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Section A 

Answer all questions. 

 

1 Fig. 1.1 shows the electron arrangement of six elements from Period 3 of the Periodic Table. 

The elements are represented by the letters, A, B, C, D, E and F. 

 

Each diagram shows outer electrons only. 

 

      

A B C D E F 
 

 Fig. 1.1 

    

 (a) Which elements are reducing agents? 

  
 [1] 

    

 (b) Which elements form oxides that react with aqueous sodium hydroxide only? 

  
 [1] 

    

 (c) Which element exists as a giant network of atoms that are covalently bonded? 

  
 [1] 

    

 (d) Draw a ‘dot-and-cross’ diagram to show the bonding of the compound formed between 

element B and D. 

  
 

 

 

 

 

 

 

 [2] 

   

  [Total: 5] 
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2 Sulfuric acid, widely used in the production of detergents and fertilisers, is manufactured on 

an industrial scale via the Contact Process. The process involves the following key reactions 

as shown in Table 2.1. 

 

Table 2.1 

stage reaction conditions 

1 S (s) + O2 (g) → SO2 (g) ΔH = - 297 kJ/mol 

2 2SO2 (g) + O2 (g) ⇌ 2SO3 (g) 450 °C 
1- 2 atm 
V2O5 as catalyst 

H = - 196 kJ/mol 
3 SO3 (g) + H2SO4 (l) → H2S2O7 (l) Heat produced 

varies. 

4 H2S2O7 (l) + H2O (l) →  2H2SO4 (aq) Heat produced 

varies. 
 

    

 (a) A student made the following comment. 

‘In stage 2, the catalyst reduces the activation energy for the reaction and therefore the 

enthalpy change of the reaction is lower.’ 

Do you agree with this statement. Explain why. 

  
 

  
 

  
 

  
 [2] 

   

 (b) Explain, in terms of oxidation state, which stage(s) involve(s) redox reactions. 

  
 

  
 

  
 

  
 

  
 

  
 [3] 

    

 (c) The percentage yield to produce sulfuric acid from sulfur is only 96 – 98%.  

Using the information in Table 2.1, explain why. 

  
 

  
 [1] 
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 (d) (i) Draw an energy profile diagram for the backward reaction in stage 2 of the contact 

process.  

2SO3 (g) → 2SO2 (g) + O2 (g) 

Label clearly the  

• reactants and products, 

• enthalpy change and  

• activation energy of the reaction. 

   

 [2] 

    

  (ii) Calculate the total amount of heat produced from stage 2 when 50 kg of SO3 is 

produced. 

 

 

 

 

 

 

 

 

 

   
 [2] 

   

  [Total: 10] 

  

 

 

 

 

 

 

 

 

 

 

 

energy 

progress of reaction 
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3 (a) A student investigated the electrolysis of concentrated aqueous potassium chloride using 

the set-up as shown in Fig. 3.1.  

 

 
Fig. 3.1 

 

 

  (i) Construct the half-equation, with state symbols, for the reaction at electrode P. 

   
 [1] 

    

  (ii) Describe and explain what you will observe in the beaker containing aqueous 

sodium bromide as the electrolysis experiment proceeds. 

   
 

   
 

   
 

   
 

   
 [3] 

    

  (iii) The student conducted a second experiment. 

Dilute copper (II) chloride was used instead of concentrated potassium chloride. 

Predict and explain the expected observations in the gas syringe and beaker 

containing aqueous sodium bromide. 

   
 

   
 

   
 

   
 [3] 
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 (b) Fig. 3.2 shows a set-up to electroplate an object with silver.  

 
                                  cell 1                                                cell 2 

Fig. 3.2 

    

  (i) On Fig. 3.2, indicate the direction of electron flow.  [1] 

     

    

  (ii) A student would like to coat his metal toy car with silver. In which electrode, 1, 2, 
3 or 4, should he place his toy car?  
With the help of a half-equation, explain your answer. 

   
  

   
  

   
 [2] 

   
 

  (iii) Describe and explain how the pH of the electrolyte in cell 2 changes during the 
experiment.  

   
  

   
  

   
  

   
 [2] 

     

  [Total: 12] 
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4 Fig. 4.1 shows the setup with two tubes, 1 and 2, to investigate the rate of diffusion of gases. 

Two pieces of cotton wool soaked in fluorine and chlorine solution were placed in one end of 

tubes 1 and 2 respectively. The solution on the filter papers of both tubes turned brown. 

 
Fig.  4.1 

 

 Table 4.1 shows the time taken for the gases to diffuse and for the solution on the filter  

paper to turn brown. 
 

Table 4.1 

gas Mr time taken / s 

fluorine, F2  16 

chlorine, Cl2  29 
 

   
 (a) Complete Table 4.1 by filling in the Mr for each gas. [1] 

    

 (b) Construct an ionic equation for the reaction in tube 1. 

  
 [1] 

    

 (c) A student makes this conclusion: 

'The rate of diffusion is directly proportional to the relative molecular mass of each gas.' 

Do the measurements obtained in the experiment support this conclusion? 

Explain your reasoning. 

  
 

  
 

  
 

  
 [2] 

   

  [Total: 4] 
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5 (a) Table 5.1 gives the structures of four organic substances, A, B, C and D. 

Table 5.1 

A B 

  

C D 

 

 
 

    

  (i) Substance B can be synthesised from substance A in two consecutive reaction 
steps.  
Write the chemical equation for each step involved, showing displayed formulae of 

all organic substances. 

    

   step 1: 

 

 

 

 

 

 

step 2: 

 

 

 

 

  
 [3] 

     

  (ii) State the names of the two organic substances that react to form C. 

   
 [1] 
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  (iii) The labels of the four solutions, A, B, C and D have been misplaced.  

A chemist must conduct chemical tests to distinguish and identify each solution.  

Describe chemical tests the chemist could conduct to identify each of the four 

solutions in a sequential manner. 

   
 

   
 

   
 

   
 

   
 

   
 

   
 [3] 

    

 (b) Used cooking oil being processed to produce biodiesel has gained a significant amount 

of consideration within the world of fuel production. 

During the conversion process, fatty acid triglycerides in vegetable oil react with 

methanol, in presence of an alkali catalyst, to produce biodiesel. Biodiesels are fatty acid 

methyl esters (FAME), which has similar properties to petrol diesel. The by-product of 

this reaction is glycerol, a tri-ol, which is extracted and used for other products including 

soaps and cosmetics.  

 

The structure of triglycerides and FAME are 

 

 

fatty acid triglycerides 

 

FAME 

where R is a hydrocarbon chain. 
 

    

  (i) One mole of fatty acid triglyceride reacts with 3 moles of methanol to produce 

FAME and glycerol. 

 

Construct a chemical equation for this reaction. Show the structural formulae of the 

organic molecules. 

    
 
 
 
 
 
 
 

 

   
 [2] 
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  (ii) Suggest why glycerol is known as a tri-ol. 

   
 [1] 

     

 

  (iii) Methanol is used due to its accessibility and low cost. However, other alcohols 

such as ethanol and propanol can also be used in the conversion process. 

 

Draw the structure of FAME if propanol is used in place of methanol. 

   
 

 

 

  

   
 [1] 

     

  [Total: 11] 
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6 Ethylamine, CH3CH2NH2, behaves similarly to ammonia in terms of its chemical properties.  

The equation below shows what happens when ethylamine is dissolved in water.  

 

 (a) According to the Bronsted-Lowry theory, an acid is defined as a species that can 

donate protons (H+), while a base is a species that can accept protons.  

Based on the Bronsted-Lowry theory and the given equation, explain why ethylamine 

acts as a base. 

  
 [1] 

   

 (b) A pH probe attached to a computer measures pH changes during titration experiments. 

In experiment 1, 0.25 mol/dm3 sulfuric acid was added from a burette to 25.0 cm3 of 

dilute sodium hydroxide in a conical flask. This is shown in Fig. 6.1. 

 
volume of acid / cm3 

Fig. 6.1 

  (i) Using the information in Figure 6.1, calculate the concentration of sodium hydroxide 

used in experiment 1. 

   
 

 

   
 [2] 

    

  (ii) A second experiment was carried out. This time, 0.25 mol/dm3 hydrochloric acid was 

added from the burette to 25.0 cm3 of ethylamine solution of the same concentration 

as sodium hydroxide in experiment 1 (calculated in (b)(i)) in a conical flask.  

On Fig. 6.1, sketch the graph you would expect from this experiment. Label as 

experiment 2. 

Explain your answer. 

   
 

   
 

   
 

   
 [3] 

  [Total: 6] 

pH 
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7 A student conducted an experiment using 2.00 g of impure lead (II) carbonate and excess 

nitric acid of concentration 0.150 mol/dm3 in a conical flask.  

 
She measured the mass of the setup at fixed time intervals and obtained the following graph, 

experiment 1, as shown in Fig. 7.1. 

Fig. 7.1 

 
   

 (a) Calculate the percentage purity of the lead (II) carbonate sample. 

  
 

 

 

 

 

 [2] 

     

 (b) The student conducted a second experiment using sulfuric acid of the same 

concentration and volume. All other variables are kept constant. 

    

  (i) On the same axes in Fig. 7.1, draw the graph that he would obtain for the 

experiment using sulfuric acid. Label it as experiment 2. 

   
 

[1] 
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  (ii) Explain the difference between the graphs drawn for experiment 1 and 2. 

   
 

   
 

   
 

   
 

   
 

   
 

   
 [2] 

   

 (c) The student conducted a third experiment using ethanoic acid of the same 

concentration and volume. All other variables are kept constant. Lead (II) ethanoate is 

soluble in water. 

    

  (i) On the same axes in Fig. 7.1, draw the graph that he would obtain for the 

experiment using ethanoic acid. Label it as experiment 3. 

   
 

[1] 

    

  (ii) Explain your reasoning for the graph obtained for (c)(i). 

   
 

   
 

   
 

   
 

   
 [2] 

   

 (d) Describe how you would prepare a dry sample of lead (II) carbonate in the laboratory. 

  
  

  
  

  
  

  
  

  
 [2] 

    

  [Total:10] 
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8 Non-BPA bottles 

Due to health concerns, many manufacturers now produce Bisphenol A (BPA) — BPA-free 

bottles, especially for items used by infants and for food storage. There are three main types 

of BPA-free bottles: PET (Polyethylene terephthalate), HDPE (High-density polyethylene) 

and co-polyester. 

 

Table 8.1 gives some information on the three types of bottles. 

Table 8.1 

 PET HDPE co-polyester 

polymer 

type 
condensation addition condensation 

monomers 

terephthalic acid (TPA), 

C8H6O4 

  

and  

ethylene glycol (EG), 

C₂H₆O₂ 

 

ethene 

terephthalic acid (TPA)  

and  

cyclohexanedimethanol 

(CHDM), C8H16O2 

 

 

In the context of polymer chemistry and packaging, sustainability refers to how well a material 
minimises environmental impact over its entire life cycle, from production to disposal. 

When evaluating the sustainability of plastic bottles, three key indicators are commonly used, 

atom economy, carbon footprint and recyclability. 

 

Atom economy is defined as the proportion of reactant atoms that are incorporated into the 

final product, rather than ending up as waste or by-products. 

 

𝒂𝒕𝒐𝒎 𝒆𝒄𝒐𝒏𝒐𝒎𝒚 =
𝒎𝒂𝒔𝒔 𝒐𝒇 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕

𝒎𝒂𝒔𝒔 𝒐𝒇 𝒂𝒍𝒍 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕𝒔
 × 𝟏𝟎𝟎%  

 

Carbon Footprint is defined as the total mass of CO₂ emitted during the production of 1 kg of 

material.  

 

Recyclability is the ease with which a material can be collected, processed, and reused at 

the end of its life. 
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Table 8.2 gives more information on each bottle type. 

 

Table 8.2 

bottle type material 
average mass 

per bottle (g) 

carbon 

footprint of 

material  

(kg CO₂ / kg) 

can be 

recycled 
reuse 

disposable 

water bottle 
PET 30 1.9 yes no 

milk or 

detergent 

bottle 

HDPE 40 1.8 yes twice 

baby bottle co-polyester 150 4.5 no 50 times 

 

 
 (a) Referring to Table 8.1, draw the structural formula of one repeat unit of PET and HDPE 

respectively. 

   PET 

 

 

  

   HDPE 

 

 

  

   
 [2] 
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 (b) Using information from Table 8.2,  

  (i) calculate the carbon footprint of producing one bottle of each material, PET, 
HDPE and co-polyester.  
Show your working and give your answer to 3 significant figures. 

 

 

 

 

 

 

  

   [2] 

  (ii) A co-polyester bottle is reused 50 times. Calculate the average carbon 
footprint per use of the co-polyester bottle.  

   

 

 

 [1] 
    
 (c) Using the data provided in Table 8.1 and 8.2, evaluate and compare which bottle 

material is most sustainable in terms of atom economy, carbon footprint and 
recyclability. 
Support your answer with calculated data and evidence for each factor. 

    

    

    

    

    

    

    

    

    

    

    

   [5] 
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 (d) A baby bottle manufacturer requires the chain length of co-polyester to be controlled so 

that the polymer molecules have an average relative molecular mass in the range of 

42000 to 50400. 

 

What is the range of the average number of repeat units in the polymer molecules? 

Show your working. 

   

 

 

 

 

 

 

 [2] 
    

   [Total: 12] 
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Section B 

Answer one question from this section. 

 

9 (a) In a laboratory experiment, manganese was added to solutions of manganese (II) nitrate,  

nickel (II) nitrate and copper (II) nitrate respectively. This experiment is an exothermic 

reaction. The experiment was repeated with two other metals, nickel and copper. The 

results are shown in Table 9.1 below. 

Table 9.1 

  metal nitrate 

  manganese (II) 

nitrate 

solution 

nickel (II) nitrate 

solution 

copper(II) nitrate 

solution 

metal 

manganese 
no observed 

change 

green solution 

turned pink and 

manganese coated 

with a silver solid 

blue solution 

turned pink and 

manganese 

coated with a pink 

solid 

nickel 

 

 

 

 

 

 

 

 

 

 

no observed 

change 

 

 

copper 
no observed 

change 

no observed 

change 

no observed 

change 
 

    

  (i) Complete the table to predict what results he should expect when nickel is added 

to the three salt solutions and explain how you arrived at your answers. 

   
 

   
 

   
 

   
 

   
 

   
 [4] 
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  (ii)  Another experiment is carried out as shown in Fig. 9.1. 

 

 
Fig. 9.1 

 

A known mass of aqueous nickel (II) nitrate is first poured into a beaker, before a 

manganese rod is placed into it. 

After the experiment, the manganese rod is removed from the set-up, and the 

mass of solution is measured after solid deposits are removed by filtration. 

 

Predict how the mass of the solution is expected to change during this experiment. 

Explain your answer. 

   
 

   
 

   
 

   
 [2] 
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 (b) A fixed mass of calcium was allowed to react completely with water. The volume of gas 

given off was recorded at fixed time intervals during the reaction. The experiment was 

repeated using strontium but keeping all the conditions the same. The graph obtained 

from the results is shown in Fig. 9.2 below. 

  

 

Fig. 9.2 

    

  (i) Using the information from Fig. 9.2, compare the reactivity of strontium and 

calcium. 

   
 

   
 

   
 [2] 

    

  (ii) The solution formed at the end of the reaction between strontium and water was  

tested with Universal Indicator.  

With the aid of a chemical equation, predict and explain the expected observation. 

   
 

   
 

   
 [2] 

    

  [Total: 10] 
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10 This information is about the physical properties of the elements in Period 2 of the Periodic 

Table.  

Fig. 10.1 and Table 10.1 gives the trend in melting point and relative electrical conductivity 

of elements across Period 2 respectively. 

 

Exclude boron from your responses to the following question. 

 
 

Fig. 10.1 

 
 
 
 

Table 10.1 

element 
electrical conductivity at room 

temperature and pressure 

Li good 

Be good 

C good 

N does not conduct 

O does not conduct 

F does not conduct 

Ne does not conduct 
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 (a) In terms of structure and bonding, describe and explain the trend in melting point of the 
elements across Period 2. 

    

    

    

    

    

    

    

    

   [5] 

    

 (b) In terms of structure and bonding, describe and explain the trend in electrical conductivity 
of the elements across Period 2 as shown in Table 10.1. 

    

    

    

    

    

    

   [3] 

    

 (c) An element in Period 3 has the following properties.  

• melting point:  98C  

• conductivity good  
 
Use the information given in this question, suggest which element this data is most likely 
to refer to.  
Explain your answer. 

    

    

   [2] 

    

  [Total: 10] 
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