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1 Carbon monoxide is a toxic, colourless and odourless gas. 
Industrially, it is used to extract metals from their ores.

 (a) In the laboratory, carbon monoxide can be made as 
shown in the apparatus below. Carbon dioxide is 
generated and passed over heated charcoal.

calcium 
carbonate

lumps of 
charcoal

sodium 
hydroxide 
solution

dilute 
hydrochloric 
acid 

heat

carbon 
monoxide

water

  (i) Describe what is observed on addition of dilute 
hydrochloric acid to calcium carbonate.     [1 mark]

  (ii) Explain, using oxidation numbers, why charcoal 
   can be described as a reducing agent, in the 

equation below.     [2 marks]

   CO2 + C  2CO
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  (iii) Using both collision theory and the concept of 
activation energy, explain how heating the charcoal 
will increase the rate of reaction.     [2 marks]

  (iv) Suggest one reason why not all of the carbon 
dioxide reacts when passed over heated charcoal.

   [1 mark]

  (v) Unreacted carbon dioxide is removed by reacting 
it with aqueous sodium hydroxide, to form sodium 
carbonate and water. Write the equation for 

   this reaction.     [1 mark]

  (vi) Describe a test to identify the presence of carbonate 
ions in the aqueous solution.     [3 marks]
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 (b) Carbon monoxide is used to extract iron from 
  iron(III) oxide.

  Fe2O3 + 3CO  2Fe + 3CO2

  100 kg of iron(III) oxide was heated with 56 kg of carbon 
monoxide. Calculate the maximum mass, in kilograms, 
of iron produced.     [3 marks]

 (c) Carbon monoxide can be used to synthesise methanol 
as shown in the equation below.

  CO(g) + 2H2(g)  CH3OH(g)      −91 kJ 

  (i) State the effect of increasing temperature on the 
yield of methanol.     [1 mark]

 
  (ii) State the effect of increasing the pressure on the 

yield of methanol.     [1 mark]
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 (d) The apparatus below can be used to determine the 
enthalpy of combustion of methanol. 100 g of water was 
placed in the copper can.

  

copper can

º

C

thermometer

water

spirit burner

methanol

  The following results were obtained.

mass of spirit burner and methanol before burning / g 20.33
mass of spirit burner and methanol after burning / g 18.92
initial temperature of water / °C 17.5
maximum temperature reached by water / °C 88.0
  
  (i) Why is the water stirred throughout this experiment?
   [1 mark]

  (ii) State two ways in which the apparatus could be 
improved to reduce heat loss.     [2 marks]

www.xtrapapers.com



12184.03 MV18  7 [Turn over

  (iii) Temperature is measured using a thermometer that 
has graduation marks at every 1 °C. The error for 
each temperature reading is  0.5 °C. Calculate the 
percentage error associated with the temperature 
change in the results obtained.     [2 marks]

  (iv) Using the results obtained, calculate the enthalpy of 
combustion of methanol.     [3 marks]

  (v) At the end of the experiment a black solid is seen 
coating the bottom of the copper can. Name this 
solid and explain how it is formed.     [2 marks]

  (vi) Explain, in terms of bonds, why the standard 
enthalpy of combustion of ethanol is greater than 
that of methanol.     [1 mark]

www.xtrapapers.com



12184.03 MV18  8 [Turn over

2 Dry chlorine gas can be prepared by reacting hot 
concentrated sulfuric acid with a mixture of sodium chloride 
and manganese(IV) oxide (MnO2). 

 (a) (i) In the first stage of the reaction the concentrated 
sulfuric acid reacts with sodium chloride to form 
hydrogen chloride gas. Write the equation for 

   this reaction.     [1 mark]

  (ii) In the second stage the hydrogen chloride gas is 
oxidised by manganese(IV) oxide to form 

   chlorine gas. Manganese(II) chloride and water are 
also formed. Write the equation for this reaction.

   [2 marks]

  (iii) The chlorine gas produced in the round bottomed 
flask contains unreacted hydrogen chloride. How 
is this hydrogen chloride removed in the apparatus 
shown above?     [1 mark]

manganese(IV) 
oxide and 
sodium chloride

heat

chlorine 
gas

concentrated 
sulfuric acid

water concentrated 
sulfuric acid
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  (iv) The chlorine gas is collected by downward delivery. 
Suggest why chlorine is collected in this way.

   [1 mark]

  (v) Describe the test that confirms the presence of 
chlorine gas.     [2 marks]

 (b) Chlorine can also be prepared by the reaction of 
  sodium chlorate(I) with hydrochloric acid.

  NaClO + 2HCl  NaCl + Cl2 + H2O

  (i) 1 cm3 of dilute hydrochloric acid is added to 
concentrated sodium chlorate(I) solution in a test 
tube. Explain why the solution turns pale green.

   [1 mark]

  (ii) Outline a practical test that would confirm the 
presence of chloride ions in the reaction mixture.

   [2 marks]
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 (c) 1 cm3 of hexane (density = 0.65 g cm–3) was added to 
10 cm3 of a concentrated aqueous solution of chlorine in 
a test tube. 

  (i) What will be observed in the test tube to show that 
hexane and the aqueous solution are immiscible?

   [1 mark]

  (ii) The test tube is then stoppered and shaken and 
   the contents allowed to settle. Suggest what 
   is observed.     [1 mark]

  (iii) The test tube is then placed under an ultraviolet light 
and removed after a period of time. Suggest what 
would be observed in the test tube.     [1 mark]

  (iv) Name the piece of apparatus that could be used to 
separate the organic layer from the aqueous layer.

   [1 mark]
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 (d) On reaction of 9.75 g of hexane with an excess of 
chlorine, in the presence of ultraviolet light, a mixture 
of products was formed including a chlorinated 
hydrocarbon X; 32.2 % of the mass of X is carbon and 
4.5 % is hydrogen. 

  (i) Deduce the empirical formula of compound X. 
   [3 marks]

  (ii) The mass of compound X obtained was 2.54 g. 
Given that the percentage yield is 10 %, calculate 
the relative molecular mass of X.     [3 marks]

  (iii) Deduce the molecular formula of compound X.
   [1 mark]

  (iv) Explain why the reaction of hexane with an 
   excess of chlorine produces a mixture of 
   chlorinated hydrocarbons.     [1 mark]
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3 Cyclohexanone is manufactured on a large scale for the 
production of nylon. In the laboratory it can be prepared 
by refluxing cyclohexanol with concentrated sulfuric acid 
and excess sodium dichromate(VI). The mixture is then 
fractionally distilled. 
The crude distillate is a mixture of cyclohexanone 

 and water.

 

 

boiling point / °C density / g cm−3 RMM
cyclohexanol 161 0.96 100
cyclohexanone 156 0.95 98

 (a) Define the term reflux.     [1 mark]

 (b) Outline a procedure which could be carried out to obtain 
a dry sample of cyclohexanone from the crude distillate.
[2 marks]

cyclohexanol cyclohexanone

OH O

[O] +  H2O
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 (c) The oxidation of 20 cm3 of cyclohexanol yielded 15 cm3 
of cyclohexanone. Calculate the percentage yield 

  of cyclohexanone.      [3 marks]

 (d) State why the oxidation of cyclohexanol did not produce 
a carboxylic acid.     [1 mark]

This is the end of the 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 In which of the following does chromium not have an 
oxidation state of +6?

 A CrO3

 B CrO2–
4

 C Cr2O2–
7

 D Cr2O3

2 Which bonding type is described as intermolecular?

 A Covalent

 B Ionic

 C Metallic

 D van der Waals’ forces
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3 Which of the following is the formula of the nitrite ion?

 A N3−

 B NH+
4

 C NO–
2

 D  NO–
3

4 25.0 cm3 of 0.10 M sodium hydroxide solution is exactly 
neutralised by

 A 12.5 cm3 of 0.05 M sulfuric acid.

 B 25.0 cm3 of 0.05 M sulfuric acid.

 C 12.5 cm3 of 0.20 M sulfuric acid.

 D 25.0 cm3 of 0.10 M sulfuric acid.

5 The electronic confi guration of a Group III element is

 A 1s2 2s2 2p6 3s2 3p6 3d3 4s2.

 B 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p1.

 C 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p2.

 D 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p3.
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6 The bond angle in ammonia is

 A 104.5°.

 B 107°.

 C 109.5°.

 D 120°.

7 The sulfate(VI) ion can be reduced to sulfur dioxide.

 SO2–
4  + xH+ + ye–  SO2 + zH2O

 Which of the following represents the correct values 
 of x, y and z?

x y z
A 2 2 4
B 2 4 2
C 4 2 2
D 4 4 2
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8 Which type of titration can use phenolphthalein as a 
suitable indicator?

 A Strong acid/strong base only

 B Strong acid/strong base and weak acid/strong base

 C Strong acid/strong base and strong acid/weak base

 D Strong acid/weak base and weak acid/strong base

9 In which of the following molecules does the central atom 
obey the octet rule?

 A BF3

 B BeCl2

 C ClF3

 D PH3

10  Which species is the most powerful oxidising agent?

 A Bromide

 B Bromine

 C Chloride

 D Chlorine
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Section B

Answer all six questions in the spaces provided.

11 Water can act as an acid or as a base. It can either lose or 
gain hydrogen ions.

 (a) State and explain the shape of a water molecule.
  [3 marks]

 (b) Water can react with hydrogen ions forming 
hydroxonium ions, H3O+. 

  (i) Draw a dot and cross diagram to show the bonding 
in a hydroxonium ion, showing all the outer 

   shell electrons.     [2 marks]
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  (ii) Suggest why the bond angle in the hydroxonium ion 
is greater than the bond angle in water.     [2 marks]

  (iii) Suggest why the hydroxonium ion does not react 
with a hydrogen ion to form H4O2+.     [1 mark]
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12 Four new elements have recently been added to the 
Periodic Table. The four elements are given below, along 
with their atomic numbers and the mass numbers of their 
most common isotope.

element atomic 
number mass number

nihonium 113 286
moscovium 115 289
tennessine 117 294
oganesson 118 294

 (a) What is the meaning of the following terms?

  (i) Atomic number     [1 mark]

  (ii) Mass number     [1 mark]

  (iii) Isotopes     [1 mark]

 (b) State and explain which element has the most neutrons.
  [2 marks]
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 (c) Suggest why tennessine is placed in Group VII of the 
Periodic Table.     [1 mark]

 (d) Erbium is a soft, silvery solid that tarnishes slowly 
  in air. It is used in fibre optic cables. There are six 

known isotopes of erbium and its relative atomic mass 
  is 167.26.

  (i) Define the term relative isotopic mass.     [2 marks]

  (ii) The table below gives the percentage abundances 
of six isotopes in the mass spectrum of erbium.

relative 
isotopic 
mass

161.93 163.93 165.93 167.93 169.94

% abundance 0.14 1.60 33.50 22.87 26.98 14.91

   Calculate the missing relative isotopic mass.
   [3 marks]
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13 Chloroauric acid, HAuCl4, is an orange solid that is used 
widely in gold refining. During World War II, the Hungarian 
chemist George de Hevesy dissolved two gold Nobel Prize 
medals in a mixture of concentrated nitric and hydrochloric 
acids to prevent the Germans from confiscating them. 
Later the medals were reconstructed from the dissolved 
chloroauric acid and returned.

 (a) The reaction between gold, concentrated hydrochloric 
acid and concentrated nitric acid produces chloroauric 
acid, nitrogen(IV) oxide and water. Write the equation 
for this reaction.     [2 marks]

 (b) Gold is extracted from recycled electronic materials by 
reaction with chlorine and hydrochloric acid, forming 
chloroauric acid. Elemental gold is recovered by 
electrolysis of chloroauric acid.

  2Au + 3Cl2 + 2HCl  2HAuCl4

  (i) Deduce the oxidation state of gold in 
   chloroauric acid.     [1 mark]

  (ii) With reference to oxidation numbers, explain why 
this is a redox reaction.     [3 marks]
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 (c) When heated, chloroauric acid forms gold(III) chloride 
and hydrogen chloride gas. The bonding in gold(III) 
chloride is considered to be covalent.

  (i) Suggest, in terms of electronegativity, why the 
bonding in gold(III) chloride is covalent.     [1 mark]

  (ii) Describe the chemical test for hydrogen 
   chloride gas.     [2 marks]
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14 The recommended daily allowance for salt, sodium chloride, 
is 6.0 g. Eating too much salt can lead to high blood 
pressure, potentially causing heart disease and strokes.

 (a) State the electronic configuration of a sodium atom 
  and use it to explain why sodium is regarded as an 

s-block element.     [2 marks]

 (b) (i) Define the term Avogadro’s constant.     [1 mark]

  (ii) Calculate the number of sodium ions in the 
recommended daily allowance of sodium chloride. 

   [2 marks]

 (c) A solid sample of salt was analysed to confirm the 
identity of the ions present. 
A flame test was first conducted on the sample using 
nichrome wire and concentrated hydrochloric acid to 
identify sodium ions. The presence of chloride ions was 
subsequently confirmed.

  (i) State two reasons why nichrome wire was used.
   [2 marks]
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  (ii) State two reasons why concentrated hydrochloric 
acid was used.     [2 marks]

  (iii) State the colour observed in the flame test.     
   [1 mark]

 (d) Describe how the presence of chloride ions could be 
confirmed in the solid salt.     [4 marks]

 (e) A second salt sample was thought to be contaminated 
with sodium carbonate. Describe a chemical test to 
confirm the presence of carbonate ions.     [3 marks]
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 (f) The salt sample, of mass 6.0 g, contaminated with 
sodium carbonate was dissolved in water. A solution of 
magnesium chloride was added, forming a precipitate of 
magnesium carbonate. The precipitate was filtered off 
and dried to give 1.4 g of magnesium carbonate.

  (i) Draw a dot and cross diagram to show the 
   bonding in magnesium chloride showing all the 
   outer electrons.     [2 marks]

  (ii) Write the equation for the reaction between sodium 
carbonate and magnesium chloride.      [2 marks]
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  (iii) Use the following headings to calculate the 
percentage of sodium carbonate in the salt sample.

   [6 marks]

   Relative formula mass of magnesium carbonate

  
   Number of moles of magnesium carbonate

  
   Number of moles of sodium carbonate

  
   Relative formula mass of sodium carbonate

  
   Mass of sodium carbonate in the sample

  
   Percentage of sodium carbonate in the sample
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15 The third Period in the Periodic Table from sodium to argon 
displays a number of periodic trends.

 (a) State and explain the general trend in first ionisation 
energy across Period three.     [3 marks]

 (b) (i) Write an equation, including state symbols, for the 
first ionisation energy of phosphorus.     [2 marks]

  (ii) Explain why the first ionisation energy of phosphorus 
is higher than that of sulfur.     [2 marks]
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 (c) The graph below shows the melting points of the 
elements in the third Period.

 Na Mg Al Si P S Cl Ar
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600
400
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m
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g 
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  With reference to the structure and bonding of the 
elements, explain the change in melting point from 
silicon to argon.     [6 marks]
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  In this question you will be assessed on your 
written communication skills including the use of 
specialist scientific terms.
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16 Lead(II) iodide is yellow and was once used as a pigment 
in paint until concerns over its toxicity led to its use being 
discontinued. It has a low solubility in water.

 (a) Lead(II) iodide can be prepared by reaction between  
solutions of potassium iodide and lead(II) nitrate. Write 
the equation for this reaction.     [2 marks]

 (b) 75.6 mg of lead(II) iodide dissolve in 100 cm3 of water at 
20°C. Calculate the molarity of iodide ions in a saturated 
solution of lead(II) iodide at 20°C.     [4 marks]

 (c) Chlorine water was added to potassium iodide solution 
in a test tube. 

  (i) State the colour observed.     [1 mark]

  (ii) A solution of starch was then added to the test tube. 
State the colour observed.     [1 mark]
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 (d) (i) State three observations made when concentrated 
sulfuric acid is added to solid potassium iodide.

   [3 marks]

  (ii) Explain why concentrated phosphoric acid does not 
give iodine when added to solid potassium iodide.

   [1 mark]

THIS IS THE END OF THE QUESTION PAPER
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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)


