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Exam-style questions p. 45 
1 a) The green colour will spread gradually up from the bottom of the beaker [1] 
until all the solution is green. [1] 
 b) Diffusion [1] 
 c) The colour will spread more rapidly/it will be quicker. [1]  
  Particles at a higher temperature move faster/diffuse quicker than particles at lower 
temperatures [1]. 
2 a) i) B [1] 
  ii) D [1] 
  iii) C [1] 
  iv) A [1] 
 b) (Particles should be the same size.) 
  Particles should be touching each other. [1] 
  Particles must be in a regular arrangement. [1] 
 c) As the solid is heated the particles vibrate more. [1] 
  When the solid starts to melt, the particles become free to move around past each 
other. [1] 
  In the solid the particles are arranged regularly/in a fixed pattern. [1] 
  When they are liquid there is no fixed pattern or arrangement/the arrangement of the 
particles is random. [1] 
3 a) Protons [1] 
 b) Neutrons [1] 
 c) Elements [1] 
 d) Compounds [1] 
 e) Electrons [1] 
 f) Carbon [1] 
4 a) Atoms of the same element with different masses [1] because they have different 
numbers of neutrons. [1] 
 b) i) 

Atomic number Mass number Number of 
protons 

Number of 
neutrons 

Percentage of 
each isotope in 

sample 
29 63 29 34 69 
29 65 29 36 31 

  [1 mark for each filled space in italics; 3 total] 
  ii) (69 ×63)+(31 ×65)

100
 [1] = 63.6 [1] 

 c) Carbon [1] 12 [1] 
 d) They have the same number of (outer) electrons. [1] 
5 a) 

 [1 mark for each filled space in italics; 4 total] 
 b) Silicon [1] 
 c) 7 [1] 
 d) i) The outer shells are both filled. [1] 
  ii) It makes it hard for the elements to lose or gain electrons so they are 
unreactive. [1] 
6 a) 100 [1] 
 b) 257 − 100 = 157 [1] 

Particle Relative mass Relative charge 
electron 0 or 1/1840 −1 
neutron 1 0 
proton 1 +1 
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7 a) i) To dissolve more salt/the salt quicker. [1] 
  ii) By filtering the salt solution. [1] 
 b) i) Evaporate the salt solution to one-third its original volume [1] allow to cool 
and filter to obtain salt crystals. [1] 
  ii) Dried them out/removed the water. [1] 
8 a) (Fractional) distillation [1] 
 b) Water [1] 
 c) i) Condenser [1] 
  ii) Steam turns back to water [1] 
 d) Salt [1] 
 e) The water boils and the vapour rises up the column [1] leaving the salt and other 
residues in the round-bottomed flask. [1] 
  The water vapour condenses back to liquid water in the condenser and collects in the 
conical flask. [1] 
9 a) A and D [1] 
 b) B [1] 
 c) Rf = 2.8

8
 [1] 

  = 0.35 [1] 
10 a) Atomic number or number of protons. [1] 
 b) i) Magnesium or calcium [1] 
  ii) Silicon, phosphorus, sulfur, chlorine or argon [1] 
 c) i) They all have seven outer electrons. [1] 
  ii) One has 18 neutrons [1], the other has 20 neutrons. [1] 
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Exam-style questions p. 104 
1 a) Mg [1] 
 b) C [1] 
 c) 0 [1] 
 d) 2 [1] 
 e) 7 [1] 
2 a) To make sure all the water of crystallisation had gone. [1] 
 b) i) Mass = 1.00 g [1] 
  ii) 6.3 − 5.79 = 0.51 g [1] 
  iii) 5.79 − 5.30 = 0.49 g [1] 
 c) i) 16 + 1+ 1 = 18 [1] 
  ii) 24 + 32 + 16 + 16 + 16 + 16 = 120 [1] 
 d) Moles of MgSO4 present in 0.49 g = 0.49

120
 = 4.08 × 10−3 [1] 

  Moles of water present in the hydrated salt = 0.51
18

 = 0.028 [1] 

  So for every mole of MgSO4 there will be 0.028
4.08 × 10−3

R moles of water [1] 
  = 6.94 or 7 molecules [1] 
3 a) i) Lithium = Li [1] 
   Fluorine = F2 [1] 
  ii) Li+ [1] 
   F− [1] 
 b) Student’s own diagram. [2] 
4 a) They are made from the same element, carbon. [1] 
 b) In diamond each carbon atom is joined to four other carbon atoms. [1] 
  This makes the diamond structure very hard. [1] 
  In graphite, each carbon atom is joined to three others in a layer. [1] 
  The layers are held together by weak intermolecular bonds making graphite softer 
than diamond. [1] 
 c) In diamond, all the outer electrons are held by covalent bonding. [1] 
  In graphite, there is a free electron for every atom and this can carry electrical charge 
[1] 
5 a) Each potassium ion is attracted to six other chloride ions. [1] 
  This makes the structure very hard to break apart or melt. [1] 
 b) The ions are free to move and carry electrical charge. [1] 
 c) i) Covalent [1] 
  ii) There is no bonding. [1] 
6 a) i) Magnesium: 2,8,2 [1] 
   Sulfur: 2,8,6 [1] 
  ii) Student’s own diagram. 
   [1 mark for each correct part of the figure] 
  iii) Each of the magnesium ions are equally attracted to a large number of sulfide 
ions, forming a lattice that is hard to break apart. [1] 
 b) Student’s own diagram. [2] 
7 a) Balance is shown in italics: 2Na(s) + Cl2(g) → 2NaCl(s) [1] 
 b) Student’s own diagrams [1 mark for each part, 4 marks in total] 
 c) i) A shared pair of electrons. [1] 
  ii) Student’s own diagram. [2] 
 d) i) By an electrostatic charge. [1] 
  ii) Student’s own diagram. [3] 
8 a) P [1] 
 b) i) Bubbles of gas forming and escaping. [1] 
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  ii) 4OH−(aq) → 2H2O(l) + O2(g) + 4e− [1] 
 c) i) Orange brown deposit coats the surface. [1] 
  ii) Cu2+(aq) + 2e− → Cu(s) [1] 
9 a) D 
 b) C 
 c) A 
 d) B 
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Exam-style questions p. 180 
1 a) i) They are in the wrong group according to their reactivity. [1] 
  ii) Reactivity is followed, not mass. [1] 
 b) i)  

Element Symbol Electron 
arrangement 

Formulae of chloride 

sodium Na 2,8,1 NaCl 
magnesium Mg 2,8,2  
aluminium Al 2,8,3 AlCl3 

silicon Si 2,8,4 SiCl4 
phosphorus P 2,8,5 PCl5 

   [3 marks for all four, 2 marks for three, 1 mark for 2] 
  ii) Elements in the same group have the same number of outer electrons. [1] 
 c) MgCl2 [1] 
 d) i) 2,8,8,1 [1] 
  ii) The outer electron is further away from the nucleus in potassium, [1] so the 
electron is not held as strongly to the atom, [1]so it is easier for potassium to lose the electron and 
react than it is for sodium. [1] 
2 a) High melting point [1]; forms coloured compounds [1]; forms compounds that are 
catalysts. [1] 
 b) Mass of oxygen = 80 − 48 = 32 g [1] 
  Titanium moles = 48

48
 = 1 mole [1] 

  Oxygen moles = 32
16

 = 2 moles [1] 
  Formula is TiO2 [1] 
3 a) i) The sodium floats. [1] 
   It turns into a ball. [1] 
   It moves around the surface of the water. [1] 
   Bubbles of gas form around the sodium. [1]  
   (any three, 1 mark each) 
  ii) 2Na(s) + 2H2O(l) → 2NaOH(aq) + H2 (g) [1 mark for correct formulae, 1 
mark for correct balancing] 
  iii) The reaction will be more vigorous, e.g. so the metal will move faster, more 
bubbles will be given off. [1] 
 b) i) Each sodium atom (2,8,1) will donate a single electron becoming a Na+ ion 
(2,8). [1] 
   Each oxygen atom (2,6) will accept two electrons becoming an oxide ion 
(2,8). [1] 
   Each oxide ion will attract two sodium ions. [1] 
  ii) Sodium oxide has a high melting point because the ionic bonds [1] 
throughout the lattice structure are strong [1] and a lot of energy is needed to break them. [1] 
  iii) In magnesium oxide, the ionic bonds are stronger than in sodium oxide [1] 
due to the higher charge on the ions [1], therefore magnesium oxide has a higher melting point. 
4 a) i) X is sodium oxide. [1] 
   Y is sodium hydroxide. [1] 
   Z is hydrogen. [1] 
  ii) 4Na + O2(g) → 2Na2O [1 mark for correct equation, 1 mark for correct state 
symbols] 
  iii) Y and Z sodium reacts with water to form an alkaline solution and colourless 
gas. [2] 
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 b) Each shell is further away from the nucleus as the mass increases, [1] so the outer 
electron is easier to lose as the mass increases, so the reactivity is greater. [1] 
5 a) Fluorine, F [1] 
 b) i) Solid [1] 
  ii) About 350°C, as gap from chlorine to bromine is +90°C, then 130°C so next 
gap is about 170°C [1] 
  iii) Grey–black [1] 
  iv) Sodium astatide [1], NaAt [1] 
6 a) Francium Fr [1] 
 b) NaF [1] 
 c) A solution of metal hydroxide is formed. [1] 
  Hydrogen is formed. [1] 
  The solution formed is alkaline. [1] 
 d) The reactivity of the noble gases increases down the group. [1] 
7 a) i) The greater the volume of air, the longer the candle burns for. [1] 
   It is directly proportional. [1] 
  ii) Having more air will provide more oxygen. [1] 
   So the candle will burn until all the oxygen is used up. [1] 
  iii) To prevent more air entering the beaker as the oxygen inside is used. [1] 
 b) Measure the volume of water needed to fill each beaker before using the beaker. [1] 
 c) 94 s [1] 
 d) i) 

          
   [1 mark for x-axis, 1 mark for y-axis, 1 mark for plots, 1 mark for best-fit line 
or curve.] 
  ii) Beaker C/volume 700 cm3[1] 
  iii) The gum seal was not effective [1]; more air was getting into the beaker. [1] 
  iv) Repeat the experiment using smaller beakers/smaller volumes of air. [1] 
 e) i) Air is one-fifth oxygen, so pure oxygen has five times the volume of oxygen, 
so the candle should burn five times longer. [1] 
  ii) Take reading off graph line at 600 cm3 of air, e.g. 41 s [1], then 41 s × 5 = 
205 s. [1] 
8 a) i) 21% [1] 
  ii) 2Cu(s) + O2(g) → 2CuO(s) [1 mark for correct formulae, 1 mark for correct 
balancing] 
 b) i), ii) Any two of the listed gases [1 mark for each gas, 1 mark for each correct 
percentage of that gas; 4 marks in total] 
Name of gas Percentage in dry air 
nitrogen 78% 
carbon dioxide 0.03−0.05% 
argon 1% 

9 a) D, C, A, B [3 marks all correct, 2 marks 3 correct, 1 mark 2 correct] 
 b) A is zinc. 
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  B is copper. 
  C is magnesium. 
  D is sodium. 
  [3 marks all correct, 2 marks 3 correct, 1 mark 2 correct] 
10 a) i) Halogens [1] 
  ii) Iodine [1] 
  iii) 
Name of substance Colour State symbol Effect of damp blue 

litmus paper 
chlorine pale green g bleaches the paper 
hydrogen chloride colourless g paper turns red 
hydrochloric acid colourless aq paper turns red 

   [6 marks for 6 completed boxes] 
 b) i) sodium bromide + chlorine → sodium chloride + bromine [1] 
  ii) Displacement or redox [1] 
 c) Bromine is less reactive than chlorine. [1] 
11 a) i) An element cannot be broken down into simpler substances by chemical 
reaction. [1] 
  ii) Malleable means easy to bend and shape. [1] 
 b) i) Aluminium is higher in the reactivity series than iron. [1] 
  ii) Liquid [1] 
  iii) The molten iron welds the two pieces of track together. [1] 
12 a) Zinc is less reactive than magnesium. [1] 
 b) i) Fe(s) + CuSO4(aq) → FeSO4(aq) + Cu(s) [1 mark for correct formulae, 1 
mark for correct balancing] 
  ii) Black [1] to orange red [1] 
   Blue [1] to colourless [1] 
 c) Hydrogen is more reactive than copper. [1] 
  Hydrogen is less reactive than iron. [1] 
13 a) Answers in italics: 2H+(aq) + CO3

2−(aq) → H2O(l) + CO2(g) [1] 
 b) Any named acid [1] 
 c) i) Carbonate ion [1] 
  ii)  Carbon dioxide [1] 
 d) i) Calcium hydroxide [1] 
  ii) Limewater [1] 
  iii) A white precipitate being made in the solution. [1] 
  iv) Ca(OH)2 + CO2 → CaCO3 + H2O [2] 
14 a) i) Ammonia gas [1] 
  ii) Chloride ion [1] 
  iii) Copper ion [1] 
  iv) Iron(II) ion [1] 
 b) i) Copper sulfate [1] 
  ii) Copper sulfate, green; or potassium nitrate, purple [2] 
 c) i) A yellow precipitate is made. [1] 
  ii) AgNO3(aq) + LiI(aq) → AgI(s) + LiNO3(aq) [1 mark for correct formulae, 1 
mark for correct balancing, 1 mark for correct state symbols] 
15 a) i) Oxygen is removed from the iron(III) oxide [1] 
  ii) Iron is lower in the reactivity series than carbon/ iron is less reactive than 
carbon [1] / so carbon can remove the oxygen from the iron oxide leaving iron. [1] 
 b) i) It is too reactive a metal. [1] 
  ii) Aircraft manufacture; [1] it is light. [1] 
16 a) To allow as much of the ore to be extracted as possible. [1] 
 b) 2CuS(s) + 3O2 (g) → 2CuO(s) + 2SO2(g) [1] 
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 c) It is less reactive than carbon/low in the reactivity series. [1] 
 d) Carbon dioxide [1]; bubble through limewater [1], a white precipitate will form. [1] 
 e) The hot copper metal reacted with oxygen/air to form copper oxide. [1] 
  Pouring into cold water would prevent oxygen being able to react with the hot 
copper metal. [1] 
17 a) i) Bubble the gas through limewater. [1] 
   The limewater will turn cloudy-white if it is carbon dioxide. [1] 
  ii) 2NaHCO3 + H2SO4 → Na2SO4 + 2CO2 + 2H2O [1 mark for product 
formulae and 1 mark for balancing] 
 b) i) H+ + OH− → H2O [1] 
  ii) the pH gets higher. [1] 
 c) Place 25 cm3 of ammonia solution in a conical flask. Add 5 cm3 of dilute sulfuric 
acid. On the end of a glass rod, remove one drop of the mixture and test the drop with universal 
indicator paper. If the drop is neutral, pour the solution into an evaporating basin and reduce the 
volume to one-third. Allow to cool and then filter to obtain the ammonium sulfate. If the solution 
was not neutral add another 5 cm3 of dilute sulfuric acid, then re-test for neutrality. Repeat adding 
sulfuric acid until the solution is neutral, then do the evaporation. 
[1 mark for correct reagents, 1 mark for checking the solution is neutral, 1 mark for describing how 
to achieve a neutral solution, 1 mark for allowing to evaporate] 
18 a) i) 1 + 80 = 81 [1] 
  ii) Moles = mass in grams

relative formula mass
 = 1.62

81
 [1] 

   = 0.02 moles [1] 
  iii) Molarity = moles in solution

number of dm3 =  0.02
0.25

 [1] 
   = 0.08 mol/dm3 [1] 
  iv) Mass dissolved = concentration × relative formula mass = 0.08 × 81 [1] 
   = 6.48 g/dm3 [1] 
 b) i) HBr(aq) + NaOH(aq) → NaBr(aq) + H2O(l) [1] 
  ii) A hydrogen ion and a hydroxide ion react together [1] to produce a water 
molecule. [1] 
  iii) Moles in solution = molarity × volume of solution (cm3)

1000
 = 0.200 × 20.0

1000
 [1] 

   = 0.004 moles [1] 
  iv) From the equation the reacting ratio is 1 : 1.  
   20.0 × 0.200 = x × 0.100 [1] 
   so x = 20 × 0.200

0.100
 = 40 cm3 [1] 

 v) Phenolphthalein [1] will change from colourless [1] to purple/lilac. [1] 
19 a) Add magnesium carbonate to 25 cm3 of dilute hydrochloric acid until there is no 
more gas produced, and there is some magnesium carbonate in the bottom of the beaker. Filter the 
solution, then evaporate the solution of magnesium chloride to one-third of its original volume 
(crystallisation point), then allow to cool down. When cold, filter to obtain crystals of magnesium 
chloride. Dry the damp crystals in a warm oven or at room temperature.  
[1 mark for adding magnesium carbonate until no more gas is produced and there is some left in the 
beaker, 1 mark for filter the solution, 1 mark for evaporate the solution, 1 mark for filtering to 
obtain crystals, 1 mark for drying in warm oven/on laboratory bench] 
 b) i) Change from colourless [1] to purple/lilac. [1] 
  ii) Moles of sodium hydroxide = molarity × volume of solution (cm3)

1000
 = 0.150 × 8.70

1000
 

   = 0.0013 moles [1] 
  iii) Reacting ratio from the equation is 2 moles of sodium hydroxide to 1 mole of 
sulfuric acid, so moles of sulfuric acid are 0.0013

2
 = 0.00065 moles [1] 

  iv) 0.00065
25

 × 1000 [1] 
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   = 0.026 mol/dm3 [1] 
20 a) Step 1: filter the mixture. [1] 
  Step 2: wash the contents of the filter paper with water. [1] 
  Step 3: dry the contents of the filter paper. [1] 
 b) i) Moles = mass used

𝑀r
 = 5.55

111
 [1] = 0.05 moles [1] 

  ii) Reacting ratio is 1 : 1, so 0.05 moles are needed. [1] 
  iii) 40 + 32 + 16 + 16 + 16 + 16 = 136 [1] 
  iv) Mass produced = moles × Mr = 0.05 × 136 [1] = 6.8 g [1] 
 c) i) volume of solution = moles used

molarity
 = 0.0400

0.5
 × 1000 [1] 

   = 80 cm3 
  ii) 0.0200 × 24 000 = 480 cm3 [1] 
21 a) Pipette [1] 
  Burette [1] 
 b) Using an indicator [1] that tells you when the neutral point has been reached. [1] 
 c) Mr of KOH = 39 + 16 + 1 = 56 [1] 
  Mr of KCl = 39 + 35.5 = 74.5 [1] 
  Moles of KOH = 16.8

56
 = 0.3 moles [1] 

  As the reacting ratio is 1:1, 0.3 moles of KCl is made and its mass is 0.3 × 74.5 = 
22.35 g. [1] 
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Exam-style questions p. 227 
1 a) Exothermic [1] 
 b) They have low boiling points [1], as they are made of simple molecules. [1] 
 c) (2 × H–H bonds) + (1 × O=O bond) − (4 × O–H bonds) [1] 
  = 872 + 498 − 1856 [1] 
  = −486 kJ/mol [1] 
 d)  

   
  [1 mark for showing reactant level lower than products, 1 mark for correct reactants 
and products, 1 mark for showing ΔH as difference between two levels and the value from part c)] 
 e) The H2O molecules will reduce their speed. [1] 
  The H2O molecules will get closer together. [1] 
2 a) CH3COOH(aq) + NaHCO3(s) → CH3COONa(aq) + CO2(g) + H2O(l) 
  [1 mark for correct products, 1 mark for correct balancing] 
 b) To prevent too much carbon dioxide being produced at the same time. [1] 
 c) Temperature change is 25°C − 17°C = 8°C [1] 
  Heat energy change = 50 g × 4.2 J/g/°C × 8 [1] 
  = 1680 J [1] 
 d) moles of ethanoic acid = molarity × volume of solution (cm3)

1000
 = 1 × 50

1000
 [1] 

  = 0.05 moles [1] 

 e) Molar enthalpy change = reaction energy change
moles used

 = 1680
0.05

 [1] 
  = 33 600 J/mol, ΔH = +33 600 J/mol [1] as the reaction is endothermic. 
3 a) It is a catalyst. [1] 
 b) i)  

    
   [1 mark for sketch A being to the left of the original plot line, 1 mark for the 
height being the same as the original plot line.] 
  ii) [1 mark for sketch B being to the right of the original plot line, 1 mark for the 
height being the same as the original plot line.] 
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 c) Put a glowing splint into the tube of gas, it should burst into flame. [1] 
4 a) i) Na2S2O3(aq) + 2HCl(aq) → 2NaCl(aq) + H2O(l) + SO2(g) + S(s) [1] 
  ii) The sulfur precipitate. [1] 
 b) i) Increasing temperature increases the rate. [1] 
   The higher the temperature, the less effect it has. [1] 
  ii) The particles move faster so they collide more frequently. [1] 
   The collisions are of greater force and more of them will be reacting 
collisions. [1] 
 c)   
   
 
 
 
 
 
 
 
 
 
 
[1 mark for diagram showing two reaction pathways, 1 mark for diagram showing lower activation 
energy for a catalyst than for non-catalysed reaction, 1 mark for explaining that the height of the 
peak from the reactants level is the activation energy and indicating this is reduced when a catalyst 
is used.]  
5 a) More than enough to allow the zinc to completely dissolve. [1] 
 b) Trial C [1] as it reached the level section quickest. [1] 
 c) 34 cm3 [1] 
 d) In all the trials there are only a set number of zinc atoms that can react with the 
hydrochloric acid to produce the gas. [1]  
 e) The concentration of the hydrochloric acid was least in trial A [1]. This means there 
are less hydrogen ions in the same volume of solution than in trial B [1], so less collisions occur 
every second. After 40 seconds, there will be less gas produced by trial A than trial B. [1] 
6 a) Reversible reaction or equilibrium. [1] 
 b) A reversible reaction where the rate of the forward reaction equals the backward 
reaction at equilibrium. [1] 
 c) i) Increasing the temperature in an equilibrium that is exothermic will lead to 
the backward reaction being favoured [1] so less sulfur trioxide will be in the mix. [1]  
  ii) Increasing the pressure favours the side of the equilibrium that has the least 
number of gas molecules [1] so more sulfur trioxide will be made. [1] 
 d) The catalyst does not alter the equilibrium point [1], it reduces the time taken to 
reach the equilibrium point. [1] 
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Exam-style questions p. 268 
1 a) i) Increasing the number of carbon atoms increases the boiling point. [1] 
  ii) As crude oil is heated, the molecules with the lowest boiling points vaporise 
first. [1] 
   These molecules have similar numbers of carbon atoms in them, and when 
they are cooled condense and form a fraction with very similar boiling points that is more useful. 
[1]  
 b) i) octadecane → octene + octane + ethene [1] 
  ii) There are very few uses for octadecane so it is hard to sell [1]. There are 
many more uses and high demand for octane as gasoline, and octene and ethene, because they have 
double bonds that can be used to produce polymers so the conversion allows the oil company to 
make more profit. [1] 
 c) i) Add a few drops of bromine water to test tubes containing each gas and 
shake [1]. 
   The propene will quickly decolourise the bromine water, whereas the tube 
with the propane in will be a lot slower. [1] 
  ii) Propene has a reactive double bond [1] that can be broken to allow it to join 
with other propene molecules to form a polymer. Propane does not have this double bond. [1] 
  iii)  

    
   [1 mark for each part of the figure correct] 
2 a) i) 3.5% [1] 
  ii) The exhaust gas contained too much carbon monoxide. [1] 
 b) Carbon monoxide is absorbed by haemoglobin in the blood. [1] 
  It is poisonous. [1] 
 c) Carbon dioxide [1] 
  It is a greenhouse gas, making the atmosphere trap more of the Sun’s energy [1], 
giving rise to extreme weather such as increased summer temperatures, droughts and excessive 
rainfall. [1] 
3 a) i) The chemical properties of a homologous series are similar. [1] 
   There are trends in the physical properties of the series. [1] 
  ii) Alkanes [1] 
  iii) CnH2n+2 [1] 
 b) i)  

    
   [1 mark for hydrogen correct and 1 mark for carbon correct] 
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  ii)  

    
   [1 mark for four hydrogen atoms to one carbon atom, 1 mark for showing 
each hydrogen atom bonded with a pair of electrons to the carbon atom] 
 c) i) Molecules that have the same molecular formulae [1], but different 
structures. [1] 
  ii)  

    
   [1 mark for each correct isomer] 
4 a) CnH2n [1] 
 b)  

   
  [1 mark for correct structure] 
 c) Bromine water is orange–brown. When bromine water reacts with an alkene the 
orange–brown colour is removed [1] and the aqueous layer becomes colourless. [1] 
5 a) i) Yeast [1] 
  ii) Distillation [1] 
 b) i) C2H4(g) + H2O(g) → C2H5OH(g) 
   [1 mark for correct formulae, 1 mark for correct balancing] 
  ii) The use of phosphoric acid as a catalyst [1], 300°C, and 60−70 atmospheres 
pressure. [1]  
 c) i) C2H5OH → C2H4 + H2O [1] 
  ii) Ethanol is 12 + 12 + 1 + 1+ 1 + 1 + 1 + 1 + 16 = 46 [1] 
   Moles of ethanol = 2.3

46
 = 0.05 moles [1] 

   Moles of ethanol = moles of ethene, so volume of ethene is 0.05 moles × 24 = 
1.2 dm3 [1] 
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6 a) i) Bitumen [1] 
  ii) Gasoline [1] 
  iii) Bitumen [1] 
 b) Cracking [1] 
  The long chain molecules are heated to 600−700°C [1] in the presence of a catalyst 
of silicon dioxide or aluminium oxide. [1] 
 c) i) CH4(g) + O2(g) → CO(g) + 2 H2O(l) 
   [1 mark for correct formulae, 1 mark for correct balancing] 
  ii) Carbon monoxide is toxic. [1] 
7 a) i) Fermentation [1] 
  ii) Addition polymerisation [1] 
 b) A temperature of about 30°C. [1] 
  No oxygen is present. [1] 
 c)  

   
  [1 mark for structure] 
 d)  

   
  [1 mark for six carbon atoms, all singly bonded together in a chain, 1 mark for 
twelve hydrogen atoms] 
 e) Condensation polymerisation [1]  
  Two different monomers are used [1] and on reaction they release a small molecule 
such as water/hydrogen chloride. [1] 
8 a) Crude oil was formed from the remains of dead animals living in the seas, millions 
of years ago. [1] 
  The remains were rapidly covered and did not decay. [1] 
  These remains were subjected to high temperature and pressures in the Earth’s crust 
to become crude oil. [1] 
 b) i)  

    
   [1 mark for structure] 
  ii) Propene is unsaturated [1] as it has a double bond that can be broken to allow 
for the addition of more atoms to the molecule. [1] 
 c) i) Polypropene [1] 
  ii) Joining together of many small (monomer) molecules to make a large 
molecule (polymer). [1] 
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9 a)  

   
  [1 mark for structure] 
 b) Sodium ethanoate [1] 
 c) Ethyl ethanoate [1] 
 

   
  [1 mark for structure] 
 d) Esters often have fruity aromas and taste.[1] This makes them useful as artificial 
flavours for the food industry. [1] 
10 a) A small molecule that can be used to make a polymer. [1] 
 b) Ethanediol [1] 
 c) When the two monomers join together they produce a molecule of water for each 
link they make. [1] 
  The water vapour made cools and condenses, so the polymerisation is known as 
condensation. [1] 
 d) Polyesters are resistant to bacterial attack and so do not decay easily. [1] 
  Biopolyesters are designed so that part of the polymer will easily be attacked by 
bacteria and so will rot more quickly. [1] 
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