x 2 S 0€ O ot Oce

* 0000800000001 * DFD

BB

Cambridge IGCSE™

Cambridge Assessment _l
¥ International Education

CANDIDATE
NAME

%

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY 0620/41
Paper 4 Theory (Extended) October/November 2025

1 hour 15 minutes

You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS

e Answer all questions.

e Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

e  Write your name, centre number and candidate number in the boxes at the top of the page.
e  Write your answer to each question in the space provided.

e Do not use an erasable pen or correction fluid.

e Do not write on any bar codes.

e You may use a calculator.

e  You should show all your working and use appropriate units.

INFORMATION

e  The total mark for this paper is 80.

e  The number of marks for each question or part question is shown in brackets [ ].
e The Periodic Table is printed in the question paper.

This document has 16 pages. Any blank pages are indicated.

DC (PB/SW) 347797/4
© UCLES 2025 [Turn over

L _



* 0000800000002 * DFD

- IERUMADRNW DI

Protons, neutrons and electrons are particles found in atoms.

(@) Complete Table 1.1 to show the relative mass and relative charge of a proton, a neutron and
an electron.

Table 1.1
particle relative mass relative charge
proton +1
neutron
1
electron 1840
[2]
(b) Some elements have many isotopes.
(i) Define the term isotopes.
..................................................................................................................................... [2]
(ii) Explain why all isotopes of the same element have the same chemical properties.
..................................................................................................................................... [1]
(c) Complete Table 1.2.
Table 1.2
. number of number of number of
atom or ion
protons neutrons electrons
;‘gAr 18 18
%82‘ 16
22 28 20
[5]
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(d) The term mass number is defined as the total number of protons and neutrons in the nucleus
of an atom.

State the name of one other term which is defined as the total number of protons and
neutrons in the nucleus of an atom.

(e) Calculate the number of atoms in 2.00g of argon.

Give your answer in standard form.

number of atoms = .............................. [2]

[Total: 13]
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Calcium is an element in Group Il of the Periodic Table.

|

(a) ldentify the element in Group Il which has only five occupied electron shells.

............................................................................................................................................. [1]
(b) Name and describe the type of bonding found in elements in Group Il
L F= o 0= PSRRI
Lo =TT o7 ] ) [ o ISR PPRPRSRPR
[4]

(c) When a piece of calcium is added to some cold water containing universal indicator a reaction
takes place.

(i) Give three observations when this reaction takes place.

1L PR
2 ettt e eeeeetee e e teeeaheee e Eeeeaeee e e eeeeaeeeeanteeaanteeeaneeeeanneeenneeas
TSP
[3]
(ii) Name the two products of this reaction.
................................................................. AN oo [2]
(d) Calcium burns in oxygen.
(i) State the colour of the flame.
..................................................................................................................................... [1]
(ii) Write the symbol equation for this reaction.
..................................................................................................................................... [2]
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(e) Crystals of hydrated calcium nitrate contain water molecules.

The formula of hydrated calcium nitrate is Ca(NO,),*xH,0.
X is a whole number.

(i) State the term given to the water molecules present in hydrated crystals.

(ii) When hydrated calcium nitrate is heated gently, the following reaction occurs.
Ca(NO,),*xH,0 — Ca(NO,), + xH,0

A sample of hydrated calcium nitrate is heated gently. 3.28g of Ca(NO,), forms and the
mass of the crystals decreases by 1.449.

[M,: Ca(NOs),, 164; H,0, 18]
Determine the value of x in Ca(NO;),°xH,0 using the following steps.

*  Calculate the number of moles of Ca(NO,), that remain.

.............................. mol
*  Calculate the number of moles of H,O given off.
.............................. mol
*  Determine the value of x.
X S o
[3]
[Total: 17]
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A student makes crystals of the salt sodium sulfate, Na,SO,. The student reacts 0.200 mol/dm3
dilute sulfuric acid, H,SO,(aq), with aqueous sodium hydroxide, NaOH(aq).

The student uses the following steps.

step1 The student places 40.0cm?® of NaOH(aq) into a conical flask. This volume contains
0.0100 moles of NaOH.

step 2 The student adds a few drops of methyl orange indicator to the NaOH(aq) in the conical
flask.

step 3 The student adds 0.200mol/dm3 H,SO,(aq) to the flask until the end-point is reached.

step 4 The student transfers the mixture from the conical flask to an evaporating basin and
obtains dry crystals.

(@) Complete the symbol equation for the reaction. Include state symbols.

H,SO,(aq) + 2NaOH(aq) — Na,SO,(......) + .o, (cereer)
[2]
(b) State the type of exothermic reaction taking place.
............................................................................................................................................. [1]
(c) Calculate the concentration of NaOH(aq) used in step 1.
concentration of NaOH(aq) = .......ccceeveeveeveeneennnne. mol/dm3 [1]
(d) Name the item of apparatus the student uses to add H,SO,(aq) in step 3.
............................................................................................................................................. [1]
(e) Calculate the volume of H,SO,(aq), in cm?, added in step 3.
volume of HySO,(80) = ...cocuciiiricicicie cm® [2]
(f) State the colour change observed in step 3.
from ... L0 e [2]
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(g) The dry crystals formed in step 4 are coloured and not white. This is because the student
should do an additional step between step 3 and step 4.

Suggest what the student should do in this additional step to produce white crystals.

(h) In step 4, the student gently heats the solution in the evaporating basin until the solution is
saturated. The student then stops heating and leaves the hot solution to cool. Crystals start to
appear.

(i) Explain the term saturated solution.

(iii) Suggest the effect, if any, on the mass of crystals collected in step 4 if the solution in the
evaporating basin is allowed to dry without gentle heating.

[Total: 14]
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Gaseous sulfur tetrafluoride, SF,, reacts with steam in a reversible reaction.

|

SF,(9) + 2H,0(g) == SO,(g) + 4HF(g) AH = -54kJ/mol
(@) Complete the reaction pathway diagram in Fig. 4.1 for this reaction.
Include in your diagram:

e the position and the formulae of the products
* anarrow, labelled E,, to show the activation energy

o an arrow, labelled AH, to show the enthalpy change of the reaction.

A

SF4(9) +2H,0(9)

energy

progress of reaction

Fig. 4.1
[4]
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(b) The equation for the reaction can be represented as shown in Fig. 4.2.

AH = =54 kJ/mol

T H—F
H—O—H _. A _c_— H—F
F—T—F + H—O—H ~ O0=S=0 + H—F
H—F
F
Fig. 4.2
Table 4.1 shows some bond energies.
Table 4.1
bond S-F | O-H | H-F
bond energy in kd/mol 330 460 570

Use the bond energies in Table 4.1 and the value of AH of the reaction to calculate

the S=0 bond energy in kd/mol.

Use the following steps.

e Calculate the energy needed to break the bonds in the reactants.

*  Calculate the energy released when the bonds in the products form.

e Calculate the S=0 bond energy.

| © UCLES 2025
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(c) The equation for the reaction is shown.

10 _l

SF,(9) + 2H,0(g) = SO,(g) + 4HF(g) AH = -54kJ/mol
State the effect, if any, on the position of equilibrium when the following changes are made.
Give a reason for each of your answers.

*  The temperature is increased.

* Acatalystis added.

(d) Explain, in terms of collision theory, why reducing the temperature decreases the rate of the
reverse reaction.

[Total: 16]
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This question is about the homologous series of alcohols.

(@) A homologous series is a family of organic compounds whose members have the same
general formula.

(i) State the general formula for alcohols.

..................................................................................................................................... [1]
(b) Ethanol can be manufactured by two methods:
* method 1 uses glucose as the starting material
* method 2 uses ethene as the starting material.
(i) Complete Table 5.1.
Table 5.1
method 1 method 2
glucose as ethene as
starting material starting material
typical temperature used/°C
1 1
two other essential conditions
2 2
[6]
(i) Write the symbol equation for the reaction in method 1.
..................................................................................................................................... [2]
(iii) Write the symbol equation for the reaction in method 2.
..................................................................................................................................... [2]
(c) Butane-1,4-diol has the structural formula HO—CH,—CH,—CH,—CH,—OH.
(i) Deduce the molecular formula of butane-1,4-diol.
..................................................................................................................................... 1]

(ii) Butane-1,4-diol reacts with ethanoic acid.

Determine the number of moles of ethanoic acid which react fully with one mole of
butane-1,4-diol.
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(d) Butanedioic acid has the structural formula HOOC—CH,—CH,—COOH.

(i) Deduce the empirical formula of butanedioic acid.

(e) Butane-1,4-diol can be represented as shown.

Butanedioic acid can be represented as shown.

Hooc—{  }—cooH

Butane-1,4-diol reacts with butanedioic acid to form a polymer.

(i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with
butanedioic acid.

Show all the atoms and all the bonds in the ester linkages.

3]

(ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid.
..................................................................................................................................... [1]
[Total: 20]
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The three states of matter are solid, liquid and gas.

(@) Complete Table 1.1 to describe the structures of solids, liquids and gases in terms of
particle separation, particle arrangement and particle motion.

Table 1.1

state of matter | particle separation | particle arrangement particle motion

solid touching

liquid

gas random random

[3]
(b) Substances can physically change.
Name each physical change:
LT | To I (o 2 1T [ U o PP
L -~ < (o 38 1o [ U o PR

LI Vo] o I (o JF= To |8 1Yo LU T PP PPPRR

[3]
(c) Gases diffuse.

(i) Describe, in terms of particles, why gases diffuse.

(d) Gaseous oxides of nitrogen are atmospheric pollutants. One adverse effect of oxides of
nitrogen is the formation of acid rain.

State two other adverse effects of oxides of nitrogen.
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(e) In a catalytic converter, oxides of nitrogen are removed by reaction with the toxic gaseous
product of the incomplete combustion of hydrocarbon fuels. Two non-toxic gases are formed
in this reaction.

(i) Name the toxic gaseous product of the incomplete combustion of hydrocarbon fuels.

..................................................................................................................................... [1]
(ii) Name the two non-toxic gases formed in the catalytic converter.
L PRSP
2 et oLt e et e e e eat e e e ettt e R te e e et e e e oAbt e e aRe et e aRbe e e an et e e anaeeeaneeeaanneeeneeas
[2]
[Total: 13]
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(@) The iron compound in the main iron ore used in the blast furnace is iron(IlI) oxide.

(i)

(ii)

(iii)

(iv)

(v)

State the name of the main iron ore used in the blast furnace.

..................................................................................................................................... [1]
State how the main source of heat is provided in the blast furnace.
..................................................................................................................................... [1]
Name the gaseous reducing agent in the blast furnace.
..................................................................................................................................... [1]

Write a symbol equation for the reduction of iron(III) oxide by the gaseous reducing
agent in (a)(iii).

The main impurity in iron ore is silicon(IV) oxide.

Write two symbol equations to show the role of limestone in removing silicon(IV) oxide
from iron ore.

L e e e e e e e et e e ee e eeeeeteeeeeet e eeeeeaeeeeeeaeaaearaaaaaans
2 s
(2]

(b) Table 2.1 shows four different isotopes of iron, A, B, C and D.

Table 2.1
A B C D
S4Fe S6Fg STFe 58Fg
Explain why A, B, C and D are isotopes of iron.

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

| © UCLES 2025
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(c) lIron can form two different ions, Fe?* and Fe3*.

(i) Complete Table 2.2 to show the number of protons, neutrons and electrons in the two
iron ions shown.

Table 2.2
54F62+ 58F63+
protons
neutrons
electrons
[3]
(i) Describe a test for aqueous Fe?* ions.
[0S SO PPSPPPPPTPIR
o] 0157 Y 2= Lo o - PP
[2]
(d) An oxidising agent converts Fe2* ions to Fe3* ions.
(i) Define the term oxidising agent.
..................................................................................................................................... [2]
(ii) Explain why the conversion of Fe2* ions to Fe3* ions is described as oxidation.
..................................................................................................................................... [1]

(iii) The oxidising agent for the conversion of Fe2* ions to Fe3* ions is aqueous potassium
manganate(VII).

State one condition needed for the oxidation to take place.

(e) lodide ions, I-, reduce Fe3* ions to Fe2* ions in aqueous solution.

Suggest the identity of the other product formed in this reaction.

[Total: 19]
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A student prepares a sample of the insoluble salt barium sulfate, BaSO,.
The student adds aqueous sodium sulfate, Na,SO,(aq), to aqueous barium chloride, BaCl,(aq).

The student carries out the following steps.

step1 Dissolve 0.100 moles of solid BaCl, in 100cm? of distilled water in a beaker to
form BaCl,(aq).

step2 Add an aqueous solution which contains 0.100 moles of Na,SO,(aq) to the beaker
containing the BaCl,(aq) from step 1.

step 3  Stir the mixture and then filter it.
step 4 Dry the solid left in the filter paper.
(@) Complete the symbol equation for the reaction. Include state symbols.

BaCl,(aq) + Na,SO,(aq) — BaSO,(.....) + ..., (o)
[2]

(b) Calculate the mass of solid BaCl, dissolved in step 1.

(c) The concentration of Na,SO,(aq) in step 2 is 1.25 mol/dm3.

Calculate the volume, in cm?3, of 1.25mol/dm?3 Na,SO,(aq) added in step 2 which contains
0.100 moles of Na,SO,,.

(e) The mixture is filtered in step 3.

State the general term given to a solid left in the filter paper after filtration.

| © UCLES 2025 % 0620/42/0/N/25 I
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(f) The actual mass of dry BaSO, collected in step 4 is greater than the expected mass. This is
because the student should do an additional step between step 3 and step 4.

Suggest what the student should do in this additional step, and explain why the actual mass
collected is greater than the expected mass.

............................................................................................................................................. [2]
(g) State the name of this method of salt preparation.
............................................................................................................................................. [1]
(h) State the name of a different:
*  barium salt that can be used in place of BaCl, ..........cccccooiiiiiiiiiiii,
* sulfate salt that can be used in place of Na,SOy ....oovviiiiiiiiiiiiii,
*  barium salt that can be made by this method. ...
3]

[Total: 13]
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Nitric acid, HNO,, and sulfuric acid, H,SO,, are strong acids. Ethanoic acid, CH;COOH, is a
weak acid.

(a) One mole of each acid is added separately to 1000cm? of distilled water to form a dilute
solution. All three acids dissociate in distilled water.

(i) State the formula of the common cation produced when each of the three acids
dissociates in water.

..................................................................................................................................... [1]
(ii) Explain, in terms of dissociation, why:
* nitric acid is described as a strong acid
* ethanoic acid is described as a weak acid.
[2]
(iii) State which of the three dilute acids will have the highest pH value.
..................................................................................................................................... [1]
(iv) State the colour of thymolphthalein in all three dilute acids.
..................................................................................................................................... [1]
(v) Give the formula of the anion formed when:
*  sulfuric acid dissociates in water
* ethanoic acid dissociates in water.
[2]

(vi) Name the two gaseous products formed during the electrolysis of dilute sulfuric acid
using inert electrodes.

(vii) Name the salt formed when calcium reacts with ethanoic acid.
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(b) Aluminium nitrate, AI(NO,),, is made when dilute nitric acid reacts with aluminium hydroxide,
AI(OH),.

(i) AI(OH), acts as a base in this reaction.

Define the term base.

(i) AI(OH); is not an alkali.

State what this tells you about the solubility of AI[(OH),.

(iii) Name one other compound which forms aluminium nitrate when added to
dilute nitric acid.

..................................................................................................................................... [1]
(iv) The oxidation number of the O atoms in AI(NO,); is —2.
The formula of the aluminium ion in AI(NO,), is A3+,
Determine the oxidation number of the N atoms in A[(NO;),.
Show your working.
oxidation numberof N= ............................. [2]
[Total: 15]
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This question is about the homologous series of alkanes.

Three general characteristics of alkanes are:

* they are generally unreactive because they do not have a functional group
* they show trends in their physical properties, such as melting points and boiling points
* they have similar chemical properties.

(@) Describe two other general characteristics of the homologous series of alkanes.

(ii) Name one other physical property of alkanes that shows a trend, other than melting

points and boiling points.

Describe this trend as the carbon chain length of alkanes increases.

LA F= 0 0 SRS
(o =T Yo7 ] ) o] o SRR
[2]

(c) State why alkanes are described as saturated.
............................................................................................................................................. [1]
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(d) Propane has the structural formula CH,CH,CH,.

When propane undergoes a monosubstitution reaction with chlorine at room temperature,
two organic products can be formed.

(i) State one condition needed for this substitution reaction to take place.

..................................................................................................................................... [1]
(ii) Give the structural formula and state the name of each organic product formed.
e structural formula of product 1
(aE=T o LI o] i o] oo 11 o At PP
e structural formula of product 2
NAME OFf PrOAUCE 2.....eeiiiiiiiiiii bbb a s s s s s s s s s s s s beeeeeeeeeeeeeeeees
[4]
(iii) The two products formed are structural isomers of each other.
Define the term structural isomers.
..................................................................................................................................... [1]

[Total: 12]
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Compound E shown in Fig. 6.1 is an ester.

//O

CH;—CH;—CH;—C
O— CH;,—CH,

Fig. 6.1

(@) On Fig. 6.1, draw a circle around all the atoms which make up the ester linkage. [1

(b) Name compound E.

(d) Compound E is produced when two different compounds react together in the presence of a
catalyst.

(i) Name the two compounds that react together to produce compound E.

L PR
2 et eteeeeteee ettt e e —eeeateee e teee ettt e ateeeantee e e eeeeanaeeeanteeeanteeeanteeeanteeeaneeas
[2]
(ii) Suggest a suitable catalyst for this reaction
..................................................................................................................................... [1]
(e) Determine the number of unbranched esters which have the molecular formula C;H,,0
............................................................................................................................................. [1]

(f) All unbranched esters with the molecular formula C;H,,0, combust completely to form
carbon dioxide and water only.

Write the symbol equation for the complete combustion of C;H,,0, .

[Total: 8]
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