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

 
A1 The diagrams show the structures of some amino acids (glycine, alanine and serine) and 

a polymer (polypropylene). 
 
 

 
glycine alanine 

 

 
serine 

 

 
 

polypropylene 

 
    

 (a) Which two compounds undergo condensation? 
 
…………………………………………………………………………………………………………[1] 

 
 (b) PropEx has the structure of polypropylene. 

 
The molecular mass of PropEx is 8400.  
 
Calculate the number of carbon atoms in each molecule of PropEx.  
 
 
 
 
 

number of carbon atoms =………………………………….[1] 
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 (c) One possible structure of a protein is  

 
glycine – alanine – serine 

 
Give the structural formula of the repeating unit of the above protein. 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

 (d) Individual amino acids can be identified by chromatography. The Rf value of the 
amino acid glycine is 0.5. 
  
Describe how you could show that glycine was present on a chromatogram. 
 
………..………………………………………………………………………………………………….. 

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

  [Total: 5] 
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A2 The diagrams show the structures of some hydrocarbons. 

 
1 2 3 
 

 
 
 

  

 

 (a) Name compound 3. 
 
………………………………………………………………………….……………………..….….[1] 

 (b) Explain why compounds 2 and 3 are isomers. Include references to molecular formula. 
 
………………………………………………………………………….………………………...….…. 
 
………………………………………………………………………….…………………….…..….[1] 

 (c) Draw one other isomer of compound 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2]  
 

 (d) A compound commonly found in nail polish removers contains, by mass, 62.1% carbon, 
10.3% hydrogen and 27.6% oxygen. 
 
Deduce the empirical formula for this compound. 
Show your working. 
 
 
 
 
 
 
 
 

empirical formula = ………………………[2] 

  [Total: 6] 
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A3 Two electrolysis experiments are carried out using inert electrodes. 

 
In experiment 1, molten sodium chloride is electroysed. 
In experiment 2, dilute copper(II) chloride is electrolysed. 
 
The results of the experiment are shown in Table 3.1. 
 

Table 3.1 
 

 positive electrode negative electrode 
experiment 1 bubbles formed grey solid formed 
experiment 2 bubbles formed reddish-brown solid formed 

 

 (a) Write ionic half-equations, with state symbols, to show the reactions that happen at the 
positive and negative electrode for each experiment. 
 
experiment 1:  
 
positive electrode ……………………………………………………………………………………. 
 
negative electrode …………………………………………………………………………………… 
 
experiment 2:  
 
positive electrode …………………………………………………………………………….……… 
 
negative electrode ………………………………………………………………………..……….[4] 
 

 (b) A few minutes later, the solution from experiment 2 is tested with Universal Indicator. 
The indicator turns red. Identify the compound that turns the Universal Indicator red and 
explain how it was formed. 
 
compound…………………………………………………………………………………………….. 
 
explanation…………………………………………………………………………………………… 
 
…………………………………………………………………………………………….………...[2] 

 (c) Experiment 3 was conducted in which copper electrodes were immersed in concentrated 
copper(II) sulfate solution. 
 
Describe what the student would observe different from experiment 2.  
 
Explain why. 
 
………………………………………………………………………….……………………………… 
 
………………………………………………………………………….……………………………… 
 
………………………………………………………………………….…………………………….[2] 
 

  [Total: 8] 
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A4 Fig. 4.1 shows a laboratory set-up to demonstrate the Haber process for the manufacture of 

ammonia. 
 
 

 
Fig. 4.1 

The mixture of nitrogen and hydrogen gases is passed back and forth over the heated iron wool. 
 
The overall reaction can be represented by the equation: 
 

N2 + 3H2 ⇌ 2NH3 
 
 

 (a) Suggest two reasons why the mixture of gases are fed back into the reactor continuously. 
 
………………………………………………………..…………………...…….…………………… 
 
…………………………………………………………………………………..………………...[2] 
 

 (b) Suggest why is it important to ensure that no air is present in the apparatus. 
 
………………………………………………………………………….………………………….[1] 
 

 (c) Fig. 4.2 shows the yield of ammonia made under different conditions. 

 
Fig. 4.2 

  Use the graph to describe how pressure affects the yield of ammonia produced.  
Explain your answer in terms of collisions between (reacting) particles.  
 
………………………………………………………………………….……………………………. 
 
………………………………………………………………………….……………………………. 
 
………………………………………………………………………….…………………............... 
 
………………………………………………………………………….……………………………. 
 
……………………………………………………………………….……………………………..[3] 
 

   [Total: 6] 
 

nitrogen gas iron wool hydrogen gas 
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A5 Glucose, C6H12O6, is produced during photosynthesis in green plants. Ethanol can be made from 

glucose. The processes involved can be summarised as follows. 
 
Process 1: Photosynthesis in green plants 

6CO2 + 6H2O  C6H12O6 + 6O2 
 
Process 2: Fermentation of glucose to form ethanol 
 
Process 3: Complete combustion of ethanol 

C2H5OH + 3O2  2CO2 + 3H2O 

 (a) Write a balanced equation for process 2. 
 
………………………………………………………………………….……………………….…....[1] 

 (b) State all the essential conditions for the fermentation of aqueous glucose in process 2. 
 
………………………………………………………………………….…………………………..….... 
 
………………………………………………………………………….………………………...…..[1] 

 (c) Ethanol can also be made from ethene. 
 
Explain why ethanol made from ethene is a non-renewable fuel but that made from 
glucose is a renewable fuel. 
 
………………………………………………………………………….………………………………. 
 
………………………………………………………………………….………………………………. 
 
………………………………………………………………………….……………………………..[2] 
 

 (d) An organic product is produced when ethanol and warm, acidified potassium manganate(VII) 
are reacted. 
 

  (i) Name the organic product. 
 
………………………………………………………………………….……………………….[1] 

  (ii) Draw the product formed when the organic product in (d)(i) reacts with propanol. 
 
 
 
 
 
 

[1] 
    
  [Total: 6] 
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A6 In the laboratory, chlorine dioxide is produced from the reaction between aqueous sodium chlorate 

(NaClO3), solid oxalic acid (COOH)2 and sulfuric acid. The other products are aqueous sodium 
sulfate, carbon dioxide and water. 
 

 (a) Write a balanced chemical equation for the reaction.  
 
…………………………………………………………………………………………………..…...[1] 
 

 (b) 5.00 g of impure sample of hydrated oxalic acid, (COOH)2.2H2O, was dissolved in 1.00 dm3 
of water. 25.0 cm3 of this solution was neutralised by 14.0 cm3 of 0.100 mol/dm3 sodium 
hydroxide using a suitable indicator. The equation for the reaction is shown. 
 

(COOH)2(aq) + 2NaOH(aq)→ (COONa)2(aq) + 2H2O(l) 
 
Calculate the percentage purity of the hydrated oxalic acid sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

percentage purity = ……………………………[3] 

 (c) A neutral solution of the sodium salt, which still contains the indicator, is left. 
 
Describe how you could obtain a neutral solution of the sodium salt, which does not contain 
an indicator. 
 
………………………………………………………………………….……………..……… 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………….……………..……[2] 
 

  [Total: 6] 
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A7 The rate of reaction of iron with aqueous bromine is determined using the apparatus shown below 

in Fig. 7.1. The equation for the reaction is given below.       
 
    Fe (s) + Br2 (aq) → FeBr2 (aq)                 ∆H = − 250 kJ/mol 
                                                             
                                                        
 
 
                                                             
 
 
 
 
 
                                                     
                                                                                                                         
                                                             Fig. 7.1 
 
The mass of the iron is measured at regular intervals.  
The results are shown in Table 7.1 below. 
 

Table 7.1 

time / s mass of iron / mg 

0 63.8 

10 60.2 

20 55.7 

30 46.5 

40 33.1 
 

 (a) Describe and explain the trend observed from Table 7.1. 
 
………………………………………………………………………….……………………. 
 
………………………………………………………………………….……………………. 
 
………………………………………………………………………….………………….[2] 
 

 (b) Using ideas about collisions between particles, explain the purpose of the mechanical 
stirrer. 
 
………………………………………………………………………….……………………. 
 
………………………………………………………………………….……………………. 
 
………………………………………………………………………….……………………. 
 
………………………………………………………………………….………………….[2] 

 
 
 

  

mechanical 
stirrer 

connected to 
iron rod 

aqueous bromine  iron rod 
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 (c) Calculate the enthalpy change when 8.4 g of iron is reacted with 4 dm3 of 0.05 mol/dm3 of 

aqueous bromine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

enthalpy change = ………………………….[3] 
 

  [Total: 7] 
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A8 Table 8.1 shows information about the atomic radii and ionic radii of some Group 1 and Group 

17 elements. 
Table 8.1 

element atomic radius/pm ionic radius/pm 
lithium 152 68 
sodium 185 98 
chlorine 99 181 
bromine 115 196 

 
 

 (a) Describe, in terms of electron loss and gain, how and why a lithium atom reacts with a 
chlorine atom. 
 
………………………………………………………………………….……………………….…… 
 
………………………………………………………………………….…………………………..... 
 
………………………………………………………………………….……………………….…... 
 
………………………………………………………………………….………………………….[2] 
 

 (b) Describe and explain, in terms of electron shells, the change in radius when a lithium atom 
forms a lithium ion. 
 
………………………………………………………………………….……………………….…… 
 
………………………………………………………………………….…………………………..... 
 
………………………………………………………………………….……………………….…... 
 
………………………………………………………………………….………………………….[2] 
 

 (c) What would you observe when aqueous bromine is added to lithium chloride solution? 
 
Explain your reasoning. 
 
………………………………………………………………………….……………………….…… 
 
………………………………………………………………………….…………………………..... 
 
………………………………………………………………………….……………………….…... 
 
………………………………………………………………………….………………………….[2] 
 

  [Total: 6] 
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A9 (a) Nitric acid can be made from nitrogen(II) oxide as shown by the equation. 

 
Stage 1: Ammonia is converted to nitrogen(II) oxide. 
               4NH3 (g) + 5O2 (g) → 4NO (g) + 6H2O (g) ∆H = –950 kJ/mol 
 
Stage 2: Nitrogen(II) oxide is converted to nitric acid. 

4NO (g) + 2H2O (g) + 3O2 (g) → 4HNO3 (aq) ∆H = –126 kJ/mol 
 

  Suggest reasons why the enthalpy change is more negative for stage 1 than stage 2. In your 
answer, include the bonds broken and bonds formed during each reaction. 
 
………………………………………………………………………….………………………………… 
 
………………………………………………………………………….………………………………… 
 
………………………………………………………………………………………………..………….. 
 
…………………………………………………………………….……………..……………...…..…[1] 
 

 (b) Concentrated aqueous nitric acid releases fumes of nitric acid gas. 
 
A long glass tube is set up as shown in Fig. 9.1. 
 

 
 

Fig. 9.1 
 

Use the kinetic particle model to explain why the blue litmus paper turns red after a short 
while. 
 
………………………………………………………………………….………………………………… 
 
………………………………………………………………………….………………………………… 
 
………………………………………………………………………….……………………………….. 
 
………………………………………………………………………….……………………………..[2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

cotton wool soaked in 
concentrated nitric acid 

damp blue litmus paper 
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 (c) The amount of air mixed with petrol vapour in an engine can be varied. Two common pollutants 

in the exhaust gases from a motorcar are carbon monoxide and nitrogen oxides.  
 
The graph shows how the amounts of these pollutants in the exhaust gases depend on the 
composition of the air/petrol mixture. 
 

 

  (i) Describe and explain how the concentration of carbon monoxide changes with the 
composition of the air/petrol mixture. 
 
……………………………………………………………………….……..………………..… 
 
……………………………………………………………………….………………………[2] 
 

  (ii) Nitrogen monoxide can be removed from vehicle exhaust emissions by catalytic 
convertors when it is reduced by carbon monoxide.  
 
Write a chemical equation to show how this takes place. 
 
……………………………………………………..………………….………….…………[1] 
 

 (d) One major pollutant of these reactions is nitrogen monoxide, NO. Nitrogen monoxide plays 
a significant role in the depletion of the ozone layer in the stratosphere (upper region of the 
atmosphere). The chemical formula of ozone is O3. 
 
equation 1   NO + O3 → NO2 + O2 
equation 2   NO2 + sunlight → NO + O (initiation) 

NO + O3 → NO2 + O2 (propagation) 
           

  One molecule of nitrogen monoxide can destroy thousands of ozone molecules.  
 
Use equations 1 and 2 to explain why. 
 
………………………………………………………………………….…………………………….. 
 
………………………………………………………………………….…………………………….. 
 
………………………………………………………………………….…………………………….. 
 
…...………………………………………………………………….………………………..…….[2] 

 [Total: 8] 

concentration of polluting gas 

air/petrol 
ratio 
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A10 Fenton’s reagent is a term that is used to denote a solution of hydrogen peroxide that contains 

the ferrous ion (in which iron exhibits an oxidation state of +2). The ferrous ion works as a catalyst 
and promotes the oxidation of contaminants in wastewater. It can be noted that Fenton’s reagent 
is typically prepared by dissolving iron(II) sulfate (FeSO4) in hydrogen peroxide in an acidic 
medium. 
 
Fenton's reagent is effective in oxidizing and breaking down a wide range of organic pollutants 
in water and soil remediation. The hydroxyl radical (OH•) produced by Fenton's reaction is a 
powerful disinfectant that can inactivate bacteria, viruses, and other pathogens in water. A 
hydroxyl radical, denoted by •OH, is a highly reactive molecule consisting of a single hydrogen 
atom bonded to an oxygen atom that has lost one electron. 
 
Oxidation of an organic compound by Fenton's reagent is rapid and exothermic, resulting in the 
oxidation of contaminants to primarily carbon dioxide and water. The effectiveness of Fenton's 
reagent depends on factors like pH, iron concentration, and the type of organic pollutants present. 

Similar to water purification, Fenton's reagent can degrade various organic pollutants in soil, 
including: 

 Petroleum hydrocarbons (like gasoline or oil spills) 
 Polycyclic aromatic hydrocarbons (PAHs) - a common environmental contaminant 

Table 10.1 shows the enthalpy of combustion values of common petroleum hydrocarbons: 
Table 10.1 

hydrocarbon enthalpy of combustion (∆H)/ kJ/mol 
hexane −4184.0 
heptane −4837.2 
octane −5490.4 

The overall reaction in Fenton's reagent for water purification can be represented by a series of 
steps: 

Initiation: The initiation step is slow and is where the key oxidizing agent, the hydroxyl radical 
(•OH), is formed. Iron (Fe²⁺) reacts with hydrogen peroxide (H₂O₂) to generate •OH, hydroxide 
(OH⁻), and ferric iron (Fe³⁺). The hydroxyl radical is highly reactive and non-selective, attacking 
organic pollutants (R) present in the water. This breaks down the pollutants into smaller 
molecules (oxidation products). 

Fe²⁺ (aq) + H2O2 (aq) → Fe³⁺ (aq) + OH⁻ (aq) + •OH (aq) (slow) 

 Fe²⁺ (aq): Ferrous iron (catalyst) 
 H2O2 (aq): Hydrogen peroxide 
 Fe³⁺ (aq): Ferric iron 
 OH⁻ (aq): Hydroxide ion 
 •OH (aq): Hydroxyl radical (the primary oxidizing agent) 

Propagation: The propagation step involves a series of faster reactions. Here, •OH can further 
react with H2O2 or directly target organic pollutants. Additionally, Fe³⁺ can react with H2O2 to 
form an intermediate (Fe-OOH²⁺) that can eventually decompose back to Fe²⁺, releasing 
another •OH in the process (alternative pathway). 

Fe3+ + H2O2 → HO₂•  + Fe2+ + H+ 

 HO₂• (aq): Hydroperoxyl radical 
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Termination: Termination steps involve the consumption of hydroxyl radicals through their 
interaction with each other or with HO₂• radicals, ultimately forming water and oxygen. 

•OH (aq) + •OH (aq) → H₂O₂ (aq) (fast)  
•OH (aq) + HO₂• (aq) → H₂O + O₂ (aq) (fast) 

Advantages of Fenton's Reagent: 

 Broad-spectrum treatment: Effective against a wide range of organic pollutants. 
 Relatively simple and inexpensive: Uses readily available chemicals (hydrogen peroxide 

and iron salts). 
 In situ treatment: Can be applied directly to contaminated soil or water. 

Limitations of Fenton's Reagent: 

 Non-selective: Can also attack desirable organic matter in water or soil. 
 pH dependent: Optimal performance at acidic pH, which may require adjustments in 

some cases. 
 Potential for iron precipitation: Iron from the reaction can form precipitates that may 

require further treatment. 

Source: https://byjus.com/chemistry/fentons-reaction/  

 
 (a) Using oxidation states, show that the initiation step is a redox reaction. 

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

 (b) The common isotopes of the element oxygen are 16O, 17O and 18O.  
The common isotopes of the element hydrogen are 1H, 2H and 3H. 
 
Determine the highest value of the relative molecular mass of a hydroxyl radical molecule. 
 
 
 
 
 
 
 
 
 
 
 

relative molecular mass …………………………[1] 
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 (c) Explain, using a ‘dot and cross’ diagram of the bonding in one hydroxyl radical molecule, 

why a hydroxyl radical is very reactive. Use only outer shells electrons in your drawing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

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

 (d) Under acidic medium, Fenton’s reaction proceeds at a very rapid rate compared to alkaline 
conditions. Explain why alkaline conditions are not preferred. 
 
………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………[2] 
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 (e) Complete the energy profile diagram for the oxidation of octane molecule by Fenton's 

reagent.  
 
Your diagram should show and label: 

 the reactants and products of the reaction, 
 the activation energy, Ea for the catalysed and uncatalysed reactions, 
 the enthalpy change of the reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 
 (f) The hydroxyl radical can break down organic molecules into smaller substances.  

 
Explain how this can be both beneficial and harmful when Fenton’s reagent is added to an 
oil spill in the ocean. 
 
beneficial……………………………………………………………………………………. 

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

harmful……………………………………………………………………………………… 

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

 
 [Total: 12] 

 
 
 
 
 
 
 
 
 
 
 
 

energy 

progress of reaction 
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Section B 
Answer one question from this section. 

 
B11 In an experiment, hydrogen gas was passed over equal masses of three heated metal oxides in 

identical porcelain boats as shown in Fig. 11.1.  

 
Fig. 11.1 

 
The porcelain boats were weighed 5 minutes into the experiment. After weighing, the experiment 
was allowed to continue for another 30 minutes where no further changes were observed. At the 
end of the experiment, the heat source was turned off. However, the hydrogen gas is kept flowing 
until the tube has cooled down.  
 
Table 11.1 shows some data from this experiment. 
 

Table 11.1 
 

 at the start 
of 

experiment 

5 minutes into 
the 

experiment 

at the end of 
experiment 

mass of empty porcelain boat/ g 16.35 - 16.35 

mass of porcelain boat 1 and its content/ g 22.35 21.15 20.15 

mass of porcelain boat 2 and its content/ g 22.35 22.35 22.35 

mass of porcelain boat 3 and its content/ g 22.35 21.20 20.55 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

flame 

CuO X2O Y2O3 

hydrogen 

porcelain boat 
heat heat heat 
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 (a) Put the three metals, Cu, X, and Y, in the order of their reactivity, starting with the most 

reactive. 
 
Explain your answer using the results obtained from Table 11.1. Include a balanced chemical 
equation to support your answer. 
 
……………………………………………………………………………………………………..…. 
 
……………………………………………………………………………………………………..…. 
 
……………………………………………………………………………………………………..…. 
 
……………………………………………………………………………………………………..…. 
 
……………………………………………………………………………………………………..…. 
 
………………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………...….[4] 

 (b) (i) Use the data given in Table 11.1 to calculate the mass of oxygen and the mass of Y 
in Y2O3 in porcelain boat 3. 
 
 
 
 
 
 

mass of oxygen in Y2O3 = ……………………….g 
 

                mass of Y in Y2O3 = ……………………….g [2] 
 

  (ii) Using your answers in (b)(i), calculate the relative atomic mass of Y and identify Y. 
 
 
 
 
 
 
 

relative atomic mass of Y = ………………………. 
 

identity of Y =……………………….[2] 

 (c) X2O has a relatively high melting point.  
 
With reference to the structure and bonding of X2O, explain why X2O has a high melting 
point.  
 
………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

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

  [Total: 10] 
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B12 Silicon is extracted from silicon dioxide in sand by heating the sand to 2000°C in a furnace with 

carbon. Carbon monoxide is one of the products. 
 
Sand also contains small amounts of aluminium oxide. Aluminium oxide remains in the silicon 
after the reaction with carbon. 
 

 (a) Write a balanced chemical equation for the reaction between silicon dioxide and carbon. 
 
………………………………………………………………………………………………………[1] 
 

 (b) Suggest the order of reactivity of carbon, silicon and aluminium from the least to most 
reactive. Explain your answer using ideas about reduction. 
 
………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

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

 (c) Table 12.1 shows information about oxides of carbon, silicon and aluminium. 
 

Table 12.1 
 

oxide melting point/ °C boiling point/ °C electrical 
conductivity 

carbon monoxide −205 −192 does not conduct 
silicon dioxide 1600 2230 does not conduct 

aluminium oxide 2000 2980 only conducts when 
molten 

 
Use ideas about bonding and structure to explain the differences between the properties of 
the oxides of carbon, silicon and aluminium. 
 
………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………[4] 
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 (d) In a sample of aluminium–silicon alloy, 2.8 mol of aluminium is present. Based on  

Table 12.2, find the mass of the impurities in the sample. 
 

Table 12.2 
 

element percentage by mass (%) 
aluminium 95.85 

silicon  0.40 
 
 
 
 
 
 
 
 
 
 
 
 

mass of impurities = ………………………………g [3] 
 

  [Total: 10] 
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