hydroxide that should be added 
to produce a colour change.

(2)
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  *(c) A student used a 0.0500 mol dm–3 solution of ethanedioic acid to find an accurate 
concentration of a potassium hydroxide solution which was known to have an 
approximate concentration of 0.1 mol dm–3.

  Describe a procedure to obtain reliable titration results using standard laboratory 
equipment.

(6)
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(Total for Question 20 = 10 marks)
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21 Sodium hydrogencarbonate can be decomposed to sodium carbonate by heating to 
about 300 °C.

 The equation for the reaction is:

2NaHCO3(s)  →  Na2CO3(s)  +  CO2(g)  +  H2O(l)

 (a) Give a reason why it is not possible to measure the enthalpy change for this 
reaction directly.

(1)
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 (b) (i) State what is meant by the standard enthalpy change of formation.
(2)
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  (ii) Complete the Hess cycle that you would use to determine the enthalpy 
change for this reaction from the standard enthalpy changes of formation.

(2)

 

¨H1 ¨H2

2NaHCO3(s)    Na2CO3(s) + CO2(g) + H2O(l)¨rH

15

Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

*S58310A01526*

  (iii) Calculate the standard enthalpy change for the thermal decomposition of 
sodium hydrogencarbonate, using the information in the table and your 
completed cycle.  Include a sign and units in your answer.

(4)

Compound Standard enthalpy change of formation,  
¨fH  / kJ mol–1

NaHCO3(s) –950.8

Na2CO3(s) –1130.7

CO2(g) –393.5

H2O(l) –285.8

  (iv) Use your answer to (b)(iii) to draw an enthalpy level diagram for this reaction, 
labelling the axes provided.

(2)

(Total for Question 21 = 11 marks)
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 (b) (i) State what is meant by the standard enthalpy change of formation.
(2)
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  (ii) Complete the Hess cycle that you would use to determine the enthalpy 
change for this reaction from the standard enthalpy changes of formation.

(2)

 

¨H1 ¨H2

2NaHCO3(s)    Na2CO3(s) + CO2(g) + H2O(l)¨rH
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  (iii) Calculate the standard enthalpy change for the thermal decomposition of 
sodium hydrogencarbonate, using the information in the table and your 
completed cycle.  Include a sign and units in your answer.

(4)

Compound Standard enthalpy change of formation,  
¨fH  / kJ mol–1

NaHCO3(s) –950.8

Na2CO3(s) –1130.7

CO2(g) –393.5

H2O(l) –285.8

  (iv) Use your answer to (b)(iii) to draw an enthalpy level diagram for this reaction, 
labelling the axes provided.

(2)

(Total for Question 21 = 11 marks)
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22 Three compounds, A, B and C, each have the same molecular formula C4H10O and are 
known to be alcohols.

 (a) The infrared spectra of compounds A, B and C are shown.

  Compound A

Wavenumber / cm–1
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Transmittance 
(%)
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  Compound C

4000 3000 2000 1500 1000 500

Transmittance 
(%)

100

50

0

Wavenumber / cm–1

  (i) Identify one feature, common to all three infrared spectra, which shows that 
A, B and C are all alcohols.

(1)
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  (ii) State, giving a reason for your answer, if it is possible to identify each of these 
three alcohols on the basis of the infrared spectra alone.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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22 Three compounds, A, B and C, each have the same molecular formula C4H10O and are 
known to be alcohols.

 (a) The infrared spectra of compounds A, B and C are shown.

  Compound A

Wavenumber / cm–1

4000 3000 2000 1500 1000 500

Transmittance 
(%)

100
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0

  Compound B

4000 3000 2000 1500 1000 500

Transmittance 
(%)
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0
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  Compound C

4000 3000 2000 1500 1000 500

Transmittance 
(%)

100

50

0

Wavenumber / cm–1

  (i) Identify one feature, common to all three infrared spectra, which shows that 
A, B and C are all alcohols.

(1)
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  (ii) State, giving a reason for your answer, if it is possible to identify each of these 
three alcohols on the basis of the infrared spectra alone.

(1)
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 (b) The mass spectra of the compounds A, B and C are shown.

  Compound A
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  (i) Identify one feature common to the mass spectra of compounds A, B and C 
which shows that the molecular formula is C4H10O.

(1)

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

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

  (ii) Using the fragmentation patterns, a student proposed that:

    compound A is butan-2-ol 
    compound B is butan-1-ol 
    compound C is 2-methylpropan-2-ol

   State how the appearance in the spectra of the following peaks supports the 
student’s conclusion.

(3)

    the fragment causing the peak at m/z = 45 for compound A

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

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

    the fragment causing the peak at m/z = 31 for compound B

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

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

    the fragment causing the peak at m/z = 59 for compound C
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 (b) The mass spectra of the compounds A, B and C are shown.

  Compound A

10 20 30 40 50 60 70 80 90

m / z

Relative 
intensity

100

80

60

40

20

0

  Compound B

10 15 25 35 45 55 65 75 8520 30 40 50 60 70 80 90

m / z

Relative 
intensity

100

80

60

40

20

0

  Compound C

10 15 25 35 45 55 65 75 8520 30 40 50 60 70 80 90

m / z

Relative 
intensity

100

80

60

40

20

0
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  (i) Identify one feature common to the mass spectra of compounds A, B and C 
which shows that the molecular formula is C4H10O.

(1)

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

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

  (ii) Using the fragmentation patterns, a student proposed that:

    compound A is butan-2-ol 
    compound B is butan-1-ol 
    compound C is 2-methylpropan-2-ol

   State how the appearance in the spectra of the following peaks supports the 
student’s conclusion.

(3)

    the fragment causing the peak at m/z = 45 for compound A
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    the fragment causing the peak at m/z = 31 for compound B
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    the fragment causing the peak at m/z = 59 for compound C
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 (c) To help with the identification of compounds A and B, the student decided to mix 
each of them with potassium dichromate(VI) and dilute sulfuric acid solutions, 
and then distil the mixture immediately.

  (i) Identify, by name and structural formula, the organic compound present at 
the conclusion of each of these two oxidation reactions.

(3)

Organic 
compound 

used

Name of oxidation 
product Structural formula of oxidation product

A, butan-2-ol

B, butan-1-ol

  (ii) To identify A and B, the student decided that one further chemical test should 
be used on their oxidation products.

   Give a suitable reagent and expected observations that could be used to 
distinguish between the oxidation products of A and B.

(3)
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(Total for Question 22 = 12 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C

Answer ALL the questions.

Write your answers in the spaces provided.

23 Iodine monochloride, ICl, is a covalent compound produced by the reaction of iodine 
with chlorine.  Iodine monochloride is a dark brown liquid at room temperature.

 The equipment shown can be used to pass chlorine over solid iodine to produce 
iodine monochloride.

chlorine gas, Cl2

U tube

iodine solid, I2

 When excess chlorine is passed through the U tube, the iodine monochloride reacts 
to produce iodine trichloride in an equilibrium reaction.

 (a) Write a chemical equation for the reaction of iodine with chlorine to produce 
iodine monochloride.  Include state symbols.

(2)
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 (c) To help with the identification of compounds A and B, the student decided to mix 
each of them with potassium dichromate(VI) and dilute sulfuric acid solutions, 
and then distil the mixture immediately.

  (i) Identify, by name and structural formula, the organic compound present at 
the conclusion of each of these two oxidation reactions.

(3)

Organic 
compound 

used

Name of oxidation 
product Structural formula of oxidation product

A, butan-2-ol

B, butan-1-ol

  (ii) To identify A and B, the student decided that one further chemical test should 
be used on their oxidation products.

   Give a suitable reagent and expected observations that could be used to 
distinguish between the oxidation products of A and B.

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

(Total for Question 22 = 12 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C

Answer ALL the questions.

Write your answers in the spaces provided.

23 Iodine monochloride, ICl, is a covalent compound produced by the reaction of iodine 
with chlorine.  Iodine monochloride is a dark brown liquid at room temperature.

 The equipment shown can be used to pass chlorine over solid iodine to produce 
iodine monochloride.

chlorine gas, Cl2

U tube

iodine solid, I2

 When excess chlorine is passed through the U tube, the iodine monochloride reacts 
to produce iodine trichloride in an equilibrium reaction.

 (a) Write a chemical equation for the reaction of iodine with chlorine to produce 
iodine monochloride.  Include state symbols.

(2)

67Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry 
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*S58310A02226*

 (b) The iodine monochloride molecule has a permanent dipole.  
Complete the following table using the electronegativity data from 
your Data Booklet and hence show the dipole on the diagram of the 
iodine monochloride molecule.

(1)

Element Electronegativity

Cl

I

I ⎯ Cl

 (c) Iodine monochloride reacts with propene to form two isomeric products.  This is an 
addition reaction that is similar to the reaction of propene with hydrogen halides. 

  (i) Draw the skeletal formulae of both isomers.
(2)

  (ii) Explain which of these isomers is the major product.
(3)

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

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*S58310A02326*

 (d) The equation for the reaction between iodine monochloride and chlorine is:

ICl(l)        +  Cl2(g)         ICl3(s)
 brown liquid yellow solid

  (i) State and justify one precaution that must be taken when preparing 
iodine trichloride.

(2)

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

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

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

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

  (ii) Give the oxidation number of iodine in both iodine-containing compounds in 
the equilibrium.

(1)

I in ICl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I in ICl3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (iii) Iodine trichloride can also be made by reacting potassium chlorate(V) with 
iodine in hydrochloric acid.  The equation for the reaction is

KClO3  +  I2  + 6HCl  →  KCl  +  2ICl3  +  3H2O

   By considering oxidation numbers for chlorine, explain whether or not this 
reaction is a disproportionation.

(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*S58310A02226*

 (b) The iodine monochloride molecule has a permanent dipole.  
Complete the following table using the electronegativity data from 
your Data Booklet and hence show the dipole on the diagram of the 
iodine monochloride molecule.

(1)

Element Electronegativity

Cl

I

I ⎯ Cl

 (c) Iodine monochloride reacts with propene to form two isomeric products.  This is an 
addition reaction that is similar to the reaction of propene with hydrogen halides. 

  (i) Draw the skeletal formulae of both isomers.
(2)

  (ii) Explain which of these isomers is the major product.
(3)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) The equation for the reaction between iodine monochloride and chlorine is:

ICl(l)        +  Cl2(g)         ICl3(s)
 brown liquid yellow solid

  (i) State and justify one precaution that must be taken when preparing 
iodine trichloride.

(2)
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  (ii) Give the oxidation number of iodine in both iodine-containing compounds in 
the equilibrium.

(1)
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  (iii) Iodine trichloride can also be made by reacting potassium chlorate(V) with 
iodine in hydrochloric acid.  The equation for the reaction is

KClO3  +  I2  + 6HCl  →  KCl  +  2ICl3  +  3H2O

   By considering oxidation numbers for chlorine, explain whether or not this 
reaction is a disproportionation.

(2)
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*S58310A02426*

 (e) Chlorine gas has a molar volume of 24 000 cm3 mol–1 under the conditions used in 
this reaction.

  (i) Show that the density of chlorine gas is approximately 3 g dm–3. 
(2)

  (ii) Air has an average density of 1.25 g dm–3.  If the U-tube used in 23(d) is inverted, 
as shown in the diagram, the solid yellow iodine trichloride produced in the 
equilibrium reaction turns to a brown liquid.

iodine trichloride, ICl3

inverted U tube

   Explain this observation.
(3)
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*S58310A02526*

 (f ) A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of 
iodine.

  Calculate the empirical formula of this compound of iodine and fluorine.
(2)

(Total for Question 23 = 20 marks)

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

70 Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry 
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 (e) Chlorine gas has a molar volume of 24 000 cm3 mol–1 under the conditions used in 
this reaction.

  (i) Show that the density of chlorine gas is approximately 3 g dm–3. 
(2)

  (ii) Air has an average density of 1.25 g dm–3.  If the U-tube used in 23(d) is inverted, 
as shown in the diagram, the solid yellow iodine trichloride produced in the 
equilibrium reaction turns to a brown liquid.

iodine trichloride, ICl3

inverted U tube

   Explain this observation.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (f ) A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of 
iodine.

  Calculate the empirical formula of this compound of iodine and fluorine.
(2)

(Total for Question 23 = 20 marks)

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