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M1.(a)     36 cm3 

1 
 
 
 

(b)     all points correct 

± ½ small square 
2 

 
 
 

allow 1 mark if 6 or 7 of the points are correct 

2 best fit lines drawn 

must not deviate towards anomalous point 
2 

 
 
 

allow 1 mark if 1 line correct 

(c)     The bung was not pushed in firmly enough. 
1 

 
 
 

The measuring cylinder was not completely over the delivery tube. 
1 

 
 
 

(d)     as mass of lithium carbonate increases volume of gas produced increases 
1 

 
 
 

linear / (directly) proportional 
1 

 
 
 

(e)     A gas / carbon dioxide is produced. 

allow because the air in the tube expands 
1 

 
 
 

(f)     any one from: 
•        Potassium carbonate does not decompose to produce carbon dioxide / a gas. 
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•        Potassium carbonate does not decompose at the temperature of the Bunsen 
burner or the Bunsen burner is not hot enough to decompose potassium carbonate. 

•        When potassium carbonate decomposes a gas is not formed. 
1 

[11] 
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M2.(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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M3.(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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M4.(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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M5.(a)     (i)      (19.5 + 18.5 + 19.0) / 3 

allow (23.0 + 19.5 + 18.5 + 19.0) / 4 for 1 mark 
2 

(ii)     R P Q 

allow Q P R for 1 mark 
2 

 
 
 

(b)     any two from: 
•        repeat more times 
•        calculate a mean 
•        measure to one decimal place. 

2 

(c)     both students get similar results / similar pattern 
1 

[7] 
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Q1.Lithium carbonate reacts with dilute hydrochloric acid. 

A group of students investigated the volume of gas produced. 

This is the method used. 

1.       Place a known mass of lithium 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 as shown in Figure 1. 

Figure 1 

  

(a)     Figure 2 shows the measuring cylinder. 

Figure 2 
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What volume of gas has been collected? 

                               Volume = .......................................... cm3 

(1) 
 
 
 

(b)     The table below shows the students’ results. 
  

  Mass of lithium carbonate in g Volume of gas in cm3 

  0.0 0 

  0.1 22 

  0.2 44 

  0.3 50 

  0.4 88 

  0.5 96 

  0.6 96 

  0.7 96 
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On Figure 3: 
•        Plot these results on the grid. 
•        Complete the graph by drawing two straight lines of best fit. 

Figure 3 

  
(4) 

 
 
 

(c)     What are two possible reasons for the anomalous result? 
  

  Tick two boxes.   

  Too much lithium carbonate was added. 
  

  
The bung was not pushed in firmly 
enough.   

  There was too much water in the trough. 
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The measuring cylinder was not 
completely over the delivery   

  The conical flask was too small. 
  

 

(2) 
 
 
 

(d)     Describe the pattern the graph shows up to 0.4 g of lithium carbonate added. 

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

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

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

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

 
 
 

(e)     Lithium carbonate decomposes when heated. 

The equation shows the decomposition of lithium carbonate. 

Li2CO3 (s)   →   Li2O (s)   +   CO2 (g) 

Figure 4 shows the apparatus a student used to decompose lithium carbonate. 

Figure 4 

  

Why does the limewater bubble? 

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

 
 
 

(f)     The student repeated the experiment with potassium carbonate. 
The limewater did not bubble. 

Suggest why there were no bubbles in the limewater. 

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

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

(Total 11 marks) 
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Q2.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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Q3.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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Q4.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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Q5.Some pollutants cause acid rain. 

A student tested 25.0 cm3 samples of three types of rainwater, P, Q and R. 
The student titrated the samples with sodium hydroxide solution (an alkali). 

The student recorded the volume of sodium hydroxide solution needed to neutralise the 
rainwater. The student’s results are shown in Table 1. 

Table 1 
  

    
Volume of sodium hydroxide needed to neutralise 

the rainwater in cm3 

  
Type of 
rainwater 

Titration 1 Titration 2 Titration 3 Titration 4 
Mean 
value 

  P 18.0 15.5 14.5 15.0 15.0 

  Q 13.0 10.0 11.0 10.5 10.5 

  R 23.0 19.5 18.5 19.0 19.0 

 

(a)    (i)      The student calculated the mean value for rainwater R as 19.0 cm3. 

Show how the student calculated the mean value for rainwater R. 

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

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

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

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

 
 
 

(ii)     Write down P, Q and R in order of their acidity. 

Most acidic ............................. 

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

Least acidic ............................. 
(2) 
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(b)     A second student repeated the experiment and recorded the results in Table 2. 

Table 2 
  

    
Volume of sodium hydroxide 

needed to neutralise the 
rainwater in cm3 

  
Type of 
rainwater 

Titration 1 Titration 2 

  P 17 15 

  Q 11   9 

  R 20 18 

 

Use Table 1 and Table 2 to suggest two improvements the second student could make to 
obtain more accurate results. 

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

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

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

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

 
 
 

(c)     The results of the two students show that the experiment is reproducible. 

Give the reason why. 

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

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

(Total 7 marks) 
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M1.(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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M2.(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. 
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Level 3 (5−6 marks) 
There is a well organised description of a laboratory procedure for obtaining 
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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M3.(a)     (i)      precipitation 
1 

 
 
 

(ii)     (aq) on left hand side 
1 

 
 
 

(s) on right hand side 
1 

 
 
 

(iii)    potassium iodide 
1 

 
 
 

potassium nitrate 
1 

 
 
 

(iv)    filtration 
1 

 
 
 

(b)     (i)      diffusion 
1 

 
 
 

(ii)     iodide ions move / diffuse faster than lead ions or travel further in the same 
time 

Must be a comparison 

Accept converse 
1 

 
 
 

because the lead iodide forms much closer to the lead nitrate (or X) than the 
potassium iodide (or Y). 
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allow because iodide ions are smaller than lead ions 

allow references to potassium iodide and lead nitrate 
1 

 
 
 

(iii)    the particles / ions move / diffuse faster 

ignore which particles / ions the student refers to 
1 

 
 
 

because they have more energy or will collide / meet sooner 

ignore reference to frequency of collisions 
1 

[11] 
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M4.(a)     (i)      (phosphoric) acid 

allow phosphoric 
1 

(ii)     H+ / hydrogen (ion) 

if ion symbol given, charge must be correct 
1 

(b)     (i)      pencil 
1 

so it will not run / smudge / dissolve 

ignore pencil will not interfere with / affect the results 

or 

because ink would run / smudge / dissolve 

ignore ink will interfere with / affect the results 
1 

(ii)     any three from: 

reference to spots / dots = max 2 

allow colouring for colour 
•        3 colours in Cola 

allow more colours in cola or fewer colours in fruit drink 
•        2 colours in Fruit drink 
•        one of the colours is the same 
•        two of the colours in Cola are different 
•        one of the colours in Fruit drink is different 

allow some of the colours in the drinks are different 
•        one of the colours in Cola is the most soluble 

accept one of the colours in Cola has the highest Rf value 
3 

(c)     different substances travel at different speeds or have different retention times 

accept different attraction to solid 

ignore properties of compounds 
1 

(d)     (i)      Is there caffeine in a certain brand of drink? 
1 

(ii)     any two from: 

•        cannot be done by experiment 
•        based on opinion / lifestyle choice 
•        ethical, social or economic issue 
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accept caffeine has different effects on different people 
2 

[11] 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

 

Page 9 

M5.(a)    he made urea / organic compound / he made another organic compound 

ignore he made it unless qualified eg accept he made it from 
non-living material / not made from animals / plants 

1 
 
 
 

(b)     any one from: 

sensible ideas eg 

•        famous scientists / eminent scientists / high status scientists 
accepted           the life-force theory 

•        sensible references to lack of status of Wöhler 

•        was not in line with accepted ideas of time / religious beliefs etc 

eg it was a new idea 

•        other sensible answers eg fake / anomalous results 

or lack of evidence / proof 

accept only made 1 compoundignore no evidence 

or not reliable / reproduced 

or not repeated 
1 

 
 
 

(c)     sensible ideas such as: 

accept ‘other scientists repeated his experiment / made other 
organic compounds’ 

Wöhler made another organic compound or more evidence or repeated it 

allow more proof 

ignore he proved it 
1 
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(d)     (i)      nitric (acid) 

spelling must be correct 

accept HNO3 correctly written 

ignore hydrogen nitrate 
1 

 
 
 

(ii)     evaporate 

allow heat / boil / cool 

or 

allow to crystallise 

do not allow freeze 

ignore filtration unless as an alternative 

ignore distillation 

ignore solidify 
1 

[5] 
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M6.         (a)       Marks awarded for this answer will be determined by the Quality of Written 
Communication (QWC) as well as the standard of the scientific response.Examiners should 

also apply a �best-fit� approach to the marking. 

0 marks 

No relevant content. 

Level 1 (1-2 marks) 
There is a simple description of a laboratory procedure for obtaining potassium chloride. 

Level 2 (3-4 marks) 
There is a clear description of a laboratory procedure for obtaining potassium chloride from 
potassium hydroxide solution and hydrochloric acid that does not necessarily allow the 
procedure to be completed successfully by another person. The answer must include the 
use of an indicator or a method of obtaining crystals. 

Level 3 (5-6 marks) 
There is a detailed description of a laboratory procedure for obtaining potassium chloride 
from potassium hydroxide solution and hydrochloric acid that can be followed by another 
person. The answer must include the use of an indicator and a method of obtaining crystals. 

examples of the chemistry/social points made in the response: 

•        One reagent in beaker (or similar) 

•        Add (any named) indicator 

•        Add other reagent 

•        Swirl or mix 

•        Add dropwise near end point 

•        Stop addition at change of indicator colour 

•        Note volume of reagent added 

•        Repeat without indicator, adding same volume of reagent or remove indicator using 
charcoal 

•        Pour solution into basin / dish 

•        Heat (using Bunsen burner) 

•        Leave to crystallise / leave for water to evaporate / boil off water 

Accept any answers based on titration 
6 
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(b)     nitric (acid) 

allow HNO3 

ignore incorrect formula 
1 

 
 
 

(c)     (i)     because it is a fertiliser / helps plants grow 

allow plant food 

do not accept pesticide / herbicide / neutralising soil 
1 

 
 
 

(ii)    tick by: ‘Should farmers stop using ammonium nitrate on their land?’ 
1 

 
 
 

any two 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 

if top box ticked allow 1 mark for drinking water varies from place 
to place 

2 

[11] 
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Q1.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. 

PhysicsAndMathsTutor.com



 
  

Page 3 

  

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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Q2.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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Q3.Lead nitrate solution reacts with potassium iodide solution. 

The reaction produces a solid. 

Figure 1 shows the reaction occurring. 

Figure 1 

 
Lead Iodide By Der Kreole (own work) (CC-BY-3.0) via Wikimedia Commons 

(a)     (i)      Give the name of this type of reaction. 

Tick (✓) one box. 

  Combustion 
 

  Neutralisation 
 

  Precipitation 
 

 

(1) 
 
 
 

(ii)     Write the missing state symbols in the chemical equation. 

Pb(NO3)2(aq)    +    2KI(......)        PbI2(......)    +    2KNO3(aq) 
(2) 

 
 
 

(iii)    Complete the word equation for the reaction. 
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lead nitrate + ..................  lead iodide + .................. 
(2) 

 
 
 

(iv)    How is solid lead iodide separated from the solution? 

Draw a ring around the correct answer. 

Distillation                Electrolysis                Filtration 
(1) 

 
 
 

(b)     A group of students investigated the movement of particles. 

The students filled a container with water. 

The students added a crystal of lead nitrate at position X and a crystal of potassium iodide 
at position Y, as shown in Figure 2. 

Figure 2 – view from above 

 

After 3 minutes solid lead iodide started to form at the position shown in Figure 3. 

Figure 3 – view from above 

 

(i)      Tick (✓) the correct box to complete the sentence. 
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Lead ions and iodide ions move through the water by 

  diffusion. 
 

  evaporation. 
 

  neutralisation. 
 

 

(1) 
 
 
 

(ii)     What conclusion can you make about the speed of movement of lead ions compared 
with iodide ions? 

Give a reason for your answer. 

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

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

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

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

 
 
 

(iii)    The students repeated the experiment at a higher temperature. 

The solid lead iodide formed after a shorter period of time. 

Explain why, in terms of particles. 

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

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

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

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

(Total 11 marks) 
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Q4.The label shows the ingredients in a drink called Cola. 
  

  Cola 

  Ingredients: 

  

Carbonated water  
Sugar  
Colouring  
Phosphoric acid  
Flavouring  
Caffeine 

 

(a)     (i)      The pH of carbonated water is 4.5. 

The pH of Cola is 2.9. 

Name the ingredient on the label that lowers the pH of Cola to 2.9. 

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

 
 
 

(ii)     Which ion causes the pH to be 2.9? 

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

 
 
 

(b)     A student investigated the food colouring in Cola and in a fruit drink using paper 
chromatography. 

The chromatogram in the figure below shows the student’s results. 
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                      Cola            Fruit drink 

(i)      Complete the sentence. 

The start line should be drawn with a ruler and ...................................... . 

Give a reason for your answer. 

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

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

 
 
 

(ii)     Suggest three conclusions you can make from the student’s results. 

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

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

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

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

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

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

 
 
 

(c)     Caffeine can be separated from the other compounds in the drink by gas chromatography. 

Why do different compounds separate in a gas chromatography column? 

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

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

 
 
 

(d)     Caffeine is a stimulant. 

Large amounts of caffeine can be harmful. 

(i)      Only one of the questions in the table can be answered by science alone. 

Tick ( ) one question. 
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  Question Tick ( ) 

  Should caffeine be an ingredient in drinks?   

  Is there caffeine in a certain brand of drink?   

  How much caffeine should people drink?   

 

(1) 
 
 
 

(ii)     Give two reasons why the other questions cannot be answered by science alone. 

Reason 1 .............................................................................................. 

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

Reason 2 .............................................................................................. 

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

(Total 11 marks) 
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Q5.Read the information below and then answer the questions that follow. 
  

  

It was once thought that organic compounds could only be made in living organisms. 
The living organisms were assumed to have a special life force. 
This life force allowed them to make organic compounds. 

  

Urea is an organic compound produced in animals. It is found in urine. In 1828, 
Friedrich Wöhler made urea from chemicals which were not obtained from living 
things. 

  

Other famous scientists still believed in the idea of a life force. Wöhler made another 
organic compound in 1845. Most scientists then stopped believing that a life force was 
needed to make organic compounds. 

 

(a)     How did Wöhler prove that a life force is not needed to make organic compounds? 

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

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

 
 
 

(b)     In 1828 most scientists continued to believe that a life force was needed to produce an 
organic compound. 

Suggest why. 

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

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

 
 
 

(c)     In 1845 most scientists stopped believing that a life force was needed to make an organic 
compound. 

Suggest why. 

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

........................................................................................................................ 
(1) 
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(d)     Some scientists repeated Wöhler’s experiment. 
These scientists used lead nitrate as one of their starting materials. 

Lead nitrate solution can be made by reacting lead with an acid. 

(i)      Give the name of this acid ................................................................... 
(1) 

 
 
 

(ii)     State how solid lead nitrate can be obtained from lead nitrate solution. 

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

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

(Total 5 marks) 
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Q6.        (a)       In this question you will be assessed on using good English, organising information clearly 
and using specialist terms where appropriate. 

The salt called potassium chloride is made when potassium hydroxide solution reacts with 
hydrochloric acid. 

  

potassium hydroxide solution + hydrochloric acid  potassium chloride solution + water 

 

Describe a method for making crystals of potassium chloride from potassium hydroxide 
solution and hydrochloric acid. 

 
 
 

In this method you should: 

•        describe how you will add the correct amount of the hydrochloric acid to neutralise 
the potassium hydroxide solution 

•        describe how you will get crystals of potassium chloride. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
 
 

(b)     Ammonium nitrate is another salt. 
Ammonium nitrate is made when ammonia solution is neutralised with an acid. 

Name the acid to complete the word equation. 

ammonia   +   ........................................ acid      ammonium nitrate 
(1) 

 
 
 

(c)     Read the information. 
  

Ammonium nitrate – good or bad? 

Some farmers put a lot of ammonium nitrate on their farmland. 

Many people are worried about this use of ammonium nitrate. 

Rain water can wash the ammonium nitrate off the farmland 
and into rivers and lakes. The ammonium nitrate may get into 
drinking water supplies and could be harmful to health. 

 

(i)      Why do some farmers put ammonium nitrate on their farmland? 

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

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

 
 
 

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

Tick ( ) one question. 
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Question Tick ( )  

How much ammonium nitrate is in drinking water?    

Should farmers stop using ammonium nitrate on their farmland?    

Is ammonium nitrate soluble in rain water?    

 

Give two reasons why this question cannot be answered by science alone. 

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

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

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

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

(Total 11 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 
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accept 0.00396 or 3.96 × 10−3 with no working shown for 2 marks 

(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)     (sulfuric acid is) completely / fully ionised 
1 

 
 
 

In aqueous solution or when dissolved in water 
1 

 
 
 

(b)     H+(aq) + OH−(aq) → H2O(l) 

allow multiples 

1 mark for equation 

1 mark for state symbols 
2 

 
 
 

(c)     adds indicator, eg phenolpthalein / methyl orange / litmus added to the sodium hydroxide 
(in the conical flask) 

do not accept universal indicator 
1 

 
 
 

(adds the acid from a) burette 
1 

 
 
 

with swirling or dropwise towards the end point or until the indicator just changes colour 
1 

 
 
 

until the indicator changes from pink to colourless (for phenolphthalein) or yellow to red 
(for methyl orange) or blue to red (for litmus) 

1 
 
 
 

(d)     titrations 3, 4 and 5 
or 

  
1 
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27.12 cm3 

accept 27.12 with no working shown for 2 marks 
1 

 
 
 

allow 27.1166 with no working shown for 2 marks 

(e)     Moles H2SO4 = conc × vol = 0.00271 

allow ecf from 8.4 
1 

 
 
 

Ratio H2SO4:NaOH is 1:2 
or 
Moles NaOH = Moles H2SO4 × 2 = 0.00542 

1 
 
 

Concentration NaOH = mol / vol = 0.00542 / 0.025 = 0.2168 
1 

 
 

0.217 (mol / dm3) 

accept 0.217 with no working for 4 marks 
1 

 
 

accept 0.2168 with no working for 3 marks 

(f)           ×   0.18 = no of moles 

or 

0.15 × 40 g 
1 

 

0.144 (g) 
1 

 
 
 

accept 0.144g with no working for 2 marks 
[16] 
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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) 

 
 
 

(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. 

........................................................................................................................ 
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........................................................................................................................ 
(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.Sodium hydroxide neutralises sulfuric acid. 

The equation for the reaction is: 

                 2NaOH + H2SO4  →  Na2SO4 + 2H2O 

(a)     Sulfuric acid is a strong acid. 

What is meant by a strong acid? 

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

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

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

 
 
 

(b)     Write the ionic equation for this neutralisation reaction. Include state symbols. 

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

 
 
 

(c)     A student used a pipette to add 25.0 cm3 of sodium hydroxide of unknown concentration to 
a conical flask. 

The student carried out a titration to find out the volume of 0.100 mol / dm3 sulfuric acid 
needed to neutralise the sodium hydroxide. 

Describe how the student would complete the titration. 

You should name a suitable indicator and give the colour change that would be seen. 

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

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

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

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

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

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

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

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

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

 
 
 

(d)     The student carried out five titrations. Her results are shown in the table below. 
  

   
Titration 

1 
Titration 

2 
Titration 

3 
Titration 

4 
Titration 

5 

  
Volume of 0.100 mol / 
dm3 sulfuric acid in cm3 

27.40 28.15 27.05 27.15 27.15 

 

Concordant results are within 0.10 cm3 of each other. 

Use the student’s concordant results to work out the mean volume of 0.100 mol / dm3 
sulfuric acid added. 

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

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

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

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

Mean volume = .......................................................... cm3 

(2) 
 
 
 

(e)     The equation for the reaction is: 

                               2NaOH + H2SO4  →  Na2SO4 + 2H2O 

Calculate the concentration of the sodium hydroxide. 

Give your answer to three significant figures. 

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

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

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

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

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

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

Concentration = ................................................ mol / dm3 

(4) 
 
 
 

(f)     The student did another experiment using 20 cm3 of sodium hydroxide solution with a 
concentration of 0.18 mol / dm3. 

Relative formula mass (Mr) of NaOH = 40 

Calculate the mass of sodium hydroxide in 20 cm3 of this solution. 

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

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

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

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

            Mass = ................................................................ g 
(2) 

(Total 16 marks) 
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M1.(a)     Whether there was a reaction or not 
1 

 
 
 

(b)     brown / orange / dark deposit on zinc 
or 
blue solution turns colourless / paler 

1 
 
 
 

(c)               Variable                                   Measuring instrument 

  

more than one line drawn from a variable negates the mark 
2 

 
 
 

(d)     (Most reactive)        Magnesium 
                       Zinc 

(Least reactive)       Copper 

must all be correct 
1 

 
 
 

(e)     would not be safe or 

too reactive 

allow too dangerous 
1 
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(f)     Gold 
1 

 
 
 

(g)     2Fe2O3   +   3C   →   4Fe   +   3CO2 

allow multiples 
1 

 
 
 

(h)     carbon 
1 

 
 
 

(i)     Loss of oxygen 
1 

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

•        concentration / volume of dilute hydrochloric acid 
•        mass of metal powder 
•        surface area of metal powder 
•        stirring (of any) / rate of stirring 

allow reacted for the same length of time 
2 

 
 
 

(b)     4.2 °C 

allow Magnesium Test 2 
1 

 
 
 

and any one from: 

•        lower mass of magnesium added 
•        surface area of magnesium too low 
•        magnesium coated in magnesium oxide (so took a while to start reacting) 
•        not stirred 
•        not stirred as quickly as the other metals 
•        not reacted for as long a time as the other metals 

allow reason for break in circuit 
1 

 
 
 

(c)     17.4(°C) 
1 

 
 
 

(d)     bubbles of gas 
1 

 
 
 

more (bubbles) seen with calcium than other metals 

allow any correct comparison between two metals 
1 
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(e)     any value between 7.9 °C and 12.3 °C 
1 

[8] 
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M3.(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] 
 
 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 8 

M4.(a)     (i)      economical 
1 

 
 
 

(ii)     phytomining 
1 

 
 
 

(iii)    carbon dioxide 
1 

 
 
 

(b)     (i)      copper / Cu 
1 

 
 
 

iron sulfate / FeSO4 

1 
 
 
 

(ii)     copper / ions have a positive charge 

it = copper ions 

allow copper ions have a different charge 

accept copper / ions are free to move 

accept to gain electrons 

accept copper / ions are attracted to the negative electrode or 
opposite charges attract 

1 
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(c)     any two from: 

ignore not biodegradable or does not decay 

•        copper ores are limited / running out 

allow copper is running out 
•        copper can be recycled 
•        copper can be reused 
•        copper is expensive 
•        landfill sites are filling up 
•        copper compounds are toxic 

allow copper is toxic 
2 

[8] 
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M5.(a)     (i)      copper / Cu 
1 

 
 
 

(ii)     50 (p) 
1 

 
 
 

(iii)    25 
1 

 
 
 

(iv)    tin 
1 

 
 
 

(b)     any one form: 

•        high cost of copper 

allow  metal  is expensive 

•        less copper available or (copper ores exhausted / only low-grade ores available) 

allow  copper  is non-renewable 

•        high demand for copper 

•        high percentage (%) of copper in the coin 

•        inflation (of cost) 
1 

[5] 
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M6.(a)  

one mark for each substance linked correctly to its description 

do not accept more than one line from each substance 
3 

 
 
 

(b)      0 / zero / none / no charge 
1 

 
 
 

electron 
1 

 
 
 

(c)     (i)      nucleus 
1 

 
 
 

(ii)     atomic number 
1 

 
 
 

(iii)    mass number 
1 

[8] 
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M7.(a)     (i)      ethene 

allow C2H4 

1 
 
 
 

(ii)  

accept line drawn from word ‘Monomer’ or from the monomer 
box to the correct ‘Polymer’ 

allow the correct ‘Polymer’ indicated by a tick, circled etc. 
1 

 
 
 

(b)     (i)      nickel 

accept Ni 
1 

 
 
 

(ii)      75(%) 
1 

 
 
 

(iii)    (stainless steel) is hard /strong / durable 

it = stainless steel 

accept (pure) iron is soft 
1 

 
 
 

(stainless steel) resistant to corrosion or unreactive 

accept (pure) iron rusts / corrodes / reacts  

do not allow corrosive 
1 

 
 
 

(c)     Advantage : Conserves resources of crude oil and ores  
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do not allow more than one tick in the advantage column 
1 

 
 
 

Disadvantage : High cost of separating materials 

do not allow more than one tick in the disadvantage column 
1 

[8] 
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Q1.A student investigated the reactivity of three different metals. 

This is the method used. 

1.       Place 1 g of metal powder in a test tube. 
2.       Add 10 cm3 of metal sulfate. 
3.       Wait 1 minute and observe. 
4.       Repeat using the other metals and metal sulfates. 

The student placed a tick in the table below if there was a reaction and a cross if there was no 
reaction. 

  

    Zinc Copper Magnesium 

  Copper sulfate       

  Magnesium sulfate       

  Zinc sulfate       

 

(a)     What is the dependent variable in the investigation? 
  

  Tick one box.   

  Time taken 
  

  Type of metal 
  

  Volume of metal sulfate 
  

  Whether there was a reaction or not 
  

 

(1) 
 
 
 

(b)     Give one observation the student could make that shows there is a reaction between zinc 
and copper sulfate. 

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

............................................................................................................................. 
(1) 
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(c)     The student used measuring instruments to measure some of the variables. 

Draw one line from each variable to the measuring instrument used to measure the 
variable. 

  

  Variable   
Measuring 
instrument 

      Balance 

      
  

      Measuring cylinder 

  Mass of metal powder     

      Ruler 

      
  

      Burette 

  
Volume of metal 

sulfate 
    

      Theromometer 

      
  

      Test tube 

 

(2) 
 
 
 

(d)     Use the results shown in table above to place zinc, copper and magnesium in order of 
reactivity. 

Most reactive     .......................................... 

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

Least reactive    .......................................... 
(1) 
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(e)     Suggest one reason why the student should not use sodium in this investigation. 

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

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

 
 
 

(f)     Which metal is found in the Earth as the metal itself? 
  

  Tick one box.   

  Calcium 
  

  Gold 
  

  Lithium 
  

  Potassium 
  

 

(1) 
 
 
 

(g)     Iron is found in the Earth as iron oxide (Fe2O3). 

Iron oxide is reduced to produce iron. 

Balance the equation for the reaction. 

.....Fe2O3      +     .....C      →     .....Fe      +      .....CO2 

(1) 
 
 
 

(h)     Name the element used to reduce iron oxide. 

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

 
 
 

(i)     What is meant by reduction? 
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  Tick one box.   

  Gain of iron 
  

  Gain of oxide 
  

  Loss of iron 
  

  Loss of oxygen 
  

 

(1) 
(Total 10 marks) 
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Q2.A student investigated the reactivity of different metals. 

The student used the apparatus shown in the figure below. 

  

The student used four different metals. 

The student measured the temperature rise for each metal three times. 

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

  
Metal 

Temperature rise in °C Mean 
temperature 

rise in °C   Test 1 Test 2 Test 3 

  Calcium 17.8 16.9 17.5   

  Iron   6.2   6.0   6.1   6.1 

  Magnesium 12.5   4.2 12.3 12.4 

  Zinc   7.8   8.0   7.6   7.8 

 

(a)     Give two variables the student should control so that the investigation is a fair test. 

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

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

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

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

 
 
 

(b)     One of the results for magnesium is anomalous. 

Which result is anomalous? 
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Suggest one reason why this anomalous result was obtained. 

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

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

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

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

 
 
 

(c)     Calculate the mean temperature rise for calcium. 

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

        Mean temperature rise = ........................................... °C 
(1) 

 
 
 

(d)     The temperature rose when the metals were added to sulfuric acid. 

Give one other observation that might be made when the metal was added to sulfuric acid. 
How would this observation be different for the different metals? 

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

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

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

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

 
 
 

(e)     Aluminium is more reactive than iron and zinc but less reactive than calcium and 
magnesium. 

Predict the temperature rise when aluminium is reacted with dilute hydrochloric acid. 

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

                  Temperature rise = ......................................... °C 
(1) 

(Total 8 marks) 
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Q3.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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Q4.Where copper ore has been mined there are areas of land that contain very low percentages of 
copper compounds. 

One way to extract the copper is to grow plants on the land. 

The plants absorb copper compounds through their roots. 

The plants are burned to produce copper oxide. 

The copper oxide produced from plants can be reacted to produce copper or copper sulfate 
solution, as shown in Figure 1. 

Figure 1 

 

(a)     Draw a ring around the correct answer to complete each sentence. 

 
 
 

  

  (i) 
Copper ores contain enough copper to make extraction of the 
metal 

carbon neutral. 

economical. 

reversible. 

 

(1) 
 
 
 

  

  (ii) Using plants to extract metals is called 

photosynthesis. 

phytomining. 

polymerisation. 

 

(1) 
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  (iii) Copper oxide reacts with carbon to produce copper and 

carbon dioxide. 

oxygen. 

sulfur dioxide. 

 

(1) 
 
 
 

(b)     Copper is produced from copper sulfate solution by displacement using iron or by 
electrolysis. 

(i)      Complete the word equation. 

copper sulfate    +    iron        ...................... + ...................... 
(2) 

 
 
 

(ii)     Figure 2 shows the electrolysis of copper sulfate solution. 

Figure 2 

 

Why do copper ions go to the negative electrode? 

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

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

 
 
 

(c)     Suggest two reasons why copper should not be disposed of in landfill sites. 

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

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

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

(Total 8 marks) 
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Q5.This is the headline from a newspaper: 

  

(a)     The bar chart shows the percentage of metals in UK coins in 1991. 

  

Use the bar chart to answer these questions. 

(i)      Which metal is in all of these coins? 

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

 
 
 

(ii)     Which coin does not contain zinc? 

............................................................................................................... 
(1) 
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(iii)    What is the percentage of nickel in a 50 p coin? 

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

 
 
 

(iv)    Draw a ring around the correct metal to complete the sentence. 

Pure copper is too soft to be used for 1 p and 2 p coins. 
  

    iron   

  Copper is mixed with zinc and nickel for 1 p and 2 p coins. 

    tin   

 
(1) 

 
 
 

(b)     The value of the metal in 2 p coins, made in 1991, is now 3.3 p. 

Suggest why a 2 p coin made in 1991 is worth 3.3 p. 

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

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

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

(Total 5 marks) 
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Q6.Magnesium burns in oxygen. 

  

By Kingsway School [CC BY 2.0],via Flickr 

(a)     Use the Chemistry Data Sheet to help you to answer this question. 

The word equation for magnesium burning is: 

        magnesium   +   oxygen       magnesium oxide 

Draw one line from each substance to its correct description. 
  

  Substance   Description 

      compound 

  magnesium     

      metal 

  magnesium oxide     

      mixture 

  oxygen     

      non-metal 

 
(3) 

 
 
 

(b)     The diagram represents a magnesium atom. 
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Complete the table to show the name of each particle and the charge of each particle in the 
magnesium atom. 

  

  Name of particle Charge 

  proton +1 

  neutron ........... 

  .................................... −1 

 
(2) 

 
 
 

(c)     Use the Chemistry Data Sheet to help you to answer these questions. 

Draw a ring around the correct answer to complete each sentence. 

  

(i) 

    core. 

  In a magnesium atom, the protons and neutrons are in the nucleus. 

    shell. 

 
(1) 
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(ii) 

    atomic number 

  The number of protons in a magnesium atom is the mass number. 

    group number. 

 
(1) 

 
 
 

  

(iii) 

    atomic number. 

  The sum of the protons and neutrons in a magnesium atom is the mass number. 

    group number. 

 
(1) 

(Total 8 marks) 
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Q7.The diagram shows a ballpoint pen. 

  

(a)     Polymers are used to make the ballpoint pen. 

(i)      Name the monomer used to make poly(ethene). 

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

 
 
 

(ii)     Draw one line from the monomer propene to its polymer poly(propene). 
  

  Monomer   Polymer 
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(1) 

 
 
 

(b)     Two alloys are used to make the ballpoint pen. 
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Use the bar chart to answer these questions. 

(i)      Which metal is in both of these alloys? ................................................................ 
(1) 

 
 
 

(ii)     What is the percentage of iron in the stainless steel? ............................................ % 
(1) 

 
 
 

(iii)    The alloy stainless steel is used instead of pure iron for the ball of the pen. 

Give two reasons why. 

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

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

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

............................................................................................................... 
(2) 
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(c)     Tick ( ) one advantage and tick ( ) one disadvantage of recycling this type of ballpoint 
pen. 

    
Advantage  

Tick ( ) 
Disadvantage  

Tick ( ) 

  Can be refilled and reused     

  
Conserves resources of crude oil and 
ores 

    

  High cost of separating materials     

  Polymers and alloys are not expensive     

 
(2) 

(Total 8 marks) 
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M1.(a)     any one from: 
•        solution becomes colourless or colour fades 
•        zinc becomes bronze / copper coloured 

allow copper (forms) or a solid (forms) 
•        zinc gets smaller 

allow zinc dissolves 
•        bubbles or fizzing. 

ignore precipitate 
1 

 
 
 

(b)     improvement: 
use a plastic / polystyrene cup or add a lid 

accept use lagging / insulation 
1 

reason - must be linked 
reduce / stop heat loss 
OR 
improvement: 
use a digital thermometer 

allow use a data logger 

reason - must be linked 
more accurate or easy to read or stores data 

allow more precise or more sensitive 

ignore more reliable 

ignore improvements to method, eg take more readings 
1 

 
 
 

(c)     Marks awarded for this answer will be determined by the Quality of Written 
Communication (QWC) 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 is a statement about the results. 

Level 2 (3−4 marks) 
There are statements about the results. These statements may be linked or may 
include data. 
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Level 3 (5−6 marks) 
There are statements about the results with at least one link and an attempt at an 
explanation. 

Examples of chemistry points made in the response: 
Description: 
Statements 
Concentration of copper sulfate increases 
Temperature change increases 
There is an anomalous result 
The temperature change levels off 
Reaction is exothermic 

Linked Statements 
Temperature change increases as concentration of copper sulfate increases 
The temperature change increases, and then remains constant 
After experiment 7 the temperature change remains constant 

Statements including data 
The trend changes at experiment 7 
Experiment 3 is anomalous 

Attempted Explanation 
Temperature change increases because rate increases 
Temperature change levels off because the reaction is complete 

Explanation 
As more copper sulfate reacts, more heat energy is given off 
Once copper sulfate is in excess, no further heat energy produced 

6 

[9] 
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M2.(a)     any three from: 

•        concentration of (salt) solution 
•        volume of (salt) solution 

ignore amount of solution 
•        initial temperature (of the solution) 

ignore room temperature 
•        surface area / form of metal 
•        moles of metal 

allow mass / amount 

ignore time 

ignore size of tube 
3 

 
 
 

(b)     20 
1 

 
 
 

32 
1 

 
 
 

12 

allow ecf 
1 

 
 
 

(c)     (i)      four bars of correct height 

tolerance is + / - half square 

3 correct for 1 mark 
2 

 
 
 

bars labelled 
1 

 
 
 

(ii)     one variable is non-continuous / categoric 

accept qualitative or discrete 
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accept no values between the metals 
1 

 
 
 

(iii)    magnesium 
1 

 
 
 

because biggest temperature change 

accept gives out most energy 

ignore rate of reaction 

dependent on first mark 
1 

 
 
 

(iv)    does not react / silver cannot displace copper 
1 

 
 
 

because silver not more reactive (than copper) or silver below copper in 
reactivity series 

do not accept silver is less reactive than copper sulfate 
1 

 
 
 

(v)     replace the copper sulfate 

could be implied 
1 

 
 
 

with any compound of a named metal less reactive than copper 

allow students to score even if use an insoluble salt 
1 

[16] 
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M3.(a)    any two from: 

•        copper / ores are running out / harder to find 

•        there are no / very small amounts of high-grade copper ores left 

•        copper metal is in demand 

•        copper is expensive 

•         now economical to extract copper from low-grade ores 

it = copper 

allow new methods of extraction e.g. bioleaching and phytomining 

allow high-grade ores are running out for 2 marks 
2 

 
 
 

(b)     (i)      large amounts / 98% of rock to dispose of as waste 

accept contains toxic (metal) compounds / bioleacher 

orwaste rock takes up a lot of space 
1 

 
 
 

(ii)     (copper sulfide reacts with oxygen to) produce sulfur dioxide / SO2 

allow (sulfur reacts with oxygen to) produce sulfur dioxide / SO2 

1 

that causes acid rain 

allow description of effects of acid rain or sulfur dioxide 

if no other mark awarded allow CO2 produced which causes global 
warming or CO2 produced by burning fuel or heating the furnace 
for 1 mark 

1 
 
 
 

(iii)    any one from: 

•        large amounts of fuels / energy used (for the furnace and electrolysis) 

allow large amounts of electricity needed 

ignore high temperature / electrolysis unqualified 

•        (the extraction has) many steps / stages / processes 

allow (extraction) is a long process / takes a lot of time 
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•        large amounts of ore / material have to be mined 

allow ores contain a low percentage of copper 
1 

 
 
 

(iv)    (copper ions move towards) the negative electrode / cathode 
1 

 
 
 

because copper ions / Cu2+ are positively charged or are oppositely charged or 
copper ions need to gain electrons 

allow because metal ions are positive or opposites attract 
1 

 
 
 

(v)     (growing) plants 
1 

[9] 
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M4.(a)     (i)      hydrogen  

accept H2 

allow H 
1 

 
 
 

(ii)     hydroxide  

accept OH– 

allow OH 

do not accept lithium hydroxide 
1 

 
 
 

(b)     any two from:  

‘it’ = potassium 

potassium: 

accept converse for lithium 

•        reacts / dissolves faster 

allow reacts more vigorously / quickly / violently / explodesignore 
reacts more 

•        bubbles / fizzes faster 

allow fizzes more 

allow more gas  

•        moves faster (on the surface) 

allow moves more 

•        melts 

allow forms a sphere 

•        produces (lilac / purple) flame 

allow catches fire / ignites 

do not accept other colours 
2 

[4] 
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M5.         (a)      (i)     reduction 

accept redox / smelting 
1 

 
 
 

(ii)     3 4 3 
1 

 
 
 

(b)     (i)      55 

ignore other units 

(ii)     Water 

accept sodium hydroxide 

accept correct formulae H2O or NaOH 
1 

 
 
 

(iii)     any one from: 

•   save energy / fuel for transporting the ore 

accept less (cost of) transport allow transported quickly 

•   (old) quarries nearby for waste/red mud 
1 

 
 
 

(c)     Environmental 

any one from: 

•   less mining / quarrying (of bauxite) 

allow loss of habitat / less qualified noise pollution 

•   less landfill space needed / used 

allow less red mud / waste 

•   less use of fossil fuels / energy 

•   less carbon dioxide produced 
1 
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Ethical or social 

any one from: 

•   saves resources 

allow using resources more than once 

•   creates (local) employment 

if answers reversed and both correct award 1 mark 

•   more people aware of the need for recycling 

allow less qualified noise pollution if not given in environmental 
1 

 
 
 

[7] 
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M6.          (a)     any one from:  

•        no method / electrolysis / equipment / technology 

allow ‘didn’t know how to’ or ‘no knowledge’ 

•        aluminium is a very reactive metal 

•        high melting point 

allow ‘couldn’t heat it enough’ 

•        potassium had not been discovered 
1 

 
 
 

(b)     because others / scientists / they could not repeat the experiment 

ignore he could not repeat the experiment 

or 
others / they could not obtain the same results 

1 
 
 
 

(c)     reaction is endothermic or 
reaction takes in heat / energy 

accept activation energy 

ignore rate / high temperature 

ignore bonds broken 
1 

 
 
 

(d)     (aluminium chloride + potassium) → aluminium + potassium chloride 

in either order 

accept correct formulae 

ignore metal 

ignore balancing 
1 

 
 
 

(e)     when tested it had the properties of a metal 

accept a test for a metal property eg conductivity / reaction with 
acid 

1 
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properties were different (from other known metals) 

accept properties compared with other metals 
1 

[6] 

  

 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 13 

M7.         (a)      (i)     contains enough metal to make it economical to extract 
1 

 
 
 

(ii)     Fe   (+)   CO2 

formula of both products must be correct 
1 

 
 
 

(Fe2O3)   (+)   ....3....(CO) 

→ 

.....2.....(Fe)   (+)   .....3...(CO2) 

balancing correct 

allow correct balancing using Fe2 

1 
 
 
 

(iii)    reduction 

accept redox 
1 

 
 
 

(b)     (i)      oxygen reacts with the carbon to produce carbon dioxide 

allow carbon monoxide for carbon dioxide 
1 

 
 
 

OR 

carbon dioxide is produced (1) 

which escapes as a gas (1) 
1 

 
 
 

(ii)     to give steels with different / particular properties or for 
different / particular uses 

ignore to make different alloys  
1 
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(c)     copper is very expensive 

accept the metal (iron / steel) costs less than copper 

ignore energy 
1 

 
 
 

because copper ores are ‘low grade’ / running out 

allow copper is rare 

ignore nickel 
1 

[9] 
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Q1.A student investigated the temperature change when zinc reacts with copper sulfate solution. 

The student used a different concentration of copper sulfate solution for each experiment. 

The student used the apparatus shown below. 

 

The student: 
•        measured 50 cm3 copper sulfate solution into a glass beaker 
•        measured the temperature of the copper sulfate solution 
•        added 2.3 g zinc 
•        measured the highest temperature 
•        repeated the experiment using copper sulfate solution with different concentrations. 

The equation for the reaction is: 

Zn(s)     +                 CuSO4(aq)                    Cu(s)       +              ZnSO4(aq) 

zinc       +      copper sulfate solution        copper      +    zinc sulfate solution 

 
 
 

(a)     The thermometer reading changes during the reaction. 

Give one other change the student could see during the reaction. 

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

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

 
 
 

(b)     Suggest one improvement the student could make to the apparatus. 

Give a reason why this improves the investigation. 

Improvement .................................................................................................. 
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........................................................................................................................ 

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

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

 
 
 

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

The student’s results are shown in the table. 

Table 
  

  
Experiment 
number 

Concentration of 
copper sulfate 

in moles per dm3 

Increase in temperature in 
°C 

  1 0.1 5 

  2 0.2 10 

  3 0.3 12 

  4 0.4 20 

  5 0.5 25 

  6 0.6 30 

  7 0.7 35 

  8 0.8 35 

  9 0.9 35 

  10 1.0 35 

 

Describe and explain the trends shown in the student’s results. 

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

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

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

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

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

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

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

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

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

(Total 9 marks) 
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Q2.A student investigated displacement reactions of metals. 

The student added different metals to copper sulfate solution and measured the temperature 
change. 

The more reactive the metal is compared with copper, the bigger the temperature change. 

The apparatus the student used is shown in Figure 1. 

Figure 1 

 

(a)     State three variables that the student must control to make his investigation a fair test. 

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

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

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

 
 
 

(b)     Figure 2 shows the thermometer in one experiment before and after the student added a 
metal to the copper sulfate solution. 

Figure 2 
  

  Before adding metal After adding metal 
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Use Figure 2 to complete Table 1. 

Table 1 
  

  Temperature before adding metal in °C ............... 

  Temperature after adding metal in °C ............... 

  Change in temperature in °C ............... 

 

(3) 
 
 
 

(c)     The student repeated the experiment three times with each metal. 

Table 2 shows the mean temperature change for each metal. 

Table 2 
  

  Metal 
Mean 

temperature 
change in °C 

  Cobalt 4.5 

  Gold 0.0 

  Magnesium 10.0 

  Nickel 3.0 

  Silver 0.0 

PhysicsAndMathsTutor.com



 
  

Page 7 

  Tin 1.5 

 

(i)      On Figure 3, draw a bar chart to show the results. 

Figure 3 

 
(3) 

 
 
 

(ii)     Why is a line graph not a suitable way of showing the results? 

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

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

 
 
 

(iii)    Use the results to work out which metal is the most reactive. 

Give a reason for your answer. 

Most reactive metal .................................................. 

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

............................................................................................................... 
(2) 
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(iv)    Explain why there was no temperature change when silver metal was added to the 
copper sulfate solution. 

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

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

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

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

 
 
 

(v)     It is not possible to put all six metals in order of reactivity using these results. 

Suggest how you could change the experiment to be able to put all six metals into 
order of reactivity. 

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

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

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

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

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

(Total 16 marks) 
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Q3.Metals are extracted from their ores. 

Many copper ores contain only 2% of copper compounds. 

(a)     Copper is now extracted from ores containing a low percentage of copper compounds. 

Suggest two reasons why. 

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

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

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

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

 
 
 

(b)     Chalcocite, an ore of copper, contains copper sulfide. 

The flow diagram shows how copper metal is extracted from chalcocite. 

  

(i)      Suggest one reason why it is difficult to dispose of the waste rock. 
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............................................................................................................... 

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

 
 
 

(ii)     The reaction in the furnace could cause environmental pollution. 
Explain how. 

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

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

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

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

 
 
 

(iii)    The extraction of pure copper is expensive. 
Give one reason why. 

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

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

 
 
 

(iv)    Pure copper is produced by electrolysis of copper sulfate solution. 

Which electrode do the copper ions move towards? 
Give a reason for your answer. 

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

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

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

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

 
 
 

(v)    Large areas of land are contaminated with copper compounds. 
Phytomining can be used to remove these copper compounds from the land. 
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What is used in phytomining to remove copper compounds from the land? 

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

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

(Total 9 marks) 
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Q4.Lithium is in Group 1 of the periodic table. 

Lithium reacts with water to produce a gas and an alkaline solution. 

  

(a)     (i)      Name the gas produced. 

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

 
 
 

(ii)     Which ion causes the solution to be alkaline? 

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

 
 
 

(b)     Potassium is also in Group 1 of the periodic table. 
Potassium reacts with water in a similar way to lithium. 

Write down two differences you would see between the reactions of potassium and lithium 
with water. 

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

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

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

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

(Total 4 marks) 
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Q5.Cans for food and drinks are made from steel or aluminium.The main metal in steel is iron. 

 
By Sun Ladder (Own work) [CC-BY-SA-3.0 or GFDL], 
                                                via Wikimedia Commons 

(a)     Iron is extracted by heating a mixture of iron oxide and carbon in a blast furnace. 

(i)      Name this type of reaction. 

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

 
 
 

(ii)     Balance the symbol equation for this reaction. 

2Fe2O3 + ........... C → ........... Fe + ........... CO2 
(1) 

 
 
 

(b)     Aluminium ore, bauxite, contains aluminium oxide, iron oxide and silicon dioxide. 
Aluminium is extracted by electrolysis of aluminium oxide. 
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The 'red mud' which is dumped in very large ponds contains: 
  

  Name of solid  Percentage (%) 

  Aluminium oxide  10  

  Iron oxide 65  

  Silicon dioxide 25  

 

(i)      100 tonnes of bauxite produced 50 tonnes of pure aluminium oxide and 50 tonnes of 
'red mud'. 

What percentage of aluminium oxide did the bauxite contain? 

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

                                                  Answer = .......................................... % 
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(1) 
 
 
 

(ii)     Apart from the solids shown in the table, name one other substance that would be in 
the 'red mud'. 

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

 
 
 

(iii)    The purification of the aluminium oxide is usually done near to the bauxite quarries. 

Suggest one reason why. 

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

 
 
 

(c)     Aluminium is used to make many things including cans. 

During one year in the USA: 

•        100 billion aluminium cans were sold 

•        55 billion aluminium cans were recycled. 

Give one environmental impact of recycling aluminium cans and one ethical or social 
impact of recycling aluminium cans. 

Environmental ............................................................................................... 

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

Ethical or social ............................................................................................. 

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

(Total 7 marks) 
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Q6.          Read the information. 
  

Alumina is a white solid. In 1800, scientists thought that alumina contained an 
undiscovered metal. We now call this metal aluminium. At that time, scientists 
could not extract the aluminium from alumina. 

In 1825, Christian Oersted, a Danish scientist, did experiments with alumina. 

Step 1   He reacted a mixture of hot alumina and carbon with chlorine to form 
              aluminium chloride. The reaction is very endothermic. 

Step 2   The aluminium chloride was reacted with potassium. He was left with 
               potassium chloride and tiny particles of aluminium metal. 

Other scientists were not able to obtain the same results using his experiment and 
his work was not accepted at that time. 

In 1827, Friedrich Wöhler, a German chemist, made some changes to Oersted’s 
experiment. He obtained a lump of aluminium. He tested the aluminium and 
recorded its properties. 

 

(a)     Suggest why scientists in 1800 could not extract aluminium from alumina. 

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

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

 
 
 

(b)     Oersted’s experiment in 1825 was not thought to be reliable. 

Explain why 

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

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

 
 
 

(c)     Why must the reaction in Step 1 be heated to make it work? 

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

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

(d)     Complete the word equation for the reaction in Step 2. 
  

aluminium 
chloride 

+ potassiu
m 

→ ............................... + ............................... 

 
(1) 

 
 
 

(e)     Suggest how Wöhler was able to prove that he had made a new metal. 

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

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

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

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

(Total 6 marks) 
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Q7.          Steels are used to make cars, bridges and knives. 
The main element in steel is iron. 

(a)     Iron is extracted from an ore that contains about 60% iron oxide, Fe2O3 

(i)      What is the meaning of ore? 

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

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

 
 
 

(ii)     In a blast furnace, iron oxide reacts with carbon monoxide to produce iron. 
The word equation for this reaction is: 

iron oxide    +    carbon monoxide    →    iron    +    carbon dioxide 

Complete and balance the chemical equation for this reaction. 

Fe2O3    +    ........ CO    →    ...............    +    ............... 
(2) 

 
 
 

(iii)    Name the type of reaction that produces a metal from its metal oxide. 

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

 
 
 

(b)     Steels are produced from molten iron in two stages: 

Stage 1 blowing oxygen into molten iron from the blast furnace. 

Stage 2 adding other metals to make different steels. 
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(i)      In Stage 1, suggest how the oxygen removes most of the carbon from the molten 
iron. 

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

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

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

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

 
 
 

(ii)     Stage 2 produces different steels. 

Suggest why different steels are needed. 

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

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

 
 
 

(c)     Old 5p and 10p coins in the UK were made from cupro-nickel. 
Cupro-nickel is 75% copper and 25% nickel. 

New 5p and 10p coins in the UK are now made from nickel-plated steel and not from 
cupro-nickel. 

Explain why. 

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

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

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

(Total 9 marks) 
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M1.(a)     (zinc has) lost electron(s) 

accept loss of electrons 
1 

 
 
 

(b)     copper is the least reactive 
1 

 
 
 

because it gave the most negative voltage when it was metal 2 
or 
it gave the biggest voltage with chromium 
or 
it gave the most positive voltage when it was metal 1 

1 
 
 
 

(c)     −0.7 V 
1 

 
 
 

The voltage with chromium and copper is 1.2 

accept use of other cell pairings such as tin with copper and tin 
with iron 

1 
 
 
 

The voltage with chromium and iron is 0.5 and copper is less reactive (than iron) 
1 

 
 
 

(d)     hydrogen   +   oxygen   =   water 
1 

 
 
 

(e)     H2   →   2H+   +   2e− 

1 
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O2   +   4H+   +   4e−   →   2H2O 
1 

[9] 
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M2.(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 

(iii)    (because) the anodes or (positive) electrodes are made of carbon / graphite 
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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] 
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M3.(a)     The ore is not pure or contains impurities or the ore does not contain 100% of the metal compound 

allow to concentrate the metal or metal compound 
1 

rock / other compounds need to be removed / separated 
1 

 
 
 

(b)     (i)      (cast iron is) brittle 

allow not strong 

ignore weak 
1 

(ii)     the oxygen reacts with carbon 

allow carbon burns in oxygen or is oxidised 
1 

reducing the percentage of carbon in the mixture 
or producing carbon dioxide 

1 
 
 
 

(c)     (i)      aluminium has a low density 
1 

(ii)     (because copper) is in the central / middle (block of the periodic table) 
1 

whereas aluminium is in Group 3 (of the periodic table) 
1 

 
 
 

(iii)    iron is more reactive (than copper) 

ignore cost 
1 

so copper is displaced / reduced 
1 

[10] 
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M4.          (a)     (i)      many ethene / molecules / monomers 

accept double bonds open / break 
1 

         join to form a long hydrocarbon / chain / large molecule 

accept addition polymerisation 

ignore references to ethane 

correct equation gains 2 marks 
1 

 
 
 

(ii)     (can be deformed but) return to their original shape (when 
heated or cooled) 

ignore ‘it remembers its shape’ 
1 

 
 
 

(iii)     cross links / extra bonds in PEX 

accept inter-molecular bonds 
ignore inter-molecular forces 

1 

         molecules / chains in PEX are held in position 

accept rigid structure 
1 

         molecules / chains in PEX unable to slide past each other / move 

it = PEX throughout 
1 

 
 
 

(b)     any four from: 

•        less (hydrocarbon) fuels used 

allow less energy 

•        less / no electrical energy used 

allow no electrolysis 

•        reduce carbon / carbon dioxide emissions 

allow less global warming 

•        reduce / no pollution by sulfur dioxide / acid rain 
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•        continuous process 

allow less / no transportation 

•        conserve copper which is running out or only low-grade ores available 

•        reduce the amount of solid waste rock that needs to be disposed 

allow less waste 

•        reduce the need to dig large holes (to extract copper ores) 

allow less mining 

ignore costs / sustainability / non-renewable 
4 

[10] 

  

 
 
 
 

PhysicsAndMathsTutor.com



 
  

Page 9 

M5.          (a)     any one from: 

•        light(er) / less dense 

ignore stronger 

•        resistant to acids / alkalis / chemical 

accept resistant to corrosion 
1 

 
 
 

(b)     any two from: 

it must be clear 

list principle applies 

allow reverse argument 

ignore reference to temperature 

•        magnesium is more reactive than titanium 

magnesium is above titanium in the reactivity series 

•        titanium is more reactive than carbon 

•        magnesium is more reactive than carbon 

•        magnesium is most reactive 

•        carbon is least reactive 
2 

 
 
 

(c)     any three from: 

it = titanium 

ignore references to cost / easier / usefulness alone or references 
to incorrect processes 

•        takes a long time to process 

•        low abundance (of ore) 

•        small amount produced 

•        batch process used or blast furnace is continuous 

•        more stages used to manufacture titanium 

allow ≥ 3 / many / several 

•        more energy used (per tonne of titanium) 
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allow high energy requirement 

ignore references to temperature 

•        magnesium / chlorine is expensive 

•        labour intensive 
3 

[6] 
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M6.          (a)     react with oxygen / oxidise / burn in oxygen / burning / combustion or 
tungsten to tungsten oxide or makes an oxide 

key idea is oxidation 
ignore breaking ignore fire / flames / exothermic 
ignore react with air 

1 
 
 
 

(b)     it is (very) unreactive / not reactive / inert / does not react with tungsten 
or it is a noble gas or it is in group 0 or 8 or 18 

do not accept unreactive / inert metal or argon is not very reactive 
1 

          full outer shell (of electrons) / 8 electrons in outer shell 
1 

          does not need to gain / lose / swap / transfer / share electrons or does not need to 
form bonds 

does not bond ionically / covalently 
1 

 [4] 
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M7.          (a)     unreactive / near bottom of reactivity series 
1 

(b)     carbon more reactive / higher up reactivity series 
1 

(c)     very reactive / near top of reactivity series 
1 

          cannot use displacement methods / can only be extracted by electrolysis / had 
to wait discovery of electricity 

1 

[4] 
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Q1.A student investigated simple cells using the apparatus shown in the figure below. 

  

•        If metal 2 is more reactive than metal 1 then the voltage measured is positive. 

•        If metal 1 is more reactive than metal 2 then the voltage measured is negative. 

•        The bigger the difference in reactivity of the two metals, the larger the voltage produced. 

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

  

(a)     The ionic equation for the reaction occuring at the zinc electrode in the simple cell made 
using copper and zinc electrodes is: 

                                         Zn  →  Zn2+  +  2e
− 

Zinc is oxidised in this reaction. 
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Give a reason why this is oxidation. 

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

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

 
 
 

(b)     Look at the table above. 

Which one of the metals used was the least reactive? 

Give a reason for your answer. 

Metal .............................................................................................................. 

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

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

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

 
 
 

(c)     Predict the voltage that would be obtained for a simple cell that has iron as metal 1 and 
copper as metal 2. 

Explain your answer. 

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

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

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

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

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

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

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

........................................................................................................................ 
(3) 
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(d)     Hydrogen fuel cells have been developed for cars. 

Write a word equation for the overall reaction that takes place in a hydrogen fuel cell. 

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

 
 
 

(e)     Write the two half equations for the reactions that occur at the electrodes in a hydrogen 
fuel cell. 

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

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

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

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

(Total 9 marks) 
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Q2.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) 
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Q3.This question is about metals. 

Figure 1 shows the metals used to make pylons and the wires of overhead cables. 

 

(a)     An ore contains a metal compound. 

A metal is extracted from its ore in three main stages, as shown in Figure 2. 

 

Explain why Stage 2 needs to be done. 

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

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

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

........................................................................................................................ 
(2) 
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(b)     Cast iron from a blast furnace contains 96% iron and 4% carbon. 

(i)      Cast iron is not suitable for the manufacture of pylons. 

Give one reason why. 

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

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

(ii)     Most cast iron is converted into steel, as shown in Figure 3. 

 

Describe how cast iron is converted into steel. 

Use Figure 3 to help you to answer this question. 

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

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

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

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

 
 
 

(c)     Aluminium and copper are good conductors of electricity. 

(i)      State one property that makes aluminium more suitable than copper for overhead 
cables. 

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

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

(ii)     How can you tell that copper is a transition metal and aluminium is not a transition 
metal from the position of each metal in the periodic table? 

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

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

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

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

 
 
 

(iii)    Copper can be extracted from solutions of copper salts by adding iron. 

Explain why. 

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

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

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

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

(Total 10 marks) 
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Q4.          (a)     PEX is a material that is used as an alternative to copper for hot water pipes. 
PEX is made from poly(ethene). 

(i)      Describe how ethene forms poly(ethene). 

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

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

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

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

 
 
 

(ii)     PEX is a shape memory polymer. What property does a shape memory polymer 
have? 

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

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

 
 
 

(iii)     The simplified structures of poly(ethene) and PEX are shown. 

 

                Poly(ethene)                                                                     PEX 

         Poly(ethene) is a thermoplastic that softens easily when heated. 

         Suggest and explain how the structure of PEX changes this property. 

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

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

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

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

 
 
 

(b)     Copper was considered to be the most suitable material to use for hot water pipes. 
PEX is now used as an alternative material for hot water pipes. 

          Copper is extracted from its ore by a series of processes. 
1   The low-grade ore is powdered and concentrated. 
2   Smelting is carried out in an oxygen flash furnace. This furnace is heated to 1100 °C 

using a hydrocarbon fuel. The copper ore is blown into the furnace with air, 
producing impure, molten copper. 

3   Oxygen is blown into the impure, molten copper to remove any sulfur. The copper is 
cast into rectangular slabs. 

4   The final purification of copper is done by electrolysis. 

          PEX is made from crude oil by a series of processes. 
1   Fractional distillation 
2   Cracking 
3   Polymerisation 
4   Conversion of poly(ethene) into PEX 

          Suggest the possible environmental advantages of using PEX instead of copper for hot 
water pipes. 

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

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

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

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

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

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

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

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

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

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

(Total 10 marks) 
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Q5.          Titanium is used in aircraft, ships and hip replacement joints. Titanium is as strong as steel but 
45% lighter, and is more resistant to acids and alkalis. 

Most titanium is produced from its ore, rutile (titanium oxide), by a batch process that takes up to 
17 days. 

 

Titanium reactors produce about 1 tonne of the metal per day. 
Iron blast furnaces produce about 20 000 tonnes of the metal per hour. 
 

 
 

(a)     Give one property of titanium that makes it more useful than steel for hip replacement 
joints. 

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

 
 
 

(b)     In the reactor magnesium is used to produce titanium. If carbon were used instead of 
magnesium, no titanium would be produced. 

          What does this tell you about the relative reactivities of carbon, magnesium and 
titanium? 

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

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

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

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

(c)     The use of titanium is limited because it is expensive. 

Explain why titanium costs more than steel. 

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

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

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

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

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

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

(Total 6 marks) 
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Q6.          The diagram shows an electric light bulb. 

 

          When electricity is passed through the tungsten filament it gets very hot and gives out light. 

 
 
 

(a)     What reaction would take place if the hot tungsten was surrounded by air? 

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

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

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

 
 
 

(b)     State why argon is used in the light bulb. Explain your answer in terms of the electronic 
structure of an argon atom. 

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

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

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

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

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

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

(Total 4 marks) 
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Q7.          Use the Reactivity Series of Metals on the Data Sheet to help you to answer this question. 

          The table gives information about the extraction of some metals. 

  

Metal Date of discovery Main source Main extraction method 

Gold Known to ancient 
civilisations 

In the Earth as the 
metal itself 

Physically separating it 
from the rocks it is 
mixed with 

Zinc 1500 Zinc carbonate Reduction by carbon 

Sodium 1807 Sodium chloride Electrolysis 

  
 
 

(a)     Explain why gold is found mainly as the metal itself in the Earth. 

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

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

 
 
 

(b)     One of the reactions involved in producing zinc is represented by this equation. 

ZnO  +  C  →  Zn  +  CO 

          Explain why carbon can be used to extract zinc. 

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

..................................................................................................................................... 
(1) 
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(c)     Sodium is one of the most abundant metals on Earth. 

          Explain, as fully as you can, why sodium was not extracted until 1807. 

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

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

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

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

(Total 4 marks) 
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