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 Section A 
Answer all questions. 

1 (a) Use the list of substances to answer the questions. 
You may use each substance once, more than once or not at all.  

 

argon 

carbon 

carbon dioxide 

chlorine 
iron 

iron(II) chloride 

oxygen 

neon 

 

  (i) Which two substances are diatomic gases at room temperature? 

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

  (ii) Which substance is a compound that contains a transition element?  

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

  (iii) Which substance provide an inert environment in light bulbs?  

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

  (iv) Which two substances form acidic oxides? 

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

  (v) Which two substances produce a solid when added to aqueous silver 
nitrate? 
 

   ……………………………………………………………………………...   [1] 
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 (b) Table 1.1 describes three processes.  

Complete Table 1.1 by filling in the missing information.  
Table 1.1 

description of process name of process 

conversion of polyunsaturated fats 

to saturated fats 
 

formation of an organic compound 

by the reaction of alcohols and 

carboxylic acids 

 

mixing dilute hydrochloric acid and 

aqueous sodium hydroxide 
 

 
[3] 

 
   [Total: 8] 
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2 Mothballs, often used to repel moths and insects, gradually disappear over time 
when placed in a closed cupboard. A student places some mothballs in a closed 
cupboard and records its mass over several days. The following data was collected. 
 

day mass of mothballs/ g 

0 5.0 

2 4.6 

4 4.2 

6 3.8 

8 3.4 
 
During the experiment, no liquid or solution was found in the cupboard. A pungent 
gas was produced and can be detected whenever the cupboard doors are opened. 
 

 (a) Describe and explain the trend observed in the mass of the mothball over time. 

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

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

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

   
 (b) Explain how the concept of diffusion contributes to the observation of pungent 

smell. 
 

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

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

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

   [Total: 4] 
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 3 Sustainable aviation fuels (SAFs) are being developed to reduce the carbon 
footprint of air travel. One method involves collecting used cooking oil from 
restaurants, processing it to remove impurities such as water and blending it with jet 
fuel. Fig. 3.1 shows the flow chart outlining the production process of SAFs. 
 
 
                                                                   + 
 
 
                                                                   + 
 

Fig 3.1 
  
 (a) (i) Name the separation process to obtain jet fuel from crude oil.  

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

  (ii) Explain how the named process in (a)(i) is used to separate different 
components of crude oil, including the fraction used as jet fuel.  
 

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

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

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

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

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

    
 (b) Describe how a separating funnel can be used to separate processed oil from 

impurities in used cooking oil.  
 

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

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

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

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

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

    

    
 
 
 
 

SAFs 
used cooking 

oil 
impurities processed oil 

jet fuel other 
fractions 

crude oil 



 

Preliminary Examinations 4E CHEMISTRY 6092 2024 

6

 (c) Biofuels, like sugarcane-based bioethanol, are alternative energy sources to 
fossil fuels.  
Burning of bioethanol releases similar products as burning ethanol.  
 

  Discuss the concept of the carbon cycle and explain why the burning of 
bioethanol might not be always considered as carbon neutral.  
 

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

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

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

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

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

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

  ……………………………………………………………………………………..  [3] 

 
 (d) The equation describes the combustion of ethanol.  

  
  C2H5OH + 3O2 → 2CO2 + 3H2O 

Use the information to calculate the enthalpy change for this reaction. 
 

bond bond energy 
kJ/mol bond bond energy 

kJ/mol 

C−C 350 C=C 610 
C−O 358 O=O 496 
C−H 410 C=O 799 
O−H 460  

 

 
 
 
 
 
 
 
 
 
 
 
 

  enthalpy change = ………………………. kJ [2] 
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 (e) Complete the energy profile diagram for the combustion of ethanol. 
 
Your diagram should include 

 the formulae of reactants and products, 
 the enthalpy change of reaction, and 
 the activation energy. 

 

 
   [3] 

   [Total: 13] 

  

energy 

progress of reaction 
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4 Glutamic acid, an amino acid, is naturally present in the body and in many foods.  

 (a) Glutamic acid is a compound that contains 40.8% carbon, 6.1% hydrogen, 
9.5% nitrogen and 43.6% oxygen by mass.  
 
Determine the empirical formula of glutamic acid.  
Show your working clearly.  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  [2] 

 (b) Monosodium glutamate, commonly known as MSG is the sodium salt of 
glutamic acid.  
 
Deduce the charge on the glutamate ion.   
 

  ……………………………………………………………………………………..  [1] 
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 (c) When amino acids undergo condensation polymerisation, they form a 
macromolecule.  
 
Fig. 4.1 shows the repeat unit of a macromolecule formed by condensation 
polymerisation.  
 
The repeat unit contains five different elements, C, O, N, H and X.   
 
 

 
Fig. 4.1 

   

  (i) Name the type of linkage found in the repeat unit.  
 

   ……………………………………………………………………………...  [1] 
    
  (ii) Draw the full structural formula of the two monomers.    
    

 
 
 
 
 
 
 

 
  

[2] 
    
  (iii) Using ideas of valency, suggest an element that could be X.  

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

    
 (d) State the functional group that a molecule must have to undergo addition 

polymersiation. 
 

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

   [Total : 8] 

  

N C 

X 

C 

H 

C C N 

H 

H H H O O 

H 
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5 (a) Lead is extracted by heating its oxide with hydrogen. The equation for the 
extraction is shown. 

PbO + H2 → Pb + H2O 
 

Fig 5.1 shows the apparatus used for this extraction process.  

 
Fig 5.1 

   
  (i) Is hydrogen acting as the oxidising agent or reducing agent?  

 
Explain your answer using the loss or gain of oxygen.  
 

   ………………………………………………………………………………….. 

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

    
  (ii) “Aluminium can be extracted from its oxide using the same method.”  

 
Do you agree? Explain your answer. 
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

    
  (iii) After the heating has stopped, the flow of hydrogen gas must maintain 

until the solid has completely cooled to room temperature.  
 
Explain why is this necessary. 
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

 

hydrogen in excess 
hydrogen 
burnt off 

fused calcium chloride 
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 (b) (i) A disproportionation reaction is a reaction in which the same element is 
both oxidised and reduced, forming two separate products. 
An example of a disproportionation reaction is shown. 
 

4H3PO3 → 3H3PO4 + PH3  
 
Explain, in terms of oxidation states, why the reaction is a 
disproportionation reaction.  
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

    

  (ii) Comproportionation reactions also involve the oxidation and reduction of 
the same element. 
 
An example of a comproportionation reaction involving sulfur is shown. 
 

2H2S + SO2 → 3S + 2H2O 
 
Use information in (b)(i) and (ii) to suggest how comproportionation 
reactions generally differ from disproportionation reactions.  

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

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

   [Total: 7] 
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6 (a) The ‘iodine clock’ reaction is an experiment used to investigate rates of 
reaction.  
 
In a series of experiments, aqueous potassium iodide was mixed with a fixed 
volume of starch and iron(III) salt solutions. The mixing produces iodine, which 
turns blue-black in the presence of starch. 
 
The condition of each experiment varies, and these conditions affects the time 
taken for the solution to turn blue-black.  
 
Table 6.1 shows the conditions and results for a series of experiments.  
 

Table 6.1 
 

experiment 

volume of 
aqueous 

potassium 
iodide 

/ cm3 

volume of 
distilled 
water 
/ cm3 

temperature 
/ °C 

catalyst 
added 

time taken 
for blue-

black colour 
to appear/s 

1 3.0 7.0 20 none 50 

2 6.0 4.0 20 none 27 

3 6.0 4.0 20 silver 26 

4 6.0 4.0 20 copper 20 

5 6.0 4.0 40 none 15 

 
 

  (i) Explain how a catalyst affects reaction rates. 

   ………………………………………………………………………………….. 

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

  (ii) Using information in Table 6.1, compare the effectiveness of copper and 
silver as catalysts on the rate of reaction. 
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ……………………………………………………………………………...  [2] 
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 (b) (i) Use ideas about collisions between particles, and with reference to 
values in Table 6.1, explain why changing the concentration and 
temperature affect the time taken for the blue-black colour to appear.  
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

  (ii) Explain the importance of starch in the experiments. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

   [Total: 9] 
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7 Sulfur dioxide, SO2, is one of six pollutants that are closely tracked and monitored 
in the world. Emission sources include industries such as refineries and power 
stations, as well as motor vehicles and other sources.  
 
The mass of SO2 emissions over three decades is shown in Fig. 7.1.  

 
 

Fig. 7.1 
 

  

 (a) (i) Name the “other source”.  

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

   
  (ii) Using Fig. 7.1, describe the trend in sulfur dioxide emissions for vehicles, 

power stations and refineries over three decades.  
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………  [1] 
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 (b) Desulfurisation is a common method used to reduce SO2 emissions in the 
industry. An example of a desulfurisation system, “wet scrubbing” in shown in 
Fig. 7.2.  

 
 
 
 
 
 
 
 
 

Fig. 7.2 
 

In the wet scrubbing system, waste gas containing SO2 is passed into the 
chamber. In the chamber, a slurry of magnesium carbonate and water is 
sprayed from the top.  
The reaction produces a gas and magnesium sulfite which falls to the bottom 
of the chamber to be removed.   
 

  Complete the equation for the reaction that takes place during desulfurisation.  

  SO2 (g) + [2] 

    

 (c) To increase the efficiency of SO2 removal, a packed bed scrubber that contains 
beads can be installed in the chamber as shown in Fig. 7.3. 

 
Fig. 7.3 

 
  (ii) Explain why installing the packed bed scrubber in the chamber is 

more efficient at removing SO2.  
 

 

   …………………………………………………………………………….  

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

     

slurry containing magnesium 
carbonate and water 

waste gas 
containing SO2 magnesium sulfite (MgSO3) 

clean gas 

chamber 

packed bed scrubber 



 

Preliminary Examinations 4E CHEMISTRY 6092 2024 

16

  (iii) Explain why it is not feasible to install desulfurisation systems on 
vehicles. 
 

 

   …………………………………………………………………………….  

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

     
 (c) In the desulfurisation of refinery exhaust gases, calcium carbonate can 

be used in place of magnesium carbonate in the wet scrubbing process. 
The prices of both substances are shown in Table 7.4 
 

Table 7.4 
 

substance cost per kg/$ 

calcium carbonate 0.11 

magnesium carbonate 0.14 
 
Using information from this question, determine which substance will be 
more cost efficient for a refinery that emits 1280 kg of SO2 per hour. 
Show clear calculations in your answer. 
You may assume that both carbonates have the same efficiency in 
removing SO2.    

  Mole of SO2 = ଵ ଶ଼ 
ସ

 = 20 000mol  

Mole ratio 1: 1  

 Moles 
required 

Mr Mass/g Cost 

CaCO3 20 000 

mol 

100 2 000 000 2 000 000
1000 × 0.11 

= $220.00 

MgCO3 20 000 

mol 

84 1 680 000 1 680 000
1000 × 0.14 

= $235.20 

 

Using calcium carbonate is cheaper.  
Hence, it is cheaper to use CaCO3 

 

 

 [3] 

   [Total: 9] 
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 8 The formation of covalent bonds can be described as a force of attraction between 
the positive nucleus of an atom and the valence electron of another atom. 
 
Electronegativity   
Covalent bonds are also affected by the electronegativity of the connected atoms, 
which determines the chemical polarity of the bond. Two atoms of equal 
electronegativity will make non-polar covalent bonds. The overlapping of electron 
orbitals will result in the dumbbell-like shape for molecules with non-polar covalent 
bonds as shown in Fig 8.1.  
 

 
 

Fig 8.1 
 

 
If the electronegativity difference is larger than 0.5, a polar covalent bond such as 
H−Cl will be formed. 
The unequal electronegativity between atoms causes a distortion in the shape and 
distribution of electron in the overlapping regions as shown in Fig 8.2. 
 

 
 

                      Cl           H   
 
 

Fig 8.2 
 
Due to the unequal distribution of electrons in the molecule, this creates a partial 
charge on each atom, where one is more ‘positive’ than the other.  
The electronegativity of some elements is shown in Table 8.3. 

 
Table 8.3 

 

element electronegativity element electronegativity 

hydrogen 2.20 sodium 0.93 

carbon 2.55 fluorine 3.98 

nitrogen 3.04 chlorine 3.16 

oxygen 3.44 bromine 2.96 
 

electrons are usually 
found in between both 
nuclei. 

positively charged nuclei 

electrons are found closer 
to the nuclei of the more 
electronegative atom 



 

Preliminary Examinations 4E CHEMISTRY 6092 2024 

18

Effect of electronegativity on the stability of carboxylate anions 
(resonance structure of carboxylate anions) 
A molecule of carboxylic acid dissociates into a carboxylate anion and a hydrogen 
ion.  

R ─COOH → RCOO− and H+ 
 
Where R represents an organic group.  

 
                                   carboxylate anions                      resonance structure 
 
The negative charge on the ion after dissociation of the H+ ion is delocalised between 
the two electronegative oxygen atoms in a resonance structure. The stability of the 
resonance structure is dependent on the R group’s ability to either, facilitate or hinder 
electron flow to the oxygen atoms.  
 
If the R group is an electron-donating group, the negative charge on the resonance 
structure will be strengthened. The resonance structure would then strongly attract 
any nearby H+ ions and form the acid molecule again.  
 
If the R group is an electron-withdrawing group (containing electronegative atoms), 
the negative charge on the resonance structure will be weakened.  
 
Dissociation constant of organic acids. 
 
The dissociation constant of an organic acid indicates the extent to which it 
dissociates into ions. The larger the dissociation constant, the higher the extent of 
dissociation. The dissociation constant varies with different R groups. The names of 
the organic acid together with their dissociation constant values is shown in Table 
8.4.  

Table 8.4 
 

R group dissociation constant name of acid 
−CH3 1.75 ×10−5 ethanoic acid 

−CH2CH3 1.34 ×10−5 propanoic acid 

−CH2Cl 1.40 ×10−3 chloroethanoic acid 
−CHCl2 4.50 ×10−2 dichloroethanoic acid 

−CH2Br 1.30 ×10−3 bromoethanoic acid 

−CH2F 2.60 ×10−3 fluoroethanoic acid 
 
Data retrieved from : 
https://chem.libretexts.org/Ancillary_Materials/Reference/Reference_Tables/Equilibrium_Constants/E1%3A_Aci
d_Dissociation_Constants_at_25C 

https://chem.libretexts.org/Ancillary_Materials/Reference/Reference_Tables/Equilibrium_Constants/E1%3A_Aci


 

Preliminary Examinations 4E CHEMISTRY 6092 2024 

19

 (a) (i) Complete the table for the missing information.  

name of 
substance 

chemical 
formula 

type of covalent bond(s) present 
(tick one) 

polar non-polar not 
applicable 

hydrogen chloride HCl ✓   

sodium fluoride     

 CH4    

 O3    
 

[3] 
    

 
  (ii) Using information from Table 8.3, describe the trend in electronegativity 

across period 2 and down group 17.  

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

 (b) (i) What is the impact of electron-donating groups on the pH of the acid?  

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ……………………………………………………………………………...  [2] 
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  (ii) Draw a ‘dot-and-cross’ diagram to show the arrangement of 
electrons in a carboxylate ion. You may replace the R group with 
a hydrogen atom.  
 
Show outer electrons only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [2] 

    
 

 (c) (i) Using information from Table 8.4, draw the full structural formula 
of dichloroethanoic acid. 
 
 
 
 
 
 
 
 [1] 

    

  (ii) State the characteristics of a stronger organic acid. 
  
Explain your answer in terms of electronegativity and quantitative data. 
 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

   [Total: 12] 
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Section B 

Answer one question from this section. 

 
9 
 

Fig 9.1 shows the electrolysis of a solution containing Na+ and Cl− ions after x 
minutes. 
 

 
Fig 9.1 

 
 (a) Use information from the fig 9.1 to name the electrolyte. 

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

 (b) Write ionic equations for the reactions at the cathode and anode. 

  cathode ……………………………………………………………………………….. 

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

 (c) Describe a positive test for the gas produced at the cathode. 

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

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

 
  

graphite anode graphite cathode 

gas produced at 
cathode  

gas produced at 
anode 

 electrolyte 
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 (d) A data logger can be used to monitor the electrical conductivity of the 
electrolyte over time. 
The higher the concentration of ions in the electrolyte, the higher the electrical 
conductivity of the solution. 
 

  (i) Sketch the graph in the axes below to show how the electrical 
conductivity changes from 0 min to x min. 
 
 

 

 

 

 

 
[1] 

  (ii) Explain the shape of your graph in (d)(i).  

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

 (e) The above electrolysis is repeated using platinum cathode and silver anode. 
Only the anode had a different observation.   
 

  (i) Explain why the same observation was recorded at both the graphite 
cathode and platinum cathode.   
 

   ………………………………………………………………………………….. 

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

  (ii) Describe and explain the observation at the silver anode.  

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

   ………………………………………………………………………………….. 

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

  [Total : 10] 

electrical 
conductivity 
S/m 

time/min x 0 
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10 
 

Fig 10.1 shows a setup where the bulb lights up, indicating a closed circuit.  
A gas is produced at one of the electrodes.  
 

 
Fig 10.1 

 
 (a) Explain, in terms of bonding, how the graphite electrodes enable the setup to 

be a closed circuit. 
 

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

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

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

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

 (b) Name the product that forms at each electrode. 
 

  graphite electrode 1 …………………………………………………………..……. 

  graphite electrode 2 ……………………………………………………………… [2] 
 

 (c) Describe a test for the gas produced.  

  test ……………………………………………………………………………………. 

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

   

  

graphite electrode 1 

CuSO4(aq) 

graphite electrode 2 
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 (d) In another experiment, the light intensity of the bulb was measured when 
different electrodes, graphite, W, X, Y and Z were used.   
Metal W is the most reactive metal out of the four unknown metals.  
 
The results were recorded and shown in Table 10.2.  

 
  Table 10.2 

 

experiment 
electrode  

light intensity/units 1 2 
1 graphite W bulb did not light up 
2 W W bulb did not light up 
3 W X 1.0 
4 Y X 0.3 
5 Z Y 0.1 
6 Z W 0.6 

 

   
  (i) Explain why the bulb did not light up for experiments 1 and 2.  

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

   ………………………………………………………………………………….. 

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

  (ii) Arrange the metals W, X, Y and Z in order of increasing reactivity.  

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

  (iii) When lead was used as an electrode, the bulb lights up briefly and stops 
after some time. Explain this observation. 
 

   ………………………………………………………………………………….. 

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

   [Total: 10] 

electrode 1 electrode 2 

dilute sulfuric acid 
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