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In which substance are the particles closest together at room temperature?

A CO, B Ne C N D Zn

(2022 Oct/Nov - 0654/13 - Question 14 - Core; [A]#i: 2022 Oct/Nov - 0654/23 - Question 14 - Extended)
i FIRT, COyv Nefil Ny HHSUMAK, Zn k.
[ AR FHEP B %, SRR RIFEAR K, K Zn WL T ARk

HEE Do
ARSE 22
1. Which change of state results in the greatest increase in the separation of particles?
A gas to liquid
B liquid to gas
C liquid to solid
D solid to liquid
(2025 May/Jun - 0654/11 - Question 14 - Core)
2.

Which properties are used to distinguish between solids and gases?
1 compressibility
2 melting point
3 flammability
A 1and2only B 1and3only C 2and3only D 1,2and3

(2022 Oct/Nov - 0654/11 - Question 14 - Core; [@]#H: 2022 Oct/Nov - 0654/21 - Question 14 - Extended)




Which statement describes what happens to the particles in a solid when it melts?

A They are no longer in fixed positions because the forces between them are
completely overcome.

B They are no longer in fixed positions because the forces between them are
partially overcome.

C They move further apart and do not touch because the forces between them are
completely overcome.

D They move further apart and do not touch because the forces between them are
partially overcome.

(2026 May/Jun - 0654/21 - Question 14 - Extended)
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The three states of matter are represented by particle diagrams X, Y and Z.

O
@
X Y Z
Which row identifies each state of matter?
solid liquid gas
A Y Z
B Y Z X
C X Z Y
D V4 Y X

(2025 Feb/Mar - 0654/12 - Question 14 - Core)
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1. The three states of matter are represented by diagrams R, Sand T.
o ©O
B o o
R S T
Which change represents condensation?
A RtoS B RtoT C StoR D TtoR
(2026 Feb/Mar - 0654/22 - Question 14 - Extended)

2,

Cyclopentane is a hydrocarbon.

The melting point of cyclopentane is =94 °C and its boiling point is 49 °C.

In process 1, the temperature of cyclopentane changes from 55°C to 45°C.

In process 2, the temperature of cyclopentane changes from —100 °C to —-90°C.

Which row identifies the changes in processes 1 and 27?

1 2
A boiling freezing
B boiling melting
C condensation freezing
D condensation melting

(2024 May/Jun - 0654/11 - Question 14 - Core)
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A few drops of petrol are dropped onto the floor on one side of a room. A short time later,
someone on the other side of the room smells the petrol.

What is the reason for this?

A The petrol flows over the floor to the other person.
B The petrol evaporates and then condenses.

C Petrol molecules dissolve in air molecules.

D Petrol molecules diffuse to the other side of the room.

(2026 Feb/Mar - 0654/12 - Question 14 - Core)
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1. Which change is represented by the diagram?
O 0O OO J
05000 29 O,®00 3°
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g‘o 00 O, 800 @0 O
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A condensation
B diffusion
C evaporation
D solidification

(2022 Oct/Nov - 0654/12 - Question 14 - Core; [A]#i: 2022 Oct/Nov - 0654/22 - Question 14 - Extended)
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Which row compares the rates of diffusion of fluorine and hydrogen?
diffuses faster reason
A fluorine higher molecular mass
B fluorine lower molecular mass
Cc hydrogen lower molecular mass
D hydrogen higher molecular mass

(2025 Feb/Mar - 0654/22 - Question 14 - Extended)

fi#: pARX R B
MT(H2)22X1:2

M, =2 %19 =38
TEARZAET, M, BUNTARY HR, M i, RS 2 T RN i Co

9



PSS

1.

Information about four gases is shown.

gas

molecular
formula

ammonia
butane
carbon dioxide

chlorine

NH;
C4H1o
CO,
Cl,

Which gas has the greatest rate of diffusion?

A

B
Cc
D

ammonia
butane
carbon dioxide

chlorine

(2025 May/Jun - 0654/21 - Question 15 - Extended)
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What is the nucleon number of the potassium isotope ;3K?

A 19 B 21 C 40 D 59

(2025 Oct/Nov - 0654/11 - Question 15 - Core)
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1.

How many neutrons are in one atom of the isotope 5>C1?

A 17 B 18 C 35 D 52

(2022 Oct/Nov - 0654/13 - Question 15 - Core; [f]f#i: 2022 Oct/Nov - 0654/23 - Question 15 - Extended)

2. An atom of an element contains 9 protons, 10 neutrons and 9 electrons.
What is the nucleon number (mass number) of this element?
A 9 B 10 c 19 D 28
(2022 Oct/Nov - 0654/12 - Question 15 - Core; [fifi: 2022 Oct/Nov - 0654/22 - Question 15 - Extended)
3. Which row shows the particles in the nucleus of an atom of 2Mg?
protons neutrons
A 12 12
B 12 13
C 13 12
D 13 13
(2024 Feb/Mar - 0654/12 - Question 15 - Core)
4.

An atom of phosphorus has a nucleon number of 31 and a proton number of 15.
How many neutrons are there in this atom?

A 15 B 16 Cc 31 D 46

(2025 May/Jun - 0654/11 - Question 15 - Core)
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10.

Which row describes an atom that has the nucleon number 24?

number of number of number of
protons neutrons electrons
A 8 8 8
B 12 12 12
Cc 21 24 21
D 24 28 24

(2023 May/Jun - 0654/11 - Question 16 - Core; [f]f#i: 2023 May/Jun - 0654/21 - Question 16 - Extended)
An atom of fluorine is represented by "5F.

How many electrons does this atom contain?
A 9 B 10 c 19 D 28
(2022 Oct/Nov - 0654/11 - Question 15 - Core; [&]@i: 2022 Oct/Nov - 0654/21 - Question 15 - Extended)

An atom of osmium is represented by '3 Os.

How many neutrons are in this atom?

A 76 B 114 C 190 D 266

(2023 May/Jun - 0654/12 - Question 16 - Core; [a]#i: 2023 May/Jun - 0654/13 - Question 16 - Core. 2023 May/Jun - 0654/22 - Question 16

- Extended)
One atom of an isotope of fluorine is represented by 1SF.

How many neutrons does this atom have?

A 6 B 9 Cc 10 D 15

(2025 Feb/Mar - 0654/12 - Question 15 - Core)

Which row describes an atom of phosphorus, 51 P?

number of | number of | number of
electrons protons nucleons
A 5 15 16
B 5 16 31
C 15 15 16
D 15 15 31

(2026 Feb/Mar - 0654/12 - Question 15 - Core)

The nucleon number of a hydrogen atom is 1.
What is present inside the nucleus of this atom?
A one proton and one electron

B one proton and one neutron

C one proton only
D

one neutron only

(2023 Oct/Nov - 0654/11 - Question 16 - Core; [a]#i: 2023 Oct/Nov - 0654/21 - Question 16 - Extended)



1.

12.

13.

14.

An atom of indium has the atomic number 49 and the nucleon number 115.

Which row shows the numbers of protons, neutrons and electrons in this atom?

number of number of number of
protons neutrons electrons
A 49 66 49
B 49 115 49
Cc 66 49 49
D 49 66 66

(2023 May/Jun - 0654/23 - Question 15 - Extended)

Which row describes particles present in 2 Mg”*?

neutrons electrons
A 12 10
B 12 12
Cc 13 12
D 13 10

(2025 May/Jun - 0654/12 - Question 14 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 14 - Core)
Atoms of element X have 11 nucleons and 6 neutrons.

What is element X?

boron
B carbon
C chlorine
D sodium

(2025 May/Jun - 0654/23 - Question 14 - Extended)

The protons, neutrons and electrons in a particle are shown.

key

@ proton
QO neutron
X electron

What is the symbol for this particle?
A F B F C Ne D Ne'

(2026 Feb/Mar - 0654/22 - Question 15 - Extended)
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Bl 1 What do the chemical symbols N, and Ni represent?
N, Ni
A a compound a compound
B a compound an element
C an element a compound
D an element an element

(2023 Oct/Nov - 0654/11 - Question 15 - Core; [a]#i: 2023 Oct/Nov - 0654/21 - Question 15 - Extended)
Ny PHANERET4E, BRS—MET, Rk,
Ni @BITRMLFAAFS, WRRTHR.

#iik Do
X953
1. A mixture contains carbon, potassium nitrate and sulfur.
Which description of this mixture is correct?
A one compound and two elements
B two compounds and one element
C three elements
D four elements
(2025 Oct/Nov - 0654/12 - Question 14 - Core; [a]#i: 2025 Oct/Nov - 0654/13 - Question 14 - Core)
2,

Which diagram represents molecules of a compound?

A B Cc D

GO o®

S o o I % S e oo %

(2023 Feb/Mar - 0654/12 - Question 15 - Core; [6]/@i: 2023 Feb/Mar - 0654/22 - Question 15 - Extended)




Which diagram represents a mixture of an element and a compound?

A B C D
° O o @& © o 8 ¥
.... &)O (98 ce ®
e % o et @ 0o g

(2023 Oct/Nov - 0654/13 - Question 15 - Core; [f)f#i: 2023 Oct/Nov - 0654/23 - Question 15 - Extended)

Which statement about elements, compounds and mixtures is correct?

A Compounds contain more than one type of atom.

B Elements only exist as single, unbonded atoms.

C Mixtures of compounds can only be separated by chemical processes.
D

Mixtures of elements are separated by electrolysis.
(2025 Oct/Nov - 0654/11 - Question 14 - Core)

W, X, Y and Z are diagrams representing atoms and molecules.
W X Y z

ol o

Which statement is correct?

o—O

A W and Z are molecules and X and Y are atoms.
B W, Xand Z are molecules and Y is an atom.

C W, Y and Z are molecules and X is an atom.
D

X, Y and Z are molecules and W is an atom.
(2024 May/Jun - 0654/22 - Question 14 - Extended)

Substance P is separated into different parts using simple physical techniques.
Substance Q is only separated into simpler parts using chemical processes.
Substance R is not separated into simpler parts by either physical or chemical processes.

Which type of substance are P, Q and R?

P Q R
A compound mixture element
B element compound mixture
C mixture element compound
D mixture compound element

(2022 Feb/Mar - 0654/12

- Question 14 - Core; [f]#i: 2022 Feb/Mar - 0654/22 - Question 14 - Extended)
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Which statement about ions is correct?

A

B
Cc
D

lons are charged atoms.
Cations are negative ions.
Metal ions are negatively charged.

Non-metal ions are positively charged.

(2026 May/Jun - 0654/12 - Question 14 - Core)
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1. What happens to a tellurium atom when it forms a tellurium ion, Te*™?
A It gains two electrons.
B It gains two protons.
C Itloses two electrons.
D Itloses two protons.
(2025 May/Jun - 0654/11 - Question 17 - Core)
2.

An aluminium atom forms an aluminium ion, AZ%*.

Which statement describes what happens to the aluminium atom?

A

B
Cc
D

It gains 3 electrons.

It gains 3 protons.

It loses 3 electrons.

It loses 3 protons.

(2025 May/Jun - 0654/21 - Question 17 - Extended)




Magnesium forms an ionic compound with chlorine.

Which row describes the formation of the magnesium ion and the formula of the magnesium ion?

formation of formula of
the ion the ion
A electron gain Mg**
B electron gain Mg*
c electron loss Mg**
D electron loss Mg?
(2025 Oct/Nov - 0654/11 - Question 16 - Core)
4. Which particle has the same number of electrons in its outer shell as an atom of sodium, 33Na?
A % Na’ B *Na C %Na D ?%Na**
(2025 Oct/Nov - 0654/21 - Question 14 - Extended)
5. Which row shows the electronic configuration of a calcium atom and of a fluoride ion?
calcium atom fluoride ion
A 2,8,8 2,7
B 2,8,8 2,8
C 2,8,8,2 2,7
D 2,8,8,2 2,8
(2025 Oct/Nov - 0654/22 - Question 14 - Extended)
6.

Which statement about ions is not correct?

A Atoms form ions by gaining or losing electrons.

B lons are formed by non-metal atoms only when they lose electrons.
C lons in a solid ionic compound form a lattice structure.

D lons with opposite charges attract each other.

(2022 Oct/Nov - 0654/23 - Question 16 - Extended)
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Which statement about isotopes of the same element is correct?

A They have the same number of protons but different number of electrons.
B They have the same number of protons but different number of neutrons.
C They have the same number of neutrons but different number of electrons.
D

They have the same number of neutrons but different number of protons.
(2023 Oct/Nov - 0654/12 - Question 15 - Core; [&]f#i: 2023 Oct/Nov - 0654/22 - Question 15 - Extended)

& FARBTE—FTR, SOrERE: SRR TFEARR .
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1. One isotope of oxygen is represented by 120.
Which diagram represents a different isotope of oxygen?

A B
9p
8n

C D

8p 8p

8n 9n

(2024 May/Jun - 0654/23 - Question 15 - Extended)
2,

XandY are isotopes of the same element.

Which statement about X and Y is correct?

A

B
Cc
D

They have the same nucleon number but different numbers of protons.
They have the same number of neutrons but different numbers of electrons.
They have the same atomic number but different numbers of electrons.

They have the same number of protons but different numbers of neutrons.

(2023 Oct/Nov - 0654/13 - Question 16 - Core; [d]f#i: 2023 Oct/Nov - 0654/23 - Question 16 - Extended)



Which statement explains why isotopes of the same element have the same properties?
A They have equal numbers of protons and electrons.

B They have the same number of electrons in their outer shell.

C They have the same number of protons.
D

They have the same number of electron shells.

(2025 May/Jun - 0654/23 - Question 15 - Extended)

4. Which statement explains why isotopes of an element have the same chemical properties?
A They have the same atomic mass.
B They have the same number of neutrons.
C They have the same electronic configuration.
D They have the same density.
(2025 Oct/Nov - 0654/22 - Question 15 - Extended)
5. The numbers of protons, neutrons and electrons in four particles are shown.
particle number of number of number of
protons neutrons electrons
W 20 20 20
X 19 20 19
Y 20 22 18
z 21 24 21
Which two particles are isotopes of the same element?
A WandX B WandY C XandY D YandZ
(2024 Oct/Nov - 0654/23 - Question 14 - Extended)
6.

The symbols representing four different particles are shown.
P Hel R ’s*
Which particles have the same chemical properties?
A P and %R only
B %Q and $S* only
C 2Q  and ?R only
D (P,%Q, %R andjS*

(2025 Feb/Mar - 0654/22 - Question 15 - Extended)
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Which statement about atoms is correct?

A All atoms contain equal numbers of neutrons and protons.

B All atoms of the same element have the same number of neutrons.
C The Periodic Table lists atoms in order of increasing mass number.
D

The smallest unit of an element is an atom.
(2024 May/Jun - 0654/12 - Question 14 - Core; [@i: 2024 May/Jun - 0654/13 - Question 14 - Core)
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1.

Atoms consist of protons, neutrons and electrons.

Which statement is correct?

A An electron has a relative mass of 1 and a negative charge.

B A proton has a relative mass of 1 and a positive charge.

C A proton has a relative mass of less than 1 and a negative charge.
D

A neutron has a relative mass of less than 1 and no charge.

(2025 Oct/Nov - 0654/12 - Question 15 - Core; [f]fi: 2025 Oct/Nov - 0654/13 - Question 15 - Core)
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Sea water is a mixture that contains sodium chloride dissolved in water.

Which row describes sea water?

solvent solute solution
A water sea water sodium chloride
B sea water sodium chloride water
C water sodium chloride sea water
D sodium chloride water sea water

(2024 Oct/Nov - 0654/11 - Question 15 - Core)
HI AN AR AE K PR, SABBR IR, A
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1.

Sodium chloride is dissolved in water.

stirrer

water —_ |

B

sodium chloride

Which word describes the water used in this process?

A

B
C
D

solvent
solution
solute

sediment
(2025 Feb/Mar - 0654/12
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Which elements react together to form an ionic compound?

A carbon and oxygen
B nitrogen and hydrogen
C potassium and bromine

D sodium and lithium
(2024 May/Jun - 0654/11 - Question 16 - Core)

g prRemITER, WERSRITE. “HRMNRERTEE. RIS ey, itk C.

XI55 3)
1. Which elements react to form an ionic compound?

A carbon and hydrogen

B fluorine and potassium

C chlorine and hydrogen

D hydrogen and nitrogen

(2026 May/Jun - 0654/22 - Question 14 - Extended)

2.

Which substances exist as covalent molecules?
1 helium
chlorine

2
3 sodium chloride
4  ethanol

d

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

(2024 May/Jun - 0654/12 - Question 15 - Core; [@]fi: 2024 May/Jun - 0654/13 - Question 15 - Core)

22




Which statement about simple molecules is correct?
A They contain both metallic and non-metallic elements.
B They have good electrical conductivity.
C They contain covalent bonds.
D They have high melting points.
(2025 Oct/Nov - 0654/12 - Question 16 - Core; [ffi: 2025 Oct/Nov - 0654/13 - Question 16 - Core)
Which statement describes the lattice structure of sodium chloride, NaCl?
A Itis a random arrangement of equal numbers of sodium atoms and chlorine atoms.
B Itis a random arrangement of equal numbers of sodium ions and chloride ions.
C Itis aregular arrangement of alternating sodium atoms and chlorine atoms.
D

It is a regular arrangement of alternating sodium ions and chloride ions.

(2022 Oct/Nov - 0654/21 - Question 16 - Extended)

Compounds are made up from two or more different elements ...... 1...... bonded together.
Compounds cannot be broken down into simpler substances by ...... 2...... processes.
Compounds and their elements have ...... 3...... properties.

Which words complete gaps 1, 2 and 3?

1 2 3
A chemically chemical similar
B chemically physical different
C physically chemical similar
D physically physical different

(2025 May/Jun - 0654/21 - Question 23 - Extended)

Which row identifies the types of elements that form covalent compounds and a physical property
of covalent compounds?

types of elements physical property
A metals and non-metals high volatility
B metals and non-metals low volatility
C non-metals only high volatility
D non-metals only low volatility

(2024 Feb/Mar - 0654/22 - Question 15 - Extended)



The bonding in potassium iodide is ionic.

Which row describes the potassium iodide lattice structure?

positive ions negative ions attractive force
between ions
A iodide potassium strong
B iodide potassium weak
C potassium iodide strong
D potassium iodide weak

(2024 Oct/Nov - 0654/22 - Question 14 - Extended)

8. Magnesium and chlorine react together to form magnesium chloride.
The particles in magnesium chloride are held together by 1 between 2
Which words complete gaps 1 and 27?
1 2
A | electrostatic attraction atoms
B | electrostatic attraction ions
C | sharing of electrons atoms
D | sharing of electrons ions
(2026 May/Jun - 0654/13 - Question 14 - Core)
9.

Different minerals contain different elements.

Which mineral contains three non-metallic elements?

mineral formula
A chalcopyrite CuFeS,
B cryolite NazAlFg
C gypsum CaS0,42H,0
D ilmenite FeTiO;

(2024 May/Jun - 0654/12 - Question 22 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 22 - Core)
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Which pair of elements forms a compound that does not conduct electricity when it is molten?
A carbon and hydrogen

B lithium and bromine

C magnesium and chlorine

D

potassium and iodine

(2025 Feb/Mar - 0654/12 - Question 17 - Core)
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1. Which row describes the properties of a covalent compound?
electrical
volatility conductivity
when molten
A high none
B high high
C low none
D low high
(2024 May/Jun - 0654/22 - Question 15 - Extended)
2. What is a property of a typical covalent compound?
A low electrical conductivity
B high melting point
C low volatility
D soluble in water
(2024 Oct/Nov - 0654/21 - Question 16 - Extended)
3.

Hexane is a simple molecular compound.

Sodium phosphate is an ionic compound.

Which row describes the properties of hexane and sodium phosphate?

hexane sodium phosphate
A | high melting point insoluble in water
B | low melting point soluble in water
C | poor electrical conductivity low boiling point
D | good electrical conductivity high boiling point

(2026 May/Jun - 0654/21 - Question 16 - Extended)
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Bl Which statement explains why diamonds are used to make cutting tools?

A Diamond is a giant covalent structure.
B Diamond is a pure substance made only from carbon atoms.
C The carbon atoms in diamond are arranged in layers.

D The carbon atoms in diamond are held together by strong covalent bonds.

(2026 May/Jun - 0654/22 - Question 15 - Extended)
i BRIA T, BRIEFZ A DRI A %
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1. Which diagram shows the structure of graphite?
A B Cc D
(2024 May/Jun - 0654/12 - Question 16 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 16 - Core)
2.

Which statement describes the bonding in diamond?

A each carbon atom covalently bonded to four other carbon atoms

B aflat structure of hexagonal rings of covalently bonded carbon atoms

C an electrostatic attraction between positive carbon ions and a sea of delocalised electrons

D each carbon atom bonded to another carbon atom by a double covalent bond

(2026 May/Jun - 0654/23 - Question 14 - Extended)
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Which statements describe the structure of silicon(IV) oxide?

1 Each oxygen atom is attached to two silicon atoms.

o H» W N

A 1an

3 B 1and4

C 2and3

Each oxygen atom is attached to four silicon atoms.
Each silicon atom is attached to two oxygen atoms.

Each silicon atom is attached to four oxygen atoms.

D 2and4

(2024 May/Jun - 0654/21 - Question 17 - Extended)
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L Which particles are free to move in a giant metallic lattice?
positive ions negative ions electrons
A v v X
B v X v
C X v X
D X X v

(2025 Oct/Nov - 0654/22 - Question 18 - Extended)
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1.

A There is a ‘sea’ of delocalised electrons.

B The positive ions move over each other.

Which statement explains why metals conduct electricity?

C There is an electrostatic attraction between the oppositely charged particles.

D The particles in a metal vibrate and pass on the electric current.

27

(2025 May/Jun - 0654/22 - Question 14 - Extended)



Alloys are formed by dissolving one metal in another.
Alloys are ...... 1...... :
...... 2...... alloys conduct electricity.

Which words complete gaps 1 and 27?7

1 2
A compounds All
B compounds Some
C mixtures All
D mixtures Some

(2022 Oct/Nov - 0654/11 - Question 23 - Core; [A]f: 2022 Oct/Nov - 0654/12 - Question 23 - Cores 2022 Oct/Nov - 0654/13 - Question 23 -
Core. 2022 Oct/Nov - 0654/21 - Question 23 - Extended; [&]#: 2022 Oct/Nov - 0654/22 - Question 23 - Extended)
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Which diagram represents the structure of sodium chloride, NaCl?
A B

(2025 May/Jun - 0654/23 - Question 16 - Extended)
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1. Which dot-and-cross diagram represents sodium chloride?
A B
(o D

@ ] ]

(2025 Feb/Mar - 0654/12 - Question 16 - Core)
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Part of the Periodic Table is shown.
W X Y| Z

Which elements form a bond by sharing electrons?

A WandX B WandY C XandY D YandZ
(2025 Oct/Nov - 0654/11 - Question 17 - Core)
fE mABRPRAIET R, WALTSE 1R, Ad)E: X YA TRABELM, $hdEe)E; Z T4 18
B, SNEBRTHHERRE
)8 X 5Eem Y @tz m It mrt.
Wk Co

29



PSS

1. The displayed formula of a molecule is shown.
H—C=N
How many covalent bonds are formed by the carbon atom in this molecule?
A 1 B 2 c 3 D 4
(2026 Feb/Mar - 0654/12 - Question 25 - Core)
2,

Which dot-and-cross diagram represents the bonding in a molecule of ethene?

A B

(2026 Feb/Mar - 0654/22 - Question 16 - Extended)
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Which dot-and-cross diagram represents the outer-shell electrons in a molecule of methanol?

A B

(2024 May/Jun - 0654/21 - Question 16 - Extended)

Which dot-and-cross diagram shows the outer-shell electrons in a molecule of carbon dioxide?

A B C D
0jcigr +0xC0. DiCi0r -Qreio-

(2025 Oct/Nov - 0654/21 - Question 15 - Extended)

What is the dot-and-cross diagram for a water molecule?

(2024 Oct/Nov - 0654/11 - Question 16 - Core)
In which molecule are all the outer-shell electrons of the atoms used to form the covalent bonds?

A HCI B H)O C NH; D CH,

(2025 May/Jun - 0654/11 - Question 18 - Core)
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Which dot-and-cross diagram represents a molecule of ammonia?

G G p

(2024 Feb/Mar - 0654/12 - Question 16 - Core)

Which row shows the dot-and-cross diagrams for nitrogen and ethene?

nitrogen ethene
) z X H0+ § +0H
A e NgNZX +CxC
. H® ® °H
y H H
° X® X®
B e NN HeCeoeCaoH
z X® X®
H H
S X Hor X +H
C N X N CxC
.o § ++ H+. § .+H
H H
(] X + X® X@®
D SNENT HZCSCZ%H
e O X® X@
H H

32
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A mixture contains water, H,O, copper chloride, CuClI,, and barium sulfate, BaSO,.
How many different non-metallic elements are in the mixture?

A 2 B 4 c 7 D 12
(2022 Oct/Nov - 0654/13 - Question 16 - Core)
i mafee X, IRAaYH R TE N H,0,Cu, Cl, Ba, S,
Hrp@ )8t x5 A Cu,Ba, JEEEITE N H,0,CLS.
BT RPRECN 4, ik B,

RS

1.

The formula of ethanol is C,HsOH.
How many different elements are present in ethanol?
A 1 B 3 C 4 D 9
(2025 May/Jun - 0654/12 - Question 15 - Core; [@]i: 2025 May/Jun - 0654/13 - Question 15 - Core)
Which formula contains the most elements?

A NaOH B Rb,S C SiCl, D Sn0O,

(2024 Oct/Nov - 0654/12 - Question 16 - Core; [f)fi: 2024 Oct/Nov - 0654/13 - Question 16 - Core)

There are three times as many hydrogen atoms as carbon atoms in one molecule of
hydrocarbon X.

What is the formula of X?

A CH, B C;H,4 C CuHe D C;HsOH

(2022 Oct/Nov - 0654/12 - Question 16 - Core)
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Which oxides of nitrogen have the same ratio of nitrogen atoms to oxygen atoms?

1 NO
2 NO
3 NO;
4 N;O4
A 1and2 B 1and3 C 2and4 D 3and4

(2024 May/Jun - 0654/12 - Question 17 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 17 - Core)

The element phosphorus burns in air, as shown.
4P + 50, — P4Oq
What does the formula P,O;q show?
A a mixture of atoms of two elements
B a mixture of molecules of two elements
C amolecule of a compound
D an atom of a compound

(2023 May/Jun - 0654/11 - Question 15 - Core; [f]f#i: 2023 May/Jun - 0654/21 - Question 15 - Extended)

The structure of an organic compound is shown.

What is the formula of this compound?

A C3H;0; B C;HsO, C C4H;0; D C,HsO;

(2025 Oct/Nov - 0654/11 - Question 18 - Core)

The structure of a molecule of an organic compound is shown.

H

H O °

H—C—C=C—C—O0—H
oo
What is the formula of this compound?
A C4H,03 B C*H‘O? C C4HsO; D 4C6H30

(2024 Feb/Mar - 0654/12 - Question 17 - Core)

Magnesium hydroxide contains twice as many atoms of both oxygen and hydrogen than atoms
of magnesium.

What is the formula of magnesium hydroxide?

A MgOH B MgO,H, C  Mg(OH), D Mg,(OH)

(2025 Feb/Mar - 0654/12 - Question 18 - Core)
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1.

A diagram of one molecule of an organic compound is shown.

]
NC—Cl)—Cl)—CN
H H

What is the molecular formula of this organic compound?

A C,HN B C,HsN; C C4Hs D CsHsN;

(2026 May/Jun - 0654/12 - Question 16 - Core)

The diagram represents an ionic compound formed from three types of atom.

O oxygen

‘ sodium
. Q sulfur

What is the chemical formula for this compound?
A NasS,0 B NaO,S; C Na,SO, D S,O:Na
(2023 Oct/Nov - 0654/11 - Question 17 - Core)
Hydrogen peroxide is a compound.
A molecule of hydrogen peroxide can be represented as shown.

key

O”O ‘ = oxygen atom

O = hydrogen atom
What is the formula of hydrogen peroxide?

A HO B H.0; C HO D 20H

(2024 May/Jun - 0654/11 - Question 17 - Core)
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The structures of some compounds are shown.

structure

formula

4

1]
H—C|:—C|:—O—H
H H

CyHeO

CO;

HNO;

SO,

In which rows does the formula match the structure?

A

1and 2

1and 3

C 2and4

(2023 May/Jun - 0654/12 - Question 17 - Core;

D 3and4

Al 2023 May/Jun - 0654/13 - Question 17 - Core)
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Which description of mass is used to define relative atomic mass, A,?

1
A the mass of T of a mole of "2C atoms

B the mass of one mole of '2C atoms

C the mass of % the mass of one atom of >C

D the mass of one atom of '>C
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1.

Which statement about the Avogadro constant is correct?

A ltis the volume of 1 mole of a gas at room temperature and pressure.
B Itis the mass of 1 mole of a substance.

C ltis the number of particles in 1 mole of a substance.

D

It has a value of 24dm?®.

(2025 Oct/Nov - 0654/22 - Question 20 - Extended)
What is the definition of the relative atomic mass, A,, of an element?

A the average mass of atoms of the element on a scale in which an atom of '?C has a mass of
exactly 12 units

B the average mass of atoms of the element on a scale in which an atom of 'H has a mass of
exactly 1 unit

C the average mass of atoms of the element on a scale in which an atom of >C has a mass of
exactly 1 unit

D the mass in grams of one mole of atoms of the element

(2024 Oct/Nov - 0654/22 - Question 15 - Extended)

1g of hydrogen contains 6 x 10%® atoms.
The relative atomic mass of helium is 4.
How many atoms does 1 g of helium contain?

A 15x10% B 3x10% C 6x10% D 24x10*
(2022 Oct/Nov - 0654/21 - Question 17 - Extended; [@]#5i: 2022 Oct/Nov - 0654/22 - Question 17 - Extended)

A sample of methane has mass 16.0g at r.t.p. and contains the Avogadro number of molecules.
What is the volume of 4.0 g of methane at r.t.p.?

A 4.0dm® B 6.0dm® c 16dm® D 24dm?

(2024 Oct/Nov - 0654/23 - Question 15 - Extended)

Which sample of gas contains the most molecules?

29 of hydrogen, H,

B 48g of oxygen, O,
C 564 of nitrogen, N,
D 64 g of sulfur dioxide, SO,

(2026 May/Jun - 0654/22 - Question 16 - Extended)
36 cm® of carbon dioxide is produced in a reaction at room temperature and pressure.

What is the mass of carbon dioxide gas produced?

A 0.0015g B 0.0018g C 0.066g D 0.079g
(2026 May/Jun - 0654/23 - Question 16 - Extended)
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Which statements about the mole are correct?
1 One mole of '?C contains twice as many atoms as one mole of *Mg.
One mole of "*C has a mass of 12g.
One mole of C contains Avogadro’s number of atoms.
One mole of oxygen gas at room temperature and pressure occupies 32dm?®.

3 B 1and4 C 2and3 D 2and4

(2023 Feb/Mar - 0654/22 - Question 16 - Extended)

o H» W N

A 1an

8. Which quantities, when measured at room temperature and pressure, contain one mole of
oxygen molecules?
1 16g of oxygen molecules
2 12dm? of oxygen molecules
3 the Avogadro constant number of oxygen molecules
4 24dm?® of oxygen molecules
A 1and2 B 1and4 C 2and3 D 3and4
(2025 May/Jun - 0654/21 - Question 20 - Extended)
9.

Hydrogen chloride is a gas. It dissolves in water to form an acidic solution.
Three different samples of hydrogen chloride are listed.

1 73.0g of hydrogen chloride gas

2 7.30dm?® of hydrogen chloride gas at r.t.p.

3 730cm?® of 1.00 mol/dm?® aqueous hydrogen chloride

Which row shows the relative number of moles of hydrogen chloride in these samples?

fewest —_— most
A 1 2 3
B 1 3 2
C 2 3 1
D 3 2 1

(2022 Feb/Mar - 0654/22 - Question 15 - Extended)
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What is the molecular formula of the compound sodium fluoride?

A NaF B NaFi C SF D SFi

(2026 May/Jun - 0654/13 - Question 15 - Core)

& BB TR Nat, HEFHNF .
Ix(+1)+1x(—1)=0, MEFERE TR N1 1,
fb223K 4 NaF., #k A

ARSE D)
1. Lithium is in Group | and bromine is in Group VIl of the Periodic Table.
What is the formula of lithium bromide?
A LiBr B LiBr, C LiBr D LiBr;
(2023 May/Jun - 0654/11 - Question 17 - Core)
2. The electronic structures of carbon and of hydrogen are shown.
What is the formula of a compound formed between carbon and hydrogen?
A CH; B CH; C C4H D CH,
(2024 Oct/Nov - 0654/11 - Question 17 - Core)
3. The formula of an ammonium ion is NH,".
The formula of a phosphate ion is PO,>.
What is the formula of ammonium phosphate?
A (NH4)3PO4 B (NH4),PO,4 C NH4PO, D NH4(PO4);
(2024 Oct/Nov - 0654/21 - Question 17 - Extended)
4.

Sodium phosphate, NasPO,, contains sodium ions, Na®.
Aluminium sulfate, Aly(SO,)s, contains sulfate ions, SO,
What is the formula of aluminium phosphate?

A AIPO, B Al(PO.), C Al(POu); D Al (PO.),

(2022 May/Jun - 0654/21 - Question 16 - Extended; [F]/#i: 2022 May/Jun - 0654/22 - Question 16 - Extended. 2022 May/Jun - 0654/23 - Question

16 - Extended)
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Bl Which equation is balanced?

A 2H2 + 02 — 2H202
B MgO + 2H,SO0, —» MgSO, + 2H,0
C Na + H,O —» NaOH + H,

D Na,CO; + 2HCI - 2NaCl + H,0 + CO;
(2022 May/Jun - 0654/12 - Question 16 - Core; [a]fi: 2022 May/Jun - 0654/13 - Question 16 - Core)
i BICEIEL, DI A
Na,CO; + 2HC] — 2NaCl + H,0 + CO,
MG Nav Cv Ov Ho CLEREFEIKIK N 2,1,3,2,2, fFERF<FIE.

Wk Do
X943
1. Which symbol equation is not balanced?
A CsHs + 50, —» 3CO; + 4H,0
B Fe;O, + 2H, —» 3Fe + 2H,0
C Mg(OH), + 2HC! —» MgCl, + 2H,0
D 2Na + 2H,0 — 2NaOH + H,
(2023 May/Jun - 0654/21 - Question 17 - Extended)
2. Which equation represents the reaction between aluminium and oxygen?
A 2Al + 30 — Al0;
B Al, + 30 » Al0;
C 2Al, + 30; —» 2Al,0;
D 4Al + 30; — 2Al,03
(2023 Oct/Nov - 0654/12 - Question 16 - Core)
3.

What is the balanced equation for the combustion of hydrogen?
A 2H + O - HO

B H, + O » H,O

C H, + O » H,0

D 2H, + O, - 2H,0

(2025 May/Jun - 0654/21 - Question 18 - Extended)
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Dilute hydrochloric acid reacts with sodium carbonate to form sodium chloride, carbon dioxide
and water.

The equation for the reaction is shown.
wHCI + Na,CO; —» xNaCl + yCO, + zH,0

What are the values of w, x, y and z?

w X y z
A 1 1 1
B 2 1 1 1
(o 2 2 3 2
D 2 2 1 1

(2023 Oct/Nov - 0654/13 - Question 17 - Core)
Propene, CsHg, burns in excess oxygen to form carbon dioxide and water.
wCsHg + xO, — yC02 + zH,O

Which values of w, x, y and z balance this equation?

w X y z
A 1 9 3 3
B 1 5 3 6
C 2 9 6 6
D 2 5 6 3

(2022 Feb/Mar - 0654/12 - Question 15 - Core)
Propanol, CH;CH,CH,OH, burns in oxygen to produce carbon dioxide and water.
2CH3CH20H20H + 902 —> XC02 + yHQO

Which values of x and y balance the equation?

X y
A 3 4
B 3 8
c 6 4
D 6 8

(2022 May/Jun - 0654/11 - Question 16 - Core)

Pentane, CsHq,, burns in a limited air supply to produce some carbon dioxide and some
carbon monoxide.

What is a balanced equation for this reaction?
A CgHyp + 70, —» 3CO, + 2CO + 6H0
B CsHiy; + 90, - CO; + 4CO + 12H,0
C GCsHyx + 140 —» 3CO, + 2CO + 6H,0
D GCsHyz + 180 — CO;, + 4CO + 12H,0

(2023 May/Jun - 0654/23 - Question 16 - Extended)
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Phosphorus pentachloride, PCls, reacts with water to form phosphoric acid, H;PO,, and
substance Y.

The incomplete equation for the reaction is shown.
PCZ5 + 4H20 —> H3PO4 + xY

Which row identifies substance Y and gives the value of x?

Y X
A HCl 5
B HCl 10
C Cl, 5
D Cl, 10

(2026 May/Jun - 0654/23 - Question 15 - Extended)
Copper reacts with dilute nitric acid to form copper(Il) nitrate, nitrogen dioxide and water.
The equation for the reaction is shown.
Cu(s) + qHNOs(aq) — Cu(NOs)(aq) + sNOz(g) + tHLO(l)

Which row shows the numerical values of g and s?

q S
A 2 1
B 2 2
C 4 1
D 4 2

(2025 Feb/Mar - 0654/22 - Question 16 - Extended)
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Bl The equation for the combustion of magnesium is shown.
2Mg + O, —» 2MgO
What is the mass of magnesium oxide formed from 12 g of magnesium?

A 20g B 249 C 40g D 80g
(2024 May/Jun - 0654/21 - Question 18 - Extended)
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fE: AR TR My, = 24g mol !
My, = (24 + 16)g mol ' = 40g mol "
Mg = % = 0.50 mol

i R Mg : MgO = 2: 2 /5

Nyrgo = 0.50 x 2 = 0.50 mol

myeo = 0.50 X 40 =20 g

WUk Ao

3125

1.

The equation for the reaction of sodium with water is shown.
2Na(s) + 2H,0O(l) —» 2NaOH(aq) + Hx(g)
Which mass of sodium produces 30 cm? of hydrogen?

A 0.02889g B 0.0575g C 288g D 5759
(2024 May/Jun - 0654/22 - Question 16 - Extended)

Nonane, CgHa, burns in oxygen to form carbon dioxide and water.
The equation for this reaction is shown.
CoHyy + 140, — 9CO, + 10H0
What is the mass of oxygen required for the complete combustion of 64 g of nonane?

A 32g B 2249 C 396g D 4489
(2023 Oct/Nov - 0654/23 - Question 17 - Extended)

The equation for the complete combustion of methane is shown.
CH; + 20, —» CO, + 2H,0

What is the volume of oxygen, at room temperature and pressure, that is required for the
complete combustion of 16 g of methane?

A 12dm? B 24dm?® c 32dm® D 48dm?

(2026 May/Jun - 0654/21 - Question 15 - Extended)
When magnesium carbonate reacts with dilute hydrochloric acid, carbon dioxide gas is released.
The equation for this reaction is shown.
MgCO; + 2HCI —» MgCl, + CO, + H,O

Which volume of carbon dioxide, collected at room temperature and pressure, is released when
4.2 g of magnesium carbonate reacts with excess dilute hydrochloric acid?

A 1.2dm? B 24dm® C 4.8dm® D 12dm?
(2023 Oct/Nov - 0654/21 - Question 17 - Extended)

Lead sulfate, PbSQ,, is prepared by reacting lead oxide, PbO, with excess dilute sulfuric acid.
The equation for the reaction is shown.

PbO + H,SO, — PbSO, + H,0O
What is the mass of lead oxide required to produce 22.6 g of lead sulfate?

A 15.4g B 16.69 C 17.6g D 17.8g
(2025 Oct/Nov - 0654/22 - Question 21 - Extended)
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When dilute sodium hydroxide is added to aqueous iron(Il) sulfate, insoluble iron(II) hydroxide
and aqueous sodium sulfate are formed.
What is the ionic equation for this reaction?
A Fe®(aq) + 20H(aq) — Fe(OH),(s)
B Fe®(aq) + SO, (aq) + 2Na*(aq) + 20H(aq) — Fe(OH),(s) + 2Na*(aq) + SO, (aq)
C FeSO4(aq) + 2NaOH(aq) — Fe(OH)y(s) + Na;SO4(aq)
D SO, (aq) + 2Na*(aq) — Na,S04(aq)

(2023 Oct/Nov - 0654/22 - Question 16 - Extended)

fi#: A EER ) A Fe(OH),

T ULTER) 74 Fe®* (aq) #1 OH (aq), Na*(aq) 5 SOF (aq) RMHIE AL . MZ/EHE
Fe?*(aq) + 20H~ (aq) — Fe(OH)4(s)
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Ammonia decomposes when heated in a sealed container in the presence of an iron catalyst.
The equation for the reaction is shown.
2NHs(g) — Na(g) + 3Hx(9)
40.0dm® of ammonia is heated. After several hours, 21.0dm? of hydrogen is present.
The volumes are measured at r.t.p.
What is the percentage of unreacted ammonia?

A 35.0% B 47.5% C 525% D 65.0%
(2025 May/Jun - 0654/22 - Question 15 - Extended)

B ph R R T AR AR LA T 0T R U R S
V(NH;): V(Hy) =2:3
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21.0dm? x 2 = 14.0dm?

B PN UERREN AV

40.0dm® — 14.0dm® = 26.0dm?
23 x 100% = 65.0%

#i D
3125
1.

In an experiment, 2.4 g of magnesium, Mg, is burned in 5.0 g of oxygen, O..
The equation for the reaction is shown.
2Mg + O, —» 2MgO

Which row identifies the substance that reacts completely and shows the mass of magnesium
oxide formed?

mass of
substance that i i
magnesium oxide
reacts completely formed/g
A magnesium 4.0
B magnesium 74
c oxygen 4.0
D oxygen 74

(2024 Feb/Mar - 0654/22 - Question 16 - Extended)
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Which gas is formed at the cathode during electrolysis?
A carbon dioxide

B chlorine
C hydrogen
D

oxygen

(2025 May/Jun - 0654/21 - Question 21 - Extended)
i AR AR RN, 8 iRk BAAR Y B AR o
FHARIE ) S o &S ik Co
ARSEE
1.

Which elements are formed at the electrodes during the electrolysis of concentrated aqueous
sodium chloride?

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

(2024 Oct/Nov - 0654/11 - Question 18 - Core)
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Dilute aqueous potassium chloride is electrolysed using inert electrodes.

Which substance is produced at the cathode?

A chlorine

B hydrogen
C oxygen

D potassium

(2023 Feb/Mar - 0654/22 - Question 17 - Extended)

What are the products of the electrolysis of dilute sulfuric acid using inert electrodes?
A hydrogen and sulfur dioxide

B oxygen and hydrogen

C oxygen and sulfur
D

oxygen and sulfur dioxide
(2024 Oct/Nov - 0654/12 - Question 17 - Core; [f]i: 2024 Oct/Nov - 0654/13 - Question 17 - Core)

Dilute sulfuric acid, H,SOy, is electrolysed using platinum electrodes.
What is formed at the electrodes during this process?

A hydrogen only
B hydrogen and sulfur dioxide
C oxygen and sulfur dioxide
D hydrogen and oxygen
(2026 May/Jun - 0654/11 - Question 16 - Core)

Dilute sulfuric acid is electrolysed using the apparatus shown.

gases formed

% 5o dilute
o Og . .
sulfuric acid
carbon carbon
anode cathode

Which product forms at the cathode?
A hydrogen

B oxygen

C sulfur dioxide

D

water vapour
(2023 Feb/Mar - 0654/12 - Question 17 - Core)
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Molten lead(II) bromide is electrolysed using inert electrodes.

Which row describes the products of this electrolysis?

a red-brown gas .
a grey metal lead and bromine
forms at the forms a.t the are the only
positive electrode negative products
electrode
A yes no no
B yes yes yes
C no no yes
D no yes no

The diagram shows the electrolysis of dilute sulfuric acid using inert electrodes.

Which substance is produced by electrolysis at the negative electrode?

A

B
Cc
D

Concentrated aqueous sodium chloride is electrolysed using inert electrodes.

hydrogen
oxygen
sulfur dioxide

water vapour

6Vd.c.

-

(2025 May/Jun - 0654/11 - Question 19 - Core)

dilute
sulfuric acid

(2023 Oct/Nov - 0654/11 - Question 18 - Core)

Which row shows the products at the electrodes?

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

48
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1.

Molten lead(IT) bromide is electrolysed using inert electrodes as shown.

power supply

O O

molten lead(II) bromide

An element is produced at the negative electrode.

What is the name of the element and of the negative electrode?

negative
element

electrode
A bromine anode
B bromine cathode
C lead anode
D lead cathode

(2023 May/Jun - 0654/12 - Question 18 - Core; [a]/i: 2023 May/Jun - 0654/13 - Question 18 - Core)

The diagram shows the electrolysis of molten lead(II) bromide using inert electrodes.

A

B
Cc
D

electrode X —1_ |

grey solid \l

~——coloured fumes

Oof

lol —electrode Y
(o)

_1 —electrolyte

[e]

=  /

Which statement about this experiment is correct?

Electrode X is positively charged.

The coloured fumes are produced at the negative electrode.

The electrolyte is lead(II) bromide.

The grey solid is lead(II) bromide.

(2024 Oct/Nov - 0654/23 - Question 16 - Extended)

Which reaction or process produces hydrogen?

A

B
C
D

the electrolysis of concentrated aqueous sodium chloride

the thermal decomposition of limestone

the reaction of steam with ethene

the reaction of sodium oxide with hydrochloric acid
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The diagram shows the electrolysis of dilute sulfuric acid using inert electrodes.

dilute sulfuric acid

Which row shows the products formed at each electrode and describes the bonding in
sulfuric acid?

type of
anode cathode ype
bonding
A oxygen hydrogen ionic
B oxygen hydrogen covalent
C hydrogen oxygen ionic
D hydrogen oxygen covalent
(2022 May/Jun - 0654/11 - Question 17 - Core; [a]#i: 2022 May/Jun - 0654/12 - Question 17 - Core; [f]#i: 2022 May/Jun - 0654/13 - Question
17 - Core)
13. Aqueous copper(Il) sulfate is electrolysed using carbon electrodes.
Which row describes this electrolysis?
oxygen is .
gas bubbles are 9 copper ions are
produced at the
seen at the anode . reduced
negative electrode
A no no no
B yes yes yes
C yes no yes
D no yes no
(2024 Feb/Mar - 0654/22 - Question 17 - Extended)
14.

Aqueous copper(Il) sulfate is electrolysed using inert electrodes.
Which statement about this electrolysis is correct?

A Copper ions are attracted to the cathode.

B Electrons move from the cathode to the anode.

C Electrolyte ions are oxidised at the cathode.
D

Sulfate ions are reduced to sulfur dioxide.

(2022 May/Jun - 0654/21 - Question 17 - Extended)
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15.

16.

17.

18.

Concentrated aqueous sodium chloride, molten lead(II) bromide, aqueous copper(II) sulfate and
dilute sulfuric acid are electrolysed using carbon electrodes.

Which rows show the correct products that form at each electrode?

electrolyte cathode anode
1 | concentrated aqueous sodium chloride | sodium chlorine
2 | molten lead(II) bromide lead bromine
3 | aqueous copper(Il) sulfate copper oxygen
4 | dilute sulfuric acid oxygen hydrogen
A 1and?2 B 1and4 C 2and3 D 3and4

(2026 May/Jun - 0654/23 - Question 17 - Extended)

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

Which row describes the observations and products at each electrode during this process?

cathode observation

cathode product

anode observation

anode product

o 0O W >

bubbles
bubbles

orange-brown solid

orange-brown solid

hydrogen
hydrogen
copper

copper

anode decreases in size
bubbles
bubbles

anode decreases in size

copper(Il) ions
oxygen
oxygen

copper(Il) ions

(2022 May/Jun - 0654/23 - Question 17 - Extended)

Which substance produces hydrogen at the cathode during electrolysis?

A

B
Cc
D

aqueous copper(Il) sulfate using copper electrodes

molten sodium chloride using carbon electrodes

dilute sulfuric acid using carbon electrodes

molten sodium hydroxide using platinum electrodes

(2026 May/Jun - 0654/21 - Question 17 - Extended)

Which statements about the electrolysis of aqueous copper(Il) sulfate are correct?

A

1 Oxygen is produced at the anode when carbon electrodes are used.

Copper is produced at the cathode when copper electrodes are used.

Electrolysis does not occur when inert electrodes are used.

1and 2 B 1and4

C 2and3 D 3and4

(2024 Oct/Nov - 0654/22 - Question 16 - Extended)
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2
3 Hydrogen is produced at the cathode when carbon electrodes are used.
4
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19. Two electrolysis experiments are done using inert electrodes.

Experiment 1 is the electrolysis of aqueous copper(II) sulfate.
Experiment 2 is the electrolysis of molten lithium bromide.

Which row describes the products at each electrode in these experiments?

experiment 1 experiment 2
cathode anode cathode anode
A copper oxygen bromine lithium
B oxygen copper lithium bromine
C copper oxygen lithium bromine
D oxygen copper bromine lithium

(2024 May/Jun - 0654/21 - Question 19 - Extended)
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Which substance does not undergo electrolysis?
A aqueous copper chloride

B copper wire

C dilute sulfuric acid

D

molten lead(II) bromide

(2023 Oct/Nov - 0654/12 - Question 17 - Core)
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1.

Aqueous potassium iodide contains ions.

What happens to aqueous potassium iodide during electrolysis?
A combustion

B decomposition

C neutralisation

D no reaction

(2026 May/Jun - 0654/12 - Question 17 - Core)
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Which process is used to produce sodium and chlorine from the compound sodium chloride?

A
B
Cc
D

chromatography
cracking
distillation

electrolysis

(2022 Oct/Nov - 0654/11 - Question 17 - Core; [A]#i: 2022 Oct/Nov - 0654/12 - Question 17 - Cores 2022 Oct/Nov - 0654/13 - Question 17

- Core)

Which statement describes what happens during electrolysis?

A

B
Cc
D

Covalent compounds produce more complex substances.
Covalent compounds produce simpler substances.
lonic compounds produce more complex substances.

lonic compounds produce simpler substances.

(2024 Oct/Nov - 0654/21 - Question 18 - Extended)

The apparatus used in the electrolysis of concentrated aqueous sodium chloride is shown.

1

A

Which row identifies the electrolyte and the cathode?

electrolyte cathode
A 1 2
B 1 3
Cc 4 2
D 4 3

(2025 May/Jun - 0654/12 - Question 16 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 16 - Core)



The apparatus used for the electrolysis of copper chloride is shown.

3

copper chloride

Which words complete labels 1, 2 and 37?

1 2 3
A anode cathode aqueous
B anode cathode solid
C cathode anode aqueous
D cathode anode solid

(2023 Oct/Nov - 0654/13 - Question 18 - Core)

The apparatus for the electrolysis of solution R is shown.

What are the names of P, Q and R?

b=

solution R

P Q R
A anode cathode electrode
B anode cathode electrolyte
C cathode anode electrode
D cathode anode electrolyte

(2025 Oct/Nov - 0654/12 - Question 17

54
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A student draws four diagrams, W, X, Y and Z.

+ - + -
o © O O©
anode cathode cathode anode
aqueous aqueous
/electrolyte — electrolyte
w X
+ - + -
O © O ©
anode cathode anode cathode
solid molten
/electrolyte — electrolyte
Y 4
Which diagrams show a correct electrolytic cell?
A WandX B XandY C YandZ D WandZ

(2026 May/Jun - 0654/13 - Question 17 - Core)
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Which metal is extracted from its ore by electrolysis?
A aluminium
B copper
C gold
D iron

(2023 Oct/Nov - 0654/11 - Question 24 - Core)
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1. Which metal can only be extracted from its ore using electrolysis?
A calcium
B copper
C iron
D zinc
(2023 Oct/Nov - 0654/23 - Question 23 - Extended)
2. Aluminium is extracted from aluminium oxide by electrolysis.
What is added to aluminium oxide in this process?
A concentrated aqueous sodium chloride
B cryolite
C dilute sulfuric acid
D water
(2022 Feb/Mar - 0654/22 - Question 16 - Extended)
3.

A

B
Cc
D

Which statement about the extraction of aluminium from its ore by electrolysis is correct?

Aluminium gains electrons from the anode.
Aluminium ions are oxidised at the cathode.
Aluminium ore is called cryolite.

Aluminium oxide is in the electrolyte.

(2023 May/Jun - 0654/22 - Question 18 - Extended)
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Bl Aqueous copper(Il) sulfate is electrolysed using graphite electrodes.

What is the ionic half-equation for the reaction that takes place at the cathode?
A 2H'(aq) + 2" — Hy(g)

B 40H (aq) — 0Oy(g) + 2H,0O(l) + 4e”

C Cu(s) » Cu*(aq) + 2e”
D

Cu*(aq) + 2~ > Cu(s)
(2026 May/Jun - 0654/22 - Question 17 - Extended)
i BAMCAE IR RN, FF 5 TR o
PR BRI, Cu™ YERIR H IR 5] 2¢ .
Cu*t 4+ 2¢° — Cu

ik Do
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1. Molten calcium bromide is electrolysed using inert electrodes.
What is the ionic half-equation at the cathode?
A Ca" —» Ca + e
B Ca’"+e — Ca
C Ca” — Ca + 2
D Ca* + 2 — Ca
(2022 Oct/Nov - 0654/23 - Question 18 - Extended)
2. During electrolysis, reactions occur at the cathode and anode.
Which statements about the electrode reactions are correct?
1 Atthe anode, anions gain electrons and are reduced.
2 Atthe anode, anions lose electrons and are oxidised.
3 Atthe cathode, cations gain electrons and are reduced.
4 Atthe cathode, cations lose electrons and are oxidised.
A 1and2 B 1and4 C 2and3 D 3and4
(2025 Oct/Nov - 0654/21 - Question 16 - Extended)
3. Which changes take place at the electrodes during electrolysis?
anode cathode
A negatively charged ions positively charged ions
gain electrons lose electrons
B negatively charged ions positively charged ions
lose electrons gain electrons
C positively charged ions negatively charged ions
gain electrons lose electrons
D positively charged ions negatively charged ions
lose electrons gain electrons
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(2025 Oct/Nov - 0654/22 - Question 16 - Extended)

Which statement correctly describes how aluminium is changed during the electrolysis of
aluminium oxide?

A At the anode, aluminium ions gain electrons and so are oxidised.
B At the anode, aluminium ions lose electrons and so are oxidised.
C At the cathode, aluminium ions gain electrons and so are reduced.
D

At the cathode, aluminium ions lose electrons and so are reduced.

(2023 Oct/Nov - 0654/23 - Question 18 - Extended)
Which statement about electrolysis is correct?
A At the anode, anions are oxidised by gaining electrons.
B Atthe anode, cations are reduced by gaining electrons.
C At the cathode, anions are oxidised by gaining electrons.
D

At the cathode, cations are reduced by gaining electrons.

(2022 May/Jun - 0654/22 - Question 17 - Extended)
Concentrated aqueous sodium chloride is electrolysed using inert electrodes.
What is the ionic half-equation for the reaction at the cathode?
A 2ClI" » Cl, + 27
B 2H" + 2¢” —» H,
C Na'" + e — Na
D NaCl —» Na' + CI”

(2025 Oct/Nov - 0654/23 - Question 14 - Extended)

Which ions gain and lose electrons during the electrolysis of concentrated aqueous
sodium chloride?

ions gaining ions losing
electrons electrons
A H* Cl-
B H* OH~
(o Na* Cr
D Na* OH"-

(2022 Oct/Nov - 0654/22 - Question 18 - Extended)

Which row shows the ionic half-equation for the reaction at the cathode during the electrolysis of
the named electrolyte?

electrolyte equation
A molten aluminium oxide AP + 3¢ — Al
B molten aluminium oxide 20 5 O, + 4e”
C | concentrated aqueous sodium chloride H, - 2H" + 2e”
D | concentrated aqueous sodium chloride Na* + e — Na

(2024 May/Jun - 0654/23 - Question 16 - Extended)
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The electrolysis of concentrated aqueous sodium chloride is shown.

inert inert
positive negative
electrode electrode

concentrated aqueous
sodium chloride

Which statement describes the product at the cathode?
A ltis a colourless gas that pops with a lighted splint.
B Itis a colourless gas that relights a glowing splint.

C ltis a grey-black solid.
D

It is a pale yellow-green gas that bleaches litmus paper.

(2025 Oct/Nov - 0654/11 - Question 19 - Core)
f#: FAMRARAEILR -
2H,0 + 2¢~ — H, + 20H-
A E A TSR, R IR SRR I 2 H R 75
Wik Ao
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1. The diagram shows the electrolysis of dilute sulfuric acid.
' gas G
(@)
(o]
)
dilute sulfuric acid
inert electrode inert electrode
+ —
o ©
power
supply
Gas G ignites with a ‘pop’ when it is tested with a lighted splint.
What is gas G and at which electrode is it formed?
gas G electrode
A hydrogen anode
B hydrogen cathode
C oxygen anode
D oxygen cathode
(2022 Feb/Mar - 0654/12 - Question 16 - Core)
2. Concentrated aqueous sodium chloride is electrolysed using inert electrodes.

Which row describes observations of the tests on the gases collected at the electrodes?

anode gas

cathode gas

o 0O W >

turns damp red litmus paper blue
turns damp red litmus paper blue
turns damp red litmus paper white

turns damp red litmus paper white

‘pops’ with a lighted splint
relights a glowing splint
‘pops’ with a lighted splint

relights a glowing splint

(2024 Feb/Mar - 0654/12 - Question 18 - Core)
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Copper is refined by electrolysis.
Which statements about this process are correct?
1 Aqueous copper(Il) sulfate is the electrolyte.
Inert anodes are used.
Cu?* ions are reduced at the cathode.

Pure copper is deposited at the anode.

o WO N

A 1and2 B 1and3 C 2and4 D 3and4

(2023 May/Jun - 0654/23 - Question 17 - Extended)
fE: VEMERTARARIN , RLERIERAR , SARAERIRR . BRERER A I A HEAR B
B b2 A 3 Ji -
Cu?* +2¢~ — Cu
WO 1. 3 TIEM, 5 2. 4 WBEER. ik B.

ABSED
1. Which diagram shows equipment used to electroplate nickel with copper?
A B
power supply power supply
o O o ©
+ - + -
nickel copper nickel copper
molten aqueous
copper chloride copper chloride
C D
power supply power supply
O O o ©
+ - + -
copper nickel copper nickel
molten aqueous
copper chloride copper chloride

(2023 May/Jun - 0654/11 - Question 18 - Core)
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When concentrated aqueous sodium chloride is electrolysed using inert electrodes, the remaining
solution turns red litmus paper to blue.

Which substance causes this colour change?
A chlorine

B hydrogen

C hydrochloric acid

D sodium hydroxide

(2024 May/Jun - 0654/11 - Question 18 - Core)

& PIK D TRHET
2H, O +2e¢~ — H, + 20H~
FHAR S R T

2CI" — Cly + 2e~

PR A B OH ™ 5 F i rp B Na ™ X R SR A AL B, LDt SRR AR IR 0 D

RS

1.

Sodium hydroxide is manufactured by the electrolysis of concentrated aqueous sodium chloride.

During the process, a gas is given off at each electrode and the aqueous sodium hydroxide
collects around one of the electrodes.

Which row identifies the gas at each electrode and the electrode around which the aqueous
sodium hydroxide collects?

electrode at which
at the anode at the cathode sodium hydroxide
collects
A chlorine hydrogen cathode
B chlorine hydrogen anode
C oxygen chlorine cathode
D oxygen chlorine anode

(2023 May/Jun - 0654/21 - Question 18 - Extended)
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Concentrated aqueous sodium chloride is electrolysed using inert electrodes.

Which row describes how the number of sodium ions and the number of chloride ions changes

during the electrolysis?

number of number of

sodium ions chloride ions
A decreases decreases
B decreases no change
C no change decreases
D no change no change

(2023 Oct/Nov - 0654/22 - Question 17 - Extended)

Copper(II) sulfate can be electrolysed using either carbon electrodes or copper electrodes.

What happens to the concentration of copper(Il) ions in the electrolyte during electrolysis using

these electrodes?

using carbon using copper
electrodes electrodes
A decreases decreases
B decreases no change
C no change decreases
D no change increases

(2022 Oct/Nov - 0654/21 - Question 18 - Extended)
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Which word describes reactions that give out heat energy?
A endothermic

B exothermic
C oxidation
D

reduction

(2022 May/Jun - 0654/12 - Question 18 - Core; [a]@i: 2022 May/Jun - 0654/13 - Question 18 - Core)
DT AARE . PARE d SR A 2R A% B S R PR
[']ﬂ B PR BRI RE 1) S B A RS . (exothermic) o
ik Bo
X953

1.

Ammonium nitrate is dissolved in a beaker of water.
The temperature of the water decreases by 5°C.
Which type of reaction occurs?

A endothermic

B exothermic
C oxidation
D reduction

(2022 Feb/Mar - 0654/12 - Question 17 - Core)
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Potassium chloride is added to water.

The temperature of the solution decreases as the potassium chloride dissolves.

Which type of reaction occurs?

A
B
Cc
D

Magnesium is added to aqueous copper(II) sulfate.

endothermic
exothermic
oxidation

reduction

(2023 May/Jun - 0654/12 - Question 19 - Core;

The temperature of the reaction mixture increases.

Which type of reaction occurs?

A

B
Cc
D

decomposition
endothermic
exothermic

neutralisation

Which row describes an endothermic reaction?

thermal energy is
transferred to the

the temperature of
the reaction mixture

surroundings decreases
A v v
B v X
C X v
D X X

Some observations about two reactions are shown.

In reaction 1, heat is taken in from the surroundings.

[a] 58 : 2023 May/Jun - 0654/13 - Question 19 - Core)

(2026 May/Jun - 0654/11 - Question 17 - Core)

(2025 Oct/Nov - 0654/12 - Question 18 - Core; [&]f#i: 2025 Oct/Nov - 0654/13 - Question 18 - Core)

In reaction 2, heat is released to the surroundings.

Which row describes each reaction?

reaction 1

reaction 2

o 0O W >

endothermic
endothermic

exothermic

exothermic

endothermic
exothermic

exothermic

endothermic

(2024 Oct/Nov - 0654/12 - Question 18 - Core;

65

[@]/8: 2024 Oct/Nov - 0654/13 - Question 18 - Core)



Which row describes what happens in an endothermic reaction?

O 0 m >

transfer of temperature of
thermal energy the surroundings
to the surroundings decreases
to the surroundings increases

from the surroundings decreases

from the surroundings increases

(2026 Feb/Mar - 0654/12 - Question 16 - Core)

When magnesium reacts with dilute hydrochloric acid, the temperature of the mixture increases.

Which statement about this reaction is correct?

O O W

It is endothermic as thermal energy is taken in from the surroundings.

It is endothermic as thermal energy is transferred to the surroundings.

It is exothermic as thermal energy is taken in from the surroundings.

It is exothermic as thermal energy is transferred to the surroundings.

(2025 Oct/Nov - 0654/22 - Question 22 - Extended)

In a test-tube, magnesium reacts with dilute hydrochloric acid to form a salt and hydrogen.

The reaction makes the test-tube warm.

Which statement about the reaction explains this observation?

A

B
Cc
D

It is a combustion reaction.

It is a neutralisation reaction.

It is endothermic.

It is exothermic.

(2024 Feb/Mar - 0654/12 - Question 19 - Core)

Which statements about endothermic reactions are correct?

A

1

o H» W N

1an

3

Thermal energy is taken in from the surroundings.
Thermal energy is released to the surroundings.
The temperature of the reaction mixture decreases.
The temperature of the reaction mixture increases.

B 1and4 C 2and3 D 2and4
(2025 May/Jun - 0654/12 - Question 17 - Core; [@]f: 2025 May/Jun - 0654/13 - Question 17 - Core)
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10.

1.

12

13.

14.

Which statement describes an endothermic reaction?

A

B

An endothermic reaction transfers thermal energy to the surroundings leading to an increase

in the temperature of the surroundings.

An endothermic reaction transfers thermal energy to the surroundings leading to a decrease

in the temperature of the surroundings.

An endothermic reaction takes in thermal energy from the surroundings leading to an

increase in the temperature of the surroundings.

An endothermic reaction takes in thermal energy from the surroundings leading to a

decrease in the temperature of the surroundings.

(2026 May/Jun - 0654/13 - Question 18 - Core)

Which statement about exothermic and endothermic reactions is correct?

A

B
C
D

An endothermic reaction involves heat energy being taken in by the reactants.

An exothermic reaction involves heat energy being taken in by the products.

In an endothermic reaction, the temperature of the reaction mixture increases.

In an exothermic reaction, the temperature of the reaction mixture decreases.

(2023 May/Jun - 0654/11 - Question 19 - Core)

Which row describes changes that occur during an endothermic reaction?

o 0O m >

temperature of
- thermal energy
surroundings
decreases absorbed from the surroundings
decreases released to the surroundings
increases absorbed from the surroundings
increases released to the surroundings

What describes an endothermic reaction?

A

B
C
D

(2026 May/Jun - 0654/12 - Question 18 - Core)

a reaction in which all the bonds in all the reactants are broken

a reaction in which energy is released to the surroundings

a reaction which goes to completion

a reaction in which energy is taken in from the surroundings

Magnesium ribbon is added to dilute hydrochloric acid.

Which observation shows that this process is exothermic?

A

B
C
D

The pH of the solution decreases.
The pH of the solution increases.
The temperature of the solution decreases.

The temperature of the solution increases.
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(2025 Oct/Nov - 0654/11 - Question 20 - Core)



16.

17.

18.

The temperature change as the result of a chemical reaction may go up or down.

Which rows about reactions are correct?

A

1and 3 B 1and4

temperature type of reaction
1 decreases endothermic
2 increases endothermic
3 increases exothermic
4 decreases exothermic
C 2and3 D 2and4

(2022 Oct/Nov - 0654/12 - Question 18 - Core)

Which statement about chemical reactions is correct?

A

B
Cc
D

Endothermic reactions result in a temperature decrease.

Endothermic reactions result in a temperature increase.

Exothermic reactions always produce a large temperature rise.

Exothermic reactions always produce a small temperature rise.

(2023 May/Jun - 0654/23 - Question 18 - Extended)

The table shows the initial and final temperatures of four different reactions.

A

reaction initial temperature | final temperature

/°C /°C
1 20 20
2 20 30
3 25 20
4 25 30

Which reactions are exothermic?
1and 3 B 2and3 C 2and4 D 3and4

(2025 May/Jun - 0654/22 - Question 16 - Extended)

Hydrogen reacts with iodine to form hydrogen iodide.

The equation for this reaction is shown.

During this reaction the temperature increases.

H, + I, » 2HI

Which statement explains why the temperature increases?

A

B
Cc
D

One molecule of hydrogen is forming two molecules of hydrogen iodide.

The reaction is exothermic.

The reaction is very fast.

The reaction takes in energy.
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19.

20.

The temperature of solution Q is 21 °C. The temperature of solution P is 24 °C.
The two solutions are mixed. The temperature of the mixture is 31°C.

Which statement is correct?

A An endothermic reaction occurs and the reacting chemicals gain energy.
B An endothermic reaction occurs and the reacting chemicals lose energy.
C An exothermic reaction occurs and the reacting chemicals gain energy.
D

An exothermic reaction occurs and the reacting chemicals lose energy.

(2023 Oct/Nov - 0654/21 - Question 18 - Extended)

When aqueous sodium hydroxide reacts with dilute hydrochloric acid, the temperature of the
reaction mixture increases.

Ice cubes take in energy when they melt.

Which row is correct?

sodium hydroxide +
hydrochloric acid

melting ice cubes

O 0O m >

endothermic
exothermic
endothermic

exothermic

exothermic
endothermic
endothermic

exothermic

The initial and final temperatures in two experiments, X and Y, are shown.

initial temperature

experiment X

final temperature

(2024 May/Jun - 0654/11 - Question 19 - Core)

initial temperature

—_—30 —_—40 —_—30 —_—30
— |25 |35 |25 — |25
L1120 L1130 L1120 L1120

final temperature

experiment Y

Which row shows the types of change that take place in these two experiments?

experiment X

experiment Y

A endothermic endothermic
B endothermic exothermic
C exothermic endothermic
D exothermic exothermic
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Which row describes the type of energy change and the energy transfer when bonds are broken
during a chemical reaction?
type of change energy transfer
A endothermic given out
B endothermic taken in
C exothermic given out
D exothermic taken in

(2022 Oct/Nov - 0654/22 - Question 19 - Extended)
i Wi b T O RE R, B TR
PRI b HLRE B —4 7k B
ik Bo
RS
1.

Ultraviolet light causes a chlorine molecule to break down to form two chlorine atoms.

The equation for the reaction is shown.

Cly(9) — 2Cl(9)

What is the energy level diagram for this reaction?

A B
A A
Cl,(9) Cl,(9)
exothermic endothermic
energy reaction energy reaction
v 2€l9) v 2Cig)
reaction progress - reaction progress -
C D
A A
2CI(9) 2C1(9)
A A
exothermic endothermic
energy reaction energy reaction
Cly(g) Cl,(9)
reaction progress - reaction progress -

(2024 Feb/Mar - 0654/22 - Question 18 - Extended)
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Which energy level diagram correctly represents an exothermic reaction?
A B
A A
energy energy ﬁ
progress of progress of
reaction reaction
key
i c A D E, = activation
energy
energy energy
progress of progress of
reaction reaction

(2022 Oct/Nov - 0654/23 - Question 19 - Extended)
fi#: WA T RESAR T SRS . ELTRALRE WIS TRRES 5 IV I RER 2 2
P D [ i 3 R X AN S5 Ao
1k Do
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1.

Magnesium reacts with dilute hydrochloric acid.

During the reaction, the reaction mixture becomes warm.

What is the reaction pathway diagram for this reaction?

energy

energy

A

activation

ener
% products

reactants

progress of reaction

c

activation

reactants energy

products

\J

progress of reaction

72

energy

energy

products

activation
energy
reactants

progress of reaction

D

reactants

activation
energy
products

\J

progress of reaction

(2025 Oct/Nov - 0654/23 - Question 15 - Extended)



Which energy level diagram shows the activation energy for an exothermic reaction?

energy

energy

The energy level diagram for a reaction is shown.

The diagram represents an

activation
energy

reactants

A

product

progress of reaction

reactants

energy

product

\

activation

progress of reaction

A

energy

reactants

B

product
energy

activation

energy
reactants

\

progress of reaction

reactants
energy
activation
energy

product

progress of reaction

(2024 Oct/Nov - 0654/23 - Question 17 - Extended)

products
A

-

progress of reaction

1 reaction. Heat is 2 during this reaction.

Which words complete gaps 1 and 27?

1 2
A endothermic given out
B endothermic taken in
C exothermic given out
D exothermic taken in

(2024 May/Jun - 0654/22 - Question 18 - Extended)



An unlabelled reaction pathway diagram is shown.

energy

A

progress of reaction

Which row describes the reaction and gives a correct explanation?

description .
. explanation
of reaction
endothermic the reactants contain less
energy than the products
endothermic the reactants contain more
energy than the products
exothermic the reactants contain less
energy than the products
exothermic the reactants contain more
energy than the products

(2026 May/Jun - 0654/21 - Question 18 - Extended)

Which statement about energy changes in chemical reactions is correct?

A
B
C

D

Activation energy is the maximum energy required by the reactants for a reaction to occur.
Bond forming is an endothermic process.

In an exothermic reaction, the energy level of the reactants is higher than the energy level of
the products.

Increasing temperature increases the minimum energy required by the reactants for a
reaction to occur.

(2022 Oct/Nov - 0654/21 - Question 19 - Extended)

A reaction pathway diagram for a reaction is shown.

4001

300 products

energy
kJ/mol

| reactants

progress of reaction

What is the value of the activation energy for this reaction?

A

100kJ/mol B 150kJ/mol C 250kJ/mol D 350kJ/mol

(2025 May/Jun - 0654/21 - Question 22 - Extended)
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The reaction pathway diagram for the formation of ammonia from nitrogen and hydrogen
is shown.

energy

progress of reaction

What is the activation energy for this reaction?

A x+z B y+z C vy D z

(2026 Feb/Mar - 0654/22 - Question 18 - Extended)

Which statement describes the effect of a catalyst on an energy change shown in the reaction
pathway diagram?

A

products

energy
reactants
progress of reaction -
A A catalyst decreases the energy change labelled 1.
B A catalyst increases the energy change labelled 2.
C A catalyst decreases the energy change labelled 3.
D A catalyst increases the energy change labelled 4.

(2026 May/Jun - 0654/22 - Question 18 - Extended)

AAA 4 TEIREFEEBRARBR KN (F55k K e vovv)
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0N SHE IR 2R ER BT R R RN, BT AT = Ty — Ty
] The initial and final temperatures of four different experiments are measured.

Which experiment is the most endothermic?

initial final
temperature/°C temperature/°C

A 20 19
B 20 27
Cc 21 26
D 22 20

(2025 Feb/Mar - 0654/12 - Question 20 - Core)
fi#: HAT =Ty — Ty, %
AT, =19—-20=-1°C
AT =27—-20="7°C
AT, =26—-21=5°C
ATp=20-22=-2°C
AT < 0 Fomlctl, D HYIRBEREIRECR, WIREERR. W% Do

RS

1.

Equal masses of four substances are added separately to different samples of 10cm?® of dilute
hydrochloric acid at 22 °C.

The final temperature of each reaction mixture is measured.

Which reaction is most endothermic?

final
temperature/°C

29
27
20
17

O 0O W >

(2025 May/Jun - 0654/11 - Question 20 - Core)
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Four different substances are added to the same acid of the same concentration in reactions
W, X, Y and Z.

The initial temperature of the acid before each reaction is 21 °C.
The final temperatures of the mixtures are measured.

The results are shown.

reaction w X Y VA
final temperature/°C 28 19 26 17

Which row is correct?

most most
endothermic exothermic
reaction reaction
A w Z
B Z w
C X Y
D Y X

(2024 Oct/Nov - 0654/11 - Question 19 - Core)

Equal amounts of substances W, X, Y and Z are reacted separately with equal amounts of
dilute acid.

The following temperature changes are recorded.

substance temperature change/°C
w increases by 8
X decreases by 6
Y increases by 9
Z decreases by 4

Which substances produce the most exothermic and the least endothermic reactions?

most least
exothermic endothermic

W X

O 0O m »
< X =

Y4
Y
Y4

(2022 Oct/Nov - 0654/11 - Question 18 - Core)
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Which process is exothermic?
A Dboiling water
B cracking a long chain alkane
C decomposition of limestone

D identification of hydrogen using a lighted splint

(2023 Feb/Mar - 0654/22 - Question 18 - Extended)

i PG REEFIRZULITA KA 7 TN RE R . R R B GE. FERAE R . ik D
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PSS
1.

A piece of sodium is added to water.

Which row shows the type of reaction and the energy level diagram for the reaction?

type of reaction energy level diagram
A
2NaOH + H,
A
ener
A endothermic &
2Na + 2H,0
progress of reaction -
A
2Na + 2H,0
ener:
B endothermic i
y 2NaOH + H,
progress of reaction -
A
2NaOH + H,
A
ener:
C exothermic %
2Na + 2H,0
progress of reaction -
A
2Na + 2H,0
ener:
D exothermic &
y 2NaOH + H,

progress of reaction

(2024 May/Jun - 0654/21 - Question 20 - Extended)
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A reaction pathway diagram for a reaction is shown.

A

reactants

energy

products

\j

progress of reaction
Which reactions have a reaction pathway diagram like the one shown?
1 C+ O, » CO,
2 CaCO; —» CaO + CO,
3 2C3Hs + 90, —» 6CO, + 6H,0
4 H,O() » HyO(g)
d

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

(2025 May/Jun - 0654/23 - Question 18 - Extended)
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Which process is a chemical change?

A boiling

B dissolving

C melting

D neutralisation

(2022 May/Jun - 0654/23 - Question 15 - Extended)

i BRREREALBUEYIZS, ARSI, B
ORI B AR R R AR A . R TR

ﬂﬁ(iﬁ Do
RS
1. Which process involves a chemical change?
A burning a wooden splint
B dissolving sodium chloride in water
C evaporating water
D distilling petroleum
(2024 Oct/Nov - 0654/12 - Question 15 - Core; [6]/@i: 2024 Oct/Nov - 0654/13 - Question 15 - Core)
2,

Which change is a physical change?

A combustion of ethanol

B

rusting of iron

C dissolving sodium chloride in water

D

polymerisation of ethene to poly(ethene)

(2026 May/Jun - 0654/12 - Question 19 - Core)
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Which changes are chemical changes?

A

1 iron rusting

2 burning coal

3 dissolving sugar in water
4  boiling water

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

(2024 Feb/Mar - 0654/22 - Question 14 - Extended)

Which change is a chemical change?

A
B
Cc
D

combustion of hydrocarbons
filling a balloon with air
freezing a glass of water

mixing salt and sand
(2024 Feb/Mar - 0654/12 - Question 14 - Core)

Which change is a chemical change?

A

B
C
D

boiling water
combustion of alkanes
filtering a mixture of sand and water

fractional distillation of petroleum
(2025 Oct/Nov - 0654/12 - Question 19 - Core; [a]&i: 2025 Oct/Nov - 0654/13 - Question 19 - Core)

When solid zinc carbonate is heated, a different solid and a gas are formed.

Which type of change occurs?

A
B
Cc
D

chemical
exothermic
physical

separation

(2023 May/Jun - 0654/12 - Question 15 - Core; [f]f#i: 2023 May/Jun - 0654/22 - Question 15 - Extended; [a]#: 2023 May/Jun - 0654/13 -

Question 15 - Core)

Which process is a physical change?

A

B
C
D

Molecules of a single substance join together to make new molecules.
Monomer molecules form a polymer.
Molecules of a substance separate from each other.

Solid calcium carbonate decomposes to give carbon dioxide gas.

(2026 May/Jun - 0654/22 - Question 19 - Extended)
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10.

1.

12.

Which processes are physical changes?
1 Hydrogen gas joins with oxygen gas to form steam.
Liquid water turns into steam.

2

3 Clx(g) — 2CI(g)
4 CHy(l) > CHu(g)
d

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

(2025 May/Jun - 0654/22 - Question 17 - Extended)
Three different processes are listed.
1 heating ice to form water
2 lighting a match
3 removing zinc from sodium chloride solution by filtration
Which processes are physical changes?

A 1,2and3 B 1and2only C€C 1and3only D 2and3only
(2022 May/Jun - 0654/11 - Question 15 - Core; [f]f#i: 2022 May/Jun - 0654/21 - Question 15 - Extended)

Which changes are chemical changes?
1 the burning of magnesium
2 the melting of sulfur

3 the rusting of iron

4

the reduction of iron(III) in iron(III) oxide

A 1,2and3 B 1,3and4 C 1and3only D 2and4
(2026 Feb/Mar - 0654/12 - Question 17 - Core)

Which statements about chemical changes are correct?

1 The separation of petroleum into gasoline, naphtha and diesel is a chemical change.
2 The separation of water into hydrogen and oxygen is a chemical change.

3 In achemical change, a new substance is always formed.

4 In a chemical change, heat is always released.
d

2 B 1and4 C 2and3 D 3and4

(2024 May/Jun - 0654/11 - Question 15 - Core)

A 1an

Some physical and chemical changes are listed.
1 burning methane
2 dissolving sugar in water
3 evaporating ethanol
4 rusting iron
Which changes are chemical changes?

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

(2022 May/Jun - 0654/12 - Question 15 - Core; [f]#: 2022 May/Jun - 0654/13 - Question 15 - Core. 2022 May/Jun - 0654/22 - Question 15

- Extended)



13.

Some changes involving sodium chloride are listed.

1 Sodium and chlorine are combined to form sodium chloride.

Solid sodium chloride is dissolved in water.

2
3 Agueous sodium chloride decomposes when an electric current is passed through it.
4

Solid sodium chloride is heated until it turns to a liquid.

Which changes are chemical changes?

A

1and 2 B

1and 3

C 2and4

D 3and4

(2026 May/Jun - 0654/13 - Question 16 - Core)

(2024 Oct/Nov - 0654/21 - Question 19 - Extended)

14. When a match burns, heat and light energy are produced.
Which row describes the type of change and the type of reaction taking place?
type of change type of reaction
A chemical endothermic
B chemical exothermic
C physical endothermic
D physical exothermic
15.

The boiling point of ammonia is —33 °C.

The temperature of a sealed flask containing ammonia is changed from —35°C to —-30°C.

Which row describes and explains the type of change that happens in the flask?

type of change

explanation

O O m >

chemical
chemical
physical
physical

no new substance is formed
hydrogen and nitrogen are formed
no new substance is formed

hydrogen and nitrogen are formed

(2024 May/Jun - 0654/21 - Question 15 - Extended)
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Dilute hydrochloric acid reacts with solid calcium carbonate.
Which change decreases the rate of the reaction?
A decreasing the concentration of the hydrochloric acid
B decreasing the size of the calcium carbonate pieces
C increasing the surface area of the calcium carbonate
D

increasing the temperature of the acid
(2024 Oct/Nov - 0654/11 - Question 20 - Core)
f: BEARERRRWKRE . BAALAARRR PN SR T8/, B I 18] A A SRl IRl S B R A1
Lk Ao

ARSE )
1. Dilute hydrochloric acid reacts with calcium carbonate.
The equation for the reaction is shown.
CaCO; + 2HC! — CaCl, + CO; + H,O
Which change increases the rate of the reaction?
A decreasing the temperature of the hydrochloric acid
B increasing the concentration of the hydrochloric acid
C increasing the size of the calcium carbonate particles
D increasing the volume of the hydrochloric acid
(2024 May/Jun - 0654/11 - Question 20 - Core)
2. Solid zinc carbonate reacts with excess dilute hydrochloric acid.
Which changes in the conditions increase the rate of this reaction?
1 Increase the concentration of hydrochloric acid.
2 Increase the temperature of the reaction mixture.
3 Increase the volume of hydrochloric acid.
4  Use larger pieces of zinc carbonate.
A 1and2 B 1and3 C 2and4 D 3and4
(2025 May/Jun - 0654/11 - Question 21 - Core)
3.

The equation for the reaction between calcium carbonate and dilute hydrochloric acid is shown.
CaCO; + 2HCI —» CaCl, + CO, + H,O
Which change increases the rate of this reaction?

Decrease the temperature.

B Increase the particle size of the calcium carbonate.
C Increase the concentration of the acid.
D Increase the volume of the acid.

(2025 Feb/Mar - 0654/12 - Question 21 - Core)
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Which actions increase the rate of a reaction?

1 Add a catalyst.

2 Increase the concentration of a reactant.
3 Increase the size of solid particles.
4

Decrease the temperature of the reaction.

A 1and2 B 1and3 C 2and4 D 3and4

(2026 May/Jun - 0654/11 - Question 18 - Core)
Which statement about rates of reaction is correct?
A Catalysts never affect the rate of reaction.
B Decreasing the temperature of a reaction increases the rate of reaction.
C Increasing the concentration of a reacting solution decreases the rate of reaction.
D

Using smaller sized pieces of a solid increases the rate of reaction.

(2023 Feb/Mar - 0654/12 - Question 19 - Core)

Magnesium ribbon is reacted with 50 cm?® of dilute hydrochloric acid.
Which change does not increase the rate of the reaction?

A Increase the concentration of the hydrochloric acid.

B Increase the temperature of the hydrochloric acid.

C Increase the volume of the hydrochloric acid.
D

Use powdered magnesium.

(2024 May/Jun - 0654/21 - Question 21 - Extended)

A fixed mass of zinc reacts with 100 cm?® of dilute sulfuric acid.

Which row identifies changes that increase the rate of the reaction?

change to the size

of the zinc particles change to the acid

A decrease decrease the concentration
B decrease increase the temperature

C increase decrease the temperature
D increase increase the concentration

(2025 Feb/Mar - 0654/22 - Question 17 - Extended)
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The diagram shows zinc reacting with dilute sulfuric acid.

f/ bubbles of gas

0C

zinc ' ic aci
L\ N J/dllute sulfuric acid

Which change does not increase the rate of the reaction?

A Add a catalyst.
B Increase the concentration of dilute sulfuric acid.
C Increase the temperature of dilute sulfuric acid.
D Decrease the surface area of zinc.

(2025 Oct/Nov - 0654/12 - Question 20 - Core:;
Four beakers each contain 50 cm® dilute hydrochloric acid of equal concentration.
50 cm?® of water is added to two of the beakers.

4.0g magnesium carbonate is then added to each beaker.
magnesium carbonate added to some of the beakers are different.

Which experiment has the lowest rate of reaction?

[@]i: 2025 Oct/Nov - 0654/13 - Question 20 - Core)

The particle sizes of the

volume of dilute mass of size of pieces
hvdrochlori volume of ) f )
ydrochloric water/cm? magnesium of magnesium
acid/cm?® carbonate/g carbonate
A 50 50 4.0 small
B 50 0 4.0 small
C 50 50 4.0 large
D 50 0 4.0 large

(2024 Oct/Nov - 0654/12 - Question 19 - Core; [6]@i: 2024 Oct/Nov - 0654/13 - Question 19 - Core)
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During a reaction, a gas is given off.

Which pieces of apparatus are essential to measure the rate of this reaction?

A balance and volumetric pipette

beaker and stop-watch

B
C gas syringe and stop-watch
D

pipette and stop-watch

(2026 May/Jun - 0654/13 - Question 19 - Core)
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1.

The rate of reaction between calcium carbonate and dilute hydrochloric acid is determined either
by measuring the change in gas volume per unit time or by measuring the change in mass per
unit time.

Which piece of apparatus must be used for both methods?

A

B
Cc
D

a balance

a gas syringe

a stop-clock

a thermometer

(2023 Oct/Nov - 0654/21 - Question 19 - Extended)

Calcium carbonate reacts with dilute hydrochloric acid in a flask. The reaction releases
carbon dioxide gas.

The decrease in the mass of the flask and its contents is measured over time.

Which pieces of apparatus must be used?

A

1

Q H» W N

1and 2

balance
pipette
thermometer
stop-clock

B 1and4 C 2and3 D 3and4
(2024 Oct/Nov - 0654/12 - Question 14 - Core; [a]&i: 2024 Oct/Nov - 0654/13 - Question 14 - Core)
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A student adds 5g of magnesium ribbon to 20 cm? of dilute hydrochloric acid in a beaker.
The student measures how long it takes for the effervescence to stop.

Which pieces of apparatus does the student use in this experiment?

balance mfyalli?]l:jr(iar;g stop-clock | thermometer
A v v X v key
B v X v v v = uses the apparatus
C v v v X X = does not use the apparatus
D X v v v

(2024 Oct/Nov - 0654/11 - Question 14 - Core)
The rate of a reaction that produces carbon dioxide gas is investigated.
Which piece of apparatus gives the least accurate measurement for the gas production?
A Dburette
B gas syringe
C measuring cylinder
D

3-decimal-place digital balance

(2024 Oct/Nov - 0654/22 - Question 18 - Extended)

Calcium carbonate is added to dilute hydrochloric acid in a conical flask. Carbon dioxide gas
is produced.

carbon dioxide

o‘:’ : oo?o ° g\/
© 0,0 .
\ % Q °‘° \)dllute

hydrochloric acid

calcium carbonate

Which methods are used to investigate the rate of this reaction?

1 Connect the conical flask to a gas syringe and measure the volume of
carbon dioxide collected every 15 seconds.

2 Place the apparatus on a balance and measure the mass every 15 seconds.

3 Measure the volume of hydrochloric acid in the flask every 15 seconds.

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

(2026 Feb/Mar - 0654/12 - Question 18 - Core)
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An experiment is assembled to measure the rate of reaction between limestone and
hydrochloric acid.

In the experiment a gas is released. The volume of gas produced is measured every five seconds.

Which piece of apparatus cannot be used to measure the volume of gas?

A Dburette

B measuring cylinder
C Dpipette

D gas syringe

(2024 Oct/Nov - 0654/21 - Question 15 - Extended)

The apparatus used to determine the rate of a chemical reaction is shown.

For which reaction is the rate determined using this apparatus?
A CaCO; —» CaO + CO,

B 2C,Hs + 70, —» 4CO, + 6H,0

C MgCO; + 2HCI —» MgCl, + CO, + HO

D Cl, + 2NaBr —» Br, + 2NaCl

(2024 Oct/Nov - 0654/23 - Question 18 - Extended)

When dilute hydrochloric acid reacts with calcium carbonate, carbon dioxide is produced.

Which pieces of apparatus are used to investigate the effect of temperature on the rate of this
reaction?

A 1,2and3 B 1and2only C 1and3only D 2and3only
(2024 May/Jun - 0654/23 - Question 17 - Extended)
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Bl The initial and final readings on a sensitive thermometer used in an experiment are shown.
°C | E22f “C | E3of
211 291
initial final

What is the temperature change for this experiment?

A 04 B 40 C 68 D 76
(2024 May/Jun - 0654/21 - Question 14 - Extended)
ff: MABPRELZ AIA 10 MK, BAMERIR
d=22=01°C
VIR 21.6 °C, B8N 29.2 °C,
AT =29.2°C—21.6 °C=17.6 °C
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Which row describes the effect of increasing temperature on the collisions between particles in a

chemical reaction?

frequency of energy of
collisions collisions

A decreases increases
B decreases decreases
C increases decreases
D increases increases

(2023 May/Jun - 0654/23 - Question 19 - Extended)
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1. Which row explains why increasing the concentration of a reactant increases the rate of reaction?
proportion of particles collision frequency
with the minimum between reacting
energy to react particles
A increases increases
B increases stays the same
C stays the same increases
D stays the same stays the same
(2023 May/Jun - 0654/21 - Question 19 - Extended)
2. Which statement explains why increasing the concentration of reactants increases the rate of a
reaction?
A The proportion of particles that possess the activation energy is greater.
B The particles collide more frequently.
C The particles collide more slowly.
D The particles collide with greater energy.
(2023 May/Jun - 0654/22 - Question 19 - Extended)
3.

Dilute hydrochloric acid is reacted with magnesium. The reaction is repeated using a higher

concentration of acid.

Which statement about the second reaction is not correct?

A The rate of reaction is greater.

The particles have more energy.

B
C There are more frequent collisions between reacting particles.
D

There are more reacting particles.

92

(2023 Oct/Nov - 0654/23 - Question 19 - Extended)



Which change decreases the frequency of collisions between reactant particles?
A increasing the concentration of reactant solutions

B increasing the pressure on gaseous reactants

C increasing the temperature of the reaction mixture
D

using larger pieces of a solid reactant

(2023 Oct/Nov - 0654/22 - Question 18 - Extended)

A reaction is carried out at two different temperatures.

Which statement about the reaction at the higher temperature is not correct?
A A greater proportion of reacting particles possess the activation energy.
B Reacting particles collide more frequently.

C Reacting particles have greater kinetic energy.

D

The activation energy of the reaction decreases.

(2024 Feb/Mar - 0654/22 - Question 19 - Extended)

Which change to the conditions of a reaction can produce the same number of successful
collisions between reacting particles per second?

temperature | o0 on
A higher lower
B higher unchanged
C lower lower
D lower unchanged

(2025 Oct/Nov - 0654/22 - Question 23 - Extended)
Calcium carbonate and dilute hydrochloric acid react together in a beaker.
When the reaction mixture is heated, the rate of the reaction increases.
Which statements explain this observation?
1  The frequency of particle collisions increases.
More colliding particles have energy greater than the activation energy.

2
3 The gas pressure in the beaker increases.
4  The activation energy decreases.

d

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

(2025 Oct/Nov - 0654/23 - Question 16 - Extended)



10.

Increasing the temperature of a reaction mixture increases the rate of the reaction.

Which statements explain this increase in the rate of the reaction at higher temperatures?
1 The activation energy is increased.

The reacting particles are closer together.

There are more frequent collisions between reacting particles.

More collisions between reacting particles result in a reaction.

2 B 1and4 C 2and3 D 3and4

(2025 Oct/Nov - 0654/21 - Question 17 - Extended)

o » W N

A 1an

A student adds excess zinc to a fixed volume of dilute sulfuric acid of concentration 1.0 mol/dm?
at different temperatures.

Hydrogen gas is produced.

The results are shown.

time for
. temperature of
experiment . . 1o effervescence
sulfuric acid/°C
toend/s
1 30 240
2 40 120

Which statement about the rate of reaction in these experiments is correct?

A Experiment 1 has a higher rate because more collisions have an energy exceeding the
activation energy and the frequency of collisions between particles is smaller.

B Experiment 2 has a higher rate because more collisions have an energy exceeding the
activation energy and the frequency of collisions between particles is greater.

C Experiment 1 has a higher rate because the activation energy is lower at lower temperatures
and the frequency of collisions between particles is greater.

D Experiment 2 has a higher rate because the activation energy is lower at higher temperatures
and the frequency of collisions between particles is smaller.

(2026 May/Jun - 0654/21 - Question 19 - Extended)
Solid P reacts with dilute acid.

Which change in reaction conditions increases both the frequency of particle collisions and the
number of colliding particles that have the minimum energy needed to react?

A Decrease the particle size of solid P.

B Increase the concentration of the acid.
C Increase the surface area of solid P.
D

Increase the temperature of the reaction.
(2025 May/Jun - 0654/23 - Question 19 - Extended)
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The equation for the reaction between sulfur dioxide and oxygen is shown.
250,(g) + Ox(g) — 2S04(9)
Which statements explain why the rate of this reaction increases at higher temperatures?
1 The molecules move closer together so they collide more frequently.
2 The molecules move more quickly so they collide more frequently.
3 The activation energy is decreased.
4  More colliding particles possess the activation energy.

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

(2024 Oct/Nov - 0654/21 - Question 20 - Extended)
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Bl A fixed mass of a solid is reacted with a liquid.

The volume of gas given off from the reaction over time is shown by line S.

A

volume T

time
Which change to the reaction conditions produces line T on the graph?
A increasing the amount of catalyst added
B increasing the concentration of the liquid
C increasing the particle size of the solid

D increasing the temperature of the reaction

(2022 May/Jun - 0654/11 - Question 19 - Core)
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1. Two separate experiments X and Y are used to investigate the rate of the reaction between equal
masses of calcium carbonate and excess dilute hydrochloric acid.

The volume of carbon dioxide given off is measured over time.

A graph of the results is shown.

volume of
carbon
dioxide Y

\

time
Which statement explains the difference between experiments X and Y?
A Acatalystis added to Y.
B A higher temperature is used in Y.
C Larger pieces of calcium carbonate are used in X.
D

The acid is more concentrated in X.
(2022 Oct/Nov - 0654/12 - Question 19 - Core)
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Dilute hydrochloric acid reacts with calcium carbonate. The equation for the reaction is shown.
2HC! + CaCO; —» CaCl, + H,O + CO,

The effect of concentration of the acid on the rate of this reaction is investigated.

The volume of gas produced over time is measured for two different concentrations of the acid.

The results for experiments 1 and 2 are shown.

A

experiment 1

volume
of gas

' experiment 2

Y

time

Which row shows the reaction that has the higher rate of reaction and explains why?

higher rate reason
A experiment 1 the activation energy is lower in experiment 1
B experiment 1 the collision frequency is greater in experiment 1
C experiment 2 the activation energy is lower in experiment 1
D experiment 2 the collision frequency is greater in experiment 1

(2023 Feb/Mar - 0654/22 - Question 19 - Extended)

Experiments X and Y investigate the rate of reaction between magnesium and excess dilute
hydrochloric acid.

In each experiment, the total volume of hydrogen gas produced is measured over time.
There is only one difference in the conditions between experiment X and experiment Y.

Graphs of the results of both experiments are shown.

A

-

total volume of .
hydrogen gas /! X

\

time

Which statement about the experiments is correct?

A catalyst is used only in X.

B The hydrochloric acid in X is more concentrated than in Y.
C The temperature of Y is lower than X.
D Smaller pieces of magnesium are used in Y compared to X.
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(2026 Feb/Mar - 0654/22 - Question 19 - Extended)

The rate of a reaction between a powdered metal and a dilute acid is investigated by measuring
the volume of hydrogen gas produced per minute.

The investigation is repeated using a catalyst. The same mass of powdered metal and the same
volume and concentration of acid is used.

Which statement about the second investigation is correct?

A The rate of the reaction is higher and a greater total volume of hydrogen is produced.
B The rate of the reaction is higher and the same total volume of hydrogen is produced.
C The rate of the reaction is lower and a smaller total volume of hydrogen is produced.
D

The rate of the reaction is lower and the same total volume of hydrogen is produced.

(2022 Oct/Nov - 0654/11 - Question 19 - Core)
A chemical reaction produces a gas.
The volume of gas given off over time is measured.

The results are shown.

time/s 0O [10 | 20 | 30 |40 | 50 | 60 | 70 | 80
volume of gas/cm® 0O |27 |48 | 63 | 77 | 86 | 89 | 90 | 90

During which time period is the rate of reaction greatest?
A 0-10 seconds

B 20-30 seconds

C 40-50 seconds
D

60-70 seconds
(2022 Oct/Nov - 0654/13 - Question 19 - Core)
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When solid pieces of calcium carbonate are added to dilute hydrochloric acid in a flask,
carbon dioxide gas is given off.

The mass of the flask and its contents are measured over time.

cotton wool

flask

calcium
carbonate

balance

Two different experiments are carried out. In both experiments the acid is in excess.
The results of these two experiments are shown.

A

mass of flask
and contents

experiment 1

time
Which statement explains the different shapes of the curves?
A Experiment 2 uses a catalyst.
B Experiment 2 uses acid at a higher temperature.
C Experiment 2 uses acid that is more dilute.
D

Experiment 2 uses powdered calcium carbonate.

(2022 May/Jun - 0654/12 - Question 19 - Core; [a]fi: 2022 May/Jun - 0654/13 - Question 19 - Core)
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Equal masses of limestone pieces are reacted with acid in two experiments.
Only one change to the conditions is made between experiment 1 and experiment 2.
The volume of gas produced is measured over time.

The results are shown.

experiment 1

volume
of gas

—————————————————————————— experiment 2
/cm?® .

time/s
Which statement about the experiments is correct?
A The concentration of acid used in experiment 2 is higher than in experiment 1.
B The temperature used in experiment 2 is lower than in experiment 1.
C The limestone pieces used in experiment 1 are larger than in experiment 2.
D The volume of acid used in experiment 1 is greater than in experiment 2.

(2025 May/Jun - 0654/22 - Question 18 - Extended)

When 50 cm?® of dilute hydrochloric acid and excess solid sodium carbonate are mixed, they react
to form carbon dioxide gas.

The gas is collected in a gas syringe as shown.

gas syringe

conical flask

dilute hydrochloric acid and
sodium carbonate mixture

The experiment is repeated using 25 cm?® of the same concentration of dilute hydrochloric acid.

Which statement about the second experiment compared to the first experiment is correct?

It has the same initial rate of reaction and produces a lower volume of gas.

B It has the same initial rate of reaction and produces the same volume of gas.
C It has a lower initial rate of reaction and produces a lower volume of gas.
D It has a lower initial rate of reaction and produces the same volume of gas.

(2026 May/Jun - 0654/22 - Question 20 - Extended)
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In which change is the oxide of phosphorus, P,O3, reduced?

H
A

A

D | B
F)4010 PZOS P406

c
v

PZOS

(2023 Oct/Nov - 0654/13 - Question 19 - Core)
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1.

The equation for the reaction between copper(Il) oxide and carbon is shown.
2CuO + C —» 2Cu + CO,
Which substance is oxidised in this reaction?

A C B CO, C Cu D CuO

(2025 Oct/Nov - 0654/12 - Question 21 - Core; [f]fi: 2025 Oct/Nov - 0654/13 - Question 21 - Core)
Which statement explains why the rusting of iron is an oxidation reaction?
A Iron gains oxygen.
B Iron is a transition element.
C lronis very reactive.
D

Iron loses oxygen.

(2024 Feb/Mar - 0654/12 - Question 20 - Core)

101



Which statements about oxidation and reduction are correct?
1  Oxidation is the gain of oxygen.

Oxidation is the loss of oxygen.

Reduction is the gain of oxygen.

Reduction is the loss of oxygen.

o » W N

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

(2025 Oct/Nov - 0654/22 - Question 24 - Extended)

The equation for the reaction between iron(III) oxide, Fe,O3, and carbon is shown.

2Fe,0; + 3C — 4Fe + 3CO;,
Which statement about this reaction is correct?
A Cis oxidised.
B CO,is reduced.
C Feis oxidised.
D Fe,0;is oxidised.

(2024 May/Jun - 0654/12 - Question 19 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 19 - Core)

To extract a metal from its ore, a metal oxide is mixed with carbon and heated as shown.

tal oxid
andcabon (G mr—

heat

| limewater

0,0.
\O

€

The limewater turns cloudy.

Which term describes what happens to the metal oxide?
A combustion

B neutralisation
C oxidation

D reduction

(2023 Oct/Nov - 0654/12 - Question 18 - Core)
Which statement shows that methane, CHy,, is oxidised when it burns?
A The products of the reaction are gaseous.
B The products of the reaction are water and carbon dioxide.
C The reaction is exothermic.
D

The total number of oxygen atoms has increased during the reaction.

(2023 May/Jun - 0654/11 - Question 20 - Core)
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Which statement about oxidation is correct?

A It occurs when an element or compound chemically combines with oxygen.

B It occurs when an element or compound forms a mixture with oxygen.

C It occurs when an element or compound is separated from a mixture with oxygen.
D

It occurs when a compound loses oxygen.

(2024 Oct/Nov - 0654/11 - Question 21 - Core)

8. Which equation shows the oxidation of a metal?
A CuO + H; —» Cu + HO
B CuO +Zn - Cu + ZnO
C Fe)O; + 3CO —» 2Fe + 3CO,
D 2ZnO + C —» 2Zn + CO;,
(2025 May/Jun - 0654/11 - Question 22 - Core)
9. Which reactions involve oxidation?
1 C+ O, » CO,
2 2NaOH + H;SO; — Nay,SO, + 2H,0
3 2Mg + O, —» 2MgO
4 CaCO;z; —» CaO + CO,
A 1and3 B 1and4 C 2and3 D 2and4
(2024 May/Jun - 0654/11 - Question 21 - Core)
10.

In a reaction, iron(II) oxide is converted to iron(III) oxide.

Which row shows what happens to the iron(Il) oxide?

gain of gain of an
oxygen electron
A v v
B v X
C X v
D X X

(2026 May/Jun - 0654/23 - Question 18 - Extended)
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Sodium reacts with chlorine to form sodium chloride.
The equation is shown.
2Na + Cl, —» 2NaCl
During the reaction, sodium atoms 1 electrons and chlorine molecules act as 2

Which row completes gaps 1 and 27?

1 2
A gain an oxidising agent
B gain a reducing agent
C lose an oxidising agent
D lose a reducing agent

(2022 May/Jun - 0654/21 - Question 18 - Extended)

& 4 0 ARk NaCl Hfl) +1 fy, HaR LT
2Na — 2Na™ + 2e~
Cl, + 2¢— — 2C1-

Ao TRERFIgar, SRS TREMH . Mk Co

ARSE )
1. Iron displaces copper ions from its aqueous salts.

An equation for this reaction is shown.

Fe + Cu” — Fe** + Cu
What is the reducing agent in this reaction?
A Cu B Cu* C Fe D Fe*
(2023 Oct/Nov - 0654/22 - Question 19 - Extended)

2.

Magnesium reacts with chlorine to form magnesium chloride.

Mg(s) + Cla(g) — MgClx(s)

Which statement about this reaction is correct?

A

B
Cc
D

The magnesium is being reduced.
The oxidising agent is chlorine.
The reaction involves oxidation but not reduction.

There is no oxygen involved so there is no oxidation.

(2022 May/Jun - 0654/23 - Question 18 - Extended)
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Solid zinc reacts with aqueous copper(II) sulfate. The ionic equation for the reaction is shown.

Zn + Cu** —» zZn* + Cu

Which row identifies the substance being oxidised and the reducing agent?

b s_ubsta_nge reducing agent
eing oxidised

A Cu** Cu**

B Cu® Zn

(o Zn Cu®*

D Zn Zn

(2024 May/Jun - 0654/23 - Question 18 - Extended)

The equation for the reaction between magnesium and zinc sulfate is shown.
Mg + ZnSO4 — Zn + MgSO,

What happens to magnesium in this reaction?
A ltis oxidised because it gains electrons.
B Itis oxidised because it loses electrons.
C Itis reduced because it gains electrons.
D

It is reduced because it loses electrons.

(2024 Oct/Nov - 0654/23 - Question 19 - Extended)

Which statements about the reaction between a metal and a non-metal are correct?

1 Metal atoms gain electrons.

2 Metal atoms lose electrons.
3 The non-metal is the reducing agent.
4  The non-metal is the oxidising agent.
A 1and3 B 1and4 C 2and3 D 2and4

(2022 Oct/Nov - 0654/22 - Question 16 - Extended)
In which equation is the underlined zinc an oxidising agent?
A Zn + Cl, —» ZnCl,
B Zn + 2H" - Zn** + H,
C 2Zn* + Mg - Zn + Mg*
D 2zZn + O, —» 2Zn0O

(2023 Feb/Mar - 0654/22 - Question 20 - Extended)
In which equation is the underlined substance acting as an oxidising agent?
A AgNO; + NaCl —» AgCl + NaNO;
B Cl, + 2KBr —» Br, + 2KCI
C Fe)0O;3 + 3CO —» 2Fe + 3CO;
D H; + PbO —» Pb + H,0O

(2024 May/Jun - 0654/22 - Question 19 - Extended)
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10.

1.

In which equation is the underlined substance reduced?

A Cl, + 2KBr —» 2KC! + Br;

B 2Mg + O, —» 2MgO
C 2PbO + C —» CO; + 2Pb
D

Zn + CuSO4 — Cu + ZnSO,

(2022 May/Jun - 0654/22 - Question 18 - Extended)

The ionic equation for the reaction between iron(II) chloride and chlorine is shown.

2Fe?* + Cl, — 2Fe* + 2CI-

Which row shows the substance that is reduced and the oxidising agent?

substance oxidising
reduced agent
A Cl, Cl,
B Cl, Fe**
c Fe** Cl,
D Fe** Fe®*

(2023 Oct/Nov - 0654/21 - Question 20 - Extended)

Which statements about the reduction of copper(Il) oxide by heating with carbon are correct?

1
2
3
4
d

A 1an

Copper(II) ions lose electrons.

Copper(II) oxide acts as an oxidising agent.
Copper(II) oxide loses oxygen.
Oxide ions are reduced.

2 B 1and4 C 2and3

D 3and4
(2022 Feb/Mar - 0654/22 - Question 17 - Extended)

The equation for the reaction of iron(IIl) oxide and aluminium is shown.

2Al + Fe, O3 —» Al,O3 + 2Fe

Which statements about this reaction are correct?

1
2
3
4
d

A 1an

Iron(III) ions are reduced.
O atoms gain electrons.
Fe,O;is a reducing agent.

Al atoms lose electrons.

2 B 1and4 C 2and3
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D 3and4
(2022 Oct/Nov - 0654/21 - Question 20 - Extended)



12

The equation for the reaction between sodium bromide and concentrated sulfuric acid is shown.

2NaBr + 2H,SO, — Na,SO, + Br, + SO, + 2H,0

What is oxidised in this reaction?

A

B
Cc
D

sodium ions
bromide ions
hydrogen ions

sulfate ions

(2024 Feb/Mar - 0654/22 - Question 20 - Extended)
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Which reaction is not a redox reaction?

A iron oxide + carbon — iron + carbon dioxide

B silver nitrate + sodium chloride — silver chloride + sodium nitrate
C copper oxide + hydrogen — copper + water
D

magnesium + oxygen — magnesium oxide

(2022 Feb/Mar - 0654/12 - Question 18 - Core)

g AP BRADERS SR, C R RmALIERSE . D hEAEIR, ZH R AR .
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1.

A

B
Cc
D

Which equation represents a redox reaction?

CaCO; —» CaO + CO,
CuS0O4*5H,O0 — CuSO4 + 5H,0
2Na + Cl, —» 2NaCl

NaOH + HC!l — NaCl + H,O

(2022 Oct/Nov - 0654/23 - Question 20 - Extended)
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Which word equation represents a redox reaction?

A calcium carbonate — calcium oxide + carbon dioxide

B calcium oxide + hydrochloric acid — calcium chloride + water
C copper oxide + carbon — copper + carbon dioxide
D

sodium oxide + water — sodium hydroxide

(2023 Feb/Mar - 0654/12 - Question 20 - Core)
Which statements about redox reactions are correct?

1 Areaction where oxygen is transferred from one substance to another is a
redox reaction.

2 The end-point of a redox reaction is when the pH equals 7.
3 Metals are always reduced and non-metals are always oxidised in a redox reaction.

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

(2026 May/Jun - 0654/11 - Question 19 - Core)
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What reacts with ammonia gas?
hydrochloric sodium
acid hydroxide
A v v key
B v X v = reacts
Cc X v X = does not react
D X X

(2024 Feb/Mar - 0654/12 - Question 21 - Core)
#: NH, REWIE, 5 HCl R
NH, + HCl = NH,Cl
NaOH 0. NH, 5 NaOH . #iik Bo
ARSEE

1.

Which gas is produced when zinc reacts with dilute hydrochloric acid?
A carbon dioxide
B hydrogen
C oxygen
D sulfur dioxide
(2022 Oct/Nov - 0654/13 - Question 20 - Core)
Which type of substance reacts with an acid to produce a salt, water and a gas?
A alkali
B base
C carbonate

D metal

(2025 Oct/Nov - 0654/11 - Question 21 - Core)

109



Copper carbonate is reacted with dilute hydrochloric acid.
Which gas is given off?
A carbon dioxide
B hydrogen
C nitrogen
D sulfur dioxide
(2022 Oct/Nov - 0654/11 - Question 20 - Core)

The word equation shown is incomplete.

acid + alkali > X + water
What is X?
A base
B carbon dioxide
C hydrogen
D

salt
(2025 Oct/Nov - 0654/22 - Question 25 - Extended)

A piece of magnesium ribbon is placed in dilute hydrochloric acid.

The magnesium reacts and bubbles of a colourless gas are formed.

What is the word equation for this reaction?

A magnesium + hydrochloric acid — magnesium chloride + hydrogen

B magnesium + hydrochloric acid — magnesium chloride + carbon dioxide + water
C magnesium + hydrochloric acid - magnesium chloride + carbon dioxide
D

magnesium + hydrochloric acid — magnesium chloride + hydrogen + water
(2024 Oct/Nov - 0654/12 - Question 20 - Core; [a]#i: 2024 Oct/Nov - 0654/13 - Question 20 - Core)

Salts are made when four substances react separately with dilute hydrochloric acid.
1  magnesium
2 magnesium carbonate
3 magnesium hydroxide
4 magnesium oxide
Which substances produce a gas when reacted with dilute hydrochloric acid?

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

(2024 May/Jun - 0654/11 - Question 22 - Core)
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Which statements about neutralisation are correct?

1 Acids and bases produce water when they neutralise each other.

2 During neutralisation, bases transfer protons to acids.
3 Neutral solutions turn universal indicator green.
4 During neutralisation, acids transfer hydroxide ions to bases.
A 1and3 B 1and4 C 2and3 D 2and4
(2023 May/Jun - 0654/21 - Question 20 - Extended)
8. Which row describes chemical properties of dilute hydrochloric acid?

produces a gas
effect on litmus paper when added to a
metal carbonate

A turns red litmus blue no
B turns blue litmus red no
C turns red litmus blue yes
D turns blue litmus red yes
(2025 Feb/Mar - 0654/22 - Question 18 - Extended)
9. Limestone contains calcium carbonate, CaCOs.

It is used to neutralise nitric acid, HNOs.

What is the balanced ionic equation for the reaction between calcium carbonate and nitric acid?
A Ca® + CO;* + H" + NO; — CaNO; + H,0 + CO;,

B Ca® + CO;> + 2H' + 2NO;~ — Ca(NO;), + H,0 + CO,

C COs* + 2H" —» H,0 + CO,

D CaCO; + 2HNO; — Ca(NOs), + H,O + CO,

(2025 May/Jun - 0654/23 - Question 17 - Extended)
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Substance Y is added to water containing universal indicator.

The pH of the mixture increases.

What is Y?

A HCI B K C NaCl D SO,
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(2025 Oct/Nov - 0654/12 - Question 22 - Core; [f)fi: 2025 Oct/Nov - 0654/13 - Question 22 - Core)

Hik Bo
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1. Indigestion is caused by excess hydrochloric acid in the stomach.
Which substance can be used to neutralise the acid?
substance pH
A vinegar 4
B orange juice 6
C water 7
D baking powder 9
(2022 Oct/Nov - 0654/12 - Question 20 - Core)
2. A beaker contains dilute hydrochloric acid and universal indicator.
When substance X is added to the beaker, the indicator changes colour from red to blue.
What is X?
A calcium oxide
B carbon dioxide
C sulfur dioxide
D water
(2026 May/Jun - 0654/11 - Question 20 - Core)
3.

acidic neutral alkaline
solution solution solution
A |red yellow blue
B |red orange yellow
C | yellow green purple
D | blue green red
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Which row shows the colours observed when universal indicator is added to acidic, neutral and
alkaline solutions?

(2026 May/Jun - 0654/13 - Question 20 - Core)



Universal indicator solution is added to test-tubes W, X and Y.

w X

e <

dilute aqueous
hydrochloric acid sodium hydroxide

What are the colours of the universal indicator?

in test-tube W | in test-tube X in test-tube Y
A green red purple
B purple green red
C red green purple
D red purple green

)u

aqueous
sodium chloride

(2024 May/Jun - 0654/22 - Question 20 - Extended)

Ammonia and sulfur dioxide are bubbled into separate samples of water.

What are the pH values of the resulting aqueous solutions?

aqueous aqueous
ammonia sulfur dioxide
A | greaterthan 7 less than 7
B | greaterthan7 greater than 7
C |lessthan7 less than 7
D |lessthan7 greater than 7

(2026 Feb/Mar - 0654/12 - Question 19 - Core)

25.0cm® of alkali and three drops of methyl orange indicator are added to a conical flask.

Acid is added to the conical flask from a burette.

A white tile is used.

Which colour change is observed and where should the white tile be placed?

colour change white tile

o 0O m >

from red to yellow

from yellow to red

from red to yellow underneath the conical flask

from yellow to red underneath the conical flask

behind the scale of the burette

behind the scale of the burette
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A metal oxide powder is added to a dilute acid.

The initial temperature of the acid is 21 °C. The pH of the acid is 2.

When all the acid has reacted, the temperature of the reaction mixture is 23°C and the pHis 7.
Which statement describes this reaction?

A Itis endothermic and neutralisation.

B Itis endothermic and oxidation.

C Itis exothermic and neutralisation
D

It is exothermic and oxidation.

(2022 Oct/Nov - 0654/13 - Question 18 - Core)

8. Solid S is added to dilute hydrochloric acid in the apparatus shown.
solid S + dilute
hydrochloric acid
~J universal indicator
\_/ solution
The universal indicator solution shows the pH decreases.
What is solid S?
A zinc
B zinc carbonate
C zinc hydroxide
D zinc oxide
(2023 Oct/Nov - 0654/12 - Question 19 - Core; [d]f#i: 2023 Oct/Nov - 0654/22 - Question 20 - Extended)
9.

What happens when an acid reacts with an alkali?

A Neutralisation takes place and the temperature falls.
B Neutralisation takes place and the temperature rises.
C Reduction takes place and the temperature falls.
D

Reduction takes place and the temperature rises.

(2024 Oct/Nov - 0654/22 - Question 19 - Extended)
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Which substance is a basic oxide?

A

B
Cc
D

calcium oxide
carbon dioxide
nitrogen dioxide

sulfur dioxide

R PReR, AL EeEAty. 2k

(2023 Oct/Nov - 0654/12 - Question 20 - Core)

HIE Ao
RS
1. Which substance is classified as an acidic oxide?
A calcium oxide
B carbon dioxide
C lithium oxide
D sodium oxide
(2024 Oct/Nov - 0654/11 - Question 22 - Core)
2. Which row describes metallic oxides and non-metallic oxides?
metallic oxides non-metallic oxides
A acidic acidic
B acidic basic
C basic acidic
D basic basic
(2025 Feb/Mar - 0654/22 - Question 19 - Extended)
3.

Which row describes an element on the left of the Periodic Table and its oxide?

type of element type of oxide
A metallic basic
B non-metallic acidic
C metallic acidic
D non-metallic basic
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Element X burns in air to produce an oxide.

A solution of the oxide has a pH value of 10.

What is X?

A argon

B carbon

C magnesium
D phosphorus

(2023 Oct/Nov - 0654/13 - Question 21 - Core)

Which row shows the types of oxide formed by magnesium and sulfur?

magnesium sulfur
A acidic acidic
B acidic basic
C basic acidic
D basic basic

(2025 Feb/Mar - 0654/12 - Question 22 - Core)

A student makes lists of acidic oxides and basic oxides.

actdie oxtdes

carbown dioxtde

basile oxloes

calelunt oxide

potassium oxide magnesium oxide

nitrogen dioxide
phosphorus oxlde

Which oxides are not in the correct list?

A

B
Cc
D

carbon dioxide and sodium oxide
potassium oxide and sulfur dioxide
nitrogen dioxide and sulfur dioxide

potassium oxide and calcium oxide

sodlum oxide
sulfur dioxide

(2023 Feb/Mar - 0654/12 - Question 21 - Core; [f]f#i: 2023 Feb/Mar - 0654/22 - Question 21 - Extended)

Sodium is a metal.

Silicon is a non-metal.

Both sodium and silicon form oxides.

Which statement is correct?

A

B
C
D

Sodium oxide is acidic and silicon dioxide is basic.

Sodium oxide is basic and silicon dioxide is acidic.

Sodium oxide and silicon dioxide are both acidic.

Sodium oxide and silicon dioxide are both basic.
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Which row describes properties of these oxides?

Potassium oxide and sulfur dioxide are both soluble in water.

oxide pH in aqueous effect on damp

solution red litmus
A potassium oxide 14 turns blue
B potassium oxide 2 stays red
C sulfur dioxide 14 stays red
D sulfur dioxide 2 turns blue

(2023 May/Jun - 0654/12 - Question 21 - Core; [a]i: 2023 May/Jun - 0654/13 - Question 21 - Core)
9. An excess of an oxide of element Q is added to hydrochloric acid.

The graph shows how the pH changes during the addition of the oxide.

\

amount of oxide added

Which row describes the type of oxide and element Q?

type of oxide element Q
A | acidic metal
B | acidic non-metal
C | basic metal
D | basic non-metal

(2026 May/Jun - 0654/21 - Question 20 - Extended)
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A student adds excess copper oxide powder to warm dilute sulfuric acid.
Aqueous copper sulfate is formed.
Which method is used to remove the unreacted copper oxide?
A chromatography
B crystallisation
C distillation
D filtration
(2023 Feb/Mar - 0654/12 - Question 14 - Core; [f]f#i: 2023 Feb/Mar - 0654/22 - Question 14 - Extended)
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1.

Zinc sulfate is a soluble salt. Zinc sulfate is prepared by reacting zinc with dilute sulfuric acid.

Which statement about this preparation is correct?

A

B

Excess dilute sulfuric acid is used and after the reaction has finished the unreacted acid is
removed by evaporation.

Excess dilute sulfuric acid is used and after the reaction has finished the unreacted acid is
removed by adding an aqueous base.

Excess zinc is used and after the reaction has finished the unreacted zinc is removed by
filtration.

Excess zinc is used and after the reaction has finished the zinc sulfate is purified by
distillation.

(2025 Oct/Nov - 0654/21 - Question 19 - Extended)

Crystals of copper(Il) sulfate, a soluble salt, are made by reacting excess copper(Il) oxide with
dilute sulfuric acid.

After filtering off the unreacted copper(Il) oxide, the solution is heated until it is saturated. It is
then left to cool.

Which statements about this preparation are correct?

A

1 Excess copper(II) oxide is used in order to ensure a high yield is obtained.

2  After filtering, the solution is heated to evaporate some of the water.

3 When the saturated solution cools, crystals of copper(Il) sulfate begin to appear.
4  After cooling, the water is rapidly removed by evaporation.
d

3 B 1and4 C 2and3 D 2and4

(2023 May/Jun - 0654/23 - Question 20 - Extended)

1an

118



Magnesium chloride is prepared by reacting an excess of insoluble magnesium oxide with dilute

hydrochloric acid.

Which processes are used to obtain pure crystals of magnesium chloride from the reaction

mixture?

1 distillation

2  evaporation

3 filtration

1 followed by 2
3 followed by 2
3 followed by 1

o 0O W >»

1 followed by 3, followed by 2

(2023 May/Jun - 0654/11 - Question 21 - Core)

Copper sulfate is made when copper carbonate is added to dilute sulfuric acid.

The copper carbonate is added until no more carbon dioxide is given off.

The mixture is 1

to remove excess copper carbonate.

The resulting solution is then

This solution is then

3

to decrease the volume.

Which words complete gaps 1, 2 and 37?

1 2 3
A boiled heated evaporated to dryness
B filtered cooled left to cool
C filtered heated evaporated to dryness
D filtered heated left to cool

to allow the formation of pure copper sulfate crystals.

(2025 Feb/Mar - 0654/12 - Question 23 - Core)

Cobalt(II) chloride, cobalt(II) nitrate, and cobalt(II) sulfate are soluble in water.

Cobalt(IT) oxide and cobalt(IT) carbonate are insoluble in water.

Which method can be used to prepare a sample of solid cobalt(II) sulfate?

A Mix aqueous sodium sulfate and aqueous cobalt(II) nitrate, then filter.

B Mix excess aqueous sulfuric acid and aqueous cobalt(IT) chloride, then filter and evaporate

the filtrate.

C Mix dilute sulfuric acid and an excess of cobalt(II) oxide, then distil.

Mix dilute sulfuric acid and an excess of cobalt(Il) carbonate, then filter and evaporate the

filtrate.
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A dry sample of the soluble salt zinc chloride is prepared.
The equation for the reaction is shown.
Zn(s) + 2HCl(aq) —» ZnCly(aq) + H2(9)
Which sets of apparatus are needed for this salt preparation?
1 burette and pipette

2 evaporating basin and Bunsen burner

3 filter funnel and filter paper
A 1,2and 3 B 1and2only € 1and3only D 2and3only
(2026 May/Jun - 0654/23 - Question 20 - Extended)

Copper(II) sulfate is produced by reacting copper(II) oxide with dilute sulfuric acid.
The stages in the process to produce pure dry crystals are listed.
1 Leave to crystallise in a cool place.
2  Filter the reaction mixture.
3 Press the crystals between dry filter papers.
4  Add copper(II) oxide until it is in excess.
5 Heat the filtrate to concentrate it.
6 Heat the dilute sulfuric acid.
What is the correct order for these stages?
A 65452555351
B 6545152-55-53
C 65452555153
D

456->2>51-55->3

(2023 May/Jun - 0654/22 - Question 20 - Extended)

Information about the solubility in water of some calcium compounds is listed.

e Calcium hydroxide is soluble.

e Calcium carbonate is insoluble.

e Calcium chloride is soluble.
Which method is used to prepare pure calcium chloride?
A Add excess calcium hydroxide to dilute hydrochloric acid, filter, then crystallise.
B Add excess calcium carbonate to dilute hydrochloric acid, filter, then crystallise.
C Add excess dilute hydrochloric acid to calcium hydroxide, filter, then crystallise.
D

Add excess dilute hydrochloric acid to calcium carbonate, filter, then crystallise.

(2022 May/Jun - 0654/23 - Question 14 - Extended)
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Zinc sulfate is made by adding zinc oxide to dilute sulfuric acid.
The steps used to obtain zinc sulfate crystals are listed.
1  Filter the solution to remove excess zinc oxide.
2 Warm the zinc sulfate solution.
3 Add excess zinc oxide and stir.
4  Filter and dry the crystals.
What is the correct order of the steps?
A 1535452
B 2515354
C 3515254

D 3525154
(2025 May/Jun - 0654/23 - Question 20 - Extended)
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Chromium(III) oxide reacts with dilute hydrochloric acid and with aqueous sodium hydroxide.
Which word describes chromium(III) oxide?
A acidic
B amphoteric
C Dbasic

D neutral
(2024 May/Jun - 0654/23 - Question 19 - Extended)
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1.

Which statement describes an amphoteric oxide?

A It does not react with either sodium hydroxide or hydrochloric acid.
B It reacts with sodium hydroxide but not hydrochloric acid.

C It reacts with hydrochloric acid but not sodium hydroxide.
D

It reacts with both sodium hydroxide and hydrochloric acid.
(2025 May/Jun - 0654/21 - Question 24 - Extended )
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What is the word equation for the manufacture of lime?
A calcium carbonate — calcium hydroxide + carbon dioxide
B calcium carbonate — calcium oxide + carbon dioxide
C calcium sulfate — calcium hydroxide + sulfur dioxide
D

calcium sulfate — calcium oxide + sulfur dioxide
(2024 Oct/Nov - 0654/22 - Question 25 - Extended)
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Pure copper(II) chloride crystals are made from aqueous copper(II) chloride using the
processes listed.
1 cool
2 dry
3 filter
4  heat to reduce volume of water
What is the order of the processes?
A 1545253
B 1525453
C 4525153
D 4515352
(2026 May/Jun - 0654/12 - Question 21 - Core)
i IR, SRR TR, RS FRH, MRS AT G i8S B AR R
i Jo TR
WO A 4+ 1. 3 2, #iE Do
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1. Which statement about methods involved in preparing and purifying salts is correct?
A Crystals of a pure salt are formed when a hot saturated solution of the salt is cooled.
B Fractional distillation is used to separate different salts from a mixture of salts.
C Hydrated copper(Il) sulfate is prepared by heating aqueous copper(Il) sulfate to dryness.
D Pure copper(II) chloride is formed by reacting copper(Il) oxide with excess dilute
hydrochloric acid.
(2026 May/Jun - 0654/22 - Question 21 - Extended)
2. An acid reacts with an alkali to produce an aqueous solution of a salt.
Which procedure is used to obtain crystals of the salt from the solution?
A Distil the solution.
B Evaporate the solution to dryness.
C Filter the solution.
D Partially evaporate the solution and leave it to cool.
(2025 Oct/Nov - 0654/12 - Question 23 - Core; [fi#i: 2025 Oct/Nov - 0654/13 - Question 23 - Core)
3. An aqueous salt solution contains an insoluble impurity.
Which processes are used to obtain pure salt crystals?
A distillation then crystallisation
B distillation then chromatography
C filtration then crystallisation
D filtration then chromatography
(2023 May/Jun - 0654/11 - Question 14 - Core; [f]#: 2023 May/Jun - 0654/21 - Question 14 - Extended)
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A student prepares an insoluble salt by neutralising an acid with an alkali.
Which method is used to separate the salt from the reaction mixture?
A chromatography
B distillation
C evaporation
D

filtration

(2025 May/Jun - 0654/22 - Question 24 - Extended)

123



WA R T . kDB LA
SRR O L RSB ik D

X943
1. Copper carbonate is insoluble in water.

Which method can be used to make copper carbonate?

A adding aqueous sodium carbonate to aqueous copper sulfate and filtering off the product

B adding solid calcium carbonate to aqueous copper sulfate and filtering off the product

C adding solid copper oxide to solid calcium carbonate and heating the mixture

D heating copper metal in carbon dioxide

(2022 Feb/Mar - 0654/22 - Question 18 - Extended)

2,

All Group | metal compounds and all Group Il metal chlorides are soluble in water.

All Group Il metal carbonates and barium sulfate are insoluble.

Which method is used to prepare barium sulfate using barium carbonate?

A
B

direct combination of solid barium carbonate and dilute sulfuric acid

reaction of solid barium carbonate and hydrogen chloride gas, followed by reaction with dilute
sulfuric acid

reaction of aqueous barium carbonate with dilute hydrochloric acid, followed by reaction with
aqueous sodium sulfate

reaction of solid barium carbonate with dilute hydrochloric acid, followed by reaction with
aqueous sodium sulfate

(2024 Oct/Nov - 0654/21 - Question 21 - Extended)
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D Which element causes a compound to be coloured?
A a Group | element
B a Group Il element
C a Group VIl element
D

a transition element
(2025 May/Jun - 0654/12 - Question 18 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 18 - Core)

i SPOTRERABOMLEY), FE ey R ooy sl oK. kD,
RS

1. An element has a high melting point and forms coloured compounds.
Which row is correct?
element density

A | transition metal high

B | transition metal low

C | Group | metal high

D | Group | metal low

(2026 May/Jun - 0654/11 - Question 21 - Core)

2.

The box lists four substances.

Brs CcO Cu Na

Which substance is an element that forms a basic oxide and coloured compounds?

A Bn B CO C Cu D Na

(2023 May/Jun - 0654/12 - Question 22 - Core; [f]##i: 2023 May/Jun - 0654/13 - Question 22 - Core; [f]f#i: 2023 May/Jun - 0654/22 - Question
21 - Extended)
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Element X increases the rate of some reactions.

Element X is unchanged at the end of these reactions.

What is the position of element X in the Periodic Table?

[l i v v vivil 0

[]

(2024 Feb/Mar - 0654/12 - Question 23 - Core)

Which row describes a transition element?

melting electrical
point/°C conductor
A 115 no
B 181 yes
C 1538 yes
D 4726 no

(2022 May/Jun - 0654/12 - Question 23 - Core; [a]fi: 2022 May/Jun - 0654/13 - Question 23 - Core)

What is not a property of transition elements?

A

B
Cc
D

form coloured compounds
good electrical conductivity
high melting point

low density
(2024 Oct/Nov - 0654/11 - Question 24 - Core)

What is not a property of transition elements?

A

B
Cc
D

They often act as catalysts.
They form coloured compounds.
They have high densities.

They have low melting points.
(2022 Oct/Nov - 0654/13 - Question 21 - Core; [f]f#i: 2022 Oct/Nov - 0654/23 - Question 21 - Extended)

Manganese is a transition element.

What is a property of manganese?

A

B
C
D

high melting point
low density
thermal insulator

transparent
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1.

(2024 May/Jun - 0654/12 - Question 23 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 23 - Core)

What are properties of transition elements?

1 high melting point
2  form colourless compounds

3 high density

A 1,2and3 B 1and2only C 1and3only

The first row of the transition elements is shown.

D 3only

(2026 May/Jun - 0654/13 - Question 22 - Core)

Sc Ti \ Cr Mn Fe Co

Ni

Cu

Zn

Which statement about transition elements is not correct?
A They are often used as catalysts.

B They always form colourless compounds.

C They have high densities.

D They have high melting points.

Which statement describes a typical transition element?

A It has a high melting point, high density and forms a coloured salt.

B It has a high melting point, low density and forms a white salt.
C It has a low melting point, low density and forms a coloured salt.
D

It has a low melting point, high density and forms a white salt.

(2023 May/Jun - 0654/23 -

Lead has a high density of 11.3 g/cm?®. Lead(lI) iodide is a bright yellow solid.

Which property of lead is not a property of a transition element?

A Lead conducts electricity.

B Lead forms alloys.

C Lead has a relatively low melting point.
D

Lead(II) oxide is basic.
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Question 21 - Extended)

(2024 Oct/Nov - 0654/23 - Question 23 - Extended)

(2024 May/Jun - 0654/11 - Question 23 - Core)



13.

14.

15.

The diagram shows overlapping circles into which different chemical formulae can be placed.

Which formula can be placed in the shaded area because it has all three properties?

A Br2

B CO

(2023 Feb/Mar - 0654/12 - Question 22 - Core; [a] i :

is an
element

C Cu

forms
coloured ions

forms a
basic oxide

D Na

2023 Feb/Mar - 0654/22 - Question 22 - Extended)

Transition elements are metals with similar properties.

Which row shows properties typical of a transition element?

density mel?ing colour of
point the sulfate
A | low high pink
B |low low white
C | high high pink
D | high high white

The properties of some substances are listed.

1 form acidic oxides

have high melting points

2
3 act as catalysts
4

form coloured compounds

What are the properties of transition metals?

A 1,2and3 B 1,2and4

C 1,3and4

(2026 Feb/Mar - 0654/22 - Question 21 - Extended)

D 2,3and4

(2023 May/Jun - 0654/11 - Question 22 - Core; [f]fi: 2023 May/Jun - 0654/21 - Question 21 - Extended)

Copper is a transition element.

Which row shows two properties of copper?

property 1

property 2

high melting point
high melting point

low melting point

O 0O m >

low melting point

forms coloured compounds
forms white compounds
forms coloured compounds

forms white compounds
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(2024 May/Jun - 0654/22 - Question 21 - Extended)

16. Element E is a transition element. It reacts with oxygen to form an oxide with the formula EO.

A student suggests three properties for element E and its oxide.
1 Element E floats on water.
2 The oxide EO is a white solid.
3 The oxide EO is basic and reacts with dilute acid.
Which of the suggestions must be correct?

A 1and?2 B

1 only C 2and3

D 3only
(2024 Feb/Mar - 0654/22 - Question 23 - Extended)

AE 2 if | REE RIS R B E SRR (554 k kK vr)

DRICRE . #seae_____ . HFotidK.

WURA LR, W BWENAER, SRR ZIRERR, Ry .
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V&R 51 KA i IR A AR s TR A B A i

B R BIE BYR
AE I 0. BRAROLE, BN DRI AR BB KRV REF, SERAE AT .
Which row describes the trends shown by Group | elements down the group?
melting point reactivity
gp with water
A | decreases increases
B | decreases decreases
C | increases increases
D | increases decreases

(2026 Feb/Mar - 0654/12 - Question 20 - Core)

f i DBOICRATIRE T VRSV, W SRR, 5 K5 B 2R B R o

Ok Ao
RS L)
1.

Which description of the Group | elements is correct?
A relatively hard metals

B relatively soft metals

C low melting point non-metals

D unreactive gases

(2024 Feb/Mar - 0654/22 - Question 22 - Extended)
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Which row describes the trends shown by the Group | elements lithium to potassium?

trend in trend in reaction
melting point with water
A decrease decrease
B decrease increase
C increase decrease
D increase increase

(2025 Feb/Mar - 0654/22 - Question 20 - Extended)

The melting points of some Group | metals are shown.

What is the melting point of rubidium?

A 20°C B 40°C

clement melti?%point
caesium 28
potassium 64
rubidium -
sodium 98
C 80°C D 100°C

(2025 Oct/Nov - 0654/23 - Question 18 - Extended)

Which row about the trends in the elements going down Group | of the Periodic Table is correct?

reactivity melting point
A decreases decreases
B decreases increases
C increases decreases
D increases increases

(2022 Feb/Mar - 0654/12 - Question 20 - Core; [a]fi: 2022 Feb/Mar - 0654/22 - Question 20 - Extended)

Which statement about elements in Group | of the Periodic Table is correct?

They are metals and get less reactive going down the group.

O O W

130

They are metals and get more reactive going down the group.
They are non-metals and get less reactive going down the group.

They are non-metals and get more reactive going down the group.

(2026 May/Jun - 0654/13 - Question 21 - Core)



Which row shows how the properties of the elements in Group | of the Periodic Table change
going down the group?

melting point density
A | decrease decrease
B | decrease increase
C | increase decrease
D | increase increase

(2026 May/Jun - 0654/22 - Question 22 - Extended)

Sodium is below lithium in Group | of the Periodic Table.

Which row describes the properties of sodium in comparison with lithium?

melting point of sodium reactign of sodium
with water
A higher than lithium less vigorous than lithium
B higher than lithium more vigorous than lithium
C lower than lithium less vigorous than lithium
D lower than lithium more vigorous than lithium

(2025 Feb/Mar - 0654/12 - Question 24 - Core)

The elements in Group | of the Periodic Table are metals.

What are the trends as the group is descended?

A

B
Cc
D

decrease in melting point and less reactive with water
decrease in melting point and more reactive with water
increase in melting point and less reactive with water

increase in melting point and more reactive with water

(2023 Oct/Nov - 0654/13 - Question 22 - Core; [&]fi: 2023 Oct/Nov - 0654/23 - Question 21 - Extended)

Potassium is in Group | of the Periodic Table.

Which statement about potassium is correct?

A

B
Cc
D

It is a relatively hard metal.
It is less dense than lithium.
It has a higher melting point than sodium.

It reacts more vigorously with water than sodium.

(2023 Oct/Nov - 0654/11 - Question 22 - Core; [@]#H: 2023 Oct/Nov - 0654/21 - Question 22 - Extended)
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1.

12

13.

Which statements about the properties of Group | elements are correct?

1 Lithium is less dense than potassium.

2 Sodium has a higher melting point than lithium.

3 Potassium reacts more vigorously with water than sodium.
4  They are all hard metals.

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

(2026 May/Jun - 0654/23 - Question 21 - Extended)

Substance Q is added to cold water. Q floats on the water and hydrogen gas is made.
What is Q?
A iodine
B lithium
C magnesium
D zinc
(2025 Oct/Nov - 0654/21 - Question 20 - Extended)
The element rubidium is in Group | of the Periodic Table.
It burns in oxygen to form an oxide.

Which row describes rubidium and its oxide?

type of element type of oxide
A metal acidic
B metal basic
C non-metal acidic
D non-metal basic

(2025 Oct/Nov - 0654/11 - Question 22 - Core)
Potassium reacts with water.
potassium + water — 1 + 2

Which words complete the equation?

1 2
A potassium hydroxide hydrogen
B potassium hydroxide oxygen
C potassium oxide hydrogen
D potassium oxide oxygen

(2023 Feb/Mar - 0654/12 - Question 16 - Core)
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Which statements about the noble gas helium are correct?
1 Iltis unreactive.

2 Atoms of helium have two electrons in their outer electron shell.

w

Atoms of helium have incomplete outer electron shells.
4  The formula of helium gas is He,.

A 1and2 B 1and4 C 2and3 D 3and4

(2024 May/Jun - 0654/11 - Question 24 - Core)
i AMBINZRE—HTE, B 2N BTFHEETH, HILAATEL, 1. 2 Ef.
ALRE IR, 1% He, #5034 4R

WEE Ao
APSEE)
1. Neon is in Group VIl of the Periodic Table.
Which row about neon is correct?
. incomplete
. . . full inner
unreactive diatomic outer electron
electron shell
shell

A v X v v key

B X v X X v = true

C v X v X X = false

D X v X v

(2024 May/Jun - 0654/23 - Question 22 - Extended)

2.

Which statement explains why argon is used to fill lamps?
A ltisagas.

B Itis colourless.

C ltis reactive.
D

It is unreactive.

(2023 Oct/Nov - 0654/12 - Question 22 - Core; [@]f#i: 2023 Oct/Nov - 0654/22 - Question 22 - Extended)
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What is a use for argon?
A as a catalyst
B in alloys
C inlamps
D neutralising chemical waste
(2023 Oct/Nov - 0654/11 - Question 23 - Core; [a@]#Hi: 2023 Oct/Nov - 0654/21 - Question 23 - Extended)

Why is argon used in lamps?
A Itis heavier than air.

B ltis lighter than air.

C ltis reactive.
D

It is unreactive.

(2023 Oct/Nov - 0654/13 - Question 23 - Core; [f]f#i: 2023 Oct/Nov - 0654/23 - Question 22 - Extended)
Which statements about the noble gases are correct?
1 They are in Group VIl of the Periodic Table.
2 Their outer-electron shells are full.
3 They exist as diatomic molecules.
4

They are reactive.

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

(2026 May/Jun - 0654/12 - Question 22 - Core)
Filament lamps require an inert atmosphere.

Which gas is used to fill these lamps?

A argon

B helium

C hydrogen
D oxygen

(2022 Oct/Nov - 0654/11 - Question 22 - Core; [a]#i: 2022 Oct/Nov - 0654/12 - Question 22 - Core; [a]#: 2022 Oct/Nov - 0654/23 - Question
22 - Extended; [R]8i: 2022 Oct/Nov - 0654/13 - Question 22 - Core; [f]fi: 2022 Oct/Nov - 0654/21 - Question 22 - Extended; [&]@i: 2022
Oct/Nov - 0654/22 - Question 22 - Extended)

A gas is used in welding metals together at high temperatures.
The gas is used to provide an inert atmosphere.

What is the gas?

A argon

B carbon dioxide

C fluorine

D oxygen

(2022 May/Jun - 0654/11 - Question 21 - Core; [a]f#i: 2022 May/Jun - 0654/22 - Question 20 - Extended; [a]#i: 2022 May/Jun - 0654/12 -
Question 21 - Core; [a]fi: 2022 May/Jun - 0654/13 - Question 21 - Core. 2022 May/Jun - 0654/21 - Question 20 - Extended; [f]#5i: 2022
May/Jun - 0654/23 - Question 20 - Extended)
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Which statement about noble gases is correct?

A All of the noble gas atoms have eight electrons in their outer shell.
B They all form diatomic molecules.
C Argon is used to fill weather balloons.
D They are all present in clean air in small amounts.
(2024 May/Jun - 0654/21 - Question 24 - Extended)
9. Which row describes and explains why helium is unreactive?
description explanation
A | diatomic gas full outer-shell of electrons
B | diatomic gas incomplete outer-shell of electrons
C | monatomic gas full outer-shell of electrons
D | monatomic gas incomplete outer-shell of electrons
(2026 May/Jun - 0654/23 - Question 22 - Extended)
10. Why are the elements in Group VIl of the Periodic Table unreactive?
A They are gaseous elements.
B They are monatomic elements.
C They have full inner shells of electrons.
D They have full outer shells of electrons.
(2023 Feb/Mar - 0654/12 - Question 23 - Core; [a]#i: 2023 Feb/Mar - 0654/22 - Question 23 - Extended)
1.

An airship containing an unreactive gas floats in air, as shown.

Which gas is used to fill the airship?

A

B
Cc
D

carbon dioxide
helium
hydrogen

nitrogen

(2022 Feb/Mar - 0654/12 - Question 21 - Core; [f]/#i: 2022 Feb/Mar - 0654/22 - Question 21 - Extended)
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Which statement describes the element chlorine?
A Itis a diatomic metal.

B Itis a diatomic non-metal.

C Itis a monatomic metal.
D

It is a monatomic non-metal.

(2026 Feb/Mar - 0654/12 - Question 21 - Core)

B ABRTIESR, AHRFURF 2 T

Tk Bo
FXI%53)
1. Which statement about the halogens is not correct?
A lodine has a darker colour than chlorine.
B They all exist as diatomic molecules.
C They are all gases at room temperature.
D They are all non-metals.
(2022 Oct/Nov - 0654/11 - Question 21 - Core; [Alfi: 2022 Oct/Nov - 0654/21 - Question 21 - Extended)
2. Which statement about the halogens is not correct?
A Bromine is darker in colour than iodine.
B lodine is solid at room temperature.
C They all have seven electrons in their outer shell.
D They all form diatomic molecules.
(2024 Oct/Nov - 0654/23 - Question 22 - Extended)
3. Which statement about the halogens is correct?
A They become lighter in colour down the group.
B They are all gases at room temperature.
C They are members of the same period of the Periodic Table.
D They exist as diatomic molecules.
(2024 Oct/Nov - 0654/12 - Question 22 - Core; [f]i: 2024 Oct/Nov - 0654/13 - Question 22 - Core)
4.

Which statements about the elements in Group VIl of the Periodic Table are correct?

A

1 Only one of them is a liquid at room temperature.

Their colours become darker down the group.

2
3 Their melting points and boiling points decrease down the group.
4 They are all metallic elements called halogens.

d

2 B 1and4 C 2and3 D 3and4

(2022 Oct/Nov - 0654/12 - Question 21 - Core; [a]&i: 2022 Oct/Nov - 0654/22 - Question 21 - Extended)

1an
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Which statements about the halogens are correct?

A

1an

1  They are diatomic metals.

2
3
4
d

Their atoms have seven outer-shell electrons.

Going down the group, they change from solid to liquid to gas.
Going down the group, they become darker in colour.

2 B 1and3 C 2and4

D 3and4

(2023 Oct/Nov - 0654/12 - Question 21 - Core; [@f#i: 2023 Oct/Nov - 0654/22 - Question 21 - Extended)

The halogen in Period 4 of the Periodic Table is a red-brown liquid at room temperature
and pressure.

Which row describes the appearance of the halogens in Period 3 and Period 5?

halogen in Period 3

halogen in Period 5

O 0O m >

pale yellow-green gas
pale yellow-green solid
grey-black solid
grey-black solid

grey-black solid
grey-black solid

pale yellow-green solid

pale yellow-green gas

(2026 May/Jun - 0654/21 - Question 21 - Extended)

The halogens are elements in Group VII of the Periodic Table.

They are 1 non-metals.

They become 2 in colour down the group.

Which words complete gaps 1 and 27

1

2

o O W >

diatomic
diatomic
monatomic

monatomic

darker
lighter
darker

lighter

(2024 Feb/Mar - 0654/12 - Question 22 - Core)

Bromine has a boiling point of 59 °C. It reacts with hydrogen rapidly.

lodine has a boiling point of 184 °C. It reacts with hydrogen slowly.

Which row about fluorine is correct?

boiling point reaction with
/°C hydrogen
A -188 explosive
B -188 very slow
C 114 explosive
D 114 very slow
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Elements in Group VI share similar chemical and physical trends as elements in Group VII.
Which statement about the elements of Group VI is correct?

A Atoms of Group VI elements form cations when they react with sodium.

B Sulfur has a lower boiling point than tellurium.

C Selenium displaces sulfur from metal sulfides.
D

The elements become lighter in colour as Group VI is descended.
(2024 Oct/Nov - 0654/22 - Question 21 - Extended)
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Which statement about elements in the Periodic Table is correct?
A The density of the elements in Group | increases up the group.
B The metallic character of the elements increases across a period from left to right.

C The number of protons in the atoms of the elements increases across a period from left to
right.

D The reactivity of the elements in Group VIl increases down the group.
(2025 Oct/Nov - 0654/12 - Question 24 - Core; [f]@i: 2025 Oct/Nov - 0654/13 - Question 24 - Core)
BT AES, O T JROTERMEERMAR TR, B, F—RMNARG SRS CX, TR
BOBIEHED; DS, 58 VI RICHR BN T EEg . Wik Co
HBSED
1.

The diagram shows the positions of some elements in the Periodic Table.

Which element is in Group Il and Period 37?

(2025 May/Jun - 0654/11 - Question 16 - Core)
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How many of the electronic configurations shown represent elements in Group IV of the
Periodic Table?

A 0 B 1 c 2

Which electronic structure belongs to a non-metallic element?

(2026 May/Jun - 0654/12 - Question 15 - Core)

A 2 B 22 C 282 D 28382
(2024 Oct/Nov - 0654/21 - Question 22 - Extended)
Which element in Period 3 of the Periodic Table has the greatest metallic character?
A the element with the highest relative atomic mass
the element with the lowest group number

the element with the most outer-shell electrons

O O W

the element with the most protons

(2025 Oct/Nov - 0654/23 - Question 17 - Extended)
Element X is a dense solid with a high melting point.
Which letter shows the position of X in the Periodic Table?

Il i v v vivi o

[]

A

D

(2024 May/Jun - 0654/21 - Question 23 - Extended)
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The electronic configurations of four particles are shown.

OO0

Which diagrams represent the electronic configurations of a Group VI atom and its ion?

A 1and2 B 1and4 C 2and3 D 3and4
(2025 May/Jun - 0654/21 - Question 16 - Extended)
7. P is in Group Il of the Periodic Table.
Q is a non-metallic element.
P reacts with Q to form an ionic compound, P;Q,.
What is the charge on the element Q ion in P3Q,?
A 1- B 2- CcC 3- D 4-
(2025 Oct/Nov - 0654/22 - Question 19 - Extended)
8.

Part of the Periodic Table is shown.

w Z

Which description is correct?

A W is a soft solid at room temperature. It has a low melting point and it can act as a catalyst.
B Xis a solid at room temperature. It has a high melting point and it can act as a catalyst.

C Yis asolid at room temperature. It forms a coloured vapour and it displaces iodide ions.
D

Z is a gas at room temperature. It is very reactive and it has a low boiling point.

(2025 May/Jun - 0654/22 - Question 20 - Extended )
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Which statement about the halogens is correct?

A Chlorine is produced when aqueous iodine is added to aqueous sodium chloride.
B lodine is produced when aqueous bromine is added to aqueous sodium iodide.

C The halogens become more reactive down the group.
D

The halogens are coloured solid elements.

(2026 May/Jun - 0654/22 - Question 23 - Extended)

RO VIRRHR, A TR TR R PR O o
WAL EJ7 BB h K v A

Hik Bo
ARSE )
1. Which statement about the elements in Group VII of the Periodic Table is correct?
Chlorine is more reactive than bromine.
B The colour of the elements becomes darker up the group.
C The melting point of the elements decreases down the group.
D The reactivity of the elements increases down the group.
(2025 Oct/Nov - 0654/21 - Question 21 - Extended)
2. Which statements about the elements in Group VII of the Periodic Table are correct?
1 Bromine is lighter in colour than chlorine.
2 Chlorine is more reactive than bromine.
3  Chlorine displaces iodide ions from aqueous solution.
4  lodine displaces bromide ions from aqueous solution.
A 1and2 B 1and4 C 2and3 D 3and4
(2024 May/Jun - 0654/23 - Question 21 - Extended)
3.

Tennessine is a newly discovered halogen and is below astatine in Group VII of the
Periodic Table.

Which row predicts the appearance of tennessine and the effect of adding aqueous
potassium iodide?

effect of adding aqueous
appearance of tassium iodid
tennessine potassium lodide
to tennessine
A black solid iodine is formed
B black solid no reaction
C brown liquid iodine is formed
D brown liquid no reaction

(2024 Oct/Nov - 0654/21 - Question 23 - Extended)
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How is iron oxide converted to iron?

A oxidation using water

B reaction with hydrochloric acid
C reaction with sodium hydroxide
D

reduction using carbon
(2024 Oct/Nov - 0654/12 - Question 23 - Core; [fJ}#i: 2024 Oct/Nov - 0654/13 - Question 23 - Core)
s BROLT RN TT, BRECERTER o
P, B ELL BRI, SR BRBOE R k.
Wk Do

RS L)

1.

Which metal is extracted from its ore by heating with carbon?
A copper

B magnesium
C potassium
D

sodium

(2022 Feb/Mar - 0654/12 - Question 23 - Core)

Which metal cannot be extracted from its ore by heating with carbon?
A aluminium

B copper
C iron

D zinc

(2023 Feb/Mar - 0654/22 - Question 24 - Extended)
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Which row identifies an ore of aluminium and the method of extraction of aluminium from its ore?

ore method of extraction
A bauxite electrolysis
B bauxite reduction using carbon
C hematite electrolysis
D hematite reduction using carbon

(2024 May/Jun - 0654/23 - Question 23 - Extended)

Which element is used to extract some metals from their ores?

O O W

carbon
copper
iron

nitrogen

Which statement about aluminium is correct?

A

B
Cc
D

It is extracted from bauxite by heating with carbon.

It is extracted from bauxite by electrolysis.

It is extracted from hematite by heating with carbon.

It is extracted from hematite by electrolysis.

Aluminium is a 1
aluminium oxide.

Pure aluminium is extracted from aluminium oxide by

Which words complete gaps 1 and 27

1 2
A finite electrolysis
B finite heating with carbon
C renewable electrolysis
D renewable heating with carbon
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(2024 Feb/Mar - 0654/12 - Question 24 - Core)

resource. It is found in the ore bauxite where it is present in

(2023 Oct/Nov - 0654/12 - Question 23 - Core)



The diagram shows a metal being extracted from its powdered ore using carbon.

a mixture of carbon
and powdered ore

What happens to the ore in this reaction?

A
B
Cc
D

It burns.
It decomposes.
It is oxidised.

It is reduced.

(2022 May/Jun - 0654/11 - Question 24 - Core; [A]i: 2022 May/Jun - 0654/12 - Question 24 - Core. 2022 May/Jun - 0654/13 - Question 24

- Core)

Which statement explains why carbon is used in the extraction of copper from its ore?

A

B
Cc
D

Itis in Group IV of the Periodic Table.
It is more reactive than copper.
It is a non-metal.

It forms a giant covalent molecule.
(2023 Oct/Nov - 0654/13 - Question 24 - Core)

Metal X is extracted from its ore by heating the ore with carbon.

Which statement explains why carbon is used?

A
B
Cc
D

Carbon is a non-metal.
Carbon is more reactive than X.
Carbon reacts with oxygen in the air.

Carbon is less reactive than X.

(2022 Oct/Nov - 0654/11 - Question 24 - Core; [a]#i: 2022 Oct/Nov - 0654/12 - Question 24 - Core; [a]8: 2022 Oct/Nov - 0654/13 - Question

24 - Core)
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12.

Part of the reactivity series is shown.

calcium most reactive
carbon
iron
hydrogen

lead

copper v

gold least reactive

Which statement is correct?

A

B
Cc
D

Calcium can be extracted by heating its oxide with hydrogen.
Copper forms an oxide that can be reduced by heating with gold.
Gold forms an oxide that cannot be reduced by heating with carbon.

Lead can be extracted by passing hydrogen over its heated oxide.

(2022 Oct/Nov - 0654/22 - Question 24 - Extended)

The ore cassiterite contains tin dioxide.

Tin is more reactive than copper but less reactive than iron.

Which row shows the industrial method used to extract tin based on tin’s position in the reactivity

series?
using carbon in .
a blast furnace electrolysis
A yes yes
B yes no
C no yes
D no no

(2025 Feb/Mar - 0654/22 - Question 23 - Extended)

Carbon is below aluminium but above zinc in the reactivity series.

Iron is below zinc in the reactivity series.

Which statements are correct?

A

1 Carbon can be used to extract aluminium and iron from their ores.
Aluminium can be used to extract zinc and iron from their ores.
Carbon can be used to extract zinc and iron from their ores.

Zinc can be used to extract aluminium and iron from their ores.

2 B 1and3 C 2and3 D 3and4
(2022 May/Jun - 0654/22 - Question 22 - Extended)

Q » W N

1an
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Which metal is used to galvanise steel?

A aluminium

B copper
C iron
D zinc

(2026 May/Jun - 0654/21 - Question 22 - Extended)
B PRI E X, NRIE SRR FIERIER, ICRETEREZ 2 Sehli b
B THERE N R 2 5. TGk D.

FXI%:3)
1. Which substances are needed for iron to rust?
A oxygen and water
B nitrogen and water
C oxygen only
D wateronly
(2023 Oct/Nov - 0654/13 - Question 25 - Core)
2. Which statements about rusting are correct?
1 Oxygen must be present for iron to rust.
2 Painting is a barrier method of rust prevention.
3 Barrier methods of rust prevention work by reacting with iron and making it
less reactive.
4 Only water is required for iron to rust.
A 1and2 B 1and3 C 2and4 D 3and4
(2026 May/Jun - 0654/13 - Question 23 - Core)
3.

Which statements explain why zinc is used to galvanise steel?
1 Iltis less reactive than steel.

It forms an alloy with steel.

2
3 It prevents air and water coming into contact with steel.
4 It provides sacrificial protection for the steel.

d

A 1and?2 B 1and4 C 2and3 D 3and4
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(2025 Feb/Mar - 0654/22 - Question 22 - Extended)

Four methods of preventing the rusting of iron are listed.
1 copper plating
2 galvanising
3 painting
4  sacrificial protection

Which methods involve the use of a more reactive metal?

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

(2026 May/Jun - 0654/23 - Question 24 - Extended)

When iron is galvanised, it is coated with a layer of zinc.
Which statements about galvanising are correct?
1 Zinc has a greater tendency to form positive ions than iron.
Zinc prevents iron from rusting by sacrificial protection.

2

3 Iron is more reactive than zinc.

4  Zinc acts as a barrier method of rust prevention if scratched.
d

A 1and2 B 1and4 C 2and3 D 3and4

(2024 Oct/Nov - 0654/23 - Question 24 - Extended)

Zinc is used to galvanise iron.
Which statements about galvanising are correct?
1 Iron is more reactive than zinc.
Zinc oxidises instead of iron.
Galvanised iron rusts if the zinc coating is scratched.
Galvanising iron is an example of sacrificial protection.

2 B 1and3 C 2and4 D 3and4
(2022 May/Jun - 0654/23 - Question 23 - Extended)

o H» W N

A 1an

A piece of iron is coated with a layer of zinc.

Which statement explains why zinc prevents iron from rusting, even when the layer of zinc is
damaged?

A Iron is less reactive than zinc and zinc atoms lose electrons less easily than iron atoms.

B lIron is less reactive than zinc and zinc atoms lose electrons more easily than iron atoms.
C Iron is more reactive than zinc and zinc atoms lose electrons less easily than iron atoms.
D

Iron is more reactive than zinc and zinc atoms lose electrons more easily than iron atoms.

(2022 May/Jun - 0654/21 - Question 23 - Extended)
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Magnesium is tested as shown.

R SREFAAREN____ . ZRERENER. FFREEBIT I .

s

ZORMJE M, 2025 A 4 BORARE

. BJRBERESH.

TIERE, PSS X BT .

test 1 test 2
: 3 ( | =
magnesium |
(}Q/ lamp
dilute
hydrochloric acid —__|
magnesium
_/
Which row shows the results of the tests?
test 1 test 2
A | bubbles lamp does not light
B | bubbles lamp lights
C | no bubbles lamp does not light
D | no bubbles lamp lights

i BSR4 S A AR, TRSEE | RS,
BReE. SR, BABRBEIEA. HE B,
PSS

(2026 May/Jun - 0654/11 - Question 22 - Core)

1. Which row describes the general properties of metals?
melting point electriga'l
conductivity
A high good
B high poor
C low poor
D low good
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Which property of aluminium explains why it is used to manufacture parts for aircraft?
A high melting point
B ductile
C good electrical conductivity
D low density
(2025 May/Jun - 0654/23 - Question 21 - Extended)

Which property explains why aluminium is used to make food containers?
A low density
B high strength
C resistant to corrosion
D shiny

(2025 May/Jun - 0654/12 - Question 19 - Core; [f]f#i: 2025 May/Jun - 0654/13 - Question 19 - Core)
Which statement describes all metals?
A They break when hit with a hammer.
B They have good electrical conductivity.
C They dissolve in water.
D They have high densities.

(2025 Oct/Nov - 0654/23 - Question 19 - Extended)

Which row does not link a general physical property to the type of element?

type of element general physical property
A metal malleable
B metal thermal conductor
C non-metal electrical conductor
D non-metal low melting point

(2022 May/Jun - 0654/11 - Question 22 - Core; [a]#i: 2022 May/Jun - 0654/12 - Question 22 - Core; [f]#5i: 2022 May/Jun - 0654/13 - Question
22 - Core. 2022 May/Jun - 0654/21 - Question 21 - Extended. 2022 May/Jun - 0654/22 - Question 21 - Extended. 2022 May/Jun - 0654/23 -
Question 21 - Extended)

Which row shows the properties of aluminium that make it useful in the manufacture of overhead
electrical cables?

low density good eleqtr_ical
conductivity
A no no
B no yes
C yes no
D yes yes

(2025 Oct/Nov - 0654/21 - Question 22 - Extended)
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What is an alloy?

A acompound

B a mixture

C a metallic element
D

a non-metallic element
(2025 May/Jun - 0654/12 - Question 20 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 20 - Core)

& GeheEE —MEESMHEMTTRRAGT R, BTREY.

What is brass?

a mixture of a compound of copper and a compound of zinc
a compound of copper and zinc
a mixture of copper and a compound of zinc

a mixture of copper and zinc

(2025 Oct/Nov - 0654/23 - Question 20 - Extended)

Which process is used to increase the hardness of a metal?

Hi% B
ESES S|
1.
A
B
c
D
2.
A
B
c
D
3.

Mix the metal with a gas.
Mix the metal with another element.
Mix the metal with a polymer.

Mix the metal with its ore.

(2024 May/Jun - 0654/12 - Question 24 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 24 - Core)

Which diagram represents the structure of an alloy?

A B C D

(2025 May/Jun - 0654/21 - Question 25 - Extended)
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Which statement about alloys is correct?

Brass is a compound that contains copper and zinc.

B Brass is a mixture of copper and iron.
C Stainless steel is a compound that contains iron.
D Stainless steel resists rusting.

(2026 Feb/Mar - 0654/12 - Question 22 - Core)

5. Duralumin and magnalium are alloys used in the manufacture of aircraft.
They both contain aluminium and another metallic element.
The alloys are made up of ...... 1...... of each element.
They are used because they are ...... 2...... than the pure metals.
Which words complete gaps 1 and 27?
1 2
A atoms harder
B atoms softer
C molecules harder
D molecules softer
(2022 Feb/Mar - 0654/12 - Question 22 - Core; [d]f#i: 2022 Feb/Mar - 0654/22 - Question 22 - Extended)
6.

Which statements about stainless steel are correct?

1 It contains different sized atoms.

2 ltis a compound of iron and chromium.
3 ltis hard because its atoms slide over each other easily.
4 Itis more resistant to corrosion than pure iron.
A 1and2 B 1and4 C 2and3 D 2and4

(2026 Feb/Mar - 0654/22 - Question 22 - Extended)

A5 BEREIPE CORREHKT HIRE (5% hk ¥r )
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EEhd, —EARIE Fe, O, B854 Fe: Fe,O5 + 3CO — 2Fe + 3CO, .,
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Fe, O3 ERIEAMY), CO, ZRRMEEY)
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What happens in a blast furnace?

A Aluminium is extracted from bauxite.
B Aluminium is extracted from hematite.
C Iron is extracted from bauxite.
D

Iron is extracted from hematite.

(2026 May/Jun - 0654/13 - Question 24 - Core)

f& R A ARERE R
DR 1) EZE ) A AR Fey Oy, Horh BRI B I R Bk o

HEE Do
ARSE )
1. Hematite contains an oxide of iron.
Hematite is added to a blast furnace.
Which change happens in the blast furnace?
A FeOisreduced to Fe.
B FeO isreduced to Fe,0s.
C Fe,0O3is reduced to Fe.
D Fe,0;is reduced to FeO.
(2026 May/Jun - 0654/22 - Question 24 - Extended)
2. Which statement about the extraction of metals is correct?
A Aluminium ore is called hematite.
B Aluminium is extracted from its ore by heating with carbon.
C Iron oxide is reduced to iron by heating with carbon monoxide.
D Limestone is used to remove basic impurities in a blast furnace.
(2024 Oct/Nov - 0654/21 - Question 24 - Extended)
3.

The equations for reactions in the blast furnace are shown.

1 C+ O, » CO

2 CO, +C —» 2CO

3 Fey03 + 3CO —» 2Fe + 3CO,
4 CaO + SiO, — CaSiO;

Which statement is correct?

A

B
Cc
D

In reaction 1, carbon is reduced.
In reaction 2, carbon dioxide is oxidised.
In reaction 3, carbon monoxide is oxidised.

In reaction 4, silicon dioxide is reduced.

(2022 Oct/Nov - 0654/22 - Question 20 - Extended)
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Iron is extracted from its ore in the blast furnace.

One of the reactions involved is shown.

Fe;O; + 3CO — 2Fe + 3CO;

Which statement is correct?

A
B
Cc
D

The equation for one reaction in the blast furnace is shown.

Iron(III) oxide and carbon monoxide are both oxidised.

Iron(I1I) oxide and carbon monoxide are both reduced.

Iron(III) oxide is oxidised and carbon monoxide is reduced.

Iron(I1I) oxide is reduced and carbon monoxide is oxidised.

(2023 May/Jun - 0654/12 - Question 20 - Core;

Al 2023 May/Jun - 0654/13 - Question 20 - Core)

F9203 + 3CO — 2Fe + 3C02

Which row identifies the type of reaction and the type of each oxide?

reaction Fe.O; CO;
A | redox basic acidic
B | cracking basic basic
C | redox acidic acidic
D | cracking acidic basic

(2026 Feb/Mar - 0654/22 - Question 24 - Extended)
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Pieces of four metals are added separately to test-tubes containing dilute hydrochloric acid.

The results are shown.

metal results
1 bubbles produced slowly
2 no reaction
3 vigorous bubbling
4 steady bubbling

What is the order of reactivity of the metals from most to least reactive?
A 2515453
B 2545153
C 3515452
D

35045152
(2023 Feb/Mar - 0654/12 - Question 24 - Core)
i MR R ERRR . AR, BRI .
wJ| 3 MZVEW, &F4REEN, £/ 1ZEEN,. €82 AR,
COTERMEE A 3 > 4> 1> 2,

Wk Do
X943
1. Metal X reacts rapidly with steam but only very slowly with cold water.
What is X?
A calcium
B copper
C magnesium
D sodium
(2025 Oct/Nov - 0654/23 - Question 21 - Extended)
2,

What is the order of reactivity of metals, from highest to lowest?
A aluminium — calcium — copper — iron
B calcium — iron — copper — aluminium
C calcium —» magnesium — iron — copper
D

aluminium — magnesium — iron — copper
(2024 Oct/Nov - 0654/11 - Question 25 - Core)
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Which row describes the order of reactivity of the metals?

most reactive > |east reactive
A copper calcium zinc potassium
B copper zinc calcium potassium
C potassium calcium zinc copper
D potassium zinc calcium copper

(2025 May/Jun - 0654/12 - Question 21 - Core; [a]/i: 2025 May/Jun - 0654/13 - Question 21 - Core)

Three metals X, Y and Z are added separately to water and to dilute hydrochloric acid.

The results are shown.

result with dilute

metal result with water hydrochloric acid

X X v key
v v = hydrogen is given off
Y4 X X X = hydrogen is not given off

What is the order of reactivity of X, Y and Z7?

most least
.  — .
reactive reactive
A X Z Y
B Y X Z
C Y Z X
D Z X Y

(2022 May/Jun - 0654/11 - Question 23 - Core)
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Metal X reacts with aqueous metal Y?* ions.
The ionic equation for the reaction is shown.
X+ Y 5 X+ Y

What are metals X and Y?

X Y
A copper iron
B copper zinc
Cc zinc copper
D aluminium iron

(2024 May/Jun - 0654/22 - Question 22 - Extended)

e X AR X, X REWRT. BB X LY k.
SUHFEH A X2T, X ORI A BRELERIER . BB Zn?t.
WX MR, Y Dl ik Co

X943
1. Which metal oxide is reduced when heated with magnesium powder?
A calcium oxide
B copper oxide
C magnesium oxide
D sodium oxide
(2022 May/Jun - 0654/23 - Question 22 - Extended)
2. Which statement about the reactivity of metals is correct?
A Atoms of iron lose electrons more readily than atoms of zinc.
B Copper reacts with dilute hydrochloric acid.
C Magnesium reacts with heated copper oxide.
D Zinc reacts with aqueous magnesium sulfate.
(2026 May/Jun - 0654/23 - Question 23 - Extended)
3.

Which statement about reactions of metals is correct?

A

B
Cc
D

When copper is added to aqueous aluminium nitrate, the colourless solution turns blue.
When magnesium oxide is heated with iron, solid iron(I1I) oxide is formed.
When potassium oxide is heated with copper, an orange-brown solid is formed.

When zinc is added to aqueous copper sulfate, the blue solution turns colourless.

(2022 Oct/Nov - 0654/21 - Question 24 - Extended)
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W, X, Y and Z are metals.

Three statements about these metals are listed.

1 Metal W reduces the oxide of X.

2 Metal Z is not able to reduce the oxide of W, but it does reduce the oxides of X

and Y.

3 Metal X displaces Y from its aqueous solution.

Which row shows the order of reactivity?

most least
reactive reactive
A W X z Y
B W z X Y
C w z Y X
D z W X Y

(2023 Oct/Nov - 0654/22 - Question 23 - Extended)

Silver oxide is reduced by heating with carbon more easily than copper oxide is reduced by

heating with carbon.

A copper strip is placed into a solution of silver nitrate as shown.

silver nitrate —_ |

solution

Which row describes the reaction?

\

| copper strip

the colourless the copper .
. ; a silver-grey
solution slowly strip slowly .
: metal is formed
turns blue dissolves

A X X X
B v v v
C v X v
D X v X

(2023 Oct/Nov - 0654/21 - Question 24 - Extended)
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Elements Q, T, X and Z are metals.

The equations for three reactions between some of these metals and some oxides and chlorides
of these metals are shown.

Q(s) + XO(s) —» QO(s) + X(s)
T(s) + ZCly(aq) — TCly(aq) + Z(s)
X(s) + TCly(aq) — XCly(aq) + T(s)
Which metal has the greatest tendency to form positive ions?

A Q B T C X D Z
(2024 Feb/Mar - 0654/22 - Question 24 - Extended)

The reactions of four different metals W, X, Y and Z with aqueous solutions of their ions are
listed.

e W reacts with aqueous ions of X and of Z but not with aqueous ions of Y.
e X does not react with aqueous ions of W, Y or Z.

e Y reacts with aqueous ions of W, X and Z.

e Zreacts with aqueous ions of X but not with aqueous ions of Y or W.

Which row shows the tendency of the metals to form positive ions?

least - greatest
tendency tendency
A X W z Y
B X z W Y
Cc Y W z X
D Y z W X

(2024 Oct/Nov - 0654/22 - Question 22 - Extended)

P, Q, R and S are four metals.
The oxide of metal R can be reduced by metal S, but not by metal P.
The oxide of metal Q can be reduced both by metal S and by metal P.

Which row shows the order of reactivity of these metals?

least - most
reactive reactive
A Q R P S
B Q P R S
C S P R Q
D S R P Q

(2022 Oct/Nov - 0654/23 - Question 24 - Extended)
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Which equation is balanced and represents a reaction in which a metal displaces another metal
from an aqueous solution of its ion?

A MgCly(aq) + Zn(s) — ZnCly(aq) + Mg(s)

B Zn*(aq) + Cu(s) - Zn(s) + Cu*(aq)

C Mg(s) + AgNOs(aq) — Mg(NOs)(aq) + Ag(s)
D Fe(s) + CuSO4(aq) — FeSO4(aq) + Cu(s)

(2026 Feb/Mar - 0654/22 - Question 23 - Extended)

A2 8: BERARATHESRERE (F5hk ko)
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In the blast furnace, which substance is added to make slag?
A calcium carbonate

B carbon dioxide

C carbon monoxide

D

coke
(2023 May/Jun - 0654/22 - Question 23 - Extended)
s EPTIMNARA . HEZRS ARIRES .
CaCO43 — CaO + CO,
CaO + Si0, — CaSiO4
A R RERRES A, BRI NI B BRIR S .« i A
FXI%53)

1.

Iron is extracted from hematite in the blast furnace.

Why is limestone added to the furnace?

A It decreases the melting point of the mixture.

B Itincreases the temperature inside the furnace.

C It produces calcium oxide which removes acidic impurities.
D

It produces carbon dioxide which reduces the hematite.
(2022 May/Jun - 0654/21 - Question 22 - Extended)
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Which statement describes what happens when calcium carbonate is added to the blast furnace
during the extraction of iron?

It burns and provides heat.

O O W

It decomposes and calcium oxide is a product.
It reacts with silicon dioxide.

It reduces the iron ore.

(2025 May/Jun - 0654/22 - Question 21 - Extended)

Iron is extracted in the blast furnace.

Which reactions are involved in removing acidic impurities as slag?

1
2
3
4

5

C + 0, » CO,

C + CO, » 2CO

Fe,O; + 3CO — 2Fe + 3CO;
CaCO; —» CaO + CO,

CaO + SiO, — CaSiO;

A 1and2only B 1,2and3 C 3,4and5 D 4and5only

(2022 Feb/Mar - 0654/22 - Question 23 - Extended)
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21:1,
Which gas is present in clean air?
A carbon dioxide
B carbon monoxide
C nitrogen dioxide
D sulfur dioxide

 BRAE

 HARRAELE .

HH B TR E 4 BREBUS AR, BERA. AR HAURL A 78

(2023 Oct/Nov - 0654/11 - Question 25 - Core)

i WEETEREAP, AR AMEMSARMAETRLL A 78 1 21 1, HASMAEHE A lbik.

(202

[ 87
ARSE )
1. What is the main constituent of clean air and of natural gas?
clean air natural gas

A nitrogen ethane
B nitrogen methane
C oxygen ethane
D oxygen methane

2.

4 May/Jun - 0654/23 - Question 26 - Extended)

Which row shows the relative abundance of the gases in clean air?

most abundant ~—» least abundant
A nitrogen argon oxygen
B nitrogen oxygen argon
C oxygen carbon dioxide nitrogen
D oxygen nitrogen carbon dioxide
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The diagram represents the composition of clean, dry air.

gasY

Which row identifies gas X and gas Y?

carbon dioxide

gas X gasY
A nitrogen oxygen
B oxygen nitrogen
C oxygen carbon dioxide
D

nitrogen

What is the approximate composition of clean, dry air?

gas X

(2025 May/Jun - 0654/12 - Question 23 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 23 - Core)

78% 21% 1%
A | oxygen nitrogen noble gases and carbon dioxide
B | nitrogen oxygen methane
C | nitrogen oxygen noble gases and carbon dioxide
D | oxygen nitrogen methane
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The pie chart shows the composition of clean, dry air.

Which row identifies W, X and Y?

w X Y
A | nitrogen other gases oxygen
B | nitrogen oxygen other gases
C | oxygen other gases nitrogen
D | oxygen nitrogen other gases

(2026 Feb/Mar - 0654/12 - Question 24 - Core)

6. Which volume of clean air contains 10.5cm?® of oxygen?
A 21cm’ B 42cm® C 50cm® D 100cm®
(2024 Oct/Nov - 0654/12 - Question 24 - Core; [6)i: 2024 Oct/Nov - 0654/13 - Question 24 - Core)
7.

Water vapour, carbon dioxide and the noble gases are removed from a 100 cm® sample of clean
air.

What is the remaining volume?

A 1cm® B 21cm® cC 78cm® D 99cm®

(2024 May/Jun - 0654/11 - Question 25 - Core)
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Which statement about the treatment of the domestic water supply is correct?
A Sedimentation is used to remove microbes.
B Filtration is used to remove dissolved solids.
C Chlorination is used to kill pathogens.
D

Carbon is used to change the pH.

(2026 Feb/Mar - 0654/12 - Question 23 - Core)
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1. Which statement about the treatment of the water supply is correct?
A Chlorination is used to improve the taste of the water.
B Chlorination is used to kill bacteria.
C Filtration is used to adjust the pH of the water.
D Filtration is used to remove soluble impurities.
(2022 May/Jun - 0654/11 - Question 25 - Core)
2. Which two processes are used to treat the domestic water supply?
chlorination and evaporation
B chlorination and filtration
C crystallisation and evaporation
D crystallisation and filtration
(2025 May/Jun - 0654/23 - Question 24 - Extended)
3. Which statement about the treatment of the water supply is correct?
A Water from reservoirs and rivers is filtered to remove dissolved impurities.
B Chlorine is added to the water to kill bacteria.
C Sodium chloride is added to the water to make it pleasant to drink.
D Chlorine is added to make the water pure.
(2023 May/Jun - 0654/12 - Question 23 - Core; [a]f: 2023 May/Jun - 0654/13 - Question 23 - Core)
4.

Which row explains why filtration and chlorination are used in the treatment of the domestic
water supply?

filtration chlorination
A to remove soluble substances to Kill microbes
B to remove insoluble substances to kill microbes
C to kill microbes to remove insoluble substances
D to remove insoluble substances to remove soluble substances

(2025 Oct/Nov - 0654/23 - Question 23 - Extended)
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Which row explains the use of chlorination and filtration in the treatment of the water supply?

chlorination filtration
A to neutralise acids to remove dissolved substances
B to neutralise bases to remove insoluble substances
C to kill bacteria to remove dissolved substances
D to kill bacteria to remove insoluble substances

(2024 Feb/Mar - 0654/22 - Question 25 - Extended)

6. Which row shows why filtration and chlorination are used in the treatment of the domestic
water supply?
filtration chlorination

A | removes bacteria removes solid particles

B | removes bacteria removes smells and tastes

C | removes solid particles removes bacteria

D | removes solid particles removes smells and tastes

(2026 May/Jun - 0654/13 - Question 25 - Core)

7.

What is the correct sequence for the stages in the treatment of the domestic water supply?
A addition of carbon — filtration — chlorination — sedimentation
chlorination — addition of carbon — filtration — sedimentation

filtration — sedimentation — addition of carbon — chlorination

O O W

sedimentation — filtration — addition of carbon — chlorination

(2026 May/Jun - 0654/11 - Question 24 - Core)
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Which statements about carbon dioxide are correct?
1 Carbon dioxide in the atmosphere reduces the loss of thermal energy to space.
2 Carbon dioxide gas in the atmosphere causes acid rain.

3 Carbon dioxide is removed from car engine emissions using a catalytic convertor.

A 1,2and3 B 1and2only C 1only D 2and3only
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(2026 May/Jun - 0654/21 - Question 24 - Extended)
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1. Which row shows a greenhouse gas and its environmental effect?
gas environmental effect
A methane acid rain
B methane global warming
C carbon monoxide acid rain
D carbon monoxide global warming
(2025 May/Jun - 0654/22 - Question 22 - Extended)
2. Which statements about global warming are correct?
1  Global warming contributes to climate change.
2 Methane is a greenhouse gas.
3 Decre_asing concentrations of greenhouse gases in the atmosphere cause global
warming.
4  Carbon is a greenhouse gas.
A 1and2 B 1and4 C 2and3 D 3and4
(2025 Feb/Mar - 0654/22 - Question 24 - Extended)
3.

The change in the concentration of carbon dioxide in the atmosphere over time is shown.

400
380 Va

/]
concentration 340

/ppm
—
//

320
300

280
1900 1920 1940 1960 1980 2000

year

Which row identifies the cause of this change and an environmental problem caused by this

change?
cause environmental problem
A increased combustion of sulfur acid rain
containing fossil fuels
B increased combustion of gasoline climate change
C increased fermentation of sugars acid rain
D increased cracking of crude oil climate change

(2023 Oct/Nov - 0654/22 - Question 24 - Extended)
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Which gas is an air pollutant?
A argon

B carbon dioxide

C nitrogen

D sulfur dioxide

(2023 Oct/Nov - 0654/12 - Question 24 - Core)

g MEpE, SRS RIRR I RS, BT S5,

Hitik Do
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1. Which atmospheric pollutant is removed from air by lime?
A ammonia
B carbon monoxide
C hydrocarbons
D sulfur dioxide
(2023 May/Jun - 0654/21 - Question 22 - Extended)
2. Which process leads to the formation of acid rain?
A incomplete combustion of methane
B reaction of nitrogen and oxygen in a car engine
C decay of vegetation
D digestion in animals
(2026 May/Jun - 0654/11 - Question 25 - Core)
3.

Which air pollutants are produced by the combustion of fossil fuels in car engines?
A carbon monoxide, oxides of nitrogen and sulfur dioxide

B carbon monoxide and sulfur dioxide only

C carbon monoxide and oxides of nitrogen only

D oxides of nitrogen and sulfur dioxide only

167




(2025 Oct/Nov - 0654/11 - Question 24 - Core)

Which statements about air pollution are correct?

1 Carbon monoxide is a toxic gas that is formed by the incomplete combustion of
carbon-based fuels.

2 Oxides of nitrogen damage buildings and are produced by impurities in
carbon-based fuels.

3 Sulfur dioxide produces acid rain and is formed by the combustion of fossil fuels.

A 1,2and3 B 1and2only C 1and3only D 2and3only
(2025 Oct/Nov - 0654/23 - Question 24 - Extended)

Which statement explains how oxides of nitrogen are formed in a car engine?
A Nitrogen from the air reacts with the fuel.

B Oxygen and nitrogen from the air react together.

C Oxygen from the air reacts with sulfur impurities in the fuel.

D

Oxygen from the air reacts with the fuel.
(2025 May/Jun - 0654/22 - Question 23 - Extended)

A sample of air is analysed before and after it is used in an experiment.

The percentage composition of the air before and after the experiment is recorded.

nitrogen oxygen carbon dioxide other gases
before 78 21 0.04 small amount
after 78 17 4 small amount

Which process does not produce this change in the composition of the air?
A combustion of coal

B combustion of natural gas

C combustion of sulfur
D

respiration
(2024 Oct/Nov - 0654/22 - Question 23 - Extended)

Which processes add carbon dioxide to the air?

1 complete combustion of ethanol
displacement of copper from aqueous copper(Il) sulfate
reaction of dilute hydrochloric acid with magnesium

reaction of dilute sulfuric acid with copper carbonate

o H» W DN

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

(2025 May/Jun - 0654/23 - Question 25 - Extended)
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Which equation represents a reaction that takes place in the catalytic converter of a car?
A N; + 20, > 2NO,
B 2NO — N; + Oy
C N; + 3H, > 2NH;

D 2SO0, + O, —» 2S0;
(2023 May/Jun - 0654/23 - Question 22 - Extended)
il Mt A T — AL R o
2NO = N, + O,
B RERBR— AR

G Bo
X943
1. Gases from a car engine travel through a catalytic converter and out through the exhaust.
Some of the gases going into the converter are listed.
1 carbon dioxide
2 carbon monoxide
3 nitrogen
4 nitrogen monoxide
Which gases increase in quantity in the catalytic converter?
A 1and3 B 1and4 C 2and3 D 2and4
(2022 May/Jun - 0654/22 - Question 23 - Extended)
2,

Catalytic converters are fitted to cars to remove some gases from exhaust emissions.
Which gases are released by catalytic converters?

A carbon dioxide and nitrogen

B carbon dioxide and nitrogen monoxide

C carbon monoxide and nitrogen
D

carbon monoxide and nitrogen monoxide
(2023 Oct/Nov - 0654/21 - Question 25 - Extended)
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Which statements about the reactions in a catalytic converter are correct?
1 The catalyst needs to be hot for the reactions to work.
Carbon dioxide is converted to carbon monoxide.

2

3 It converts pollutant gases into gases present in clean air.
4 Nitrogen and oxygen combine to form nitrogen monoxide.
d

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

(2022 Feb/Mar - 0654/22 - Question 24 - Extended)
Car engines produce pollutant gases.
Which gases are removed by catalytic converters?
A carbon monoxide, nitrogen monoxide and sulfur dioxide
B carbon monoxide and nitrogen monoxide only
C nitrogen monoxide and sulfur dioxide only
D

carbon dioxide and sulfur dioxide

(2023 May/Jun - 0654/22 - Question 22 - Extended)

When petrol burns in a car engine, carbon monoxide, CO, and nitrogen monoxide, NO, are
produced.

These gases pass through a catalytic converter where carbon monoxide reacts with
nitrogen monoxide.

The equation for the reaction is shown.

carbon monoxide + nitrogen monoxide — nitrogen + carbon dioxide
Which statement is not correct?
A Carbon monoxide is oxidised in the catalytic converter.
B Carbon monoxide is produced by the complete combustion of petrol.
C Nitrogen from the air is oxidised in the car engine.
D Nitrogen monoxide is reduced in the catalytic converter.

(2023 Oct/Nov - 0654/11 - Question 19 - Core)

Nitrogen monoxide, NO, reacts with carbon monoxide, CO, in a catalytic converter.
The number of CO molecules that react with one NO molecule is 1
The substance reduced in this reaction is 2

Which row completes gaps 1 and 27?

1 2
A | one (60)
B | one NO
C |two (6]0)
D |two NO

(2026 Feb/Mar - 0654/22 - Question 25 - Extended)
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Which structure represents a compound that has a chemical name ending in ‘ene’?
A B C D
H - - H H
H—C—H H—C—C—0—H H—C—C—H c=C
| || | / N\
H H H H H H H

(2025 Feb/Mar - 0654/12 - Question 25 - Core)
fi#: BHRLL -ene Z5BHIEME, ZHE C=C.
D H&mk. EWMoTE, HWAERIE T2 180U

Hik Do
ARSE )
1. Which compound is an alkene?
A B C D
H H H H H H H H
1 1 1 1 kS | | 1
H—?—?—ﬂ H—?—?—O—M l}=£—b—ﬂ H—C—H
H H H H H H H
(2025 May/Jun - 0654/11 - Question 24 - Core)
2. Which diagram represents a molecule of ethane?
A B C D
H HoH HoH HoH
H—?—ﬂ W—?—?—H T=? H—C—C—O—H
H H H H H H H
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In which row is the name of the structure correct?

structure name
H H

C|3=C|3 methane
Lo
H H

H—(|3—(|3—O—H ethene
Yo
H H

H—é—é—H ethane
Vo
H

H—é—H ethanol
)

The structure of compound P is shown.

Which type of compound is P?

A

B
Cc
D

polymer
alcohol
alkane

alkene

i
I—0O T

I—0O- -T
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Which compound name matches the structure shown?

A B
HoR H H HoH H
H—C—C—C—C—H C=C—C—H
Vb oo
propane propene
c D
HoH H B H H
H—C—C—H C=C—C—C—H
o oo
methane butane

(2024 Feb/Mar - 0654/22 - Question 27 - Extended)

The displayed formulas of four compounds are shown.

H HoH H H Hog
H—C—H H—C—C—H C=C H—C—C—O0—H

| \ |

H H H H H H H

1 2 3 4

Which formulas represent ethanol and ethene?

ethanol ethene
A 4 2
B 1 3
C 4 3
D 2 1

(2025 Oct/Nov - 0654/12 - Question 25 - Core; [f)#i: 2025 Oct/Nov - 0654/13 - Question 25 - Core)

Which substance is an unsaturated compound?

A ethane
B ethanol
C ethene
D methane

(2023 Feb/Mar - 0654/12 - Question 27 - Core)

Which statement about alkanes is correct?

A They contain one double covalent bond.
B They contain only single covalent bonds.
C They form polymers.
D

They react with aqueous bromine.

(2025 May/Jun - 0654/12 - Question 26 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 26 - Core)
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10.

1.

12

Which molecules are hydrocarbons?

A

1 CH,

2 CH0,
3 CoHp

4 H,CO4

1,2,3and4 B 1and2only C

Which statement about alkanes is correct?

A

B
Cc
D

1 and 3 only

They rapidly decolourise aqueous bromine.

They are unsaturated hydrocarbons.
They are used to make polymers.

They can be used as fuels.

The structures of four organic molecules are shown.

e

1 2 3

Which row identifies the names of these molecules?

D 2and4only

(2026 May/Jun - 0654/12 - Question 26 - Core)

(2022 Oct/Nov - 0654/13 - Question 27 - Core)

key

‘ carbon
O oxygen

4 O hydrogen

1 2 3 4
A | ethane ethanol methane ethene
B | ethanol ethene ethane methane
C | ethene methane ethanol ethane
D | methane ethane ethene ethanol

Which formula represents but-1-ene?

A

B
Cc
D

CH;CH=CH,

CH3CH,CH,CHj;
CH30H2CH=CH2

CH3;CH=CHCHj;
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13. What is the structure of but-2-ene?

A CH3;—CH=CH,
B CH3;—CH,—CHs;
C CH3—CH,-CH=CH,
D CH3;-CH=CH-CH;

(2025 Oct/Nov - 0654/23 - Question 26 - Extended)
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Bl Which process is used to obtain gasoline from petroleum?

A crystallisation
B chromatography

C filtration

D fractional distillation

(2025 Oct/Nov - 0654/11 - Question 25 - Core)
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1. Which fraction obtained from petroleum is not used as a fuel?
A Dbitumen
B gasall
C gasoline
D refinery gas
(2026 Feb/Mar - 0654/12 - Question 26 - Core)
2,

Which statement about petroleum is correct?
A It contains mostly alkene molecules.

B Itis a mixture of hydrocarbons.

C Itis separated into fractions by cracking.
D

Its main constituent is methane.

(2023 Oct/Nov - 0654/11 - Question 26 - Core)
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Which fraction obtained from petroleum is used as a feedstock for making chemicals?
A bitumen

B gasoline
C naphtha
D

refinery gas
(2023 May/Jun - 0654/23 - Question 26 - Extended)

Naphtha is obtained from petroleum.
What is a use for naphtha?

A cooking

B heating

C making roads

D

making chemicals
(2025 May/Jun - 0654/11 - Question 26 - Core)

What is a use of the naphtha fraction obtained by the fractional distillation of petroleum?
A Dbottled gas for heating

B feedstock for making chemicals

C fuel for diesel engines
D

road surfaces

(2023 Feb/Mar - 0654/12 - Question 26 - Core)

Which fractions obtained by the fractional distillation of petroleum are used as fuels?

1 bitumen
2 diesel oll
3 gasoline

4 refinery gas

A 1and2only B 3and4only C 1,2and3 D 2,3and4
(2022 Oct/Nov - 0654/12 - Question 27 - Core)

Which statement about fossil fuels is correct?

A Ethane is the main constituent of natural gas.
B Gas oil is used as a fuel in diesel engines.

C Naphtha is used for heating and cooking.
D

Petroleum is used as a fuel in car engines.
(2025 Oct/Nov - 0654/12 - Question 26 - Core; [a]&i: 2025 Oct/Nov - 0654/13 - Question 26 - Core)
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Which row shows a use for the named fraction?

Petroleum is separated into fractions by fractional distillation.

Question 26 - Core)

Which statements about naphtha are correct?

A

(2024 Oct/Nov - 0654/22 - Question 26 - Extended)

fraction use
A bitumen feedstock for making chemicals
B diesel oil/gas oil road surfaces
C naphtha fuel in car engines
D refinery gas cooking and heating
(2024 Oct/Nov - 0654/12 - Question 26 - Core: [fijfi: 2024 Oct/Nov - 0654/13 -
9. Petroleum is separated into useful fractions by fractional distillation.
Which row shows the uses of the named fractions?
gasoline naphtha bitumen
A fuel for cars feedstock for fuel for cooking
making chemicals
B fuel for cooking fuel for heating fuel for
diesel engines
C feedstock for fuel for heating road surfaces
making chemicals
D fuel for cars feedstock for road surfaces
making chemicals
10.

Naphtha is obtained by the fractional distillation of petroleum.

1 It burns to form carbon dioxide and water.

2 ltis a mixture of hydrocarbons.

3 Itis presentin bottled gas.

4  The main component of naphtha is methane.

1and 2 B

1and 4

C 2and3

D 3and4

(2023 May/Jun - 0654/12 - Question 26 - Core; [a]fJi: 2023 May/Jun - 0654/13 - Question 26 - Core. 2023 May/Jun - 0654/22 - Question 26
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. Petroleum is separated into fractions by fractional distillation.

Information about uses of some fractions and positions in the fractionating column where they are
collected is shown.

fraction use position
1 gasoline making roads below refinery gas
2 bitumen petrol for car engines bottom of column
3 naphtha making chemicals below gasoline
4 refinery gas heating and cooking top of column

Which rows are correct?

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

(2023 May/Jun - 0654/11 - Question 26 - Core; [f]f#i: 2023 May/Jun - 0654/21 - Question 26 - Extended)
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Polymers are long chain molecules made from smaller molecules.
What are these smaller molecules called?
A alkanes
B atoms

C components

D

monomers

(2023 Oct/Nov - 0654/12 - Question 27 - Core)
REW R L BN FIERTE K EES T TRRER GBI TR A A
ﬁﬁtﬁ@ D.

RS E)
1.

Polymers are ...... 1...... chain molecules. They are formed when ...... 2...... join together.

Which words complete gaps 1 and 27?

1 2
A long alkanes
B long monomers
C short alkanes
D short monomers

(2025 Oct/Nov - 0654/11 - Question 26 - Core)
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Many molecules of T combine to form a single molecule U.

What are T and U?

T U
A | fraction monomer
B | monomer fraction
C | monomer polymer
D | polymer monomer

(2026 Feb/Mar - 0654/22 - Question 26 - Extended)

Molecules of ethene react together to form long chain molecules.
What is the name of this type of reaction?

A addition polymerisation

B cracking

C fermentation
D

thermal decomposition
(2023 Oct/Nov - 0654/13 - Question 27 - Core)

Poly(ethene) is made from ethene by addition polymerisation.
Which word describes ethene in this process?
A fuel
B catalyst
C monomer
D solvent
(2024 May/Jun - 0654/12 - Question 27 - Core; [a]f: 2024 May/Jun - 0654/13 - Question 27 - Core)
Which statement about poly(ethene) is correct?
A It always contains less than 12 carbon atoms.
B Itis formed from ethane.
C Itis formed from ethene.
D

It occurs naturally.
(2023 Oct/Nov - 0654/11 - Question 27 - Core)

Which statement about addition polymerisation is correct?

A Large monomer units join to form small polymer molecules.
B Large polymer molecules join to form small monomer units.
C Small monomer units join to form large polymer molecules.
D

Small polymer molecules join to form large monomer units.
(2024 Oct/Nov - 0654/12 - Question 27 - Core; [6)fi: 2024 Oct/Nov - 0654/13 - Question 27 - Core)
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Which statement about poly(ethene) is correct?

A ltis an alkene.

B Itis formed in a reaction called cracking.

C Itis obtained from the bitumen fraction of petroleum.
D

It is made by an addition reaction.

(2022 Feb/Mar - 0654/12 - Question 27 - Core)
Which statement describes poly(ethene)?
A ltis formed from monomer molecules which each contain two atoms.
B Itis formed from a saturated hydrocarbon monomer.
C Itis formed in an addition reaction.
D

It is a polymer consisting of C, H and O atoms.

(2025 May/Jun - 0654/11 - Question 25 - Core)
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The structure of a molecule of compound X is shown.
B H
7
H H

Which two formulas represent compounds that are in the same homologous series as X?
A CsHipand CsHyqo
B C4Hioand CgHys
C CsHgs and CsHyo
D CsHsand CsHq

(2024 May/Jun - 0654/21 - Question 26 - Extended)
g #MXhea C=C, M X ETHE, @8 C,H,y,.
Mn=30, TR 03H6§ Mn=>5w, TR C5H1oo
Wi X B TR —F A%, Mk C.
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1.

Which row describes the hydrocarbon CH3;CHCH,?

homologous series general formula
A alkane ChHans2
B alkane CnHan
(o2 alkene CrHans2
D alkene CnHan

(2022 May/Jun - 0654/22 - Question 26 - Extended)
A molecule of methane contains one carbon atom and has the formula CH,.
A molecule of octane contains eight carbon atoms.
How many hydrogen atoms are in a molecule of octane?

A 11 B 16 c 18 D 32

(2025 May/Jun - 0654/22 - Question 25 - Extended)

What is a general formula for unsaturated hydrocarbons?
A CiHne2 B CouHansz2 C CiHzx D CiHan

(2024 Oct/Nov - 0654/21 - Question 26 - Extended)
Hydrocarbon X has two carbon atoms in each molecule. It does not decolourise bromine water.
Hydrocarbon Y has three carbon atoms in each molecule. It does decolourise bromine water.
What is the difference in the number of hydrogen atoms in the molecules of X and Y?

A 0 B 1 c 2 D 4

(2023 Feb/Mar - 0654/22 - Question 26 - Extended)

The structures of four organic compounds, P, Q, R and S, are shown.

H H H H H H H
N/ 4
C=—=C H—C—C—C—C=C
/\ | \
H H H H H H
P Q
HoH H HOH HoR o H H H H
1T T
H H H H H H H H H H H

R S
Which statements about P, Q, R and S are correct?
1 P and Q have the same general formula.
Q and R have similar chemical properties.

2
3 R and S are members of the same homologous series.
4 R and Q have the same molecular mass, M..

d

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

(2025 Oct/Nov - 0654/23 - Question 25 - Extended)
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What is produced during the complete combustion of ethanol?
A carbon dioxide and water

B carbon dioxide only

C carbon monoxide
D

water only

(2026 May/Jun - 0654/13 - Question 26 - Core)
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1. What are the products of the complete combustion of ethanol?
A carbon dioxide + carbon monoxide + water
B carbon dioxide + hydrogen
C carbon dioxide + water
D carbon monoxide + water
(2026 May/Jun - 0654/22 - Question 26 - Extended)
2. What are the products of the complete combustion of ethanol?
A carbon dioxide and hydrogen
B carbon dioxide and water
C carbon monoxide and hydrogen
D carbon monoxide and water
(2022 May/Jun - 0654/12 - Question 27 - Core; [f]fi: 2022 May/Jun - 0654/13 - Question 27 - Core)
3. What are the products of the complete combustion of ethanol?
A carbon and hydrogen
B carbon dioxide and hydrogen
C carbon dioxide and water
D carbon monoxide and water

(2024 Oct/Nov - 0654/11 - Question 27 - Core)
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Butane is a hydrocarbon.

What is the word equation for the complete combustion of butane?

A butane + oxygen — carbon + water

B butane + oxygen — carbon dioxide + carbon monoxide + water
C butane + oxygen — carbon dioxide + water
D

butane + oxygen — carbon monoxide + water
(2022 Feb/Mar - 0654/12 - Question 26 - Core)

Which statement about methane is correct?

A Methane burns in air to form carbon dioxide.

B Methane decolourises aqueous bromine.

C Methane contains a carbon—carbon single bond.

D When methane burns, an endothermic reaction takes place.
(2026 May/Jun - 0654/23 - Question 25 - Extended)

FREY 6: IBERMEIE AR R AT = (55 e e ovr)

MR & MR I FER @ X0 C Hy,, . ISR A Ak,
SPGB ST o
CIFEETMBES ______ OIREKAETNBERS MR WRE S K A SR Y o

Se IR S vl AR BN IR R R . S T -1-0 T AR A2 .
W2 LIRS FIEE S FME TMBER A, BUAS A, R (L).
H&me S HRE T2 330 B P s TR g

BR: WA Lk LR

AH HIUGRE S 2R KRS HARER, STR/MAY . HAWY).

Which substance reacts with ethene to produce ethanol?
A bromine
B hydrogen
C oxygen
D steam

(2024 Feb/Mar - 0654/12 - Question 27 - Core)
f#: CIRBTURR M BAL R, KA H A OH 435 hn 2] A Ji 7 L.
C,H, + H,0 — C,H,OH
PRI CBE . fE Do
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1. Which type of reaction occurs when ethene reacts with steam?
A addition
B cracking
C displacement
D polymerisation
(2025 Oct/Nov - 0654/22 - Question 26 - Extended)
2. Which statements about the addition reactions of ethene are correct?
1 Ethene reacts with hydrogen to form ethane.
2  Ethene reacts with steam to form ethane.
3 Ethene undergoes addition reactions because it is a saturated hydrocarbon.
4  During addition reactions of ethene, only one product is produced.
A 1and2 B 1and4 C 2and3 D 3and4
(2025 Oct/Nov - 0654/21 - Question 24 - Extended)
3. Which statements about ethene and but-1-ene are correct?
1 Only ethene reacts with bromine water.
2 They are both formed by cracking alkanes.
3 They both react with steam to form alcohols.
4 They have different general formulae.
A 1and2 B 1and4 C 2and3 D 3and4
(2022 Feb/Mar - 0654/22 - Question 26 - Extended)
4.

Reactants for three chemical processes are listed.
1 ethene + steam
2 ethene + hydrogen
3 ethene forming poly(ethene)

Which processes form saturated hydrocarbons?

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

(2024 Oct/Nov - 0654/23 - Question 27 - Extended)

AT RIRKAREHHARIRIE (5% Ko ¥oik)

T AR TEABBNE C = C, JCAREHEL 4R SeR IR Hg
P ARREHLL SR
FEZR T, 58 C=CMLaWr SRR, FRKkmBaEl

BOKKE R T eI, A KR AL

22 _ene; -ane; L8
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AN OHHBUKRR G, 5IUKR B ISR E SRR, SBES AT C = C,

Which molecule reacts with aqueous bromine?
A B Cc D
H HoOHOH B H HoROH
H—C—H C=C—C—H H—C—C—H H—C—C—C—H
! Voo Lo boboh

(2024 May/Jun - 0654/11 - Question 27 - Core)
fiE: mgkAr i, B HEREFZHA C = C.
A C=CWoaTREGBUKBRY, fiRKHRE.

WL Bo
RS
1. Which substance decolourises aqueous bromine?
A B C D
H H H H H H H
|| | \ / ||
H—(l:—cll—H H—(|:—H C=C H—Cl)—(ll—O—H
H H H H H H H
(2024 Oct/Nov - 0654/22 - Question 27 - Extended)
2.

The structures or names of four compounds are listed.

HORRH
LT
H H H H

3 hexane
4 hexene

Which compounds will decolourise aqueous bromine?

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

(2026 May/Jun - 0654/13 - Question 27 - Core)
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Some information about a compound is listed.

e |t burns in air to form carbon dioxide and water.
e |t decolourises aqueous bromine.

e |t forms a polymer.
What is the displayed formula of the compound?

A B
H H H H H

T S .
| ||4 ||4 |

(2026 May/Jun - 0654/11 - Question 26 - Core)

A2 8 PHMLAMBMRXASHEZRS (Ffik ki)

EEI LA R AV AR I8 KM TR TR IR ARL . BE AR R UR T AR
RIRH EZH 2 . 51T NCHyo

HE s 12 AR R TR EURT . BRI 205 5 4 SR 7T R
B A W

N A H BRI SR R BB R AR 2R E g, SR BECH, .
1

Which energy source is an example of a fossil fuel?
A hydrogen
B methane
C the Sun
D wood

(2023 Oct/Nov - 0654/13 - Question 26 - Core)
il WEERRARINEZER S, RABTAE .
B, F e g s b B TAA ORI — T, ik Bo

XI55 3)

1. What is the main constituent of natural gas?
A ethane
B ethene

C methane

D nitrogen

(2025 Feb/Mar - 0654/22 - Question 25 - Extended)
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2. Which structure represents the main constituent of natural gas?

A B (o D
H H H H H H H
A A R A R
H H H H H H H
(2024 Feb/Mar - 0654/12 - Question 26 - Core)
3 Which compound is the main constituent of natural gas?
A B
T T
H—C—C—C—C—H H—C—C—C—H
H H H H H H H
Cc D
H H T
H—C—C—H H—C—H
H H H

(2025 May/Jun - 0654/12 - Question 25 - Core; [a]/i: 2025 May/Jun - 0654/13 - Question 25 - Core)

A2 9 PHANEEMARS CERBERE (Fik ki)

RRLA AR TR R RURBIOIER, B URS ER A f
fi.

LHHNS TN CH,0H . FIABIRT LURHALE. T AR EHEE —OH.

AR, ZISEAMPRER_ FUK B TARLE, FRAERLE.

= SN S A

VAN S H PR B RRE A A N . SERRE ) SRR AR
Bl Which diagram represents a molecule that is formed by fermentation?
A B Cc D
H HoH H H HoH
H—C—H H—C—C—H Cc=C H—C—C—O0—H
| | /N |
H H H H H H H

(2023 May/Jun - 0654/12 - Question 27 - Core; [@lfi: 2023 May/Jun - 0654/13 - Question 27 - Core)
fR s AT R T M B SN — A Ak
S 0h G H;OH , SWARIEFRIAKmZSR —OH .
D 5 IE5MMAT. ik Do
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1.

Which process forms ethanol?

A

B
Cc
D

combustion
cracking
distillation

fermentation

Which method is used to make ethanol?

A

B
Cc
D

fermentation of sugar by yeast

reacting ethane with bromine

reacting ethene with bromine

reacting methane with steam

(2023 May/Jun - 0654/11 - Question 27 - Core)

(2022 May/Jun - 0654/11 - Question 27 - Core)

The flow chart shows some chemical substances and processes.

glucose solution
and yeast

fermentation

compound X

carbon
dioxide

Which row identifies compound X and process Y?

compound X process Y
A ethanol combustion
B ethanol cracking
C ethene combustion
D ethene cracking

188
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ARE10: FIZBEMHZEEFTIE ik ko)

G  KEERTE R IR A RIS TR BN TR B P SR
Beke MR o
LR I N | N i N N N S B s SR A VA (D ER 52 LU R iU s Y :

R S5 B BLANT ORI R 54 15 RER AR SIEM T, UL rh B Rl PO & i 7P B

BE: R M
AUE LR BB R S S BT SR Py, Se a0 SO BT AR SR AL

What is the name of the process that forms alkenes from long chain alkanes?
A addition polymerisation

B cracking

C fractional distillation

D reduction
(2026 May/Jun - 0654/23 - Question 26 - Extended)
i KEELCRZ IR, AR EIRIERENY T, X FERR A Z# (cracking) .
HiE Bo

X943
1. Large alkane molecules are cracked to form smaller molecules.
Which equations represent cracking reactions?
1 CygHss > 2CeHq14 + CeHiz
2  CigHzg > Hy + 3CeHy2
3 CisHipy > CsHyg + 2CsHy;
4 CysHiz > CgHis + CsHyp + CyHs
A 1and3 B 1and4 C 2and3 D 2and4
(2025 May/Jun - 0654/22 - Question 26 - Extended)
2,

Three processes are listed.

1 cracking of hydrocarbons

2 combustion of methane

3 reaction of magnesium with steam
Which processes produce hydrogen?

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

(2025 May/Jun - 0654/23 - Question 27 - Extended)
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A1 AFEMABER SRS HEERE (F5k ko k)

CI® NUEEREGHE C=C HIMEMBRTE R, ST RS, R
TERGH AR BB R B RER] . SRR BB SOKE .
ROMmm OImMBRETM: Rlesib&_ §EE. KRgEH S -COO- Hi%.

HE: —MEEY; MMrT; —CONH-

8 EHHBL C=C. -CONH-. ~COO- Ei/NrF Wi, Seildse, FARERERA.

Which statements about addition polymers and condensation polymers are correct?
1 Alkanes and alkenes form addition polymers.

2 Addition polymerisation forms only one product.

3 Condensation polymerisation forms a polymer and a small molecule.

4  Poly(ethene) is a condensation polymer.
d

A 1and2 B 1and4 C 2and3 D 3and4

(2026 May/Jun - 0654/21 - Question 26 - Extended)
B 1S, WERAE C=C, PREEMMBEREY; 2 X, MEREHAEBREY: 3%, FHEREHME
BVRUNG T 458, ROIFRMEEED .
ERRR 2 13, ik Co
st

1.

Which statements about monomers and polymers are correct?

1 Different polymers can have different linkages between monomers.

2 An addition polymerisation reaction produces more than one type of polymer.
3 Addition polymers are made from saturated monomer molecules.

4 Nylon is a condensation polymer formed from two different monomers.

d

2 B 1and4 C 2and3 D 3and4
(2023 Oct/Nov - 0654/21 - Question 27 - Extended)

A 1an

Which diagram represents the structure of nylon?

A B

H H

T 10
—fls—?—$—<|:— —Cc—{—Cc—{ F-N—_{F—N—
H H H H

C D

g P 3
ST e
H H H H H H

(2025 May/Jun - 0654/22 - Question 27 - Extended)
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Which statement about polymerisation is correct?

A Addition polymerisation requires monomers from different homologous series.
B Condensation polymerisation produces a small molecule as well as a polymer.
C Polymerisation always produces polymers of the same chain length.
D

The formation of poly(ethene) is by condensation polymerisation.

(2025 Oct/Nov - 0654/23 - Question 27 - Extended)

Poly(ethene) and nylon are two different types of polymer.
Which statement about these polymers is correct?

A Nylon is an addition polymer.

B The linkage between monomers in nylon is —-CONH-.

C Poly(ethene) and nylon are made from the same monomers.
D

Poly(ethene) and nylon have the same linkages between their monomers.
(2024 Oct/Nov - 0654/21 - Question 27 - Extended)

Which statement describes addition polymers?

A They contain long chains made from only one type of monomer.

B They contain —C—N—"links.
H

C They contain carbon-carbon double bonds.

D They contain —C—0— links.

(2022 Oct/Nov - 0654/23 - Question 27 - Extended)
Which diagram represents the structure of nylon?
GHy K GHy K GHy H GHi K GHy H GH,
ST

H H

T

H

T

H

T
T
T

H

T

H 0O H (@) H (@)
I 0 O T O T

(2022 Oct/Nov - 0654/22 - Question 27 - Extended)
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Which row about the formation of condensation polymers is correct?

monomer description product formation
A contains C=C double bond the condensation polymer only
B contains C=C double bond the condensation polymer and a small molecule
C two different monomers used the condensation polymer only
D two different monomers used the condensation polymer and a small molecule

(2023 Oct/Nov - 0654/22 - Question 27 - Extended)

Which row shows the structure of poly(ethene) and the type of polymerisation used to make it?

structure of polymer type. of .
polymerisation
.
A | TC C—N N-T— addition

B | —C C—N—D—N-— condensation

L dn
S
| |
Cc —‘T—T'— addition
|H Hl,
L
|
D —'C|3—C|3'— condensation
|H Hj,

(2025 Feb/Mar - 0654/22 - Question 26 - Extended)

Which molecules can be used as monomers in polymerisation processes?

1 2
B Gl HoH
c=C H—C—C—O0—H
Lok b
3 4
@ H H H Q H H H
H—O0—C—C—C—C—N—H H—0—C—C—C—C—H
e [l
A 1and2 B 1and3 C 2and4 D 3and4

(2024 May/Jun - 0654/21 - Question 27 - Extended)
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RRE 12 FTFFEARBRE IR R S MHE (55 ok o)

T R AR IR AR, C = C RIl— SR @ITIF, 2 B RERRIKEE, LRMBER &Y.
I Z5HAI, SERE BN LR PRI T, K C = C BUNEEETR . I EEPI AR R o
ARG T I R U A2 2 s A LR TR FIN

B R RETERRE T L
VAN A H HELE C = C BRI ZORFNW N SR A YIS Skl B R AR T o

Bl What is the structure of the addition polymer formed from but-2-ene?
A B
H H H H [CH, H
bbb 1t
o il
Cc D
H H CH; H
Ll 1l
[ Lo, 1L

(2023 May/Jun - 0654/23 - Question 27 - Extended)
f#: T-2-4%75 % CH; — CH = CH — CH,.,
TH C=C Ja, W ERMWAERIE F3E N8 FE8E, WA CHy 4R FE R R R L, EE T
% [~CH(CHy) — CH(CHy) -] .
Bl D B4 kR E T %158 — A H fl—4> CHz. ik Do
AR

1.

The structure of a monomer is shown.
H o CHs
HO—C=C—H

Which structure represents a section of the addition polymer that is formed from this monomer?

A B c D
HRH HEH GHs | B H
T T o T
OH H H H H H OH H OH CH;

(2024 May/Jun - 0654/23 - Question 27 - Extended)
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The structure of a monomer is shown.
H,C CH,CH,
N /
C=C
H H

Which diagram represents the structure of the polymer formed from this monomer by addition
polymerisation?

A B
HoHOHOHOH GH, GH,CH, GH, GH,CH,
T T T
H H H H H H H H H
c D
CH, CH, CH, CH, H CHCH, H CH,CH,
DRON RN
CH, H CH, H H CH, H CH,

(2022 May/Jun - 0654/22 - Question 27 - Extended )

CH, H
\
c=cC
/
H CH,

A B
CH, H CH;H CH, H CH,H CH,H CH,H
A O e S
C—C—C—C—C—C —C—C=C—C=C—C—
2 O I I A
H CH;H CH,H CH, H CHy;H CH;H CH,
c D
GH | CH B GHy H HOCH B GH B CH,
DR ERANEN
H CH,H CH,H CH, H CH;,H CH, H CH,

(2022 May/Jun - 0654/23 - Question 27 - Extended)
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Which structure represents the addition polymer made from the monomer propene, C;He?

A B
CH: i GH: H H B HOH
T T
H H H H H H H H
C D
CH: GH. CH, CH, GH: GH GH, GHy
DR ANNN
H H H H CH3 CH3 CH3 CH3

(2023 May/Jun - 0654/21 - Question 27 - Extended)

The structure of the monomer chloroethene is shown.

H H
c=c¢
H CI

What is the structure of the polymer formed from this monomer?

A B
[H H H H (H H H H]
| ] |
T 77 T 7717
H H H H], |H Cl H ci,
c D
IR iaRa
T 7] T 7717
|H Cl H cCl, |H Cl H cCl,

(2022 Oct/Nov - 0654/21 - Question 27 - Extended)

195



The structure of the monomer chloroethene is shown.

HH
I
H Cl

A B
H H H H H Cl H CI
GGGl GGG
H CI H CI Cl H Cl H
c D
Gl H Gl H HooH oW
GGGl —C—g=C—
Cl H Cl H Cl Cl

(2023 Oct/Nov - 0654/23 - Question 27 - Extended)

fAE 13 HREKELRBOFREMIE Bk ko)

I3 TR S T A B R4y RS R RO, IR SRS R A

F RV RBRGEE, 8 XS TFREMRK, aFREER I8

DA B RS , b OB . FERMEBUIN BRSO ARSI o AH R S5 TR IR B 1] PN 2 % R AR A
1=y . S

SEIRE AR C, Hy,, o ST EALBRFIK o

DL FCASTE ) R A48 HLACAAR [ B a7 s AR 1 i A Bz, R °C.

L5 SIS NI S

FLH BB R BRF 40 AR 0 Bk S A R U, SE ORI

Petroleum is a mixture of hydrocarbons which is separated into fractions by fractional distillation.
Which statements describe the fraction collected at the bottom of the fractionating column?

1 It contains the smallest molecules.

2 It has the weakest forces between molecules.

3 ltis the most viscous.

4 ltis the least flammable.
A 1and2 B 1and3 C 2and4 D 3and4

(2022 May/Jun - 0654/23 - Question 26 - Extended)
fE: Sy PR RIARIR B SR ORI o RO R b KU 4 o
BREERCIC, 4y FRIVER s, BB ROR. ATATERAC, 3. 4 IEH.
#ilik Do
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formulas CgH44 and C1oHos.

1. The same mass of five different alkanes are left to evaporate under identical conditions.
The mass lost by each alkane in one day is measured.
Which graph shows the mass lost against the number of carbon atoms in each alkane chain?
A B
A A
mass mass
lost lost
I I I I | I I I I |
9 10 11 12 13 9 10 11 12 13
number of carbon atoms number of carbon atoms
in alkane chain in alkane chain
C D
A A
mass mass
lost lost
I I I I | I I I I |
9 10 11 12 13 9 10 11 12 13
number of carbon atoms number of carbon atoms
in alkane chain in alkane chain
(2022 May/Jun - 0654/21 - Question 26 - Extended)
2.

A gasoline fraction from the fractional distillation of petroleum includes compounds with the

Which statements about these compounds are correct?

1 Ci2Hys has a higher boiling point than CgHy4.

C12Ha6 has a lower relative molecular mass than CgHya.

2
3 CgHis and Cy2Hys are members of different homologous series.
4

CesH14 and CqoHy both undergo complete combustion to form carbon dioxide and

water.

A 1and3 B 1and4

C 2and3
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Gasoline and diesel oil are fractions obtained by the fractional distillation of petroleum.

Which row about gasoline and diesel oil is correct?

temperature at which size of molecules
the fraction is collected in the fraction
A gasoline higher than diesel olil gasoline larger than diesel oil
B gasoline higher than diesel oil gasoline smaller than diesel oil
C diesel oil higher than gasoline diesel oil larger than gasoline
D diesel oil higher than gasoline diesel oil smaller than gasoline

(2025 Oct/Nov - 0654/21 - Question 23 - Extended)

AR 14 NINRESRTREREEME (F5k K yevr)

EOER  HRLAEMBERA R, BRBEITIT, MR R RPN
TiE.

HY 5 BT S HfE A R B P AS TR R B o FERAE PR R 2 ) A BB A
ho_

I T A T 2 A pR A DU N T R SR AW s S5 T BT o
B MBEREY MEE: BRasU

L H USRS BT BOR BRI, Se R B MR, PR GERAR ] B S XX

i
The structure of an addition polymer is shown.
H CH;
b
b |,

Which monomer is used to make this polymer?

A B c D

H H GHs  CHs H H H CH,
C=C Cc=C C=C Cc=C

/ 0\ / N\ / N\

H H H H CH, H H CH,

(2023 May/Jun - 0654/22 - Question 27 - Extended )
fig: B RITP A BRI S E A H A CH;, fRE XM
KA 4R I - [ BB SRR U, A3 Bk
CH, — CH = CH — CH,
Hik B.
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1. A section of polymer X is shown.
CH; H
cC—cC
body),

Which statement about X is correct?

A Itis a condensation polymer made from but-1-ene.
B Itis an addition polymer made from but-1-ene.

C ltis a condensation polymer made from but-2-ene.
D

It is an addition polymer made from but-2-ene.

(2025 Oct/Nov - 0654/21 - Question 25 - Extended)

A5 AN FREMITHBEREE (F5 ki)

PR BB p AR B 5 U TR, A5 2 C(=0)-No

BB et AR R dAE R T K
REHH C=0 HEAERR, NRBAER D, ¥ WM.

LRI N O R TS, B L,
EH: B R EER R TR NRT

FH LS 2 A BRI R 25 O R BERE B, Jeig 4L C(=0)-N.
&1

The molecule shown contains some amide linkages, —N—C—.
H
OH
o
CH N C CH O
H2N/ \ﬁ/ \TH/ \T/ \T/ ﬁ
H
(0] CH H N C C—CH
[ H e OINTT N ’
c=0 | | | >SoH
| CH, H o)
OH

How many amide linkages are present in this molecule?

A 4 B 5 C 6 D 9
(2024 May/Jun - 0654/22 - Question 27 - Extended)
fil: WM BRI DL B R R T
WoFEENLENA, S8E 4 C(=0)-Nid 114, ILFH
1+14+141=4
BRI AR EE ) C=0 WA ERR, Lz R B EEREEWR, WA
Wk Ao
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1114 58, &it. BESEED

A2 1 BHETHRRKRKEIRTE (kK ok k)

CPT KK, BRERH A AL T TACIRES, Bl b TR R AR 4 o

TKBERE A A, BKASh_ A JoKSERE RS, BKAEN_ fa.

1) € T K B R A K AT AR, A RE T AR iX — B (k.

R AR A E B i P B K, S BB I ) D TR el P B

KZE: A B oA

AE M R . A SALES BOIAE BB, SeiARRLR S ToK, B R B

A4

Which substance turns blue when it is added to pure water?
A anhydrous copper(Il) sulfate

B anhydrous cobalt(II) chloride
C red litmus
D

universal indicator

(2022 Oct/Nov - 0654/13 - Question 25 - Core)

B FOKBBRER A G, NSRS T oK S BRI , Bt A A .

WG Ao
FXI%:3)
1. Which statement describes a chemical test for water?
A Add blue cobalt(II) chloride.
B Add blue copper(Il) sulfate.
C Measure the boiling point.
D Use universal indicator.
(2023 May/Jun - 0654/11 - Question 23 - Core)
2,

Which colours are observed when water is added to white copper(Il) sulfate and to
blue cobalt(IT) chloride?

copper(II) sulfate cobalt(II) chloride
A white pink
B white white
C blue pink
D blue white

(2024 Feb/Mar - 0654/12 - Question 25 - Core)
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Which colour change is observed when water is added to anhydrous cobalt(II) chloride?

A

B
Cc
D

blue to pink
blue to white
pink to blue

white to blue

(2026 May/Jun - 0654/21 - Question 23 - Extended)

Which colour change is observed when water is tested using copper(II) sulfate?

A

B
C
D

blue — pink
blue — white
white — blue

white — pink

(2022 May/Jun - 0654/12 - Question 25 - Core; [a]fi: 2022 May/Jun - 0654/13 - Question 25 - Core)

Which row shows the colour of copper(Il) sulfate and of cobalt(II) chloride when they are added
to water?

copper(II) sulfate cobalt(Il) chloride

o 0O W >

blue
blue

white

white

blue
pink
blue

pink

(2025 May/Jun - 0654/12 - Question 22 - Core; [a]/i: 2025 May/Jun - 0654/13 - Question 22 - Core)

Which row shows the conditions that each turn a sample of white copper(Il) sulfate blue?

add water heat
A X X
B X v
Cc v v
D v X

In a test for water, water turns anhydrous copper(II)

Which words complete gaps 1, 2 and 3?

1 2 3
A chloride blue white
B chloride white blue
C sulfate blue white
D sulfate white blue
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1 from 2 to 3

(2024 Oct/Nov - 0654/21 - Question 25 - Extended)



10.

1.

Anhydrous cobalt(II) chloride changes colour when water is added.

Which row shows the colour before and after water is added?

before after
A blue pink
B blue white
C white blue
D white pink

(2022 Feb/Mar - 0654/12 - Question 24 - Core)

A colourless liquid is tested with blue cobalt(II) chloride paper.

The blue paper turns pink.

What does this test prove that the liquid contains?

A

B
Cc
D

an acid
an alkali
ethanol

water

(2024 Oct/Nov - 0654/11 - Question 26 - Core)

Which row describes the colour changes when water is added to anhydrous copper(Il) sulfate
and to anhydrous cobalt(II) chloride?

copper(II) sulfate

cobalt(II) chloride

O 0O W >

blue — white
blue — white
white — blue

white — blue

blue — pink
pink — blue

blue — pink

pink — blue

(2025 Oct/Nov - 0654/23 - Question 22 - Extended)

Water is tested with white copper(Il) sulfate powder and with blue cobalt(II) chloride paper.

Which row shows the results of the tests?

copper(Il) sulfate | cobalt(II) chloride
A turns blue stays blue
B turns blue turns pink
Cc stays white turns pink
D stays white stays blue
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12. Water is added separately to anhydrous cobalt(IT) chloride and to anhydrous copper(II) sulfate.

Which row describes the colour changes?

with anhydrous with anhydrous
cobalt(II) chloride copper(Il) sulfate
A | blue to pink white to blue
B | blue to pink blue to white
C | pink to blue white to blue
D | pink to blue blue to white

(2026 May/Jun - 0654/11 - Question 23 - Core)

13. Which row shows a chemical test for the presence of water?
substance colour change
A | anhydrous cobalt(II) chloride pink to blue
B | anhydrous cobalt(II) chloride white to blue
C | anhydrous copper(II) sulfate pink to blue
D | anhydrous copper(II) sulfate white to blue
(2026 May/Jun - 0654/22 - Question 25 - Extended)
14. Copper(II) sulfate and cobalt(II) chloride are used to test for water.
Which rows show the colour changes for these two substances?
substance initial colour final colour
1 cobalt(IT) chloride blue pink
2 cobalt(II) chloride pink blue
3 copper(II) sulfate blue white
4 copper(Il) sulfate white blue
A 1and2 B 1and4 C 2and3 D 3and4
(2024 May/Jun - 0654/23 - Question 24 - Extended)
15.

Four liquids are tested with universal indicator and with anhydrous copper(Il) sulfate.

Which row shows the observations for pure water?

. - anhydrous
universal indicator
copper(Il) sulfate
A turns blue turns blue
B turns blue turns white
C turns green turns blue
D turns green turns white

(2025 May/Jun - 0654/11 - Question 23 - Core)
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16. Four watch-glasses contain solid salts as shown.

T < e N

blue white blue pink
copper(II) sulfate copper(Il) sulfate cobalt(II) chloride cobalt(II) chloride

Water is added to each salt.

Which statement describes the salt solutions that form?
A They are blue or pink only.

B They are white or blue only.

C They are all pink.

D They are all blue.

(2023 Feb/Mar - 0654/12 - Question 25 - Core; [6)fi: 2023 Feb/Mar - 0654/22 - Question 25 - Extended)

A 2: FERMSHAERERSSE (Fik kK rvr)

AP RREMH &y AR, SRR RS, TR BB
MAT??FZZTEE{*EE’J(*@*EX RO, M MM ERRAES R IT, .

SRR AR E AL FIA B, & T 2 Pl L MR B s A A s b S °C RAR.

B W TR S 1E
AH IR R 43 T BRSO B RE BT, eI s W R Ak 5 25 5

Which process is used to obtain water from a salt solution?
A chromatography
B crystallisation
C distillation
D filtration
(2024 May/Jun - 0654/23 - Question 14 - Extended)
fif: R KA RIS, KZHIEHELL.

KRGV BE S AT, SRR, Fr AR 251

Tk Co
FXI%:3)

1.

Which method is used to separate a mixture of liquids?
A chromatography

B crystallisation

C fractional distillation

D

filtration

(2026 May/Jun - 0654/11 - Question 27 - Core)
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Which process is used to separate petroleum into useful substances?
A chromatography

B crystallisation
C filtration
D

fractional distillation

(2026 May/Jun - 0654/12 - Question 27 - Core)
Which process is used to separate petroleum into useful products?
A cracking
B filtration
C fractional distillation

D thermal decomposition

(2023 Oct/Nov - 0654/12 - Question 26 - Core)

A mixture contains solid P dissolved in liquid Q.

Which process is used to obtain a pure sample of liquid Q from this mixture?
A crystallisation

B distillation

C evaporation
D

paper chromatography
(2022 May/Jun - 0654/11 - Question 14 - Core; [f]fi: 2022 May/Jun - 0654/21 - Question 14 - Extended)

Which property allows petroleum to be separated by fractional distillation?
A boiling point
B colour
C density
D melting point
(2025 May/Jun - 0654/12 - Question 24 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 24 - Core)
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Hexane and octane are liquid hydrocarbons that mix together.

Which apparatus is used to separate a mixture of these two liquids?

A

B Cc

R’

heat

(2023 May/Jun - 0654/12 - Question 14 - Core; [a]#i: 2023 May/Jun - 0654/13 - Question 14 - Core. 2023 May/Jun - 0654/22 - Question 14

Sea water is heated in the apparatus shown.

/

water out

sea water

heat

- Extended)

cold water in

/

Which row describes changes at positions X and Y?

at X

atyY

o O W >

concentration of solution decreases
concentration of solution decreases
concentration of solution increases

concentration of solution increases

solvent condenses
solute condenses
solvent condenses

solute condenses

206
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RAFRIEL AL O SRR A SRR, MR
AR AOKAE s AUEE KBRS, A BRI R R
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B W M AR
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Which substance changes the colour of damp red litmus?
A CO, B Cl C H; D SO,

(2022 May/Jun - 0654/23 - Question 19 - Extended)
s ¥ A & BT AEa [ P P e o A N RVl R TP = € 771 e = O 701 oy s O I 8 A A R W S 3 e
Bt SRS HBE,

Wik B
X943
1. Which gas turns damp red litmus paper blue?
A ammonia
B carbon dioxide
C chlorine
D hydrogen
(2025 Feb/Mar - 0654/12 - Question 27 - Core)
2. Gas X turns limewater milky.
What is X?
A carbon dioxide
B chlorine
C hydrogen
D oxygen
(2024 May/Jun - 0654/23 - Question 20 - Extended)
3.

A piece of damp blue litmus paper is put in a test-tube of a gas. The litmus paper turns red and
then changes to white.

What is the gas?
A ammonia

B carbon dioxide
C chlorine
D

oxygen
(2023 Oct/Nov - 0654/13 - Question 20 - Core; [&]f#i: 2023 Oct/Nov - 0654/23 - Question 20 - Extended)
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What is used to test for ammonia gas?
A alighted splint

B aqueous sodium hydroxide

C damp red litmus paper

D limewater

(2024 Feb/Mar - 0654/22 - Question 21 - Extended)

S. During fermentation, an organic liquid and a colourless gas are produced.
Which row identifies a use for the liquid and describes the result of a test on the colourless gas?
use for the liquid gas test result

A monomer in addition polymerisation reactions turns limewater milky

B monomer in addition polymerisation reactions relights glowing splint

C solvent turns limewater milky

D solvent relights glowing splint

(2023 Feb/Mar - 0654/22 - Question 27 - Extended)

6.

Green copper(II) carbonate is heated. A black powder is formed and a gas is produced which
turns limewater cloudy.

Which word equation is correct?

A copper(Il) carbonate — copper + carbon + oxygen

B copper(II) carbonate — copper(Il) oxide + carbon monoxide
C copper(IT) carbonate — copper(II) oxide + carbon dioxide

D copper(Il) carbonate — copper + carbon dioxide

(2026 May/Jun - 0654/11 - Question 15 - Core)

A4 BB ESEEXFPHAET (F5hk k k)

ETTD  ETESHTRARTE MG A E U@ ST B0 i As kI e T
PRI T5 15

NSRS, Fe?t iR ULE, Felt ARaii@pile, Cu®t AR ayiiE, Zn*t
A A A UTHE -

IMNBRACAHERER RS, CIm B GaliE, Bro Ap VU BALEIMABIE T, SO 4
A EBITTE -

IMNZKES, Cu* SEABGRIEETIE, Zo®t S aiie, WAilemEdREKh_
BRPRAR 25 15 A 8 S B2 U — A ARk o

DU SRR IR A EVEBLR . A7 AL

B e Phme:
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Substance X is mixed with aqueous sodium hydroxide.
A green precipitate is produced.

Which metal ion is present in X?

A Cu* B Fe* C Fe* D zZn*
(2023 Oct/Nov - 0654/11 - Question 21 - Core; [a]#i: 2023 Oct/Nov - 0654/21 - Question 21 - Extended)
i MAANBRIEEHE TS, SaUEARAMTE, 8 X F& Fe?t,
ik Bo

ARSE )
1. Acidified aqueous silver nitrate is added to a solution.
Which ion causes a white precipitate to form?
A chloride ions, CI~
B copper ions, Cu®*
C hydroxide ions, OH"
D sodium ions, Na*
(2025 Oct/Nov - 0654/12 - Question 27 - Core; [i]f: 2025 Oct/Nov - 0654/13 - Question 27 - Core)
2. A student tests an aqueous solution for the presence of sulfate ions.
What is the test and observation for sulfate ions?
A Acidify the solution and add aqueous barium ions to produce a white precipitate.
B Acidify the solution and add aqueous silver ions to produce a cream precipitate.
C Add aqueous iron(III) ions to produce a brown precipitate.
D Add aqueous copper(Il) ions to produce a pale blue precipitate.
(2024 Oct/Nov - 0654/22 - Question 20 - Extended)
3. Which test and its result identifies aqueous bromide ions?
A adding acidified aqueous silver nitrate forming a cream precipitate
B adding acidified aqueous silver nitrate forming a white precipitate
C adding aluminium foil and heating with sodium hydroxide forming a gas that turns red litmus
paper blue
D adding dilute acid forming a gas that produces a white precipitate when bubbled through
limewater
(2022 Feb/Mar - 0654/12 - Question 19 - Core; [fi#i: 2022 Feb/Mar - 0654/22 - Question 19 - Extended)
4.

Which chemical test does not produce a precipitate?
A carbon dioxide and limewater

B carbonate ions and dilute hydrochloric acid

C chloride ions and aqueous silver nitrate
D

copper(Il) ions and aqueous sodium hydroxide

(2024 Oct/Nov - 0654/12 - Question 21 - Core; [f)i: 2024 Oct/Nov - 0654/13 - Question 21 - Core)

209



Aqueous ammonia is separately added dropwise and then in excess to four different aqueous
cations.

Which cations give a precipitate that then dissolves?

1 Ca*
2 cu*
3 Fe*
4 zn*
A 1and3 B 1and4 C 2and3 D 2and4

(2025 May/Jun - 0654/11 - Question 27 - Core)

A2 5. AREBENEREEIRET (F5k ki)

B T SR 2 U TR AR BERIK s B TP NHY + OH- = NH, + H, O,
MG T, RS RAIEINI. R FSIRAA 1 .

S TR RS SRR s SRR I 0 AR R U e

w6

AU Bl Eh B S AN E AL PN S ISR TR RIS, SesAl W AR i

o

What is warmed with a salt to test for ammonium ions?
A aqueous barium chloride
B aqueous litmus
C aqueous silver nitrate

D aqueous sodium hydroxide
(2024 Oct/Nov - 0654/23 - Question 21 - Extended)
i RIEARE T, BRI S S AN R & I
NH} + OH™ = NH; + H, O,
A A RE AR IR R 21 A A AR AR, ik Do
ARSE )
1.

Ammonia is displaced from its salts by reaction with substance Z.

Which row identifies substance Z and the test for ammonia?

substance Z test for ammonia
A hydrochloric acid turns red litmus blue
B hydrochloric acid turns blue litmus red
C sodium hydroxide turns red litmus blue
D sodium hydroxide turns blue litmus red

(2024 May/Jun - 0654/22 - Question 23 - Extended)
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When aqueous potassium hydroxide is warmed with ammonium chloride, a gas is given off.
Which test result identifies the gas?

A It bleaches pH paper.

B It turns anhydrous cobalt(II) chloride blue.

C It turns universal indicator red.

D It turns red litmus blue.

(2022 May/Jun - 0654/12 - Question 20 - Core; [a]f#i: 2022 May/Jun - 0654/13 - Question 20 - Core. 2022 May/Jun - 0654/22 - Question 19

- Extended)
3. Ammonium chloride is mixed with aqueous sodium hydroxide and heated. A gas is produced.
The gas is tested with damp blue and damp red litmus paper.
Which row shows the observations?
blue litmus red litmus
A | bleached bleached
B | turns red unchanged
C | unchanged turns blue
D | unchanged unchanged
(2026 Feb/Mar - 0654/12 - Question 27 - Core)
R 6: AIESHERSFAARFAIAER (% k)
(%030 2 RS R R AR e i A 1 R il o O N . I - B 71 UM T ¥ 78
M .
PP ANE TR 75— PR BT TR, KBRS 08, Va1 A B 7E D8 At b, w44
BRTEIRI -
BRI P A AT PR E A, MR RO KRR . Fe ), M M

5135 1

A RIS VRN AESh

8 BHMBUUE, BB 5 — PP ORI, el g, FEADEI h 4

When aqueous copper(Il) sulfate reacts with aqueous sodium hydroxide, a blue precipitate
forms.

Which method is used to remove the precipitate from the reaction mixture?
A chromatography
B distillation
C filtration
D crystallisation
(2025 May/Jun - 0654/12 - Question 27 - Core; [a]fi: 2025 May/Jun - 0654/13 - Question 27 - Core)

ORISR R T . FAEROIR %*AﬁTﬁﬁ@%

fﬁTﬁ JUjE B ESE AR b, IR A IR AR, Huk Co
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1. A sample of water contains two useful substances, insoluble chalk and a soluble salt.

Which two processes are used to individually separate the insoluble chalk from the soluble salt
and from the water?

A distillation and chromatography
B distillation and crystallisation

C filtration and chromatography
D

filtration and crystallisation
(2023 Oct/Nov - 0654/12 - Question 14 - Core; [@]fFi: 2023 Oct/Nov - 0654/22 - Question 14 - Extended)

2. A mixture of solid sulfur and solid sodium chloride is added to water and stirred.
Sulfur is insoluble in water.
Sodium chloride is soluble in water.
Which processes are used to obtain pure sodium chloride from the mixture?
A distillation then chromatography
distillation then crystallisation

filtration then chromatography

O O W

filtration then crystallisation
(2023 May/Jun - 0654/23 - Question 14 - Extended)

A 7 FEHTREFEBIVRIRSIESRRIMNEE (F5ik o)

R IS R A3 p R RN T S s WA AR AR LL em? g B

B AR, AARERERMEEN . RSB AS B R A B AR
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B WEE: R

L H BB AR AL B L P O ZERMMA BRI, SEHIWrEN R, R ZE SR A,
1

m

Hydrogen gas is given off when zinc reacts with dilute sulfuric acid.

Which piece of apparatus is used to collect the hydrogen gas and measure its volume?

A balance

B gas syringe
C Dpipette

D test-tube

(2024 May/Jun - 0654/12 - Question 18 - Core; [a]/i: 2024 May/Jun - 0654/13 - Question 18 - Core)
i RESE AR, T AR A [R] sz Y AR AR
SRS AR REMC R AN, 1 B 20 BE AT s AR
i B
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1.

Which piece of apparatus is used to measure the change in the volume of a liquid most
accurately?

A B Cc D

(2022 May/Jun - 0654/12 - Question 14 - Core; [a]#i: 2022 May/Jun - 0654/13 - Question 14 - Core. 2022 May/Jun - 0654/22 - Question 14
- Extended)

FE 8: FkN RSB RSN R FIAE (Eik Yoo yr)

CEPI e R T A ERY Gl . REEH FI AL °Co

TRAYIE e — MR G N s g, A B A B 2 A AR .
IR, SRR RS , TEKPF 5 s AN [ AN (L R B 75 2 28K o

BRI TR

FOUE H B S R BN AR I FIW A BE I, SR AR R B A B E B A TE KPR

A student measures the melting points and boiling points of samples of water.

The results are shown.

sample temperature
/°C
1 100
2 102
3 )
4 0

Which samples of water are impure?

A 1and4 B 2and3 C 2only D 3only
(2026 May/Jun - 0654/12 - Question 24 - Core)
fi#: FE—EEIRT, AiKrh R 100 °C, #ERHA 0 °Co
i 1A 4 B S AF S AK B AN s RS 2 BB 0R 102 °C AR 3 BUIE A —6 °C, 1
AN ALK [ A AR o
JIr AR KA i 2 0 3 ik B
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1. Which graph shows the temperature change when an impure, solid substance is heated?
A B
A A
temperature temperature
time - time -
C D
A A
temperature temperature
time - time -

(2025 May/Jun - 0654/21 - Question 14 - Extended)

AE 9 MBBWMIESETHHERFREER (kX dok)

CITYE  FRHHAE R A IR BRI R S A Rl o

BRI, AR 6, PSR .
HRAT AR s B L.
EN

8 A H IR S A FEER O EARE  SEiIAE R, R .
KD

Which row describes the colour observed when sodium hydroxide is added separately to litmus
and to methyl orange indicators?

litmus methyl orange
A |red yellow
B | blue yellow
C |red red
D | blue red

(2026 May/Jun - 0654/12 - Question 20 - Core)

AR, AR IR .
ﬁﬁf@ﬁﬁmﬁmé fili FH S B B
FHFFE IR B AT, Wk B,
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1.

Which row is correct?

An aqueous solution of an alkali is tested separately with litmus and methyl orange indicators.

colour with colour with
litmus methyl orange
A | blue red
B |red yellow
C | blue yellow
D |red red

(2026 Feb/Mar - 0654/22 - Question 20 - Extended)

A 10: RAEHEIRHNERE T (F5Mk i)

eSS ) FH R L 8 A K R BRI (kAT 00
PEATIOERI ) SR BAERGN__ . #IRIEEN :

BR A6 B RE

AUH BB T S S IR AR TR . SCHRHIAL. B PRIRERT .

What is the colour of the flame produced by sodium in the flame test?
A Dblue-green
B red
C lilac
D yellow
(2025 Oct/Nov - 0654/11 - Question 27 - Core)

i W UJERS T RS oA, KRB A . ik D,

XI55
1. Which row shows the flame test colours for lithium and sodium?
lithium sodium
A lilac blue-green
B lilac yellow
C red blue-green
D red yellow

(2022 May/Jun - 0654/11 - Question 20 - Core; [H]f#i: 2022 May/Jun - 0654/21 - Question 19 - Extended)
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The colours in an ink are separated by chromatography.

Which diagram shows the assembled apparatus?

A B
spot of ink
spot of ink po=
(=
solvent solvent
C D
o spot of ink spot of ink
o
solvent solvent

(2023 Oct/Nov - 0654/13 - Question 14 - Core; [lfi: 2023 Oct/Nov - 0654/23 - Question 14 - Extended)
i ATRAR T oL S e AR RITAR ) R Bl B RN TR R T, B 1k BRI NS R
o
Bl C U FomiR N, 88 A T 7. ik Co

AR 12 REEMAREEEBRREF (F5hk k)

TR 5 1 10 S PSS M) FH ECAE BRI 2% A1 T 5 80 S B A Rl A PR o
Al I CTRE SRS S 1/ NS | | = = 45 22T O i
AR AR L A SRR WA R AR

AR B A

H HPURSERAR B TR0 10 My & @ i, e i a8 .
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Which metal is used in the test for nitrate ions?
A aluminium
B copper
C magnesium
D tin
(2024 May/Jun - 0654/21 - Question 22 - Extended)
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The chromatogram for substances P, Q, R and S is shown.
solvent front
baseline
P Q R S

Which statement is correct?

A P and R are both pure substances.
B P has a higher R; value than Q.

C Risamixture of P and Q.
D

S is a mixture of Q and one other substance.
(2025 Oct/Nov - 0654/21 - Question 26 - Extended)
f R BE R BE R R R I — P
SHMAFER, RIREY: HPBMWHELAE Q WHEA%ER, H—MHAY Q AF.
FTLL S & Q Fls—FhH BTHIIR & ¥ . Wk Do
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1. Paper chromatography is used to separate mixtures of soluble coloured substances using a
suitable solvent.
The diagram shows the results of paper chromatography of five substances U, V, W, X and Y.
0 0 0
0
T T T T T
U Vv w X Y
Which statement is correct?
A All five substances are mixtures.
B There are four pure substances.
C WandY are the same substance.
D Wisamixtureof UandY.
(2026 May/Jun - 0654/22 - Question 27 - Extended)
2.

Dye X is a mixture of different coloured substances.
Chromatography is used to compare X with three other mixtures, P, Q and R.

The results are shown.

Which mixtures contain dye X?

A P,QandR B PandQonly C Ponly D Ronly
(2023 Oct/Nov - 0654/11 - Question 14 - Core; [@]#i: 2023 Oct/Nov - 0654/21 - Question 14 - Extended)
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The boiling points of three substances, W, X and Y, are shown.

w X Y

boiling point/°C | 116-118 132 141-145

The substances are tested using chromatography.

The chromatogram is shown.

o 0
0
0 0
0
WX Y

Which statement is correct?

One of the components of Y has a boiling point of 132 °C.

B Substance Y has a smaller boiling point range than substance W.
C Substance W produces the largest R; value.
D Substance X is an impure mixture.

(2025 Oct/Nov - 0654/22 - Question 27 - Extended)

BE 14 ME—EZITE RIS RKES (E5Hid Kk Yk i)

b, Ry R MNERIRT B IR, R, = .

o F rEERBER M R SRR, FRRE MR AL RO RIS Ry I, JRITARAT B o
Ry BLA AL BRERABE IS AI R, 0< Ry < 1o

B R R ORISR RS s R T B L2 A P
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The chromatogram of four different inks is shown.
Which ink has an R value of 0.537?

solvent front

> e

10cm L

baseline

(2025 Feb/Mar - 0654/22 - Question 27 - Extended)
PSR BRI BE RS 9 10 om, W[ —2EZRRAT B BEACH DM B L)) 5.3 cm.
Ry =53 — (.53,
Uk B
%5

1.

The chromatogram of four substances is shown.

Which substance has an R; value of 0.25?

solvent front

10cm 0
8cm 0

6.cm
4cm

2cm

baseline

Ocm T T T T

(2025 May/Jun - 0654/21 - Question 27 - Extended)
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A chromatography experiment is performed on a coloured solution.
The solution contains substance Y.

The chromatogram is shown.

solvent front

baseline

How is the R; value of substance Y calculated?

A r=+s B s-=r C s+t D t-s
(2025 May/Jun - 0654/23 - Question 26 - Extended)

Substance S is analysed by paper chromatography.
The chromatogram obtained is shown. The chromatogram is not drawn to scale.

The Ry value of Sis 0.60.

4.5cm
final solvent
front
J
®S
6.0cm
o baseline
1.8 cmt
What is distance J?
A 40cm B 52cm C 6.0cm D 7.8cm

(2026 Feb/Mar - 0654/22 - Question 27 - Extended)
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The results of two tests on compound P are shown.
test observation
flame test red flame
addition of acidified silver nitrate white precipitate

What is P?

A lithium bromide

B lithium chloride

C sodium bromide
D

sodium chloride
(2024 Oct/Nov - 0654/11 - Question 23 - Core)
i Jae o, WP SEE T
IMBRACAHER R L HADTEE . U] P SR/ B
PSS LR i E P ARG Wik B.
IS

1.

The results of two tests on aqueous M are shown.

e When aqueous sodium hydroxide is added to M, a red-brown precipitate
is produced.

e When acidified aqueous barium nitrate is added to M, a white precipitate
is produced.

What is M?

A copper(II) chloride
B copper(II) sulfate
C iron(III) chloride
D

iron(III) sulfate
(2026 May/Jun - 0654/21 - Question 27 - Extended)
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The results of tests on aqueous G are listed.

1 Adding aqueous sodium hydroxide produces a white precipitate that is insoluble in
excess.

2 Adding acidified aqueous silver nitrate produces a cream precipitate.
What is G?

calcium bromide

B calcium chloride
C zinc bromide
D zinc chloride

(2025 Oct/Nov - 0654/21 - Question 27 - Extended)
Aqueous Z is warmed with aqueous sodium hydroxide and a piece of aluminium foil.
A gas is produced which turns damp red litmus paper blue.
A second sample of aqueous Z is mixed with dilute sulfuric acid. A white precipitate is observed.
What is Z7?
A ammonium chloride
ammonium nitrate

B
C barium chloride
D

barium nitrate

(2026 May/Jun - 0654/23 - Question 27 - Extended)
White solid X reacts with dilute hydrochloric acid. A gas is produced which turns limewater milky.
A flame test is done on solid X and produces a red coloured flame.
What is X?
A lithium carbonate
B lithium chloride
C potassium carbonate
D

potassium chloride

(2024 May/Jun - 0654/12 - Question 21 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 21 - Core)
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Sulfuric acid is produced in the Contact process.
Which substances react together in a reversible reaction in the Contact process?
A SandO,
B SO;and O,
C HySO4and SO;
D

H,S,0; and H,0
(2022 May/Jun - 0654/21 - Question 24 - Extended)

75 117 R S A e o = N i DA A

250, + O, ¢ 2S04

S SO, Fil Oy, HAZ LA Hiiik Bo

ARSE 22
1. Which element is used in the manufacture of sulfuric acid?
A carbon
B hydrogen
C nitrogen
D sulfur

(2023 May/Jun - 0654/12 - Question 24 - Core; [a]fi: 2023 May/Jun - 0654/13 - Question 24 - Core)
Which statement about sulfur is correct?
A Itis a metallic element.
B Itis used to make sulfuric acid.
C ltisin Group VII of the Periodic Table.
D

An atom of sulfur contains 32 electrons.

(2023 May/Jun - 0654/11 - Question 24 - Core)
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Which statement about manufacturing processes is correct?
A Limestone is manufactured from calcium oxide.

B Limestone is manufactured from acidic waste products.
C Ethene is manufactured by addition polymerisation.
D

Sulfuric acid is manufactured from sulfur.

(2024 May/Jun - 0654/11 - Question 26 - Core)
The Contact process is used to manufacture sulfuric acid.
Which step in the Contact process is reversible?
A sulfur reacting with oxygen
B sulfur dioxide reacting with oxygen
C sulfuric acid reacting with sulfur trioxide
D

oleum, H,S,0-, reacting with water

(2024 Feb/Mar - 0654/22 - Question 26 - Extended)
Four different reactions occur in the manufacture of sulfuric acid by the Contact process.
Which substance is a reactant in one of these reactions and a product in another?

A HYO B O cC S D SO;

(2023 May/Jun - 0654/23 - Question 24 - Extended)

Which equation does not represent a reaction that occurs in the Contact process?
A 28 + 30, —» 2S0;

B 2SO, + O, = 2S0;

C H,SO4 + SO; — H,S,0;

D H,S;0; + H,O — 2H,S0,

(2022 May/Jun - 0654/23 - Question 24 - Extended)
Which equation does not represent a reaction that occurs in the Contact process?

A CaO + SO, —» CaSO;

B H,S;0; + H,O — 2H,SO,

C 2S0O; + O, —» 2S0;

D S+ 0O, » SO,

(2023 Oct/Nov - 0654/22 - Question 25 - Extended)
Four equations are listed.
1 HyS;0; + H,O —» H,SO4 + SO; + H,O
2 2S + 30, —» 2S0;
3 H;SO, + SO3 — H3S,0;
4 2SO0, + O, > 2803
Which equations represent reactions that are involved in the Contact process?

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

(2024 May/Jun - 0654/22 - Question 24 - Extended)
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Which statements about the Contact process are correct?

1 Aniron catalyst is used.

2 Oleum is added to water.
3 Sulfur dioxide is converted to sulfur trioxide.
4 Sulfur trioxide is reacted with water.
A 1and2 B 1and4 C 2and3 D 3and4

(2022 Oct/Nov - 0654/23 - Question 25 - Extended)
10. Four reaction equations involving sulfur and its compounds are shown.
1 S+ 0; » SO,
2 SO; + H,O — H,S0,
3 2H,S0; + O, —» 2H,S0O,
4 H,;SO, + SO; —» H3S,0;
Which reactions take place in the manufacture of sulfuric acid by the Contact process?

A 1and2 B 1and4 C 2and3 D 3and4

(2023 Oct/Nov - 0654/23 - Question 25 - Extended)

A 2 EEMERNSRSRIERMGE (FHk ki)

B HE R . SR R 2 802 + 02 =280s
GRPLRER AR REEAS _ °C, JRERZN atm,
EALTIAE SRR A, AP AL IR A °C, JREREAL atm.

B AP (V2 Os )5 4505 1-2

AUE HBLEL & SO2 Hefboh SO- I, e A b —Hl. 450 °C FIZ) 1 - 2 atm.

Sulfur dioxide is oxidised to sulfur trioxide in the Contact process.
The equation for this reaction is shown.
250, + O, = 2S0;

Which row describes the conditions for this reaction?

catalyst temperature/°C pressure/atm
A Fe 200 2
B Fe 450 250
Cc V505 200 250
D V,05 450 2

(2022 Oct/Nov - 0654/22 - Question 25 - Extended)
i AR ARSI S, LR AL T V2 Os |, JREEZN 450 °C, EIRZ)N 1 - 2 atm,
Frp SRR Z Do ik Do
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1. Which row describes conditions for the conversion of sulfur dioxide to sulfur trioxide in the
Contact process?
temperature/°C catalyst
A 200 iron
B 200 vanadium(V) oxide
C 450 iron
D 450 vanadium(V) oxide
(2022 Oct/Nov - 0654/21 - Question 25 - Extended)
2. Which catalyst is used in the Contact process?
A iron
B phosphoric(V) acid
C nickel
D vanadium(V) oxide
(2023 May/Jun - 0654/22 - Question 24 - Extended)
3. What is the catalyst used in the Contact process?
A yeast
B iron
C nickel
D vanadium(V) oxide
(2024 Oct/Nov - 0654/22 - Question 24 - Extended)
4. Sulfuric acid is manufactured by the Contact process.
One of the reactions in this process converts sulfur dioxide to sulfur trioxide.
Which statements about the conditions for this reaction are correct?
1 Anickel catalyst is used.
2 A pressure of about 1-2 atmospheres is used.
3  Atemperature of about 450 °C is used.
A 1,2and3 B 1and2only C 1and3only D 2and3only
(2023 Oct/Nov - 0654/21 - Question 26 - Extended)
5.

Sulfuric acid is manufactured by the Contact process.
Which reaction in this process uses a catalyst?

A S + 0, » SO,

B 2SO, + O, » 2S04

C SO; + HSO4 — H,S,0;7

D HyS;0; + H,O —» 2H,SO,

(2024 May/Jun - 0654/23 - Question 25 - Extended)
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Which reaction that occurs in the Contact process requires the use of a vanadium(V) oxide
catalyst?

A S + 0, - SO,

B 2SO0, + O, » 2SO0

C SO; + HySO4 — H3S,0;
D H.S;0; + H,O — 2H,SO,

(2024 Oct/Nov - 0654/23 - Question 26 - Extended)
Equations representing reactions in the Contact process are listed.
reacton1 S + O, —» SO,
reaction2 2S0; + O, = 2S0;
reaction3 H,SO, + SO; — H,S,07
reaction4  HyS,0; + H,O — 2H,SO4

Which row identifies the reactions that use the stated conditions?

requires a requires a requires a
vanadium(V) oxide | temperature of pressure of
catalyst 450°C 2 atmospheres
A reaction 2 reaction 1 reaction 4
B reaction 2 reaction 2 reaction 2
C reaction 3 reaction 1 reaction 2
D reaction 3 reaction 2 reaction 4

(2023 May/Jun - 0654/21 - Question 24 - Extended)

BRI BARARRSHEBERKR (kK k)

MRS SBAY SRR, R RR s .
ARFPEZ SR ZROTHEAK: ARG ARSI R P AR .

ACPRIRYE Tk R R 1 -3, pH 1) 7 84K pH @A B L -
B R BRIRES

A IR AR B MR R s 3 LUBCARBE AT pH IE, SEAIBTpAIf pH [ 73K

What is not a use of limestone?

A manufacture of calcium oxide

B neutralising industrial waste products
C purifying water

D treating acidic soil

(2022 Oct/Nov - 0654/11 - Question 26 - Core; [a]8: 2022 Oct/Nov - 0654/12 - Question 26 - Core; [A]8i: 2022 Oct/Nov - 0654/13 -
Question 26 - Cores 2022 Oct/Nov - 0654/21 - Question 26 - Extended; [@]#5i: 2022 Oct/Nov - 0654/22 - Question 26 - Extended. 2022
Oct/Nov - 0654/23 - Question 26 - Extended)
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1. What are two uses of limestone?
1 as afertiliser
2 to decrease the pH of soll
3 making lime
4 neutralising some industrial waste products
A 1and?2 B 1and4 C 2and3 D 3and4
(2024 Oct/Nov - 0654/12 - Question 25 - Core; [f]fi: 2024 Oct/Nov - 0654/13 - Question 25 - Core)
2. Which substances neutralise acids?
1 lime
2 limestone
3 calcium hydroxide
A 1and2only B 1and3only C€C 2and3only D 1,2and3
(2022 Feb/Mar - 0654/12 - Question 25 - Core; [a]fi: 2022 Feb/Mar - 0654/22 - Question 25 - Extended)
3. The waste from a factory is acidic. The factory treats the waste with limestone.
Which row shows the pH of the waste before and after treatment?
before after
A 6 5
B 6 7
C 8 7
D 8 9
(2024 May/Jun - 0654/12 - Question 20 - Core; [a]fi: 2024 May/Jun - 0654/13 - Question 20 - Core)
4. Why do farmers add limestone to soil?
A It acts as a fertiliser.
B It adds nitrogen to the soil.
C It decreases the pH of the sail.
D Itincreases the pH of the soil.
(2022 May/Jun - 0654/11 - Question 26 - Core; [a]#i: 2022 May/Jun - 0654/12 - Question 26 - Core; [f]#5i: 2022 May/Jun - 0654/13 - Question
26 - Core. 2022 May/Jun - 0654/21 - Question 25 - Extended; [q]/#: 2022 May/Jun - 0654/22 - Question 25 - Extended. 2022 May/Jun - 0654/23
- Question 25 - Extended)
5.

Which statements about limestone are correct?
1 It contains calcium oxide.
2 ltis used to manufacture lime.
3 It neutralises acidic industrial waste products.

4 It neutralises alkaline soil.

A 1and3 B 1and4 C 2and3 D 2and4
(2023 May/Jun - 0654/12 - Question 25 - Core; [a]f#i: 2023 May/Jun - 0654/13 - Question 25 - Core. 2023 May/Jun - 0654/22 - Question 25

- Extended)
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Which type of reaction is used to manufacture lime from limestone?
A addition polymerisation

B cracking

C neutralisation

D

thermal decomposition
(2024 May/Jun - 0654/12 - Question 26 - Core; [f]fi: 2024 May/Jun - 0654/13 - Question 26 - Core)
il KA R RS R IRES , A AR EAL .
BRTR S S2 A AL A AN Ak, SO )l —FPAE R, B TR i

i Do
EBSED
1. Which substance is produced by the thermal decomposition of limestone?
A calcium
B calcium carbonate
C calcium hydroxide
D calcium oxide
(2024 May/Jun - 0654/22 - Question 25 - Extended)
2. Which statements about limestone are correct?
1  Its main constituent is calcium oxide.
2 It can be used to manufacture lime.
3 It thermally decomposes to release carbon dioxide.
4 ltis used to neutralise alkaline soils.
A 1and?2 B 1and4 C 2and3 D 3and4
(2023 May/Jun - 0654/11 - Question 25 - Core; [iii: 2023 May/Jun - 0654/21 - Question 25 - Extended)
3.

Which word equation describes the manufacture of lime from limestone?
A calcium carbonate — calcium hydroxide + carbon dioxide

B calcium carbonate — calcium oxide + carbon dioxide

C calcium hydroxide — calcium oxide + water
D

calcium oxide + carbon dioxide — calcium carbonate

(2023 Oct/Nov - 0654/12 - Question 25 - Core; [A]#i: 2023 Oct/Nov - 0654/22 - Question 26 - Extended)
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When limestone is heated, it decomposes.

Which row about limestone and the decomposition is correct?

chemical name for limestone decomposition products
A calcium carbonate calcium oxide only
B calcium carbonate calcium oxide and carbon dioxide
C calcium oxide calcium carbonate only
D calcium oxide calcium carbonate and carbon dioxide

(2023 May/Jun - 0654/23 - Question 25 - Extended)

A5 ERBESRIELTIREES (Fik ki)

W EIE A A TR, RURAE SR, ERE =
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Which row shows the conditions used for making ammonia by the Haber process?
pressure/atm temperature/°C catalyst
A 250 450 iron
B 250 200 vanadium pentoxide
C 2 200 iron
D 2 450 vanadium pentoxide

(2023 Oct/Nov - 0654/23 - Question 24 - Extended)
D A TSR, AR ek, IREEY) 450 °C, JEJJ¥H h 200 atm % 250 atm,
Fh A 17 250 atm. 450 °C. k. #EE A
ARSEE

1.

The Haber process is used to make ammonia.

Which statement about the Haber process is not correct?
A Avanadium(V) oxide catalyst is used.

B The nitrogen used is obtained from the air.

C The pressure used is 200 atmospheres.
D

The temperature used is 450 °C.

(2023 May/Jun - 0654/23 - Question 23 - Extended)

231



Which statements about the Haber process are correct?
1 The hydrogen used is obtained from the air.
2 The pressure used is about twice atmospheric pressure.
3 The catalyst used is iron.
4  The process takes place at a temperature of about 450 °C.

A 1and2 B 1and4 C 2and3 D 3and4

(2024 May/Jun - 0654/21 - Question 25 - Extended)

BE 6: £ NPK TERZIGABIAR S (30K ¥ Yo vy)

ZHIER S AR =R EZOT R R N Al . TEEFFFRIN N. Py Ko
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Bl Which compound contains two of the three elements needed in a fertiliser used for plant growth?

A potassium carbonate
B potassium chloride

C potassium nitrate
D

potassium sulfate
(2024 May/Jun - 0654/12 - Question 25 - Core; [f]8i: 2024 May/Jun - 0654/13 - Question 25 - Core)
i BRI =R EZTE AN, Py Ko
potassium nitrate (FHEZEF) & KFIN, & HpPRICE,

Hiik Co
X4 5]
1. Which three elements do most fertilisers contain?
A NaC,P B Na, P, K C KC,N D KP,N
(2024 Oct/Nov - 0654/23 - Question 25 - Extended)
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Which row describes how hydrogen and nitrogen are obtained for use in the Haber process?
hydrogen nitrogen
A electrolysis of sulfuric acid catalytic reduction of nitrogen oxides
B electrolysis of sulfuric acid distillation of air
C | reaction of methane and steam | catalytic reduction of nitrogen oxides
D | reaction of methane and steam distillation of air

(2023 May/Jun - 0654/21 - Question 23 - Extended)
i Tk b, RS KERMHIRESR, ZERE. HMEEEIRS. DT ERRREST A -
g Do
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