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1 A sealed balloon contains air.
The temperature of the balloon is increased.

Which row describes how the pressure in the balloon and the kinetic energy of the particles in air

change?
kinetic energy
pressure 4

of particles
A decreases decreases
B increases decreases
C decreases increases
D increases increases

2 Ammonia gas is reacted with hydrogen chloride gas using the apparatus shown.
Solid ammonium chloride is produced.

long glass tube solid ammonium chloride

_ [
S O

r N

cotton wool soaked cotton wool soaked in
in aqueous ammonia aqueous hydrogen chloride

Which statement explains why the solid ammonium chloride is formed nearer to the
hydrogen chloride?

A Aqueous ammonia is a base and aqueous hydrogen chloride is an acid.

B Ammonia molecules diffuse more slowly than hydrogen chloride molecules.
C Hydrogen chloride has a greater molecular mass than ammonia.
D

Only ammonia molecules diffuse in all directions at the same time.
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3

3 The table shows information about four different particles.

particle nucleon number number number
number of protons | of neutrons | of electrons
Na 23 11 W 11
Na* 23 11 12 X
O 16 8 Y
o> 16 8 8 z
What are the values of W, X, Y and Z?

W X Y z
A 11 10 10 8
B 11 11 8 10
Cc 12 10 8 10
D 12 11 10 8

4 Substances with giant covalent structures can be used as lubricants and as cutting tools for hard
materials.

The diagrams show how the atoms are arranged in two giant covalent substances, P and Q.

Which statement is correct?

A

B
C
D

key

—— strong covalent bond

---- weak attraction

Only P is used as a cutting tool and only Q is used as a lubricant.

Only P is used as a lubricant and only Q is used as a cutting tool.

P and Q are both used as cutting tools.

P and Q are both used as lubricants.
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4

5 Symbols representing four particles are shown.

40 41y 2+ 37 37
20W 20X 18Y 17 z

The letters are not the chemical symbols.

Which particles have the same number of neutrons?

A

W and X% B WandZ C X*andY D YandZ

6 Which statement describes the formation of bonds in lithium bromide?

A

B
Cc
D

A lithium atom donates one electron to a bromine atom.
A bromine atom donates one electron to a lithium atom.
A lithium atom shares a pair of electrons with a bromine atom.

A bromine atom donates a pair of electrons to a lithium atom.

7  Which statement explains why solid magnesium is a good conductor of electricity?

A

B
Cc
D

Magnesium has delocalised electrons that can move through the lattice.
Magnesium has strong attractions between ions.
Magnesium consists of a giant lattice of anions in a ‘sea’ of delocalised electrons.

Magnesium consists of metal ions that move through the lattice.

8 The equation for the reaction between dilute ethanoic acid and aqueous lithium hydroxide is
shown.

CH;COOH + LIOH — CH3;COOLi + HO

In an experiment, 20.0 cm?® of 0.050 mol/dm?® aqueous lithium hydroxide is exactly neutralised by
12.5cm? of dilute ethanoic acid.

Which statement is correct?

A

The amount of lithium hydroxide is equal to 0.050 x % mol.

The amount of ethanoic acid reacted is 0.0010 mol.
The concentration of the dilute ethanoic acid is 0.16 mol/dm>.

The volume of aqueous lithium hydroxide used is 0.20 dm?®.
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9 The molecular formulae of four compounds are listed.

1 CH,

2 CyHe
3 CsHs
4 CsHg

Which molecular formulae are also the empirical formulae for the compounds?

A 1and?2 B 1and3 C 2and4 D 3and4

10 The equation for the reaction between copper(Il) oxide, CuO, and ammonia is given.
3CuO + 2NH; — 3Cu + 3H,0 + N,
[M,: CuO, 80; NHj, 17; H,0, 18; N, 28]
[A: Cu, 64]
Which statements about this reaction are correct?
1 80.0g of copper(Il) oxide reacts exactly with 17.0 g of ammonia.

2 4.09g of copper(Il) oxide reacts with excess ammonia to produce 3.2 g of copper.

3 The mass of water produced in this reaction is greater than the mass of nitrogen.

A 1,2and3 B 1and2only C 1and3only D 2and3only

11 How many atoms are present in 1.00 mol of argon?

A 2.06x 10% B 3.02 x 10% C 6.02x10% D 6.32x 10%

12 Aqueous copper(Il) sulfate is electrolysed using copper electrodes.

Which statement is correct?

A Oxygen gas is produced at the positive electrode.

B The blue colour of the solution gradually fades.

C The concentration of copper ions in the solution stays the same.
D

The mass of the negative electrode decreases.
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13 Which row describes the reactions during the electrolysis of dilute aqueous sodium chloride?

anode reaction cathode reaction
A H, —» 2H" + 2e” 2H,0 + O, + 4e” —» 40H"
B 2H" + 2" —> H; 40H" — 2H,0 + O, + 4e”
C | 2H,0 + O, + 4e° — 40H Hy —» 2H" + 2e”
D | 40H — 2H,0 + O; + 4e” 2H" + 2" —> H;

14 Information about two reactions is given.

e The neutralisation reaction between citric acid and sodium hydrogencarbonate is
endothermic.

e The displacement reaction between magnesium and carbon dioxide is exothermic.
Which statements about the two reactions are correct?

1 The energy of the products formed in the neutralisation reaction is greater than the
energy of the reactants.

2 The energy of magnesium and carbon dioxide is greater than the energy of
magnesium oxide and carbon.

3 In an exothermic reaction, the energy required to break the bonds is greater than the
energy released when the new bonds are formed.

A 1,2and3 B 1and2only C€C 1and3only D 2and3only

15 The reaction pathway diagram for a reaction is shown.

A

energy

Y

progress of reaction

Which row identifies the activation energy, E,, and the enthalpy change, AH, for this reaction?

E, AH
A 1 2
B 1 3
Cc 2 3
D 3 1

© UCLES 2025 0620/21/0/N/25



7

16 Hydrogen peroxide solution decomposes very slowly at room temperature to produce
oxygen gas. This gas forms a rising foam when liquid detergent is added.

Five test-tubes are half-filled with hydrogen peroxide solution. A drop of liquid detergent is added
to each one.

Different metal oxides are added to four of the test-tubes and the height of the foam formed after
one minute is measured. The results are shown.

metal oxide fr;::r%h/tc?i
no metal oxide added 0.1
aluminium oxide 0.1
calcium oxide 0.2
copper(Il) oxide 2.3
manganese(IV) oxide 54

Which conclusion can be drawn from these results?

A Metal oxides do not affect the rate of this reaction.

B All metal oxides increase the rate of this reaction and act as catalysts.

C Manganese(IV) oxide is the best catalyst of the four metal oxides tested.
D

Only transition element oxides increase the rate of this reaction.

17 Which equation represents one of the reactions in the Contact process?
A 2S0,(g) + O,(g) = 2S03(9)
B 2SOy(g) + Ox(g) = 2SO0s(aq)
C 2S04(g) + Ox(g) = 2SO04(aq)
D 2S0;(g) + Oy(g) = 2S04(g)
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18 The ionic equation for the redox reaction between acidified manganate(VII) ions and iodide ions
is shown.

2MnO4 (aq) + 16H(aq) + 10I(aq) —» 2Mn*(aq) + 5Ix(aq) + 8H,O(l)

Which row shows the changes in oxidation number for manganese and for iodine during this

reaction?
manganese iodine
from to from to
A -2 +4 -1 0
B -2 +4 -10 +5
Cc +7 +2 -1 0
D +7 +2 -10 +5

19 In the Haber process, nitrogen and hydrogen react to form ammonia.
N, + 3H, = 2NH;
The forward reaction is exothermic.

Which changes in pressure and temperature increase the yield of ammonia?

change in change in

pressure temperature
A decrease decrease
B decrease increase
C increase decrease
D increase increase

20 Which statement describes a property of ethanoic acid?
A It does not produce carbon dioxide when added to sodium carbonate.
B It does not produce hydrogen when added to magnesium.
C It only donates some of its protons when added to excess aqueous sodium hydroxide.
D

It only partially dissociates when added to water.
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21 A student adds different solid salts to an excess
determine the solubilities of the salts.

The results are shown.

W

X

What could the four different salts be?

of water. The student stirs the mixtures to

W

X

Y

z

O o0 W »

calcium sulfate
ammonium nitrate
sodium carbonate

lead(II) chloride

lead(II) chloride
sodium carbonate

calcium sulfate

ammonium nitrate

ammonium nitrate
calcium sulfate
potassium sulfate

sodium carbonate

potassium sulfate
lead(II) chloride

ammonium nitrate

calcium sulfate

22 Four metal oxides are listed.

1 ALO;
2 CaO
3 CuO
4 ZnO

Which metal oxides are amphoteric?

A 1and4 B

© UCLES 2025
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10
23 The ions formed when element X and element Y react together are shown.

e Element X forms X ions.

e Element Y forms Y?* ions.

Which row identifies the position of X and of Y in the Periodic Table?

X Y
A Group | Group VI
B Group VII Group I
C Group VII Group VI
D Group | Group I

24 \Which properties decrease down the group of alkali metals?

1 melting point
2 density

3 reactivity

A 1and?2 B 1only C 2and3 D 3only

25 Some halide ions are displaced from aqueous potassium halides by halogens.
In which mixtures are the halide ions displaced?
1 potassium bromide and chlorine
potassium bromide and iodine

2
3 potassium iodide and chlorine
4

potassium chloride and iodine

A 1and3 B 1and4 C 2and3 D 2and4

26 What is the correct order of reactivity of the following metals, from least reactive to most reactive?
A calcium — magnesium — zinc — copper
B copper — zinc - magnesium — calcium
C copper — zinc — calcium — magnesium
D

zinc — copper —» magnesium — calcium
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27 The equation for the reaction between aluminium and iron(IIl) oxide is shown.
2AI1 + F8203 - AZzOg + 2Fe

Which statement about this reaction is correct?

A The aluminium acts as an oxidising agent.

B It shows that iron is more reactive than aluminium.

C The oxidation number of the aluminium decreases during the reaction.
D

It shows that aluminium has a greater tendency to form ions than iron.

28 Which row identifies methods used to prevent iron from rusting?

washing with

greasing | painting | yictiied water

A v X v key

B X v v v =yes
C v v X X=no
D v v v

29 Which statement about the extraction of aluminium by electrolysis is correct?

A Aluminium oxide is dissolved in molten cryolite to increase its melting point.

B At the cathode, oxygen ions lose electrons to form oxygen gas.

C The carbon in the graphite anode reacts with oxygen gas forming carbon dioxide.
D

The reaction at the anode is AI** + 3e” — AL

30 Catalytic converters are used to remove oxides of nitrogen from exhaust gases.
The equation represents one of the reactions that occur in a catalytic converter.
2NO + 2CO — N; + 2CO,

What is a disadvantage of using a catalytic converter to remove oxides of nitrogen?
A CO is an essential reactant in photosynthesis.

B CO, is a greenhouse gas.

C N,is acidic.
D

N, is toxic.
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Which row is correct?

12

31 Some gases are present in clean, dry air, while other gases are only present in polluted air.

a gas present
in clean, dry air

a gas only present
in polluted air

argon
argon

sulfur dioxide

o o W >»

sulfur dioxide

carbon dioxide
nitrogen dioxide
carbon dioxide

nitrogen dioxide

32 Petroleum is separated by fractional distillation.

Which statement about the fractions produced is correct?
A Bottled gas for heating and cooking is obtained from the naphtha fraction.
Diesel oil is used as a fuel for jet aircraft.

Substances used to make polishes are obtained from the lubricating fraction.

(w A o B v

The kerosene fraction contains many useful waxes.

33 Which structure represents a compound in the alcohol homologous series?

A B C D
H H H H H H H H H 0
|| ] \ | 7
H—C—C—H H—C—C—C—H C=C—C—H H—C—C—C
| ] /] N
H H H (l) H H H H H H O—H
H

34 Ethane reacts with chlorine.

Which row identifies the type of reaction and the formulae of the products formed?

reaction products
A addition CH3;CH,C! + H,
B addition CH;CH,C! + HCI
C substitution CH5;CH,CI + HCI
D substitution CHs;CH,C1 + H,
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35 Which equation represents the formation of poly(propene) from propene?

A B
7" T I I
nc=C —» c—cC nc=Cc —» c—cC
| | | |
H H H H/, H H H H/,
c D
7 7 7 LT
T T T
H H H H/, H H H H HJ,

36 Ethene reacts with hydrogen in an addition reaction to form ethane.

Which catalyst is used for this reaction?
A iron

B nickel

C vanadium(V) oxide

D yeast

37 What is produced by the bacterial oxidation of ethanol?
A ethene
B sodium ethanoate
C ethyl ethanoate

D vinegar

38 Which statement about addition polymers or condensation polymers is correct?
A Addition polymers only contain carbon and hydrogen atoms.
B One of the monomers used to make a polyester is a diamine.
C Addition polymers contain carbon—carbon double bonds in the main chain.
D

Water is an additional product in the formation of a protein from amino acids.
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39 The results of flame tests on three metal salts, X, Y and Z, are shown.

14

metal salt | flame test colour
X yellow
Y lilac
4 blue-green

Which row identifies the cations presentin X, Y and Z?

X Y z
A potassium sodium calcium
B potassium sodium copper
C sodium potassium calcium
D sodium potassium copper

40 Ethanol can be made by fermentation of sugar, using yeast.
This produces a mixture of ethanol and water.

How is ethanol separated from this mixture?

A distilling the mixture using a fractionating column

B filtering the mixture

C heating to evaporate most of the water, and allowing the ethanol to crystallise
D

heating to evaporate the water
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2

1 What happens to the volume of a fixed mass of gas when the temperature is increased or the
pressure is decreased?

increased temperature decreased pressure
A volume decreased volume decreased
B volume decreased volume increased
C volume increased volume decreased
D volume increased volume increased

2 The diagram shows the heating curve for a substance.

A

temperature

time

Between which two points do the particles of the substance change from being in fixed positions
to being mobile?

A PandQ B QandR C SandT D TandU
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3 A student investigates the diffusion of ammonia gas, NH3, and hydrogen chloride gas, HCL
Two sets of apparatus are set up as shown at room temperature and pressure.

apparatus 1 apparatus 2

i €/D \ ' €/D \
source of damp red source of damp blue
ammonia gas litmus paper hydrogen chloride gas  litmus paper

The damp red litmus paper in apparatus 1 changes colour after 30 seconds.

How long does it take for the damp blue litmus paper in apparatus 2 to change colour?
A 21 seconds
B 30 seconds
C 64 seconds
D

The damp blue litmus paper does not change colour.

4 Which row describes elements, compounds and mixtures?

elements compounds mixtures
A all the atoms contain different atoms can be separated using
are the same type chemically joined together physical processes
B all the atoms can be separated into contain different atoms
are the same type new substances using chemically joined together
chemical processes
C can be separated into all the atoms contain different atoms
new substances using are the same type chemically joined together
chemical processes
D contain different atoms all the atoms can be separated using
chemically joined together are the same type physical processes

5 Which statement about atoms or ions is correct?
A The mass number of an atom is the total number of nucleons and protons.
B The electronic configuration of an aluminium ion, AI*", is 2,8,3.
C Hydrogen is the only atom that has an incomplete first electron shell.
D

Most of the volume of an atom is taken up by its nucleus.

© UCLES 2025 0620/22/0/N/25 [Turn over



4

6 Which two values are used to calculate the relative atomic mass of a sample of boron?

value 1 value 2
A the total number the total number
of boron isotopes of boron atoms
B the relative abundance of each the relative mass
boron isotope in the sample of each boron isotope
C the relative abundance of each the total number
boron isotope in the sample of boron atoms
D the total number the relative mass
of boron isotopes of each boron isotope

7  Which statement describes the structure of sodium chloride?

A alattice of alternating positive and negative ions

B alattice of positive ions surrounded by a ‘sea’ of delocalised electrons
C a mixture of sodium and chlorine atoms
D

a regular lattice of sodium and chlorine atoms

8 Graphite and diamond are both forms of the element carbon.

Which row shows the number of other carbon atoms that each carbon atom is covalently bonded
to in graphite and in diamond?

graphite diamond
A 3 3
B 3 4
Cc 4 3
D 4 4

9 Which row describes the structure and bonding in cobalt?

structure bonding
A giant ionic
B simple ionic
C giant metallic
D simple metallic
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10 The equation for the combustion of ethanol is shown.
C,HsOH + 30, —» 2CO, + 3H,0
The relative molecular mass, M., of ethanol is 46.

Which statement about the reaction is correct?

A 4.69 of ethanol produces 4.4 g of carbon dioxide.

B 92g of ethanol produces 88 g of carbon dioxide and 108 g of water.
C 138g of ethanol reacts with 32 g of oxygen.

D 184g of ethanol produces 216 g of water.

11 A compound contains 40.0% carbon, 6.7% hydrogen and 53.3% oxygen only.
The relative molecular mass, M,, of the compound is 60.

Which row shows the empirical formula and the molecular formula of the compound?

empirical formula molecular formula
A CH,0 CH;O
B CH,O C2H40O;
Cc C3H;0; C3H703
D C3HsO C3HsO

12 Hydrogen—oxygen fuel cells are used in electric cars.
Three statements about these fuel cells are listed.

1 The process in the cell is called electrolysis.
2 Water is broken down in the cell to produce hydrogen, oxygen and electricity.

3 Water is the only chemical product formed in the reaction.

Which statements are correct?

A 1and?2 B 1and3 C 2only D 3only
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13 A solution of copper(Il) sulfate can be electrolysed using copper electrodes or carbon electrodes.

Which statements are correct?

A

1

2
3
4

1and 2

Using copper electrodes, oxygen gas forms at the anode.
Using copper electrodes, copper atoms lose electrons at the anode.
Using carbon electrodes, copper metal forms at the cathode.

Using carbon electrodes, copper ions gain electrons at the cathode.

B 1and3 C 2,3and4 D 4only

14 The equation for the combustion of hydrazine, N,H,, is shown.

H H

N=N + O=0 —» N=N + 2H—O—H

/

H H
bond | 3 et
N-H 391
N=N 409
N=N 944
O-H 463
0=0 496

What is the overall enthalpy change for the combustion of one mole of hydrazine?

A -327kJ/mol
B -111kJ/mol
C +111kJ/mol
D +327kJ/mol
© UCLES 2025 0620/22/0/N/25
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15 Dissolving ammonium chloride in water is an endothermic change.

Which row shows the energy change and temperature change of the mixture during the
dissolving of ammonium chloride?

energy change temperature change
A energy is absorbed decrease
B energy is absorbed increase
C energy is released decrease
D energy is released increase

16 Aqueous sodium thiosulfate, Na,S,0;, reacts with dilute hydrochloric acid to form a yellow
precipitate of sulfur.

Na,S,03(aq) + 2HCI(aq) — 2NaCl(aq) + HO(l) + S(s) + SO,(g)
The precipitate forms more quickly when the reactants are heated.
Which statements explain this observation?

1 The reacting particles collide more frequently.
2 The collisions between reacting particles have more energy.

3 The activation energy of the reaction is lower.

A 1and2 B 1and3 C 1only D 2and3

17 Which statement about the conditions used in the Haber process and in the Contact process is
correct?

A The typical pressure used in the Haber process is similar to that used in the Contact process.

B The typical temperature used in the Haber process is similar to that used in the Contact
process.

C The Haber process uses a vanadium(V) oxide catalyst, and the Contact process uses an
iron catalyst.

D Both processes produce an acidic gas.
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18 The equation shows the equilibrium between dinitrogen tetroxide, N,O,4, and nitrogen dioxide,
NO..

The colours of the reactant and product are shown.

N204(g) = 2NO(g)

colourless brown
The forward reaction is endothermic.

Which statement is not correct?

A At equilibrium, the concentrations of the reactant and the product stay constant.

B At equilibrium, the rate of the forward reaction is equal to the rate of the reverse reaction.
C When the pressure is increased, a darker brown colour is seen.
D

When the temperature is increased, a darker brown colour is seen.

19 What is the oxidation number of chromium in the Cr,0;% ion?

A -2 B -1 C +6 D +12

20 Which method is used to prepare a pure, dry sample of lead(Il) chloride?

A mix aqueous lead(Il) nitrate and dilute hydrochloric acid — filter — crystallise and dry the
filtrate

mix aqueous lead(II) nitrate and dilute hydrochloric acid — filter — wash and dry the residue

C mix solid lead(II) hydroxide and aqueous sodium chloride — filter — crystallise and dry the
filtrate

D mix solid lead(II) hydroxide and aqueous sodium chloride — filter —» wash and dry the
residue
21 Phosphorus is an element in Group V of the Periodic Table.
It burns in air to form an oxide that dissolves in water to form a solution with a pH of 1.

Which row describes this oxide of phosphorus?

metal oxide non-metal acidic oxide basic oxide
oxide
A v X v X key
B v X X v v =yes
Cc X v v X X =no
D X v X v

© UCLES 2025 0620/22/0/N/25
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22 The equation shows the reaction between aqueous hydrogen bromide and aqueous ammonia.

Which statement describes the role of aqueous hydrogen bromide?

A

B
C
D

23 Which statement about the elements in Group | is correct?

A

B
C
D

It is a catalyst.

It is a reducing agent.
It is a proton acceptor.

It is a proton donor.

Hydrogen is produced when Group | elements react with water.

HBr(aq) + NHs(aq) —» NH4'(aq) + Br(aq)

lons of Group | elements have a 1- charge.

Sodium is more reactive than potassium.

Solid sodium is a poor electrical conductor.

24 Which row describes the colour and state of iodine at room temperature and pressure?

colour state
A green liquid
B grey-black solid
C purple solid
D red-brown liquid

25 Part of the Periodic Table is shown.

Which element is an inert gas?

© UCLES 2025
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26 Four different metals are separately added to water.
The oxide of each metal is separately heated with carbon.

The results are shown.

metal metal with water metal oxide with carbon
Q no reaction brown solid forms
R rapid fizzing no reaction
S a few bubbles no reaction
T a few bubbles grey solid forms

What is the order of reactivity of the four metals, least reactive first?
A Q->-T->S—>R
B Q—->-S—->T—->R
C R>S->T-Q
D R>T->S8S-Q

27 Aniron nail is fully covered with zinc to prevent it from rusting.

Which row describes this method of protection and explains why zinc is used to protect the

iron nail?
method of protection reason zinc is used
A barrier method and sacrificial protection zinc is more reactive than iron
B barrier method and sacrificial protection iron is more reactive than zinc
C sacrificial protection only zinc is more reactive than iron
D barrier method only iron is more reactive than zinc

28 Iron is extracted from hematite in the blast furnace.
Which reaction increases the temperature in the blast furnace to over 1500 °C?

A calcium carbonate — calcium oxide + carbon dioxide
B calcium oxide + silicon(IV) oxide — calcium silicate

C carbon + oxygen — carbon dioxide
D

carbon dioxide + carbon — carbon monoxide

© UCLES 2025 0620/22/0/N/25
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29 Aluminium is extracted by the electrolysis of purified bauxite.

Which row shows the half-equations at the electrodes and explains why one of the electrodes has
to be replaced regularly?

half-equation half-equation electrode
at anode at cathode replacement

A | 207 5 O, + 4 | A* + 3¢ > Al cathode replaced as it gets
coated with aluminium

B | 20 - 0O, + 4e” | AI** + 3e” > Al anode replaced as it
burns away in oxygen

C | A* + 3¢ —» Al | 20 = 0O, + 4e” cathode replaced as it
burns away in oxygen

D A** + 3e” > Al | 20 > 0O, + 4e” anode replaced as it gets
coated with aluminium

30 Which flow chart describes the correct treatment sequence of the domestic water supply?

A filtration — chlorination — sedimentation
B sedimentation — chlorination — filtration
C chlorination — filtration — sedimentation
D

sedimentation — filtration — chlorination

31 Which statement about oxides of nitrogen is correct?

A They are made in car engines by the incomplete combustion of gasoline at a high
temperature.

B They are made in car engines when nitrogen in gasoline reacts with oxygen in air at a high
temperature.

C They are removed from car exhausts by catalytic converters and form nitrogen and
sulfur dioxide.

D They are removed from car exhausts when they react with carbon monoxide in catalytic
converters.

32 The alkenes are a homologous series.

Which statement about the members of the homologous series of the alkenes is correct?

A They have the same functional group.

B They have the same relative molecular mass.
C They have different chemical properties.
D

They have different general formulae.
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33 The diagram represents two processes, X and Y, and their effect, Z, in increasing global
warming.

emission of
thermal energy > Y > 4

from the Earth \/4

Which row identifies X, Y and Z?

A
X

X Y Z

A absorption of emission of reduced thermal
thermal energy by thermal energy energy loss to space
greenhouse gases to the Earth

B emission of emission of reduced thermal
thermal energy by thermal energy energy loss to space
greenhouse gases to space

C absorption of emission of increased thermal
thermal energy by thermal energy energy loss to space
greenhouse gases to the Earth

D emission of emission of increased thermal
thermal energy by thermal energy energy loss to space
greenhouse gases to space
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34 Which structures are structural isomers of each other?

o O W >

1,2,3and 4
1, 2 and 4 only
1 and 3 only
2 and 4 only

35 The structure of an ester is shown.

O=—=0

What is the name of this ester?

A

B
C
D

ethyl methanoate
methyl ethanoate
propyl methanoate

methyl propanoate

© UCLES 2025 0620/22/0/N/25
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36 Which row shows the products obtained by the cracking of a large alkane?

alkene hydrogen water
A v v v key
B v v X v/ =yes
o v X v X=no
D X v v

37 Ethanol is produced by the fermentation of aqueous glucose or by the catalytic addition of steam
to ethene.

Which row shows some advantages and disadvantages of these processes?

fermentation of aqueous glucose catalytic addition of steam to ethene

advantage disadvantage advantage disadvantage
A fast reaction ethanol produced almost pure renewable
continuously ethanol formed raw material

B ethanol produced

in batches

C renewable
raw material

D renewable
raw material

slow reaction

ethanol produced
in batches

dilute aqueous
ethanol formed

fast reaction

almost pure
ethanol formed

fast reaction

ethanol produced
continuously

slow reaction

non-renewable
raw material

A
CH, O

N
)

© UCLES 2025
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39 Which item of apparatus is used to measure 13.7 cm® of dilute hydrochloric acid?

A

B
C
D

a balance
a burette
a conical flask

a volumetric pipette

40 Chromatography is used to separate and analyse mixtures of soluble substances.

The first steps of the process are listed.

e apply sample to baseline

e develop chromatogram in solvent

What is the next step in the process to detect soluble colourless substances?

A

B
C
D

calculate the R; values
compare the results with known substances
count the number of spots

use a suitable locating agent
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1 What happens to the volume of a fixed mass of gas when pressure and temperature are
separately increased?

volume of gas
pressure temperature
increased increased
A increases increases
B no change decreases
C decreases increases
D no change increases

2  Which gas diffuses most quickly at room temperature and pressure?

A CH, B C.Hs CcC CO D SO,

3 Which statement defines nucleon number?

A ltis the total number of protons in the nucleus of an atom.

B Itis the total number of electrons surrounding the nucleus of an atom.
C ltis the total number of neutrons in the nucleus of an atom.
D

It is the total number of protons and neutrons in the nucleus of an atom.

4 The symbols of four atoms are listed.

1 "C
2 cC
3 N
4 S

Which atoms have more neutrons than protons?

A 1and?2 B 2and3 C 2and4 D 3and4

5 Which statement describes all positive ions?
A Positive ions have more electrons than neutrons.
B Positive ions have more protons than neutrons.
C Positive ions have more electrons than protons.
D

Positive ions have more protons than electrons.

© UCLES 2025 0620/23/0/N/25
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6 A sample of copper has a relative atomic mass of 63.5.

What are the relative abundances of the isotopes in this sample of copper?

A 25% ®Cuand 75% *°Cu
B 50% ®*Cu and 50% ®°Cu
C 75% ®Cu and 25% ®°Cu
D 90% ®Cu and 10% ®*Cu

7 Which diagram shows the outer shell electron arrangement for a molecule of methanol, CH;OH?

ol o

Cc D

(&) (2

8 Rescuers are drilling through fallen rock in order to rescue some people trapped in a cave. The
drill needs lubricating from time to time.

Four statements are made about the materials used for the drill tip and the lubricant to explain the
reasons for their use.

1 Diamond is used for the drill tip as it does not conduct electricity.
2 Diamond is used for the drill tip as it is very hard.
3 Graphite is used as the lubricant as it conducts electricity.
4  Graphite is used as the lubricant as it is soft and slippery.
Which statements are correct?

A 1and3 B 1and4 C 2and3 D 2and4
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9 Which compound has an empirical formula that is the same as its molecular formula?
A Dbutane
B but-1-ene
C butanoic acid
D

butan-1-ol

10 Which row identifies the charge on the chromium ion and on the sulfate ion in Cry(SO,)3?

Cr SO,
A 2+ 3-
B 2— 3+
Cc 3+ 2—
D 3—- 2+

11 Which statement describes a saturated solution?

A ltis a solution that contains the maximum concentration of solute.
B Itis a solution that contains the maximum amount of solvent.

C ltis a hydrocarbon that contains both double and single bonds.
D

It is a hydrocarbon that contains only single bonds.

12 Calcium carbonate decomposes when heated strongly.
CaCOgj(s) — CaO(s) + CO4(9)

How many gaseous molecules are produced when 10.0g of calcium carbonate is completely
decomposed?

A 1.00x10% B 1.20 x 10% C 6.02x 10% D 6.02x 10%

13 Which product is initially obtained at each electrode during the electrolysis of concentrated
aqueous sodium chloride?

cathode anode
A hydrogen chlorine
B hydrogen oxygen
C sodium chlorine
D sodium oxygen

© UCLES 2025 0620/23/0/N/25



5

14 Molten lead(Il) bromide is electrolysed using inert electrodes.

power
supply

Which statement describes the movement of electrons?

A from X to Y through the external wire
B from Y to X through the external wire
C from X to Y through the electrolyte
D fromY to X through the electrolyte

15 In afuel cell, a fuel is oxidised to produce electricity.

Which row describes the fuel and the oxidising agent used?

fuel oxidising agent
A nitrogen oxygen
B hydrogen oxygen
C nitrogen water
D hydrogen water

16 Which statement about reactions is correct?

A Areaction that is vigorous at room temperature has a high activation energy.
B If AH for a reaction is positive, bond making in the formation of the products is endothermic.

C In an exothermic reaction, the energy required to break bonds is less than the energy
released to make bonds.

D Reactions with a positive enthalpy change always transfer thermal energy to the
surroundings.
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17 Ethene reacts with hydrogen to form ethane.

H H H H
/ L

c=C + H—H —» H—C—C—H
/N |
H H H H

The bond energies are shown in the table.

bond | *{ Fnel
c-C +350
C-H +410
H-H +436
c=C +614

What is the enthalpy change for the reaction?

A -290kJ/mol
B -120kJ/mol
C +120kJ/mol
D +290kJ/mol

18 Zinc reacts with dilute hydrochloric acid.

Which statement about the particles in the reaction is correct?

A Increasing the concentration of dilute hydrochloric acid increases the collision rate but has no
effect on the activation energy.

B Increasing the concentration of dilute hydrochloric acid increases the collision rate and the
activation energy.

Increasing the temperature of the reaction increases the activation energy.

Increasing the temperature of the reaction causes all collisions to lead to a reaction.

© UCLES 2025 0620/23/0/N/25
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19 Ethanol is manufactured by the addition of steam to ethene.

C2Ha(g) + H20(g) = C2HsOH(g)

The reaction conditions are 300 °C and 60 atm.

The forward reaction is exothermic.

Which rows describe the effect on the equilibrium yield of C,HsOH when the stated change is

made?
change equilibrium
9 yield of C,HsOH
1 adding a catalyst no change
2 decreasing the temperature increases
3 decreasing the pressure increases
A 1and?2 B 1and3 C 2only D 3only

20 Which row identifies the conditions used to make sulfur trioxide in the Contact process?

pressure/kPa catalyst
A 200 iron
B 200 vanadium(V) oxide
C 20000 iron
D 20000 vanadium(V) oxide

21 Which statement describes a base?

A It reacts with ammonium chloride to produce ammonia gas.

It reacts with calcium carbonate to produce carbon dioxide gas.

B
C It reacts with copper to produce hydrogen gas.
D

It turns blue litmus red.
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22 The equation shows the reaction between copper and concentrated nitric acid.

Cu(s) + 4HNOs(aq) — Cu(NOs)x(aq) + 2NOy(g) + 2H,0(I)

Which element is reduced in this reaction?

A

B
Cc
D

oxygen
nitrogen
copper

hydrogen

23 The Periodic Table shows the position of four different elements.

Which row is correct?

element number of electrons
in the outer shell
A non-metal 1
B metal 5
c metal 2
D non-metal 7
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24 Dilute acid R and dilute acid S have the same concentration.

9

The same volume of each dilute acid is reacted separately with the same mass of magnesium

ribbon. Both reactions are carried out at room temperature and pressure.

The volume of hydrogen produced is measured.

A graph of the results is shown.

total volume
of hydrogen

0

0

time

Which statement about the reactions is correct?

A

B
C
D

25 Which metal oxide reacts with aqueous sodium hydroxide to form a salt and water?

A
B
Cc
D

Acid S reacts faster than acid R.

The final volume of hydrogen produced in each reaction is different.

Acid R is a stronger acid than acid S.

Acid S is a stronger acid than acid R.

calcium oxide
copper(Il) oxide
sodium oxide

aluminium oxide

26 Which row identifies a transition element?

melting point density at r.t.p.
A high high
B high low
Cc low high
D low low
© UCLES 2025
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27 Which statement about Group | or Group VIl elements is correct?

A Group VIl elements are monatomic non-metals.

B Lithium is more reactive with water than caesium.

C The melting point of Group | metals increases down the group.
D

Potassium bromide reacts with chlorine to produce an orange solution.

28 Some information about four metals P, Q, R and S is listed.
Metal P does not react with dilute hydrochloric acid.
Metal Q is more reactive than magnesium.
Metal R reacts rapidly with cold water to produce hydrogen.
Metal S reacts with dilute hydrochloric acid to produce hydrogen.

Which row identifies P, Q, R and S?

P Q R S
A gold aluminium sodium copper
B copper potassium calcium magnesium
C silver calcium iron zinc
D magnesium sodium potassium iron

29 Cars are fitted with catalytic converters.

Which equation represents a reaction that takes place in a catalytic converter?
A CO; + NO, » CO + NO + O,

B 2CO + 2NO — 2CO; + N;

C CO; + N, > C + 2NO

D C+ NO, » CO + NO

30 Three statements about greenhouse gases and global warming are listed.

1 A greenhouse gas molecule can absorb and emit thermal energy.
2 The Earth is a source of thermal energy.

3 Thermal energy emitted by a greenhouse gas molecule is sent out in all directions.

Which statements are correct?

A 1,2and3 B 1and2only C€C 1and3only D 2and3only
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31 Which type of reaction takes place when methane reacts with chlorine in the presence of
ultraviolet light?

A addition

B cracking

C polymerisation
D

substitution

32 Iron is extracted from iron(III) oxide in the blast furnace.
Three steps in the process are listed.

1 Carbon (coke) is completely oxidised.

2 Iron(III) oxide is reduced.

3 Carbon dioxide is reduced to carbon monoxide.
What is the correct order of the steps in the extraction of iron?

A 15253 B 1352 C 25153 D 35152

33 Three different reactions that occur during the extraction of aluminium from purified bauxite are
listed.

1 A® + 3¢ - Al

2 C+ 0, » CO,

3 20" - 0, + 4e”
Which reactions occur at the anode?

A 1and?2 B 1only C 2and3 D 3only

34 Which statement about aqueous ethanoic acid is correct?

A It reacts with magnesium to form oxygen gas.

B It reacts with sodium carbonate to form carbon dioxide gas.
C Itturns red litmus paper blue.
D

It turns methyl orange yellow.
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35 The diagrams represent four monomers.
HN— —NH, HooC— }—NH, HO—Jl—N\H, HO—{—oOH
The monomers each react in a 1: 1 ratio with the dicarboxylic acid shown.

HOOC—_}—CO0H

How many of the four monomers shown can react with the dicarboxylic acid to form a polymer?

A 1 B 2 c 3 D 4

36 Propene undergoes addition reactions with bromine, hydrogen and steam.

Which structures represent a product of these reactions?

H H H H H H H H H
1 2 3 4
A 1and3 B 1and4 C 2and3 D 3and4

37 The structures of four compounds are shown.

1] N/ 1] 1]
H—C—C—H c=cC H—C—C—O—H  H—C—C—C—H
|| / N\ | .
H H H H H H H H H
1 2 3 4

Which compounds are members of the same homologous series?

A 1,2and3 B 1and2only C 1and4 D 2and4

38 Which statement about ethanoic acid is correct?
A Ethanol is reduced by bacteria to produce ethanoic acid.
B Ethanoic acid reacts with magnesium to produce a salt of formula CH3;COOMg.

C Ethanoic acid and methanol react in the presence of an acid catalyst to produce
ethyl methanoate.

D Ethanol reacts with acidified aqueous potassium manganate(VII) to produce ethanoic acid.

© UCLES 2025 0620/23/0/N/25
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39 Substance X contains one cation.
Two tests are completed on aqueous X.

test1 flame test

test 2 addition of aqueous sodium hydroxide dropwise and then in excess

Which row shows a possible combination of observations for the tests?

observation for test 1 observation for test 2
A yellow flame white ppt., insoluble in excess
B blue-green flame light blue ppt., insoluble in excess
C light green flame green ppt., soluble in excess
D red flame red-brown ppt., insoluble in excess

40 A colourless mixture is separated by paper chromatography.
The steps below describe the method. These steps are not in the correct order.

1 Remove the chromatography paper from the solvent when the solvent front is near
the top of the paper.

Place the chromatography paper in the solvent.
Spray the chromatography paper with a locating agent.
Place a spot of the mixture on the pencil line.

Draw a pencil line at the bottom of the chromatography paper.

o o0 A WOWDN

Draw a pencil line to mark the position of the solvent front.
What is the correct order for these steps?

A 3555654521
B 55453525156
C 355451526
D

5545251563
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