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Section A

Answer all questions.

Fig. 1.1 shows part of the Periodic Table.

Li C [N |O
Al

Ca Fe Cu| Zn

Fig. 1.1

Select elements from Fig. 1.1 to answer the following questions. You may use each
element once, more than once or not at all.

Write down the symbol for an element which

(a)

(b)

(c)

(d)

(e)

(f)

forms a stable ion by losing three electrons,

........................................................................................................ [1]
exists as diatomic molecules,
........................................................................................................ [1]
forms an ion which gives a red-brown precipitate on additon of aqueous ammonia,
........................................................................................................ [1]
has chemical properties similar to those of magnesium,
........................................................................................................ [1]
has a giant covalent structure,
........................................................................................................ [1]
reacts with sodium to form an ionic compound with Mr less than 70.
........................................................................................................ [1]

[Total: 6]

6092/02/Sec4Express/Prelim/2025



4

2 Fig. 2.1 shows the label on a bottled mineral water.

/ ions present mol/dm?3 \

Ca% 20
K* 30
Na* 145
H* 185
OH- 225
HCO3 289
SO4% 410
dry residue at 180°C 210 mol/dm3
Fig. 2.1

(a) Suggest whether the bottled mineral water is acidic, alkaline or neutral.

Explain your reasoning.

........................................................................................................ [2]
(b) State the name and formulae of two salts that could be present in the bottled
mineral water.
name of salt formula of salt
salt 1
salt 2
[2]
(c) Describe how the dry residue is obtained from the bottled mineral water.
......................................................................................................... [1]
[Total: 5]
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3 Fig. 3.1 shows a strip of moist Universal Indicator paper pasted in a hollow cylindrical

tube.
ona metre lang cylindrical tube
|
( :
cotton ball . , \ catton ball
soaked with X moist Universal Indicator paper eoaked with ¥
Fig. 3.1

One cotton ball is soaked with concentrated hydrochloric acid which will produce
hydrogen chloride gas. The other cotton ball is soaked with concentrated aqueous
ammonia which will produce ammonia gas.

Both cotton balls are inserted at both ends of the cylindrical tube simultaneously.

When no more changes are observed on the Universal Indicator paper, the cotton
balls are removed, and the Universal Indicator paper is taken out.

The results are shown in Fig. 3.2.

Universal Indicator paper

fmg;s}{ -*l region P | I region R |_ frg:f,!,
[
region Q
Fig. 3.2

Region P is uniformly of one colour and region R of another colour.
(@) Suggestidentity of X and Y.

Explain your answer.

......................................................................................................... [3]
(b) State the colours of region P and region R.

Region P: ... Region R: ... [2]
(c) Region Q remains green throughout the experiment. Explain why.

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

[Total: 6]
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4  Table 4.1 shows information about the atomic radii and ionic radii of some Group 1 and
Group 17 elements.

Table 4.1
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.

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

(c) What would you observe when aqueous bromine is added to lithium chloride
solution?

Explain your answer.

[Total: 6]
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5 Climate change is become increasingly severe, leading to more frequent weather
events.

To reduce the amount of pollutants in the air, countries around the world has made it

compulsory for catalytic converters to be installed in vehicles and encouraged the
planting of more trees.

(a) Within a catalytic converter, the following reactions take place.

2C0O + 2NO - 2C0O2 + N2

2CsH1s + 2502 = 16CO2 + 18H20

(i) Explain how catalytic converter reduces the amount of pollutants released
in the air.

(ii)  Explain why the catalytic converter does not solve all the environmental
problems caused by the pollutant gases in the exhaust emissions from cars.

(b) Suggest two reasons why planting more trees does not solve the problem of
global warming caused by the use of vehicles.

CCHY 2025 6092/02/Sec4Express/Prelim/2025
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(c)

Ethanol can also be used as a car fuel. In some countries, it is produced from
the sugars in the sugar cane.

An environmentalist claims that ethanol as a fuel is ‘carbon neutral’ because
using it does not add to the amount of carbon dioxide in the atmosphere.

Explain why this is true.

[Total: 7]
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6 Three experiments are conducted using iron, manganese and chromium and the
observations from each experiment are recorded.

Experiment 1: The metals are added separately into flasks of dilute sulfuric acid.
Experiment 2: The metals are heated strongly in air.

Experiment 3: Strips of the metals are added into flasks of metal salt solutions.
The results for Experiments 1 and 2 are shown in Table 6.1.

Table 6.1

metal experiment 1 experiment 2

metal dissolves slowly with
iron effervescence, a pale green
iron(I) sulfate solution is formed

burns in air to form a dark brown
iron(I1I) oxide solid

metal dissolves very quickly with | burns in air with an intense white

effervescence, a pale pink light forming a red solid mixture of
manganese . )
manganese(Il) sulfate solution manganese(II) oxide and
is formed manganese(Ill) oxide

metal dissolves readily with

chromium effervescence, a violet burns in air to form green
chromium(Il) sulfate solution is chromium(III) oxide
formed

(@) Using information from Table 6.1, give reasons why iron, manganese and
chromium can be identified as transition metals.

(b) (i) Write an ionic equation, with state symbols, for the reaction of chromium
metal with dilute sulfuric acid.

(ii) In terms of electron transfer, explain why the reaction in (b)(i) is a redox
reaction.
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(c) Fig. 6.1 illustrates the different set-ups in experiment 3.

set-up A

manganese

!
—

| iron(II)
sulfate
solution

10

set-up B

chromium

1
T

| iron(l1)
sulfate
solution

Y

Fig. 6.1

set-upC

iron

| manganese(ll)
sulfate

solution

List the three metals in order of increasing reactivity. Hence, describe the

observations you would see for set-ups A, B and C.

6092/02/Sec4Express/Prelim/2025
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7 Table 7.1 compares the time taken for excess alloy to react with ethanoic acid,
hydrochloric acid and phosphoric acid, each at three different concentrations.

The time taken for the alloy to decrease in mass by 1.0 g was measured. Hydrogen gas
was collected as the alloy reacts with the acid. All other conditions are kept the same.

Table 7.1
time taken for alloy to decrease in mass by 1.0 g/min
concentration of
i 3

acid, mol/dm ethanoic acid hydrochloric acid phosphoric acid

0.04 92 2 19

0.02 190 6 39

0.01 410 18 80

(a)

(b)

(c)

CCHY 2025

Using ideas of colliding particles, explain how the concentration of acid affects
the rate of reaction.

Estimate the time taken for the mass of alloy to decrease by 1.0 g if 0.01 mol/dm?
sulfuric acid reacts with the excess alloy.

A student makes the following statement:

“The final volume of hydrogen gas collected for the concentration of 0.02 mol/dm3
of hydrochloric acid and 0.02 mol/dm? ethanoic acid would be different.”

Is this statement correct?

Explain your reasoning.

6092/02/Sec4Express/Prelim/2025
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(d) 20.0 cm? of sodium hydroxide is transferred to a conical flask. A few drops of an
indicator are added into the flask and titrated against 0.5 mol/dm? hydrochloric
acid. 20.0 cm? of the sodium hydroxide requires 18.50 cm? of acid for the colour
of indicator to change.

Calculate the concentration of sodium hydroxide in g/dm3.

[4]
[Total: 10]

CCHY 2025 6092/02/Sec4Express/Prelim/2025



13

8 Phosphorus can exist as different allotropes where the same element can be arranged
differently. The structures and melting points of two such allotropes, white phosphorus
and black phosphorus, are shown in Table 8.1

Table 8.1

allotrope structure melting point/ °C

white phosphorus 44

part of the structure (side view):

layers —
of
atoms

610

black phosphorus

part of the structure of one single
layer (top view):

CCHY 2025 6092/02/Sec4Express/Prelim/2025
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(a)

(b)

(c)

(d)

(e)

14

State the chemical formula of white phosphorus.

........................................................................................................ [1]
Identify the structure of each allotrope of phosphorus.

White PhOSPROIUS ... e
BIack PhOSPNOIUS ... [2]

Explain, in terms of bonding, the difference in the melting points of the
two allotropes of phosphorus.

A single layer of black phosphorus can be obtained by using the adhesive tape
delamination method. This method involves the use of an adhesive tape to peel
off a single layer.

Suggest why a single layer of black phosphorus can be easily peeled off using a
adhesive tape.

[Total: 8]
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9  Properties of Alkynes

The alkynes are a homologous series of hydrocarbons. All alkynes contain a carbon to
carbon triple bond (C = C). Table 9.1 gives the structural formula of some alkynes.

Table 9.1
n::rkr;igf structural formula n;glr?r?;fr Mr
ethyne H—C=C—H CaH2 26
propyne H—C=C—CHs CsH4 40
butyne H—C=C—CHz2—CHs CaHe 54
pent-1-yne H—C=C—CHz—CHz2—CHs CsHs 68

Fig. 9.1 shows the graph of boiling points of some alkynes plotted against the number
of carbon atoms in each alkyne molecule.

60
40 |

20

Number of
Carbon atoms
per molecule

Temperature/ °C
R
=

Fig. 9.1
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Manufacture of Ethyne

For the past 50 years, ethyne was produced by the reaction of calcium carbide with
water according to the equation below.

CaCz + 2H20 - C2H2 + Ca(OH)2

A modern method for producing a good yield of ethyne is by heating ethene above
1150 °C. The reaction is represented by the equation shown below.

CH2=CH2(g) > H—C=C —H + Hz2 (9)
Reaction of Alkynes

Alkynes are unsaturated compounds that react similarly to alkenes in many chemical
reactions such as addition reactions.

For example, like alkenes, alkynes undergo addition reaction with bromine water.

However, unlike alkenes, alkynes react more slowly with bromine water.

(@) Describe and explain the trends show shown in the data in Table 9.1 and Fig. 9.1.

......................................................................................................... [2]
(b) Draw a ‘dot and cross’ diagram to show the bonding in ethyne.
Show outer electrons only.
[2]
(c) (i) Deduce the general formula of the homologous series of alkynes.
................................................................................................. [1]
(ii) Write the chemical formula of hex-1-yne, a six carbon alkyne.
................................................................................................. [1]
(iii) Predict the boiling point of hex-1-yne.
................................................................................................. [1]
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(d) Calculate the volume of ethyne that will be obtained at room temperature and
pressure from 500 g of calcium carbide.

volume of ethyne: ... [2]

(e) Describe a test to distinguish an alkyne from an alkene. Include appropriate
apparatus and chemicals used in the test.

()  When ethyne reacts with carbon monoxide and water, in the presence of a catalyst,
propenoic acid is formed.

Complete the structure of the propenoic acid in the equation shown below.

—_— = - c=C
H—C=C—H + CO + H:O — Y \

[1]

[Total: 12]
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Section B
Answer one question from this section.
10 Fig. 10.1 shows the electrolysis of concentrated aqueous caesium chloride.

A few drops of Universal Indicator are added to the caesium chloride solution before
the start of the experiment.

As the experiment proceeds, a coloured gas is observed at electrode 2.

electric
cell

.

/ Jigpi J
carbon / concentrated agueous

electrode caesium chloride

Fig. 10.1

(@) Determine whether electrode 2 is the positive electrode or negative electrode.

Write the half-equation for the reaction that occurs at this electrode.

(b) Describe and explain the observations at electrode 1.

CCHY 2025 6092/02/Sec4Express/Prelim/2025
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(c) State and explain the observations made on the electrolyte as the experiment
proceeds.

(d) Fig. 10.2 shows the actual electric cell used. The electrolyte used is aqueous
copper(Il) sulfate.

electric
cell

Zn Cu

'
~ i .
Ya [ .
N ' i
[~ ' f
.~ ’ '
~ ' 5
“a '
¥
“a ' P
., \ : K
. A
s ’
- /
> .
> ’
- .
~ -
.. -

gt
77N

carbon concentrated aqueous
electrode caesium chloride
Fig. 10.2

(i) State the direction of flow of electrons.

(iif) Write the half-equation for the reaction at the copper metal.

(iii) State the element that is reduced during the experiment. Explain your
reasoning using oxidation state.

[Total: 10]
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(a) Proteins are large biomolecules, or macromolecules, consisting of one or more
long chains of amino acid monomers. Fig. 11.1 shows the repeat unit of the

protein.
0 0
—NH—CH—C—NH—CH—C—
| I
CHs
Fig. 11.1

Draw the full structural formula of the monomers that make up this section of the
protein.

[2]

(b) When a surgeon repairs a wound, a mesh can be inserted to minimise the wound
from opening. Poly(propene) is the recommended material for the mesh.

(i) Draw a section of poly(propene) showing 2 repeat units.

[1]

(ii) Describe two differences between the type of polymerisation for
poly(propene) and the protein in (a).

6092/02/Sec4Express/Prelim/2025
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(iii)

(iv)

(v)

21

A polymer of propene was manufactured and have an average relative
molecular mass in the range of 5000 to 10 200.

Calculate the minimum number of repeating units in the polymer.

[2]

Suggest one reason why poly(propene) is used rather than a natural fibre
such as cotton.

Propene is obtained from the cracking of long chain hydrocarbons such as
hexadecane, CieHs4, which is less useful.

When 1 mole of hexadecane is cracked, it produces 4 moles of propene
and one other product.

Write the chemical equation and state the condition for this cracking
process.

BQUATION: L. e

CONAIIONS: et

[Total: 10]
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