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Information for Candidates
The total mark for this paper is 90.
Quality of written communication will be assessed in 
Question 13(a)(ii).
In Section A all questions carry equal marks, i.e. one mark for 
each question.
In Section B the fi gures in brackets printed at the end of each 
question indicate the marks awarded to each question or 
part question.
A Periodic Table of Elements, containing some data, is included 
with this question paper.
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Section A – Multiple Choice

Select the correct response in each case and mark its 
code letter by connecting the dots as illustrated on the 
answer sheet.

Each multiple choice question is worth 1 mark.

1 How many carbon to carbon bonds are there in 
3,3-dichloro-2-methylbutan-2-ol?

 A 3

 B 4

 C 5

 D 6

2  Which sequence of elements is arranged in order of 
increasing bond strength?

 A F2 O2 N2

 B N2 O2 F2

 C O2 F2 N2

 D O2 N2 F2
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3  0.005 mole of a chloride of an element Z was mixed with 
water and the resulting solution required 25 cm3 of 0.6 M 
aqueous silver nitrate for complete precipitation of silver 
chloride. Element Z is in Group

 A III.

 B IV.

 C V.

 D VI.

4 The bromoalkane below reacts with ethanolic potassium 
hydroxide and eliminates hydrogen bromide.

Br

What is the number of alkenes formed and how many pairs
 of E/Z isomers exist?

number of pairs of E/Z
  alkenes isomers
 A 2 1

 B 2 2

 C 3 1

 D 3 2
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5  The Williamson synthesis of an ether (ROR′) is summed up 
by the following two steps:

Step 1 2ROH + 2Na  2RONa + H2

 Step 2 RONa + R′Cl  ROR′ + NaCl

Using propan-2-ol and 2-chlorobutane the ether formed is 

A CH3CH2CH2OCH(CH3)CH2CH3.

B CH3CH2CH2OCH2CH2CH2CH3.

C CH3CH(CH3)OCH2CH2CH2CH3.

D CH3CH(CH3)OCH(CH3)CH2CH3.

6  Which of the following describes a dynamic equilibrium?

concentration of 
reactants and products

forward and reverse 
reaction rates

A constant equal
B constant not equal
C not constant equal
D not constant not equal
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7  A mixture of potassium bromide and potassium carbonate 
contains 0.6 moles of bromide ion and 0.2 moles of 
carbonate ion. How many moles of potassium ions 

 are present?

 A 0.4

 B 0.5

 C 0.8

 D 1.0

8  The total pressure is increased in each of the following 
reactions. For which reaction would the yield of product(s) 
not change?

 A CO(g) + H2O(g) ? CO2(g) + H2(g)

 B CO(g) + 2H2(g) ? CH3OH(g) 

 C 2H2(g) + O2(g) ? 2H2O(g)

 D  3H2(g) + CO(g) ? CH4(g) + H2O(g)
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9  One molecule of cuprimine contains one sulfur atom. The 
percentage, by mass, of sulfur in cuprimine is 21.47%. The 
relative molecular mass of cuprimine is 

 A 85.

 B 101.

 C 125.

 D 149.

10 The general formula of an alkyl group is

 A CnHn + 1

 B CnHn − 1

 C CnH2n + 1

 D CnH2n − 1
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Section B

Answer all four questions in this section 

11 Group II metal nitrates are formed when either the metal, 
the metal oxide or the metal carbonate are reacted with 
nitric acid. Metal nitrates are very soluble in water and all 
of the reactions proceed normally, apart from magnesium 
with nitric acid, because nitric acid is an oxidising agent and 
causes other reactions to take place. 

 (a)  Write equations for the reactions of calcium, calcium 
oxide and calcium carbonate with dilute nitric acid.

  [1 mark for each]

  (i)  calcium:   

  (ii)  calcium oxide:    

  (iii) calcium carbonate:    

 (b) Magnesium does not react with most concentrations 
of nitric acid to give hydrogen. Instead, nitrogen(IV) 
oxide together with magnesium nitrate and water are 
produced. Write the equation for the reaction.

  [1 mark]
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(c)  Group II metal nitrates increase in thermal stability as
the Group is descended.

(i) Explain what is meant by the term thermal stability.
[1 mark]

(ii)  Explain why thermal stability increases down
the Group.     [1 mark]

(d) When heated, the Group II nitrates, M(NO3)2,
decompose according to the following equation:

2M(NO3)2  2MO + 4NO2 + O2

(i) Explain why the residue left after the reaction gives
an alkaline solution when dissolved in water.
[1 mark]

(ii)  If 3.6 g of strontium nitrate is heated and completely
decomposes, what is the total volume of gases
collected at 20 °C and a pressure of one atmosphere?
[3 marks]
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(iii) The diagram below shows the gases from the
decomposition of a nitrate passing through Universal
Indicator (UI) solution and one gas being collected in
a test tube. Explain why the UI solution goes red and
name the gas collected in the test tube.      [2 marks]

test tube

heat

UI solution
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 (e)  Group II metal nitrates are soluble in water. The 
solubility curve for the Group I nitrate, rubidium nitrate, 
is shown below. 

100
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0
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temperature/°C

solubility/ 
g/100 g water
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   The following data refers to the solubility of strontium 
nitrate with temperature. 

Solubility/g/        40 55 71 88 91 93 94 97 99 101
100 g water         
Temperature/°C  0  10 20 30 40 50 60 70 80  90

  (i)  Plot the solubility curve for strontium nitrate on the 
axes opposite.     [1 mark]

  (ii)  Determine the temperature at which rubidium nitrate 
and strontium nitrate have the same solubility. 

   [1 mark]
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12  Hypochlorous acid has the formula HOCl. It adds to alkenes 
to form chlorohydrins.

 CH2 CH2 + HOCl  CH2ClCH2OH

 (a) (i)  Calculate the enthalpy change for the reaction 
between ethene and hypochlorous acid using the 
following average bond enthalpies.     [3 marks]

bond enthalpy/ kJ mol−1

C C 612 
C C 347
Cl O 272
C Cl 346
C O 358

  (ii)  Construct a simple labelled enthalpy level diagram 
for the reaction between ethene and hypochlorous 
acid. Insert the enthalpy value calculated in 
part (i) onto the diagram.     [2 marks]

  

enthalpy

reaction co-ordinate
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(b) Hypochlorous acid adds to alkenes because it has a
polar bond, HO Cl.

(i) Explain what is meant by the term polar bond.
[2 marks]

(ii)  Draw the polarity of a hypochlorous acid molecule.
[1 mark]

(iii) Draw the mechanism, using curly arrows, for the
reaction of hypochlorous acid with propene to form
CH2ClCHOHCH3.     [4 marks]

(iv) Name the compound CH2ClCHOHCH3.     [2 marks]
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  (v)  The compound CH2ClCHOHCH3 is the major 
product. Draw the structure of the minor product and 
explain why it is the minor product.     [2 marks]

  
  (vi) If the reaction in part (iii) is carried out in 

the presence of sodium nitrite, NaNO2, some 
CH2ClCHNO2CH3 is formed. Suggest how this 
compound is formed.     [1 mark]

 (c) Chlorohydrins are useful in synthetic chemistry because 
they are bifunctional.

  (i)  Suggest the meaning of the term bifunctional.
   [1 mark]
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  (ii)  Complete the following reaction scheme for 
CH2ClCHOHCH3 by drawing the organic products. 

   [4 marks] 

HBr

NaOH(aq)

CH2ClCHOHCH3
KCN

PCl5
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13 -Terpineol is a terpene which is the main ingredient in
 pine oil.

OH

-terpineol

It is a colourless liquid with a smell of violets. The boiling 
point of -terpineol is 214–216 °C and its density is 
0.93 g cm−3. -Terpineol is slightly soluble in water; 2.42 g
dissolves in 1 dm3 of water at room temperature. 

(a) (i)  Describe and explain, using calculated values, what
you would observe if you added 1.1 g of -terpineol
to 200 cm3 of water in a beaker at room temperature 
and stirred the mixture.      [4 marks]
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  (ii)  Explain, with full experimental detail, how you would 
separate -terpineol from a mixture of 50 cm3 of 

   -terpineol and 10 cm3 of water. Your method 
   should include separating with a funnel, distillation 

and drying.     [6 marks]

   In this question you will be assessed on your 
written communication skills including the use 

   of specialist scientific terms.
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(b) The purity of the -terpineol obtained from part (a) may
be determined by the infrared spectrum which is 

  shown below. 

tra
ns

m
itt

an
ce

wavenumber (cm−1)

3000 2000 1000

0.8

0.6

0.4

0.2

(i) Explain why molecules absorb infrared radiation
producing infrared spectra.     [2 marks]

(ii)  Identify the peaks, by stating the range of
wavenumbers in the spectrum, which correspond to
the functional groups in the molecule.     [2 marks]
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  (iii) Explain how you could use infrared spectrometry to 
determine that a sample of -terpineol is pure and 
free from all impurities.     [1 mark]

 (c)  (i)  Explain, using the structure of -terpineol, whether 
the alcohol is primary, secondary or tertiary.

   [2 marks]

  (ii)  State what would be observed when a few drops 
of -terpineol are added to acidified potassium 
dichromate(VI) and the mixture is heated.     [1 mark]
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 (d) When -terpineol is dehydrated it forms a mixture of 
limonene and -terpinene.

  

  limonene

  Suggest the structure of -terpinene.     [1 mark]

 (e)  Limonene is an unsaturated hydrocarbon which reacts 
with bromine and hydrogen.

  (i)  Define the term unsaturated.     [1 mark]
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(ii)  Explain, giving experimental detail, how you would
use bromine water to test for unsaturation.
[3 marks]

(iii) Explain, naming the catalyst, what is meant by
catalytic hydrogenation.     [2 marks]

(iv) Cadinene, C15H24, reacts with hydrogen and
becomes completely saturated. 0.34 g of cadinene 
reacts with 80 cm3 of hydrogen at 20 °C and a 
pressure of one atmosphere. Calculate the number 
of double bonds in a molecule of cadinene.
[3 marks]
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14  The Maxwell–Boltzmann distribution curve below shows the 
distribution of molecular energies in a mixture of the gases 
sulfur dioxide and oxygen at 25 °C.

 energy
Ea

number of 
molecules

 The x-axis can either be labelled as energy or speed. The 
distribution curve starts at the point 0,0 and at the end 
approaches the x-axis but does not touch it. The symbol Ea 
is the activation energy. 

 (a)  Draw, on the axes above, the Maxwell–Boltzmann 
distribution curve for a mixture of sulfur dioxide and 
oxygen, at a lower temperature.     [2 marks]

 (b) Explain why the x-axis can either be labelled as energy 
or speed.     [1 mark]
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(c)  Explain what it means if the distribution curve starts at
the point 0,0.     [1 mark]

(d) Explain what it would mean if the Maxwell–Boltzmann
curve touched the x-axis at a final energy value.
[1 mark]

(e)  Activation energy varies from reaction to reaction.

(i) Explain the term activation energy.     [2 marks]

(ii)  Comment on the reaction speed between silver ions
and chloride ions in aqueous solution and how it
relates to activation energy.     [2 marks]

(iii) State the effect of a catalyst on the activation
energy of a reaction.     [1 mark]
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 (f)  The reaction between sulfur dioxide and oxygen is part 
of the process to manufacture sulfuric acid.

  (i)  What is the name of this industrial process?
   [1 mark]

  (ii)  Describe and explain the conditions used in this 
process for the reaction between sulfur dioxide 
and oxygen referring to temperature, pressure and 
catalyst.

   temperature     [2 marks]

   pressure     [2 marks]

   catalyst     [1 mark]     
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General Information
1 tonne = 106 g
1 metre = 109nm
One mole of any gas at 293K and a pressure of 1 atmosphere (105Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1
Planck Constant = 6.63 × 10–34 Js
Specific Heat Capacity of water = 4.2 J g–1K–1

Speed of Light = 3 × 108 ms–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorglykla,senaklAC–C0011–057

sdicacilyxobrac,sretse,slohoclAO–C0031–0001
1450–1650 C ̿ senerAC
1600–1700 C ̿ seneklAC
1650–1800 C ̿ ,sedyhedla,sretse,sdicacilyxobraCO

sedirolhclyca,sedima,senotek
2200–2300 C selirtiNN

sdicacilyxobraCH–O0023–0052
sedyhedlAH–C0582–0572

senera,senekla,spuorglykla,senaklAH–C0003–0582
slohoclAH–O0063–0023

sedima,senimAH–N0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy
(relative to TMS)

Structure

0.5–2.0 –CH senakladetarutaS
0.5–5.5 –OH slohoclA
1.0–3.0 –NH senimA
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C6H5–CH c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2(I=X

4.5–6.0 –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

on and temperature dependent and may be outside
the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285

112
Copernicium

* 58 – 71 Lanthanum series
† 90 – 103 Actinium series

a = relative atomic mass

x = atomic symbol
b = atomic number

a

b
x (approx)
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