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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 How many atoms are there in 17.0 g of hydrogen peroxide, H2O2 ?

 [Data: Avogadro constant, L = 6.02 × 1023 mol−1]

 A 3.01 × 1023

 B 6.02 × 1023

 C 1.20 × 1024

 D 2.41 × 1024

(Total for Question 1 = 1 mark)

2 A sample of gas was prepared for use in helium-neon lasers.
 The sample contained 5.0 g of helium and 5.0 g of neon.

 What is the ratio of helium atoms to neon atoms in the sample?

 [Data: Ar values              He = 4.0   Ne = 20.2]

 A 1 : 1

 B 5 : 2

 C 1 : 5

 D 5 : 1

(Total for Question 2 = 1 mark)

3 A sample of 5.72 g of hydrated sodium carbonate, Na2CO3•10H2O , was dissolved in 
deionised water to form 250 cm3 of solution. 

 What is the concentration, in mol dm−3, of the solution formed?

 [Data: Ar values               H = 1.0   C = 12.0   O = 16.0   Na = 23.0]

 A 0.020

 B 0.080

 C 0.054

 D 0.220

(Total for Question 3 = 1 mark)
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4 The element iron has the atomic number Z = 26.

 What are the numbers of s, p and d electrons in an Fe2+ ion?

 A 

 B 

 C 

 D 

s electrons p electrons d electrons

6 12 6

6 18 0

8 12 4

8 12 6

(Total for Question 4 = 1 mark)

5 A sample of bromine contains two isotopes, 79Br and 81Br.

 Which m / z peaks due to singly-charged ions will be in the mass spectrum of 
this sample?

 A 79 and 81 only

 B 79, 81 and 160 only

 C 79, 81, 158 and 162 only

 D 79, 81, 158, 160 and 162

(Total for Question 5 = 1 mark)

6 The two electrons in a 1s orbital are represented by arrows pointing in 
opposite directions.

 Why are the electrons represented in this way?

 A electrons in the same orbital have opposite spins

 B electrons move round the nucleus in opposite directions

 C the 1s orbital of an atom has the lowest energy

 D the electrons in the orbital have different energies

(Total for Question 6 = 1 mark)

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

7 The melting temperature of lithium is higher than that of sodium.

 What is the best explanation for this statement?

 A lithium ions have a smaller ionic radius than sodium ions

 B lithium atoms have fewer outer shell electrons than sodium atoms

 C lithium ions have a lower charge density than sodium ions

 D lithium has a higher electrical conductivity than sodium

(Total for Question 7 = 1 mark)

8 A few drops of an aqueous solution of green copper(II) chromate(VI) are placed at the 
centre of a strip of damp filter paper. 

 The ends of the paper are connected to opposite electrodes of a DC supply. 

 What colours would be seen at each electrode after a few minutes?

 A 

 B 

 C 

 D 

Colour at negative electrode Colour at positive electrode

blue yellow 

colourless green

blue colourless

yellow blue

(Total for Question 8 = 1 mark)

9 What bonding is present in ammonium bromide?

 A ionic only

 B ionic and covalent only

 C covalent and dative covalent only

 D covalent, dative covalent and ionic

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 (a) Which gaseous molecule is polar? 
(1)

 A BF3

 B CO2

 C NH3

 D SF6

 (b) Which bond is the most polar?
(1)

 A B F

 B C O

 C Si Cl

 D P S

(Total for Question 10 = 2 marks)

11 Which compound has the greatest covalent character?

 A LiBr

 B LiI

 C KF

 D KCl

(Total for Question 11 = 1 mark)

12 What is the main reason for metals being good conductors of electricity? 

 A metal ions are free to move through the lattice

 B metal ions are very close to each other

 C some outer shell electrons are free to move through the lattice

 D all electrons are free to move through the lattice

(Total for Question 12 = 1 mark)

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

13 The repeat unit of a polymer is shown.

CH3

CH3

C

CH3

CH3

C

 Which monomer forms this polymer?

 A 1,2,3,4-tetramethylethene

 B 1,1,2-trimethylpropene

 C 2,3-dimethylbut-1-ene

 D 2,3-dimethylbut-2-ene

(Total for Question 13 = 1 mark)

14 Methane reacts with carbon dioxide as shown.

CH4(g)   +   CO2(g)   →   2CO(g)   +   2H2(g)

 What is the atom economy, by mass, for the formation of carbon monoxide?

 A 47%

 B 50%

 C 93%

 D 97%

(Total for Question 14 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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15 (a) A mixture of 60 cm3 of methane and 30 cm3 of oxygen reacts in a sealed container. 
The equation for the reaction is shown.

2CH4(g)   +   3O2(g)   →   2CO(g)   +   4H2O(l)

  When the reaction is complete, the reaction mixture is allowed to return to 
room temperature and pressure.

  What is the total volume of gas, in cm3, at the end of the reaction?
(1)

 A 20

 B 40

 C 60

 D 100

 (b) What is the most significant environmental hazard associated with the pollutant 
carbon monoxide?

(1)

 A it is a major contributor to acid rain

 B it is toxic at low concentrations

 C it is a major contributor to global warming

 D it is the main cause of ozone layer depletion

(Total for Question 15 = 2 marks)

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

16 The structure of a hydrocarbon, C7H12 , is shown.

 (a) What is the name of this hydrocarbon according to IUPAC rules?
(1)

 A 1,1-dimethylcyclopentene

 B 2,2-dimethylcyclopentene

 C 3,3-dimethylcyclopentene

 D 4,4-dimethylcyclopentene

 (b) What is the total number of sigma (σ) bonds in this molecule?
(1)

 A 6

 B 7

 C 13

 D 19

 (c) This hydrocarbon reacts with acidified potassium manganate(VII) at 
room temperature.

  Which functional group is formed?
(1)

 A alcohol

 B aldehyde

 C carboxylic acid

 D ketone

(Total for Question 16 = 3 marks)

TOTAL FOR SECTION A = 20 MARKS
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SECTION B

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

17 This question is about some elements in Group 0 of the Periodic Table.

 (a) (i) Write the equation for the first ionisation energy of neon. 
   Include state symbols. 

(1)

  (ii) Explain why the first ionisation energy of neon is greater than that of fluorine, 
and much greater than that of sodium. 

(5)
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 (b) A sample of the element krypton contained five isotopes with the 
abundances shown. 

Isotope Abundance (%)

80Kr    2.350

82Kr 11.610

83Kr 11.500

84Kr 56.900

86Kr 17.680

  (i) Calculate the relative atomic mass of this sample of krypton.
   Give your answer to four significant figures.

(2)

  (ii) The ions formed in the mass spectrometer are deflected by a magnetic field.

   Identify the isotope from the table which produces an ion with the greatest 
deflection. Justify your answer.

(2)
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 (c) The electronic configuration of a xenon atom is shown. 

1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6

  Xenon reacts with fluorine gas to form a number of xenon fluorides. The 5s and 
5p electrons are involved in the bonding of these fluorides. 

  (i) State the number of bond pairs and lone pairs around the xenon atom in 
xenon difluoride, XeF2 .

(1)

   bond pairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lone pairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Suggest why the XeF2 molecule is linear.
(3)
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(Total for Question 17 = 14 marks)
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  

18 This question is about sodium and some of its compounds.

 (a) Sodium reacts with chlorine to produce sodium chloride.

  Write an equation for the reaction. State symbols are not required.
(1)

 (b) Metals such as sodium can be hammered into different shapes.
  However, sodium chloride will break into small pieces when hammered. 

  Explain how this difference in physical property results from differences in 
their bonding.

(4)
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 (c) Explain why the melting temperatures of the sodium halides decrease down 
the group.
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 (d) Baking powder was invented in 1843 by Alfred Bird.  
It is used as an alternative to yeast. 

  Baking powder contains three main ingredients: 
  sodium hydrogencarbonate, NaHCO3 , a solid acid and starch.

  A sample of baking powder was analysed to determine the percentage by mass of 
sodium hydrogencarbonate. 

  Excess dilute hydrochloric acid was added to 1.10 g of the sample.
  The volume of carbon dioxide produced was found to be 74.0 cm3 at 

room temperature and pressure (r.t.p.).

  (i) Write an ionic equation for the reaction between dilute hydrochloric acid and 
sodium hydrogencarbonate.

   Include state symbols. 
(2)

  (ii) Calculate the percentage by mass of sodium hydrogencarbonate in the 
sample of baking powder.

   [Data: molar volume of a gas at r.t.p. = 24.0 dm3 mol−1]
(3)

(Total for Question 18 = 12 marks)
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  

19 (a) The successive ionisation energies of carbon are shown.

Ionisation number First Second Third Fourth Fifth Sixth

Ionisation energy 
/ kJ mol−1 1086 2353 4621 6223 37 832 47 278

  Explain how these values show that carbon is a Group 4 element.
(2)
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 (b) Diagrams of the structures of diamond and graphite are shown.

diamond graphite

  Diamonds are used in high-speed drill tips. 
  Graphite is used as a high-temperature lubricant.

  Explain how the different structure and bonding of these two forms of carbon 
makes each suitable for the stated use.

(4)
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 (c) Graphene has been developed for use as transparent electrodes in solar cells.

  Explain how the structure and bonding of graphene makes it suitable for this use.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

(Total for Question 19 = 8 marks)
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20 The fractional distillation of crude oil produces fuels.  

 (a) A hydrocarbon, X, present in crude oil, contains 83.7% carbon by mass.

  (i) Calculate the empirical formula of X. You must show your working.
(2)

  (ii) The Mr of X is 86. 

   Deduce the molecular formula of X.
(1)

  (iii) Give the reason why the name of X cannot be deduced from its 
molecular formula. 

(1)

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

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

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

 (b) Straight-chain alkanes are reformed into branched-chain alkanes to improve fuel 
octane rating.

  Write an equation, using skeletal formulae, to show the reforming of 
heptane into 2,2,3-trimethylbutane.

  State symbols are not required.
(1)
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  

 (c) E10 fuels are produced by replacing 10% by mass of the hydrocarbon 
components of petrol with bioethanol. 

  An E10 fuel contains C8H18 and bioethanol only.

  Bioethanol has been described as a carbon-neutral fuel. 

  (i) State what is meant by the term ‘carbon-neutral’.
(1)

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

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

  (ii) Write the equation for the complete combustion of C8H18 . 
   State symbols are not required.

(1)

  (iii) Calculate the mass, in kg, of CO2 emitted per kg of the E10 fuel by the 
combustion of the hydrocarbon component, C8H18 , of this fuel only.

(3)
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  (iv) Suggest one reason why no fuel is carbon-neutral.
(1)

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

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

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

(Total for Question 20 = 11 marks)
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  

21 This question is about two homologous series, alkanes and alkenes.

 (a) State two characteristics of a homologous series.
(2)

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

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

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

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

 (b) Propane reacts with bromine in the presence of ultraviolet radiation. 
  One possible product is 1-bromopropane.

  (i) Draw the initiation step for this reaction using appropriate curly arrows.
(2)

  (ii) Give an equation for each of the first two propagation steps in the formation 
of 1-bromopropane.

   Curly arrows are not required. 
(2)

   First propagation step

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

   Second propagation step

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

  (iii) Give one reason why this method has limited use in the synthesis 
of 1-bromopropane. 

(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) 1-Bromopropane is also formed in the reaction between propene and 
hydrogen bromide. 

  (i) Draw the mechanism for this reaction.
   Include curly arrows and relevant lone pairs and dipoles.

(3)

C

H

H

H

H

C

H

C H

H

Br

  (ii) State why 1-bromopropane is the minor product of this reaction.
(1)

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Unripe bananas are harvested, shipped and then transferred to ripening rooms. 

  One ripening room has a volume of 45.0 m3 and is kept at a temperature of 18.5 °C 
and a pressure of 101 kPa. The concentration of the ethene ripening agent in this 
room is 100 ppm.

  Calculate the mass of ethene in this room. 
  Use the ideal gas equation, pV = nRT. 

  [Data: R = 8.31 J mol−1 K−1]
(4)

(Total for Question 21 = 15 marks)

TOTAL FOR SECTION B = 60 MARKS 
TOTAL FOR PAPER = 80 MARKS
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