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Section A 
Answer all questions in this section in the spaces provided. 

The total mark for this section is 50. 
 

A1 The chromatogram below shows the results of a paper chromatography experiment.  
 

 
 

 (a) Draw a line, labelled S, on the chromatogram to show the solvent level at the 
beginning of the experiment.                                                                          [1]                                                                                                      
 

 (b) In this experiment, a locating agent is used on the chromatogram.  What is 
the purpose of a locating agent? 
 
........................................................................................................................[1] 
 

 (c) Use the chromatogram to answer the following questions.  
 

  (i) Which substances are impure? 
 
……………………………………...........................................................[1] 
 

  (ii) Which substances are pure? 
 
………………........................................................................................[1] 
 
 
 
 
 
 
 

 

solvent 
front 

start  
line 
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 (d) With the aid of a ruler and indicating the measurements on the chromatogram 
clearly, calculate the Rf value of the most soluble spot in X. 
  
 
 
 
 

Rf value = .................................................. [2] 
 

   [Total: 6]  
    
A2 This question is about ammonia. 
  
 (a) Ammonia is manufactured industrially using the Haber Process and is an 

important precursor used in the manufacture of ammonium-based fertilisers. 
 

  (i) State the reaction conditions for the Haber Process. 
 

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

 
 

(ii) Explain why it is not advisable to add ammonium-based fertilisers to 
soil which has been limed with calcium hydroxide.  

 
…….…..……………………………...………………………………………… 

   
………………………..……….…………...…………………………………… 

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

 (b) Aqueous ammonia is commonly used to identify cations which are present in 
salt solutions. 
 

  (i) Describe how aqueous ammonia can be used to identify iron(II) ions. 
 

…………………………………………………..…….………………...……… 
 

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

 
 

(ii) Write an ionic equation with state symbols to represent the reaction in 
(b)(i).  

 
 
 
 

[2] 
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 (c) Aqueous ammonia reacts with dilute hydrochloric acid to form aqueous 
ammonium chloride. 
 

 
 

(i) Explain why evaporation to dryness is not suitable to obtain solid 
ammonium chloride salt from its salt solution.  

 
……………………….……..………………………………………...………… 

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

  (ii) Hence, suggest a suitable method used to obtain solid ammonium 
chloride salt. 

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

 (d) What is a suitable drying agent that can be used to dry a sample of ammonia 
gas?  

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

  [Total : 9] 
 
 

A3 Ethanoic acid is a weak acid and hydrochloric acid is a strong acid. 
 

 (a) (i) Define the term ‘acid’. 
 
…………………………..…………………………..…………………………. 

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

  (ii)  The equation below shows the changes which occur when hydrochloric 
acid is dissolved in water. 
 

HCl(aq)   →   H+(aq)   +   Cl-(aq) 
 
Write the equation with state symbols to show the changes which occur 
when ethanoic acid (CH3COOH) is dissolved in water. 
 
 
 

 [2] 
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 (b) Jared conducted two experiments as shown below. 
 
Experiment 1:  He added a portion of copper(II) carbonate to excess 
   dilute hydrochloric acid in a test tube.  
 
Experiment 2: He added a portion of copper(II) oxide to excess dilute 
   hydrochloric acid in a test tube.  
 

  State one similarity and one difference in observations for both experiments. 
   

……………………………………………………………………….………………… 
 

…………………………………………………………………….…………………… 
 

…………………………………………………………………….…………………… 
 

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

 (c) The salt formed in (b) is aqueous copper(II) chloride.  
 
Aqueous potassium iodide reacts with aqueous copper(II) chloride to 
produce iodine.  
 

  (i) Balance the chemical equation for this reaction.  
   
……. KI  +  ……. CuCl2  →   ……. CuI  +  ……. I2  +  ……. KCl  [1] 

    
  (ii) Is the reaction in (c)(i) a redox reaction? 

 
Explain your answer in terms of oxidation numbers. 
 
……………………………………………………………………………..…… 

 
………………………………………………………………………..………… 

 
…………………………………………………………………….…………[2] 
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 (d) Complete the method of preparing pure dry crystals of zinc chloride from 
dilute hydrochloric acid and a base. 
 
step 1:  
 
Add …..………………………………………………. to dilute hydrochloric acid. 
 
step 2:  
 
…………………...…………………………………………………………………….. 
 
step 3: 
 
Heat the …………………….……….. to ……………………………………, leave 
the solution to cool. 
 
Collect the crystals by filtration. 
 
step 4: 
 
…………………………………………..…………………..…………………………. 

  
.……………………………………………………………………….……………...[4] 
  

      [Total: 12]  
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A4 Two experiments are carried out to investigate the rate of reaction between excess 
powdered zinc carbonate and dilute hydrochloric acid.  
 
The results are shown in the graph below.  
 
In Experiment 1, 30.0 cm3 of 0.500 mol dm-3 hydrochloric acid is used. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Below shows the suggestions by two students to modify Experiment 1 to 
obtain the graph for Experiment 2. 

 
Student A: The concentration of the hydrochloric acid should be decreased.  
 
Student B: Use granulated zinc carbonate granules.  

 
Comment on the suggestions made by the students. 

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

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

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

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

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

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

 (b) (i) Besides the factors in (a), suggest one other factor that can be 
changed to produce the graph in Experiment 2. 

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

 

 
 

0 

volume of carbon dioxide / cm3 

time / min 

Experiment 1 

Experiment 2 
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  (ii) Explain your answer in (b)(i) in terms of reacting particles.  
 

………………………….…………………….………………………………… 
   

………………………….…………………….………………………………… 
   

………………………….………..…………..………………………………… 
   

……………………………………………..……………………………...…[2] 
    
                                                                                        [Total: 5] 

 
 

A5 The diagrams below show two separate experiments involving a piece of 
magnesium and a piece of iron. 

 

 
 

 (a) Describe and explain an observation made in Experiment 1.  
 
…………………………………………………………………………………………. 

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

 (b) State and explain one observation that would be made in Experiment 2 but 
not in Experiment 1. 
 
…………………………………………………………………………………………. 
 
…………………………………………………………………………………………. 

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

   aqueous copper(II) sulfate 

 
Experiment 2 

 
Experiment 1 

   aqueous zinc nitrate 

magnesium                            iron magnesium                     iron 
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 (c) Experiment 3 was conducted as shown in the diagram below. 
 

 

 
  (i) State and explain an observation that is made in Experiment 3 that is 

different from Experiments 1 and 2. 
 
………………………...…….…………..…………...………………………… 

 
………………………….……...……..…………………...…………………… 

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

  (ii) A student replaced the piece of magnesium used in Experiment 3 with 
a piece of old aluminium found in the laboratory. There was no visible 
reaction. 
 
Suggest a reason why there was no visible reaction and explain your 
answer. 
 
………………………….……………….…………...………………………… 

   
………………………….………..………..……….……...…………………… 

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

                                                                                                      [Total: 8]  

 
 
 
 
 
 
 
 
 

 
Experiment 3 

   aqueous zinc nitrate 

   magnesium piece  
(in contact with iron)    iron 
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A6 A chemist carried out two different electrolysis investigations with different 
concentrations of sodium chloride solution.  
 

 

 

 
 
                 

                Experiment 1                                       Experiment 2 
 
 

 (a) (i) Write the half-equation, with state symbols, for the reaction at the 
anode for Experiment 1.  
 
 
 
 

[1] 
 

  (ii) Explain your answer to (a)(i). 
 
……………………………………………………..…………………………… 

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

  (iii) In Experiment 2, 25 cm3 of gas is produced at the cathode.  
 
What volume of gas is produced at the anode?  
 
………………………………………………..……………………………...[1] 
 

 (b) The electricity supplied by the electrical source is generated from a coal-
burning power station.   
 

  (i) Name the air pollutant that is formed from burning coal that causes 
acid rain. 
 
…………………………………………..…………………………………...[1] 
 
 

concentrated 
sodium chloride 
solution 

dilute sodium 
chloride 
solution 

carbon electrodes 
carbon  

electrode 
carbon 
electrode 

electrical 
source 
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  (ii) Explain, using relevant equations, how the air pollutant in (b)(i) forms 
acid rain. 
 
……………………………………………………..…………………………… 

 
……………………………………………………..…………………………… 

 
……………………………………………………..…………………………… 

 
……………………………………………………..…………………………… 

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

  (iii) What is the process used to reduce the release of the pollutant in (b)(i) 
into the atmosphere? 
 
……………………………………………………………..………………...[1] 
 

 (c) Hydrogen gas is produced in both Experiments 1 and 2. It can be used as a 
fuel and is a more environmentally friendly fuel than petrol. 
 

  (i) Explain why hydrogen is an environmentally friendly fuel. 
 
……………………………………………………………..…………………… 

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

  (ii) Explain why the burning of petrol in excess oxygen is harmful to the 
environment. 
 
………………………………………………………………..………………… 

 
…………………………………………………………………..……………… 

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

                                                                                                [Total: 10]  
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Section B 
Answer all three questions in this section. 

The last question is in the form of an either/or and only one of the alternatives should be 
attempted 

 
 

B7 The standard reduction potential (E°) of a substance measures the likelihood that a 
substance is reduced.   
 
The E° value of a substance can be measured by connecting the electrode of the 
substance being measured to a ‘standard hydrogen electrode’ at standard conditions 
of 25 °C and 1 atm. The 'standard hydrogen electrode' is used as a reference 
electrode and has a E° value of 0.00 V. 
 
The diagram below shows the set-up used to measure the standard electrode 
potential of a substance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 shows the electrode reactions and E° values of some metals. The more 
negative the E° value, the more easily a substance is reduced. Conversely, the more 
positive the E° value, the more easily a substance is oxidised. 
 

Table 1 
 

 

metal electrode reaction E° / V 

copper Cu2+(aq) + 2e− ⇌ Cu(s) +0.34 

iron Fe3+(aq) + 3e− ⇌ Fe(s) -0.04 

magnesium Mg2+(aq) + 2e− ⇌ Mg(s) -2.38 

nickel Ni2+(aq) + 2e− ⇌ Ni(s) -0.25 

sodium Na+(aq) + e− ⇌ Na(s) -2.71 

zinc Zn2+(aq) + 2e− ⇌ Zn(s) -0.76 

electrode of 
substance 
measured 

1 mol/dm3 solution 
containing ions of 

the substance 
being measured 

1 mol/dm3 
solution of H+ 

ions 

hydrogen gas 

standard hydrogen 
electrode 

platinum 
electrode 

salt bridge 

voltmeter 
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When different compounds of metals are heated strongly, they decompose 
differently. Tables 2 and 3 below show how different compounds of metals 
decompose. 
 

Table 2: Decomposition of carbonates  
 

metal carbonate products 

sodium carbonate - 

zinc carbonate zinc oxide and carbon dioxide 

copper(II) carbonate copper(II) oxide and carbon dioxide 

 
Table 3: Decomposition of nitrates  

 

metal nitrate products 

sodium nitrate sodium nitrite and oxygen 

zinc nitrate zinc oxide, nitrogen dioxide and oxygen 

copper(II) nitrate copper(II) oxide, nitrogen dioxide and oxygen 

 
The carbonates of the metals in Table 1 were heated strongly and the time taken for 
50 cm3 of gas to be collected in a gas syringe was measured for each carbonate. 
The results are shown in Table 4.  

 
Table 4 

 

metal carbonate time taken to collect 50 cm3 of gas / s 

copper(II) carbonate 44 

iron(III) carbonate 85 

magnesium carbonate 221 

nickel(II) carbonate ? 

sodium carbonate no gas produced 

zinc carbonate 153 
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 (a) (i) What is the relationship between the E° value and reactivity of metals?  
 

………………………………….……………………………………….……… 
 

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

  (ii) Hence, arrange the metals in Table 1 in order of increasing reactivity.  
   

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

 (b) (i) Some E° values are shown below.  
 

-2.55 V -0.44 V +0.16 V +0.80 V 
 
What is the most suitable E° value for silver? 
 
Explain your reasoning.   

   
………………………………….………..………….…………….…………… 

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

  (ii) Write the equation for the electrode reaction for silver. 
 
 
 
 

[1] 
 

 (c) Suggest the purpose of the salt bridge used in the set-up to measure the 
standard electrode potential.  

  
………………………………….……………………………………..……………….. 

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

 (d) Compare between the decomposition of carbonates and the decomposition of 
nitrates.  

  
………………………………….……………………………………..……………….. 

  
………………………………….……………………………………..……………….. 

  
………………………………….……………………………………..……………….. 

  
………………………………….……………………………………..……………….. 

 
…………………………….….…………………………………………..………….[2] 
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 (e) What products could be formed from the decomposition of potassium nitrate?  
 

Explain your reasoning.   
 
………………………………………..…..……………………………………………. 
 
………………………………………..…..……………………………………………. 

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

 (f) (i) Predict the time taken to collect 50 cm3 of gas for nickel(II) carbonate.  
 

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

  (ii) Does the data in Table 4 support your answer in (a)(ii)? 
 
Explain your answer using relevant information from the table.  

   
………………………………….………..………….…………….…………… 

   
………………………………….………..………….…………….…………… 

   
………………………………….………..………….…………….…………… 

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

  [Total: 12] 
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B8 The tables below show the atomic radii of elements in Group I and Group VII of the 
Periodic Table. 
 

 
Table 1 

 

Group I 

element 
atomic radius / 

pm 

Li 152 

Na 186 

K 231 

Rb 244 
 

Table 2 
 

Group VII 

element 
atomic radius / 

pm  

F 64 

Cl 99 

Br 114 

I 133 
 

   
 (a) (i) What do you observe about the atomic radius of a Group I element 

compared to a Group VII element in the same period? 
 
…………………………………………………………………….....………… 

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

  (ii) Explain your answer in (a)(i). 
 
……………………………………………………………...………..………… 

 
………………………………………………………………….....…………… 

 
……………………………………………………………………..…...……… 

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

 (b) State the trend in reactivity of the elements down Group I. 
 
Explain and support your answer using information from Table 1. 
 
……………………………………………………………...……………………..…… 

 
……………………………………………………………...……………………..…… 

 
……………………………………………………………...……………………..…… 

 
……………………………………………………………...……………………..…… 

 
……………………………………………………………………...…………..……… 

 
……………………………………………………………………...…………..……… 

 
………………………………………………………………………………..……...[3] 
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 (c) State the trend for the melting points of the elements down Group VII.   
 
Explain your answer. 
 
……………………………………………………………………...…………..……… 

 
……………………………………………………………………...………..………… 

 
……………………………………………………………………...…………..……… 

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

 
                                                                                                [Total: 8]  
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B9 EITHER 
 

  Hydrogen gas is used as a fuel in rockets and it undergoes combustion in the engine 
to form water vapour as shown in the equation below. 
 

2H2(g)  +  O2(g)  →  2H2O(g) 
 
In Experiment 1, 40.0 g of hydrogen gas was reacted with 30.0 g of oxygen gas to 
form water vapour.  
 

 (a) Calculate the mass of water vapour formed in Experiment 1. 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
 (b) Draw the energy profile diagram for Experiment 1.  

 
Indicate the enthalpy change, ∆H, and activation energy, Ea, on the diagram 
clearly.  

   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[3] 
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 (c) Karl suggested adding a suitable catalyst to lower the enthalpy change of the 
reaction in Experiment 1. 
 
Do you agree with Karl? Explain your answer.    

   
…………………………………………………………………………………………. 

 
…………………………………………………………………………………………. 

 
…………………………………………………………………………………………. 

 
…………………………………………………………………………………………. 

 
…………………………………………………………………………………………. 

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

   
 (d) Experiment 2 was carried out and the equation for the reaction is shown 

below.  
 

2H2(g)  +  O2(g)  →  2H2O(l) 
 
The energy involved for the above reaction was found to be higher than that 
of the earlier reaction in Experiment 1. 
 

  (i) Describe the change in movement of the particles in the reaction for 
Experiment 2. 

    
…………………………………………………………………..……………… 

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

  (ii) Suggest a reason why the energy for the reaction in Experiment 2 was 
higher than Experiment 1. 

    
…………………………………………………………………..……………… 

 
…………………………………………………………………..……………… 

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

   [Total: 10] 
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B9 
 

OR 
 
The table below shows some information about some elements in Period 2. 
 

element carbon nitrogen fluorine neon 

structure 
giant 

molecular 
simple 

molecular 
simple 

molecular 
monatomic 

electrical 
conductivity 

good poor poor poor 

boiling point / °C 3800 -196 -188 -246 
 

  
 (a) Explain why neon exists as single atoms but fluorine as molecules. 

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

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

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

 (b) When liquid nitrogen boils, the following change occurs. 
 

N≡N(l) → N≡N(g) 
 
Explain why the boiling point of nitrogen is very low even though the bonds 
between the atoms in a nitrogen molecule are very strong. 
 
............................................................................................................................ 

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

 (c) (i) Which form of carbon, diamond or graphite, is shown in the table? 
 
Explain your reasoning.  

    
…………………………………………………………………..……………… 

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

  (ii) Explain your answer in (c)(i) terms of structure.  
    

…………………………………………………………………..……………… 
 

…………………………………………………………………..……………… 
 

…………………………………………………………………..…………...[2] 
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 (d) (i) Carbon reacts with fluorine and hydrogen to form difluoroethene, 
C2H2F2, a hazardous chemical that is toxic when inhaled.  
 
Draw a ‘dot-and-cross’ diagram to represent the bonding in 
difluoroethene, showing only valence electrons. 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                             [2] 
 

  (ii) Compare the structure and bonding present between the carbon 
sample in (c)(i) and difluoroethene.  

    
…………………………………………………………………..……………… 

 
…………………………………………………………………..……………… 

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

    
                                                                                                   [Total: 10] 

 

 

 

 

 

- End of Paper - 


