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1  Give the name of the process that is used:

(a)  to obtain water from aqueous sodium chloride

 ..............................................................................................................................................  [1]

(b)  to produce lead from molten lead(II) bromide

 ..............................................................................................................................................  [1]

(c)  to separate an insoluble solid from a liquid

 ..............................................................................................................................................  [1]

(d)  to separate the components of petroleum

 ..............................................................................................................................................  [1]

(e)  to separate a mixture of coloured dyes.

 ..............................................................................................................................................  [1]

[Total: 5]

distillation 

electrolysis 

filtration 

fractional distillation [OR] fractionation 

chromatography 
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2  This question is about the elements in Period 3 of the Periodic Table.

Na Mg Al Si P S Cl Ar

 For each of the following, identify a Period 3 element which matches the description. Each element 

may be used once, more than once or not at all.

 State which Period 3 element:

(a)  forms an oxide with a macromolecular structure

 ..............................................................................................................................................  [1]

(b)  is extracted from the ore bauxite

 ..............................................................................................................................................  [1]

(c)  is soft, metallic and stored in oil

 ..............................................................................................................................................  [1]

(d)  is a green gas at room temperature and pressure

 ..............................................................................................................................................  [1]

(e)  provides an inert atmosphere in lamps

 ..............................................................................................................................................  [1]

(f)  forms two different oxides during the Contact process

 ..............................................................................................................................................  [1]

(g)  is non‑metallic and an important component of fertilisers.

 ..............................................................................................................................................  [1]

[Total: 7]

3  Complete the following table.

particle
number of

protons

number of

electrons

number of

neutrons

number of

nucleons

11
Na23 11 11

................
23

17
Cl –37

................ ................
20

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

26

56

.............
26 24 30 56

[6]

[Total: 6]

silicon [OR] Si 

aluminium [OR] Al

sodium [OR] Na 

chlorine [OR] Cl2 [OR]  Cl

argon  [OR] Ar

sulfur [OR]  S

phosphorus  [OR]  P 

   17 18

12

37

Fe2+
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4  Potassium reacts with bromine at room temperature to form potassium bromide.

(a)  Write a chemical equation for this reaction. Include state symbols.

 ..............................................................................................................................................  [3]

(b)  Potassium bromide exists as an ionic lattice.

 Potassium bromide does not conduct electricity when solid but does conduct electricity when 

molten.

(i)  What is meant by the term ionic lattice?

  [2]

(ii)  Explain why potassium bromide does not conduct electricity when solid but does conduct 

electricity when molten.

  [2]

(c)  Concentrated aqueous potassium bromide is an electrolyte.

(i)  What is meant by the term electrolyte?

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

 .......................................................................................................................................  [2]

(ii)  Describe the electrolysis of concentrated aqueous potassium bromide.

 Include:

● an ionic half‑equation for the reaction at the cathode

● the name of the product at the anode

● the name of the potassium compound formed.

  [4]

(iii)  When molten potassium bromide is electrolysed, the product at the cathode is different.

 Name the product at the cathode when molten potassium bromide is electrolysed.

 .......................................................................................................................................  [1]

2K(s) + Br2(l) → 2KBr(s) 

The word ionic lattice means made up of alternating positively and negatively 
charged ions

In solid potassium bomide the  ions don‛t move  and when  it is in its 
molten form , the ions  are mobile

An electrolyte is a substance that conducts electricity   when it is 
decomposed [or] It is a substance that  undergoes electrolysis . when 
present in the molten or liquid or  as a solution or in an aqueous form

2H+ + 2e(–) → H2 

Andoe: Bromine is formed at the anode
Cathode: Hydrogen gas is formed at the anode
The compound that is formed is potassium hydroxide

potassium 
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(d)  Iodine reacts with chlorine to form iodine monochloride, ICl, as the only product.

(i)  Write a chemical equation for this reaction.

 .......................................................................................................................................  [2]

(ii)  Draw a dot‑and‑cross diagram to show the electron arrangement in a molecule of 

iodine monochloride. Show outer shell electrons only.

[2]

(e)  Potassium bromide has a melting point of 734 °C.

 Iodine monochloride has a melting point of 27 °C.

 In terms of attractive forces, explain why there is a large difference between these melting 

points.

 [3]

(f)  When chlorine gas is passed through aqueous potassium bromide, a redox reaction occurs. 

The ionic equation is shown.

Cl 2  +  2Br –    2Cl –  +  Br2

(i)  Write an ionic half‑equation showing what happens to the chlorine molecules, Cl 2, in this 

reaction.

 .......................................................................................................................................  [1]

(ii)  Explain why the bromide ions, Br –, act as reducing agents in this reaction.

 .......................................................................................................................................  [1]

[Total: 23]

I2 + Cl2 → 2ICl 

Potassium bromide: ionic bonds exist in potassium bromide.
Iodine monochloride: Intermolecular forces such as  van der
Waals / London forces / dispersion forces / dipole- dipole exist
The bonds in KBr are stronger .Hence there is a large difference between 
these melting points

Cl2 + 2e- → 2Cl

The bromide ions lose electrons  [or] The bromide ions are oxidised
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5  Hydrogen and iodine react together in a reversible reaction. Hydrogen iodide is formed.

H2(g)  +  I2(g)    2HI(g)
colourless purple colourless

gas gas gas

 The forward reaction is exothermic.

 A gas syringe containing an equilibrium mixture of hydrogen, iodine and hydrogen iodide gases 
was sealed and heated to 250 °C. The equilibrium mixture was a pale purple colour.

end blocked

equilibrium mixture of hydrogen,

iodine and hydrogen iodide

(a)  What is meant by the term equilibrium?

 [2]

(b)  The plunger of the gas syringe was pressed in while the end of the gas syringe was blocked. 
This increased the pressure. The position of the equilibrium did not change. The colour of the 
gaseous mixture turned darker purple.

(i)  Give a reason why the position of the equilibrium did not change.

 .......................................................................................................................................  [1]

(ii)  Suggest why the gaseous mixture turned darker purple, even though the position of the 
equilibrium did not change.

 .......................................................................................................................................  [1]

(c)  The temperature of the gas syringe was increased to 300 °C.

(i)  What happened to the position of the equilibrium when the temperature of the gas syringe 
was increased from 250 °C to 300 °C?

 .......................................................................................................................................  [1]

(ii)  What happened to the rate of the forward reaction and the rate of the backward reaction 
when the temperature of the gas syringe was increased from 250 °C to 300 °C?

rate of the forward reaction  .................................................................................................

rate of the backward reaction  .............................................................................................
[2]

[Total: 7]

The  rate of forward reaction equals the rate of the  reverse reaction  and 
the concentrations of reactants and products are constant

Same number of gas moles  are present on both sides of the equilibrium 

Increased pressure  forces  the particles or  molecules closer 
together[or] same number of particles or molecules in a smaller
volume 

The equilibrium shifts  towards  the reactants 

increase  [or] faster 

increase  [or] faster 
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6 (a)  All sodium salts are soluble in water. All nitrates are soluble in water. Barium carbonate is 

insoluble in water.

 Describe how you would make a pure, dry sample of barium carbonate by precipitation.

 Include:

●  the names of the starting materials

●  full practical details

●  a chemical equation.

   [5]

(b)  Nitrates decompose when heated.

(i)  Write a chemical equation for the decomposition of sodium nitrate when it is heated.

 .......................................................................................................................................  [2]

(ii)  The unbalanced chemical equation for the decomposition of hydrated copper(II) nitrate 

crystals is shown.

 Balance the chemical equation for this reaction.

2Cu(NO3)2.3H2O(s)    .....CuO(s)  +  ......NO2(g)  +  O2(g)  +  ......H2O(g)

[2]

(iii)  When the hydrated copper(II) nitrate crystals are heated, steam is produced. When the 

steam condenses on a cool surface, it turns into a colourless liquid.

 Anhydrous cobalt(II) chloride is used to show that the colourless liquid contains water.

 How does the colour of the anhydrous cobalt(II) chloride change?

from ...............................................................  to  ...............................................................

[2]

(iv)  How would the student test to determine if the water produced in (b)(iii) is pure?

 .......................................................................................................................................  [1]

[Total: 12]

Step:1-Mix sodium carbonate AND barium nitrate [or]  barium chloride in solution 
Step:2-Filter  [or]  centrifuge the barium carbonate 
Step:3-Wash the residue AND dry 

Ba(NO3)2 + Na2CO3 → BaCO3 + 2NaNO3 / Ba2+ + CO32–→ BaCO3
OR
BaCl2 + Na2CO3 → BaCO3 + 2NaCl

2NaNO3 → 2NaNO2 + O2 

2 4 6

blue pink pink 

Boiling point sharp{or] melting point sharp [or] freezing point sharp[or  
boiling point 100 (°)C [or]freezing point or melting point 0°C 
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7  Many organic compounds, such as alcohols, carboxylic acids and esters, contain the elements  

carbon, hydrogen and oxygen only.

(a)  Compound R has the following composition by mass: C, 60.00%; H, 13.33%; O, 26.67%.

 Calculate the empirical formula of compound R.

empirical formula = ..............................  [2]

(b)  Compound S has the empirical formula C2H4O and a relative molecular mass of 88.

 Calculate the molecular formula of compound S.

molecular formula = ..............................  [2]

C3H8O

C4H5O2

Elements                              C                                     H                                O
Mass                                       60                                 13.33                        26.67
Mr                                            12                                   1                                16
Moles =Mass/Mr                    60/12=5                  13.33/1=13.33               26.67/16=1.67
Lowest mole ratio           5/1.67=2.99                7.98                                1.67/1.67
Whole number ratio              3                                 8                                      O

Hence empirical formula = C3H8O2

Empirical formula mass=3(12)+8(1)+2(16)=76
Hence: 88/76=1.16
Hence  We multiply the subscripts in  C2H4O by 1.16 to get C4H8O2

[Because: 1.16x 2=3.48=4
1.16 x 4=4.64=5
1.16x 1=1.16=2]
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(c)  Compounds T and V both have the molecular formula C3H6O2.

●  Compound T produces bubbles of carbon dioxide gas when it is added to aqueous

sodium carbonate.

●  Compound V is an ester.

(i)  What is the name given to compounds with the same molecular formula but different 

structures?

 .......................................................................................................................................  [1]

(ii)  Draw the structures of compounds T and V. Show all of the atoms and all of the bonds.

compound T

compound V

[2]

(iii)  All compounds with the molecular formula C3H6O2 can undergo complete combustion in 

an excess of oxygen.

 Complete the chemical equation for this reaction.

C3H6O2  +  ........................    ........................  +  ........................

[2]

(d)  Compound W has the molecular formula C2H6O. Compound W reacts when heated with 

ethanoic acid and a catalyst to produce a sweet‑smelling liquid.

(i)  Give the name of the homologous series to which compound W belongs.

 .......................................................................................................................................  [1]

(ii)  Draw the structure of compound W. Show all of the atoms and all of the bonds.

[1]

Structural isomers 

C3H6O2 + 3½ O2 → 3CO2 + 3H2O 

Alcohol
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(e)  Alkanes and alkenes are hydrocarbons.

(i)  What is meant by the term hydrocarbon?

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

 .......................................................................................................................................  [2]

(ii)  State the general formula of:

alkanes  ...............................................................................................................................

alkenes  ...............................................................................................................................

[2]

 (f)  Ethanol can be produced from long‑chain alkanes as shown.

step 1 step 2
long‑chain alkane    ethene    ethanol

 Describe the two‑stage manufacture of ethanol from the long‑chain alkane octane, C8H18.

 Include:

●  the names of the types of chemical reactions that occur

●  reaction equations

●  reaction conditions.

step 1  ........................................................................................................................................

step 2  ........................................................................................................................................

[Total: 20]

Hydrocarbons contain  carbon and hydrogen atoms only 

CnH2n+2

CnH2n

Cracking of octane 

Equation: . C8H18 → C2H4 + C6H14

Hydration  [or] Addition

Hydration:Conditions: Phosphoric acid / H3PO4 / 300°C / 60 atmospheres 

 ..............................................................................................................................................  [5]

Temperature: 450°C to 800°C
Catalyst: zeolites / aluminosilicates / silica / SiO2 / aluminium oxide / Al2O3 / 
alumina / china / broken pot / chromium oxide / Cr2O3

Pressure: up to 70 atmospheres 
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