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Section A 
 

Answer all questions. 
 

1 A list of compounds is shown.  
 

aluminium oxide 
calcium bromide 

calcium oxide 
ethane 
ethene 

hydrogen chloride 
methane 

nitrogen dioxide 
potassium iodide 

potassium manganate(VII) 
sodium chloride 

 
Answer the following questions using only the compounds in the list.  
 
Each compound may be used once, more than once or not at all.  
 
Which compound 

 (a) when in acidified solution, is used to test for sulfur dioxide, 
 
……………………………………………………………………………………………………………[1] 

 (b) is the main constituent of natural gas, 
 
……………………………………………………………………………………………………………[1] 
 

 (c)  when dissolved in water, gives a yellow precipitate on addition of acidified aqueous silver nitrate,
 
……………………………………………………………………………………………………………[1] 
 

 (d) is used in industries to neutralise acidic gases, 
 
……………………………………………………………………………………………………………[1] 
 

 (e) is a reactant used in the manufacture of ethanol,  
 
……………………………………………………………………………………………………………[1] 
 

 (f) reacts with both nitric acid and potassium hydroxide to give salt and water? 
 
……………………………………………………………………………………………………………[1] 
 

[Total: 6]
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2 A sample of ink contains a mixture of red, blue and yellow dyes. The chromatograms are run using 
a mixture of ethanol and water as solvent. Fig. 2.1 shows the graphical results of the coloured dyes 
of different Rf values in solvents with different proportions of ethanol. 

 
Fig. 2.1 

 (a) From Fig 2.1, deduce the Rf values of the blue dye on the chromatogram when the solvent is a 
mixture of 60cm3 of ethanol and 40cm3 of water. 
 
……………………………………………………………………………………………………………[1] 
 

 (b) The chromatography process is repeated with a filter paper when the solvent is a mixture of 
20 cm3 of ethanol and 80 cm3 of water. A sample of ink was added to the middle of the filter 
paper. 
 
On Fig. 2.2, sketch the chromatogram results for the three coloured inks. Label your results 
clearly.  
 
 
 
 
 
 
 
 

 
Fig. 2.2 

[2]

 (c)  The student carried out chromatography on the ink using a different mixture of ethanol and water 
as solvent. There is only one spot forming on the chromatogram.  
 
Using evidence from the graph, explain why he cannot conclude that the ink is a pure substance.
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[1] 

[Total: 4]
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3 Silicon is a semiconductor. 

 (a) Table 3.1 shows data obtained using the mass spectrum of silicon. 
 

Table 3.1 
 

isotope 
relative 

abundance 
number of 

protons 
number of 
neutrons 

28Si 92.17   

29Si 4.71   

30Si 3.12   
 

  (i) Complete Table 3.1 to show the number of protons and neutrons present in each isotope of 
silicon.                                                                                                                                 [1] 
                                                                                                                              

  (ii) Calculate the relative atomic mass of silicon to two decimal places. 
 
 
 
 
 
 
 
 
 
 
 
 
 

relative atomic mass of silicon = ……………………. [1]
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 (b) Silicon dioxide, SiO2, is the main constituent of sand and has a giant lattice structure similar to 
that of diamond. Fig. 3.1 shows part of the structure of silicon dioxide.  
 

 
Fig. 3.1 

 
Crystalline silicon dioxide is used on the surface of semiconductor devices to provide a heat-
resistant, electrically insulating layer.  

  Explain how the structure and bonding of silicon dioxide make it useful for this application. 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[3] 

[Total: 5]
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4 Lead forms two chlorides, PbCl2 and PbCl4.  
 
When chlorine is passed into a saturated solution of PbCl2 in aqueous NH4Cl, a yellow salt Y, is 
formed which has the following composition by mass: 
 

Cl, 46.7%; H, 1.76%; N, 6.14%; Pb 45.4% 
 

Y is ionic with a relative formula mass of 456.  

 (a) Determine the empirical formula of Y.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2]

 (b) One formula unit of Y contains one type of anion and one type of cation in the ratio of 1:2.  
 
Given that Y is commonly known as ammonium hexachloroplumbate(IV), suggest the formula 
of each of the ions present in Y.  
 
anion: ……………………………………………………………………………………………………… 
 
cation: …………………………………………………………………………………………………..[2] 
 

 (c)  What is the oxidation state of Pb in Y? 
 
……………………………………………………………………………………………………………[1] 
 

[Total: 5]
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5 Phosphoric acid (H3PO4) is a corrosive acid that can form three different classes of salts, namely 
primary phosphates, dibasic phosphates and tribasic phosphates.  

It dissociates in a three-step process: 

Step 1: 𝐻ଷ𝑃𝑂ସ(𝑎𝑞) ⇌  𝐻ଶ𝑃𝑂ସ
ି(𝑎𝑞) +  𝐻ା(𝑎𝑞) 

Step 2: 𝐻ଶ𝑃𝑂ସ
ି (𝑎𝑞) ⇌  𝐻𝑃𝑂ସ

ଶି(𝑎𝑞) +  𝐻ା(𝑎𝑞) 

Step 3: 𝐻𝑃𝑂ସ
ଶି(𝑎𝑞) ⇌  𝑃𝑂ସ

ଷି(𝑎𝑞) +  𝐻ା(𝑎𝑞) 

Fig. 5.1 shows the pH graph of 0.1 mol/dm3 of dilute phosphoric acid titrated with 0.1 mol/dm3 of 
sodium hydroxide solution (NaOH). The horizontal axis is not labelled and stage C represents the 
stage when the dilute phosphoric acid is fully neutralised.  

 
 

Fig. 5.1 

 (a) The horizontal axis is the percentage of the volume ratio of two reactants used.  
 
Complete the following to show how the percentage should be calculated to obtain the 
horizontal axis of the pH graph in Fig. 5.1. 
 

 
[1]

 (b) Write the formula of the salt formed at stage A of the titration. 

……………………………………………………………………………………………………………[1] 
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 (c) Table 5.1 shows three indicators and the pH where colour change takes place. 

Table 5.1 
 

 
 

State which indicator can indicate the completion of stage B. Explain your answer. 

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

[Total: 4]
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6 The first ionisation energy is defined as the energy required to remove the most loosely held electron 
in an atom to form an ion.  
 
Table 6.1 shows the first ionisation energy for the elements in Group 1.  
 

Table 6.1 
 

element ionisation energy (MJ/mol) 

lithium 0.526 

sodium 0.502 

potassium 0.425 

rubidium 0.409 

caesium 0.382 
 

 (a) Based on your understanding about the reactivity of Group 1 metals, state and explain the 
relationship between ionisation energy and reactivity of Group 1 metals with reference to its 
atomic structure.   
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[2] 
 

 (b) Predict the ionisation energy for fluorine.  
 
Explain your answer.  
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[2] 
 

[Total: 4]
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7 The addition reaction between ethene and bromine is described by the equation below.  
  

C2H4 + Br2  C2H4Br2 
  
Table 7.1 shows some bond energies.  
 

Table 7.1 
  

bond bond energy (kJ/mol) bond bond energy (kJ/mol) 

C-C 349 C-H 410 

C=C 602 Br-Br 193 

H-H 436 C-Br 276 

H-Br 366   
 

 (a) Calculate the enthalpy change, ∆H, for this reaction.  
 
 
 
 
 
 
 
 
 
 

∆H = ……………………………………….. kJ/mol [3]
 

 (b) Hence or otherwise, draw an energy profile diagram for the addition reaction between ethene 
and bromine. 
 
Your diagram should show and label 
 reactants and products 
 the activation energy for the reaction 
 the enthalpy change of the reaction 
 
 
 
 
 
 
   energy 
 
 
 
 
 
 
                                                   progress of reaction                        

[2]

[Total: 5]
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8 Lead(II) carbonate reacts with dilute nitric acid as shown by the equation below:  
 

PbCO3 (s) + 2HNO3 (aq) → CO2 (g) + Pb(NO3)2 (aq) + H2O (l) 
 
Two experiments are carried out at 30°C and 40°C using excess dilute nitric acid. All other
experimental conditions were kept constant. Fig. 8.1 shows the results of both experiments. 
 

 
Fig. 8.1 

 (a) With reference to the shape of the graph, state which experiment was carried out at 40 oC.  
 
Explain your answer in terms of collisions between particles. 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[3] 
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 (b) Calculate the rate of reaction in g/min for the first 2 min of Experiment B. 
 
 
 
 
 
 
 
 

rate of reaction = …………………… g/min [1]

 (c) Explain why there was a loss in mass over time. 
 
……………………………………………………………………………………………………………[1] 
 

 (d) Calculate the mass of lead(II) carbonate used in each experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 

mass of lead(II) carbonate = ………………………. g [2]

 (e) If temperature was kept constant at 30°C for both experiments A and B, state another condition 
that could have resulted in the results shown in Fig. 8.1. 
 
……………………………………………………………………………………………………………[1] 
 

 (f) Experiment B is repeated using half the mass of lead(II) carbonate with all other conditions are 
kept constant.  
 
On Fig. 8.1, draw a graph to show the results of this experiment.                                             [1] 
 

[Total: 9]
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9 Fig. 9.1 shows two different set-ups that a student used to investigate the effects of passing different 
gases through substances in a glass tube.  
 

 
 
 
                          experiment 1                                                                  experiment 2 
 

Fig. 9.1 
 
 

 (a) Describe what he would expect to observe in each experiment.  
 
Support your answer with chemical equations for the reactions that occur. 
 
experiment 1 ................................................................................................................................. 
 
....................................................................................................................................................... 
 
....................................................................................................................................................... 
 
experiment 2 ................................................................................................................................. 
 
....................................................................................................................................................... 
 
...................................................................................................................................................[4] 
 

 (b) Suggest why it is important to continue passing hydrogen through the glass tube until the set-up 
is completely cooled at the end of experiment 2. 
 
....................................................................................................................................................... 
 
...................................................................................................................................................[1] 
 
 

     

  

heat 

hydrogen 

copper(II) oxide 

steam 

magnesium 

heat 

burning of 
excess hydrogen 
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 (c) Experiments 1 and 2 were repeated.  

  (i) Experiment 1 was repeated using copper.  
Experiment 2 was repeated using magnesium oxide.  
 
Explain why no reaction occurs in both experiments.  
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………[2] 

    

  (ii) A student wants to repeat Experiment 2 with silver(I) oxide. He read in a textbook that 
silver(I) oxide decomposes readily at 280 oC and that copper(II) oxide does not decompose 
when heated to 280 oC.  
 
Explain why the two oxides react differently.  
 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………[1] 
 

[Total: 8] 
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10 Carpet fibre can be made by the polymer polytrimethylene terephthalate (PTT). 
 
Fig. 10.1 shows one repeating unit of PTT 
 

 
Fig. 10.1 

 
 
Carpet fibre can also be made by the natural rubber polymer, poly(isoprene), which can  
be extracted from rubber trees. 
 
Fig. 10.2 shows two repeating units of poly(isoprene). 
 

 
 

Fig. 10.2 

 (a) Draw the structures of the monomers used to form PTT and poly(isoprene). 
 
monomers used to form PTT: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
monomer used to form poly(isoprene): 
 
 
 
 
 
 
 

[2]
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 (b) Calculate the number of moles of repeating units present in 1kg of PTT and 1kg of poly(isoprene) 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

number of moles of repeating units present = ……………………….[2]

 (c)  Hence, using suitable calculations or otherwise, explain how and why burning 1.0 kg of 
poly(isoprene) contributes more to global warming than burning 1.0 kg of PTT. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[2] 
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 (d) To address the environmental impact of PTT and poly(isoprene), which resist decomposition 
and contribute to land pollution, one viable solution involves depolymerisation. 
 

  (i) Suggest how depolymerisation works. 
 
………………………………………………………………………………………………………[1] 
 

  (ii) Suggest one alternative approach that can also help prevent land pollution.  
 
………………………………………………………………………………………………………[1] 
 

[Total: 8] 
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11 The Clark Sensor, shown in Fig 11.1 is an electrolysis cell which is used to measure the 
concentration of oxygen gas dissolved in samples of water from rivers, seas and blood.  
 

 
Fig. 11.1 

 
Oxygen gas dissolved in water sample can diffuse across the gas-permeable membrane. This 
causes the oxygen to react at the platinum electrode. The following equation shows the overall 
reaction occurring when the measurements are taken.  
 

4Cl- + 4Ag + O2 + 4H+  4AgCl + 2H2O 
 
During this reaction, the movement of electrons generates higher rate of flow of electrons. The rate 
of flow of electrons is proportional to the concentration of oxygen in the water sample. 
 
In hospital, the portable blood glucose monitoring device include a Clark Sensor to monitor the 
amount of dissolved oxygen in the patient’s blood. Table 11.1 shows the ammeter reading taken 
from Clark Sensor for five different blood samples. 
 

Table 11.1 
 

blood sample ammeter reading (nA) 

A 10 
B 12 
C 30 
D 2 
E 14 
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The Winkler Method is another method for determining the oxygen concentration in water samples. 
It involves a series of chemical reactions that convert dissolved oxygen into a measurable form, 
allowing for precise quantification. This method is widely employed in environmental science, aquatic 
biology, and water quality monitoring to assess oxygen levels, which are crucial indicators of 
ecosystem health and water quality. 
 
The following shows the steps involved: 
 

1. Manganese(II) sulfate is added to an excess of alkali.  
 

Mn2+ (aq) + 2OH- (aq)  Mn(OH)2 (s) 
 

2. The resulting mixture is added to 100 cm3 of the water sample containing dissolved oxygen. 
 

2H2O (l) + 4Mn(OH)2 (s) + O2 (g)  4 Mn(OH)3 (s) 
 

3. An excess of acidified potassium iodide is then added.  
 

2Mn(OH)3 (s) + 2I- (aq) + 6H+ (aq)  2Mn2+ (aq) + I2 (aq) + 6H2O (l) 
 

4. The mixture is then transferred to a conical flask and titrated with a standard solution of 
sodium thiosulfate using starch as an indicator. 
 

I2 (aq) + 2S2O3
2- (aq)  2I- (aq) + S4O6

2- (aq) 
 

 (a) Write the ionic half equations, with state symbols, occurring at the anode and cathode of the 
Clark Sensor when no measurement was taken. 
 
 
anode: ………………………………………………………………………………………...……….….. 
 
cathode: …………………………………………………………………………………………...……[2] 
 

 (b) Explain why the overall reaction at the Clark Sensor when measurements are taken is a redox 
reaction.  
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[2] 
 

 (c) Suggest why the water sample in a Clark Sensor is stirred constantly during the measurement. 
  
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[1] 
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 (d) One of the electrodes in Clark Sensor needs to be cleaned regularly to remove a white solid 
which forms during the measurement.  
 
Identify the electrode and white solid formed.  
 
……………………………………………………………………………………………………………[1] 
 

 (e)  With reference to Table 11.1, suggest which blood sample is poisoned with carbon monoxide.  
 
Explain your answer.  
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[2] 
 

 (f) State how manganese is showing typical behaviour of a transition element in the Winkler Method.
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[1] 
 

 (g) In Winkler Method. a 100 cm3 sample of water containing dissolved oxygen required 11.20 cm3

of 0.01 mol/dm3 of sodium thiosulfate solution to react.  
 
Calculate the concentration of O2 in this sample in mol/dm3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Concentration of O2 = ………………………. mol/dm3 [3]

[Total: 12]
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Section B 
 

Answer one question from this section. 
 

12 (a) Ethers are used as an antiseptic to prevent infection when an injection is administered into the 
body. Table 9.1 shows some information about a homologous series known as ethers. 

 
Table 9.1 

 

name formula boiling point/ oC 

methoxymethane CH3-O-CH3 -24.8 

methoxyethane CH3-O-C2H5 7.0 

methoxypropane CH3-O-C3H7 39 

W  70.3 
 

  (i) Deduce the name and formula of W, the fourth member of ether.  
 

name  

formula  

   [2] 

  (ii) Ethers and alcohols are isomers.  
 
Name and draw the full structural formula of the isomer of methoxyethane.  
 

name  

full 
structural 
formula 

 

 [2]

  (iii) The isomer in (ii) reacts with ethanoic acid to form an ester.   
 
Name and draw the full structural formula of this ester.  
  

name  

full 
structural 
formula 

 

[2]
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 (b) Octane is a straight-chain alkane that comprises 8 carbon atoms. It is a component of petrol and 
is highly flammable.  
 
Table 12.2 shows the structures of organic compounds A to E. These organic compounds are 
obtained either from a reaction involving octane or when one of the compounds in the table 
undergoes further chemical reaction.  
  

Table 12.2 
  

 

  (i) Compounds A, B, C and D are formed when octane undergo one of the following processes: 
  
• cracking     
• isomerisation  
• substitution reaction  
  
Identify and explain which process results in the formation of A, B, C and D.   
 
…………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………….[3] 
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  (ii) Compound E is produced when one of the compounds A, B, C or D undergoes further
reaction.  
 
State which compound A, B, C or D and the reagent and/or conditions needed for it to form 
compound E.  
 
…………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………….[1] 
 

[Total: 10]
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13 In the past, the World Cup soccer ball’s innermost layer is a spherical bladder formed from butyl 
rubber. Butyl rubber is composed mostly of isobutylene. Fig. 13.1 shows the structure of isobutylene. 
 

 
 

Fig. 13.1 

 (a) (i) Name the homologous series that isobutylene belongs to and state its general formula.  
 
……………………………………………………………………………………………………….[2] 
 

  (ii) Draw an isomer of isobutylene. 
 
 
 
 
 
 
 
 

[1] 
 

 (b) Isobutylene undergo a few chemical reactions to become compound X.  
 
Fig. 13.2 shows the structure of compound X. 
 

 
 

Fig. 13.2 

  (i) Describe a chemical test to differentiate isobutylene and compound X. 
 
test: …………………………………………………………………………………………………... 
 
observation with isobutylene: ……………………………………………………………………… 
 
…………………………………………………………………………………………………………. 
 
observation with compound X: .…………………………………………………………………… 
 
……………………………………………………………………………………………………….[2] 
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  (ii) Suggest how isobutylene can be made into compound X. Include in your answer, the names 
of any reagents used and the conditions required for the reaction to occur.  
 
…………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………[2] 
 

 (c) Isobutylene exists as a gas at room temperature and pressure. However, after isobutylene 
undergo polymerisation to form poly(isobutylene), its melting point increases drastically. 
 
In terms of bonding and structure, explain why the melting point increases drastically after 
isobutylene undergoes polymerisation. 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………[3] 
 

[Total: 10] 
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