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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	 Hydrogen reacts with oxygen to form steam.

H2(g)   +   ½O2(g)   →   H2O(g)            ∆H = −242 kJ mol−1

Bond Bond enthalpy / kJ mol−1

H H 436

O O 498

	 What is the bond enthalpy of the O H bond, in kJ mol−1?

	 A	 221.5

	 B	 463.5

	 C	 588

	 D	 927

(Total for Question 1 = 1 mark)

2	 Which equation shows the standard enthalpy change of formation of 
sodium chloride? 

	 A	 Na(s)   +   ½Cl2(g)   →   NaCl(s)

	 B	 2Na(s)   +   Cl2(g)   →   2NaCl(s)

	 C	 Na(g)   +   Cl(g)   →   NaCl(s)

	 D	 Na+(g)   +   Cl−(g)   →   NaCl(s)

(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	 Some enthalpy changes of combustion are shown. 

Substance Enthalpy change of combustion / kJ mol−1

CH3CHO(l) −1167

C(s) −394

H2(g) −286

	 What is the enthalpy change of formation of ethanal, CH3CHO, in kJ mol−1?  

	 A	 +765

	 B	 −765

	 C	 +193

	 D	 −193

(Total for Question 3 = 1 mark)

4	 What is the mass of carbon formed when 1.80 g of propan-1-ol, C3H7OH, undergoes 
incomplete combustion according to the equation shown?  

C3H7OH(l)   +   2O2(g)   →   2C(s)   +   CO(g)   +   4H2O(l)

	 A	 0.18 g

	 B	 0.36 g

	 C	 0.72 g

	 D	 1.08 g

(Total for Question 4 = 1 mark)

5	 Which property decreases as Group 2 of the Periodic Table is descended?

	 A	 reactivity of the elements

	 B	 solubility of the hydroxides

	 C	 solubility of the sulfates

	 D	 thermal stability of the carbonates

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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  

6	 How many structural isomers with the molecular formula C5H10O react with Benedict’s 
or Fehling’s solutions?   

	 A	 2

	 B	 3

	 C	 4

	 D	 5

(Total for Question 6 = 1 mark)

7	 Butanenitrile can be formed by reacting 1-bromopropane with potassium cyanide.

	 Which is the correct mechanism and type of reaction that occurs? 

	 A	 electrophilic addition

	 B	 nucleophilic addition

	 C	 electrophilic substitution

	 D	 nucleophilic substitution

(Total for Question 7 = 1 mark)

8	 What produces the colour in a flame test? 

	 A	

	 B	

	 C	

	 D	

Energy change of electrons Movement of electrons

energy absorbed from ground state to excited state

energy emitted from ground state to excited state

energy absorbed from excited state to ground state

energy emitted from excited state to ground state

(Total for Question 8 = 1 mark)

9	 Why is the boiling temperature of hydrogen iodide higher than that of 
hydrogen bromide? 

	 A	 hydrogen iodide has stronger London forces than hydrogen bromide

	 B	 hydrogen iodide has a larger permanent dipole than hydrogen bromide

	 C	 hydrogen iodide has stronger hydrogen bonds than hydrogen bromide

	 D	 the H I bond is stronger than the H Br bond

(Total for Question 9 = 1 mark)
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  

10	 Which nitrate forms oxygen as the only gaseous product on heating? 

	 A	 LiNO3

	 B	 NaNO3

	 C	 Mg(NO3)2

	 D	 Ca(NO3)2

(Total for Question 10 = 1 mark)

11	 Which compound has the highest boiling temperature? 

	 A	
OH

	 B	 OH

	 C	

	 D	

(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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  

12	 Which compound does not form hydrogen bonds between its molecules? 

	 A	 HCl

	 B	 H2O

	 C	 HF

	 D	 NH3

(Total for Question 12 = 1 mark)

13	 What is the oxidation number of bromine in BrO3
− ? 

	 A	 +1

	 B	 +3

	 C	 +5

	 D	 +7

(Total for Question 13 = 1 mark)

14	 Which reaction is not a disproportionation? 

	 A	 3Cl2(g)   +   6NaOH(aq)   →   NaClO3(aq)   +   5NaCl(aq)   +   3H2O(l)

	 B	 2H2O2(l)   →   2H2O(l)   +   O2(g)

	 C	 Cl2(g)   +   H2O(l)   →   HCl(aq)   +   HClO(aq)

	 D	 Zn(s)   +   CuSO4(aq)   →   ZnSO4(aq)   +   Cu(s)

(Total for Question 14 = 1 mark)

15	 Which trend is not correct as Group 7 is descended? 

	 A	 atomic radius of the elements increases

	 B	 boiling temperature of the elements increases

	 C	 electronegativity of the elements decreases

	 D	 reactivity of the elements increases

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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  

16	 The results of an experiment to determine the rate of the reaction between 
magnesium and hydrochloric acid are shown.

120100806040200

Time / s

Volume of hydrogen 
/ cm3

120

100

80

60

40

20

0

	 What is the approximate rate of reaction in cm3 s−1 at 40 seconds? 

	 A	 0.75

	 B	 1.3

	 C	 2.2

	 D	 6.0

(Total for Question 16 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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  

17	 A Maxwell-Boltzmann distribution curve for the particles present in a 
reaction mixture is shown.   

Number of 
particles with 

energy, E

X Ea

Energy

	 (a)	 Which statement is correct?
(1)

	 A	 position X represents the mean energy of the particles

	 B	 activation energy, Ea , is the mean energy of the particles that react

	 C	 �the area under the curve to the right of the activation energy, Ea , 
represents the number of particles with enough energy to react

	 D	 adding a catalyst moves the activation energy, Ea , to the right

	 (b)	 What happens to the distribution curve when the temperature of the gas 
is decreased?

(1)

	 A	

	 B	

	 C	

	 D	

Position of the peak Height of the peak

shifts to the right lower

shifts to the right higher

shifts to the left lower

shifts to the left higher

(Total for Question 17 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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  

18	 Part of a reaction mechanism is shown.

H   C   C   NH2

H

H

H   C   C   Br

H

H
:NH3

δ+ δ−

H

H

H

H
:NH3

+

:Br−

H

1

4

3
2

	 Which curly arrow in the mechanism is not correct?  

	 A	 arrow 1

	 B	 arrow 2

	 C	 arrow 3

	 D	 arrow 4

(Total for Question 18 = 1 mark)

19	 A student carries out two sets of titrations, one using methyl orange and the other 
using phenolphthalein as indicators. 
The conical flask contains sodium hydroxide solution and the burette contains 
hydrochloric acid.

	 What are the colour changes at the end-points? 

	 A	

	 B	

	 C	

	 D	

Methyl orange Phenolphthalein

red to orange colourless to pink

yellow to orange pink to colourless 

red to orange pink to colourless

yellow to orange colourless to pink

(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	 A student carries out two experiments and uses the results to determine 
the enthalpy change when anhydrous copper(II) sulfate forms 
hydrated copper(II) sulfate, CuSO4·5H2O. 

CuSO4(s)   +   5H2O(l)   →   CuSO4·5H2O(s)

	 (a)	 In the first experiment, the student determines the enthalpy change when 
hydrated copper(II) sulfate dissolves in water.

CuSO4·5H2O(s)   +   aq   →   CuSO4(aq)

		  10.68 g of hydrated copper(II) sulfate is added to distilled water in a 
polystyrene cup to give 55.0 g of solution.  
The mixture is stirred and the temperature change determined. 

		  Results

			   Initial temperature = 21.0 °C

			   Minimum temperature = 18.5 °C

		  Calculate the enthalpy change for this reaction. 
Give your answer to an appropriate number of significant figures. 
Include a sign and units.

		  Data: �Specific heat capacity of the solution = 3.70 J g−1 °C−1 
Molar mass CuSO4·5H2O = 249.6 g mol−1

(4)
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  

	 (b)	 In the second experiment, the student determined the enthalpy change of the 
reaction when anhydrous copper(II) sulfate dissolves in water. 

CuSO4(s)   +   aq   →   CuSO4(aq)            ∆H = −67.4 kJ mol−1

		  (i)	 Complete the Hess cycle.
(2)

CuSO4(s)   +   5H2O(l) CuSO4·5H2O(s)

		  (ii)	 Calculate the enthalpy change when anhydrous copper(II) sulfate forms 
hydrated copper(II) sulfate. Include a sign and units.

(2)

(Total for Question 20 = 8 marks)
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  

21	 This question is about sulfuric acid.

	 (a)	 Sulfuric acid is manufactured in a three-step process.

		  Step 1	 S(s)   +   O2(g)   →   SO2(g)

		  Step 2	 2SO2(g)   +   O2(g)      2SO3(g)

		  Step 3	 SO3(g)   +   H2O(l)   →   H2SO4(l)

		  (i)	 At room temperature and pressure, sulfur is a solid and oxygen a gas.

			   Explain why sulfur and oxygen exist in different states by referring to the 
intermolecular forces involved.

(2)

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

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

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

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

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

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

		  (ii)	 Step 2 is a reversible reaction. 

2SO2(g)   +   O2(g)      2SO3(g)            ∆H = −196 kJ mol−1

			   State the effect on the position of equilibrium when the temperature and 
pressure are increased. Justify your answers.

(4)

			   Increasing temperature at constant pressure

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

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

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

			   Increasing pressure at constant temperature
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  

		  (iii)	Vanadium(V) oxide, V2O5 , is used to catalyse the reaction in Step 2. 

			   Complete the reaction profile to show both the catalysed and 
uncatalysed reactions. 
Label the activation energy and the enthalpy change. 
Your diagram does not have to be to scale.

(4)

Energy

Progress of reaction

		  (iv)	Explain how the use of a catalyst makes this reaction more sustainable. 
(2)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	  *(b)	 Concentrated sulfuric acid reacts with solid potassium chloride and with 
solid potassium iodide. 

		  Compare and contrast these reactions to show the difference in reducing ability 
of these two halide ions.  
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各种国际课程资料都有，

全网最全

请加微信：CLASS0608
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  

	 (c)	 Dilute sulfuric acid is used in many laboratories. It is often supplied as 
concentrated sulfuric acid and then diluted.   
A technician makes 500 cm3 of 1.5 mol dm−3 sulfuric acid by adding  
40.5 cm3 of concentrated sulfuric acid to distilled water.

		  Calculate the concentration of the concentrated sulfuric acid, in mol dm−3 . 
(2)

(Total for Question 21 = 20 marks)
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  

22	 This question is about the four structural isomers with the formula C4H10O which 
are alcohols.

	 One of the isomers, 2-methylpropan-1-ol, is shown.

CH3

H

H3C   C   C   OH

H

H

	 (a)	 2-methylpropan-1-ol is a primary alcohol. 

		  Explain what is meant by the terms alcohol and primary.  
(2)
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	 (b)	 Complete the table for the other three structural isomers of C4H10O which 
are alcohols. 

(5)

Name butan-2-ol

Displayed 
formula H   C   C   C   C   O   H

H

H

H

H

H

H

H

H

Classification 
of alcohol tertiary
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  

	 (c)	 2-methylpropan-1-ol can be oxidised to 2-methylpropanoic acid, in a 
two-step process. 

(CH3)2CHCH2OH   
Step 1

   (CH3)2CHCHO   
Step 2

   (CH3)2CHCOOH

		  (i)	 Identify by name or formula the reagents needed to prepare the 
oxidising mixture. 

(2)

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

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

		  (ii)	 Write the equation for Step 1 using [O] to represent the oxygen from the 
oxidising agent. 

(1)

		  (iii)	Infrared spectroscopy provides information on functional groups.  

			   In an experiment, a sample of 2-methylpropan-1-ol was treated with an 
oxidising agent.

			   Show that infrared spectroscopy can be used to show that both the alcohol 
and the aldehyde are present in the resulting mixture.  
In your answer refer to any relevant wavenumber ranges and bonds 
responsible for the infrared spectrum.  
Refer to page 7 of the Data Booklet.

(2)

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

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

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

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

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

(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	 This question is about bicycles. 

	 Bicycle frames have been made from steel and aluminium for many years but more 
recently titanium has been used.

	 Titanium is a metal that is extracted from its ore, impure titanium oxide (TiO2) , in a 
two-step process. 

	 Step 1

	 The titanium oxide reacts with chlorine in the presence of carbon to form 
titanium(IV) chloride (TiCl4) and carbon monoxide.

	 Step 2 

	 The titanium(IV) chloride reacts with magnesium.

TiCl4   +   2Mg   →   Ti   +   2MgCl2

	 (a)	 (i)	 Write the equation for Step 1. 
State symbols are not required.

(1)

		  (ii)	 Explain why Step 2 is a redox reaction.   
Refer to relevant oxidation numbers in your answer.

(2)

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

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

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

	 (b)	 Titanium(IV) chloride is a liquid that reacts violently with water, producing 
white smoke. This reaction has been used to produce naval smoke screens to 
hide ships.

		  Suggest the type of reaction taking place and the compound producing the 
white smoke.  

(2)

		  Type of reaction 

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

		  Compound 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  

	 (c)	 Many bicycles use an inner tube inside the tyre. 

		  A common material used for inner tubes is the addition polymer 
formed from 2-methylpropene.

H3C

H3C

C   CH2

2-methylpropene

		  Draw a section of the polymer showing two repeat units.
(2)

	 (d)	 A reaction scheme involving 2-methylpropene is shown.

H3C

CH3

OH

H3C

H3C

C   CH2

H3C

CH3

Cl

Reaction 3

Reaction 1

Reaction 2 Reaction 4
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  

		  (i)	 For Reaction 1, give the name or formula of a suitable reagent, stating the 
conditions for the reaction. 

(2)

			   Reagent 

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

			   Conditions 

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

		  (ii)	 For Reaction 2, give the name or formula of a suitable reagent, stating the 
type of reaction taking place. 

(2)

			   Reagent 

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

			   Type of reaction 

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

		  (iii)	For Reaction 3, give the name or formula of a suitable reagent, writing an 
equation for the reaction taking place. 

(2)

			   Reagent 

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

			   Equation

		  (iv)	For Reaction 4, the reagent used is potassium hydroxide (KOH). 

			   Give the conditions required for this reaction, stating the role of the 
hydroxide ions in this reaction. 

(2)

			   Conditions 

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

			   Role of hydroxide ions 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  

	 (e)	 Many cyclists carry a small cylinder of carbon dioxide to inflate their inner tube if 
it is punctured. The carbon dioxide is stored under pressure.   

valve carbon dioxide cylinder

(Source: © Douglas Sacha/Getty Images)

		  A gas cylinder contains 16.0 g of carbon dioxide (CO2).  
The cylinder has a volume of 20 cm3 . 

		  Calculate the pressure in the cylinder at 25 °C. Include units in your answer. 
Assume that all the CO2 in the cylinder is a gas.

		  [ pV = nRT      R = 8.31 J mol−1 K−1] 
(5)

(Total for Question 23 = 20 marks)

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

BLANK PAGE
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