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Section A

Answer all questions.

1 The formulae of some ions are shown below.
AP Ag* Ca**
Cr COs* H*
H I K*
Li* OH" o*

Fill in the blanks with the formulae of the correct ion(s). Each formula may be used once, more
than once, or not at all.

(a)

(b)

(c)

(d)

(e)

a cation which has the same arrangement of electrons as neon,

Formulaofion: .....cccovvvvi i,

an anion which has only two electrons,

Formulaofion: ...........cooooiii..

ions which react together to produce a gas which gives a white precipitate in limewater,

Formulae ofions: .......ccvvvvvvin... and ...

ions responsible for the formation of a yellow precipitate when aqueous silver nitrate is

added to aqueous solution of a sodium salt,

Formulae of ions: ......ccccvvvvevin... and ...,

ions responsible for the formation of a white precipitate which remained unchanged when

aqueous sodium hydroxide was added in excess to an aqueous nitrate.

Formulae of ions: .......ccevvvviin... and ...,

[Total: 5]
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2 Graphene and diamond are allotropes (different forms) of carbon. Stacked layers of graphene
form graphite.

Fig. 2.1 shows structures of graphene and diamond.

graphene diamond

Fig. 2.1

(@) Describe the similarities and differences between the bonding and structure in graphene
and diamond.
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(b) When graphene and diamond are heated in air, both allotropes combust to produce carbon

dioxide.

The solubility of graphene, diamond and carbon dioxide in water are shown in the table.

graphene

diamond

carbon dioxide

solubility in water

insoluble

insoluble

soluble to form a
weakly acidic solution

Use your knowledge of structure and bonding to explain the difference in solubility between

graphene, diamond and carbon dioxide.
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3 Suggest explanations for the following observations:

(@) When dilute sulfuric acid is exactly neutralised by aqueous potassium hydroxide, the
resulting mixture is a good conductor of electricity but when the same acid is exactly

neutralized by aqueous barium hydroxide, the resulting mixture is a very poor conductor of
electricity.

(b) When dilute hydrochloric acid and dilute sulfuric acid are electrolysed separately using inert
electrodes, the ratio of the volume of gases obtained at the cathode and anode is 2:1.

[Total: 4]
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Lead(II) iodide salt may be made by the reaction between aqueous potassium iodide and aqueous
lead(II) nitrate.

A student added 50 cm? of 1.0 mol/dm? potassium iodide to 50 cm? of 1.0 mol/dm? lead(1l) nitrate.

2KI(aq) + Pb(NOs)(aq) — 2KNOs(aq) + Pbla(s)

(@) Name this method of salt preparation.

(b) The experiment yielded x g of lead(II) iodide.

The student did another experiment to make lead(1I) chloride by adding 50 cm? of 1.0 mol/dm?®
potassium chloride to 50 cm? of 1.0 mol/dm? lead(II) nitrate.

Compare the amount of lead(II) chloride with the amount of lead(II) iodide.

Explain your answer.

(c) Potassium nitrate is also a product of the reaction between aqueous potassium iodide and
aqueous lead(II) nitrate.

(i) Explain why the student's method is not suitable for obtaining a pure sample of
potassium nitrate.

(ii) By naming a suitable pair of reagents, suggest how potassium nitrate can be prepared.

[Total: 4]

6092/02/Prelim/4Exp/2026



Zinc reacts slowly with dilute sulfuric acid. In order to speed up the reaction, aqueous copper(Il)
sulfate was added to a mixture of zinc and dilute sulfuric acid. The result is a displacement of
copper metal which catalyses the reaction between zinc and dilute sulfuric acid.

The graph below shows the volume of hydrogen gas obtained when various volumes of
1.0 mol/dm?® aqueous copper(Il) sulfate were added to mixtures of the same mass of zinc and
excess dilute sulfuric acid.
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volume of 1.0 mol/dm?® aqueous copper(ll) sulfate added/cm?

Fig. 5.1

(@) With reference tothe graph, state the volume of hydrogen gas that would have been formed
if the following solutions were added:

(i) 4 cm?®of 1.0 mol/dm? copper(Il) sulfate  ........cccoviiiniiiiiiiiiee e
(ii) 10 cm? of 1.0 mol/dm3 copper(Il) sulfate  ...........ccccoeieiiiiiiiii e

(iii) 2 cm? of 3.0 mol/dm?® copper(Il) sulfate  ..........cccoiiiviiiiii
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(b) State and explain the relationship between the volume of hydrogen formed and the volume
of copper(Il) sulfate added.

(c) Suggest two other ways to speed up the reaction between zinc and dilute sulfuric acid
which would not affect the final volume of hydrogen.

(d) By referring to the graph, calculate the mass of zinc at the start of each experiment.

[2]

[Total: 9]
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The diagram shows the apparatus that a student used for an electrochemical cell experiment.

V)
salt bridge

% \\ — silver

copper

Fig. 6.1

The initial mass of each electrode was 5.0 g. After some time, the electrodes were removed from
the solutions, dried and reweighed. The mass of the copper electrode had changed by 0.5 g.

(@) Explain what has caused the change in mass of the copper electrode.

(b) Calculate the mass of the silver electrode after the experiment.

[3]

(c) Other than the changes to the electrodes, describe a change that would be seen in the
electrochemical cell.

[Total: 6]
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10

Butane gas is a useful hydrocarbon because it combusts to release energy. The equation for the
combustion of butane is shown below:

2C4H4o + 130, — 8CO, + 10H,0

(@) Explain in terms of bond forming and bond breaking, why energy is released in the
combustion of butane.

(b) Bottled butane gas is used to heat some water, as shown in the diagram below.

A student measures the temperature rise in the water and calculates that when 3.65 g of
butane is combusted, 160 kJ of heat is released.

thermometer

—— metal can

w —1  water

—— bottled butane gas
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(i) Calculate the enthalpy change of combustion of butane, AH in kd/ mol.

enthalpy change of combustion=.......................... kJ/ mol [2]

(ii) The theoretical enthalpy change for the combustion reaction of butane gas is
AH =-2878 kdJ/mol.

Suggest two reasons why the result calculated in (b)(i) is different from the
theoretical value.

[Total: 6]
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8 Elements can be extracted from their compounds using displacement reactions and electrolysis.

(a) Bacteria can dissolve copper from mining waste to make a solution of aqueous copper(II)
sulfate.

Copper, a reddish-brown solid can be extracted from the solution by adding iron to aqueous
copper(Il) sulfate. The metal can also be obtained through electrolysis of the solution.

(i) Write a chemical equation for the reaction when iron is added to aqueous copper(II)
sulfate.

(ii) Draw a clearly labelled diagram to show copper can be extracted from aqueous
copper(Il) sulfate by electrolysis. Indicate on your diagram where copper would be
obtained.

[2]

(b) Bromine can be extracted from seawater.

Bromide compounds in the seawater react with chlorine gas in a displacement reaction. The
extraction of bromine from seawater by electrolysis, however, is challenging.

(i) Construct an ionic equation, with state symbols, for the displacement reaction
between chlorine gas and bromide ions. Describe what is observed in the reaction.
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(ii) Suggest why the extraction of bromine from seawater by electrolysis is challenging.

(c) The displacement reactions of both copper and bromine involve both oxidation and
reduction.

(i) For the reaction between aqueous copper(Il) sulfate and iron, explain in terms of
electrons, which element is oxidised and which is reduced.

(ii)  For the reaction between chlorine gas and bromide ions, explain in terms of oxidation
states, which substance is the oxidising agent.

[Total: 10]
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Pure calcium carbide, CaCo,, is a colourless, crystalline solid with a melting point of 2160 °C. It was
discovered by chance in 1892 by Canadian inventor, Thomas Willson, and has now become an
important precursor for the manufacture of various compounds used in fertilizer production,
metallurgy, pharmaceuticals and plastics.

Willson had attempted to produce aluminium by heating aluminium oxide with carbon but was
unsuccessful. It occurred to him that calcium might be able to convert aluminium oxide to
aluminium. To make calcium, Wilson heated a mixture of lime (calcium oxide), and coal tar (mainly
carbon). However, instead of calcium, a substance that smelt like garlic was obtained together with
a neutral gas. This new substance reacted vigorously when in contact with water, forming a
flammable gas and an alkaline solution.

After consultation with American chemist Francis Venable, he learnt that the new substance was
calcium carbide and the flammable gas produced by its reaction with water was acetylene, C,H..

Willson and others proceeded to large scale manufacture of acetylene for carbide lamps and other
forms of lighting as well as oxyacetylene welding apparatus.

modified from https://www.chemistryworld.com/podcasts/calcium-carbide/9355.article

(@) Carbide ions have a triple bond between two carbon atoms.

Draw a dot and cross diagram, showing outermost electrons only, for a carbide ion.

[2]

(b) By referring to reactivity of elements, explain why Willson was not successful in producing
aluminium by heating aluminium oxide with carbon.
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(¢) (i) Write an equation for the reaction between calcium carbide and water.

............................................................................................................. [1]
(ii) Compare this reaction with the reaction of calcium with water.

State one similarity and one difference between the two reactions.

B0 411 = 1

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

DI OB ... et

............................................................................................................ 1]

(d) Suggest the name of the neutral gas obtained when lime (calcium oxide) is reacted with coal
tar(carbon).

(e) Acetylene, C;H,, also known as ethyne, is the first member of the alkyne homologous series.

(i) State the molecular formula of the third member of the alkyne homologous series.

(ii) Explain why acetylene is an unsaturated compound.
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Aluminium can be obtained by electrolysis of molten aluminium oxide using graphite
electrodes.

Industrially, pure aluminium oxide is not used as electrolyte but a mixture of molten
aluminium oxide dissolved in molten cryolite, (a sodium aluminium compound) is used
instead. If pure aluminium oxide is used, a temperature of 2000 °C would be needed for
electrolysis. However, a much lower temperature of 1000 °C is needed if the mixture is
used.

(i) Explain the advantage of using a mixture of aluminium oxide dissolved in cryolite as
electrolyte over pure aluminium oxide during electrolysis.

(ii) Construct an ionic half-equation for the reaction at the anode.

(iii) In the electrolysis of the molten mixture, the graphite anodes need to be replaced
regularly.

Suggest why this is so.

[Total: 12]

6092/02/Prelim/4Exp/2026



10

17

A series of experiments were carried out to investigate the effect of different catalysts on the rate

of a reaction.

Table 10.1 shows the time taken for the reaction to complete when different metal compounds

were used as catalysts.

The metal compounds contained Group 2 metals or transition metals.

Table 10.1
experiment | metal compound | temperature at start/ °C time taken for reaction
to complete/ s
1 CoCl, 25 28
2 FeCl, 26 21
3 MgCl, 26 45
4 Co(NOs). 25 28
5 Fe(NOs), 26 21
6 Mg(NOs). 25 45
7 Fe(NO3s)s 25 17

(@) Explain why it is important to take note of the temperature at the start of each reaction.

(b) Explain, in terms of particles, how a catalyst speeds up the rate of a reaction.
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(c) Group 2 metal compounds are less effective than transition metal compounds as catalysts.

Explain how the information in the table supports the statement.

(d) Two different iron ions were used in the experiments. Which iron ion appears to be the
more effective catalyst? Explain your reasoning.

(e) State the effect of the type of anion in the catalyst compound on the rate of reaction. Justify
your answer using results from the table.

(f)  Suggest the chemical formula of another metal compound catalyst that would cause the

reaction to be completed in 17s at 25 °C.

[Total: 8]
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Candidate Name: Class: Index No:

Section B

Answer one question from this section.

11 Chlorine gas reacts with methane in the presence of ultraviolet (UV) light through a series of
steps as shown below to produce chloromethane.

Chloromethane is a flammable gas with a melting point of -98°C and boiling point of -24°C.

1 Initiation The formation of two reactive chlorine atoms from a
chlorine molecule.

Cl, — 2CI
2 Propagation The two-step chain reaction where a reactive chlorine
atom reacts with methane to form a reactive methyl

group which then reacts with a chlorine molecule to
form chloromethane, CH;CI.

CH4 + C/ — CH; + HC!
CHs; + Cl, — CH3C/ + C/

3 Termination Two reactive particles combine to form stable molecules.
2Cl — Ch,
CHs; + CI/ — CHsCI/

(@) Name the type of reaction that takes place in the presence of ultraviolet light between
chlorine and methane.

................................................................................................................... [1]
(b) Explain why a chlorine atom C/, is highly reactive.

................................................................................................................... [1]
(c) Suggest another possible equation for the termination stage of the reaction.

................................................................................................................... [1]
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(d) (i) By considering the collision of particles, explain why the reaction of chlorine with
methane typically produces a mixture of organic products instead of pure
chloromethane.

(i) Suggest which reactant, methane or chlorine, should be used in excess in order to
produce more chloromethane instead of other organic products.

(e) Chloromethane boils at a low temperature yet does not thermally decompose into its

constituent elements. Explain why this is so in terms of structure and bonding.

(f)  Describe the changes in arrangement and motion of chloromethane molecules when the
temperature is increased from -100 °C to -30 °C.

[Total: 10]
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12 The structure of compound X is shown.

(@) Describe a suitable test to show the presence of the hydroxyl group in the compound.

(b) (i) Draw the structure of the addition polymer formed from compound X. Show two
repeating units in your structure.

[2]

(ii) Describe a chemical test to determine if all of a sample of X has been converted to
the addition polymer.
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(c)

(d)

(e)

22

(i) Draw the repeat unit of the condensation polymer formed from compound X.

[1]

(ii) Suggest how the condensation polymer formed can be broken down to obtain its
monomers.

Draw a displayed formula for a saturated isomer of compound X.

[1]
Y, another member of the same homologous series as X has 2 more carbon atoms.

Other than melting and boiling points, state another difference in physical properties
between these two members.

[Total: 10]
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