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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 The first five ionization energies of an element, X, are

 578, 1817, 2745, 11578 and 14831 kJ mol–1, respectively.

 In which group of the Periodic Table is X found?

  A 1

  B 2

  C 3

  D 4

(Total for Question 1 = 1 mark)

2 Which of the following oxides would be expected to have the most exothermic lattice 
energy?

  A Na2O

  B MgO

  C CaO

  D K2O

(Total for Question 2 = 1 mark)

3 In which of the following compounds is the anion most polarized?

  A LiF

  B LiI

  C KF

  D KI

(Total for Question 3 = 1 mark)
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4 In the Born-Haber cycle for potassium iodide, which of the following steps is 
exothermic? 

  A K(s) � K(g)

  B K(g) � K+(g) + e–

  C ½I2(s) � I(g)

  D I(g) + e– � I–(g)

(Total for Question 4 = 1 mark)

5 Which of the following represents a pair of isotopes?

  A 14
6C and 14

7N

  B 32
16S and 32

16S2–

  C O2 and O3

  D 206
82Pb and 208

82Pb

(Total for Question 5 = 1 mark)

6 Which of the following equations represents the second ionization energy of 
chlorine?

  A Cl+(g) � Cl2+(g)  +  e–

  B Cl(g) � Cl2+(g)  +  2e–

  C Cl(g) � Cl2–(g)  − 2e–

  D Cl–(g) � Cl2–(g) − e–

(Total for Question 6 = 1 mark)

7 For Period 3 of the Periodic Table, from sodium to argon, what is the trend in the 
melting temperatures of the elements?

  A A steady decrease

  B A steady increase

  C A decrease to silicon then an increase

  D An increase to silicon then a decrease

(Total for Question 7 = 1 mark)
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8 Given the following information

CH4(g) � C(g)  +  4H(g)               �H = +Q kJ mol–1

 the mean bond enthalpy for the C–H bond in methane is

  A +Q 

  B +Q/4 

  C –Q 

  D –Q/4 

(Total for Question 8 = 1 mark)

9 Consider the following information:

Bond Bond enthalpy / kJ mol–1

H–H +436

I–I +151

H–I +299

 For the reaction 

 H2(g)  +  I2(g) � 2HI(g)

 the enthalpy change, in kJ mol–1, is 

  A +288

  B +144

  C –11

  D –5.5

(Total for Question 9 = 1 mark)
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10 The equation for the complete combustion of butanone, C2H5COCH3, is 

C2H5COCH3(l)  +  5½O2(g) � 4CO2(g)  +  4H2O(l)                      �H�  = –2440 kJ mol–1

Substance �Hf
�  / kJ mol–1

CO2(g) –394

H2O(l) –286

 From the above data, the standard enthalpy change of formation of butanone, in 
kJ mol–1, is

  A  –280

  B  +280

  C  –1760

  D  +1760

(Total for Question 10 = 1 mark)

11 A compound was found to contain 2.8 g of nitrogen and 8.0 g of oxygen. 

 What is the empirical formula of the compound?

 Use the Periodic Table as a source of data.

  A NO

  B NO2

  C N2O3

  D N2O5

(Total for Question 11 = 1 mark)

12 What is the total number of atoms in 1.8 g of water, H2O?

 DATA
 � The molar mass of H2O is 18 g mol–1

 � The Avogadro Constant is  6.0 × 1023 mol–1

  A 6.0 × 1022

  B 6.0 × 1023

  C 1.8 × 1023

  D 1.8 × 1024

(Total for Question 12 = 1 mark)
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13 Phosphorus(V) chloride, PCl5, reacts with water according to the equation

PCl5(s)  +  4H2O(l)  �  H3PO4(aq)  +  5HCl(aq)

 If 1.04 g of phosphorus pentachloride (molar mass = 208 g mol–1) is reacted 
completely with water and the solution made up to 1 dm3, the concentration of the 
hydrochloric acid in mol dm–3 is

  A 0.001

  B 0.005

  C 0.025

  D 0.250

(Total for Question 13 = 1 mark)

14 A sample of sodium chlorate(V), NaClO3, was heated and 120 cm3 of oxygen gas was 
collected.

2NaClO3(s)  �  2NaCl(s)  +  3O2(g)

 Calculate the number of moles of sodium chlorate(V) that were decomposed in the 
above reaction.

 [Molar volume of a gas under the conditions of the experiment = 24000 cm3 mol–1]

  A 2.50 × 10–3

  B 3.33 × 10–3

  C 5.00 × 10–3

  D 7.50 × 10–3

 (Total for Question 14 = 1 mark)

15 In the ethene molecule, the C=C double bond is made up of 

  A two sigma bonds.

  B one pi bond.

  C two pi bonds.

  D one sigma bond and one pi bond.

(Total for Question 15 = 1 mark)
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16 3.0 dm3 of sulfur dioxide reacts with 1.5 dm3 of oxygen, under suitable conditions, 
according to the equation below.

2SO2(g)  +  O2(g)  �  2SO3(g)

 What is the maximum volume of sulfur trioxide that can be formed in the above 
reaction?

 [The volumes of the gases are measured at the same temperature and pressure.]

  A 6.0 dm3

  B 4.5 dm3

  C 3.0 dm3

  D 1.5 dm3

(Total for Question 16 = 1 mark)

17 Which of the following alkenes exhibits E / Z isomerism? 

  A But-1-ene

  B But-2-ene

  C 2-Methylpropene

  D Propene

(Total for Question 17 = 1 mark)

18 An electrophile is defined as a species that

  A is an electron pair acceptor.

  B is an electron pair donor.

  C has a negative charge.

  D has a positive charge.

(Total for Question 18 = 1 mark)
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19 The repeat unit of a polymer is shown below.

C C

CH3

H

⎡

⎣
⎢ ⎡

⎣
⎢

CH3

CH2CH3

 The systematic name of the alkene monomer that forms this polymer is

  A 2-methyl-3-ethylpropene

  B 2-methylpent-2-ene

  C 2-methylpent-3-ene

  D 4-methylpent-2-ene

(Total for Question 19 = 1 mark)

20 Cracking crude oil

  A separates the mixture into pure compounds.

  B separates the mixture into a number of fractions.

  C separates saturated compounds from unsaturated ones.

  D decreases the average number of carbon atoms per molecule.

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS
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BLANK PAGE

Section B begins on the next page.
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SECTION B

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

21 In atoms, electrons fill up the sub-shells in order of increasing energy.

 (a) Fill in the last two boxes in the table below to show the order in which the next 
two sub-shells are filled.

1s 2s 2p 3s 3p 4s

energy increases �
(2)

 (b) Electrons in atoms occupy orbitals.

  (i) Explain the term orbital.
(1)

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

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

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

  (ii) Draw diagrams below to show the shape of an s-orbital and of a p -orbital.
(2)

s-orbital p-orbital

 (c) State the total number of electrons occupying all the p-orbitals in one atom of 
chlorine.

(1)

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

 (d) State the number of electrons present in an ion of calcium, Ca2+.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 *(e) Define the term first ionization energy.
(3)

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

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

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

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

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

 (f ) The ionization energies of sodium, Na, are shown in the table below. 

  Show with a tick (�), in the third row of the table below, all the ionization 
numbers that involve the removal of an electron from an s-orbital.

(2)

Ionization 
energy / 
kJ mol–1

496 4563 6913 9544 13352 16611 20115 25491 28934 141367 159079

Ionization 
number 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

(Total for Question 21 = 12 marks)
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22 (a) In a mass spectrometer being used to determine relative atomic masses, gaseous 
atoms are ionized.  The ions are then accelerated and deflected before being 
detected.

  (i) Explain how atoms are ionized in a mass spectrometer.
(1)

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

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

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

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

  (ii) How are the ions accelerated in a mass spectrometer?
(1)

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

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

  (iii) How are the ions deflected in a mass spectrometer?
(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) The following data were obtained from the mass spectrum of a sample of 
platinum.

Peak at m / e %

194 32.8

195 30.6

196 25.4

198 11.2

  Calculate the relative atomic mass of platinum in this sample.  Give your answer 
to one decimal place.

(2)

 (c) In which block of the Periodic Table is platinum found?
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Most solids exist as lattice structures.

  (i) Complete the table, using a tick (�) if the substance conducts electricity or a 
cross (�) if the substance does not conduct electricity.

(2)

Substance Conducts electricity in the 
SOLID state? (� or �)

Conducts electricity in the 
LIQUID state? (� or �)

Sodium, Na 

Sodium oxide, Na2O

  *(ii) Explain the electrical conductivities of sodium and of sodium oxide in the 
solid and liquid states.

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

(Total for Question 22 = 11 marks)
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23 Crude oil is a complex mixture of hydrocarbons.  Initial separation is achieved by 
fractional distillation of the crude oil.  The separate fractions are further refined to 
produce hydrocarbons such as decane, C10H22.

 (a) Give the general formula of alkanes.
(1)

 (b) Carbon monoxide, CO, is formed during the incomplete combustion of decane.

  (i) Write an equation for the incomplete combustion of decane, forming carbon 
monoxide and water only.

(1)

  (ii) Explain why incomplete combustion can occur. 
(1)

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

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

 (c) ‘Low-sulfur fuel’ is now supplied to petrol stations.  The removal of sulfur from 
diesel and petrol reduces the emission of toxic oxides of sulfur from vehicle 
exhausts.  One such oxide is sulfur dioxide, SO2.

  The bonding in sulfur dioxide may be represented as shown below.

O = S � O

  Complete the dot and cross diagram below for the SO2 molecule, showing only 
outer shell electrons.  Use dots to represent the oxygen electrons and crosses to 
represent the sulfur electrons.

(3)

O S O
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 (d) Another alkane produced from crude oil is heptane, C7H16.  The reforming 
of heptane produces methylcyclohexane and only one other product.  A 
methylcyclohexane molecule is made from a ring of six carbon atoms bonded to 
a methyl group.

  (i) Use the information given above to give the skeletal formula of 
methylcyclohexane.

(1)

  (ii) Write a balanced equation, using molecular formulae, for the reforming of 
heptane into methylcyclohexane and one other product.  State symbols are 
not required.

(1)

  (iii) Suggest a reason why oil companies reform alkanes such as heptane.
(1)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (e) Five branched-chain isomers of heptane are shown in the boxes below.

2-methylhexane 2,3-dimethylpentane

2,2,3-trimethylbutane 2,4-dimethylpentane

isomer A

  (i) Give the systematic name of isomer A.
(1)

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

  (ii) In the empty boxes above, draw skeletal formulae for two other 
branched-chain isomers of C7H16, with no side-chain having more than one 
carbon atom.

(2)
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 (f ) Butane, C4H10, reacts with chlorine, Cl2, at room temperature and pressure.

C4H10  +  Cl2  ���C4H9Cl  +  HCl

  (i) What other condition is essential for this reaction?
(1)

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

  (ii) Write an equation for the initiation step of the mechanism for the above 
reaction.  Curly arrows are not required.

(1)

  (iii) State the type of bond fission involved in the initiation step.
(1)

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

  (iv) Write equations for the two propagation steps of this mechanism.  Curly 
arrows are not required.

(2)

First propagation step: 

Second propagation step:

  (v) Write one equation for a reaction that would terminate this mechanism.
(1)

(Total for Question 23 = 18 marks)
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24 Alkenes are unsaturated hydrocarbons.  They are used in the industrial production of 
many organic compounds.

 (a) Add structural formulae to the flowchart below to show the organic product 
formed in each addition reaction of 2-methylpropene.

(4)

C C

CH3H

H CH3

HBr(g)

mixture of isomers

Br2(l)H2(g) with 
nickel catalyst
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 (b) Suggest a mechanism for the reaction of 2-methylpropene with bromine, Br2(l).  
Include curly arrows. 

(3)

 (c) Ethene, C2H4, was prepared from ethanol, C2H5OH, by the following reaction

C2H5OH  �  C2H4  +  H2O

  A chemist reacted 9.2 g of ethanol, C2H5OH, and obtained 4.2 g of ethene.

  Calculate the percentage yield of ethene in the reaction.
(2)

(Total for Question 24 = 9 marks)



21

*P42982A02124* Turn over     

25 *(a) Define the term enthalpy change of neutralization.
(2)
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 (b) The enthalpy change of the neutralization reaction between hydrochloric acid, 
HCl(aq), and sodium hydroxide, NaOH(aq), can be determined by the following 
procedure.

  Procedure:

  �  50.0 cm3 of 2.00 mol dm–3 hydrochloric acid is transferred to a polystyrene cup 
and its temperature recorded

  �  50.0 cm3 of 2.00 mol dm–3 sodium hydroxide solution is placed in another 
polystyrene cup and its temperature recorded

  �  The two solutions are mixed, with stirring, and the maximum temperature is 
recorded

  Results:

   Initial temperature of both the HCl(aq) and NaOH(aq) = 19.0 �C

   Maximum temperature reached after mixing = 32.5 �C

  Assumption:

  �  The specific heat capacity of all aqueous solutions is 4.18 J g–1 �C–1

  �  The density of all aqueous solutions is 1.00 g cm–3
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  (i) Calculate the heat energy released (in joules) on mixing the hydrochloric acid 
and the sodium hydroxide solutions. 

   Use the expression

energy released (J) = mass of solution × 4.18 × temperature change
(2)

  (ii) Calculate the number of moles of hydrochloric acid used in the experiment.
(1)

  (iii) Give the ionic equation, including state symbols, for the reaction between 
hydrochloric acid and sodium hydroxide solution.

(1)

  (iv) Use your answers to (b)(i), (ii) and (iii) to calculate the enthalpy change of 
neutralization for the above reaction.   
Include a sign and units in your answer.

(3)
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  (v) Explain why the enthalpy change of neutralization for the reaction between 
dilute nitric acid, HNO3(aq), and potassium hydroxide solution, KOH(aq), is 
predicted to be the same as the enthalpy change of neutralization for the 
reaction carried out in part (b).

(1)

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

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

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

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

(Total for Question 25 = 10 marks)

TOTAL FOR SECTION B = 60 MARKS

TOTAL FOR PAPER = 80 MARKS
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