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M1.(a)     because this lithium atom has 

3 protons 
1 

and 4 neutrons 
1 

mass number is total of neutrons and protons 

accept protons and neutrons have a mass of 1 

accept number of neutrons = 7 - 3(protons) 

ignore mass of electron is negligible 
1 

 
 
 

(b)     grams 

accept g 
1 

12C 

allow carbon-12 or C-12 

ignore hydrogen or H 
1 

 
 
 

(c)     any three from: 

max 2 if no numbers given 

numbers if given must be correct 

•        both have 8 protons 

accept same number of protons 
•        18O has 10 neutrons 
•        16O has 8 neutrons 

accept different number of neutrons or 18O has two more neutrons 
for 1 mark 

•        both have 8 electrons. 

accept same number of electrons 
3 

[8] 
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M2.(a)     (i)      lit splint or ignite the gas 
1 

 
 
 

(squeaky) pop / explosion 
1 

 
 
 

(ii)     because it provides energy (for the reaction) 
1 

 
 
 

to break bonds (in the reactants) or so the particles collide successfully 

ignore reference to frequency or rate of collisions 

because it provides the activation energy gains 2 marks 
1 

 
 
 

(b)     (i)      1.67(g) 

allow 1.66-1.68 

correct answer (to 3 significant figures) with or without working 
gains 3 marks 

if answer incorrect allow up to 2 marks for the following steps: 

24  →  40 

1.00  →  40 / 24 

or 

moles magnesium = 1 / 24 or 0.04(17) 

multiply by 40 

allow ecf from incorrect ratio or incorrect number of moles 
3 

 
 
 

(ii)     if correct answer from part (b)(i) used 

allow ecf from part (b)(i) 

89.8 or 90 

if 1.82 g used 

82.4 or 82 
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correct answer with or without working gains 2 marks 

if answer incorrect, allow the following for 1 mark: 

1.50 / 1.67 (or their answer from part (b)(i)) 

if 1.82 g used: 1.50 / 1.82 
2 

 
 
 

(iii)    any one from: 

ignore measurement errors 

•        not all the magnesium reacted 

allow the reaction may be reversible 
•        some of the magnesium oxide / product may have been left in the tube 

or may have been lost 

ignore magnesium lost 
•        different / unexpected reaction 
•        magnesium not pure 

1 

[10] 
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M3.          (a)     because they are gases 

ignore vapours / evaporate / (g) 

allow it is a gas 
1 

 
 
 

(b)     (i)      80 / 79.5 

correct answer with or without working = 2 marks 

ignore units 

if no answer or incorrect answer then evidence of 64 / 63.5 + 16 
gains 1 mark 

2 
 
 
 

(ii)     80 / 79.87 / 79.9 / 79.375 / 79.38 / 79.4 

correct answer with or without working = 2 marks 

if no answer or incorrect answer  

then 

evidence of  or  (x100) gains 1 mark 

accept (ecf) 

for 2 marks if correctly calculated  

if incorrectly calculated 

evidence of  

gains 1 mark 
2 

 
 
 

(iii)    3.2 

correct answer with or without working = 1 mark 

allow (ecf) 

4 x ((b)(ii)/100) for 1 mark if correctly calculated 
1 

 
 
 

(c)     (i)      3.3 
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accept 3.33…….. or  or 3.3 . or 3.3 r 
1 

 
 

(ii)     measure to more decimal places 
or use a more sensitive balance / apparatus 

allow use smaller scale (division) 

or use a smaller unit 

ignore accurate / repeat 
1 

 
 
 

(iii)    any two from:  

•        ignore systematic / human / apparatus / zero / measurement / random  / 
weighing / reading errors unless qualified 

•        different balances used or faulty balance 

ignore dirty apparatus 

•        reading / using the balance incorrectly or recording error 

accept incorrect weighing of copper / copper oxide 

•        spilling copper oxide / copper 

allow some copper left in tube 

•        copper oxide impure 

allow impure copper (produced) 

•        not all of the copper oxide was reduced / converted to copper 
or not enough / different amounts of methane used 

accept not all copper oxide (fully) reacted 

•        heated for different times 

•        heated at different temperatures 

accept Bunsen burner / flame at different temperatures 

•        some of the copper made is oxidised / forms copper oxide 

•        some of the copper oxide / copper blown out / escapes (from tube) 

ignore some copper oxide / copper lost 

•        some water still in the test tube 
2 

[10] 
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M4.         (a)      (i)     straight line through the ‘points’ and extended to C8H18 

do not accept multiple lines 
1 

 
 
 

(ii)     5500 

range 5400 to 5600 

accept ecf from their graph 
1 

 
 
 

(iii)    it is a straight line graph 

allow directly proportional 

accept constant difference between (energy) values 

accept C5H12 close to values on the graph 

or C5H12 comes in middle of the graph 

ignore ‘fits the pattern’ unqualified 

ignore ‘line of best fit’ 

ignore ‘positive correlation’ 
1 

 
 
 

(iv)     expected ranges for working are: 

accept correct numerical answer as evidence of working 

(5400 to 5600) – (2800 to 2900) = (2500 to 2800) 

or 

their value from (a)(ii) – a value from 2800 to 2900 

or 

(5400 to 5600) / their (a)(ii) divided by 2 

or 

a value from 2800 to 2900 - 2 
1 
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no / not quite / almost / yes 

this mark is only awarded on evidence from their correct working 
1 

 
 
 

(b)     (i)      incorrect / no or partially correct 

ignore references to hydrogen 
1 

 
 

bio-ethanol produces least energy 

mark independently 

or 

bio-ethanol produces 29 kJ 
1 

 

(ii)               ignore incorrect / correct 

any two from: 

•        hydrogen produces only H2O 

accept hydrogen does not produce harmful gases / CO2 / SO2 

•        coal produces SO2 

allow coal causes acid rain / respiratory problems 

•        coal produces smoke 

allow coal causes global dimming 

•        both renewable and non-renewable fuels produce CO2 

accept bio-ethanol and natural gas / coal produce CO2 / global 
warming 

•        (both) the non-renewable fuels produce CO2 

accept coal and natural gas produce CO2 / global warming 

•        (both) renewable fuels produce no smoke 

accept hydrogen and bio-ethanol do not produce smoke / global 
dimming 

•        (both) renewable fuels produce no SO2 

accept hydrogen and bio-ethanol 

do not produce SO2 / acid rain 
2 

[9] 
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Q1.This question is about atoms and isotopes. 

(a)     Atoms contain protons, neutrons and electrons. 

A lithium atom has the symbol  

Explain, in terms of sub-atomic particles, why the mass number of this lithium atom is 7. 

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

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

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

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

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

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

 
 
 

(b)     Amounts of substances can be described in different ways. 

Complete the sentences. 

One mole of a substance is the relative formula mass in 

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

The relative atomic mass of an element compares the mass of an atom of an element with 
the mass of an atom of 

........................................................................................................................ 
(2) 

 
 
 

(c)     Two isotopes of oxygen are  and  

Describe the similarities and differences between the isotopes  and  

You should refer to the numbers of sub-atomic particles in each isotope. 

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

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

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

PhysicsAndMathsTutor.com



 
  

Page 3 

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

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

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

(Total 8 marks) 
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Q2.Magnesium reacts with steam to produce hydrogen gas and magnesium oxide. 

A teacher demonstrated the reaction to a class. The figure below shows the apparatus the teacher 
used. 

 

(a)     (i)      The hydrogen produced was collected. 

Describe how to test the gas to show that it is hydrogen. 

Test ........................................................................................................ 

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

Result ................................................................................................... 

............................................................................................................... 
(2) 

 
 
 

(ii)     Explain why the magnesium has to be heated to start the reaction. 

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

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

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

............................................................................................................... 
(2) 

 
 
 

(b)     The equation for the reaction is: 

Mg(s) + H2O(g)  MgO(s) + H2(g) 

(i)      The teacher used 1.00 g of magnesium. 

Use the equation to calculate the maximum mass of magnesium oxide produced. 
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Give your answer to three significant figures. 

Relative atomic masses (A r): O = 16; Mg = 24 

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

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

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

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

Maximum mass = ........................................ g 
(3) 

 
 
 

(ii)     The teacher’s demonstration produced 1.50 g of magnesium oxide. 

Use your answer from part (b)(i) to calculate the percentage yield. 

If you could not answer part (b)(i), use 1.82 g as the maximum mass of magnesium 
oxide. This is not the answer to part (b)(i). 

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

Percentage yield = ........................................ % 
(2) 

 
 
 

(iii)    Give one reason why the percentage yield is less than 100%. 

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

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

............................................................................................................... 
(1) 

(Total 10 marks) 
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Q3.          An experiment was done on the reaction of copper oxide (CuO) with methane (CH4). 

 

(a)     The equation for this reaction is shown below. 
  

4CuO(s) + CH4(g) → 4Cu(s)  + 2H2O(g) + CO2(g) 

 

The water and carbon dioxide produced escapes from the test tube. 

Use information from the equation to explain why. 

........................................................................................................................ 
(1) 

 
 
 

(b)     (i)      Calculate the relative formula mass (Mr) of copper oxide (CuO). 

Relative atomic masses (Ar): O = 16; Cu = 64. 

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

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

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

                                 Relative formula mass (Mr) = .............................. 
(2) 

 
 
 

(ii)     Calculate the percentage of copper in copper oxide. 

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

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

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

                                  Percentage of copper = .................................. % 
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(2) 
 
 
 

(iii)    Calculate the mass of copper that could be made from 4.0 g of copper oxide. 

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

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

                                  Mass of copper = ............................................. g 
(1) 

 
 
 

(c)     The experiment was done three times. 
The mass of copper oxide used and the mass of copper made was measured each time. 
The results are shown in the table. 

  

  Experiment 

  1 2 3 

Mass of copper oxide used in g 4.0 4.0 4.0 

Mass of copper made in g 3.3 3.5 3.2 

 

(i)      Calculate the mean mass of copper made in these experiments. 

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

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

                               Mean mass of copper made = ........................... g 
(1) 

 
 
 

(ii)     Suggest how the results of these experiments could be made more precise. 

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

............................................................................................................... 
(1) 
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(iii)    The three experiments gave slightly different results for the mass of copper made. 
This was caused by experimental error. 

Suggest two causes of experimental error in these experiments. 

1 ............................................................................................................ 

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

2 ............................................................................................................ 

............................................................................................................... 
(2) 

(Total 10 marks) 
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Q4.          (a)     Alkanes are important hydrocarbon fuels. They have the general formula CnH2n+2 

The points on the graph show the amount of energy released when 1 mole of methane 
(CH4), ethane (C2H6), propane (C3H8) and butane (C4H10) are burned separately. 

 

(i)      Draw a line through the points and extend your line to the right-hand edge of the 
graph. 

(1) 
 
 
 

(ii)      Use the graph to estimate the amount of energy released when 1 mole of octane 
(C8H18) is burned. 

                                                      Energy released = ....................................... kJ 
(1) 

 
 
 

(iii)    Suggest why we can make a good estimate for the energy released by 1 mole of 
pentane (C5H12). 
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............................................................................................................... 

............................................................................................................... 
(1) 

 
 
 

(iv)     A student noticed that octane (C8H18) has twice as many carbon atoms as butane 
(C4H10), and made the following prediction: 

“When burned, 1 mole of octane releases twice as much energy as 1 mole of 
butane.” 

Use the graph to decide if the student’s prediction is correct. You must show your 
working to gain credit. 

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

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

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

............................................................................................................... 
(2) 

 
 
 

(b)     Some information about four fuels is given in the table. 

      Combustion products   

Fuel Type Heat released in kJ 
per g 

CO2 SO2 H2O Type of flame 

Bio-ethanol Renewable 29     Not smoky 

Coal Non-renewable 31    Smoky 

Hydrogen Renewable 142      Not smoky 

Natural gas Non-renewable 56     Not smoky 

 

From this information a student made two conclusions. 

For each conclusion, state if it is correct and explain your answer. 

(i)     “Renewable fuels release more heat per gram than non-renewable fuels.” 

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

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

............................................................................................................... 
(2) 

 
 
 

(ii)     “Non-renewable fuels are better for the environment than renewable fuels.” 

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

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

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

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

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

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

............................................................................................................... 
(2) 

(Total 9 marks) 
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M1.(a)     add excess copper carbonate (to dilute hydrochloric acid) 

accept alternatives to excess, such as ‘until no more reacts’ 
1 

 
 
 

filter (to remove excess copper carbonate) 

reject heat until dry 
1 

 
 
 

heat filtrate to evaporate some water or heat to point of crystallisation 

accept leave to evaporate or leave in evaporating basin 
1 

 
 
 

leave to cool (so crystals form) 

until crystals form 
1 

 
 
 

must be in correct order to gain 4 marks 

(b)     Mr CuCl2 = 134.5 

correct answer scores 4 marks 
1 

 
 
 

moles copper chloride = (mass / Mr = 11 / 134.5) = 0.0817843866 
1 

 
 
 

Mr CuCO3= 123.5 
1 

 
 
 

Mass CuCO3 (=moles × M2= 0.08178 × 123.5) = 10.1(00) 
1 
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accept 10.1 with no working shown for 4 marks 

(c)       

or 

11.0 × 0.791 
1 

 
 
 

8.70 (g) 
1 

 
 
 

accept 8.70(g) with no working shown for 2 marks 

(d)     Total mass of reactants = 152.5 
1 

 
 
 

134.5 

152.5 

allow ecf from step 1 
1 

 
 
 

88.20 (%) 
1 

 
 
 

allow 88.20 with no working shown for 3 marks 

(e)     atom economy using carbonate lower because an additional product is made or carbon 
dioxide is made as well 

allow ecf 
1 

[14] 
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M2.(a)     (delivery) tube sticks into the acid 
1 

 
 
 

the acid would go into the water or the acid would leave the flask or go up the delivery 
tube 

ignore no gas collected 
1 

 
 
 

(b)     any one from: 

•        bung not put in firmly / properly 
•        gas lost before bung put in 
•        leak from tube 

1 
 
 
 

(c)     all of the acid has reacted 
1 

 
 
 

(d)     take more readings in range 0.34 g to 0.54 g 
1 

 
 
 

take more readings is insufficient 

ignore repeat 

(e)        95 
24000 

1 
 
 
 

0.00396 

or 

3.96 × 10−3 

1 
 
 
 

accept 0.00396 or 3.96 × 10−3 with no working shown for 2 marks 
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(f)     use a pipette / burette to measure the acid 
1 

 
 
 

because it is more accurate volume than a measuring cylinder 
or 
greater precision than a measuring cylinder 
or 
use a gas syringe to collect the gas 

so it will not dissolve in water 

or 
use a flask with a divider 

accept description of tube suspended inside flask 

so no gas escapes when bung removed 
1 

 
 
 

(g)     they should be collected because carbon dioxide is left in flask at end 
1 

 
 
 

and it has the same volume as the air collected / displaced 
1 

[11] 
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M3.(a)     X: 
Fe2+ / iron(II), SO4

2- / sulfate 

allow iron(II) sulfate 
or FeSO4 

1 
 
 
 

Y: 
Na+ / sodium, I- / iodide 

allow sodium iodide 
or NaI 

1 
 
 
 

Z: 
Fe3+ / iron(III), Br- / bromide 

allow iron(III) bromide 
or FeBr3 

correct identification of any two ions = one mark 

correct identification of any four ions = two marks 
1 

 
 
 

(b)     any five from: 

allow converse arguments 

method 1 

•        weighing is accurate 
•        not all barium sulfate may be precipitated 
•        precipitate may be lost 
•        precipitate may not be dry 
•        takes longer 
•        requires energy 

allow not all the barium hydroxide has reacted 

method 2 
•        accurate 
•        works for low concentrations 

allow reliable / precise 
5 

[8] 
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M4.(a)    copper has delocalised electrons 

accept copper has free electronsignore sea of electrons or mobile 
electrons 

1 
 
 
 

(electrons) which can move  through the metal / structure 

allow (electrons) which can carry a charge through the metal / 
structure 

1 
 
 
 

(b)     (i)      (M r FeCl 3 =) 162.5  

correct answer with or without working gains 3 marks 

can be credited from correct substitution in step 2 
1 

 
 
 

or 

2 (moles of) FeCl 3  = 325 

or 

112 → 325 

  

allow ecf from step 1 

accept   
1 

 
 
 

= 32.5 

accept 32.48 
1 
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(ii)     74.8 

accept 74.77 - 75 

accept ecf from (b)(i) 

if there is no answer to part(i) 

or  

if candidate chooses not to use their answer then accept 86.79 - 87 
1 

[6] 
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Q1.A student investigated the reactions of copper carbonate and copper oxide with dilute hydrochloric acid. 

In both reactions one of the products is copper chloride. 

(a)     Describe how a sample of copper chloride crystals could be made from copper carbonate 
and dilute hydrochloric acid. 

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

 
 
 

(b)     A student wanted to make 11.0 g of copper chloride. 

The equation for the reaction is: 

                             CuCO3 + 2HCl  →  CuCl2 + H2O + CO2 

Relative atomic masses, Ar: H = 1; C = 12; O = 16; Cl = 35.5; Cu = 63.5 

Calculate the mass of copper carbonate the student should react with dilute hydrochloric 
acid to make 11.0 g of copper chloride. 

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

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

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

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

Mass of copper carbonate = ........................................... g 
(4) 

 
 
 

(c)     The percentage yield of copper chloride was 79.1 %. 
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Calculate the mass of copper chloride the student actually produced. 

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

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

Actual mass of copper chloride produced = .................... g 
(2) 

 
 
 

(d)     Look at the equations for the two reactions: 

   Reaction 1        CuCO3(s) + 2HCl(aq)  →  CuCl2(aq) + H2O(l) + CO2(g) 

   Reaction 2             CuO(s) + 2HCl(aq)  →  CuCl2(aq) + H2O(l) 

Reactive formula masses: CuO = 79.5; HCl = 36.5; CuCl2 = 134.5; H2O = 18 

The percentage atom economy for a reaction is calculated using: 

       

Calculate the percentage atom economy for Reaction 2. 

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

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

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

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

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

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

Percentage atom economy = ......................................... % 
(3) 
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(e)     The atom economy for Reaction 1 is 68.45 %. 
Compare the atom economies of the two reactions for making copper chloride. 

Give a reason for the difference. 

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

........................................................................................................................ 
(1) 

(Total 14 marks) 
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Q2.Sodium carbonate reacts with dilute hydrochloric acid: 

                   Na2CO3 + 2HCl  →  2NaCl + H2O + CO2 

A student investigated the volume of carbon dioxide produced when different masses of sodium 
carbonate were reacted with dilute hydrochloric acid. 

This is the method used. 

1.        Place a known mass of sodium carbonate in a conical flask. 
2.        Measure 10 cm3 of dilute hydrochloric acid using a measuring cylinder. 
3.        Pour the acid into the conical flask. 
4.        Place a bung in the flask and collect the gas until the reaction is complete. 

(a)     The student set up the apparatus as shown in the figure below. 

  

Identify the error in the way the student set up the apparatus. 

Describe what would happen if the student used the apparatus shown. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(b)     The student corrected the error. 

The student’s results are shown in the table below. 
  

  
Mass of sodium carbonate 

in g 
Volume of carbon dioxide gas  

in cm3 

  0.07 16.0 
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  0.12 27.5 

  0.23 52.0 

  0.29 12.5 

  0.34 77.0 

  0.54 95.0 

  0.59 95.0 

  0.65 95.0 

 

The result for 0.29 g of sodium carbonate is anomalous. 

Suggest what may have happened to cause this anomalous result. 

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

........................................................................................................................ 
(1) 

 
 
 

(c)     Why does the volume of carbon dioxide collected stop increasing at 95.0 cm3? 

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

........................................................................................................................ 
(1) 

 
 
 

(d)     What further work could the student do to be more certain about the minimum mass of 
sodium carbonate needed to produce 95.0 cm3 of carbon dioxide? 

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

........................................................................................................................ 
(1) 

 
 
 

(e)     The carbon dioxide was collected at room temperature and pressure. 
The volume of one mole of any gas at room temperature and pressure is 24.0 dm3. 

How many moles of carbon dioxide is 95.0 cm3? 
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Give your answer in three significant figures. 

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

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

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

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

                     ................................................................ mol 
(2) 

 
 
 

(f)     Suggest one improvement that could be made to the apparatus used that would give more 
accurate results. 

Give a reason for your answer. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(g)     One student said that the results of the experiment were wrong because the first few 
bubbles of gas collected were air. 

A second student said this would make no difference to the results. 

Explain why the second student was correct. 

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

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

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

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

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

........................................................................................................................ 
(2) 

(Total 11 marks) 
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Q3.This question is about chemical analysis. 

(a)     A student has solutions of three compounds, X, Y and Z. 

The student uses tests to identify the ions in the three compounds. 

The student records the results of the tests in the table. 
  

    Test 

  Compound Flame test 
Add sodium 
hydroxide 
solution 

Add hydrochloric 
acid and barium 
chloride solution 

Add nitric acid 
and silver nitrate 

solution 

  X no colour green precipitate white precipitate no reaction 

  Y 
yellow 
flame 

no reaction no reaction yellow precipitate 

  Z no colour brown precipitate no reaction cream precipitate 

  
 
 

Identify the two ions present in each compound, X, Y and Z. 

X ........................................................................................................................ 

Y ........................................................................................................................ 

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

 
 
 

(b)     A chemist needs to find the concentration of a solution of barium hydroxide. 
Barium hydroxide solution is an alkali. 

The chemist could find the concentration of the barium hydroxide solution using two 
different methods. 

Method 1 
•        An excess of sodium sulfate solution is added to 25 cm3 of the barium hydroxide 

solution. A precipitate of barium sulfate is formed. 

•        The precipitate of barium sulfate is filtered, dried and weighed. 

•        The concentration of the barium hydroxide solution is calculated from the mass of 
barium sulfate produced. 

PhysicsAndMathsTutor.com



 
  

Page 9 

Method 2 
•        25 cm3 of the barium hydroxide solution is titrated with hydrochloric acid of known 

concentration. 

•        The concentration of the barium hydroxide solution is calculated from the result of 
the titration. 

Compare the advantages and disadvantages of the two methods. 

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

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

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

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

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

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

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

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

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

........................................................................................................................ 
(5) 

(Total 8 marks) 
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Q4.Etching is a way of making printed circuit boards for computers. 

  

© Dario Lo Presti/Shutterstock 

Printed circuit boards are made when copper sheets are etched using iron(III) chloride solution. 
Where the copper has been etched, only plastic remains. 

(a)     Copper is a good conductor of electricity. 

Explain why. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(b)     Iron(III) chloride can be produced by the reaction shown in the equation: 

2 Fe + 3 Cl2 → 2 FeCl3 

(i)      Calculate the maximum mass of iron(III) chloride (FeCl3) that can be produced from 
11.20 g of iron. 

Relative atomic masses (Ar): Cl = 35.5; Fe = 56. 

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

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

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

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

Maximum mass of iron(III) chloride = .............................. g 
(3) 

 
 
 

(ii)     The actual mass of iron(III) chloride (FeCl3) produced was 24.3 g. 

Calculate the percentage yield. 

(If you did not answer part (b)(i) assume that the maximum theoretical mass of 
iron(III) chloride (FeCl3) is 28.0 g. This is not the correct answer to part (b)(i).) 

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

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

Percentage yield = ..............................% 
(1) 

(Total 6 marks) 
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M1.(a)     any one from: 

•        there was a flame 
•        energy was given out 
•        a new substance was formed 
•        the magnesium turned into a (white) powder 

answers must be from the figure 
1 

 
 
 

(b)     Magnesium oxide 
1 

 
 
 

(c)     The reaction has a high activation energy 
1 

 
 
 

(d)     9 
1 

 
 
 

(e)     They have a high surface area to volume ratio 
1 

 
 
 

(f)     any one from: 

•        Better coverage 
•        More protection from the Sun’s ultraviolet rays 

1 
 
 
 

(g)     any one from: 

•        Potential cell damage to the body 
•        Harmful effects on the environment 

1 
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(h)     indication of  = 0.625 
and 
use of indices 10−9 − 10−6 = 103 

Both steps must be seen to score first mark 
1 

 
 
 

0.625 × 1000 = 625 (times bigger) 
1 

[9] 
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M2.(a)     B 
1 

 
 
 

(b)     D 
1 

 
 
 

(c)     E 
1 

 
 
 

(d)     C 
1 

 
 
 

(e)     92.5 × 6 and 
7× 7.5 

1 
 
 
 

  
1 

 
 
 

6.075 
1 

 
 
 

6.08 
1 

 
 
 

allow 6.08 with no working shown for 4 marks 
[8] 
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M3.(a)     Air 
2 

 
 
 

Steel 
1 

 
 
 

(b)   

  

Allow 1 mark for the correct meanings linked to context but incorrect way around 
1 

 
 
 

1 
 
 
 

(c)     Damp litmus paper turns white 
1 

 
 
 

(d)     Iron(III) 
1 

[6] 
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M4.(a)     50 
1 

 
 
 

(b)     5% 
1 

 
 
 

(c)     any two from: 

•        cost (9 carat is cheaper) 
•        pure gold is soft 
         or 
         24 carat gold is soft 
         or 
         9 carat gold is harder 

allow 9 carat gold is stronger 

allow gold is an alloy in 9 carat gold 
•        can change the colour 

2 

[4] 
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M5.(a)     C5H12 

1 
 
 
 

(b)     Alkanes 
1 

 
 
 

(c)     (3) CO2 

1 
 
 
 

(4) H2O 
1 

 
 
 

allow for 1 mark 

4 CO2 + 3 H2O 

(d)     contains hydrogen and carbon 
1 

 
 
 

(hydrogen and carbon) only 
1 

 
 
 

(e)     (diesel) 
produces more oxides of nitrogen 

allow converse answers in terms of petrol 
1 

 
 
 

produces (more) particulate matter 
1 

 
 
 

produces less carbon dioxide 
1 
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(f)      

  
2 

[11] 
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M6.(a)     1 

must be in this order 
1 

very small 

accept negligible, 1 / 2000 

allow zero 
1 

(b)     The mass number 
1 

(c)     C 
1 

 
 
 

(d)     (i)      2 
1 

(ii)     3 
1 

(e)     (i)      28 
1 

(ii)     42.9 

accept ecf from (e)(i) 

accept 42 - 43 
1 

 
 
 

(f)    (i)      0.9 
1 

(ii)     any one from: 
•        accurate 
•        sensitive 
•        rapid 
•        small sample. 

1 

[10] 
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M7.(a)     (i)      Neutron (top label) 
1 

 
 
 

Electron (bottom label) 
1 

 
 
 

(ii)     13 
1 

 
 
 

(iii)    electrons 
1 

 
 
 

(b)     (i)      compound 
1 

 
 
 

hydrogen 
1 

 
 
 

bond 
1 

 
 
 

(ii)     C4H10 

1 

[8] 
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Q1.The figure below shows magnesium burning in air. 

  
© Charles D Winters/Science Photo Library 

(a)     Look at the figure above. 

How can you tell that a chemical reaction is taking place? 

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

............................................................................................................................. 
(1) 

 
 
 

(b)     Name the product from the reaction of magnesium in the figure. 

............................................................................................................................. 
(1) 

 
 
 

(c)     The magnesium needed heating before it would react. 

What conclusion can you draw from this? 
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  Tick one box.   

  The reaction is reversible 
  

  The reaction has a high activation energy 
  

  The reaction is exothermic 
  

  Magnesium has a high melting point 
  

 

(1) 
 
 
 

(d)     A sample of the product from the reaction in the figure above was added to water and 
shaken. 

Universal indicator was added. 

The universal indicator turned blue. 

What is the pH value of the solution? 
  

  Tick one box.   

  1 
  

  4 
  

  7 
  

  9 
  

 

(1) 
 
 
 

(e)     Why are nanoparticles effective in very small quantities? 
  

  Tick one box.   

  They are elements 
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  They are highly reactive 
  

  They have a low melting point 
  

  
They have a high surface area to volume 
ratio   

 

(1) 
 
 
 

(f)     Give one advantage of using nanoparticles in sun creams. 

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

............................................................................................................................. 
(1) 

 
 
 

(g)     Give one disadvantage of using nanoparticles in sun creams. 

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

............................................................................................................................. 
(1) 

 
 
 

(h)     A coarse particle has a diameter of 1 × 10−6 m. 
A nanoparticle has a diameter of 1.6 × 10−9 m. 

Calculate how many times bigger the diameter of the coarse particle is than the diameter of 
the nanoparticle. 

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

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

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

............................................................................................................................. 
(2) 

(Total 9 marks) 
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Q2.The electronic structure of the atoms of five elements are shown in the figure below. 

The letters are not the symbols of the elements. 

  

Choose the element to answer the question. Each element can be used once, more than once or 
not at all. 

Use the periodic table to help you. 

(a)     Which element is hydrogen? 

Tick one box. 
  

  A 
 

  B 
 

  C 
 

  D 
 

  E 
 

 

(1) 
 
 
 

(b)     Which element is a halogen? 

Tick one box. 
  

  A 
 

  B 
 

  C 
 

  D 
 

  E 
 

 

(1) 
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(c)     Which element is a metal in the same group of the periodic table as element A? 

Tick one box. 

  A 
 

  B 
 

  C 
 

  D 
 

  E 
 

 

(1) 
 
 
 

(d)     Which element exists as single atoms? 

Tick one box. 
  

  A 
 

  B 
 

  C 
 

  D 
 

  E 
 

 

(1) 
 
 
 

(e)     There are two isotopes of element A. Information about the two isotopes is shown in the 
table below. 

  

  Mass number of the isotope 6 7    

  Percentage abundance 92.5 7.5 

 

Use the information in the table above above to calculate the relative atomic mass of 
element A. 
Give your answer to 2 decimal places. 

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

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

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

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

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

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

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

              Relative atomic mass = ........................................... 
(4) 

(Total 8 marks) 
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Q3.This question is about mixtures and analysis. 

(a)     Which two substances are mixtures? 
  

  Tick two boxes.   

  Air 
  

  Carbon dioxide 
  

  Graphite 
  

  Sodium Chloride 
  

  Steel 
  

 

(2) 
 
 
 

(b)     Draw one line from each context to the correct meaning. 
  

  Context   Meaning 

      
A substance that has had nothing 
added to it 

        

  
Pure substance 
in chemistry 

  A single element or a single compound 

      
  

      
A substance containing only atoms 
which have different numbers of 
protons 
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Pure substance 
in everyday life 

  
A substance that can be separated by 
filtration 

    

      
  

      
A useful product made by mixing 
substances 

 

(2) 
 
 
 

(c)     What is the test for chlorine gas? 
  

  Tick one box.   

  A glowing splint relights 
  

  A lighted splint gives a pop 
  

  Damp litmus paper turns white 
  

  Limewater turns milky 
  

 

(1) 
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(d)     A student tested a metal chloride solution with sodium hydroxide solution. 

A brown precipitate formed. 

What was the metal ion in the metal chloride solution? 
  

  Tick one box.   

  Calcium 
  

  Copper(II) 
  

  Iron(II) 
  

  Iron(III) 
  

 

(1) 
(Total 6 marks) 
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Q4.Gold is mixed with other metals to make jewellery. 

The figure below shows the composition of different carat values of gold. 

  

(a)     What is the percentage of gold in 12 carat gold? 

Tick one box. 
  

  12 % 
 

  30 % 
 

  50 % 
 

  
 

 
 

 

(1) 
 
 
 

(b)     Give the percentage of silver in 18 carat gold. 

Use the figure above to answer this question. 

        Percentage = ......................................................... % 
(1) 
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(c)     Suggest two reasons why 9 carat gold is often used instead of pure gold to make jewellery. 

1 ..................................................................................................................... 

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

2 ..................................................................................................................... 

........................................................................................................................ 
(2) 

(Total 4 marks) 
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Q5.This question is about hydrocarbons. 

(a)     The names and formulae of three hydrocarbons in the same homologous series are: 

Ethane             C2H6 

Propane           C3H8 

Butane             C4H10 

The next member in the series is pentane. 

What is the formula of pentane? 

........................................................................................................................ 
(1) 

 
 
 

(b)     Which homologous series contains ethane, propane and butane? 
  

  Tick one box.   

  Alcohols 
  

  Alkanes 
  

  Alkenes 
  

  Carboxylic acids 
  

 

(1) 
 
 
 

(c)     Propane (C3H8) is used as a fuel. 

Complete the equation for the complete combustion of propane. 

C3H8     +     5O2      →   3    ..............................   + 4  ................................. 
(2) 
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(d)     Octane (C8H18) is a hydrocarbon found in petrol. 

Explain why octane is a hydrocarbon. 

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

........................................................................................................................ 
(2) 

 
 
 

(e)     The table below gives information about the pollutants produced by cars using diesel or 
petrol as a fuel. 

  

  Fuel Relative amounts of pollutants 

  
Oxides of 
Nitrogen 

Particulate 
matter 

Carbon dioxide 

  Diesel 31 100   85 

  Petrol 23     0 100 

 

Compare the pollutants from cars using diesel with those from cars using petrol. 

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

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

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

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

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

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

 
 
 

(f)     Pollutants cause environmental impacts. 

Draw one line from each pollutant to the environmental impact caused by the pollutant. 
  

  Pollutant   

Environmental 
impact caused 

by the pollutant 
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      Acid rain 

        

  Oxides of nitrogen   Flooding 

        

      Global dimming 

        

  Particulate matter   Global warming 

        

      Photosynthesis 

 

(2) 
(Total 11 marks) 
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Q6.This question is about carbon and gases in the air. 

(a)     Carbon atoms have protons, neutrons and electrons. 

Complete the table by writing the relative mass of a neutron and an electron. 
  

  Name of particle Relative mass 

  proton 1 

  neutron   

  electron   

 

(2) 
 
 
 

(b)     What is the total number of protons and neutrons in an atom called? 
  

  Tick ( ) one box. 

  The atomic number 

 

  The mass number 

 

  One mole of the atom 

 
 

(1) 
 
 
 

(c)     An atom of carbon has six electrons. 

Which structure, A, B or C, represents the electronic structure of the carbon atom? 
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  The carbon atom is structure 

 
 

(1) 
 
 
 

(d)     Carbon reacts with oxygen to produce carbon dioxide (CO2). 

(i)      How many different elements are in one molecule of carbon dioxide? 

............................................................ 
(1) 

(ii)     What is the total number of atoms in one molecule of carbon dioxide? 

............................................................ 
(1) 

 
 
 

(e)     Sometimes carbon reacts with oxygen to produce carbon monoxide (CO). 

(i)      Calculate the relative formula mass (Mr) of carbon monoxide. 

Relative atomic masses (Ar): C = 12; O = 16 

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

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

Mr of carbon monoxide = .............................. 
(1) 
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(ii)     Calculate the percentage by mass of carbon in carbon monoxide. 

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

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

Percentage by mass of carbon in carbon monoxide = ..........% 
(1) 

 
 
 

(f)     Carbon dioxide is one of the gases in the air. 

(i)      The graph shows the percentage of argon and the percentage of carbon dioxide in the 
air. 

 

What is the percentage of argon in the air? 

Percentage of argon = ........................................ % 
(1) 

(ii)     An instrumental method is used to measure the amount of carbon dioxide in 
the air. 

Give one reason for using an instrumental method. 

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

............................................................................................................... 
(1) 

(Total 10 marks) 
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Q7.The diagram shows a carbon atom. 

 

 
 
 

(a)     (i)       A proton is labelled. 

Use the correct answer from the box to label each of the other sub-atomic particles. 
  

  electron           ion           molecule           neutron 

 

(2) 
 
 
 

(ii)     The atom of carbon is represented as: 

 

What is the mass number of this carbon atom? 

Draw a ring around the correct answer. 

6           13           19 
(1) 
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(iii)    Complete the sentence. 

Atoms of carbon have no overall electrical charge because the number 

of protons is the same as the number of ............................................. . 
(1) 

 
 
 

(b)     Butane is represented as: 

 

 
 
 

(i)      Use the correct answer from the box to complete each sentence. 
  

  bond     compound      helium      hydrogen      mixture      oxygen 

 

Butane is a ...................................... . 

Butane contains atoms of carbon and ...................................... . 

Each line between the atoms in butane represents a chemical 
 
.................................. . 

(3) 
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(ii)     Which is the correct formula for butane? 

Tick (✔) one box. 

  C4H4 

 

  C4H8 

 

  C4H10 

 

 

(1) 
(Total 8 marks) 
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M1.(a)     13 (protons) 

The answers must be in the correct order. 

if no other marks awarded, award 1 mark if number of protons 
and electrons are equal 

1 
 
 
 

14 (neutrons) 
1 

 
 
 

13 (electrons) 
1 

 
 
 

(b)     has three electrons in outer energy level / shell 

allow electronic structure is 2.8.3 
1 

 
 
 

(c)     Level 3 (5–6 marks): 
A detailed and coherent comparison is given, which demonstrates a broad knowledge and 
understanding of the key scientific ideas. The response makes logical links between the 
points raised and uses sufficient examples to support these links. 

Level 2 (3–4 marks): 
A description is given which demonstrates a reasonable knowledge and understanding of 
the key scientific ideas. Comparisons are made but may not be fully articulated and / or 
precise. 

Level 1 (1–2 marks): 
Simple statements are made which demonstrate a basic knowledge of some of the relevant 
ideas. The response may fail to make comparisons between the points raised. 

0 marks: 
No relevant content. 

Indicative content 

Physical 
Transition elements 

•        high melting points 
•        high densities 
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•        strong 
•        hard 

Group 1 
•        low melting points 
•        low densities 
•        soft 

Chemical 
Transition elements 

•        low reactivity / react slowly (with water or oxygen) 
•        used as catalysts 
•        ions with different charges 
•        coloured compounds 

Group 1 
•        very reactive / react (quickly) with water / non-metals 
•        not used as catalysts 
•        white / colourless compounds 
•        only forms a +1 ion 

6 

[10] 
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M2.(a)     any one from: 

•        heat 
•        stir 

1 
 
 
 

(b)     filter 

accept use a centrifuge 

accept leave longer (to settle) 
1 

 
 
 

(c)     any one from: 

•        wear safety spectacles 
•        wear an apron 

1 
 
 
 

(d)     evaporation at A 
1 

 
 
 

condensation at B 
1 

 
 
 

(e)     100 
1 

[6] 
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M3.(a)     The forces between iodine molecules are stronger 
1 

 
 
 

(b)     anything in range +30 to +120 
1 

 
 
 

(c)     Brown 
1 

 
 
 

(d)     2 I−   +   Cl2   →   I2   +   2 Cl− 

1 
 
 
 

(e)     It contains ions which can move 
1 

 
 
 

(f)     hydrogen      iodine 
1 

[6] 
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M4.(a)     filtration 
or 
by passing through filter beds to remove solids 

1 
 
 
 

sterilisation to kill microbes 

allow chlorine / ozone allow ultraviolet light 
1 

 
 
 

(b)     water needs more / different processes 
1 

 
 
 

because it contains any two from: 
•        more organic matter 
•        more microbes 
•        toxic chemicals or detergents 

2 
 
 
 

(c)     (as part of glassware attached to bung) 
salt solution in (conical) flask 

allow suitable alternative equipment, eg boiling tube 
1 

 
 
 

(at end of delivery tube) 
pure water in test tube which must not be sealed 

allow suitable alternative equipment, eg, beaker, condenser 
1 

 
 
 

heat source (to heat container holding salt solution) 
1 

 
 
 

if no other mark obtained allow for 1 mark suitable equipment 
drawn as part of glassware attached to bung and at end of 
delivery tube 
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(d)     determine boiling point 
1 

 
 
 

should be at a fixed temperature 100°C 

allow should be 100°C 

allow if impure will boil at a temperature over 100°C 
1 

 
 
 

(e)     high energy requirement 
1 

[11] 
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M5.(a)     (i)      neutrons 

this order only 
1 

electrons 
1 

protons 
1 

(ii)     box on the left ticked 
1 

 
 
 

(b)     (i)      effervescence / bubbling / fizzing / bubbles of gas 

do not accept just gas alone 
1 

magnesium gets smaller / disappears 

allow magnesium dissolves 

allow gets hotter or steam produced 

ignore references to magnesium moving and floating / sinking and 
incorrectly named gases. 

1 
 
 
 

(ii)     Marks awarded for this answer will be determined by the Quality of 
Communication (QC) as well as the standard of the scientific response. 
Examiners should also refer to the information in the Marking Guidance and 
apply a ‘best–fit’ approach to the marking. 

0 marks 
No relevant content 

Level 1 (1−2 marks) 
There are simple statements of some of the steps in a procedure for obtaining 
magnesium chloride. 

Level 2 (3−4 marks) 
There is a description of a laboratory procedure for obtaining magnesium 
chloride from dilute hydrochloric acid and magnesium. 

The answer must include a way of ensuring the hydrochloric acid is fully 
reacted or a method of obtaining magnesium chloride crystals. 

Level 3 (5−6 marks) 
There is a well organised description of a laboratory procedure for obtaining 
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magnesium chloride that can be followed by another person. 

The answer must include a way of ensuring the hydrochloric acid is fully 
reacted and a method of obtaining magnesium chloride crystals. 

examples of the points made in the response: 
•        hydrochloric acid in beaker (or similar) 
•        add small pieces of magnesium ribbon 
•        until magnesium is in excess or until no more effervescence occurs * 
•        filter using filter paper and funnel 
•        filter excess magnesium 
•        pour solution into evaporating basin / dish 
•        heat using Bunsen burner 
•        leave to crystallise / leave for water to evaporate / boil off water 
•        decant solution 
•        pat dry (using filter paper). 

*Student may choose to use a named indicator until it turns a neutral colour, 
record the number of pieces of magnesium added then repeat without the 
indicator. 

6 

[12] 
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M6.(a)     (i)      protons 

allow “protons or electrons”, but do not allow “protons and 
electrons” 

1 

(ii)     protons plus / and neutrons 
1 

 
 
 

(b)     (because the relative electrical charges are) −(1) for an electron and +(1) for a proton 

allow electrons are negative and protons are positive 
1 

and the number of electrons is equal to the number of protons 

if no other mark awarded, allow 1 mark for the charges cancel out 
1 

 
 
 

(c)     (the electronic structure of) fluorine is 2,7 and chlorine is 2,8,7 

allow diagrams for the first marking point 
1 

(so fluorine and chlorine are in the same group) because they have the same number 
of or 7 electrons in their highest energy level or outer shell 

if no other mark awarded, allow 1 mark for have the same / 
similar properties 

1 
 
 
 

(d)     S 
1 

(e)     (i)      ions 
1 

(ii)     molecules 
1 

[9] 
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Q1.An atom of aluminium has the symbol    

(a)     Give the number of protons, neutrons and electrons in this atom of aluminium. 

Number of protons       .......................................... 

Number of neutrons     .......................................... 

Number of electrons    .......................................... 
(3) 

 
 
 

(b)     Why is aluminium positioned in Group 3 of the periodic table? 

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

............................................................................................................................. 
(1) 

 
 
 

(c)     In the periodic table, the transition elements and Group 1 elements are metals. 

Some of the properties of two transition elements and two Group 1 elements are shown in 
the table below. 

  

  
  

Transition elements Group 1 elements 

  Chromium Iron Sodium Caesium 

  
Melting point 
in °C 

1857 1535 98 29 

  
Formula of 
oxides 

CrO FeO Na2O Cs2O 

  Cr2O3 Fe2O3     

  CrO2 Fe3O4     

  CrO3       

 

Use your own knowledge and the data in the table above to compare the chemical and 
physical properties of transition elements and Group 1 elements. 

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

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

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

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

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

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

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

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

............................................................................................................................. 
(6) 

(Total 10 marks) 
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Q2.Rock salt is a mixture of sand and salt. 

Salt dissolves in water. Sand does not dissolve in water. 

Some students separated rock salt. 

This is the method used. 

1.      Place the rock salt in a beaker. 
2.      Add 100 cm3 of cold water. 
3.      Allow the sand to settle to the bottom of the beaker. 
4.      Carefully pour the salty water into an evaporating dish. 
5.      Heat the contents of the evaporating dish with a Bunsen burner until salt crystals start to 

form. 

(a)     Suggest one improvement to step 2 to make sure all the salt is dissolved in the water. 

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

............................................................................................................................. 
(1) 

 
 
 

(b)     The salty water in step 4 still contained very small grains of sand. 

Suggest one improvement to step 4 to remove all the sand. 

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

............................................................................................................................. 
(1) 

 
 
 

(c)     Suggest one safety precaution the students should take in step 5. 

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

............................................................................................................................. 
(1) 

 
 
 

(d)     Another student removed water from salty water using the apparatus in the figure below. 
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Describe how this technique works by referring to the processes at A and B. 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(e)     What is the reading on the thermometer during this process? 

                                                 ........................................... °C 
(1) 

(Total 6 marks) 
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Q3.This question is about halogens and their compounds. 

The table below shows the boiling points and properties of some of the elements in Group 7 of 
the periodic table. 

  

  Element Boiling 
point in °C 

Colour in aqueous 
solution 

  Fluorine −188 colourless 

  Chlorine  −35 pale green 

  Bromine    X orange 

  Iodine  184 brown 

 

(a)     Why does iodine have a higher boiling point than chlorine? 
  

  Tick one box.   

  Iodine is ionic and chlorine is covalent 
  

  Iodine is less reactive than chlorine 
  

  
The covalent bonds between iodine atoms 
are stronger   

  
The forces between iodine molecules are 
stronger   

 

(1) 
 
 
 

(b)     Predict the boiling point of bromine. 

........................................................................................................................ 
(1) 

 
 
 

(c)     A redox reaction takes place when aqueous chlorine is added to potassium iodide solution. 

The equation for this reaction is: 

                          Cl2(aq) + 2KI(aq)  →  I2 (aq) + 2KCl(aq) 
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Look at table above. 

What is the colour of the final solution in this reaction? 
  

  Tick one box.   

  Brown 
  

  Orange 
  

  Pale green 
  

  Colourless 
  

 

(1) 
 
 
 

(d)     What is the ionic equation for the reaction of chlorine with potassium iodide? 
  

  Tick one box.   

  Cl2 + 2K  →  2KCl 
  

  2I⁻ + Cl2  →  I2 + 2Cl⁻ 
  

  I⁻ + Cl  →  I + Cl⁻ 
  

  I⁻ + K+  →  KI 
  

 

(1) 
 
 
 

(e)     Why does potassium iodide solution conduct electricity? 
  

  Tick one box.   

  It contains a metal 
  

  It contains electrons which can move 
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  It contains ions which can move 
  

  It contains water 
  

 

(1) 
 
 
 

(f)     What are the products of electrolysing potassium iodide solution? 
  

  Tick one box.    

  Product at cathode Product at anode   

  hydrogen iodine 
       

  hydrogen oxygen 
       

  potassium iodine 
       

  potassium oxygen 
       

 

(1) 
(Total 6 marks) 
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Q4.Water from a lake in the UK is used to produce drinking water. 

(a)     What are the two main steps used to treat water from lakes? 

Give a reason for each step. 

Step 1   ................................................................................................................ 

Reason   ............................................................................................................. 

Step 2   ............................................................................................................... 

Reason   ............................................................................................................. 
(2) 

 
 
 

(b)     Explain why it is more difficult to produce drinking water from waste water than from water 
in lakes. 

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

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

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

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

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

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

 
 
 

(c)     Some countries make drinking water from sea water. 

Complete the figure below to show how you can distil salt solution to produce and collect 
pure water. 

Label the following: 
•        pure water 
•        salt solution 
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(3) 

 
 
 

(d)     How could the water be tested to show it is pure? 

Give the expected result of the test for pure water. 

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

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(e)     Why is producing drinking water from sea water expensive? 

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

............................................................................................................................. 
(1) 

(Total 11 marks) 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 11 

Q5.This question is about magnesium. 

(a)     (i)      The electronic structure of a magnesium atom is shown below. 

 

Use the correct answer from the box to complete each sentence. 
  

  electrons neutrons protons shells 

 

The nucleus contains protons and .................. 

The particles with the smallest relative mass that move around the nucleus are called 
.................. 

Atoms of magnesium are neutral because they contain the same number of electrons 
and .................. 

(3) 
 
 
 

(ii)     A magnesium atom reacts to produce a magnesium ion. 

Which diagram shows a magnesium ion? 

Tick ( ) one box. 

  
(1) 
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(b)     Magnesium and dilute hydrochloric acid react to produce magnesium chloride solution and 
hydrogen. 

        Mg(s) + 2 HCl(aq)  MgCl2(aq) + H2(g) 

(i)      State two observations that could be made during the reaction. 

1 ............................................................................................................ 

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

2 ............................................................................................................ 

............................................................................................................... 
(2) 

 
 

(ii)     In this question you will be assessed on using good English, organising information 
clearly and using specialist terms where appropriate. 

Describe a method for making pure crystals of magnesium chloride from magnesium 
and dilute hydrochloric acid. 

In your method you should name the apparatus you will use. 

You do not need to mention safety. 

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

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

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

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

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

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

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

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

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

............................................................................................................... 
(6) 

(Total 12 marks) 
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Q6.This question is about atomic structure and elements. 

(a)     Complete the sentences. 

(i)      The atomic number of an atom is the number of .................................. 
(1) 

(ii)     The mass number of an atom is the number of .................................... 

............................................................................................................... 
(1) 

 
 
 

(b)     Explain why an atom has no overall charge. 

Use the relative electrical charges of sub-atomic particles in your explanation. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(c)     Explain why fluorine and chlorine are in the same group of the periodic table. 

Give the electronic structures of fluorine and chlorine in your explanation. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(d)     The diagram shows the electronic structure of an atom of a non-metal. 
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What is the chemical symbol of this non-metal? 

Tick ( ) one box. 
  

  Ar 
 

  O 
 

  S 
 

  Si 
 

 

(1) 
 
 
 

(e)     When elements react, their atoms join with other atoms to form compounds. 

Complete the sentences. 

(i)      Compounds formed when non-metals react with metals consist of 

particles called .................................................. . 
(1) 

(ii)     Compounds formed from only non-metals consist of 

particles called ........................................ . 
(1) 

(Total 9 marks) 
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 M1.(a)     line goes up before it goes down 
1 

 
 
 

energy given out correctly labelled 
1 

 
 
 

activation energy labelled correctly 
1 

 
 
 

(b)     electrostatic force of attraction between shared pair of negatively charged electrons 
1 

 
 
 

and both positively charged nuclei 
1 

 
 
 

(c)     bonds formed = 348 +4(412) + 2(276) = 2548 kJ / mol 
1 

 
 
 

bonds broken − bonds formed = 612 + 4(412) + (Br-Br) − 2548 = 95 kJ / mol 
1 

 
 
 

Alternative approach without using C-H bonds 

For step 1 allow = 348 + 2(276) = 900 kJ / mol 

Then for step 2 allow 612 + (Br-Br) − 900 = 95 kJ / mol 

193 (kJ / mol) 
1 

 
 
 

accept (+)193 (kJ / mol) with no working shown for 3 marks 

−193(kJ / mol) scores 2 marks 

allow ecf from step 1 and step 2 
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(d)     Level 3 (5–6 marks): 
A detailed and coherent explanation is given, which demonstrates a broad understanding of 
the key scientific ideas. The response makes logical links between the points raised and 
uses sufficient examples to support these links. A conclusion is reached. 

Level 2 (3–4 marks): 
An explanation is given which demonstrates a reasonable understanding of the key 
scientific ideas. A conclusion may be reached but the logic used may not be clear or linked 
to bond energies. 

Level 1 (1–2 marks): 
Simple statements are made which demonstrate a basic understanding of some of the 
relevant ideas. The response may fail to make logical links between the points raised. 

0 marks: 
No relevant content. 

Indicative content 

Size and strength 
•        chlorine atoms have fewer electron energy levels / shells 
•        chlorine atoms form stronger bonds 
•        Cl–Cl bond stronger then Br–Br 
•        C–Cl bond stronger that C–Br 

Energies required 
•        more energy required to break bonds with chlorine 
•        more energy given out when making bonds with chlorine 
•        overall energy change depends on sizes of energy changes 

Conclusions 
•        if C–Cl bond changes more, then less exothermic 
•        if C–Cl bond changes more then more exothermic 
•        can’t tell how overall energy change will differ as do not know which changes 

more. 
6 

[14] 
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M2.(a)     CaCO3 + 2HCl   → CaCl2 + H2O + CO2 

2 
 
 
 

allow 1 mark for correct formulae 

(b)     sensible scales, using at least half the grid for the points 
1 

 
 
 

all points correct 

± ½ small square 

allow 1 mark if 8 or 9 of the points are correct 
2 

 
 
 

best fit line 
1 

 
 
 

(c)     steeper line to left of original 
1 

 
 
 

line finishes at same overall volume of gas collected 
1 

 
 
 

(d)     acid particles used up 

allow marble / reactant used up 
1 

 
 
 

so concentration decreases 

allow surface area of marble decreases 
1 

 
 
 

so less frequent collisions / fewer collisions per second 
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do not accept fewer collisions unqualified 
1 

 
 
 

so rate decreases / reaction slows down 
1 

 
 
 

(e)     mass lost of 2.2 (g) 
1 

 
 
 

time taken of 
270 s 

allow values in range 265 − 270 
1 

 
 
 

  

allow ecf for values given for mass and time 
1 

 
 
 

0.00815 (g / s) 

or 

8.15 × 10−3 

allow 1 mark for correct calculation of value to 3 sig figs 

accept 0.00815 or 8.15 × 10−3 with no working shown for 4 marks 
1 

(f)     correct tangent 
1 

 
 
 

eg 0.35 / 50 
1 
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0.007 

allow values in range of 0.0065 − 0.0075 
1 

 
 
 

7 × 10−3 

1 
 
 
 

accept 7 × 10−3 with no working shown for 4 marks 
[20] 
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M3.(a)     both water vapour and ethanol will condense 

allow steam for water vapour 

allow they both become liquids 

allow ethane condenses at a lower temperature 

allow some of the steam hasn’t reacted 

allow it is a reversible reaction / equilibrium 
1 

 
 
 

(b)     amount will decrease 
1 

 
 
 

because the equilibrium will move to the left 
1 

 
 
 

(c)     more ethanol will be produced 
1 

 
 
 

because system moves to least / fewer molecules 
1 

[5] 
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M4.(a)     (i)      any two from: 

ignore any conclusion drawn referring to data below 7.5 nm or 
above 20 nm 

•        100% of (type 1 and type 2) bacteria are killed with a particle size of 7.5 
to 8.5 nm 

accept nanoparticles in the range of 7.5 to 8.5 nm are most 
effective at killing (type 1 and type 2) bacteria 

•        as the size increases (beyond 8.5 nm), nanoparticles are less effective at 
killing (type 1 and type 2) bacteria 

•        type 1 shows a linear relationship or type 2 is non-linear 
•        type 1 bacteria more susceptible than type 2 (at all sizes of nanoparticles 

shown on the graph) 

allow type 2 bacteria are harder to kill 
2 

(ii)     (yes) because you could confirm the pattern that has been observed 

allow would reduce the effect of anomalous points / random 
errors 

allow would give better line of best fit 

ignore references to reliability / precision / accuracy / 
reproducibility / repeatability / validity 

or 

(no) because trend / conclusion is already clear 
1 

(b)     magnesium loses electron(s) 
1 

oxygen gains electron(s) 
1 

two electrons (per atom) 
1 

gives full outer shells (of electrons) or eight electrons in highest energy level 

reference to incorrect particles or incorrect bonding or incorrect 
structure = max 3 

1 

or 

(electrostatic) attraction between ions or forms ionic bonds 

accept noble gas structure 
[7] 
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M5.(a)     weaker bonds 

allow (other substances) react with the silicon dioxide 

or 

fewer bonds 

ignore weaker / fewer forces 

or 

disruption to lattice 

do not accept reference to intermolecular forces / bonds 
1 

(b)     (i)      Na2O 

do not accept brackets or charges in the formula 
1 

(ii)      

  

electrons can be shown as dots, crosses, e or any combination 

2 bonding pairs 

accept 4 electrons within the overlap 
1 

2 lone pairs on each oxygen 

accept 4 non-bonding electrons on each oxygen 
1 

(c)     lattice / regular pattern / layers / giant structure / close-packed arrangement 
1 

(of) positive ions or (of) atoms 
1 

(with) delocalised / free electrons 

reference to incorrect particles or incorrect bonding or incorrect 
structure = max 2 

1 

[7] 
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Q1.This question is about the reaction of ethene and bromine. 

The equation for the reaction is: 

                                                 C2H4 + Br2  →  C2H4Br2 

(a)     Complete the reaction profile in Figure 1. 

Draw labelled arrows to show: 

•        The energy given out (ΔH) 

•        The activation energy. 

Figure 1 

  
(3) 

 
 
 

(b)     When ethene reacts with bromine, energy is required to break covalent bonds in the 
molecules. 

Explain how a covalent bond holds two atoms together. 

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

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

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

........................................................................................................................ 
(2) 
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(c)     Figure 2 shows the displayed formulae for the reaction of ethene with bromine. 

Figure 2 

  

The bond enthalpies and the overall energy change are shown in the table below. 
  

    C=C C–H C–C C–Br Overall energy 
change 

  
Energy in 
kJ / mole 612 412 348 276 −95 

 

Use the information in the table above and Figure 2 to calculate the bond energy for the 
Br–Br bond. 

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

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

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

Bond energy ....................................................... kJ / mole 
(3) 

 
 
 

(d)     Figure 3 shows the reaction between ethene and chlorine and is similar to the reaction 
between ethene and bromine. 

Figure 3 

  

“The more energy levels (shells) of electrons an atom has, the weaker the covalent bonds 
that it forms.” 

Use the above statement to predict and explain how the overall energy change for the 
reaction of ethene with chlorine will differ from the overall energy change for the reaction 
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of ethene with bromine. 

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

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

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

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

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

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

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

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

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

........................................................................................................................ 
(6) 

(Total 14 marks) 
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Q2.Marble chips are mainly calcium carbonate (CaCO3). 

A student investigated the rate of reaction between marble chips and hydrochloric acid (HCl). 

Figure 1 shows the apparatus the student used. 

Figure 1 

  

(a)     Complete and balance the equation for the reaction between marble chips and hydrochloric 
acid. 

..................  +  ..................  →    CaCl2  +  ..................  +  .................. 
(2) 

 
 
 

(b)     The table below shows the student’s results. 
  

    
Time 
in s 

Volume of gas 
in dm3 

        0 0.000 

      30 0.030 

      60 0.046 

      90 0.052 

    120 0.065 

    150 0.070 

    180 0.076 

    210 0.079 

    240 0.080 
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    270 0.080 

 

On Figure 2: 

•        Plot these results on the grid. 

•        Draw a line of best fit. 

Figure 2 

  
(4) 

 
 
 

(c)     Sketch a line on the grid in Figure 2 to show the results you would expect if the experiment 
was repeated using 20 g of smaller marble chips. 

Label this line A. 
(2) 

 
 
 

(d)     Explain, in terms of particles, how and why the rate of reaction changes during the reaction 
of calcium carbonate with hydrochloric acid. 
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............................................................................................................................. 

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

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

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

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

............................................................................................................................. 
(4) 

 
 
 

(e)     Another student investigated the rate of reaction by measuring the change in mass. 

Figure 3 shows the graph plotted from this student’s results. 

Figure 3 

  

Use Figure 3 to calculate the mean rate of the reaction up to the time the reaction is 
complete. 

Give your answer to three significant figures. 
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............................................................................................................................. 

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

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

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

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

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

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

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

       Mean rate of reaction = ........................................... g / s 
(4) 

 
 
 

(f)     Use Figure 3 to determine the rate of reaction at 150 seconds. 

Show your working on Figure 3. 

Give your answer in standard form. 

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

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

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

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

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

  Rate of reaction at 150 s = ........................................... g / s 
(4) 

(Total 20 marks) 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 9 

Q3.In industry ethanol is produced by the reaction of ethene and steam at 300°C and 60 atmospheres 
pressure using a catalyst. 

The equation for the reaction is: 

    C2H4 (g) + H2O (g)         C2H5OH (g) 

The figure below shows a flow diagram of the process. 

  

(a)     Why does the mixture from the separator contain ethanol and water? 

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

............................................................................................................................. 
(1) 

 
 
 

(b)     The forward reaction is exothermic. 

Use Le Chatelier’s Principle to predict the effect of increasing temperature on the amount 
of ethanol produced at equilibrium. 

Give a reason for your prediction. 

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

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

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

............................................................................................................................. 
(2) 
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(c)     Explain how increasing the pressure of the reactants will affect the amount of ethanol 
produced at equilibrium. 

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

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

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

............................................................................................................................. 
(2) 

(Total 5 marks) 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 11 

Q4.Magnesium oxide nanoparticles can kill bacteria. 

The figure below shows the percentage of bacteria killed by different sized nanoparticles. 

 
Size of nanoparticles in nanometres 

(a)     (i)      Give two conclusions that can be made from the figure above. 

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

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

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

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

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

............................................................................................................... 
(2) 

 
 
 

(ii)     Points are plotted for only some sizes of nanoparticles. 

Would collecting and plotting data for more sizes of nanoparticles improve the 
conclusions? 

Give a reason for your answer. 

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

............................................................................................................... 
(1) 
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(b)     Magnesium oxide contains magnesium ions (Mg2+) and oxide ions (O2–). 

Describe, as fully as you can, what happens when magnesium atoms react with oxygen 
atoms to produce magnesium oxide. 

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

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

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

(Total 7 marks) 
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Q5.Glass is made from silicon dioxide. 

 
                                                  © Velirina/iStock/Thinkstock 

(a)     Silicon dioxide has a very high melting point. 

Other substances are added to silicon dioxide to make glass. Glass melts at a lower 
temperature than silicon dioxide. 

Suggest why. 

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

........................................................................................................................ 
(1) 

 
 
 

(b)     Sodium oxide is one of the substances added to silicon dioxide to make glass. 

(i)      Sodium oxide contains Na+ ions and O2– ions. 

Give the formula of sodium oxide. 

............................................................................................................... 
(1) 

 
 
 

(ii)     Sodium oxide is made by heating sodium metal in oxygen gas. 

Complete the diagram to show the outer electrons in an oxygen molecule (O2). 
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(2) 

 
 
 

(c)     Glass can be coloured using tiny particles of gold. Gold is a metal. 

Describe the structure of a metal. 

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

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

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

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

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

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

(Total 7 marks) 
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M1.(a)               Statement                                   Structure 

  

more than one line drawn from a variable negates the mark 
4 

 
 
 

(b)     Carbon 
1 

 
 
 

(c)     It has delocalised electrons 
1 

 
 
 

(d)     the atoms / particles / ions are different sizes 

do not accept molecules 
1 
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so there are no rows / layers to slide 

accept the layers are disrupted 
1 

 
 
 

(e)       
1 

 
 
 

7.4% 
1 

 
 
 

allow 7.4% with no working shown for 2 marks 

(f)     Mixture 
1 

[11] 
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M2.(a)     s 
1 

 
 
 

l 

Answers must be in the correct order. 
1 

 
 
 

(b)     A gas was lost from the flask 
1 

 
 
 

(c)     Level 3 (5–6 marks): 
A coherent method is described with relevant detail, and in correct sequence which 
demonstrates a broad understanding of the relevant scientific techniques and procedures. 
The steps in the method are logically ordered. The method would lead to the production of 
valid results. 

Level 2 (3–4 marks): 
The bulk of the method is described with mostly relevant detail, which demonstrates a 
reasonable understanding of the relevant scientific techniques and procedures. The 
method may not be in a completely logical sequence and may be missing some detail. 

Level 1 (1–2 marks): 
Simple statements are made which demonstrate some understanding of some of the 
relevant scientific techniques and procedures. The response may lack a logical structure 
and would not lead to the production of valid results. 

0 marks: 
No relevant content. 

Indicative content 
•        sulfuric acid in beaker (or similar) 
•        add copper carbonate one spatula at a time 
•        until copper carbonate is in excess or until no more effervescence occurs * 
•        filter using filter paper and funnel 
•        filter excess copper carbonate 
•        pour solution into evaporating basin / dish 
•        heat using Bunsen burner 
•        leave to crystallise / leave for water to evaporate / boil off water 
•        decant solution 
•        pat dry (using filter paper) 
•        wear safety spectacles / goggles 

*Students. may choose to use a named indicator until it turns a neutral colour, record the 
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number of spatulas of copper carbonate added then repeat without the indicator. 
6 

 
 
 

(d)     Total mass of reactants = 221.5 
1 

 
 
 

159.5 

221.5 

allow ecf from step 1 
1 

 
 
 

72.0 (%) 
1 

 
 
 

allow 72.0 with no working shown for 3 marks 

(e)     any one from: 

•        Important for sustainable development 
•        Economic reasons 
•        Waste products may be pollutants / greenhouse gases 

1 

[13] 
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M3.(a)     50 
1 

 
 
 

(b)     5% 
1 

 
 
 

(c)     any two from: 

•        cost (9 carat is cheaper) 
•        pure gold is soft 
         or 
         24 carat gold is soft 
         or 
         9 carat gold is harder 

allow 9 carat gold is stronger 

allow gold is an alloy in 9 carat gold 
•        can change the colour 

2 

[4] 
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M4.(a)     (i)      C 
1 

(ii)     B 
1 

(iii)    A 
1 

(iv)    D 
1 

 
 
 

(b)     (i)      SO2 

1 

(ii)     shared 
1 

(iii)    covalent 
1 

[7] 
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M5.(a)     sodium loses (electron) 

sharing / covalent / metallic = max 2 
1 

chlorine gains (electron) 
1 

1 or an (electron) 
1 

 
 
 

(b)     (i)      Have no overall electric charge 
1 

(ii)     Should iodine be added to salt? 
1 

 
 
 

reason 
any one from: 
•        cannot be done by experiment 

accept difficult to get / not enough evidence 
•        based on opinion / view 

allow must be done by survey 
•        ethical or economic issue. 

1 
 
 
 

(c)     (i)      nitric (acid) 
1 

(ii)     an alkali 
1 

(iii)    indicator 

accept any named acid base indicator 
1 

 
 
 

(d)     (i)      Crystallisation 
1 

(ii)     fertiliser 

allow to help crops grow 
1 
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(iii)    any one from: 
•        pressure 

allow concentration 
•        temperature 

ignore heat 
•        catalyst. 

1 

[12] 
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Q1.This question is about different substances and their structures. 

(a)     Draw one line from each statement to the diagram which shows the structure. 

           Statement                                                 Structure 

  
(4) 

 
 
 

(b)     Figure 1 shows the structure of an element. 

Figure 1 
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What is the name of this element? 
  

  Tick one box.   

  Carbon 
  

  Chloride 
  

  Nitrogen 
  

  Xenon 
  

 

(1) 
 
 
 

(c)     Why does this element conduct electricity? 
  

  Tick one box.   

  It has delocalised electrons 
  

  It contains hexagonal rings 
  

  It has weak forces between the layers 
  

  It has ionic bonds 
  

 

(1) 
 
 
 

(d)     Figure 2 shows the structure of an alloy. 

Figure 2 

  

Explain why this alloy is harder than the pure metal Y. 

PhysicsAndMathsTutor.com



 
  

Page 4 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(e)     What percentage of the atoms in the alloys are atoms of X? 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(f)     What type of substance is an alloy? 
  

  Tick one box.   

  Compound 
  

  Element 
  

  Mixture 
  

 

(1) 
(Total 11 marks) 
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Q2.A student investigated the reaction of copper carbonate with dilute sulfuric acid. 

The student used the apparatus shown in the figure below. 

  

(a)     Complete the state symbols in the equation. 

CuCO3 (.....) + H2SO4 (aq) → CuSO4 (aq) + H2O (.....) + CO2 (g) 
(2) 

 
 
 

(b)     Why did the balance reading decrease during the reaction? 
  

  Tick one box.   

  The copper carbonate broke down. 
  

  A salt was produced in the reaction. 
  

  A gas was lost from the flask. 
  

  Water was produced in the reaction. 
  

 

(1) 
 
 
 

(c)     Describe a safe method for making pure crystals of copper sulfate from copper carbonate 
and dilute sulfuric acid. Use the information in the figure above to help you. 

In your method you should name all of the apparatus you will use. 

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

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

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

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

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

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

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

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

............................................................................................................................. 
(6) 

 
 

(d)     The percentage atom economy for a reaction is calculated using: 

  

The equation for the reaction of copper carbonate and sulfuric acid is: 

CuCO3 + H2SO4 → CuSO4 + H2O + CO2 

Relative formula masses : CuCO3 = 123.5; H2SO4 = 98.0; CuSO4 = 159.5 

Calculate the percentage atom economy for making copper sulfate from copper carbonate. 

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

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

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

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

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

                      Atom economy = ........................................... % 
(3) 

 
 

(e)     Give one reason why is it important for the percentage atom economy of a reaction to be as 
high as possible. 

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

............................................................................................................................. 
(1) 

(Total 13 marks) 
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Q3.Gold is mixed with other metals to make jewellery. 

The figure below shows the composition of different carat values of gold. 

  

(a)     What is the percentage of gold in 12 carat gold? 

Tick one box. 
  

  12 % 
 

  30 % 
 

  50 % 
 

  
 

 
 

 

(1) 
 
 
 

(b)     Give the percentage of silver in 18 carat gold. 

Use the figure above to answer this question. 

        Percentage = ......................................................... % 
(1) 
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(c)     Suggest two reasons why 9 carat gold is often used instead of pure gold to make jewellery. 

1 ..................................................................................................................... 

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

2 ..................................................................................................................... 

........................................................................................................................ 
(2) 

(Total 4 marks) 
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Q4.The structures of four substances, A, B, C and D, are represented in Figure 1. 

 

(a)     Use the correct letter, A, B, C or D, to answer each question. 
  

  (i) Which substance is a gas? 

 
 

(1) 

  

  (ii) Which substance is a liquid? 

 
 

(1) 

  

  (iii) Which substance is an element? 

 
 

(1) 

  

  (iv) Which substance is made of ions? 

 
 

(1) 
 
 
 

(b)     Figure 2 shows the bonding in substance C. 
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(i)      What is the formula of substance C? 

Draw a ring around the correct answer. 
  

  SO2 SO2 S2O 

 

(1) 
 
 
 

(ii)     Use the correct answer from the box to complete the sentence. 
  

  delocalised shared transferred 

 

When a sulfur atom and an oxygen atom bond to produce substance C, 

electrons are ......................................................................................... 
(1) 

 
 
 

(iii)    What is the type of bonding in substance C? 

Draw a ring around the correct answer. 
  

  covalent ionic metallic 

 

(1) 
(Total 7 marks) 
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Q5.This question is about salts. 

(a)     Salt (sodium chloride) is added to many types of food. 

Sodium chloride is produced by reacting sodium with chlorine. 

                sodium   +   chlorine      sodium chloride 

The diagram shows what happens to atoms of sodium and chlorine in this reaction. 

The dots (•) and crosses (×) represent electrons. 

Only the outer electrons are shown. 

 

Describe, in terms of electrons, what happens when a sodium atom reacts with a chlorine 
atom to produce sodium chloride. 

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

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

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

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

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

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

 
 
 

(b)     Lack of iodine can affect the learning ability of children. 

One idea is that salt (sodium chloride) should have iodine added. 

(i)      Iodine consists of simple molecules. 

What is a property of substances that have simple molecules? 
  

  Tick ( ) one box. 

  Have no overall electric charge 
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  Have high boiling points 

 

  Have giant covalent structures 

 
 

(1) 
 
 
 

(ii)     Which one of the following questions cannot be answered by science alone? 
  

  Tick ( ) one box. 

  How much sodium chloride is in food? 

 

  What harm does a lack of iodine do? 

 

  Should iodine be added to salt in food? 

 
 

Give one reason why this question cannot be answered by science alone. 

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

............................................................................................................... 
(2) 

 
 
 

(c)     A student produced the salt ammonium nitrate by adding an acid to ammonia solution. 

(i)      Name the acid used. 

............................................................................................................... 
(1) 

(ii)     Use the correct answer from the box to complete the sentence. 
  

  an acid                     an alkali                     a salt 
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Ammonia solution (ammonium hydroxide) is ..................................... . 
(1) 

(iii)    The student added a few drops of a solution which changed colour when the reaction 
was complete. 

Complete the sentence. 

The solution added is an ............................................................. . 
(1) 

 
 
 

(d)     Farmers buy solid ammonium nitrate in poly(ethene) sacks. 

(i)      How is solid ammonium nitrate made from a solution of ammonium nitrate? 
  

  Tick ( ) one box. 

  Crystallisation 

 

  Decomposition 

 

  Electrolysis 

 
 

(1) 
 
 
 

(ii)     Why do farmers use ammonium nitrate on their fields? 

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

............................................................................................................... 
(1) 

(iii)    The properties of poly(ethene) depend on the reaction conditions when it is made. 

State one reaction condition that can be changed when making poly(ethene). 

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

............................................................................................................... 
(1) 

(Total 12 marks) 
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M1.(a)     electrons transferred from potassium to sulfur 
1 

 
 
 

two potassium atoms each lose one electron 
1 

 
 
 

forming K+ / 1+ ions 
1 

 
 
 

sulfur atoms gain 2 electrons 
1 

 
 
 

forming S2− / 2− ions 
1 

 
 
 

(b)     there are no gaps / sticks between the potassium ions and sulfide ions 
1 

 
 
 

(c)     (two) shared pairs between H and S 
1 

 
 
 

rest correct - no additional hydrogen electrons and two non-bonding pairs on sulfur 

second mark dependent on first 
1 

 
 
 

(d)     342 
2 

 
 
 

allow 1 mark for evidence of (2 × 27) + 3[32 + (16 × 4)] 

(e)               Property                                   Explanation of property 
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more than one line drawn from a variable negates the mark 
2 

 
 
 

(f)               Property                                   Explanation of property 

  

more than one line drawn from a variable negates the mark 
2 

[14] 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 4 

 

M2.(a)     The forces between iodine molecules are stronger 
1 

 
 
 

(b)     anything in range +30 to +120 
1 

 
 
 

(c)     Brown 
1 

 
 
 

(d)     2 I−   +   Cl2   →   I2   +   2 Cl− 

1 
 
 
 

(e)     It contains ions which can move 
1 

 
 
 

(f)     hydrogen      iodine 
1 

[6] 
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M3.(a)     giant structure / lattice / layers / close packed 

first 3 marks can be obtained from a suitably labelled diagram 

incorrect structure or bonding or particle = max 3 
1 

made up of atoms / positive ions 
1 

with delocalized / free electrons 
1 

so electrons can move / flow through the metal 

accept so electrons can carry charge through the metal 

accept so electrons can form a current 
1 

 
 
 

(b)     an alloy (is a metal which) has different types / sizes of atoms 

accept converse for pure metal throughout 

both marks can be obtained from suitable diagrams 

allow made of different metals 

allow mixture of metals / atoms / elements 

ignore particles 

ignore properties 

do not accept compound 
1 

alloy has distorted layers 

allow layers are unable to slide 
1 

 
 
 

(c)     (i)      can return to its original shape 

accept shape memory alloy 

accept smart alloy 

ignore other properties 
1 

(ii)     (pure copper is too) soft 

accept converse 

accept malleable or bends 

accept copper is running out 

ignore references to strength and weakness 
1 
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(iii)    aluminium oxide 

accept alumina 

accept Al2O3 

ignore bauxite / aluminium ore 
1 

(iv)    any one from: 
•        different conditions 
•        different catalyst 
•        different pressure 

allow different concentration 
•        different temperature. 

do not accept different monomers 
1 

 
 
 

(d)     any two from: 
•        accurate 
•        sensitive 
•        rapid 
•        small sample. 

both needed for 1 mark 
1 

[11] 
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M4.(a)              

  

more than one line from test negates the mark 
1 

 
 
 

(b)     (i)      place a lighted splint at the mouth of the tube 
1 

 
 
 

there is a squeaky pop 

dependent on correct test 
1 

 
 
 

(ii)     hydrogen is less reactive than magnesium 

accept converse 

accept magnesium is too reactive 
1 

 
 
 

(c)     (i)      any one from: 

•        to improve appearance or make it look nice 
•        to prevent corrosion 
•        to make it more durable 
•        cheaper than solid silver 

1 
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(ii)     solution must be silver nitrate or contain silver ions 
1 

 
 
 

otherwise copper will be deposited or silver will not be deposited 
1 

 
 
 

spoon must be the negative electrode / cathode 
1 

 
 
 

because silver ions have a positive charge or go to negative electrode or are 
discharged at the negative electrode. 

1 
 
 
 

(iii)    because (plastic is an) insulator or does not conduct electricity 

accept does not contain mobile electrons 
1 

[10] 
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M5.(a)    (Chromium =) 20 

in correct order 
1 

 
 
 

(Nickel =) 8 

accept Chromium = 8 and Nickel = 20 for 1 mark 
1 

 
 
 

(b)     (i)      (because iron is made up of only) one type of  atom  
1 

 
 
 

(ii)     not strong 

allow too soft or too flexible 

accept it rusts / corrodes or that it could wear away 

accept could change shape / bend 

accept layers / atoms could slide (over each other) 
1 

 
 
 

(iii)    structure is different / distorted / disrupted 

accept not in layers or not regular 
1 

 
 
 

so it is difficult for layers / atoms / particles to slip / slide (over each other) 

accept layers cannot slip / slide 
1 

[6] 
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M6.       (a)       (i)    covalent 

two different answers indicated gains 0 marks 
1 

 
 
 

(ii)     carbon 

two different answers indicated gains 0 marks 
1 

 
 
 

(iii)     3 

two different answers indicated gains 0 marks 
1 

 
 
 

(b)     layers can slide / slip 
1 

 
 
 

because there are no bonds between layers 

accept because weak forces / bonds between layers 

or so (pieces of) graphite rubs / breaks off 

or graphite left on the paper 
1 

[5] 
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M7.          (a)     •        made of layers / rows (atoms / ions / particles) 

ignore free / delocalised electrons 
1 

 
 
 

•        which can slide / slip (over each other) 

reference to incorrect particles / covalency / intermolecular forces 
= max 1 

or 

particles / ions / atoms can slide over each other  

ignore malleable / ductile / weak bonds 
1 

 
 
 

(b)     (i)      sulfuric 

accept sulphuric 

ignore formula 

ignore hydrogen sulfate 
1 

 
 
 

(ii)     any two from: 

list principle applies for incorrect observations 

•        (hydrogen) gas produced (or any indication of a gas such as 
bubbles etc.) 

ignore just hydrogen produced 

ignore cloudiness / colour changes 

•        magnesium / solid disappears / goes into solution 

accept magnesium / magnesium sulfate / solid / it dissolves 

accept forms a liquid / solution 

•        gets hot 

allow exothermic 

ignore floats 
2 
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(iii)    crystallisation 

accept detailed answers such as: evaporate to half volume and 
then allow the solution to crystallise. 

or 

evaporation / heating / boiling / cooling 

ignore any references to filter 
1 

[6] 
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Q1.Figure 1 shows the outer electrons in an atom of the Group 1 element potassium and in an atom of the 
Group 6 element sulfur. 

Figure 1 

  

(a)     Potassium forms an ionic compound with sulfur. 

Describe what happens when two atoms of potassium react with one atom of sulfur. 

Give your answer in terms of electron transfer. 

Give the formulae of the ions formed. 

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

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

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

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

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

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

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

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

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

............................................................................................................................. 
(5) 

 
 
 

(b)     The structure of potassium sulfide can be represented using the ball and stick model in 
Figure 2. 

Figure 2 
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The ball and stick model is not a true representation of the structure of potassium sulfide. 

Give one reason why. 

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

............................................................................................................................. 
(1) 

 
 
 

(c)     Sulfur can also form covalent bonds. 

Complete the dot and cross diagram to show the covalent bonding in a molecule of 
hydrogen sulfide. 

Show the outer shell electrons only. 

  
(2) 

 
 
 

(d)     Calculate the relative formula mass (Mr) of aluminium sulfate Al2(SO4)3 

Relative atomic masses (Ar): oxygen = 16; aluminium = 27; sulfur = 32 
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............................................................................................................................. 

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

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

             Relative formula mass = ........................................... 
(2) 

 

(e)     Covalent compounds such as hydrogen sulfide have low melting points and do not conduct 
electricity when molten. 

Draw one line from each property to the explanation of the property. 
  

  Property   
Explanation 
of property 

      
Electrons are free 

to move 

      
  

      
There are no charged 
particles free to move 

  Low melting point     

      
Ions are free 

to move 

      
  

      
Weak intermolecular 
forces of attraction 

  
Does not conduct 
electricity when 

molten 
    

      Bonds are weak 

      
  

      Bonds are strong 

 

(2) 
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(f)     Ionic compounds such as potassium sulfide have high boiling points and conduct electricity 
when dissolved in water. 

Draw one line from each property to the explanation of the property. 
  

  Property   
Explanation 
of property 

      
Electrons are free 

to move 

      
  

      
There are no charged 
particles free to move 

  High boiling point     

      
Ions are free 

to move 

      
  

      
Weak intermolecular 
forces of attraction 

  
Conduct electricity 

when molten 
    

      Bonds are weak 

      
  

      Bonds are strong 

 

(2) 
(Total 14 marks) 
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Q2.This question is about halogens and their compounds. 

The table below shows the boiling points and properties of some of the elements in Group 7 of 
the periodic table. 

  

  Element Boiling 
point in °C 

Colour in aqueous 
solution 

  Fluorine −188 colourless 

  Chlorine  −35 pale green 

  Bromine    X orange 

  Iodine  184 brown 

 

(a)     Why does iodine have a higher boiling point than chlorine? 
  

  Tick one box.   

  Iodine is ionic and chlorine is covalent 
  

  Iodine is less reactive than chlorine 
  

  
The covalent bonds between iodine atoms 
are stronger   

  
The forces between iodine molecules are 
stronger   

 

(1) 
 
 
 

(b)     Predict the boiling point of bromine. 

........................................................................................................................ 
(1) 

 
 
 

(c)     A redox reaction takes place when aqueous chlorine is added to potassium iodide solution. 

The equation for this reaction is: 

                          Cl2(aq) + 2KI(aq)  →  I2 (aq) + 2KCl(aq) 
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Look at table above. 

What is the colour of the final solution in this reaction? 
  

  Tick one box.   

  Brown 
  

  Orange 
  

  Pale green 
  

  Colourless 
  

 

(1) 
 
 
 

(d)     What is the ionic equation for the reaction of chlorine with potassium iodide? 
  

  Tick one box.   

  Cl2 + 2K  →  2KCl 
  

  2I⁻ + Cl2  →  I2 + 2Cl⁻ 
  

  I⁻ + Cl  →  I + Cl⁻ 
  

  I⁻ + K+  →  KI 
  

 

(1) 
 
 
 

(e)     Why does potassium iodide solution conduct electricity? 
  

  Tick one box.   

  It contains a metal 
  

  It contains electrons which can move 
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  It contains ions which can move 
  

  It contains water 
  

 

(1) 
 
 
 

(f)     What are the products of electrolysing potassium iodide solution? 
  

  Tick one box.    

  Product at cathode Product at anode   

  hydrogen iodine 
       

  hydrogen oxygen 
       

  potassium iodine 
       

  potassium oxygen 
       

 

(1) 
(Total 6 marks) 
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Q3.This question is about metals and alloys. 

(a)     Explain how electricity is conducted in a metal. 

To gain full marks you must include a description of the structure and bonding of a metal. 

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

 
 
 

(b)     Describe how the structure of an alloy is different from the structure of a pure metal. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(c)     Alloys are used to make dental braces and coins. 

(i)      Nitinol is an alloy used in dental braces. 

Why is Nitinol used in dental braces? 

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

............................................................................................................... 
(1) 

(ii)     Suggest one reason why coins are not made of pure copper. 
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Do not give cost as a reason. 

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

............................................................................................................... 
(1) 

(iii)    Some coins are made from an alloy of aluminium. 

Complete the sentence. 

Aluminium is manufactured by the electrolysis of a molten mixture of cryolite and 

............................................................................................................... 
(1) 

(iv)    Banks keep coins in poly(ethene) bags. These bags are made from low density 
poly(ethene). 

High density poly(ethene) can also be made from the same monomer. 

How can the same reaction produce two different products? 

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

............................................................................................................... 
(1) 

 
 
 

(d)     Give two reasons why instrumental methods of analysis are used to detect impurities in 
metals. 

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

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

........................................................................................................................ 
(1) 

(Total 11 marks) 
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Q4.Diagram 1 shows the apparatus used to electrolyse magnesium sulfate solution. 

Diagram 1 

 

Gases were given off at both electrodes. 

 
 
 

(a)     The gas collected at the anode was oxygen. 

Draw one line from the test for oxygen to the correct result. 

  
(1) 

 
 
 

(b)     (i)      The gas collected at the cathode was hydrogen. 

Describe how to test the gas to show that it is hydrogen. 

Test ...................................................................................................... 

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

Result .................................................................................................... 
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............................................................................................................... 
(2) 

 
 
 

(ii)     Why is hydrogen, and not magnesium, produced at the cathode? 

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

............................................................................................................... 
(1) 

 
 
 

(c)     A student wanted to use electrolysis to silver plate a metal spoon. 

(i)      Give one reason why metal spoons are sometimes silver plated. 

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

............................................................................................................... 
(1) 

 
 
 

(ii)     Diagram 2 shows the apparatus the student used. The student did not set the 
apparatus up correctly. 

Diagram 2 

d.c. power 
supply 

        

The student found that the metal spoon eroded and a thin layer of copper formed on 
the pure silver electrode. 

Suggest two changes that the student must make to his apparatus to be able to silver 
plate the metal spoon. Give a reason for each change. 
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............................................................................................................... 

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

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

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

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

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

............................................................................................................... 
(4) 

 
 
 

(iii)    Why is it difficult to electroplate plastic spoons? 

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

............................................................................................................... 
(1) 

(Total 10 marks) 
 
 
 
 
 

Q5.The hip joint sometimes has to be replaced. 
Early replacement hip joints were made from stainless steel. 

  

Stainless steel is an alloy of iron, chromium and nickel. 
The diagram below represents the particles in stainless steel. 
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Paticle diagram of stainless steal 

(a)     Use the diagram to complete the percentages of metals in this stainless steel. 

The first one has been done for you. 
  

  Element Percentage (%) 

  Iron, Fe 72 

  Chromium, Cr   

  Nickel, Ni   

 

(2) 
 
 
 

(b)     Pure iron is a soft, metallic element. 

  

(i)      Why is iron described as an element? 

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

............................................................................................................... 
(1) 

 
 
 

(ii)     Pure iron would not be suitable for a replacement hip joint. 

Suggest why. 

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

............................................................................................................... 
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(1) 
 
 
 

(iii)    The three metals in stainless steel have different sized atoms. 
Stainless steel is harder than pure iron. 

Explain why. 

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

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

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

............................................................................................................... 
(2) 

(Total 6 marks) 
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Q6.         Read the information 
  

Graphene 

Scientists have made a new substance called graphene. 
The bonding and structure of graphene are similar to graphite. 

Graphene is made of a single layer of the same atoms as graphite. 

 

 

Graphene Graphite 

 

Use the information above and your knowledge of graphite to answer the questions. 

(a)     This part of the question is about graphene. 

Choose the correct answer to complete each sentence. 
  

(i) ionic              covalent              metallic 

 

The bonds between the atoms in graphene are ............................................. 
(1) 

 
 
 

  

(ii) chromium              carbon              chlorine 

 

Graphene is made of .................................................... atoms. 
(1) 

 
 
 

  

 (iii) 2              3              4 
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In graphene each atom bonds to ...................... other atoms. 
(1) 

 
 
 

(b)     This part of the question is about graphite. 

Graphite is used in pencils. 

Explain why. Use the diagrams to help you. 

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

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

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

........................................................................................................................ 
(2) 

(Total 5 marks) 
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Q7.          (a)     Magnesium metal is shaped to make magnesium ribbon. 

 

Explain why metals can be shaped. 

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

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(b)     Magnesium sulfate is a salt of magnesium. 

It can be prepared by the reaction of magnesium metal with an acid. The equation for the 
reaction of magnesium with this acid is: 

  

Mg(s) + H2SO4(aq) → MgSO4(aq) + H2(g) 

 

(i)      Name the acid used to make magnesium sulfate. 

                                 ...................................................................... acid 
(1) 
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(ii)     Use the equation to help you to describe what you would observe when magnesium 
reacts with the acid. 

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

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

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

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

............................................................................................................... 
(2) 

 
 
 

(iii)    The magnesium sulfate is in solution. 

How could you obtain solid magnesium sulfate from this solution? 

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

............................................................................................................... 
(1) 

(Total 6 marks) 
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M1.(a)     both water vapour and ethanol will condense 

allow steam for water vapour 

allow they both become liquids 

allow ethane condenses at a lower temperature 

allow some of the steam hasn’t reacted 

allow it is a reversible reaction / equilibrium 
1 

 
 
 

(b)     amount will decrease 
1 

 
 
 

because the equilibrium will move to the left 
1 

 
 
 

(c)     more ethanol will be produced 
1 

 
 
 

because system moves to least / fewer molecules 
1 

[5] 
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M2.(a)     because sulfur dioxide causes acid rain 
1 

which kills fish / aquatic life or dissolves / damages statues / stonework or kills / 
stunts growth of trees 

if no other mark awarded then award 1 mark for sulfur dioxide is 
toxic or causes breathing difficulties. 

1 
 
 
 

(b)     (i)      electrons are lost 
1 

(ii)     Cu2+ + 2e−→ Cu 

allow Cu2+→ Cu − 2e− 

ignore state symbols 
1 

(iii)    copper sulfate 

allow any ionic copper compound 
1 

 
 
 

(c)     (lattice of) positive ions 
1 

delocalised electrons 

accept sea of electrons 
1 

(electrostatic) attraction between the positive ions and the electrons 
1 

electrons can move through the metal / structure or can flow 

allow electrons can carry charge through the metal / structure 

if wrong bonding named or described or attraction between 
oppositely charged ions then do not award M1 or M3 − MAX 2 

1 
 
 
 

(d)     (copper compounds are absorbed / taken up by) plants 

allow crops 
1 

which are burned 
1 
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the ash contains the copper compounds 

do not award M3 if the ash contains copper (metal) 
1 

 
 
 

  

  (e) / Ar 55.6 / 63.5 16.4 / 56 28.0 / 32 

    moles 0.876 0.293 0.875 

    ratio 3 1 3 

    formula Cu3FeS3 

  
 
 

award 4 marks for Cu3FeS3 with some correct working 

award 3 marks for Cu3FeS3 with no working 

if the answer is not Cu3FeS3 award up to 3 marks for correct steps 
from the table apply ecf 

if the student has inverted the fractions award 3 marks for an 
answer of CuFe3S 

4 

[16] 
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M3.(a)     (i)      the products are at a lower energy level than the reactants 

accept products have less energy / less energy at the end than the 
beginning 

1 

(ii)     because a catalyst provides an alternative / different pathway / mechanism / 
reaction route 

accept adsorption or ‘increases concentration at the surface’ 

ignore absorption 
1 

(that has) lower activation energy 

allow weakens bonds 

allow idea of increased successful collisions. 

DO NOT ALLOW answers stating catalysts provide energy for M1 
and M2 

1 
 
 
 

(b)     one pair of electrons in each overlap (8 pairs in total) 

allow any combination of dots, crosses or other symbols 
1 

the rest of the diagram correct with four non-bonding electrons on the oxygen giving 
a total of eight electrons in oxygen outer energy level. 

 
gains 2 marks 

1 
 
 
 

(c)     (i)      ±3024 (J) 

correct answer with or without working gains 3 marks 

if the answer is incorrect, award up to 2 marks for the following 
steps: 

      •        ∆T = 14.4(°C) 

      •        50 x 4.2 x 14.4 

allow ecf for incorrect ∆T 
3 

(ii)     0.015(2173913) 
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correct answer with or without working gains 3 marks 

if answer is incorrect, allow 1 mark each for any of the following 
steps up to a max of 2. 

      •        0.70g 

      •        Mr of ethanol = 46 

      •        0.70 / 46 

allow ecf in final answer for arithmetical errors 
3 

(iii)    ±198 720(J / mole) 

c(i) ÷ c(ii) 

allow ecf from (c)(i) and (c)(ii) 

0.015 gives 201600 

0.0152 gives 198947 

0.01522 gives 198686 
1 

 
 
 

(d)     (as the molecules get bigger or the number of carbon atoms increases) the 
intermolecular forces 

allow intermolecular bonds 
1 

(intermolecular forces) increase 

allow more / stronger (intermolecular forces) 
1 

and therefore require more (heat) energy to overcome 

breaking covalent bonds or unspecified bonds max 1 mark (M3) 
1 

[15] 
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M4.(a)     (i)      silver nitrate 

allow AgNO3 

1 

(ii)     potassium carbonate or 

allow K2CO3 

sodium carbonate 

allow Na2CO3 

1 
 
 
 

(b)     base 

allow ionic 

ignore insoluble or soluble 

ignore alkali 
1 

 
 
 

(c)     (i)      evaporate 
or 
crystallise 

allow heat or boil or leave (to evaporate) 

allow cool 

ignore filtration unless given as an alternative 

do not accept freeze or solidify 
1 

(ii)     2 (HNO3) 

accept multiples 
1 

(iii)    9 

accept nine 
1 

 
 
 

(d)     6.21 / 207        0.72 / 16 

1 mark for dividing mass by Ar 

1 

= 0.03              = 0.045 

1 mark for correct proportions (allow multiples) 
1 
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2                      3 

1 mark for correct whole number ratio (allow multiples). Can be 
awarded from formula. 

1 

Pb2O3 

allow O3Pb2 

ecf allowed throughout if sensible attempt at step 1 

correct formula with no working gains 1 mark 
1 

[10] 
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M5.(a)     lattice / giant structure 

max 3 if incorrect structure or bonding or particles 
1 

ionic or (contains) ions 
1 

Na+ and Cl- 

accept in words or dot and cross diagram: must include type and 
magnitude of charge for each ion 

1 

electrostatic attraction 

allow attraction between opposite charges 
1 

 
 
 

(b)     hydrogen 

allow H2 

1 

sodium hydroxide 

allow NaOH 
1 

 
 
 

(c)     any one from, eg: 
•        people should have the right to choose 
•        insufficient evidence of effect on individuals 
•        individuals may need different amounts. 

allow too much could be harmful 

ignore religious reasons 

ignore cost 

ignore reference to allergies 
1 

 
 
 

(d)     (i)      one bonding pair of electrons 

accept dot, cross or e or − or any combination, eg 

 
1 
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6 unbonded electrons on each atom 
1 

(ii)     simple molecules 

max 2 if incorrect structure or bonding or particles 

accept small molecules 

accept simple / small molecular structure 
1 

with intermolecular forces 

accept forces between molecules 

must be no contradictory particles 
1 

which are weak or which require little energy to overcome − must be linked to 
second marking point 

reference to weak covalent bonds negates second and third 
marking points 

1 

(iii)    iodine has no delocalised / free / mobile electrons or ions 
1 

so cannot carry charge 

if no mark awarded iodine molecules have no charge gains 1 mark 
1 

[14] 
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Q1.In industry ethanol is produced by the reaction of ethene and steam at 300°C and 60 atmospheres pressure 
using a catalyst. 

The equation for the reaction is: 

    C2H4 (g) + H2O (g)         C2H5OH (g) 

The figure below shows a flow diagram of the process. 

  

(a)     Why does the mixture from the separator contain ethanol and water? 

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

............................................................................................................................. 
(1) 

 
 
 

(b)     The forward reaction is exothermic. 

Use Le Chatelier’s Principle to predict the effect of increasing temperature on the amount 
of ethanol produced at equilibrium. 

Give a reason for your prediction. 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(c)     Explain how increasing the pressure of the reactants will affect the amount of ethanol 
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produced at equilibrium. 

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

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

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

............................................................................................................................. 
(2) 

(Total 5 marks) 
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Q2.This question is about copper. 

(a)     Copper can be extracted by smelting copper-rich ores in a furnace. 

The equation for one of the reactions in the smelting process is: 

                 Cu2S(s) + O2(g)  2 Cu(s) + SO2(g) 

Explain why there would be an environmental problem if sulfur dioxide gas escaped into 
the atmosphere. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(b)     The impure copper produced by smelting is purified by electrolysis, as shown below. 

  

Copper atoms are oxidised at the positive electrode to Cu2+ ions, as shown in the half 
equation. 

                                    Cu(s)  Cu2+(aq) + 2e− 

(i)      How does the half equation show that copper atoms are oxidised? 

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

............................................................................................................... 
(1) 
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(ii)     The Cu2+ ions are attracted to the negative electrode, where they are reduced to 
produce copper atoms. 

Write a balanced half equation for the reaction at the negative electrode. 

............................................................................................................... 
(1) 

 
 
 

(iii)    Suggest a suitable electrolyte for the electrolysis. 

............................................................................................................... 
(1) 

 
 
 

(c)     Copper metal is used in electrical appliances. 

Describe the bonding in a metal, and explain why metals conduct electricity. 

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

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

 
 
 

(d)     Soil near copper mines is often contaminated with low percentages of copper compounds. 

Phytomining is a new way to extract copper compounds from soil. 
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Describe how copper compounds are extracted by phytomining. 

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

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

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

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

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

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

 
 
 

(e)     A compound in a copper ore has the following percentage composition by mass: 

                            55.6% copper, 16.4% iron, 28.0% sulfur. 

Calculate the empirical formula of the compound. 

Relative atomic masses (Ar): S = 32; Fe = 56; Cu = 63.5 

You must show all of your working. 

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

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

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

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

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

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

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

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

Empirical formula = ............................................................ 
(4) 

(Total 16 marks) 
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Q3.This question is about ethanol. 

(a)     Ethanol is produced by the reaction of ethene and steam: 

                                   C2H4 + H2O  C2H5OH 

(i)      Figure 1 shows the energy level diagram for the reaction. 

 

How does the energy level diagram show that the reaction is exothermic? 

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

............................................................................................................... 
(1) 

 
 
 

(ii)     A catalyst is used for the reaction. 

Explain how a catalyst increases the rate of the reaction. 

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

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

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

............................................................................................................... 
(2) 

 
 
 

(b)     Figure 2 shows the displayed structure of ethanol. 
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Complete the dot and cross diagram in Figure 3 to show the bonding in ethanol. 

Show the outer shell electrons only. 

 
(2) 

 
 
 

(c)     A student burned some ethanol. 

Figure 4 shows the apparatus the student used. 

 

(i)      The student recorded the temperature of the water before and after heating. 

His results are shown in Table 1. 
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Table 1 
  

  Temperature before heating 20.7 °C 

  Temperature after heating 35.1 °C 

 

Calculate the energy used to heat the water. 

Use the equation Q = m × c × ΔT 

The specific heat capacity of water = 4.2 J / g / °C 

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

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

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

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

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

Energy used = ........................................ J 
(3) 

 
 
 

(ii)     Table 2 shows the mass of the spirit burner before the ethanol was burned and after 
the ethanol was burned. 

Table 2 
  

  Mass of spirit burner before ethanol was burned 72.80 g 

  Mass of spirit burner after ethanol was burned 72.10 g 

 

Calculate the number of moles of ethanol (C2H5OH) that were burned. 

Relative atomic masses (Ar): H = 1; C = 12; O = 16 

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

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

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

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

Number of moles burned = ........................................ 
(3) 

 
 
 

(iii)    Calculate the energy released in joules per mole. 

You should assume that all the energy from the ethanol burning was used to heat the 
water. 

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

Energy = ........................................ J / mole 
(1) 

 
 
 

(d)     The names, structures and boiling points of ethanol and two other alcohols are shown in 
Table 3. 

Table 3 
  

  Name Methanol Ethanol Propanol 

  

Structure 

   

  
Boiling 
point in °C 

65 78 97 

 

Use your knowledge of structure and bonding to suggest why the boiling points increase as 
the number of carbon atoms increases. 

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

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

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

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

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

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

(Total 15 marks) 
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Q4.This question is about compounds. 

(a)    The table gives information about the solubility of some compounds. 
  

  Soluble compounds 

  All potassium and sodium salts 

  All nitrates 

  Chlorides, bromides and iodides, except those of silver and lead 

  
 
 

Use information from the table to answer these questions. 

(i)      Name a soluble compound that contains silver ions. 

............................................................................................................... 
(1) 

(ii)     Name a soluble compound that contains carbonate ions. 

............................................................................................................... 
(1) 

 
 
 

(b)     Metal oxides react with acids to make salts. 

What type of compound is a metal oxide? 

........................................................................................................................ 
(1) 

 
 
 

(c)     Lead nitrate solution is produced by reacting lead oxide with nitric acid. 

(i)      State how solid lead nitrate can be obtained from lead nitrate solution. 

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

............................................................................................................... 
(1) 

(ii)     Balance the equation for the reaction. 
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         PbO       +       HNO3             Pb(NO3)2      +       H2O 
(1) 

(iii)    Give the total number of atoms in the formula Pb(NO3)2 

............................................................................................................... 
(1) 

 
 
 

(d)     An oxide of lead that does not have the formula PbO contains 6.21 g of lead and 0.72 g of 
oxygen. 

Calculate the empirical formula of this lead oxide. 

Relative atomic masses (Ar): O = 16; Pb = 207 

You must show your working to gain full marks. 

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

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

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

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

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

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

Empirical formula = ........................................ 
(4) 

(Total 10 marks) 
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Q5.This question is about sodium chloride and iodine. 

(a)     Describe the structure and bonding in sodium chloride. 

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

 
 
 

(b)     When sodium chloride solution is electrolysed, one product is chlorine. 

Name the two other products from the electrolysis of sodium chloride solution. 

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

........................................................................................................................ 
(2) 

 
 
 

(c)     Many people do not have enough iodine in their diet. 

Sodium chloride is added to many types of food. Some scientists recommend that sodium 
chloride should have a compound of iodine added. 

Give one ethical reason why a compound of iodine should not be added to sodium chloride 
used in food. 

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

........................................................................................................................ 
(1) 
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(d)     The bonding in iodine is similar to the bonding in chlorine. 

(i)      Complete the diagram below to show the bonding in iodine. 

Show the outer electrons only. 

 
(2) 

 
 
 

(ii)     Explain why iodine has a low melting point. 

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

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

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

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

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

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

 
 
 

(iii)    Explain, in terms of particles, why liquid iodine does not conduct electricity. 

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

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

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

............................................................................................................... 
(2) 

(Total 14 marks) 
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M1.(a)     any one from: 

•        there was a flame 
•        energy was given out 
•        a new substance was formed 
•        the magnesium turned into a (white) powder 

answers must be from the figure 
1 

 
 
 

(b)     Magnesium oxide 
1 

 
 
 

(c)     The reaction has a high activation energy 
1 

 
 
 

(d)     9 
1 

 
 
 

(e)     They have a high surface area to volume ratio 
1 

 
 
 

(f)     any one from: 

•        Better coverage 
•        More protection from the Sun’s ultraviolet rays 

1 
 
 
 

(g)     any one from: 

•        Potential cell damage to the body 
•        Harmful effects on the environment 

1 
 
 
 

(h)     indication of  = 0.625 
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and 
use of indices 10−9 − 10−6 = 103 

Both steps must be seen to score first mark 
1 

 
 
 

0.625 × 1000 = 625 (times bigger) 
1 

[9] 
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M2.(a)     (i)      Filtration 
1 

(ii)     Chlorine 
1 

 
 
 

(b)     (i)      nanoparticles are small / smaller / much smaller / tiny 

allow any in range 1−100 nm or 1 × 10-9 m − 1 × 10-7 m or a few 
hundred atoms in size 

ignore numbers if stated smaller 
1 

(ii)     they have a high surface area to volume ratio 

reference to surface area without volume ratio is insufficient 

allow nanoparticles are very reactive or nanoparticles are more 
reactive than normal particles. 

1 
 
 
 

(c)     (sodium hydroxide) produces a white precipitate 

accept solid / suspension or ppt or ppte for precipitate. 

ignore cloudy / milky 
1 

which (then) dissolves / disappears (in excess sodium hydroxide) 

M2 cannot be awarded unless a solid of some sort has been made 

ignore names or formulae of compounds 
1 

[6] 
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M3.(a)     (i)      high 
1 

(ii)     hundred 
1 

(b)     hard 
1 

(c)     (i)      carbon 
1 

(ii)     four 
1 

(iii)    covalent 
1 

(iv)    all 
1 

[7] 
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M4.(a)    a layer a few hundred atoms thick 
1 

 
 
 

(b)     any two from: 

any two ideas 

•         less materials or save resources 

•         less energy 

•         less fuel 

•         less pollution / greenhouse effect / global warming 

•         less waste 

ignore references to cost / recycling 
2 

[3] 
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M5.(a)     (i)      In suntan creams 
1 

 
 
 

(ii)     Much smaller 
1 

 
 
 

(b)     (i)      have a high surface area to volume ratio 
1 

 
 
 

(ii)     because a catalyst provides an alternative / different pathway / mechanism / 
reaction route 

accept adsorption or ‘increases concentration at the surface’ 
ignore absorption 

1 
 
 
 

(that has) lower activation energy 

allow weakens bonds 

allow idea of increased successful collisions 

max 1 mark for incorrect chemistry eg increased energy of 
particles 

1 

[5] 
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M6.         (a)      79 
1 

 
 
 

79 
1 

 
 
 

(b)     hundred 
1 

 
 
 

(c)     (i)      electron(s) 
1 

 
 
 

(ii)     three 
1 

 
 
 

(d)     changes rate of reaction 

accept lowers activation energy 

or 

speeds up / slows down reaction 

accept reduces costs 
1 

 
 
 

(e)     (i)      melt 
1 

 
 
 

(ii)     crosslinking 

allow answers on diagram 

or 

(covalent) bonds between polymers / chains 
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allow bonds between layers 
do not allow intermolecular 

1 

[8] 
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M7.          (a)     carbon 
1 

 
 
 

(b)     each atom is joined to four other atoms 
1 

 
 
 

It has a giant structure 
1 

 
 
 

(c)     very small 
1 

[4] 
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M8.         (a)      (i)     increase 
1 

 
 
 

(ii)     energy is given out to the surroundings 
1 

 
 
 

(b)     (i)      NO 

allow 2NO 

ignore nitrogen oxide 

do not allow equations 
1 

 
 
 

(ii)     harmful / poisonous (owtte) 

allow dangerous 

ignore reference to pollution / global warming 

do not accept references to ozone layer 
1 

 
 
 

(c)     a catalyst can speed up a chemical reaction 
1 

 
 
 

different reactions need different catalysts 
1 

 
 
 

(d)     (i)      smaller 

accept less / tiny / very small 

allow 10-9 

do not allow small unless qualified 
1 

 
 
 

(ii)     reduce cost (owtte) or 
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ignore references to energy 

save resources / raw materials (owtte) 
1 

[8] 
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M9.          (a)     kills bacteria 

allow destroys bacteria 

ignore attacks / reacts with bacteria 

ignore ‘traps the smell’ 

or 

stops growth of bacteria 

ignore microbes 
1 

 
 
 

(b)     smaller / very small / tiny 

assume they are referring to nanoparticles unless they state 
otherwise 

accept 1 - 100nm in size 

accept a few hundred atoms in size 

accept normal size particles are (much) larger 
1 

 
 
 

(c)     any one from: 

•        big(ger) surface area  

•        react fast(er) 

accept more reactive 

ignore kill faster 
1 

 
 
 

(d)     so they do not get released during washing 
or so they do not get into rivers / ecosystem / environment  

1 
 
 
 

because this could harm fish / aquatic life 
or so the socks keep their odour-preventing properties (owtte) 

1 

[5] 
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M10.          (a)     the diameter of the tube is very small 
1 

 
 
 

(b)     (i)      three 
1 

 
 
 

(ii)     covalent 
1 

 
 
 

(iii)    bonds 
1 

[4] 
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Q1.The figure below shows magnesium burning in air. 

  
© Charles D Winters/Science Photo Library 

(a)     Look at the figure above. 

How can you tell that a chemical reaction is taking place? 

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

............................................................................................................................. 
(1) 

 
 
 

(b)     Name the product from the reaction of magnesium in the figure. 

............................................................................................................................. 
(1) 

 
 
 

(c)     The magnesium needed heating before it would react. 

What conclusion can you draw from this? 
  

  Tick one box.   
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  The reaction is reversible 
  

  The reaction has a high activation energy 
  

  The reaction is exothermic 
  

  Magnesium has a high melting point 
  

 

(1) 
 
 
 

(d)     A sample of the product from the reaction in the figure above was added to water and 
shaken. 

Universal indicator was added. 

The universal indicator turned blue. 

What is the pH value of the solution? 
  

  Tick one box.   

  1 
  

  4 
  

  7 
  

  9 
  

 

(1) 
 
 
 

(e)     Why are nanoparticles effective in very small quantities? 
  

  Tick one box.   

  They are elements 
  

  They are highly reactive 
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  They have a low melting point 
  

  
They have a high surface area to volume 
ratio   

 

(1) 
 
 
 

(f)     Give one advantage of using nanoparticles in sun creams. 

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

............................................................................................................................. 
(1) 

 
 
 

(g)     Give one disadvantage of using nanoparticles in sun creams. 

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

............................................................................................................................. 
(1) 

 
 
 

(h)     A coarse particle has a diameter of 1 × 10−6 m. 
A nanoparticle has a diameter of 1.6 × 10−9 m. 

Calculate how many times bigger the diameter of the coarse particle is than the diameter of 
the nanoparticle. 

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

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

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

............................................................................................................................. 
(2) 

(Total 9 marks) 
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Q2.This question is about water. 

River water needs to be treated before it is safe to drink. 

(a)     The diagram shows two stages of the treatment of river water. 

 

(i)      What is the name of the process used to remove solid particles in Stage 1? 

Tick ( ) one box. 
  

  Crystallisation 

 

  Fermentation 

 

  Filtration 

 
 

(1) 
 
 
 

(ii)     What is added in Stage 2 to sterilise the water? 

Tick ( ) one box. 
  

  Chlorine 

 

  Fluoride 

 

  Potassium 

 
 

(1) 
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(b)     Toxic substances in river water are removed by adding very small amounts of iron oxide 
nanoparticles. 

(i)      How is the size of nanoparticles different from normal-sized particles? 

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

............................................................................................................... 
(1) 

(ii)     Nanoparticles are needed in only very small amounts. 

Suggest why. 

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

............................................................................................................... 
(1) 

(c)     In certain areas of the UK, tap water contains aluminium ions. 

What would you see when sodium hydroxide solution is added drop by drop to tap water 
containing aluminium ions? 

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

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

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

........................................................................................................................ 
(2) 

(Total 6 marks) 
 
 
 
 
 

. 
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Q3.This question is about diamonds. 

Draw a ring around the correct answer to complete each sentence. 

(a)     Diamonds are found in meteorites. 

(i)      Meteorites get very hot when they pass through the Earth’s atmosphere, but the 
diamonds do not melt. 

  

    high   

  Diamond has a low melting point. 

    
very 
low 

  

 

(1) 
 
 
 

(ii)     Most diamonds found in meteorites are nanodiamonds. 
  

    hundred   

  A nanodiamond contains a few thousand atoms 

    million.   

 

(1) 
 
 
 

(b)     Diamonds are used for the cutting end of drill bits. 
  

  Diamonds can be used for drill bits because they are 

hard. 

shiny. 

soft. 

 

(1) 
 
 
 

(c)     The figure below shows the arrangement of atoms in diamond. 
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(i)        
  

    carbon   

  Diamond is made from nitrogen atoms. 

    oxygen   

 

(1) 
 
 
 

  

(ii)      

  
  

    three   

  Each atom in diamond is bonded to four other atoms. 

    five   

 

(1) 
 
 
 

  

(iii)     

  
  

    covalent   
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  Diamond has a giant ionic structure. 

    metallic   

 

(1) 
 
 
 

  

(iv)     

  
  

    all   

  In diamond none of the atoms are bonded together. 

    some   

 

(1) 
(Total 7 marks) 
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Q4.Read the article and then answer the questions. 
  

  Nanotennis! 

  

Tennis balls contain air under pressure, which gives them their bounce. Normal tennis 
balls are changed at regular intervals during tennis matches because they slowly lose 
some of the air. This means that a large number of balls are needed for a tennis 
tournament. 

  

  

© Feng Yu/iStock 

  

‘Nanocoated’ tennis balls have a ‘nanosize’ layer of butyl rubber. This layer slows down 
the escape of air so that the ball does not lose its pressure as quickly. The ‘nanocoated’ 
tennis balls last much longer and do not need to be replaced as often. 

 

(a)     Tick ( ) the best description of a ‘nanosize’ layer. 
  

  Description Tick ( ) 

  A layer one atom thick.   

  A layer a few hundred atoms thick.   

  A layer millions of atoms thick.   

 

(1) 
 
 
 

(b)     Suggest two ways in which using ‘nanocoated’ tennis balls would be good for the 
environment. 
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........................................................................................................................ 

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

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

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

........................................................................................................................ 
(2) 

(Total 3 marks) 
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Q5.Nanoparticles have many uses. 

(a)     (i)      Tick (✔) one use of nanoparticles. 

  In the extraction of iron 
 

  In suntan creams 
 

  In the test for oxygen 
 

 

(1) 
 
 
 

(ii)     How is the size of nanoparticles different from normal-sized particles? 

Draw a ring around the correct answer. 
  

  much smaller same size much larger 

 

(1) 
 
 
 

(b)     Very small amounts of cerium oxide nanoparticles can be added to diesel fuel. 

The cerium oxide is a catalyst. 

(i)      Draw a ring around the correct answer to complete the sentence. 

Only a very small amount of cerium oxide nanoparticles is needed because 
  

  the nanoparticles 

are elements. 

are very reactive. 

have a high surface area to volume ratio. 

 

(1) 
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(ii)     Explain how a catalyst increases the rate of a reaction. 

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

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

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

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

............................................................................................................... 
(2) 

(Total 5 marks) 
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Q6.         Gold and gold ions are used as catalysts. 

(a)     An atom of gold is represented as: 

             197        Au         79 

Complete the sentences. 

The atomic number of gold is ................................................... 

The number of electrons in an atom of gold is ............................... 
(2) 

 
 
 

(b)     Scientists have found that gold nanoparticles are very good catalysts. 

Draw a ring around the correct answer to complete the sentence. 
  

  hundred 

A gold nanoparticle contains a few thousand atoms. 

  million 

 

(1) 
 
 
 

(c)     The formation of a gold ion (Au3+) from a gold atom (Au) is shown in the symbol equation. 

                Au    →    Au3+ + 3e– 

(i)      Complete the sentence. 

The particles lost when a gold atom becomes a gold ion 

are called ..................................................... 
(1) 

 
 
 

(ii)     Draw a ring around the correct answer to complete the sentence. 
  

  one. 
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The number of these particles lost when a gold atom becomes a gold ion is two. 

  three. 

 

(1) 
 
 
 

(d)     Gold ions are used as a catalyst in the reaction to make chloroethene. 

How does a catalyst help a reaction? 

........................................................................................................................ 
(1) 

 
 
 

(e)     Chloroethene can react to make a thermosoftening polymer. 

(i)      Draw a ring around the correct answer to complete the sentence. 

 
 
 

  

  dissolve. 

When heated, a thermosoftening polymer will melt. 

  solidify. 

 

(1) 
 
 
 

(ii)     Polymer B is a different type of polymer. 

The diagram shows the structure of polymer B. 
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How can you tell from the diagram that polymer B is not thermosoftening? 

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

........................................................................................................................ 
(1) 

(Total 8 marks) 
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Q7.          Liquids containing nanoparticles of diamond are used as abrasives.Nanoparticles of diamond 
can be used to grind down surfaces to give them a very smooth polished finish. 

  

 

 

Abrasive liquid containing 
nanoparticles of diamond 

Model of part of the diamond structure 

 

(a)     Diamond is made of one element. 
Draw a ring around the name of this element. 

  

calcium carbon chromium cobalt 

 

(1) 
 
 

(b)     Tick ( ) two statements in the table which explain why diamond is hard. 
  

Statement Tick ( ) 

It is made of layers. 
  

 

It has weak covalent bonds. 
  

 

Each atom is joined to four other atoms. 
  

 

It has a giant structure. 
  

 

It has strong ionic bonds. 
  

 
(2) 
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(c)     Draw a ring around the correct answer to complete the sentence. 
  

  very small. 

Nanoparticles of diamond are large. 

  very large. 

 

(1) 
(Total 4 marks) 

  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 19 

Q8.          Read the information about car engines. 
  

Burning petrol in air is an exothermic reaction. This reaction is used in car engines. 

When petrol burns it produces harmful substances such as nitrogen oxides and 
carbon monoxide. 

A catalytic converter stops these harmful substances being released into the air. 

 
 

(a)     Draw a ring around the correct answer to complete each sentence. 
  

    decrease. 

(i) The exothermic reaction makes the temperature of the engine increase. 

    stay the same. 

 

(1) 
 
 
 

  

    energy is taken in from the surroundings. 

(ii) This is because during exothermic reactions energy is given out to the surroundings. 

    there is no energy change. 

 

(1) 
 
 
 

(b)     The diagram shows a catalytic converter which removes harmful substances. 
The catalytic converter has two parts, A and B, which contain different catalysts. 
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(i)      The equation for the reaction that takes place in part A is: 
  

2NO → N2 + O2 

 

Which one of the substances shown in the equation is a compound? 

Give the formula of this compound. 

............................................................................................................... 
(1) 

 
 
 

(ii)     The equation for the reaction that takes place in part B is: 
  

2CO + O2 → 2CO2 

 

Why is it important to stop carbon monoxide (CO) from being released into the air? 

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

............................................................................................................... 
(1) 

 
 
 

(c)     The table lists some statements about catalysts. Only two statements are correct. 

Tick ( ) the two correct statements. 
  

Statement Tick ( ) 

A catalyst can speed up a chemical reaction.   

A catalyst is used up in a chemical reaction.   

Different reactions need different catalysts.   

PhysicsAndMathsTutor.com



 
  

Page 21 

A catalyst does not change the rate of a chemical reaction.   

 

(2) 
 
 
 

(d)     Modern catalytic converters contain nanosized particles of catalyst. 
Less catalyst is needed when nanosized catalyst particles are used. 

(i)      Complete the sentence. 

The size of nanosized particles is ........................................ than normal sized 
particles. 

(1) 
 
 
 

(ii)     The catalysts contain platinum. 

Suggest why a manufacturer of catalytic converters would want to use less catalyst. 

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

............................................................................................................... 
(1) 

(Total 8 marks) 
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Q9.          Read the article and then answer the questions. 
  

TOXIC SOCKS? 

Silver nanoparticles are added to the fibres used to make some socks. Silver has 
the special property that it can kill bacteria. As a result there are no unpleasant 
smells when wearing these socks. 

 

Some scientists are concerned about the use of silver nanoparticles in socks. 

The silver can be released from the socks when they are washed. This silver may 
end up in rivers. Silver in rivers may kill fish. 

Scientists found that some makes of socks release the silver more easily than 
others. Socks in which the silver nanoparticles are trapped in the fibres released 
very little silver when washed. 

 

                                                                                                      By tfkrawksmysocks [CC BY-SA 2.0], via Flickr 

(a)     Suggest why silver stops unpleasant smells when wearing the socks. 

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

........................................................................................................................ 
(1) 

 
 
 

(b)     How is the size of silver nanoparticles different from normal sized silver particles? 

........................................................................................................................ 
(1) 
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(c)     The silver nanoparticles are more effective at preventing unpleasant smells than normal 
sized silver particles. 

Suggest why. 

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

........................................................................................................................ 
(1) 

 
 
 

(d)     The silver nanoparticles should be trapped in the sock fibres. 

Use the information in the article to explain why. 

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

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

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

........................................................................................................................ 
(2) 

(Total 5 marks) 
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Q10.          Lightweight handlebars for bicycles are made from materials containing carbon nanotubes. 

Carbon nanotubes are lightweight but very strong. 

The diagram shows the structure of a carbon nanotube. 

 

(a)     What does the term ‘nano’ tell you about the diameter of carbon nanotubes? 

Tick ( ) the correct answer in the table. 
  

Answer Tick 
( ) 

The diameter of the tube is very small.   

The diameter of the tube is large.   

The diameter of the tube is very large   

 

(1) 
 
 
 

(b)     Look at the diagram and then draw a ring around the correct word to complete each 
sentence. 
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(i)      Carbon nanotubes are similar to graphite because each carbon atom is joined to 
  

two   

three other carbon atoms. 

four   

 

(1) 
 
 
 

  

    covalent   

(ii) The carbon atoms are joined by ionic bonds. 

    metallic   

 

(1) 
 
 
 

  

    atoms   

(iii) Carbon nanotubes are very strong because the bonds are hard to break. 

    electrons   

 

(1) 
(Total 4 marks) 

  

 
 

  
 
 

PhysicsAndMathsTutor.com



 
  

Page 2 

M1.(a)     s 
1 

 
 
 

l 

Answers must be in the correct order. 
1 

 
 
 

(b)     A gas was lost from the flask 
1 

 
 
 

(c)     Level 3 (5–6 marks): 
A coherent method is described with relevant detail, and in correct sequence which 
demonstrates a broad understanding of the relevant scientific techniques and procedures. 
The steps in the method are logically ordered. The method would lead to the production of 
valid results. 

Level 2 (3–4 marks): 
The bulk of the method is described with mostly relevant detail, which demonstrates a 
reasonable understanding of the relevant scientific techniques and procedures. The 
method may not be in a completely logical sequence and may be missing some detail. 

Level 1 (1–2 marks): 
Simple statements are made which demonstrate some understanding of some of the 
relevant scientific techniques and procedures. The response may lack a logical structure 
and would not lead to the production of valid results. 

0 marks: 
No relevant content. 

Indicative content 
•        sulfuric acid in beaker (or similar) 
•        add copper carbonate one spatula at a time 
•        until copper carbonate is in excess or until no more effervescence occurs * 
•        filter using filter paper and funnel 
•        filter excess copper carbonate 
•        pour solution into evaporating basin / dish 
•        heat using Bunsen burner 
•        leave to crystallise / leave for water to evaporate / boil off water 
•        decant solution 
•        pat dry (using filter paper) 
•        wear safety spectacles / goggles 

*Students. may choose to use a named indicator until it turns a neutral colour, record the 
number of spatulas of copper carbonate added then repeat without the indicator. 
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6 
 
 
 

(d)     Total mass of reactants = 221.5 
1 

 
 
 

159.5 

221.5 

allow ecf from step 1 
1 

 
 
 

72.0 (%) 
1 

 
 
 

allow 72.0 with no working shown for 3 marks 

(e)     any one from: 

•        Important for sustainable development 
•        Economic reasons 
•        Waste products may be pollutants / greenhouse gases 

1 

[13] 
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M2.(a)     cotton wool 
1 

 
 
 

(b)     all points correct 

± ½ small square 
2 

 
 
 

allow 1 mark if 5 or 6 of the points are correct 

best fit line 

must not deviate towards anomalous point 
1 

 
 
 

(c)     (mass) 
2.1 (g) 

allow ecf from drawn best fit line 
1 

 
 
 

(time) 
100 (s) 

1 
 
 
 

(d)     a gas is produced 
1 

 
 
 

which escapes from the flask 
1 

 
 
 

(e)       
1 
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0.07 (g / s) 

allow ecf answer correctly calculated to 2 decimal places 
1 

 
 
 

(f)     collect the gas in a gas syringe 
1 

 
 
 

measured the volume of gas 

allow carbon dioxide for gas 
1 

 
 
 

allow for 1 mark 

collected gas 

or 

counted bubbles 

(g)     The particles have more energy 
1 

 
 
 

The particles move faster 
1 

[14] 
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M3.(a)     (i)      central block 
1 

(ii)     conducts electricity 
1 

 
 
 

(b)     any two from: 
•        visual pollution 
•        noise pollution 
•        dust pollution 
•        habitat destruction. 

2 
 
 
 

(c)     (i)      to concentrate the ore / copper carbonate 
or 
to remove / separate the rock 

1 

(ii)     12 (tonnes) 

If answer is incorrect allow one mark for (127 + 132) − 247 or 

259 - 247 
2 

 
 
 

(iii)    any one from: 
•        so no reactant is wasted / left unreacted 
•        so they know how much product they will make 
•        need to record / compensate for the carbon dioxide produced 

allow so they can work out their carbon footprint. 
1 

[8] 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 7 

M4.(a)     1 

must be in this order 
1 

very small 

accept negligible, 1 / 2000 

allow zero 
1 

(b)     The mass number 
1 

(c)     C 
1 

 
 
 

(d)     (i)      2 
1 

(ii)     3 
1 

(e)     (i)      28 
1 

(ii)     42.9 

accept ecf from (e)(i) 

accept 42 - 43 
1 

 
 
 

(f)    (i)      0.9 
1 

(ii)     any one from: 
•        accurate 
•        sensitive 
•        rapid 
•        small sample. 

1 

[10] 
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M5.(a)     (i)      an alloy 
1 

 
 
 

(ii)     harder 
1 

 
 
 

(b)     (i)      162.5 

correct answer with or without working gains 2 marks 

if no answer or incorrect answer then evidence of correct working 
[56 + (3x35.5)] gains 1 mark 

2 
 
 
 

(ii)     34.46 

accept rounding from 34 - 34.5 

correct answer with or without working gains 2 marks 

accept ecf from (b)(i) correctly calculated for 2 marks 

if no answer or incorrect answer then evidence of 56 / 162.5 or 56 
/ answer to (b)(i) gains  
1 mark 

2 

[6] 
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Q1.A student investigated the reaction of copper carbonate with dilute sulfuric acid. 

The student used the apparatus shown in the figure below. 

  

(a)     Complete the state symbols in the equation. 

CuCO3 (.....) + H2SO4 (aq) → CuSO4 (aq) + H2O (.....) + CO2 (g) 
(2) 

 
 
 

(b)     Why did the balance reading decrease during the reaction? 
  

  Tick one box.   

  The copper carbonate broke down. 
  

  A salt was produced in the reaction. 
  

  A gas was lost from the flask. 
  

  Water was produced in the reaction. 
  

 

(1) 
 
 
 

(c)     Describe a safe method for making pure crystals of copper sulfate from copper carbonate 
and dilute sulfuric acid. Use the information in the figure above to help you. 

In your method you should name all of the apparatus you will use. 

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

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

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

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

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

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

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

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

............................................................................................................................. 
(6) 

 
 
 

(d)     The percentage atom economy for a reaction is calculated using: 

  

The equation for the reaction of copper carbonate and sulfuric acid is: 

CuCO3 + H2SO4 → CuSO4 + H2O + CO2 

Relative formula masses : CuCO3 = 123.5; H2SO4 = 98.0; CuSO4 = 159.5 

Calculate the percentage atom economy for making copper sulfate from copper carbonate. 

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

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

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

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

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

                      Atom economy = ........................................... % 
(3) 

 
 
 

(e)     Give one reason why is it important for the percentage atom economy of a reaction to be as 
high as possible. 

............................................................................................................................. 
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............................................................................................................................. 
(1) 

(Total 13 marks) 
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Q2.A student investigated the rate of reaction between marble chips and hydrochloric acid. 

Figure 1 shows the apparatus the student used. 

Figure 1 

  

(a)     What is A? 
  

  Tick one box.   

  cotton wool 
  

  limestone 
  

  poly(ethene) 
  

  rubber bung 
  

 

(1) 
 
 
 

(b)     Table 1 shows the student’s results for one investigation. 

Table 1 
  

    
Time 

in s 

Mass lost 

in g 

    0 0.0 

    20 1.6 

    40 2.6 

    60 2.9 
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    80 3.7 

    100 4.0 

    120 4.0 

 

On Figure 2: 
•        Plot these results on the grid. 
•        Draw a line of best fit. 

Figure 2 

  
(3) 

 
 
 

(c)     Use Figure 2 to complete Table 2. 

                                      Table 2 
  

  Mass lost after 0.5 minutes ............ g 

  
Time taken to complete the 
reaction 

............ s 

 

(2) 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 7 

(d)     The equation for the reaction is: 

2HCl(aq)    +   CaCO3(s)   →   CaCl2(aq)   +   H2O(l)   +   CO2(g) 

Explain why there is a loss in mass in this investigation. 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(e)     Another student investigated the rate of a different reaction. 

Table 3 shows the results from the different reaction. 

                                      Table 3 
  

  
Mass lost when the reaction was 
complete 

9.85 g 

  Time taken to complete the reaction 
2 minutes 30 

seconds 

 

Calculate the mean rate of the reaction using Table 3 and the equation: 

                        mean rate of reaction =   

Give your answer to two decimal places. 

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

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

        Mean rate of reaction = .......................................... g / s 
(2) 

 
 
 

(f)     The student measured the change in mass of the reactants. 

Describe another method, other than measuring the change in mass of the reactions, that 
the student could have used to find the rate of the reaction between marble chips and 
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hydrochloric acid. 

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

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

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

............................................................................................................................. 
(2) 

 
 
 

(g)     Another student planned to investigate the effect of temperature on the rate of reaction. 
The student predicted that the rate of reaction would increase as the temperature was 
increased. 

Give two reasons why the student’s prediction is correct. 
  

  Tick two boxes.   

  The particles are more concentrated. 
  

  The particles have a greater mass. 
  

  The particles have a larger surface area. 
  

  The particles have more energy. 
  

  The particles move faster. 
  

 

(2) 
(Total 14 marks) 
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Q3.Copper is a transition metal. 

(a)     (i)      Where is copper in the periodic table? 
  

  Tick ( ) one box. 

  in the central block 

 

  in Group 1 

 

  in the noble gas group 

 
 

(1) 
 
 
 

(ii)     What is a property of copper? 
  

  Tick ( ) one box. 

  breaks easily 

 

  conducts electricity 

 

  does not conduct heat 

 
 

(1) 
 
 
 

(b)     Copper ores are quarried by digging large holes in the ground, as shown in Figure 1. 
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© photllurg/iStock/Thinkstock 

Give two reasons why quarrying is bad for the environment. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(c)     Some copper ores contain only 2% copper. 

Most of the ore is rock that is not needed. 

In one ore, the main compound is copper carbonate (CuCO3). 

Figure 2 shows the stages used in the extraction of copper from this ore. 
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(i)      Why is Stage 2 important? 

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

............................................................................................................... 
(1) 

 
 
 

(ii)     The equation for the reaction in Stage 3 is: 

2 CuCO3     +     C          2 Cu     +     3 CO2 

From the symbol equation, a company calculated that 247 tonnes of copper 
carbonate are needed to produce 127 tonnes of copper and 132 tonnes of carbon 
dioxide are released. 

Calculate the mass of carbon needed to make 127 tonnes of copper. 

 

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

............................................................................................................... 
(2) 

 
 
 

(iii)    Suggest one reason why it is important for the company to calculate the mass of 
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reactants in Stage 3. 

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

............................................................................................................... 
(1) 

(Total 8 marks) 
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Q4.This question is about carbon and gases in the air. 

(a)     Carbon atoms have protons, neutrons and electrons. 

Complete the table by writing the relative mass of a neutron and an electron. 
  

  Name of particle Relative mass 

  proton 1 

  neutron   

  electron   

 

(2) 
 
 
 

(b)     What is the total number of protons and neutrons in an atom called? 
  

  Tick ( ) one box. 

  The atomic number 

 

  The mass number 

 

  One mole of the atom 

 
 

(1) 
 
 
 

(c)     An atom of carbon has six electrons. 

Which structure, A, B or C, represents the electronic structure of the carbon atom? 
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  The carbon atom is structure 

 
 

(1) 
 
 
 

(d)     Carbon reacts with oxygen to produce carbon dioxide (CO2). 

(i)      How many different elements are in one molecule of carbon dioxide? 

............................................................ 
(1) 

(ii)     What is the total number of atoms in one molecule of carbon dioxide? 

............................................................ 
(1) 

 
 
 

(e)     Sometimes carbon reacts with oxygen to produce carbon monoxide (CO). 

(i)      Calculate the relative formula mass (Mr) of carbon monoxide. 

Relative atomic masses (Ar): C = 12; O = 16 

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

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

Mr of carbon monoxide = .............................. 
(1) 

(ii)     Calculate the percentage by mass of carbon in carbon monoxide. 

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

............................................................................................................... 
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Percentage by mass of carbon in carbon monoxide = ..........% 
(1) 

 
 
 

(f)     Carbon dioxide is one of the gases in the air. 

(i)      The graph shows the percentage of argon and the percentage of carbon dioxide in the 
air. 

 

What is the percentage of argon in the air? 

Percentage of argon = ........................................ % 
(1) 

(ii)     An instrumental method is used to measure the amount of carbon dioxide in 
the air. 

Give one reason for using an instrumental method. 

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

............................................................................................................... 
(1) 

(Total 10 marks) 
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Q5.Printed pictures can be made using etchings. 

  

© Eduardo Jose Bernardino/iStock 

An etching can be made when a sheet of brass reacts with iron chloride solution. 

(a)     Brass is a mixture of two metals, copper and zinc. 

(i)      A mixture of two metals is called ............................................................ . 
(1) 

 
 
 

(ii)     Draw a ring around the correct answer to complete the sentence. 

Copper and zinc atoms are different sizes. 
  

    harder   

  This makes brass more flexible than the pure metals. 

    softer   

 

(1) 
 
 
 

(b)     Iron chloride has the formula FeCl3 
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Relative atomic masses (Ar): Cl = 35.5; Fe = 56. 

(i)      Calculate the relative formula mass (Mr) of iron chloride (FeCl3). 

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

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

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

Relative formula mass (Mr) of iron chloride = ...................................... 
(2) 

 
 
 

(ii)     Calculate the percentage of iron in iron chloride (FeCl3). 

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

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

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

Percentage of iron in iron chloride = .................................................% 
(2) 

(Total 6 marks) 
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M1.(a)    because they are gases 

ignore vapours / evaporate / (g) 

allow it is a gas 
1 

 
 
 

(b)     (i)      80 / 79.5  

correct answer with or without working = 2 marks  
ignore units 

if no answer or incorrect answer then evidence of  
64 / 63.5 + 16 gains 1 mark 

2 
 
 
 

(ii)     79.375 - 80 

correct answer with or without working = 2 marks 

if no answer or incorrect answer then evidence of 

 or (×100) gains 1 mark 

accept (ecf)  × 100 for 2 marks 

if answer correctly calculated. 

if incorrectly calculated evidence of  (× 100)gains 1 
mark 

2 
 
 
 

(iii)     3.2 

correct answer with or without working = 1 mark 

allow (ecf)  
4 x ((b)(ii)/100) for 1 mark if correctly calculated 

1 
 
 
 

(c)     (i)      3.3 

accept 3.33…….. or 3 1 / 3 or 3.3• 

or 3.3r  
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1 
 
 
 

(ii)     (measure to) more decimal places or (use a) more sensitive balance / apparatus 

allow use smaller scale (division) or use a smaller unit  
ignore accurate / repeat 

1 
 
 
 

(iii)    any two from: 

ignore systematic / human / apparatus / zero / measurement / 
random / weighing / reading / recording errors unless qualified 

different balances used or faulty balance 

ignore dirty apparatus 

reading / using the balance incorrectly 

accept incorrect weighing of copper / copper oxide 

spilling copper oxide / copper 

allow some copper left in tube 

copper oxide impure 

allow impure copper (produced) 

not all of the copper oxide was reduced / converted to copper or not enough / 
different amounts of methane used 

accept not all copper oxide (fully) reacted 

heated for different timesheated at different temperatures 

if neither of these points awarded allow different amounts of heat 
used 

accept Bunsen burner / flame at different temperatures 

some of the copper produced is oxidised / forms copper oxide 

some of the copper oxide / copper blown out / escapes (from tube) 

ignore some copper oxide / copper lost 

some water still in the test tube 
2 

[10] 
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M2.(a)     electrons transferred from potassium to sulfur 
1 

 
 
 

two potassium atoms each lose one electron 
1 

 
 
 

forming K+ / 1+ ions 
1 

 
 
 

sulfur atoms gain 2 electrons 
1 

 
 
 

forming S2− / 2− ions 
1 

 
 
 

(b)     there are no gaps / sticks between the potassium ions and sulfide ions 
1 

 
 
 

(c)     (two) shared pairs between H and S 
1 

 
 
 

rest correct - no additional hydrogen electrons and two non-bonding pairs on sulfur 

second mark dependent on first 
1 

 
 
 

(d)     342 
2 

 
 
 

allow 1 mark for evidence of (2 × 27) + 3[32 + (16 × 4)] 

(e)               Property                                   Explanation of property 
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more than one line drawn from a variable negates the mark 
2 

 
 
 

(f)               Property                                   Explanation of property 

  

more than one line drawn from a variable negates the mark 
2 

[14] 
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M3.         (a)      (i)     40 

correct answer with or without working or incorrect working 

if the answer is incorrect then evidence of 24 + 16 gains 1 mark 

ignore units 
2 

 
 
 

(ii)     60 

correct answer with or without working or incorrect working 

if the answer is incorrect then evidence of 24/40 or 24/(i) gains 1 
mark 

ecf allowed from part(i) 

ie 24/(i) ×100 

ignore units 
2 

 
 
 

(iii)    15 

ecf allowed from parts(i) and (ii) 

24/(i) × 25 or (ii)/100 × 25 

ignore units 
1 

 
 
 

(b)     (i)      any two from: 

ignore gas is lost 

•        error in weighing magnesium / magnesium oxide 

allow some magnesium oxide left in crucible 

•        loss of magnesium oxide / magnesium 

allow they lifted the lid too much 

allow loss of reactants / products 

•        not all of the magnesium has reacted 

allow not heated enough 

allow not enough oxygen / air 
2 

 
 
 

(ii)     any two from: 
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ignore fair test 

•        check that the result is not anomalous 

•        to calculate a mean / average 

allow improve the accuracy of the mean / average 

•        improve the reliability 

allow make it reliable 

•        reduce the effect of errors 
2 

[9] 
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M4.          (a)     1.86 

ignore units / 1.9 
1 

 
 
 

(b)     use a balance which weighs to more decimal places 

accept (use a measuring cylinder with) smaller (scale) divisions / 
intervals  

or use more sensitive balance 

allow reference to more decimal places allow smaller units / scale 
1 

 
 
 

(c)     (i)      45.8(3333333) 

correct answer gains 2 marks with or without working 

ignore units / 46 

if the answer is not correct then evidence of: 

(45.4 + 46.3 + 45.8) ÷ 3  

or 137.5 ÷ 3 

or 47.25 / 47.3 / 47.2 gains 1 mark 
2 

 
 
 

(ii)     any two from: 

ignore zero error / faulty equipmen 

•        loss of gas or leak 

•        error in measurement of volume of gas / gas in cylinder / 1 dm3 

•        error in weighing the canister / gas at start 

•        error in weighing the canister / gas at end  

error in weighing the canister / gas = 1 mark 

•        change in temperature 

allow incorrect measurement of temperature 

•        change in pressure 

allow incorrect measurement of pressure 

if no other mark awarded allow error in weighing for 1 mark 
2 
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(iii)    any one from: 

ignore fair test / precise / valid or to check for errors / mistakes 

•        check for anomalous results  

•        to find the mean / average  

allow improve (accuracy of) mean / average 

•        (improve) reliability / make reliable 
1 

 
 
 

(d)     44  

correct answer gains 2 marks with or without working 

ignore units  

if the answer is incorrect evidence of (3 × 12) / 36 and (8 × 1) / 8 
gains 1 mark 

2 

[9] 
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M5.          (a)     because they are gases 

ignore vapours / evaporate / (g) 

allow it is a gas 
1 

 
 
 

(b)     (i)      80 / 79.5 

correct answer with or without working = 2 marks 

ignore units 

if no answer or incorrect answer then evidence of 64 / 63.5 + 16 
gains 1 mark 

2 
 
 
 

(ii)     80 / 79.87 / 79.9 / 79.375 / 79.38 / 79.4 

correct answer with or without working = 2 marks 

if no answer or incorrect answer  

then 

evidence of  or  (x100) gains 1 mark 

accept (ecf) 

for 2 marks if correctly calculated  

if incorrectly calculated 

evidence of  

gains 1 mark 
2 

 
 
 

(iii)    3.2 

correct answer with or without working = 1 mark 

allow (ecf) 

4 x ((b)(ii)/100) for 1 mark if correctly calculated 
1 

 
 
 

(c)     (i)      3.3 
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accept 3.33…….. or  or 3.3 . or 3.3 r 
1 

 
 
 

(ii)     measure to more decimal places 
or use a more sensitive balance / apparatus 

allow use smaller scale (division) 

or use a smaller unit 

ignore accurate / repeat 
1 

 
 

(iii)    any two from:  

•        ignore systematic / human / apparatus / zero / measurement / random  / 
weighing / reading errors unless qualified 

•        different balances used or faulty balance 

ignore dirty apparatus 

•        reading / using the balance incorrectly or recording error 

accept incorrect weighing of copper / copper oxide 

•        spilling copper oxide / copper 

allow some copper left in tube 

•        copper oxide impure 

allow impure copper (produced) 

•        not all of the copper oxide was reduced / converted to copper 
or not enough / different amounts of methane used 

accept not all copper oxide (fully) reacted 

•        heated for different times 

•        heated at different temperatures 

accept Bunsen burner / flame at different temperatures 

•        some of the copper made is oxidised / forms copper oxide 

•        some of the copper oxide / copper blown out / escapes (from tube) 

ignore some copper oxide / copper lost 

•        some water still in the test tube 
2 

[10] 
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M6.          (a)     

 
2 and 1 must be on the left 

2 must be above half-way on the H and the 1 below half-way 

accept diagram with 2 different particles in centre and 1 particle 
on circle 

1 
 
 
 

(b)     (i)      18 

ignore working 

ignore units 
1 

 
 
 

(ii)     forces (of attraction) between molecules or 
bonding between molecules or 
intermolecular forces /intermolecular bonds 

1 
 
 
 

are weak or not much energy needed to break them or easily overcome 

must be linked to first mark 

if no other mark awarded allow small molecules / small Mr for 1 
mark 

allow forces / bonds are weak for 1 mark 

do not allow covalent bonding is weak 
1 

 
 
 

(c)                          any reference to more protons = 0 marks 

H-2 atoms have 1 proton and 1 neutron 

allow H-2 has more neutrons / particles for 1 mark 
1 
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H-1 atoms have one proton 

allow H-2 has two particles and H-1 has one particle for 1 mark 

or 

H-2 atom has one neutron (1) 

allow H-2 atom has one more neutron for 2 marks 

H-1 atom has no neutrons (1) 

NB heavy water (molecule) has 2 more neutrons = 2 marks 

heavy water (molecule) has more neutrons / particles = 1 mark 

if no other mark awarded then heavy water molecule has Mr of 20 
= 1 mark 

ignore reference to electrons 
1 

[6] 
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Q1.This apparatus is used for the reaction of copper oxide (CuO) with methane (CH4). 

  

(a)     The symbol equation for this reaction is shown below. 
  

  4 CuO(s) + CH4(g) 
 

 
4 Cu(s) + 2 H2O(g) + CO2(g) 

 

The water and carbon dioxide produced escape from the test tube. 

Use information from the equation to explain why. 

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

........................................................................................................................ 
(1) 

 
 
 

(b)    (i)      Calculate the relative formula mass (Mr) of copper oxide (CuO). 

Relative atomic masses (Ar): O = 16, Cu = 64 

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

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

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

Relative formula mass (Mr) = ......................... 
(2) 

 
 
 

(ii)     Calculate the percentage of copper in copper oxide. 

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

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

Percentage of copper = ......................... % 
(2) 

 
 
 

(iii)    Calculate the maximum mass of copper that could be produced from 4.0 g of copper 
oxide. 

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

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

Mass of copper produced = ........................................ g 
(1) 

 
 
 

(c)     The experiment was done three times. 

The mass of copper oxide used and the mass of copper produced were measured each 
time. 

The results are shown in the table. 
  

  

  
Experiment 

  1 2 3 

  Mass of copper oxide used in g 4.0 4.0 4.0 

  Mass of copper produced in g 3.3 3.5 3.2 

 

(i)      Calculate the mean mass of copper produced in these experiments. 

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

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

Mean mass of copper produced = ......................... g 
(1) 

 
 
 

(ii)     Suggest how the results of the experiment could be made more precise. 

............................................................................................................... 
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............................................................................................................... 
(1) 

 
 
 

(iii)    The three experiments gave different results for the amount of copper produced. 

This was caused by experimental error. 

Suggest two causes of experimental error in these experiments. 

1 ............................................................................................................. 

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

2 ............................................................................................................. 

............................................................................................................... 
(2) 

(Total 10 marks) 
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Q2.Figure 1 shows the outer electrons in an atom of the Group 1 element potassium and in an atom of 
the Group 6 element sulfur. 

Figure 1 

  

(a)     Potassium forms an ionic compound with sulfur. 

Describe what happens when two atoms of potassium react with one atom of sulfur. 

Give your answer in terms of electron transfer. 

Give the formulae of the ions formed. 

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

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

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

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

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

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

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

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

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

............................................................................................................................. 
(5) 

 
 
 

(b)     The structure of potassium sulfide can be represented using the ball and stick model in 
Figure 2. 

Figure 2 
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The ball and stick model is not a true representation of the structure of potassium sulfide. 

Give one reason why. 

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

............................................................................................................................. 
(1) 

 
 
 

(c)     Sulfur can also form covalent bonds. 

Complete the dot and cross diagram to show the covalent bonding in a molecule of 
hydrogen sulfide. 

Show the outer shell electrons only. 

  
(2) 

 
 
 

(d)     Calculate the relative formula mass (Mr) of aluminium sulfate Al2(SO4)3 

Relative atomic masses (Ar): oxygen = 16; aluminium = 27; sulfur = 32 
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............................................................................................................................. 

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

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

             Relative formula mass = ........................................... 
(2) 

 
 
 

(e)     Covalent compounds such as hydrogen sulfide have low melting points and do not conduct 
electricity when molten. 

Draw one line from each property to the explanation of the property. 
  

  Property   
Explanation 
of property 

      
Electrons are free 

to move 

      
  

      
There are no charged 
particles free to move 

  Low melting point     

      
Ions are free 

to move 

      
  

      
Weak intermolecular 
forces of attraction 

  
Does not conduct 
electricity when 

molten 
    

      Bonds are weak 

      
  

      Bonds are strong 
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(2) 
 
 
 

(f)     Ionic compounds such as potassium sulfide have high boiling points and conduct electricity 
when dissolved in water. 

Draw one line from each property to the explanation of the property. 
  

  Property   
Explanation 
of property 

      
Electrons are free 

to move 

      
  

      
There are no charged 
particles free to move 

  High boiling point     

      
Ions are free 

to move 

      
  

      
Weak intermolecular 
forces of attraction 

  
Conduct electricity 

when molten 
    

      Bonds are weak 

      
  

      Bonds are strong 

 

(2) 
(Total 14 marks) 
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Q3.          Some students investigated magnesium oxide. 

(a)     Magnesium oxide has the formula MgO. 

(i)      Calculate the relative formula mass (Mr) of magnesium oxide. 

Relative atomic masses: O = 16; Mg = 24. 

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

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

                                 Relative formula mass = ..................................... 
(2) 

 
 
 

(ii)     Calculate the percentage by mass of magnesium in magnesium oxide. 

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

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

Percentage by mass of magnesium in magnesium oxide = .............% 
(2) 

 
 
 

(iii)    Calculate the mass of magnesium needed to make 25 g of magnesium oxide. 

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

                                  Mass of magnesium = ..................................... g 
(1) 

 
 
 

(b)     The students calculated that if they used 0.12 g of magnesium they should make 0.20 g of 
magnesium oxide. 

They did this experiment to find out if this was correct. 
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•        The students weighed 0.12 g of magnesium ribbon into a crucible. 

•        They heated the magnesium ribbon. 

•        They lifted the lid of the crucible slightly from time to time to allow air into the 
crucible. 

•        The students tried to avoid lifting the lid too much in case some of the magnesium 
oxide escaped. 

•        When all of the magnesium appeared to have reacted, the students weighed the 
magnesium oxide produced. 

The results of the experiment are shown below. 
  

Mass of magnesium 
used in grams 

0.12 

Mass of magnesium 
oxide produced in grams 

0.18 

 

(i)      The mass of magnesium oxide produced was lower than the students had calculated. 
They thought that this was caused by experimental error. 

Suggest two experimental errors that the students had made. 

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

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

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

............................................................................................................... 
(2) 
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(ii)     The students only did the experiment once. 

Give two reasons why they should have repeated the experiment. 

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

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

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

............................................................................................................... 
(2) 

(Total 9 marks) 
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Q4.          Some students did an experiment to find the relative formula mass (Mr) of a gas. 

 

This is the method they used. 

•        The mass of the canister of gas was measured using a balance, which weighed to two 
decimal places. 

•        The measuring cylinder was filled with 1 dm3 of the gas from the canister. 

•        The mass of the canister of gas was measured again. 

•        The temperature of the laboratory was measured. 

•        The air pressure in the laboratory was measured. 

The students repeated the experiment three times. 

(a)     The results for one of the experiments are shown in the table below. 
  

Mass of the canister of gas before 
filling the measuring cylinder 

53.07 g 

Mass of the canister of gas after 
filling the measuring cylinder 

51.21 g 

 

Calculate the mass of the 1 dm3 of gas in the measuring cylinder. 

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

                              Mass = ................................................................. g 
(1) 
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(b)     How could the results be made more precise? 

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

........................................................................................................................ 
(1) 

 
 
 

(c)     The students used their results to calculate values for the relative formula mass (Mr) of this 
gas. 
The results are shown in the table below. 

  

Experiment 1 2 3 4 

Relative formula mass (Mr) 45.4 51.5 46.3 45.8 

 

(i)      Calculate the mean value for these results. 

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

                               Mean = ................................................................... 
(2) 

 
 
 

(ii)     The four results are different. 
The students thought this was because of experimental error. 

Suggest two causes of experimental error in this experiment. 

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

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

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

............................................................................................................... 
(2) 

 
 
 

(iii)    It was important for the students to repeat the experiment. 
Suggest why. 

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

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

PhysicsAndMathsTutor.com



 
  

Page 14 

(1) 
 
 
 

(d)     The teacher told the students that the formula of the gas is C3H8 

Calculate the relative formula mass (Mr) of this gas. You should show your working. 

Relative atomic masses: H = 1; C = 12. 

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

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

                              Relative formula mass = ........................................ 
(2) 

(Total 9 marks) 
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Q5.          An experiment was done on the reaction of copper oxide (CuO) with methane (CH4). 

 

(a)     The equation for this reaction is shown below. 
  

4CuO(s) + CH4(g) → 4Cu(s)  + 2H2O(g) + CO2(g) 

 

The water and carbon dioxide produced escapes from the test tube. 

Use information from the equation to explain why. 

........................................................................................................................ 
(1) 

 
 
 

(b)     (i)      Calculate the relative formula mass (Mr) of copper oxide (CuO). 

Relative atomic masses (Ar): O = 16; Cu = 64. 

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

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

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

                                 Relative formula mass (Mr) = .............................. 
(2) 

 
 
 

(ii)     Calculate the percentage of copper in copper oxide. 

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

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

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

                                  Percentage of copper = .................................. % 
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(2) 
 
 
 

(iii)    Calculate the mass of copper that could be made from 4.0 g of copper oxide. 

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

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

                                  Mass of copper = ............................................. g 
(1) 

 
 
 

(c)     The experiment was done three times. 
The mass of copper oxide used and the mass of copper made was measured each time. 
The results are shown in the table. 

  

  Experiment 

  1 2 3 

Mass of copper oxide used in g 4.0 4.0 4.0 

Mass of copper made in g 3.3 3.5 3.2 

 

(i)      Calculate the mean mass of copper made in these experiments. 

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

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

                               Mean mass of copper made = ........................... g 
(1) 

 
 
 

(ii)     Suggest how the results of these experiments could be made more precise. 

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

............................................................................................................... 
(1) 
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(iii)    The three experiments gave slightly different results for the mass of copper made. 
This was caused by experimental error. 

Suggest two causes of experimental error in these experiments. 

1 ............................................................................................................ 

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

2 ............................................................................................................ 

............................................................................................................... 
(2) 

(Total 10 marks) 
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Q6.          (a)     The table gives information about two isotopes of hydrogen, hydrogen-1 and 
hydrogen-2. 

  

  Hydrogen-1 Hydrogen-2 

Atomic number 1 1 

Mass number 1 2 

 

An atom of hydrogen-1 is represented as:  
  

    

Show how an atom of hydrogen-2 is represented.   

    

 

(1) 
 
 
 

(b)     (i)      Calculate the relative formula mass (Mr) of water, H2O 

Relative atomic masses: H = 1; O = 16. 

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

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

                   Relative formula mass (Mr ) = ........................................... 
(1) 

 
 
 

(ii)     Simple molecules like water have low boiling points. 

Explain why, in terms of molecules. 

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

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

............................................................................................................... 
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............................................................................................................... 
(2) 

 
 
 

(c)     Molecules of heavy water contain two atoms of hydrogen-2 instead of two atoms of 
hydrogen-1. 

Explain why a molecule of heavy water has more mass than a normal water molecule. 
You should refer to the particles in the nucleus of the two different hydrogen atoms in your 
answer. 

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

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

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

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

........................................................................................................................ 
(2) 

(Total 6 marks) 
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M1.(a)     (i)      calcium oxide 
in either order 

1 

carbon dioxide 
accept correct formulae 

1 

(ii)     C(s) + CO2(g) → 2CO(g) 
allow multiples 

1 

(iii)    210 (tonnes) 
award 3 marks for the correct answer with or without working 
allow ecf for arithmetical errors 
if answer incorrect allow up to 2 marks for any of the steps 
below: 
160 → 112 
300 → 112 / 160 × 300 
or 

moles Fe2O3 = 1.875 (× 106) or 300 / 160 
moles of Fe = 3.75 (× 106) or 2 × moles Fe2O3 

mass Fe = moles Fe × 56 
105 (tonnes) scores 2 (missing 1:2 ratio) 
420 (tonnes) scores 2 − taken Mr of iron as 112 

3 

 

 

 

(b)     (i)      aluminium is more reactive than carbon or carbon is less reactive than 
aluminium 

must have a comparison of reactivity of carbon and 
aluminium 
accept comparison of position in reactivity series. 

1 

(ii)     (because) aluminium ions are positive 
ignore aluminium is positive 

1 

and are attracted / move / go to the negative electrode / cathode 
1 

where they gain electrons / are reduced / Al3+ + 3e− → Al 
accept equation or statements involving the wrong number of 
electrons. 

1 
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(iii)    (because) the anodes or (positive) electrodes are made of carbon / 
graphite 

1 

oxygen is produced (at anode) 
1 

which reacts with the electrodes / anodes 
do not accept any reference to the anodes reacting with 
oxygen from the air 

equation C + O2  CO2 gains 1 mark (M3) 
1 

[13] 
 
 
 
 
 

M2.(a)     left hand: (conical) flask 
do not accept round bottomed 
flask or container which is not a flask 

1 

 

 

 

right hand: beaker / trough 
accept plastic box 

1 

 

 

 

(b)     (i)      157 
1 

 

 

 

(ii)     all calcium carbonate used up or reaction stopped 
do not accept all acid used up 

1 

 

 

 

(c)     (i)      0.007(272727…) 
correct answer with or without working gains 2 marks 
if answer incorrect, allow (0.32 / 44) for 1 mark 

2 

 

 

 

(ii)     0.007(272727…) 
allow ecf from (c)(i) 

1 
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(iii)    (Mr = mass / moles = 1 / 0.00727…) = 137.5 or 138 
allow ecf from (c)(ii) 

if use 0.00943 moles then = 106 
if use 0.007 allow 143 (142.857) 

1 

 

 

 

(iv)    (138) – 60 (= 78) 
23 / 85 

1 

 

 

 

(78 / 2) = 39 
1 

 

 

 

potassium 
sodium / rubidium 
identity of metal ecf on Ar, but must be Group 1 
If no working max 1 mark 

1 

 

 

 

(d)     (i)      (relative atomic mass) would decrease 
1 

 

 

 

because the mass lost greater 
1 

 

 

 

so moles carbon dioxide larger or moles metal carbonate greater 
1 

 

 

 

(ii)     no change 
1 

 

 

 

because the acid (already) in excess 
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1 

 

 

 

so the amount carbon dioxide lost is the same 
1 

[17] 
 
 
 
 
 

M3.(a)    copper has delocalised electrons 
accept copper has free electronsignore sea of electrons or 
mobile electrons 

1 

 

 

 

(electrons) which can move  through the metal / structure 
allow (electrons) which can carry a charge through the metal 
/ structure 

1 

 

 

 

(b)     (i)      (M r FeCl 3 =) 162.5  
correct answer with or without working gains 3 marks 
can be credited from correct substitution in step 2 

1 

 

 

 

or 

2 (moles of) FeCl 3  = 325 

or 

112 → 325 

  
allow ecf from step 1 

accept   
1 
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= 32.5 
accept 32.48 

1 

 

 

 

(ii)     74.8 
accept 74.77 - 75 
accept ecf from (b)(i) 
if there is no answer to part(i) 
or  

if candidate chooses not to use their answer then accept 
86.79 - 87 

1 

[6] 
 
 
 
 
 

M4.(a)     (i)      CH4 

allow H4C 
do not allow lower-case h 
do not allow superscript 

1 

 

 

 

(ii)     single 
1 

 

 

 

(iii)    alkanes 
1 

 

 

 

(b)     (i)      carbon / C 
any order 

1 

 

 

 

hydrogen / H 
allow phonetic spelling 

1 
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sulfur / sulphur / S 
1 

 

 

 

(ii)     air / atmosphere 
1 

 

 

 

(iii)    acid rain 
1 

 

 

 

damages trees / plants or kills aquatic organisms or damages buildings / 
statues or causes respiratory problems 

allow harmful to living things 
1 

 

 

 

(c)     carbon / C 
accept soot / particulates / charcoal 

1 

 

 

 

(d)     any four from: 

•        (supports hypothesis) because when the fuel contained more carbon the 
temperature of the water went up more / faster (in 2 minutes) 

•        (does not support hypothesis as) temperature change per gram decreases as 
the number of carbons increases 

•        (does not support hypothesis) because the more carbon in the fuel the more 
smoke or the dirtier / sootier it is 

•        only tested hydrocarbons / alkanes / fuels with between 5 and 12 carbon 
atoms 

•        valid, justified, conclusion 
accept converse statements 

4 

 

 

 

(e)     (i)      0.15 
correct answer with or without working gains 2 marks 
if answer incorrect, Mr carbon dioxide = 44 gains 1 mark 
allow 0.236 / 0.24 / 0.2357142 (ecf from Mr of 28) for 1 mark 

2 
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(ii)     0.4(0) 
1 

 

 

 

(iii)    C3H8 

correct formula with or without working scores 2 marks 

0.15 / 0.05 = 3 
allow ecf from (e)(i) 

and 

0.4 / 0.05 = 8 (1) 
allow ecf from (e)(ii) 

allow 1 mark for correct empirical formula from their values 

If use ‘fall-back-values: 

0.50 / 0.05 = 10 

and 

0.20 / 0.05 = 4 
1 mark 

C4H10 

1 mark 
if just find ratio of C to H using fall-back values, get C2H5 
allow 1 mark 

2 

[19] 
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Q1.This question is about iron and aluminium. 

(a)     Iron is extracted in a blast furnace. Figure 1 is a diagram of a blast furnace. 

 

(i)      Calcium carbonate decomposes at high temperatures. 

Complete the word equation for the decomposition of calcium carbonate. 

calcium carbonate  ......................................... + 

......................................... 
(2) 

 
 
 

(ii)     Carbon burns to produce carbon dioxide. 

The carbon dioxide produced reacts with more carbon to produce carbon 
monoxide. 

Balance the equation. 

C(s)     +     CO2(g)          .......... CO(g) 
(1) 

 
 
 

(iii)    Carbon monoxide reduces iron(III) oxide: 

Fe2O3(s) + 3 CO(g)  2 Fe(s) + 3 CO2(g) 
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Calculate the maximum mass of iron that can be produced from 300 tonnes of 
iron(III) oxide. 

Relative atomic masses (Ar): O = 16; Fe = 56 

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

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

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

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

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

Maximum mass = .............................. tonnes 
(3) 

 
 
 

(b)     Aluminium is extracted by electrolysis, as shown in Figure 2. 

Figure 2 

 

(i)      Why can aluminium not be extracted by heating aluminium oxide with carbon? 

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

............................................................................................................... 
(1) 

 
 
 

(ii)     Explain why aluminium forms at the negative electrode during electrolysis. 

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

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

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

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

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

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

 
 
 

(iii)    Explain how carbon dioxide forms at the positive electrodes during electrolysis. 

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

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

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

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

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

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

(Total 13 marks) 
 
 
 
 
 

Q2.Some students were investigating the rate at which carbon dioxide gas is produced when 
metal carbonates react with an acid. 

One student reacted 1.00 g of calcium carbonate with 50 cm3, an excess, of dilute 
hydrochloric acid. 

The apparatus used is shown in Diagram 1. 

 
 
 

Diagram 1 
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Dilute hydrochloric acid 

 
 
 

(a)     Complete the two labels for the apparatus on the diagram. 
(2) 

 
 
 

(b)     The student measured the volume of gas collected every 30 seconds. 

The table shows the student’s results. 
  

  
Time in 

seconds 

Volume of carbon 
dioxide 

collected in cm3 

    30 104 

    60   

    90 198 

  120 221 

  150 232 

  180 238 

  210 240 

  240 240 
  
 
 

(i)      Diagram 2 shows what the student saw at 60 seconds. 

Diagram 2 
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What is the volume of gas collected? 

Volume of gas = .................... cm3 

(1) 
 
 
 

(ii)     Why did the volume of gas stop changing after 210 seconds? 

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

............................................................................................................... 
(1) 

 
 
 

(c)     Another student placed a conical flask containing 1.00 g of a Group 1 carbonate 
(M2CO3) on a balance. 

He then added 50 cm3, an excess, of dilute hydrochloric acid to the flask and 
measured the mass of carbon dioxide given off. 

The equation for the reaction is: 

M2CO3 + 2HCl    2MCl + H2O + CO2 

The final mass of carbon dioxide given off was 0.32 g. 

(i)      Calculate the amount, in moles, of carbon dioxide in 0.32 g carbon dioxide. 

Relative atomic masses (Ar): C = 12; O = 16 

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

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

............................................................................................................... 
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Moles of carbon dioxide = .................... moles 
(2) 

 
 
 

(ii)     How many moles of the metal carbonate are needed to make this number of 
moles of carbon dioxide? 

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

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

Moles of metal carbonate = .................... moles 
(1) 

 
 
 

(iii)    The mass of metal carbonate used was 1.00 g. 

Use this information, and your answer to part (c) (ii), to calculate the relative 
formula mass (Mr) of the metal carbonate. 

If you could not answer part (c) (ii), use 0.00943 as the number of moles of 
metal carbonate. This is not the answer to part (c) (ii). 

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

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

Relative formula mass (Mr) of metal carbonate = .................... 
(1) 

 
 
 

(iv)    Use your answer to part (c) (iii) to calculate the relative atomic mass (Ar) of the 
metal in the metal carbonate (M2CO3) and so identify the Group 1 metal in the 
metal carbonate. 

If you could not answer part (c) (iii), use 230 as the relative formula mass of 
the metal carbonate. This is not the answer to part (c) (iii). 

To gain full marks, you must show your working. 

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

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

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

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

Relative atomic mass of metal is ......................................................... 
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Identity of metal ..................................................................................... 
(3) 

 
 
 

(d)     Two other students repeated the experiment in part (c). 

(i)      When the first student did the experiment some acid sprayed out of the flask 
as the metal carbonate reacted. 

Explain the effect this mistake would have on the calculated relative atomic 
mass of the metal. 

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

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

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

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

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

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

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

 
 
 

(ii)     The second student used 100 cm3 of dilute hydrochloric acid instead of 50 cm3. 

Explain the effect, if any, this mistake would have on the calculated relative 
atomic mass of the metal. 

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

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

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

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

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

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

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

(Total 17 marks) 
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Q3.Etching is a way of making printed circuit boards for computers. 

  
© Dario Lo Presti/Shutterstock 

Printed circuit boards are made when copper sheets are etched using iron(III) chloride 
solution. Where the copper has been etched, only plastic remains. 

(a)     Copper is a good conductor of electricity. 

Explain why. 

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

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

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

........................................................................................................................ 
(2) 

 
 
 

(b)     Iron(III) chloride can be produced by the reaction shown in the equation: 

2 Fe + 3 Cl2 → 2 FeCl3 

(i)      Calculate the maximum mass of iron(III) chloride (FeCl3) that can be produced 
from 11.20 g of iron. 

Relative atomic masses (Ar): Cl = 35.5; Fe = 56. 

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

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

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

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

Maximum mass of iron(III) chloride = .............................. g 
(3) 

 
 
 

(ii)     The actual mass of iron(III) chloride (FeCl3) produced was 24.3 g. 

Calculate the percentage yield. 

(If you did not answer part (b)(i) assume that the maximum theoretical mass of 
iron(III) chloride (FeCl3) is 28.0 g. This is not the correct answer to part (b)(i).) 

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

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

Percentage yield = ..............................% 
(1) 

(Total 6 marks) 
 
 
 
 
 

Q4.Saturated hydrocarbons, for example methane and octane, are often used as fuels. 

(a)     Methane can be represented as: 

  

(i)      The formula of methane is ................................................................. . 
(1) 

 
 
 

(ii)     Draw a ring around the correct answer to complete the sentence. 
  

  In a saturated hydrocarbon molecule all of the bonds are 

double. 

ionic. 

single. 
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(1) 
 
 
 

(iii)    Draw a ring around the correct answer to complete the sentence. 
  

  The homologous series that contains methane and octane is called the 

alcohols. 

alkanes. 

alkenes. 
 

(1) 
 
 
 

(b)     (i)      The complete combustion of petrol produces carbon dioxide, water vapour 
and sulfur dioxide. 

Name three elements petrol must contain. 

1 ............................................................................................................ 

2 ............................................................................................................ 

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

 
 
 

(ii)     The exhaust gases from cars can contain oxides of nitrogen. 

Complete the sentence. 

Nitrogen in the oxides of nitrogen comes from ................................... . 
(1) 

 
 
 

(iii)     The sulfur dioxide and oxides of nitrogen from cars cause an environmental 
problem. 

Name the problem and describe one effect of the problem. 

Name of problem .................................................................................. 

Effect of problem .................................................................................. 

............................................................................................................... 
(2) 
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(c)     When a fuel burns without enough oxygen, there is incomplete combustion. 

One gaseous product of incomplete combustion is carbon monoxide. 

Name one solid product of incomplete combustion. 

................................................................................ 
(1) 

 
 
 

(d)     A student investigated how well different hydrocarbon fuels would heat up 100 g of 
water. 

Her hypothesis was: 
  

  The more carbon atoms there are in a molecule of any fuel, the better the fuel is. 

 

The apparatus the student used is shown in the diagram. 

  

 
 
 

She burned each hydrocarbon fuel for 2 minutes. 

Her results are shown in the table. 
  

  

Name of 
hydrocarb

on fuel 

Number of 
carbon atoms 
in a molecule 

of 
hydrocarbon 

fuel 

Temperatur
e change of 
water in °C 

after 2 
minutes 

Temperatur
e change 

per g of fuel 
burned 

Observations 
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  Pentane   5 30 60 no smoke 

  Hexane   6 40 57 very small amount of smoke 

  Octane   8 55 55 small amount of smoke 

  Decane 10 57 52 large amount of smoke 

  Dodecane 12 60 43 very large amount of smoke 
  
 
 

The student investigated only hydrocarbons. 

Look carefully at her results. 

How well do the student’s results support her hypothesis? 
  

  The more carbon atoms there are in a molecule of any fuel, the better the fuel is. 

  
 
 

Give reasons for your answer. 

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

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

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

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

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

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

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

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

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

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

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

......................................................................................................................... 
(4) 
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(e)     A 0.050 mol sample of a hydrocarbon was burned in excess oxygen. 

The products were 3.60 g of water and 6.60 g of carbon dioxide. 

(i)      Calculate the number of moles of carbon dioxide produced. 

Relative atomic masses: C = 12; O = 16. 

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

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

Moles of carbon dioxide = ...................................... 
(2) 

 
 
 

(ii)     When the hydrocarbon was burned 0.20 mol of water were produced. 

How many moles of hydrogen atoms are there in 0.20 mol of water? 

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

Moles of hydrogen atoms = ................................... 
(1) 

 
 
 

(iii)    The amount of hydrocarbon burned was 0.050 mol. 

Use this information and your answers to parts (e) (i) and (e) (ii) to calculate 
the molecular formula of the hydrocarbon. 

If you could not answer parts (e) (i) or (e) (ii) use the values of 0.20 moles 
carbon dioxide and 0.50 moles hydrogen. These are not the answers to parts 
(e) (i) and (e) (ii). 

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

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

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

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

Formula = ............................................................... 
(2) 

(Total 19 marks) 
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M1.(a)               Statement                                   Structure 

  

more than one line drawn from a variable negates the mark 
4 

 
 
 

(b)     Carbon 
1 

 
 
 

(c)     It has delocalised electrons 
1 

 
 
 

(d)     the atoms / particles / ions are different sizes 

do not accept molecules 
1 

 
 
 

so there are no rows / layers to slide 

accept the layers are disrupted 
1 
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(e)       
1 

 
 
 

7.4% 
1 

 
 
 

allow 7.4% with no working shown for 2 marks 

(f)     Mixture 
1 

[11] 
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M2.(a)     (i)      C 
1 

(ii)     B 
1 

(iii)    A 
1 

(iv)    D 
1 

 
 
 

(b)     (i)      SO2 

1 

(ii)     shared 
1 

(iii)    covalent 
1 

[7] 
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M3.(a)     sodium loses (electron) 

sharing / covalent / metallic = max 2 
1 

chlorine gains (electron) 
1 

1 or an (electron) 
1 

 
 
 

(b)     (i)      Have no overall electric charge 
1 

(ii)     Should iodine be added to salt? 
1 

 
 
 

reason 
any one from: 
•        cannot be done by experiment 

accept difficult to get / not enough evidence 
•        based on opinion / view 

allow must be done by survey 
•        ethical or economic issue. 

1 
 
 
 

(c)     (i)      nitric (acid) 
1 

(ii)     an alkali 
1 

(iii)    indicator 

accept any named acid base indicator 
1 

 
 
 

(d)     (i)      Crystallisation 
1 

(ii)     fertiliser 

allow to help crops grow 
1 
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(iii)    any one from: 
•        pressure 

allow concentration 
•        temperature 

ignore heat 
•        catalyst. 

1 

[12] 
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M4.(a)     any one from: 
•        protection / improve lifespan 
•        improve appearance. 

1 
 
 
 

(b)     (i)      Bleach 
1 

(ii)     Hydrogen is less reactive than sodium 
1 

(iii)    1 bonding pair of electrons 6 unbonded electrons on Cl 

accept dot, cross or e or − or any combination 
1 

(iv)    Covalent 
1 

(v)     Hydrogen chloride has a low boiling point. 
1 

Hydrogen chloride is made of simple molecules. 
1 

 
 
 

(c)     (i)      oxygen 

accept carbon dioxide 
1 

(ii)     aluminium ions are positive 
1 

so are attracted (to the negative electrode) 

allow opposites attract 
1 

(iii)    Reduction 
1 

(iv)    slide 

allow move 
1 

 
 
 

(d)     (i)      C 
1 
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(ii)     strong covalent bonds 
1 

[14] 
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M5.(a)     (i)      high 
1 

(ii)     hundred 
1 

(b)     hard 
1 

(c)     (i)      carbon 
1 

(ii)     four 
1 

(iii)    covalent 
1 

(iv)    all 
1 

[7] 
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M6.(a)    four 
1 

 
 
 

covalent 
1 

 
 
 

(b)     because it has a high melting point 

accept it won’t melt 

accept it won’t decompose or react 

allow withstand high temperatures 

ignore boiling point 
1 

 
 
 

(c)     thin 
1 

[4] 
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M7.(a)    layers 

which have weak forces / attractions / bonds between them 

second mark must be linked to layers 
1 

 
 
 

or 

which can slide over each other or separate 

ignore references to rubbing 
1 

 
 
 

(b)     covalent 
1 

[3] 
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