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Section A  
 

Answer all questions. 

 
1 This question is about making salts. 

 
For each salt, suggest the name of the missing reagent and briefly describe how to obtain the 
solid salt from the reaction mixture.  

 

   

 
salt barium sulfate copper(II) nitrate 

reagent 1 aqueous barium nitrate dilute nitric acid 

reagent 2   

description on 
how to obtain 
solid salt from 

reaction mixture 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[6] 

 

   [Total:6] 

     

2 A sample of chlorine gas is placed in a gas syringe. It is connected to a glass tube that contains 
aqueous sodium bromide absorbed in cotton wool as shown in Fig. 2.1. 
. 

 
 
 
 
 

 

Fig. 2.1 

 

The chlorine gas was passed over the cotton wool into the other syringe and then back again 
a few times until there was no further change in the volume.  
 

 

 (a) (i) Predict what you would expect to observe at the cotton wool.  

    

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

 

[1] 

 

chlorine gas aqueous sodium bromide 
absorbed in cotton wool 
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  (ii) Explain, with the aid of an ionic equation, the observation in (a)(i).   

    

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

 

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

 

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

 

 

 

 

 

[2] 

    

 (b) Suggest another sodium salt that can be used in this experiment.  

   

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

 

[1] 

     

   [Total:4] 

     

3 Boric acid, H3BO3, is an ingredient often found in eye wash products due to its mild antiseptic 

properties that can help inhibit the growth of bacteria. 

 

The pH values of two separate samples of 0.05 mol/dm3 boric acid and hydrochloric acid were 

taken using a data logger. The results are shown in Table 3.1. 

 

Table 3.1 
 

acid pH 

boric acid 5.25 

hydrochloric acid 1.30 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Boric acid is also known as hydrogen borate.  
 
Deduce the formula for borate ion. 

 

   

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

 

[1] 

 

 (b) Use Table 3.1 to explain why boric acid has a higher pH than hydrochloric  

acid. 

 

   

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

 

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

 

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

 

 

 

 

 

[2] 
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 (c) Subsequently, these two samples of acids were each added in excess to 0.02 g of zinc 

granules separately.  

 

    

  (i) Effervescence was observed during the experiment and a gas was evolved. 

 

Describe a test to identify the gas evolved. 

 

    

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

 

observation ………………….…………………………………………………………….. 

 

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

 

 

 

 

 

[2] 

     

  (ii) For both reactions, the mole ratio of zinc to gas evolved is the same. 

 

A statement was made about both reactions: 

 

‘The final volume of gas produced in the reaction of zinc and boric acid would be  

less than the reaction of zinc and hydrochloric acid as it is a weaker acid.’ 

 

Do you agree with this statement? 

 

Explain your reasoning. 

 

    

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

 

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

 

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

 

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

 

 

 

 

 

 

 

[2] 

     

   [Total:7] 
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4 Four amino acids P, Q, R and S were analysed using paper chromatography. Two solvents 

were used.  

 

Table 4.1 shows the Rf values calculated for the four amino acids. 

 

Table 4.1 

 
 
 
 
 

amino acid P Q R S 

Rf in solvent 1 0.30 0.00 0.60 0.90 

Rf in solvent 2 0.60 0.52 0.25 0.85 

 

 

 

 

 

 

 

 

 

    

 (a) Amino acids are colourless.  

 

Describe and explain how the amino acids can be analysed using paper chromatography. 

 

   

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

 

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

 

 

 

[1] 

    

 (b) Which amino acid is the most soluble in both solvents? 

 

Explain your choice. 

 

   

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

 

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

 

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

 

 

 

 

 

[2] 

    

 (c) Which solvent is a better solvent to analyse these four amino acids? 

 

Use information from Table 4.1 to explain your reasoning. 

 

   

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

 

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

 

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

 

 

 

 

 

[2] 

    

   [Total:5] 
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5 Petrol is used as a fuel in cars. Petrol contains mainly octane, C8H18.  

 

Two other alternative fuels for cars are propane and ethanol.  

 

Table 5.1 shows some information about the various fuels used in cars.  

 

Table 5.1 

 

fuel 

boiling 

point 

/ °C 

density at room 

temperature and 

pressure in g/dm3 

volume of 1 mol 
of fuel at room 

temperature and 
pressure / dm3 

enthalpy 
change of 

combustion / 
kJ per mol 

enthalpy 
change of 

combustion / 
kJ per kg 

octane  125 703  –5075 –44 518 

propane –42 1.81 24.3 –2220 –50 455 

ethanol 78 789 0.0583 –1367  

. 

 

 (a) Calculate the volume of 1 mol of octane and the enthalpy change of combustion                   

in kJ per kg for ethanol. 

 

Show your workings clearly.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 
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 (b) Use the information in the table to evaluate the use of propane and ethanol as fuels.  

Your answer should consider:  

• the ease of storage, 

• the energy content of the fuels, 

• the source of fuels. 

 

   

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

 

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

    

 (c) Complete the energy profile diagram for the complete combustion of ethanol.  
 
Your diagram should include:  

• the chemical formulae of the reactants and products, 

• the enthalpy change of reaction, ΔH 

• the activation energy, Ea. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

    

 (d) The burning of fuels in cars contribute to the amount of carbon dioxide in the atmosphere.  

 

Briefly describe a process in the carbon cycle that helps to regulate the amount of carbon 

dioxide in the atmosphere. 

 

   

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

 

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

 

 

 

[1] 

    

   [Total:10] 

energy 

progress of reaction 
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6 Fig. 6.1 shows the structures of zinc sulfide and disulfur dichloride. 

 

Zinc sulfide has a structure similar to diamond.  

 

 
 

Fig. 6.1 

 

 

 (a) With reference to Fig. 6.1, explain why zinc sulfide exists as a solid while disulfur 

dichloride exists as a liquid at room temperature and pressure. 

 

   

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

 

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

[4] 

    

 (b) Predict one other physical property of zinc sulfide.  

   

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

 

[1] 

   

 

 

 

 

 

 

 

 

 

 

 

key 

zinc sulfide disulfur dichloride 

zinc atoms 

sulfur atoms 
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 (c) Draw ‘dot-and-cross’ diagram to show the bonding in disulfur dichloride.  

Show outer electrons only. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 

    

   [Total:7] 

    

7 Two electrolysis experiments are carried out using aqueous copper(II) sulfate as the electrolyte 

as shown in Fig. 7.1. Experiment 1 uses electrodes A while experiment 2 uses electrodes B.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.1 

 

Table 7.1 shows the observations for each experiment. 

 

Table 7.1 

 

experiment 1 experiment 2 

mass of A1 increased mass of B1 increased 

mass of A2 decreased mass of B2 remained unchanged 

no effervescence observed in the set-up effervescence observed at B2 

 

 

 

 

power 
source 

aqueous 
copper(II) 

sulfate 

A1 A2 B1 B2 

Experiment 1 Experiment 2 
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 (a) Suggest possible identities of the electrodes used in each experiment.  

    
  experiment 1   ……………………… 

 

experiment 2   ……………………… 

 

 

[2] 

     

 (b) Explain the observations for experiment 1 and experiment 2. 

 

Your answer should: 

• explain why each change occurs, 

• give half-equations for the reaction at each electrode. 

 

   

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

 

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

 

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

 

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[6] 

    

 (c) There is one more set of observation not recorded in Table 7.1. 

 

Predict this set of observation and suggest how this observation differs in both 

experiments. 

 

   

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

[3] 

     

   [Total:11] 
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8 Steel in our Daily Lives 

 

Steel is one of the most widely used alloys in the world, composed mainly of iron and varying 

amounts of carbon and other elements like chromium, nickel, and molybdenum. Its properties 

can be adjusted by changing its composition, making it suitable for applications ranging from 

construction to kitchenware.  

 

Carbon in Steel 

 

Steel is primarily composed of iron, with a small percentage of carbon (typically less than 2.1%). 

The carbon content in steel plays a critical role in determining its properties, such as hardness, 

tensile strength and ductility. Steel can be categorised based on its carbon content, transitioning 

from low carbon steel to high carbon steel. 

 

Table 8.1 shows the composition, approximate melting point and use of some common types 
of carbon steels. 
 

Table 8.1 
 

type of carbon steel percentage of carbon 
approximate 

melting point / C 
use 

low carbon 0.05 – 0.30 ~ 1464 car bodies 

medium carbon 0.30 – 0.60 ~ 1427 machinery 

high carbon 0.60 – 1.00 ~ 1353 
wire ropes for 

suspension bridges 
 

 
Fig. 8.1 shows the correlation between the percentage of carbon by weight in carbon steels 
and their tensile strength, hardness as well as ductility.  

 

  
 

 
 
 
 
Tensile strength can be used as an indicator of the strength of alloys. It is measured by the 
maximum stress that a material can withstand while being stretched or pulled before breaking. 

0         0.2        0.4         0.6         0.8         1.0 1.2 1.4

arbitrary units 

percentage of carbon by weight 
 

Fig. 8.1 
 

tensile strength 

hardness 

ductility 
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 What is Steel Scrap and Why it is Important 

 

Scrap steel is the discarded steel that is generated from manufacturing of steel products (also 

known as ‘pre-consumer scrap’) and from recovered steel in buildings, vehicles and products 

discarded at their end of life (also known as ‘post-consumer scrap’). Due to its inherent 

magnetism, steel is very easy to separate and recycle. Melting steel scrap at the end of its life 

allows it to be recycled to create new steels by adjusting the chemistry and shape of the new 

product.  

 

Raw Materials for Steel Manufacturing 

 

In the manufacturing of steel, extracted iron and scrap steel are used as part of its raw material 

mix. Iron can be extracted from its iron ore, haematite. Haematite contains iron(III) oxide, mixed 

with impurities such as sand and clay. The equation below illustrates the extraction of iron from 

its ore. 

 
Fe2O3  +  3CO  →  2Fe  +  3CO2 

 
Extracted iron contains carbon as an impurity. To remove the carbon, oxygen is blown on the 

molten iron in a large vessel known as a converter. The carbon is then converted to carbon 

dioxide. 

 

Scrap steel, on the other hand, can be recycled by using it as a source of iron. The addition of 

scrap steel helps to absorb excess heat from the exothermic process by acting as a cooling 

agent, and reduces global warming as well as production of air pollutants. 

 

 

 (a) Which carbon steel from Table 8.1 is the hardest? 
 
Explain your reasoning, using ideas about structure.  

 

    

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

[4] 
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 (b) Use relevant data from Fig. 8.1 to explain why low carbon steel and high carbon steel are 
suitable for their respective uses. 

 

    

  low carbon steel ………………………………………………………………………….………. 

 

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

 

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

 

high carbon steel ………………………………………………………...……………….……… 

 

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

 

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

 

 

 

 

 

 

 

 

 

 

[2] 

    

 (c) (i) Explain why the extraction of iron from iron(III) oxide is a redox reaction.  
    

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

 

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

 

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

 

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

 

 

 

 

 

 

 

[2] 

     

  (ii) When oxygen is blown onto molten iron, the temperature of the molten iron 
increases. 
 
Suggest why this happens. 

 

    

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

 

[1] 

     

  (iii) Some molten iron may be converted back to iron(III) oxide during the oxygen blow. 
  
Write a balanced chemical equation for this reaction. 

 

    

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

 

[1] 

     

 (d) Explain how the use of scrap steel in the manufacturing of steel, instead of solely pure 

iron, helps to reduce global warming and production of air pollutants. 

 

   

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

 

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

 

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

 

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

 

 

 

 

 

 

 

[2] 

    

[Total: 12] 
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9 Crude oil contains a mixture of hydrocarbons which can be separated using fractional distillation 

in a petrol refinery.  

 

After fractional distillation, some molecules undergo further processes, A, B and C, in the 

refinery. Each process forms a range of different products. 

 

Table 9.1 shows some molecules used in each process with an example of a product formed.  

 

Table 9.1 

 

process molecule used in process 
example of product formed 

in process 

A 

 

 

 

pentane 

 

B 

 

 

 

 

hexane 

 

C 

 

 

 
 

heptane 

 

 

 

One of the processes is cracking.  

 

Another process forms isomers of the molecules that are used in the process. This is called 

isomerisation. 

 

 

 (a) Identify and explain which process in the table is cracking, which is isomerisation and 

which process is neither.  

 

Include references to molecular formulae, where relevant, in your answer.  

 

   

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

 

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

[4] 

CH3     CH2     CH2     CH2     CH3      

CH3     CH2     CH2     CH2     CH2     CH3 

CH3     CH2     CH2     CH2     CH2     CH2     CH3      

 CH3     CH      CH     CH3    

 CH3      
 
 
 
              CH3    

 H                  H 
     

       C       C 
 

 H                   H 

H2C           CH2      

H2C      CH2      

CH2      
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 (b) Draw the structure of another possible isomer that can be formed from the isomerisation 

process mentioned in (a).  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

[1] 

    

 (c) Describe and explain what happens when the examples of product formed in processes 

A and C were added to aqueous bromine separately.  

 

   

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

 

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

 

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

 

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

 

 

 

 

 

 

 

[2] 

    

 (d) State a reason why cracking is important to the oil industry.  

   

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

 

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

 

 

 

[1] 

    

   [Total: 8] 
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Section B 
 

Answer one question from this section. 

 
10 Acyl chlorides are a homologous series of organic compounds.  

 
Table 10.1 shows the names, chemical formulae and structural formulae of some acyl 
chlorides.  
 

Table 10.1 
 

name chemical formula full structural formula 

ethanoyl chloride CH3COCl 

 

 

 

 

 C2H5COCl 

 

 

 

 

butanoyl chloride C3H7COCl 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 (a) Complete Table 10.1 with the name and full structural formula of the acyl chloride that 

occurs between ethanoyl chloride and butanoyl chloride in the homologous series. 

[2] 

    

 (b) Use the information in Table 10.1 to give two reasons that suggest that the acyl chlorides 

are a homologous series.  

 

   

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

 

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

 

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

 

 

 

 

 

[2] 

    

 (c) Ethanoyl chloride reacts with propanol spontaneously to form compound X and hydrogen 

chloride gas as shown in the equation. 

 

CH3COCl  +  C3H7OH  →  CH3COOC3H7  +  HCl 

                                                                           compound X 

 

    
  (i) Name compound X.   

    

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

 

[1] 

C      C      

H 

H 

H 
Cl 

O 

C      C     C     C      

H     H      H 

H 

H     H      H 
Cl 
 

O 
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  (ii) Compound X can also be formed from the reaction of ethanoic acid with propanol. 

 

State two differences, other than the type of reactants used, between these two 

reactions in the formation of compound X. 

 

    

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

 

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

 

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

 

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

 

 

 

 

 

 

 

[2] 

     

 (d) Acyl chlorides can be prepared using a carboxylic acid and phosphorus(V) chloride.  

 

An equation to illustrate this reaction is shown. 
 

RCOOH  +  PCl5  →  RCOCl  +  POCl3  +  HCl 
 

R represents any hydrocarbon group 

 

Table 10.2 shows the composition of a particular carboxylic acid. 

 

Table 10.2 

 

element carbon hydrogen oxygen 

percentage 

composition by mass 
40.2% 6.70% 53.1% 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

(i) 

 

Calculate the empirical formula of this carboxylic acid. 

 

     

 

 

 

 

 

 

 

 

 

 

[2] 

     

  (ii) Hence, identify the acyl chloride that is formed from this carboxylic acid.  

    

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

 

[1] 

    

   [Total: 10] 
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11 A student investigates how different conditions affect the rate of reaction between aqueous 
calcium chloride and aqueous sodium carbonate. The experimental set-up is shown in           
Fig. 11.1.  
 

 
 
 
 
 
 
 
 

 
Fig. 11.1 

 
The conditions of the reaction are varied by changing the concentrations of both solutions or 
by varying the temperature. 
 
These changes affect the time taken for the light sensor to not being able to detect the light 
from the light source. 
 
Table 11.1 shows the conditions and results for a series of experiments. 
 

Table 11.1 
 

experiment 
concentration of 
calcium chloride 

in mol/dm³ 

concentration of 
sodium carbonate 

in mol/dm³ 

temperature 
/ °C 

time taken for 
light to be 
blocked / s 

1 0.30 0.05 25 28 

2 0.30 0.10 25 20 

3 0.30 0.10 35 12 

4 0.50 0.10 25 14 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) 

 

One of the experiments is used as a reference to compare the effect of the variables. 

 

Which experiment is used as a reference? 

 

Explain your choice. 

 

   

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

[2] 

beaker 

reaction mixture 

light sensor light source 
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 (b) Use ideas about collisions between particles to explain why changing the concentrations 

and temperature changes the time taken for the light to be blocked.  

 

   

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

 

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

 

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

 

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

 

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

 

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

    

 (c) The chemical equation for the reaction is as follows. 

 

CaCl2  +  Na2CO3  →  CaCO3  +  2NaCl 

 

In every experiment, the volumes of aqueous calcium chloride and aqueous sodium 

carbonate used are 25.0 cm3.  

 

Given that the limiting reagent is the same for all four experiments, use the information 

in Table 11.1 to identify the limiting reagent at the start of each experiment. 

 

Show your working. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 
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 (d) Both aqueous calcium chloride and aqueous sodium carbonate are colourless.  

 

Describe a test to distinguish between both solutions.  

 

   

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

 

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

 

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

 

 

 

 

 

[2] 

    

 (e) Experiment 1 is repeated using sodium nitrate instead of sodium carbonate. 

 

Predict and explain what would happen to the result obtained.   

 

   

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

 

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

 

 

 

[1] 

    

   [Total: 10] 

 
  

End of paper 
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