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NAME   

  CLASS     
 

DATE   
 

 
CHEMISTRY                         6092 
 

2021 GCE O-LEVEL  
TOPICAL REVISION PACK 

MULTIPLE-CHOICE QUESTIONS 
 

A Kinetic Particle Theory J Salts and Qualitative Analysis  
B Experimental Techniques  K Redox Reactions 
C Purification and Separation L Metals 
D Elements, Mixtures and Compounds M Electrolysis 
E Atomic Structure N The Periodic Table 
F Ionic Bonding O Energy Changes 
G Covalent and Metallic Bonding P Speed of Reaction 
H The Mole and Chemical Calculations Q Ammonia 
I Acids and Bases R The Atmosphere and Environment 
𝛀	 Miscellaneous   

 
18 topics of 10 questions + 5 miscellaneous = 185 MCQ!  
A Kinetic Particle Theory 
 
A1  
 
 
 
 
 
 
 
 
 
A2  
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5 Which statement about methods of purification and analysis is correct? 

A A liquid that boils over a range of temperatures may still be 100% pure. 

B An insoluble substance may be separated from water by crystallisation. 

C Chromatography may only be used to separate coloured substances. 

D Liquid air can be fractionally distilled, giving oxygen as one of the products. 
 
 
6 Which changes in pressure and temperature would both result in a decrease in the volume of a 

fixed mass of gas? 

A Decrease the pressure and decrease the temperature. 

B Decrease the pressure and increase the temperature. 

C Increase the pressure and decrease the temperature. 

D Increase the pressure and increase the temperature. 
 
 
7 Which definition of isotopes is correct? 

A atoms of different elements which have the same number of electrons 

B atoms of different elements which have the same number of neutrons 

C atoms of the same element which have different numbers of electrons 

D atoms of the same element which have different numbers of neutrons 
 
 
8 Which ion has the most shells that contain electrons? 

A Al 3+ B Be2+ C N3– D S2– 

 
 
9 Which substance conducts electricity both when solid and when molten? 

A an alloy 

B a hydrocarbon 

C a metal oxide 

D a salt 
 
 
10 Which substance is an ionic compound? 

A ammonia 

B calcium chloride 

C ethanoic acid 

D hydrogen chloride 
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6 Hydrogen sulfide, H2S, and hydrogen chloride, HCl, are both gases at temperatures above  
–50 °C. 

 
Which gas will diffuse most rapidly at the temperature given? 

A hydrogen chloride at –40 °C 

B hydrogen chloride at –20 °C 

C hydrogen sulfide at –40 °C 

D hydrogen sulfide at –20 °C 
 
 
7 The diagram shows the relative mass and the relative charge of two particles,  and , present in 

atoms and ions. 
 

2000

1

–1 0
relative charge

relative
mass

 
 

Which of these particles are present in a hydrogen atom and in a hydrogen ion? 
 

 H H+ 

A both  and  both  and  

B both  and   but not  

C  but not  neither  nor  

D  but not   but not  
 
 
8 Which ion has the most shells that contain electrons? 

A Al 3+ B Be2+ C N3– D S2– 

 
 
9 Which substance conducts electricity both when solid and when molten? 

A an alloy 

B a hydrocarbon 

C a metal oxide 

D a salt 
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1 An experiment is done to measure the rate of reaction between calcium carbonate and dilute 
hydrochloric acid. The gas formed is collected in a gas syringe. 

 
Which additional pieces of apparatus are essential to measure how the rate of the reaction 
changes with temperature and the amount of acid used? 

 

 apparatus to measure 
temperature 

apparatus to measure 
amount of acid used 

A balance thermometer 

B measuring cylinder balance 

C thermometer condenser 

D thermometer measuring cylinder 
 
 
2 After acidification with dilute nitric acid, a colourless solution of X reacts with aqueous 

silver nitrate to give a white precipitate. 
 

What could X be? 

A calcium iodide 

B copper(II) chloride 

C lead(II) iodide 

D sodium chloride 
 
 
3 A paper chromatography experiment is carried out to separate and identify the mixture of 

amino acids produced from the hydrolysis of a protein. 
 

Which apparatus is needed? 

A chromatography paper, locating agent, marker pen, solvent 

B chromatography paper, locating agent, pencil, ruler, solvent 

C chromatography paper, locating agent, ruler, solvent, thermometer 

D chromatography paper, locating agent, pencil, solvent, thermometer 
 
 
4 Which conditions will give the highest rate of diffusion of a gas? 
 

 molecular mass 
of gas temperature 

A large high 

B large low 

C small high 

D small low 
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1 Ammonia gas is reacted with hydrogen chloride gas using the apparatus shown. 

 

Solid ammonium chloride is produced. 

 

 

cotton wool soaked
in ammonia solution

cotton wool soaked
in hydrogen chloride
solution

long glass tube solid ammonium chloride

 
 

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

hydrogen chloride? 

A Ammonia solution is a base and hydrogen chloride solution is an acid. 

B Ammonia molecules diffuse more slowly than hydrogen chloride molecules. 

C Hydrogen chloride has a greater molecular mass than ammonia. 

D Hydrogen chloride moves by Brownian motion. 

 

 

2 Paper chromatography is done in the same way with three different mixtures of dyes. Each 

mixture contains at least one of the dyes W, X, Y and Z. 

 

The Rf values of the dyes in the three mixtures are shown. 

 

dye 
Rf values from 

mixture 1 

Rf values from 

mixture 2 

Rf values from 

mixture 3 

W 0.15 0.15 0.15 

X 0.00 0.00 0.00 

Y 0.50 0.50 0.50 

Z 0.00 0.91 0.91 

 

Which conclusion is correct? 

A Dye W is nearest the solvent front and is present only in mixture 1 and mixture 3. 

B Dye X has traveled furthest up the chromatography paper. 

C Dye Y is the only dye present in all three mixtures. 

D Dye Z is nearest the solvent front and is found in only two of the mixtures. 
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1 The diagram shows a cup of tea. 

 

 

 

Which row describes the water particles in the air above the cup compared with the water 

particles in the cup? 

 

 moving faster closer together 

A ! ! 

B ! " 

C " ! 

D " " 

 

 

2 A fruit drink coloured orange contains a dissolved mixture of red and yellow colouring agents. 

One of these colouring agents is suspected of being illegal. 

 

Which method could be used to show the presence of this illegal colouring agent? 

A chromatography 

B distillation 

C evaporation 

D filtration 

 

 

3 A student carries out an experiment to find how fast 3 cm pieces of magnesium ribbon dissolve in 

10 cm
3

 samples of sulfuric acid at different temperatures. 

 

Which piece of apparatus does the student not need? 

A balance 

B measuring cylinder 

C stop-clock 

D thermometer 
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1 Hydrogen chloride gas, HCl, reacts with ammonia gas, NH3, to form solid ammonium chloride. 
 

The apparatus is set up as shown. 
 

After a few minutes, solid ammonium chloride forms where the two gases meet. 
 

solid ammonium chloride

source of
hydrogen chloride gas

source of
ammonia gas 

 
The experiment is repeated using hydrogen bromide, HBr, in place of hydrogen chloride. 

 
How far along the tube does the solid ammonium bromide form? 

 
A B C D

source of
hydrogen bromide gas

source of
ammonia gas 

 
 
2 Substance L melts at –7 °C and is a brown liquid at room temperature. 
 

Which temperature is the boiling point of pure L? 

A –77 °C 

B –7 °C to +7 °C 

C 59 °C 

D 107 °C to 117 °C 
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1 Hydrogen chloride gas, HCl, reacts with ammonia gas, NH3, to form solid ammonium chloride. 
 

The apparatus is set up as shown. 
 

After a few minutes, solid ammonium chloride forms where the two gases meet. 
 

solid ammonium chloride

source of
hydrogen chloride gas

source of
ammonia gas 

 
The experiment is repeated using hydrogen bromide, HBr, in place of hydrogen chloride. 

 
How far along the tube does the solid ammonium bromide form? 

 
A B C D

source of
hydrogen bromide gas

source of
ammonia gas 

 
 
2 Substance L melts at –7 °C and is a brown liquid at room temperature. 
 

Which temperature is the boiling point of pure L? 

A –77 °C 

B –7 °C to +7 °C 

C 59 °C 

D 107 °C to 117 °C 
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27 Which statement about the uses of aluminium, copper and iron is correct? 

A Aluminium is used for aircraft manufacture because it has a high density. 

B Aluminium is used for food containers because it is a good conductor of electricity. 

C Copper is used for cooking utensils because it is a good conductor of heat. 

D Stainless steel is used for car bodies because it corrodes easily. 
 
 
28 Air is a mixture of gases. 
 

The melting and boiling points of some gases present in clean, dry air are shown. 
 

In the fractional distillation of liquid air, which gas boils first? 
 

 gas melting point / °C boiling point / °C 

A argon –189 –186 

B krypton –157 –153 

C nitrogen –210 –196 

D oxygen –219 –183 
 
 
29 Water must be purified before it is suitable for use in the home. 
 

Which processes are used to remove solid impurities and to kill bacteria? 
 

 to remove 
solid impurities 

to kill 
bacteria 

A chlorination chlorination 

B chlorination filtration 

C filtration chlorination 

D filtration filtration 
 
 
30 Which processes do not produce carbon dioxide? 
 

1 heating limestone 

2 burning gasoline in car engines 

3 photosynthesis 

4 production of nylon 
 

A 1 and 2 B 1 and 3 C 2 and 4 D 3 and 4 
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1 The apparatus shown is set up. After 20 minutes a white ring of ammonium chloride is seen at 
position Y. 

 
cotton wool soaked in

concentrated
ammonia solution

cotton wool soaked in
concentrated

hydrochloric acid

Y

white ring of
ammonium chloride  

 
Which statement about the molecules of ammonia and hydrogen chloride is correct? 

A Molecules in ammonia have a larger Mr than molecules of hydrogen chloride and so they 
move more slowly. 

B Molecules in ammonia have a larger Mr than molecules of hydrogen chloride and so they 
move more quickly. 

C Molecules in ammonia have a smaller Mr than molecules of hydrogen chloride and so they 
move more slowly. 

D Molecules in ammonia have a smaller Mr than molecules of hydrogen chloride and so they 
move more quickly. 

 
 
2 A student measures 25.00 cm3 of dilute hydrochloric acid accurately. 
 

Which apparatus is most suitable? 

A beaker 

B measuring cylinder 

C burette 

D dropping pipette 
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21 The melting points and boiling points of the elements of Group I of the Periodic Table are shown. 

 

element 
melting point 

/ °C 

boiling point 

/ °C 

lithium 181 1330 

sodium 98 883 

potassium 63 759 

rubidium 39 688 

caesium 28 671 

 

Which pair of elements are liquid at 800 °C? 

A caesium and rubidium 

B potassium and sodium 

C lithium and sodium 

D potassium and caesium 

 

 

22 The electronic structures of helium, neon and argon are shown. 

 

He Ne Ar

 
 

Which row describes these gases? 

 

 reactivity form of the gas electronic structure 

A reactive monoatomic incomplete outer shell of electrons 

B unreactive diatomic complete outer shell of electrons 

C unreactive diatomic incomplete outer shell of electrons 

D unreactive monoatomic complete outer shell of electrons 
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1 The diagram shows four pieces of apparatus that are used to measure the volume of a gas or 
liquid. 

 
Which piece of apparatus should always be filled to the same level? 

 
A

burette

B

gas syringe

C

measuring cylinder

D

pipette 
 
 
2 Copper(II) sulfate is prepared by reacting excess copper(II) carbonate with dilute sulfuric acid. 
 

CuCO3(s)  +  H2SO4(aq)  o  CuSO4(aq)  +  CO2(g)  +  H2O(l) 
 

Which two pieces of apparatus are needed to obtain copper(II) sulfate crystals by this reaction? 
 

1 thermometer 

2 evaporating basin 

3 filter funnel 

4 gas syringe 
 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
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1 The diagram shows four pieces of apparatus that are used to measure the volume of a gas or 
liquid. 

 
Which piece of apparatus should always be filled to the same level? 

 
A

burette

B

gas syringe

C

measuring cylinder

D

pipette 
 
 
2 Copper(II) sulfate is prepared by reacting excess copper(II) carbonate with dilute sulfuric acid. 
 

CuCO3(s)  +  H2SO4(aq)  o  CuSO4(aq)  +  CO2(g)  +  H2O(l) 
 

Which two pieces of apparatus are needed to obtain copper(II) sulfate crystals by this reaction? 
 

1 thermometer 

2 evaporating basin 

3 filter funnel 

4 gas syringe 
 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
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2 Aqueous sodium thiosulfate reacts with acid to make a precipitate of sulfur. 
 

Na2S2O3(aq)  +  2HCl (aq)  o  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

A student investigates the effect of temperature on the rate of this reaction. 
 

The student: 
 

Ɣ places a piece of paper with a cross on it below the reaction mixture as shown in the 
diagram 

Ɣ measures the time taken for the cross to no longer be seen 

Ɣ repeats the reaction at different temperatures. 
 
 

paper with cross
50 cm3 aqueous
sodium thiosulfate
+ acid

 
 

Which apparatus is needed for this investigation? 

A balance, pipette, stop-clock 

B balance, stop-clock, thermometer 

C burette, gas syringe, thermometer 

D measuring cylinder, stop-clock, thermometer 
 
 

2 
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1 An experiment is done to measure the rate of reaction between calcium carbonate and dilute 
hydrochloric acid. The gas formed is collected in a gas syringe. 

 
Which additional pieces of apparatus are essential to measure how the rate of the reaction 
changes with temperature and the amount of acid used? 

 

 apparatus to measure 
temperature 

apparatus to measure 
amount of acid used 

A balance thermometer 

B measuring cylinder balance 

C thermometer condenser 

D thermometer measuring cylinder 
 
 
2 After acidification with dilute nitric acid, a colourless solution of X reacts with aqueous 

silver nitrate to give a white precipitate. 
 

What could X be? 

A calcium iodide 

B copper(II) chloride 

C lead(II) iodide 

D sodium chloride 
 
 
3 A paper chromatography experiment is carried out to separate and identify the mixture of 

amino acids produced from the hydrolysis of a protein. 
 

Which apparatus is needed? 

A chromatography paper, locating agent, marker pen, solvent 

B chromatography paper, locating agent, pencil, ruler, solvent 

C chromatography paper, locating agent, ruler, solvent, thermometer 

D chromatography paper, locating agent, pencil, solvent, thermometer 
 
 
4 Which conditions will give the highest rate of diffusion of a gas? 
 

 molecular mass 
of gas temperature 

A large high 

B large low 

C small high 

D small low 
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1 When smoke particles are observed with a microscope they are seen to move around randomly. 
This is called Brownian motion. 

 
What causes Brownian motion? 

A diffusion of the smoke particles 

B molecules in the air hitting the smoke particles 

C sublimation of the smoke particles 

D the smoke particles hitting the walls of the container 
 
 
2 The diagrams show four pieces of laboratory equipment. 
 

thermometerstop-watchpipetbalance

 
 

Which equipment is essential to find out if dissolving a salt in water is an exothermic process? 
 

 balance pipet stop-watch thermometer 

A � � � � 

B � � � � 

C � � � � 

D � � � � 

 
 

4 
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8 Caprolactone is used in the manufacture of specialist polymers. 
 

O

caprolactone

O

 
 

From which compound could caprolactone be made by a single reaction? 

A HOCH2(CH2)3CH2OH 

B HOCH2(CH2)3COOH 

C HOCH2(CH2)4COOH 

D HOOC(CH2)4COOH 
 
 
9 To prepare dry samples of ammonia and sulfur dioxide in a school laboratory, each gas is passed 

through a drying agent. 
 

Which drying agent would be used for each of these gases? 
 

 for ammonia for sulfur dioxide 

A calcium oxide calcium oxide 

B calcium oxide concentrated sulfuric acid 

C concentrated sulfuric acid calcium oxide 

D concentrated sulfuric acid concentrated sulfuric acid 
 
 
10 Which substance has the most vigorous reaction with water? 

A Al Cl 3 B Cl 2 C P4 D SiO2 
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12 The apparatus shows an unsuccessful attempt to prepare and collect dry sulfur dioxide. 

 

heat

P Q

dilute
hydrochloric

acid

sodium
sulfite,

Na2SO3

aqueous
potassium
hydroxide

concentrated
sulfuric acid

 

 

Which change would make the experiment successful? 

A omitting flask P 

B omitting flask Q 

C using dilute nitric acid instead of dilute hydrochloric acid 

D using sodium sulfate instead of sodium sulfite 

 

 

13 Iodine is far less soluble in water than it is in aqueous potassium iodide, where it forms the 

complex ion I3

–

. For this reason, reactions involving aqueous iodine are often carried out in 

potassium iodide solution. 

 

Which equation describes the quantitative determination of iodine in the presence of excess 

potassium iodide? 

A I2  +  2SO4

2–

  →  2I
–

  +  S2O8

2–

 

B 2I
–

  +  2S2O3

2–

  →  I2  +  S4O6

2–

 

C I3

–

  +  2SO4

2–

  →  3I
–

  +  S2O8

2–

 

D I3

–

  +  2S2O3

2–

  →  3I
–

  +  S4O6

2–
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11 The temperature of the water in two beakers, X and Y, is measured as 21.5 °C. 
 

5 g of sodium chloride is dissolved in the water in beaker X. The temperature changes to 18.0 °C. 
 

5 g of calcium oxide is dissolved in the water in beaker Y. The temperature changes to 29.4 °C. 
 

Which types of process are occurring in beakers X and Y? 
 

 X Y 

A endothermic endothermic 

B endothermic exothermic 

C exothermic endothermic 

D exothermic exothermic 

 
 
12 Which reaction produces a white-coloured substance? 

A adding water to anhydrous cobalt(II) chloride 

B adding water to anhydrous copper(II) sulfate 

C heating hydrated cobalt(II) chloride 

D heating hydrated copper(II) sulfate 
 
 
13 Four students collect the gas produced from the reaction of calcium carbonate with dilute 

hydrochloric acid. Each student records the time taken to collect a volume of gas. 
 

Which results show the highest average rate of reaction? 

A 15 cm3 of gas collected in 20 seconds 

B 50 cm3 of gas collected in 40 seconds 

C 75 cm3 of gas collected in 80 seconds 

D 90 cm3 of gas collected in 100 seconds 
 
 
14 Which row identifies a chemical and a physical change?  
 

 chemical change physical change 

A boiling ethanol burning ethanol 

B burning ethanol evaporating ethanol 

C dissolving ethanol in water burning ethanol 

D evaporating ethanol dissolving ethanol in water 

 
 

2 
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1 The diagram shows a cup of tea. 

 

 

 

Which row describes the water particles in the air above the cup compared with the water 

particles in the cup? 

 

 moving faster closer together 

A ! ! 

B ! " 

C " ! 

D " " 

 

 

2 A fruit drink coloured orange contains a dissolved mixture of red and yellow colouring agents. 

One of these colouring agents is suspected of being illegal. 

 

Which method could be used to show the presence of this illegal colouring agent? 

A chromatography 

B distillation 

C evaporation 

D filtration 

 

 

3 A student carries out an experiment to find how fast 3 cm pieces of magnesium ribbon dissolve in 

10 cm
3

 samples of sulfuric acid at different temperatures. 

 

Which piece of apparatus does the student not need? 

A balance 

B measuring cylinder 

C stop-clock 

D thermometer 
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1 Pure water boils at 100 °C. 

 

What happens to the water particles when water boils? 

A They gain energy and move further apart. 

B They gain energy and stay close together. 

C They lose energy and move further apart. 

D They lose energy and stay close together. 

 

 

2 Which method should be used to separate a mixture of two liquids? 

A crystallisation 

B electrolysis 

C filtration 

D fractional distillation 

 

 

3 Lead(II) iodide is insoluble in water. 

 

Lead(II) iodide is made by adding aqueous lead(II) nitrate to aqueous potassium iodide. 

 

Which pieces of apparatus are needed to obtain solid lead(II) iodide from 20 cm
3
 of aqueous 

lead(II) nitrate? 

 

1 2 3 4 5
 

 

A 1, 2 and 4 B 1, 3 and 5 C 1, 4 and 5 D 2, 4 and 5 

 

 

3  
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3 A paper chromatography experiment is carried out to find an Rf value for Fe3+(aq). The result is 
shown. 

 

solvent front

starting line

y
x

Fe3+

 
 

To make the spot containing Fe3+(aq) more visible, the paper is sprayed with aqueous sodium 
hydroxide so that a precipitate of iron(III) hydroxide forms. 

 
Under the conditions of the experiment, the Rf of Fe3+(aq) is given by ......1...... and the colour of 
the precipitate is ......2...... . 

 
Which row correctly completes gaps 1 and 2? 

 
 gap 1 gap 2 

A 
y
x  red-brown 

B 
y
x  green 

C 
x
y

 red-brown 

D 
x
y

 green 

 
 
4 Aluminium chloride is dissolved in water and the resulting solution is divided between three  

test-tubes. 
 

Which row gives the reagents for three tests which could be used to confirm the presence of 
aluminium chloride? 

 
 test-tube 1 test-tube 2 test-tube 3 

A 
 

aqueous sodium 
hydroxide 

aqueous ammonia 
 

dilute hydrochloric acid 
and aqueous silver nitrate 

B 
 

aqueous sodium 
hydroxide 

dilute nitric acid and 
aqueous silver nitrate 

dilute hydrochloric acid 
 

C 
 

aqueous ammonia 
 

dilute nitric acid and 
aqueous silver nitrate 

nitric acid and 
barium nitrate 

D 
 

aqueous sodium 
hydroxide 

aqueous ammonia 
 

dilute nitric acid and 
aqueous silver nitrate 
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5 Which statement about methods of purification and analysis is correct? 

A A liquid that boils over a range of temperatures may still be 100% pure. 

B An insoluble substance may be separated from water by crystallisation. 

C Chromatography may only be used to separate coloured substances. 

D Liquid air can be fractionally distilled, giving oxygen as one of the products. 
 
 
6 Which changes in pressure and temperature would both result in a decrease in the volume of a 

fixed mass of gas? 

A Decrease the pressure and decrease the temperature. 

B Decrease the pressure and increase the temperature. 

C Increase the pressure and decrease the temperature. 

D Increase the pressure and increase the temperature. 
 
 
7 Which definition of isotopes is correct? 

A atoms of different elements which have the same number of electrons 

B atoms of different elements which have the same number of neutrons 

C atoms of the same element which have different numbers of electrons 

D atoms of the same element which have different numbers of neutrons 
 
 
8 Which ion has the most shells that contain electrons? 

A Al 3+ B Be2+ C N3– D S2– 

 
 
9 Which substance conducts electricity both when solid and when molten? 

A an alloy 

B a hydrocarbon 

C a metal oxide 

D a salt 
 
 
10 Which substance is an ionic compound? 

A ammonia 

B calcium chloride 

C ethanoic acid 

D hydrogen chloride 
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32 River water contains many impurities. 
 

Which process alone can produce pure water from river water? 

A adding chlorine 

B distillation 

C filtering 

D passing through carbon 
 
 
33 Compound Q is a hydrocarbon that has no isomers. Compound Q does not decolourise bromine 

in the dark. 
 

Which compound could be Q? 

A C3H6 B C3H8 C C4H8 D C4H10 
 
 
34 Which organic compound requires the least number of moles of oxygen for the complete 

combustion of one mole of the compound? 

A C3H7OH B C3H7COOH C C3H8 D C4H8 
 
 
35 When a molecule of a saturated hydrocarbon is cracked, it forms two molecules X and Y. 
 

Which row is correct? 
 

 X Y 

A H2 CnH2n 

B H2 CnH2n+2 

C H2O CnH2n 

D H2O CnH2n+2 
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4 Magnesium hydroxide can be obtained from sea water as shown. 
 

calcium
hydroxide
solution

reaction
vessel

separation
stage

solid
magnesium
hydroxide

sea water containing
magnesium ions

aqueous
calcium chloride

 
 

Which process is used in the separation stage to separate solid magnesium hydroxide from the 
mixture? 

A crystallisation 

B filtration 

C distillation 

D chromatography 
 
 
5 What is the total number of electrons in one molecule of ammonia, NH3? 

A 6 B 8 C 10 D 11 
 
 
6 An isotope of lithium has the symbol Li7

3 . 
 

What is the arrangement of electrons in one atom of this isotope of lithium? 
 

A B C D

 
 
 
7 Which statement about an alloy is correct? 

A It is a compound made of two or more elements, one of which is a metal. 

B It is a layer of a metal plated onto another metal. 

C It is a mixture of a metal with other elements. 

D It is a single element. 
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1 The rate of diffusion of a gas depends on its molecular mass and the temperature. 
 

Which combination of molecular mass and temperature gives the slowest rate of diffusion? 
 

 molecular mass temperature 

A high high 

B high low 

C low high 

D low low 

 
 
2 A student is asked to measure the time taken for 0.4 g of magnesium carbonate to react 

completely with 25.0 cm3 of dilute hydrochloric acid. 
 

Which pieces of apparatus does the student need? 

A balance, stop-clock, pipette 

B balance, stop-clock, thermometer 

C balance, pipette, thermometer 

D stop-clock, pipette, thermometer 
 
 
3 Substance Q was investigated using chromatography. 
 

The chromatogram is shown. The diagram is not drawn to scale. 
 

Q13 mm

83 mm

114 mm
129 mm

baseline

solvent front

Q

 
 

What is the Rf value of Q? 

A 0.60 B 0.64 C 0.69 D 0.72 
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1 Ammonia gas is reacted with hydrogen chloride gas using the apparatus shown. 

 

Solid ammonium chloride is produced. 

 

 

cotton wool soaked
in ammonia solution

cotton wool soaked
in hydrogen chloride
solution

long glass tube solid ammonium chloride

 
 

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

hydrogen chloride? 

A Ammonia solution is a base and hydrogen chloride solution is an acid. 

B Ammonia molecules diffuse more slowly than hydrogen chloride molecules. 

C Hydrogen chloride has a greater molecular mass than ammonia. 

D Hydrogen chloride moves by Brownian motion. 

 

 

2 Paper chromatography is done in the same way with three different mixtures of dyes. Each 

mixture contains at least one of the dyes W, X, Y and Z. 

 

The Rf values of the dyes in the three mixtures are shown. 

 

dye 
Rf values from 

mixture 1 

Rf values from 

mixture 2 

Rf values from 

mixture 3 

W 0.15 0.15 0.15 

X 0.00 0.00 0.00 

Y 0.50 0.50 0.50 

Z 0.00 0.91 0.91 

 

Which conclusion is correct? 

A Dye W is nearest the solvent front and is present only in mixture 1 and mixture 3. 

B Dye X has traveled furthest up the chromatography paper. 

C Dye Y is the only dye present in all three mixtures. 

D Dye Z is nearest the solvent front and is found in only two of the mixtures. 
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1 The diagram shows how the arrangement of particles changes when a substance changes state. 
 

 
 

Which change of state is shown? 

A boiling 

B condensation 

C evaporation 

D sublimation 
 
 
2 Which method can be used to separate a mixture of salt and water to obtain both parts of the 

mixture? 

A crystallization 

B distillation 

C evaporation 

D filtration 
 
 
3 A student put 25.0 cm3 of dilute hydrochloric acid into an Erlenmeyer flask. 
 

The student added 2.5 g of solid sodium carbonate and measured the change in temperature of 
the mixture. 

 
Which apparatus does the student need to use to obtain the most accurate results? 

A balance, graduated cylinder, thermometer 

B balance, pipet, stopwatch 

C balance, pipet, thermometer 

D buret, pipet, thermometer 
 
 
4 Propanone, C3H6O, is a liquid at room temperature. 
 

What is the boiling point of pure propanone? 

A –61 °C to –51 °C 

B –56 °C 

C 51 °C to 61 °C 

D 56 °C 
 
 

2 
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1 A student wants to show that the rate of the reaction between calcium carbonate and dilute 
hydrochloric acid doubles for every 10 °C rise in temperature.  

 
The method the student uses is to measure the volume of carbon dioxide released. 

 
The student has a Bunsen burner and a gas syringe. 

 
What other essential apparatus must the student use? 

A balance, burette, pipette, measuring cylinder 

B balance, measuring cylinder, clock, thermometer 

C burette, pipette, clock, thermometer 

D pipette, measuring cylinder, clock, thermometer 
 
 
2 Which mixture can be separated into its components by adding water, stirring and filtering? 

A calcium carbonate and sodium chloride 

B magnesium and iron 

C sodium chloride and copper(II) sulfate 

D sulfuric acid and hydrochloric acid 
 
 
3 Which row gives the correct tests to identify both ammonia and sulfur dioxide? 
 

 test to 
identify ammonia 

test to 
identify sulfur dioxide 

A damp blue litmus paper acidified potassium manganate(VII) 

B damp blue litmus paper damp red litmus paper 

C damp red litmus paper acidified potassium manganate(VII) 

D damp red litmus paper damp blue litmus paper 
 
 

2 
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1 The fractional distillation apparatus shown is being used to separate a mixture of two liquids. A 

thermometer is missing from the apparatus. 

 

Where should the bulb of the thermometer be placed? 

 

heat 

cold water in

water out
A 
B 

C

D

 

 

 

2 The table shows the results of two reactions of an aqueous solution of a salt. 

reagents final observation 

excess aqueous sodium hydroxide white precipitate 

dilute nitric acid and aqueous silver nitrate yellow precipitate 

  

 What is the name of the salt? 

A calcium chloride 

B calcium iodide 

C zinc nitrate 

D zinc sulfate 

 

 

2 
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1 Which process is suitable for obtaining the water from an aqueous solution of sugar? 

A crystallisation 

B distillation 

C filtration 

D use of a separating funnel 

 

 

2 Sulfur dioxide and oxygen react together. 

2SO2(g)  +  O2(g)    2SO3(g) ∆H  =  -197 kJ / mol 

 Which change(s) will increase both the rate of reaction and the equilibrium concentration of SO3? 

   1 adding a catalyst 

   2 increasing temperature 

   3 increasing pressure 

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

 

 

3 The scheme shows a sequence of reactions starting from compound Y. 

 

compound Y 

excess 
HNO3(aq)

+ gas colourless
solution

white precipitate
insoluble in excess

NaOH(aq)

NaOH(aq)

 

 

What could the compound Y be? 

A aluminium sulfate 

B calcium carbonate 

C copper(II) carbonate 

D zinc carbonate 
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7 Which name is given to mixtures of metals? 

A alloys 

B compounds 

C ores 

D salts 

 

 

8 Element X has six electrons in its outer shell. 

 

= electron
key

e

e e

e

e
e

e

 

 

How could the element react? 

A by gaining two electrons to form a positive ion 

B by losing six electrons to form a negative ion 

C by sharing two electrons with two electrons from another element to form two covalent bonds 

D by sharing two electrons with two electrons from another element to form four covalent bonds 

 

 

9 In which compounds are pairs of electrons shared between atoms? 

 

1 sodium chloride 

2 methane 

3 lead bromide 

 

A 1 only B 2 only C 1 and 3 D 1, 2 and 3 

 

 

10 Hydrogen and chlorine react as shown. 

 

1 molecule 

of hydrogen 
+ 

1 molecule

of chlorine 
→ 

2 molecules 

of hydrogen chloride

 

What is the equation for this reaction? 

A 2H + 2Cl → 2HCl 
B 2H + 2Cl → H

2
Cl 

2
 

C H
2
 + Cl 

2
 → 2HCl 

D H
2
 + Cl 

2
 → H

2
Cl 

2
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25 An element does not conduct electricity and exists as diatomic molecules. 

 

In which area of the Periodic Table is the element to be found? 

 

B

A C D

 

 

 

26 Solutions of a halogen and a sodium halide are mixed. 

 

Which mixture darkens in colour because a reaction occurs? 

A bromine and sodium chloride 

B bromine and sodium fluoride 

C chlorine and sodium fluoride 

D chlorine and sodium iodide 

 

 

27 Copper, iron and zinc are all used as pure metals. 

 

Which of these three metals are also used in alloys? 

 

 copper iron zinc 

A ! ! ! 

B ! ! " 

C " ! ! 

D " " ! 

 

 

28 Some properties of four elements are shown in the table. 

 

Which element is a metal? 

 

 melting point / °C 
electrical conductivity 

when liquid 

electrical conductivity 

when solid 

A –7 low low 

B 801 high low 

C 1535 high high 

D 3550 low low 

 

2 
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1 The diagram shows how the arrangement of particles changes when a substance changes state. 
 

 
 

Which change of state is shown? 

A boiling 

B condensation 

C evaporation 

D sublimation 
 
 
2 Which method can be used to separate a mixture of salt and water to obtain both parts of the 

mixture? 

A crystallization 

B distillation 

C evaporation 

D filtration 
 
 
3 A student put 25.0 cm3 of dilute hydrochloric acid into an Erlenmeyer flask. 
 

The student added 2.5 g of solid sodium carbonate and measured the change in temperature of 
the mixture. 

 
Which apparatus does the student need to use to obtain the most accurate results? 

A balance, graduated cylinder, thermometer 

B balance, pipet, stopwatch 

C balance, pipet, thermometer 

D buret, pipet, thermometer 
 
 
4 Propanone, C3H6O, is a liquid at room temperature. 
 

What is the boiling point of pure propanone? 

A –61 °C to –51 °C 

B –56 °C 

C 51 °C to 61 °C 

D 56 °C 
 
 

3 
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5 Which statement about the boxes P, Q and R is correct? 
 

P Q R

 
 

A Box P contains two compounds and box R contains two elements. 

B Box P contains two elements and box Q contains a mixture. 

C Box P contains two elements and box Q contains one compound. 

D Box Q contains two compounds and box R contains a mixture. 
 
 
6 The number of particles in atoms W, X, Y and Z are shown. 
 

 protons electrons neutrons 

W 6 6 6 

X 6 6 7 

Y 7 7 7 

Z 7 7 8 
 

Which statement is correct? 

A W and X are isotopes of carbon. 

B X and Y are isotopes of nitrogen. 

C X has a mass number of 12. 

D Z has an atomic number of 8. 
 
 
7 Which row describes the type of bonding present in substances 1 and 2? 
 

 substance 1 substance 2 

A methane has ionic bonding graphite has covalent bonding 

B graphite has ionic bonding potassium chloride has covalent bonding 

C potassium chloride has ionic bonding methane has covalent bonding 

D potassium chloride has ionic bonding graphite has ionic bonding 
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24 Why is argon gas used to fill electric lamps? 

A It conducts electricity. 

B It glows when heated. 

C It is less dense than air. 

D It is not reactive. 
 
 
25 What is a property of all metals? 

A conduct electricity 

B hard 

C low melting points 

D react with water 
 
 
26 Which material is not involved in the large-scale extraction of iron from iron ore? 

A bauxite 

B calcium carbonate (limestone) 

C carbon (coke) 

D hematite 
 
 

3 
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3 The melting points of four impure samples of lead(II) bromide were measured. The results are 
shown. 

 
Which sample is the most pure? 

 

 
temperature when 
the sample started 

to melt / °C 

temperature when 
the sample finished 

melting / °C 

A 342 355 

B 353 360 

C 365 371 

D 372 373 
 
 
4 Symbols representing four particles are shown. 
 

W40
20           +241

20X           Y37
18           Z37

17  
 

The letters are not the chemical symbols. 
 

Which particles have the same number of neutrons? 

A W and X2+ B W and Z C X2+ and Y D Y and Z 
 
 
5 Which name is given to a pure substance made from more than one type of atom? 

A alloy 

B compound 

C element 

D mixture 
 
 

4 
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6 Substance Q has a high melting point and conducts electricity both when molten and when 
dissolved in water. 

 
What is Q? 

A calcium chloride 

B diamond 

C iron 

D silver chloride 
 
 
7 Elements X and Y form an ionic compound, XY. 
 

In which group of the Periodic Table is X found and how is the bond between X and Y formed? 
 

 group in which 
X is found 

how the bond between 
X and Y is formed 

A I by X gaining one electron from Y 

B I by X transferring one electron to Y 

C VII by X sharing electrons with Y 

D VII by X transferring one electron to Y 
 
 
8 The structure of glycine is shown. 
 

N C

OH

H O

H

H

C

H 
 

Which row is correct? 
 

 formula of glycine number of different 
elements in glycine 

A CH5O2N 10 

B C2H5O2N 4 

C C2H5O2N 10 

D H2NCHCOOH 4 
 
 

11 
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29 Brass is an alloy. 
 

Which statement about brass is correct? 

A It contains a sea of electrons. 

B It contains positive and negative ions which are free to move. 

C It is a compound of a metal and a non-metal. 

D It is a compound of two or more metals. 
 
 
30 Copper(II) oxide reacts with carbon when heated. 
 

2CuO  +  C  o  2Cu  +  CO2 
 

Which statement about this reaction is correct? 

A Carbon is the oxidising agent. 

B Carbon is the reducing agent. 

C Copper(II) oxide is oxidised. 

D Copper(II) oxide is the reducing agent. 
 
 
31 The diagram shows a cell that can be used to extract a metal from its oxide. 
 

cathode

anode

molten
electrolyte

 
 

Molten aluminium oxide, copper(II) oxide, lead(II) oxide and magnesium oxide are each 
electrolysed in separate cells. Each cell receives the same number of electrons. 

 
Which statement is correct? 

A All the metals can also be extracted from their oxides using coke. 

B The anode and cathode should be made of the metal being extracted. 

C The pure metal is always produced at the cathode. 

D The same mass of each metal is formed. 
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33 Which compound, on combustion, never forms carbon? 

A carbon monoxide 

B ethanol 

C ethene 

D methane 

 

 

34 Which process is an example of cracking? 

A C2H4  +  H2O  →  C2H5OH 

B C3H6  +  H2  →  C3H8 

C C3H8  +  5O2  →  3CO2  +  4H2O 

D C4H10  →  C2H4  +  C2H6 

 

 

35 A hydride is a compound containing only two elements, one of which is hydrogen. 

 

Which element can form the greatest number of different hydrides? 

A carbon 

B chlorine 

C nitrogen 

D oxygen 

 

 

36 A liquid reacts with each of sodium carbonate, potassium hydroxide and ethanol. 

 

What is the liquid? 

A aqueous ammonia 

B ethanoic acid 

C ethyl ethanoate 

D sodium hydroxide 

 

 

2 
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1 Which statement is not correct? 

A Air is a mixture. 

B Ammonia is a compound. 

C Methane is a compound. 

D Sea water is a compound. 

 

 

2 A radioactive isotope of carbon has more nucleons than the non-radioactive isotope, C
12

6
. 

 

How many protons, neutrons and electrons could there be in this radioactive isotope of carbon? 

 

 protons neutrons electrons 

A 6 6 6 

B 6 8 6 

C 8 6 8 

D 8 8 8 

 

 

3 Ethylamine gas, C2H5NH2, and hydrogen chloride gas, HCl, react together to form a white solid, 

ethylamine hydrochloride. 

 

At which position in the tube would a ring of solid white ethylamine hydrochloride form? 

 

A B C D

cotton wool soaked
in ethylamine solution

cotton wool soaked
in hydrochloric acid

 

 

 

2

9701/1/M/J/03

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

4 

© UCLES 2020 5070/11/M/J/20  

5 Which statement about methods of purification and analysis is correct? 

A A liquid that boils over a range of temperatures may still be 100% pure. 

B An insoluble substance may be separated from water by crystallisation. 

C Chromatography may only be used to separate coloured substances. 

D Liquid air can be fractionally distilled, giving oxygen as one of the products. 
 
 
6 Which changes in pressure and temperature would both result in a decrease in the volume of a 

fixed mass of gas? 

A Decrease the pressure and decrease the temperature. 

B Decrease the pressure and increase the temperature. 

C Increase the pressure and decrease the temperature. 

D Increase the pressure and increase the temperature. 
 
 
7 Which definition of isotopes is correct? 

A atoms of different elements which have the same number of electrons 

B atoms of different elements which have the same number of neutrons 

C atoms of the same element which have different numbers of electrons 

D atoms of the same element which have different numbers of neutrons 
 
 
8 Which ion has the most shells that contain electrons? 

A Al 3+ B Be2+ C N3– D S2– 

 
 
9 Which substance conducts electricity both when solid and when molten? 

A an alloy 

B a hydrocarbon 

C a metal oxide 

D a salt 
 
 
10 Which substance is an ionic compound? 

A ammonia 

B calcium chloride 

C ethanoic acid 

D hydrogen chloride 
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6 Hydrogen sulfide, H2S, and hydrogen chloride, HCl, are both gases at temperatures above  
–50 °C. 

 
Which gas will diffuse most rapidly at the temperature given? 

A hydrogen chloride at –40 °C 

B hydrogen chloride at –20 °C 

C hydrogen sulfide at –40 °C 

D hydrogen sulfide at –20 °C 
 
 
7 The diagram shows the relative mass and the relative charge of two particles,  and , present in 

atoms and ions. 
 

2000

1

–1 0
relative charge

relative
mass

 
 

Which of these particles are present in a hydrogen atom and in a hydrogen ion? 
 

 H H+ 

A both  and  both  and  

B both  and   but not  

C  but not  neither  nor  

D  but not   but not  
 
 
8 Which ion has the most shells that contain electrons? 

A Al 3+ B Be2+ C N3– D S2– 

 
 
9 Which substance conducts electricity both when solid and when molten? 

A an alloy 

B a hydrocarbon 

C a metal oxide 

D a salt 
 
 

3 

© UCLES 2018 0439/21/O/N/18 [Turn over 

3 Iodine, I, has a lower relative atomic mass than tellurium, Te, but is placed after it in the 
Periodic Table. 

 

Te I

 
 

Which statement explains why iodine is placed after tellurium in the Periodic Table? 

A Iodine has fewer neutrons than tellurium. 

B Iodine has fewer protons than tellurium. 

C Iodine has more neutrons than tellurium. 

D Iodine has more protons than tellurium. 
 
 
4 Which statement about the isotopes of an element is correct? 

A Their physical properties are different because they have different proton numbers. 

B Their atomic masses are different because they have different numbers of electron shells. 

C They have the same chemical properties because they have the same number of electrons 
in their outer shells. 

D They have the same physical properties because they have the same number of neutrons in 
their nuclei. 

 
 
5 Which two molecules contain the same number of electrons? 

A Cl 2 and SO2 

B CH4 and H2O 

C CO and NH3 

D CO2 and HCl 
 
 
6 Which statement describes the lattice structure of a metal? 

A The lattice consists of alternating positive ions and negative ions. 

B The lattice consists of neutral atoms arranged in layers. 

C The lattice consists of positive ions in a ‘sea of electrons’. 

D The lattice consists of neutral atoms in a ‘sea of electrons’. 
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4 Which row shows the change that takes place when element X gains the new particle shown? 

 

 particle gained change 

A electron an isotope of element X is formed 

B electron the element one place to the right of X in the Periodic Table is formed 

C proton an isotope of element X is formed 

D proton the element one place to the right of X in the Periodic Table is formed 

 

 

5 The diagram shows an atom. 

 

e e

e e

electron

nucleus containing
nine particles

e

key

 

 

What is the proton number and neutron number of the atom? 

 

 
proton 

number 

neutron 

number 

A 4 5 

B 4 9 

C 5 4 

D 5 9 

 

 

6 The symbols of two atoms may be written as shown. 

 

X
52

23
 Y

52

24
 

 

Which statement about these atoms is correct? 

A They are different elements because they have different numbers of neutrons. 

B They are different elements because they have different numbers of protons. 

C They are isotopes of the same element because they have the same nucleon number. 

D They are isotopes of the same element because they have the same proton number. 
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24 A student makes three suggestions about the Haber process and the Contact process. 
 

1 Only one process uses a raw material obtained by fractional distillation of air. 

2 Only one process involves the use of a catalyst. 

3 The product of each catalysed reaction has a formula of the type XY3. 
 

Which suggestions are correct? 

A 1 and 2 B 1 and 3 C 2 only D 3 only 
 
 
25 Which uses for sulfuric acid are correct? 
 

1 as a bleach in the manufacture of wood pulp for paper 

2 as a food preservative in tinned foods 

3 as a raw material in the manufacture of detergents 

4 as a fertiliser 
 

A 1 and 3 B 2 and 4 C 2 only D 3 only 
 
 
26 Element X forms: 
 

• a covalent compound, H2X 

• an ionic compound, Na2X 

• oxides XO2 and XO3. 
 

To which group of the Periodic Table does X belong? 

A II B III C IV D VI 
 
 
27 Which property is common to 40Ca, 39K and 23Na? 

A Their atoms all have more neutrons than protons. 

B Their ions all have eight electrons in their outer shell. 

C They all sink when added to water. 

D They are all deposited at the positive electrode when their molten chloride is electrolysed. 
 
 

3 
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4 Two naturally occurring isotopes of oxygen are 16O and 17O. 
 

Which statement is correct? 

A Both isotopes react with iron to form rust. 

B Neither isotope reacts with iron to form rust. 

C Only 16O reacts with iron to form rust. 

D Only 17O reacts with iron to form rust. 
 
 
5 How many electrons are used to form covalent bonds in a molecule of methanol, CH3OH? 

A 5 B 6 C 8 D 10 
 
 
6 Potassium bromide and methanol are both compounds. 
 

Their melting points are different. 
 

Which row is correct? 
 

 substance with the 
higher melting point reason why the melting points are different 

A 
 

methanol 
 

the attractive forces between oppositely charged ions 
is greater than the attractive forces between molecules 

B 
 

methanol 
 

the attractive forces between molecules is greater 
than the attractive forces between oppositely charged ions 

C 
 

potassium bromide 
 

the attractive forces between oppositely charged ions 
is greater than the attractive forces between molecules 

D 
 

potassium bromide 
 

the attractive forces between molecules is greater 
than the attractive forces between oppositely charged ions 

 
 
7 Which gas sample contains the smallest number of molecules? 

A 4 g of helium 

B 16 g of oxygen 

C 28 g of carbon monoxide 

D 28 g of nitrogen 
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3 The melting points of four impure samples of lead(II) bromide were measured. The results are 
shown. 

 
Which sample is the most pure? 

 

 
temperature when 
the sample started 

to melt / °C 

temperature when 
the sample finished 

melting / °C 

A 342 355 

B 353 360 

C 365 371 

D 372 373 
 
 
4 Symbols representing four particles are shown. 
 

W40
20           +241

20X           Y37
18           Z37

17  
 

The letters are not the chemical symbols. 
 

Which particles have the same number of neutrons? 

A W and X2+ B W and Z C X2+ and Y D Y and Z 
 
 
5 Which name is given to a pure substance made from more than one type of atom? 

A alloy 

B compound 

C element 

D mixture 
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4 Two gases, ammonia and hydrogen chloride, at an equal pressure, are allowed to enter the 
apparatus shown. 

 

HCl (g) NH3(g)

white solid

 
 

After a time, a white solid forms on the inside of the tube. 
 

Which statements explain why a white solid forms in the position shown? 
 

1 Ammonia and hydrogen chloride react to form solid ammonium chloride. 

2 Ammonia diffuses faster than hydrogen chloride. 

3 Ammonia has a lower relative molecular mass than hydrogen chloride. 
 

A 1, 2 and 3 B 1 and 2 only C 1 only D 2 and 3 only 
 
 
5 The atomic number of cerium, Ce, is 58. A Ce4+ ion has 140 nucleons in its nucleus. 
 

How many protons, neutrons, and electrons are there in one Ce4+ ion? 
 

 protons neutrons electrons 

A 58 82 54 

B 58 82 62 

C 82 58 54 

D 82 58 62 
 
 
6 The diagrams show the arrangement of particles in three solids: X, Y and Z. The three solids are 

krypton, potassium and sodium chloride. 
 

e–

e–

e–

e–

e–

e–
e–

e–

– +

– +
–+

–+

+

+

+

+

+

+

+

+

+

X Y Z  
 

Which row correctly identifies X, Y and Z? 

 X Y Z 

A krypton potassium sodium chloride 

B krypton sodium chloride potassium 

C sodium chloride krypton potassium 

D sodium chloride potassium krypton 
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3 The diagram represents a chromatogram of the colourless acids present in a drink. The 
chromatogram has been treated with a locating agent. 

 
A table of Rf values for the possible acids is given. 

 

1
2

3

origin

solvent front
acid Rf value

tartaric 0.14

citric 0.16

malic 0.23

lactic 0.45

succinic 0.50

 
 

Which acids are present in the drink? 

A citric acid, malic acid and lactic acid 

B citric acid, malic acid and succinic acid 

C malic acid, lactic acid and succinic acid 

D tartaric acid, citric acid and malic acid 
 
 
4 Which gas will diffuse at the fastest rate at the same temperature and pressure? 

A Ar B C3H8 C CO2 D F2 
 
 
5 Two particles, K+ and Ar, can be written as +K39

19  and Ar40
18 . 

 
Which statement about these particles is correct? 

A Ar has more neutrons than K+. 

B K has more nucleons than Ar. 

C K+ has 20 electrons. 

D K+ has a greater mass than Ar. 
 
 

6
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11 In the circuit below, the lamp lights up.

lamp

substance X

e lectrodes

What could X be?

A a solution of ethanol in water

B a solution of sodium chloride in water

C liquid ethanol

D solid sodium chloride

12 The formula of china clay (aluminium silicate) was shown in an old book as Al2O3.2SiO2.2H2O.

This formula is shown in a modern book as Al2(OH)
x

 Si2Oy.

What are the values of x and y in the modern formula?

x y

A 2 4

B 2 5

C 4 3

D 4 5

13 What is the concentration of iodine, I2, molecules in a solution containing 2.54 g of iodine in

250 cm
3

 of solution?

A 0.01 mol / dm
3

B 0.02 mol / dm
3

C 0.04 mol / dm
3

D 0.08 mol / dm
3

14 The formula of an oxide of uranium is UO2.

What is the formula of the corresponding chloride?

A UCl2 B UCl4 C U2Cl D U4Cl

3 
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4 Which statement about an ionic compound is not correct? 

A It conducts electricity when dissolved in water. 

B It has a high melting point due to strong attractive forces between ions. 

C It has a regular lattice of oppositely charged ions in a ‘sea of electrons’. 

D The ionic bonds are formed between metallic and non-metallic elements. 
 
 
5 What is the total number of electrons in one molecule of ammonia, NH3? 

A 6 B 8 C 10 D 11 
 
 
6 Rubidium has two isotopes, Rb85

37  and Rb87
37 . 

 
Which statement explains why both isotopes have the same chemical properties? 

A They have the same number of protons. 

B They have the same number of outer shell electrons. 

C They have different numbers of neutrons. 

D They have different mass numbers. 
 
 
7 Which statement about the structure and properties of silicon(IV) oxide is not correct? 

A It has a giant structure similar to that of diamond. 

B It has a high melting point due to the strong attractive force between molecules. 

C There are strong covalent bonds between silicon and oxygen. 

D There are no free electrons, so silicon(IV) oxide does not conduct electricity. 
 
 
8 Which statement describes the structure of copper? 

A It has a lattice of negative ions in a ‘sea of electrons’. 

B It has a lattice of negative ions in a ‘sea of protons’. 

C It has a lattice of positive ions in a ‘sea of electrons’. 

D It has a lattice of positive ions in a ‘sea of protons’. 
 
 
9 Phosphorus reacts with oxygen to form phosphorus(III) oxide as shown. 
 

4P(s)  +  3O2(g)  o  2P2O3(s) 
 

Which mass of phosphorus(III) oxide is produced from 6.2 g of phosphorus? 

A 1.1 g B 5.5 g C 11.0 g D 22.0 g 
 

3 
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4 The chromatogram of substance S is shown. 
 

Some distances, W, X, Y and Z, are labelled on the diagram. 
 

solvent level

baseline

substance S

solvent front

W X Y Z

 
 

How is the Rf value of substance S calculated? 

A 
Y
X  B 

Z
W  C 

X
Y  D 

W
Y  

 
 
5 Which row describes isotopes of the same element? 
 

 number of protons number of neutrons 

A different different 

B different same 

C same different 

D same same 
 
 
6 Which row describes the structure of the positive ion in sodium chloride? 
 

 protons electrons neutrons 

A 11 11 12 

B 11 10 12 

C 17 17 18 

D 17 18 18 
 
 

4 
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6 Which statement describes the structure of an ionic compound? 

A It is a giant lattice of oppositely charged ions. 

B It is a giant lattice of positive ions in a ‘sea’ of electrons. 

C It is a giant molecule of oppositely charged ions. 

D It is a simple molecule of oppositely charged ions. 
 
 
7 Calcium metal reacts with water to form a solution of calcium hydroxide and hydrogen gas. 
 

Which equation is correct? 

A Ca(s)  +  H2O(aq)  o  CaOH(aq)  +  H(g) 

B Ca(s)  +  2H2O(aq)  o  Ca(OH)2(s)  +  2H2(g) 

C Ca(s)  +  2H2O(l)  o  Ca(OH)2(aq)  +  H2(g) 

D Ca(s)  +  H2O(l)  o  CaOH(l)  +  H(g) 
 
 
8 25.0 cm3 of 0.100 mol / dm3 aqueous sodium hydroxide is neutralised by 24.6 cm3 of dilute 

sulfuric acid. 
 

What is the concentration of the dilute sulfuric acid? 

A 0.0508 mol / dm3 

B 0.0984 mol / dm3 

C 0.102 mol / dm3 

D 0.203 mol / dm3 
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4 Two naturally occurring isotopes of oxygen are 16O and 17O. 
 

Which statement is correct? 

A Both isotopes react with iron to form rust. 

B Neither isotope reacts with iron to form rust. 

C Only 16O reacts with iron to form rust. 

D Only 17O reacts with iron to form rust. 
 
 
5 How many electrons are used to form covalent bonds in a molecule of methanol, CH3OH? 

A 5 B 6 C 8 D 10 
 
 
6 Potassium bromide and methanol are both compounds. 
 

Their melting points are different. 
 

Which row is correct? 
 

 substance with the 
higher melting point reason why the melting points are different 

A 
 

methanol 
 

the attractive forces between oppositely charged ions 
is greater than the attractive forces between molecules 

B 
 

methanol 
 

the attractive forces between molecules is greater 
than the attractive forces between oppositely charged ions 

C 
 

potassium bromide 
 

the attractive forces between oppositely charged ions 
is greater than the attractive forces between molecules 

D 
 

potassium bromide 
 

the attractive forces between molecules is greater 
than the attractive forces between oppositely charged ions 

 
 
7 Which gas sample contains the smallest number of molecules? 

A 4 g of helium 

B 16 g of oxygen 

C 28 g of carbon monoxide 

D 28 g of nitrogen 
 
 

5 
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9 What is produced at each electrode when molten rubidium chloride is electrolyzed using platinum 
electrodes? 

 
 positive electrode negative electrode 

A chlorine hydrogen 

B chlorine rubidium 

C hydrogen chlorine 

D rubidium chlorine 
 
 
10 What is released when any fuel is burned? 

A carbon dioxide 

B heat energy 

C smoke 

D water 
 
 
11 Group I metals react vigorously with water and release heat. 
 

Which statement about this reaction is correct? 

A The reaction is endothermic and the energy change is negative. 

B The reaction is endothermic and the energy change is positive. 

C The reaction is exothermic and the energy change is negative. 

D The reaction is exothermic and the energy change is positive. 
 
 

4 
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6 Substance Q has a high melting point and conducts electricity both when molten and when 
dissolved in water. 

 
What is Q? 

A calcium chloride 

B diamond 

C iron 

D silver chloride 
 
 
7 Elements X and Y form an ionic compound, XY. 
 

In which group of the Periodic Table is X found and how is the bond between X and Y formed? 
 

 group in which 
X is found 

how the bond between 
X and Y is formed 

A I by X gaining one electron from Y 

B I by X transferring one electron to Y 

C VII by X sharing electrons with Y 

D VII by X transferring one electron to Y 
 
 
8 The structure of glycine is shown. 
 

N C

OH

H O

H

H

C

H 
 

Which row is correct? 
 

 formula of glycine number of different 
elements in glycine 

A CH5O2N 10 

B C2H5O2N 4 

C C2H5O2N 10 

D H2NCHCOOH 4 
 
 

4 
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7 Which statement about solid calcium chloride is correct? 

A It conducts electricity. 

B It has a low melting point. 

C It has an ionic lattice structure. 

D It is insoluble in water. 

 

 

8 Ethane, C
2
H

6
, and ammonia, NH

3
, are covalent compounds. 

 

The dot-and-cross diagrams of these compounds are shown. 

 

H C
H

H
C H

H

H
NH H
H

 

 

Which statements are correct? 

 

1 A molecule of ethane contains twice as many hydrogen atoms as a molecule of 

ammonia. 

2 An unreacted nitrogen atom has five outer electrons. 

3 In a molecule of ethane, the bond between the carbon atoms is formed by sharing 

two electrons, one from each carbon atom. 

 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 

 

9 Which statement about the structure or bonding of metals is correct? 

A A metal lattice consists of atoms in a ‘sea of electrons’. 

B Electrons in a metal move randomly through the lattice. 

C Metals are malleable because the particles present are mobile. 

D The ions in a metal move when positive and negative electrodes are attached. 

 

 

10 When 1 volume of gas R reacts with exactly 5 volumes of oxygen, it forms carbon dioxide and 

water only. 

 

What is R? 

A butane, C
4
H

10
 

B ethane, C
2
H

6 

C methane, CH
4
 

D propane, C
3
H

8
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14 Magnesium can be produced by the electrolysis of molten magnesium chloride, MgCl 2. 
 

What are the products formed at the anode and at the cathode during the electrolysis of molten 
magnesium chloride? 

 

 anode cathode 

A chlorine hydrogen 

B chlorine magnesium 

C magnesium chlorine 

D oxygen hydrogen 
 
 
15 The diagram shows apparatus that can be used to extract aluminium from its ore. 
 

J

K

L

 
 

What are J, K and L? 
 

 J K L 

A negative electrode aluminium oxide + cryolite aluminium 

B negative electrode cryolite aluminium oxide 

C positive electrode aluminium oxide cryolite 

D positive electrode aluminium oxide + cryolite aluminium 
 
 

3 
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3 Limestone reacts with hydrochloric acid. 

 

Changing which reaction condition does not affect the rate of reaction? 

A concentration of the acid 

B limestone particle size 

C pressure 

D temperature 

 

 

4 A particle contains 34 protons, 45 neutrons and 36 electrons. 

 

Which symbol is correct for this particle? 

A Se
79

34
 B 

−

Se
79

34
 C 

−279

34
Se  D 

+279

34
Se  

 

 

5 Which molecule contains three shared pairs of electrons between two of its atoms? 

A CO2 B C2H4 C H2O D N2 

 

 

6 What happens when sodium chloride melts? 

A Covalent bonds in a giant lattice are broken. 

B Electrons are released from atoms. 

C Electrostatic forces of attraction between ions are overcome. 

D Molecules are separated into ions. 

 

 

7 Which compound contains only eight covalent bonds? 

 

CH2OH

CH2OH

A

CH2OH

CH3

B

COOH

COOH

C

COOH

CH2OH

D

 

 

 

5  
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11 The dot-and-cross diagrams for four compounds are shown. 
 

Which diagram is correct? (Note that only the outer shell electrons are shown.) 
 

HH

HH

C

A

H

H

C

H

H

C

B

C OO

C

H Cl

D

 
 
 
12 Element X has a lattice of positive ions and a ‘sea of electrons’. 
 

e–

e–

e–
e–

e–
e–

e–

e–
e–

e–

e–
e–

e–

e–
e–

 
 

Which property will X have? 

A It conducts electricity by the movement of ions and electrons. 

B It has a high melting point. 

C It is decomposed by an electric current. 

D It is not malleable. 
 
 
13 A chicken egg has a mass of 60 g. The egg shell is 10% of the total mass. The egg shell is made 

of calcium carbonate. 
 

What is the mass of calcium in the egg shell? 

A 0.24 g B 0.40 g C 2.4 g D 4.0 g 
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11 The dot-and-cross diagrams for four compounds are shown. 
 

Which diagram is correct? (Note that only the outer shell electrons are shown.) 
 

HH

HH

C

A

H

H

C

H

H

C

B

C OO

C

H Cl

D

 
 
 
12 Element X has a lattice of positive ions and a ‘sea of electrons’. 
 

e–

e–

e–
e–

e–
e–

e–

e–
e–

e–

e–
e–

e–

e–
e–

 
 

Which property will X have? 

A It conducts electricity by the movement of ions and electrons. 

B It has a high melting point. 

C It is decomposed by an electric current. 

D It is not malleable. 
 
 
13 A chicken egg has a mass of 60 g. The egg shell is 10% of the total mass. The egg shell is made 

of calcium carbonate. 
 

What is the mass of calcium in the egg shell? 

A 0.24 g B 0.40 g C 2.4 g D 4.0 g 
 
 

5 
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7 The diagrams show the structures of two forms of carbon. 

 

S T
 

 

Which set of data is correct for these two structures? 

 

 conducts electricity very hard material can be used as lubricant 

A T T S 

B S T S 

C S S T 

D T S T 

 

 

8 Substance X has a melting point higher than 500 oC. It is insoluble both in water and in organic 

solvents. It conducts electricity when both solid and molten. 

 

What is X? 

A copper 

B mercury 

C poly(ethene) 

D sodium chloride 

 

 

9 How many moles per dm
3

 of gaseous carbon dioxide are there if 4.4 g occupies 500 cm
3

? 

A 0.1 mol / dm
3

 B 0.2 mol / dm
3

 C 2.2 mol / dm
3

 D 8.8 mol / dm
3

 

 

 

10 Which reactions take place during the electrolysis of aqueous copper(II) sulphate with copper 

electrodes? 

 

 reaction at positive electrode reaction at negative electrode 

A Cu
2+

 + 2e
–

 → Cu Cu → Cu
2+

 + 2e
–

 

B 4OH
–

 → 2H2O + O2 + 4e
–

 Cu
2+

 + 2e
–

 → Cu 

C Cu → Cu
2+

 + 2e
–

 2H
+

 + 2e
–

 → H2 

D Cu → Cu
2+

 + 2e
–

 Cu
2+

 + 2e
–

 → Cu 

 

 

7  
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10 When they react together, which pair of elements form an ionic compound? 

A carbon and hydrogen 

B hydrogen and chlorine 

C lithium and oxygen 

D sulfur and oxygen 

 

 

11 How many shared electrons are in one carbon dioxide molecule? 

A 2 B 4 C 8 D 12 

 

 

12 Element X has a lattice of positive ions and a ‘sea of electrons’. 

 

e–

e–

e–
e–

e–
e–

e–

e–
e–

e–

e–
e–

e–

e–
e–

 
 

Which property will X have? 

A It conducts electricity by the movement of ions and electrons. 

B It has a high melting point. 

C It is decomposed by an electric current. 

D It is not malleable. 

 

 

13 Which row shows the correct state symbols for the reaction between calcium carbonate and 

dilute hydrochloric acid? (The conditions are room temperature and pressure.) 

 

  CaCO3 + 2HCl o CaCl 2 + H2O + CO2 

A s aq aq aq g 

B s l aq l g 

C s l l aq g 

D s aq aq l g 

 

 

3 
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4 Magnesium hydroxide can be obtained from sea water as shown. 
 

calcium
hydroxide
solution

reaction
vessel

separation
stage

solid
magnesium
hydroxide

sea water containing
magnesium ions

aqueous
calcium chloride

 
 

Which process is used in the separation stage to separate solid magnesium hydroxide from the 
mixture? 

A crystallisation 

B filtration 

C distillation 

D chromatography 
 
 
5 What is the total number of electrons in one molecule of ammonia, NH3? 

A 6 B 8 C 10 D 11 
 
 
6 An isotope of lithium has the symbol Li7

3 . 
 

What is the arrangement of electrons in one atom of this isotope of lithium? 
 

A B C D

 
 
 
7 Which statement about an alloy is correct? 

A It is a compound made of two or more elements, one of which is a metal. 

B It is a layer of a metal plated onto another metal. 

C It is a mixture of a metal with other elements. 

D It is a single element. 

4 
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8 A student suggested three facts about the cyanogen molecule, (CN)2. 

 

1 The molecule is linear. 

2 The molecule contains three σ bonds. 

3 The molecule contains four π bonds. 

 

Which of these suggestions are correct? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 

 

9 Urea has the structural formula CO(NH2)2. Phosgene has the structural formula COCl 2. 
 

What do these two molecules have in common? 

A They can act as monomers to form an addition polymer. 

B They contain the same number of lone pairs of electrons. 

C They have a carbon atom at the carbonyl functional group level. 

D They produce carbon dioxide on hydrolysis. 

 

 

10 The diagram shows the structure of a molecule containing atoms of elements X, Y and Z. 

 

Y

Y Y

XX

X
Z

Z Z

Z

ZZ
 

 

What could be the identities of X, Y and Z? 

 

 X Y Z 

A B P O 

B N P Cl 

C N S Cl 

D P Si H 
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6 Three statements about diamond, graphite and silicon(IV) oxide are listed. 
 

1 Diamond and graphite both have giant covalent structures. 

2 In silicon(IV) oxide, silicon and oxygen atoms are joined together by covalent bonds 
throughout the whole structure. 

3 Diamond and silicon(IV) oxide have similar structures. 
 

Which statements are correct? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
7 The concentration of a hydrochloric acid solution is 0.5 mol / dm3. 
 

How many moles of hydrochloric acid are present in 25 cm3 of this solution? 

A 0.0125 B 0.0200 C 12.5 D 20.0 
 
 
8 A sample of an iron oxide contains 50.4 g of iron and 21.6 g of oxygen. 
 

What is the empirical formula of the iron oxide? 

A FeO B FeO3 C Fe2O3 D Fe3O2 
 
 
9 A solution of copper(II) sulfate can be electrolysed using copper electrodes or carbon electrodes. 
 

Which statements are correct? 
 

1 Using copper electrodes, oxygen gas forms at the anode. 

2 Using copper electrodes, copper atoms lose electrons at the anode. 

3 Using carbon electrodes, copper metal forms at the cathode. 

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

A 1 and 2 B 1 and 3 C 2, 3 and 4 D 4 only 
 
 

3 
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3 Iodine, I, has a lower relative atomic mass than tellurium, Te, but is placed after it in the 
Periodic Table. 

 

Te I

 
 

Which statement explains why iodine is placed after tellurium in the Periodic Table? 

A Iodine has fewer neutrons than tellurium. 

B Iodine has fewer protons than tellurium. 

C Iodine has more neutrons than tellurium. 

D Iodine has more protons than tellurium. 
 
 
4 Which statement about the isotopes of an element is correct? 

A Their physical properties are different because they have different proton numbers. 

B Their atomic masses are different because they have different numbers of electron shells. 

C They have the same chemical properties because they have the same number of electrons 
in their outer shells. 

D They have the same physical properties because they have the same number of neutrons in 
their nuclei. 

 
 
5 Which two molecules contain the same number of electrons? 

A Cl 2 and SO2 

B CH4 and H2O 

C CO and NH3 

D CO2 and HCl 
 
 
6 Which statement describes the lattice structure of a metal? 

A The lattice consists of alternating positive ions and negative ions. 

B The lattice consists of neutral atoms arranged in layers. 

C The lattice consists of positive ions in a ‘sea of electrons’. 

D The lattice consists of neutral atoms in a ‘sea of electrons’. 
 
 

4 
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7 Which statement about copper, diamond and silicon(IV) oxide is correct? 

A Copper and silicon(IV) oxide have similar electrical conductivity. 

B In diamond the carbon atoms are covalently bonded as flat sheets. 

C In silicon(IV) oxide the silicon and oxygen atoms are covalently bonded as flat sheets. 

D The structure of copper includes a lattice of positive ions. 

 

 

8 An oxide of nitrogen has the following composition by mass: N, 30.4%; O, 69.6%. 

 

It has a relative molecular mass of 92. 

 

What is the molecular formula of the oxide of nitrogen? 

A NO B NO2 C NO4 D N2O4 
 

 

9 Calcium carbonate reacts with dilute hydrochloric acid according to the equation shown. 

 

CaCO3  +  2HCl  o  CaCl 2  +  CO2  +  H2O 

 

10 g of calcium carbonate is reacted with 100 cm
3
 of 1 mol / dm

3
 hydrochloric acid. 

 

The following statements are made. 

 

1 1.2 dm
3
 of carbon dioxide is formed. 

2 5.6 g of calcium chloride is formed. 

3 4.8 g of carbon dioxide is formed. 

4 No calcium carbonate is left when the reaction is completed. 

 

Which statements about the reaction are correct? 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 

 

 

10 Which substance is not produced during the electrolysis of concentrated aqueous 

sodium chloride? 

A chlorine 

B hydrogen 

C sodium 

D sodium hydroxide 

 

 

3 
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3 The chromatogram of solutions of two metal ions, P and Q, is shown. 
 

P

Q

baseline

solvent front

 
 

P is coloured. A locating agent is used to find the position of Q. 
 

The Rf value of each solution is calculated. 
 

P is a ......1...... element and has an Rf value ......2...... than that 
of Q. 

 
Which words complete gaps 1 and 2? 

 
 1 2 

A non-transition greater 

B non-transition smaller 

C transition greater 

D transition smaller 
 
 
4 What is an isotope of E31

15 ? 

A E31
14  B E33

15  C E31
16  D E33

16  
 
 
5 Which row describes the formation of single covalent bonds in methane? 
 

A 
 

atoms share a pair of electrons 
 

both atoms gain a 
noble gas electronic structure 

B 
 

atoms share a pair of electrons 
 

both atoms have the same number 
of electrons in their outer shell 

C 
 

electrons are transferred from one 
atom to another 

both atoms gain a 
noble gas electronic structure 

D 
 

electrons are transferred from one 
atom to another 

both atoms have the same number 
of electrons in their outer shell 

 
 6 
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14 Ethanol can be made by the reaction shown. 
 

C2H5Br  +  NaOH  o  C2H5OH  +  NaBr 
 

If 5.00 g of C2H5Br produces 1.59 g of ethanol, what is the molar percentage yield of ethanol? 
[Mr: C2H5Br, 109;  C2H5OH, 46] 

A 13% B 32% C 42% D 75% 
 
 
15 An aqueous solution contains 0.01 mol of Zn2+(aq) and 0.01 mol of Cu2+(aq). 
 

Aqueous sodium hydroxide is added until in excess. 
 

After shaking, the mixture is filtered. 
 

What remains on the filter paper? 

A 0.01 mol of a white hydroxide and 0.01 mol of a blue hydroxide 

B 0.01 mol of a white hydroxide 

C 0.01 mol of a blue hydroxide 

D no solid residue 
 
 
16 Which arrangement is used to electroplate copper onto a steel key? 
 

 electrolyte 
anode 

(positive electrode) 
cathode 

(negative electrode) 

A aqueous copper(II) sulfate piece of pure copper steel key 

B aqueous copper(II) sulfate steel key piece of pure copper 

C dilute sulfuric acid piece of pure copper steel key 

D dilute sulfuric acid steel key piece of pure copper 
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18 Pieces of zinc are added to aqueous copper(II) sulfate. 
 

Cu2+(aq)  +  Zn(s)  o  Zn2+(aq)  +  Cu(s) 
 

Which statement is correct? 

A Cu2+(aq) is oxidised to Cu(s) by gaining electrons. 

B Cu2+(aq) is reduced to Cu(s) by losing electrons. 

C Zn(s) is oxidised to Zn2+(aq) by losing electrons. 

D Zn(s) is reduced to Zn2+(aq) by gaining electrons. 
 
 
19 The oxide of element X reacts with acids to form salts. 
 

Which statement about element X or its oxide is correct? 

A X conducts electricity. 

B X is a non-metal. 

C The oxide is a gas at room temperature and pressure. 

D The oxide is covalent. 
 
 
20 Nitrogenous fertilisers promote plant growth and crop yield. 
 

Which compound contains the greatest mass of nitrogen in 100 g of fertiliser? 

A KNO3 B NH4NO3 C (NH4)2SO4 D (NH4)2HPO4 
 
 
21 Which aqueous reagent liberates ammonia from ammonium nitrate on warming? 

A calcium nitrate 

B potassium hydroxide 

C sodium chloride 

D sulfuric acid 
 
 
22 Which statement about sulfuric acid is correct? 

A It is manufactured by heating hydrogen, oxygen and sulfur together. 

B It is used as a battery acid. 

C It is used as a detergent. 

D It is used to neutralise alkaline soils. 
 
 

3
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3 In a sample of air at 25 oC, the molecules of oxygen, nitrogen and carbon dioxide all move with

different average speeds.

Which of the following lists the molecules in order of decreasing average speed?

fastest slowest

A carbon dioxide oxygen nitrogen

B nitrogen oxygen carbon dioxide

C oxygen carbon dioxide nitrogen

D oxygen nitrogen carbon dioxide

4 Which of the following is the best method of obtaining pure water from ink?

A chromatography

B distillation

C filtration

D freezing

5 The relative molecular mass, Mr, of copper(II) sulphate, CuSO4, is 160.

The relative molecular mass, Mr, of water is 18.

What is the percentage by mass of water in copper(II) sulphate crystals, CuSO4.5H2O?

A

160

100
 

x
 

18

B

8 1  160

100 x 18 x 5

!

C

18
  

160

100 x 18

!

D

18) x (5  160

100 x 18 x 5

!8 
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14 The expression shown for the value of Ar for fluorine is incomplete. 
 

Ar (fluorine) = 12
6

average mass of one ......1...... of fluorine
......2...... of the mass of one atom of C

 

 
How should the gaps in the expression be correctly completed? 

 
 gap 1 gap 2 

A atom 6
1  

B atom 12
1  

C molecule 6
1  

D molecule 12
1  

 
 
15 A mixture of 5 cm3 of CH4 and 100 cm3 of air is exploded. Assume air is 80% N2 by volume and 

20% O2 by volume. The resulting mixture is cooled. All volumes are measured at room 
temperature and pressure. 

 
CH4(g)  +  2O2(g)  o  CO2(g)  +  2H2O(l) 

 
What is the composition of the resulting gas? 

 
 5 cm3 of CO2 10 cm3 of O2 80 cm3 of N2 10 cm3 of steam 

A � � � � 

B � � � � 

C � � � � 

D � � � � 
 
 
16 Which arrangement is used to electroplate copper onto a steel key? 
 

 electrolyte anode 
(positive electrode) 

cathode 
(negative electrode) 

A aqueous copper(II) sulfate piece of pure copper steel key 

B aqueous copper(II) sulfate steel key piece of pure copper 

C dilute sulfuric acid piece of pure copper steel key 

D dilute sulfuric acid steel key piece of pure copper 
 
 

8 
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14 The expression shown for the value of Ar for fluorine is incomplete. 
 

Ar (fluorine) = 12
6

average mass of one ......1...... of fluorine
......2...... of the mass of one atom of C

 

 
How should the gaps in the expression be correctly completed? 

 
 gap 1 gap 2 

A atom 6
1  

B atom 12
1  

C molecule 6
1  

D molecule 12
1  

 
 
15 A mixture of 5 cm3 of CH4 and 100 cm3 of air is exploded. Assume air is 80% N2 by volume and 

20% O2 by volume. The resulting mixture is cooled. All volumes are measured at room 
temperature and pressure. 

 
CH4(g)  +  2O2(g)  o  CO2(g)  +  2H2O(l) 

 
What is the composition of the resulting gas? 

 
 5 cm3 of CO2 10 cm3 of O2 80 cm3 of N2 10 cm3 of steam 

A � � � � 

B � � � � 

C � � � � 

D � � � � 
 
 
16 Which arrangement is used to electroplate copper onto a steel key? 
 

 electrolyte anode 
(positive electrode) 

cathode 
(negative electrode) 

A aqueous copper(II) sulfate piece of pure copper steel key 

B aqueous copper(II) sulfate steel key piece of pure copper 

C dilute sulfuric acid piece of pure copper steel key 

D dilute sulfuric acid steel key piece of pure copper 
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20 Which row correctly shows whether the hydrogen ion concentration and the pH of ethanoic acid 
are higher or lower than those of hydrochloric acid of the same concentration? 

 

 hydrogen ion 
concentration pH 

A higher higher 

B higher lower 

C lower higher 

D lower lower 
 
 
21 Which aqueous reagent liberates ammonia from ammonium nitrate on warming? 

A calcium nitrate 

B potassium hydroxide 

C sodium chloride 

D sulfuric acid 
 
 
22 Two fertilisers are made by mixing chemical compounds. 
 

Fertiliser X contains 500 g of NH4NO3 and 500 g of (NH4)2SO4 per kilogram. 
 

Fertiliser Y contains 700 g of NH4NO3 and 300 g of CaSO4 per kilogram. 
 

Which fertiliser contains the higher percentage of nitrogen by mass and which contains the higher 
percentage of sulfur by mass? 

 
[Mr: NH4NO3, 80;  (NH4)2SO4, 132;  CaSO4, 136] 

 

 fertiliser with higher 
percentage N 

fertiliser with higher 
percentage S 

A X X 

B X Y 

C Y X 

D Y Y 
 
 

5 
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10 Powdered calcium carbonate reacts with dilute hydrochloric acid to produce calcium chloride, 
water and carbon dioxide. 

 
What is the correct ionic equation, including state symbols, for this reaction? 

A CaCO3(s)  +  2HCl (aq)  o  CaCl 2(aq)  +  H2O(l)  +  CO2(g) 

B Ca2+(aq)  +  CO3
2–(aq)  +  2H+(aq)  o  Ca2+(aq)  +  H2O(l)  +  CO2(g) 

C CO3
2–(aq)  +  2H+(aq)  o  H2O(l)  +  CO2(g) 

D CaCO3(s)  +  2H+(aq)  o  Ca2+(aq)  +  H2O(l)  +  CO2(g) 
 
 
11 In a volumetric experiment, 25.0 cm3 of 0.100 mol / dm3 sodium hydroxide reacts exactly with 

20.0 cm3 of sulfuric acid. 
 

2NaOH  +  H2SO4  o  Na2SO4  +  2H2O 
 

What is the concentration of the sulfuric acid? 

A 0.0625 mol / dm3 

B 0.0800 mol / dm3 

C 0.125 mol / dm3 

D 0.250 mol / dm3 
 
 
12 The reaction for the conversion of bromoethane to ethanol is shown. 
 

C2H5Br  +  NaOH  o  C2H5OH  +  NaBr 
 

In an experiment, 10.90 g of bromoethane is converted into 3.45 g of ethanol. 
 

What is the percentage yield of ethanol? 
 

[Mr: C2H5Br, 109;  C2H5OH, 46] 

A 32% B 42% C 75% D 100% 
 
 
13 One mole of a sugar, (CH2O)6, is burned. 
 

Which volume of oxygen, measured at room temperature and pressure, is required for complete 
combustion of the sugar? 

A 24 dm3 B 36 dm3 C 144 dm3 D 216 dm3 
 
 

4 
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7 Which gas sample contains the most molecules? 

A 24 dm3 of carbon dioxide, CO2 

B 4 g of hydrogen, H2 

C 36 dm3 of hydrogen chloride, HCl 

D 14 g of nitrogen, N2 
 
 
8 A student mixed together 25.0 cm3 of 1.00 mol / dm3 hydrochloric acid and 25.0 g of 

calcium carbonate. 
 

2HCl (aq)  +  CaCO3(s)  o  CaCl 2(aq)  +  H2O(l)  +  CO2(g) 
 

What is the maximum volume of carbon dioxide gas that could be collected at room temperature 
and pressure? 

A 300 dm3 B 6.00 dm3 C 0.600 dm3 D 0.300 dm3 
 
 
9 Iron can react with sulfur to form two ionic compounds. 
 

The iron is present as Fe2+ in one compound and as Fe3+ in the other compound. 
 

The sulfur ion is present as S2– in both compounds. 
 

What are the formulae of the two compounds? 

A FeS and Fe2S3 

B FeS and Fe3S2 

C FeS2 and Fe3S2 

D FeS2 and Fe2S3 
 
 
10 Aqueous copper(II) sulfate is electrolyzed using carbon electrodes. 
 

What is the product at each electrode? 
 

 
product at the 

positive electrode 
product at the 

negative electrode 

A copper oxygen 

B hydrogen oxygen 

C oxygen copper 

D oxygen hydrogen 

 
 

13 

© UCLES 2018 9791/01/M/J/18 [Turn over 

36 Sulfur dioxide gas is converted into sulfate ions when it is bubbled into a solution containing 

aqueous manganate(VII) ions. 

 

 SO2(g)  +  2H2O(l) o  SO4

2–
(aq)  +  4H

+
(aq)  +  2e

– 

 MnO4

–
(aq)  +  8H

+
(aq)  +  5e

–
 o  Mn

2+
(aq)  +  4H2O(l) 

 

How will the pH of the reaction mixture change as sulfur dioxide is bubbled at constant rate into a 

well-stirred solution of manganate(VII) ions until its colour just fades? 

A The pH will decrease. 

B The pH will decrease then increase. 

C The pH will increase. 

D The pH will increase then decrease. 

 

 

37 Ionic metal hydrides react with water. 

 

H
–
  +  H2O  o  OH

–
  +  H2 

 

1.0 g samples of ionic hydrides are separately added to an excess of water. 

 

Which ionic hydride produces the greatest mass of hydrogen gas? 

A calcium hydride 

B magnesium hydride 

C potassium hydride 

D sodium hydride 

 

 

38 An unusual form of oxygen has the formula O8. Its structure is shown. 

 

 

 

Which statement explains why this form of oxygen is uncommon, whereas S8 is the common form 

of sulfur? 

A O8 contains more bonds than S8. 

B O–O single bonds are much weaker than S–S single bonds. 

C Oxygen is more easily reduced than sulfur. 

D Oxygen is more electronegative than sulfur. 
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33 12.5 cm
3

 of 0.0500 mol dm
–3

 sodium hydroxide is added to 25.0 cm
3

 of 0.100 mol dm
–3

 hydrochloric 

acid. 

 

Which concentration of hydrochloric acid remains in the reaction mixture? 

A 0.0019 mol dm
–3

 

B 0.0333 mol dm
–3

 

C 0.0500 mol dm
–3

 

D 0.0750 mol dm
–3

 

 

 

34 Which mixture of gaseous oxygen and nitrogen would occupy 0.12 dm
3

 at room temperature and 

pressure? 

A 0.032 g O
2
 and 0.084 g N

2
 

B 0.096 g O
2
 and 0.028 g N

2
 

C 0.096 g O
2
 and 0.056 g N

2
 

D 0.096 g O
2
 and 0.084 g N

2
 

 

 

35 The mass spectrum of CH
2
F
2
 would not contain a peak at which m / z value? 

A 14 B 19 C 38 D 52 

 

 

36 In the absence of reference spectra, infra-red spectroscopy can most easily be used to 

distinguish between 

A 1-chloropropane and 1-bromopropane. 

B cis but-2-ene and trans but-2-ene. 

C ethanol and ethanal. 

D propan-2-ol and propan-1-ol. 

 

 

19 The pH of an aqueous solution of hydrochloric acid is 2.

What will be the pH of the acid after the addition of 10 g of sodium chloride?

A 1

B 2

C 7

D 9

20 An acid, X, was added to a solution of the nitrate of metal Y. A dense white precipitate was
formed.

What are X and Y?

21 Aluminium sulphate is used in water treatment. Aqueous aluminium sulphate is acidic.

The table shows the results of tests on four different samples of treated water.

To which sample had an excess of aluminium sulphate been added?

22 Which statement about the alkali metals is true?

A they form covalent bonds with Group VII elements

B they form oxides on reacting with water

C their melting points decrease on descending Group I

D their reactivities decrease on descending Group I

9
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acid X metal Y

A hydrochloric calcium

B nitric zinc

C sulphuric aluminium

D sulphuric barium

sample pH of reaction with an excess
sample of aqueous ammonia

A 3 white precipitate

B 3 no reaction

C 7 no reaction

D 11 white precipitate

10 
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22 Which series of changes includes both oxidation and reduction? 

A C → CO → CO2 

B PbO2 → PbO → Pb 

C N2 → NH3 → NO 

D C2H2 → C2H4 → C2H6 

 

 

23 The table gives information about three indicators. 

 

indicator colour at pH 1 
pH at which 

colour changes 
colour at pH 12 

thymol blue red 3 yellow 

congo red blue 5 red 

phenolphthalein colourless 10 red 

 

Which colours would be obtained when each indicator was added separately to pure water? 

 

 thymol blue congo red phenolphthalein

A red blue red 

B yellow blue colourless 

C yellow blue red 

D yellow red colourless 

 

 

24 Which reactants could be used safely to prepare potassium chloride? 

A aqueous potassium hydroxide and dilute hydrochloric acid 

B aqueous potassium sulphate and aqueous sodium chloride 

C potassium and aqueous sodium chloride 

D potassium and dilute hydrochloric acid 
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19 The equations show four reversible reactions. 
 

For which reaction would the equilibrium move to the right for both an increase in pressure and 
an increase in temperature? 

 

 reaction enthalpy change 

A H2(g)  +  I2(g)    2HI(g) exothermic 

B 4NO(g)  +  6H2O(g)    4NH3(g)  +  5O2(g) endothermic 

C PCl 5(g)    PCl 3(g)  +  Cl 2(g) endothermic 

D 2SO2(g)  +  O2(g)    2SO3(g) exothermic 

 
 
20 Gas X turns acidified potassium manganate(VII) from purple to colourless.  
 

Gas Y turns aqueous potassium iodide from colourless to brown. 
 

What do these observations show about gas X and gas Y? 
 

 gas X gas Y 

A oxidising agent oxidising agent 

B oxidising agent reducing agent 

C reducing agent oxidising agent 

D reducing agent reducing agent 

 
 
21 Why is ethanoic acid described as a weak acid? 

A It is an organic acid. 

B It is a poor conductor of electricity. 

C It is only slightly dissociated in water. 

D It reacts only with very reactive metals. 
 
 
22 What is the best method to prepare a pure sample of copper(II) sulfate? 

A Add copper to aqueous zinc sulfate. 

B Add copper to dilute sulfuric acid. 

C Add copper(II) carbonate to aqueous sodium sulfate. 

D Add copper(II) oxide to dilute sulfuric acid. 
 
 
23 What is the percentage by mass of nitrogen in ammonium nitrate, NH4NO3? 

A 17.5 B 22.2 C 33.3 D 35.0 
 

12 
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33 Which statement about the uses of sulfur dioxide is not correct? 

A It is used as a bleach in the manufacture of paper. 

B It is used as a food preservative. 

C It is used in the manufacture of cement. 

D It is used in the manufacture of sulfuric acid. 
 
 
34 Which statement about limestone and lime is correct? 

A Limestone combines with water to produce slaked lime. 

B Lime is obtained from limestone by oxidation. 

C Lime is used in the desulfurisation of flue gases. 

D Lime is used in the treatment of alkaline soil. 
 
 
35 Some fractions obtained from petroleum are listed. 
 

 fraction use 
position collected 

in the 
fractionating column 

1 gasoline waxes and polishes below refinery gas 

2 bitumen making roads above kerosene 

3 kerosene jet fuel below gasoline 

4 refinery gas heating and cooking above gasoline 
 

Which rows are correct? 

A 1, 3 and 4 

B 2, 3 and 4 

C 3 and 4 only 

D 4 only 
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11 Dilute sulfuric acid is electrolyzed using inert electrodes. 
 

What are the ionic half-equations for the reactions that take place at each electrode? 
 

 positive electrode negative electrode 

A 2H+  +  2e–  o  H2 4OH–  o  2H2O  +  O2  +  4e– 

B 2H+  +  2e–  o  H2 4OH–  +  4H+  o  4H2O 

C 4OH–  o  2H2O  +  O2  +  4e– 2H+  +  2e–  o  H2 

D 4OH–  +  4H+  o  4H2O 2H+  +  2e–  o  H2 
 
 
12 Information about two reactions is given. 
 

• The neutralization reaction between citric acid and sodium hydrogencarbonate is endothermic. 
 

• The displacement reaction between magnesium and carbon dioxide is exothermic. 
 

Which statements about the two reactions are correct? 
 

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

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

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

 
A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 
 
13 Ethene reacts with hydrogen. The equation is shown. 
 

CH2=CH2  +  H2  o  C2H6 
 

The bond energies are shown in the table. The reaction is exothermic. 
 

bond bond energy 
in kJ / mol 

C–C +350 

C=C +610 

C–H +410 

H–H +436 
 

What is the energy change for the reaction? 

A –560 kJ / mol B –124 kJ / mol C +486 kJ / mol D +5496 kJ / mol 
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15 When BiCl 3 reacts with water, a white precipitate of BiOCl is formed. The equation for the 
reaction is shown. 

 
BiCl 3(aq)  +  H2O(l)    BiOCl (s)  +  2HCl (aq) 

 
Which statements are correct? 

 
1 The reaction is reversible. 

2 When dilute hydrochloric acid is added to the reaction mixture, more of the white 
precipitate forms. 

3 When aqueous sodium hydroxide is added to the reaction mixture, more of the white 
precipitate forms. 

 
A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 
 
16 An excess of iron(II) chloride is added to acidified potassium manganate(VII). 
 

Which statements are correct? 
 

1 The purple color disappears. 

2 Iron(II) is reduced to iron(III). 

3 Manganate(VII) ions are oxidized to manganese(II) ions. 

4 Potassium manganate(VII) is an oxidizing agent. 
 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
 
 
17 Part of the Periodic Table is shown. 
 

Which element forms an oxide that reacts with dilute acid to form a salt and water? 
 

I II III IV V VI VII VIII

C D
A B
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17 Calcium carbide is an ionic compound in which the oxidation number of carbon is –1. 
 

Calcium carbide reacts with water giving only two products. 
 

What are the formulae of calcium carbide and the two products? 
 

 calcium carbide products 

A Ca2C CaO  +  C2H4 

B Ca2C Ca(OH)2  +  C2H2 

C CaC2 CaO  +  C2H4 

D CaC2 Ca(OH)2  +  C2H2 
 
 
18 Ethanoic acid forms a dimer (a double molecule) of molecular formula C4H8O4. 
 

This dimer contains an 8-membered ring. This ring contains two hydrogen bonds. 
 

How many carbon, hydrogen and oxygen atoms are present in this ring? 
 

 C H O 

A 2 2 4 

B 2 4 2 

C 4 0 4 

D 4 2 2 
 
 
19 Which statement about antibonding is not correct? 

A Filling an empty antibonding orbital lowers the bond order by 1. 

B For a given orbital overlap, the antibonding orbital is always higher in energy than the 
bonding orbital. 

C Stable molecules cannot have any electrons in antibonding orbitals. 

D The antibonding orbitals are found outside the region of space between the two bonding 
nuclei. 

 
 
20 Which equation does not represent the standard enthalpy change stated? 
 

 enthalpy change of equation 

A atomisation of Cl Cl 2(g)  o  2Cl (g) 

B combustion of H2S H2S(g)  +  1.5O2(g)  o  H2O(l)  +  SO2(g) 

C formation of H2SO4 H2(g)  +  2O2(g)  +  8
1 S8(s)  o  H2SO4(l) 

D solution of K2SO4 K2SO4(s)  +  aq  o  2K+(aq)  +  SO4
2–(aq) 
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16 Calcium carbonate reacts with dilute hydrochloric acid to form bubbles of carbon dioxide. 
 

At a higher temperature, the same reaction is faster. 
 

Which row explains this observation? 
 

 collision rate number of molecules with 
sufficient energy to react 

A increases more 

B increases the same 

C stays the same more 

D stays the same the same 
 
 
17 Ethanoic acid reacts with water to produce an acidic solution. 
 

Which row describes the roles of ethanoic acid and water in this reaction? 
 

 ethanoic acid water 

A accepts a proton donates a proton 

B accepts an electron donates an electron 

C donates a proton accepts a proton 

D donates an electron accepts an electron 
 
 
18 A solution of compound Z gives a light blue precipitate with aqueous ammonia. The precipitate 

dissolves in an excess of ammonia. 
 

A flame test is done on compound Z. 
 

What is the colour of the flame? 

A blue-green 

B lilac 

C red 

D yellow 
 
 
19 Carbon, copper, magnesium, sodium and sulfur can all form oxides. 
 

How many of these elements form acidic oxides? 

A 1 B 2 C 3 D 4 
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18 When dilute sulfuric acid is added to solid X, a colourless solution is formed and a gas is 
produced. 

 
What is X? 

A copper(II) oxide 

B sodium oxide 

C copper(II) carbonate 

D sodium carbonate 
 
 
19 A few drops of methyl orange are added to a reaction mixture. 
 

During the reaction, a gas is produced and the methyl orange turns from red to orange. 
 

What are the reactants? 

A aqueous sodium hydroxide and ammonium chloride 

B aqueous sodium hydroxide and calcium carbonate 

C dilute hydrochloric acid and magnesium 

D dilute hydrochloric acid and aqueous sodium hydroxide 
 
 
20 Some general rules for the solubility of salts in water are listed. 
 

Ɣ Carbonates are insoluble (except ammonium carbonate, potassium carbonate and 
sodium carbonate). 

Ɣ Chlorides are soluble (except lead(II) chloride and silver chloride). 

Ɣ Nitrates are soluble. 

Ɣ Sulfates are soluble (except barium sulfate, calcium sulfate and lead(II) sulfate). 
 

Which substances produce an insoluble salt when aqueous solutions of them are mixed? 

A barium chloride and magnesium nitrate 

B calcium chloride and ammonium nitrate 

C silver nitrate and zinc chloride 

D sodium carbonate and potassium sulfate 
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15 Methanol is prepared by the reversible reaction shown. 
 

CO(g)  +  2H2(g)    CH3OH(g) 
 

The forward reaction is exothermic. 
 

Which conditions produce the highest equilibrium yield of methanol? 
 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
 
 
16 The thermite reaction can be used to produce iron from iron(III) oxide. 
 

The equation for the reaction is shown. 
 

2Al  +  Fe2O3  o  2Fe  +  Al 2O3 
 

Which statements about this reaction are correct? 
 

1 Aluminium is the oxidising agent. 

2 Aluminium is less reactive than iron. 

3 Electrons are transferred from aluminium to iron. 

4 The iron in the iron(III) oxide is reduced. 
 

A 1 and 3 B 1 and 4 C 2 and 3 D 3 and 4 
 
 
17 In which row are the oxides correctly identified? 
 

 acidic basic 

A magnesium oxide, calcium oxide sulfur dioxide, carbon dioxide 

B magnesium oxide, sulfur dioxide carbon dioxide, calcium oxide 

C sulfur dioxide, carbon dioxide calcium oxide, magnesium oxide 

D sulfur dioxide, magnesium oxide calcium oxide, carbon dioxide 
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14 Ethanol can be made by the reaction shown. 
 

C2H5Br  +  NaOH  o  C2H5OH  +  NaBr 
 

If 5.00 g of C2H5Br produces 1.59 g of ethanol, what is the molar percentage yield of ethanol? 
[Mr: C2H5Br, 109;  C2H5OH, 46] 

A 13% B 32% C 42% D 75% 
 
 
15 An aqueous solution contains 0.01 mol of Zn2+(aq) and 0.01 mol of Cu2+(aq). 
 

Aqueous sodium hydroxide is added until in excess. 
 

After shaking, the mixture is filtered. 
 

What remains on the filter paper? 

A 0.01 mol of a white hydroxide and 0.01 mol of a blue hydroxide 

B 0.01 mol of a white hydroxide 

C 0.01 mol of a blue hydroxide 

D no solid residue 
 
 
16 Which arrangement is used to electroplate copper onto a steel key? 
 

 electrolyte 
anode 

(positive electrode) 
cathode 

(negative electrode) 

A aqueous copper(II) sulfate piece of pure copper steel key 

B aqueous copper(II) sulfate steel key piece of pure copper 

C dilute sulfuric acid piece of pure copper steel key 

D dilute sulfuric acid steel key piece of pure copper 

 
 

3 The apparatus shown in the diagram was set up.

Over a period of time how will the water level at X change?

A It will fall, then rise and return to X.

B It will fall and remain at a lower level.

C It will rise, then fall then return to X.

D It will rise and remain at a higher level.

4 A salt is dissolved in water. The results of two separate tests on it are shown in the table.

What is the salt?

A aluminium chloride

B aluminium sulphate

C zinc chloride

D zinc sulphate

hydrogen

air

water
X

gas jar

porous pot

3
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test result

1 add aqueous ammonia a white precipitate which dissolves when
an excess of aqueous ammonia is added

2 add dilute nitric acid then a white precipitate
aqueous barium nitrate

2 
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1 The experiment is set up as shown and left until there is no further change. 

 

wa ter

purple crysta l of
potassium mangana te(V II)

 

 

What is observed? 

A a colourless layer below a purple layer 

B a colourless liquid with the purple crystal unchanged 

C a purple layer below a colourless layer 

D a uniformly purple solution 

 

 

2 A student adds aqueous sodium hydroxide or aqueous ammonia to aqueous solutions of four 

different metal compounds. 

 

Which solution contains Zn
2+

 ions? 

 

solution 

add a few 

drops of 

NaOH(aq) 

add excess 

NaOH(aq) 

add a few 

drops of 

NH3(aq) 

add excess 

NH3(aq) 

A ppt ppt dissolves ppt ppt dissolves 

B ppt ppt dissolves ppt ppt 

C ppt ppt no ppt no ppt 

D no ppt no ppt no ppt no ppt 
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4 The diagram shows two experiments. 
 

Al 3+(aq)

add a few drops
of NaOH(aq)

add an excess
of NaOH(aq)

Cu2+(aq)

add a few drops
of NaOH(aq)

experiment 1

experiment 2

no precipitate

no precipitate

precipitate formed

precipitate formed

add an excess
of NaOH(aq)

?

?

 
 

What are the results of adding an excess of NaOH(aq) in each experiment? 
 

 experiment 1 experiment 2  

A � � key 

B � � �= precipitate remains 

C � � �= precipitate dissolves 

D � �  
 
 
5 Which methods of separation require a change of state from liquid to gas? 
 

1 paper chromatography 

2 crystallisation 

3 distillation 

4 filtration 
 

A 1 and 2 B 1 and 3 C 2 and 3 D 3 and 4 
 
 

2 
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1 An experiment is done to measure the rate of reaction between calcium carbonate and dilute 
hydrochloric acid. The gas formed is collected in a gas syringe. 

 
Which additional pieces of apparatus are essential to measure how the rate of the reaction 
changes with temperature and the amount of acid used? 

 

 apparatus to measure 
temperature 

apparatus to measure 
amount of acid used 

A balance thermometer 

B measuring cylinder balance 

C thermometer condenser 

D thermometer measuring cylinder 
 
 
2 After acidification with dilute nitric acid, a colourless solution of X reacts with aqueous 

silver nitrate to give a white precipitate. 
 

What could X be? 

A calcium iodide 

B copper(II) chloride 

C lead(II) iodide 

D sodium chloride 
 
 
3 A paper chromatography experiment is carried out to separate and identify the mixture of 

amino acids produced from the hydrolysis of a protein. 
 

Which apparatus is needed? 

A chromatography paper, locating agent, marker pen, solvent 

B chromatography paper, locating agent, pencil, ruler, solvent 

C chromatography paper, locating agent, ruler, solvent, thermometer 

D chromatography paper, locating agent, pencil, solvent, thermometer 
 
 
4 Which conditions will give the highest rate of diffusion of a gas? 
 

 molecular mass 
of gas temperature 

A large high 

B large low 

C small high 

D small low 
 

11 
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32 The diagram shows two organic molecules. 

 

CH

H

C

O

H

X

C C

H

H

H

H

Y

H

 

 

Why does molecule X react readily with HCN but molecule Y does not? 

A X contains a saturated carbon atom but Y does not. 

B X contains a single C–C bond whereas Y contains a double C=C bond. 

C X contains the polar C=O bond whereas Y contains the non-polar C=C bond. 

D X has a greater number of electrons than Y. 

 

 

33 Which compound is most reactive towards chlorine? 

 

OH

A B C D

CH4

 

 

 

34 Which change to a reaction process will never increase the atom economy of the reaction? 

A finding a reactant of lower molecular mass 

B finding a use for a waste product 

C using a catalyst 

D using a harmless alternative to a toxic reactant 

 

 

35 Three test-tubes contain HCl (aq), H2SO4(aq) and HNO3(aq). 

 

The addition of which ions to each test-tube would identify the test-tube containing H2SO4(aq)? 

A Ba
2+

(aq) B CrO4

2–

(aq) C CO3

2–

(aq) D Pb
2+

(aq) 

 

 

36 What is the m / z value of a significant peak found in the mass spectrum of propanal 

(CH3CH2CHO) and not found in the mass spectrum of propanone (CH3COCH3)? 

A 15 B 29 C 43 D 58 
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20 A white crystalline material is dissolved in water and the following tests are carried out on the 
solution. 

 
test observation 

addition of NaOH(aq) a white precipitate which dissolves in an excess of NaOH(aq) 

addition of NH3(aq) a white precipitate which dissolves in an excess of NH3(aq) 

addition of Ba(NO3)2(aq) a white precipitate which does not dissolve in HNO3(aq) 
 

What is the white crystalline material? 

A aluminium sulfate 

B magnesium nitrate 

C zinc chloride 

D zinc sulfate 
 
 
21 An aqueous solution contains a mixture of chloride, bromide and iodide ions. AgNO3(aq) is added 

to this solution followed by excess dilute NH3(aq). The resulting mixture is filtered. 
 

Which compounds could be present in the residue after filtration? 

A AgBr and AgI 

B AgCl and AgBr 

C AgBr only 

D AgCl only 
 
 
22 A major peak appears in the mass spectrum of propanal but not in the mass spectrum of 

propanone. 
 

What is the m / z value of this peak? 

A 15 B 29 C 43 D 58 
 
 
23 Why does the atomic absorption spectrum of hydrogen contain discrete lines? 

A Only certain energy levels in atoms are allowed. 

B There is only one electron. 

C There is only one proton. 

D The spectra are recorded at low temperature. 
 
 
24 In the reaction between iodine and thiosulfate ions, which sulfur-containing species is produced? 

A SO4
2– B S2O3

2– C S2O8
2– D S4O6

2– 
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31 Ibuprofen is an over-the-counter pain killer. There are a number of ways to synthesise the drug. 

 

The first step in the synthesis of ibuprofen involves the production of compound T by either 

reaction 1 or reaction 2. 

 

+  C H3 C O Cl +  H Cl

+  (C H3 C O)2 O

C
C H3

O

+  C H3 C O 2H

C
C H3

O

reaction 1

compound T

compound T

reaction 2

 

 

Assuming compound T is the only utilised product, which statement is correct? 

A Adding a catalyst to either reaction will increase its atom economy. 

B Reaction 1 has a higher atom economy than reaction 2. 

C Reaction 2 has a higher atom economy than reaction 1. 

D Since both reactions use the same starting material, and the utilised product is the same in 

both cases, there is no difference in atom economy. 

 

 

32 The diagram shows some reactions of salt Q. 

 

white ppt. soluble in 
excess Na O H(aq) Q(aq)

Na O H(aq) Ba Cl2(aq) 

NH3(aq) 

white ppt. insoluble in 
excess strong acid 

white ppt. soluble in 
excess NH3(aq) 

 

 

What is the identity of Q? 

A Al
2
(SO

4
)
3
 B PbSO

4
 C ZnSO

3
 D ZnSO

4
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30 Certain polymers are added to engine oil to improve its viscosity. 

 

A portion of the chain of one such polymer is shown. 

 

–CH
2
CH(CH

2
CH

2
CH

3
)CH

2
CH(CH

2
CH

2
CH

3
)CH

2
CH– 

 

A molecule of this polymer contains 40 carbon atoms. 

 

How many monomer units are incorporated in one molecule of this polymer? 

A 4 B 5 C 8 D 10 

 

 

31 A carbonyl compound, X, with the molecular formula C
5
H

10
O can be oxidised with a Cr

2
O

7

2– / H+

 

mixture to form 3-methylbutanoic acid. 

 

X can be reduced by NaBH
4
 to form an alcohol, Y. 

 

What is the structure of compound Y? 

A CH
3
CH(CH

3
)CH

2
CH

2
OH 

B CH
3
CH

2
CH

2
CH(OH)CH

3
 

C CH
3
CH(CH

3
)CH(OH)CH

3
 

D CH
3
CH

2
CH(CH

3
)CH

2
OH 

 

 

32 Iron can be extracted from the ore haematite, Fe
2
O

3
, using carbon. 

 

2Fe
2
O

3
  +  3C  →  3CO

2
  +  4Fe 

 

What is the atom economy for this process where iron is the only utilised product? 

A 15.7 % B 32.5 % C 35.0 % D 62.8 % 

 

 

33 Dilute sulfuric acid was added to aqueous barium hydroxide until the acid was present in excess. 

 

How will the total number of ions present in solution in the reacting mixture vary? 

 

0

number
of ions

amount of
acid added

A

0

number
of ions

amount of
acid added

B

0

number
of ions

amount of
acid added

C

0

number
of ions

amount of
acid added

D
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30 Certain polymers are added to engine oil to improve its viscosity. 

 

A portion of the chain of one such polymer is shown. 

 

–CH
2
CH(CH

2
CH

2
CH

3
)CH

2
CH(CH

2
CH

2
CH

3
)CH

2
CH– 

 

A molecule of this polymer contains 40 carbon atoms. 

 

How many monomer units are incorporated in one molecule of this polymer? 

A 4 B 5 C 8 D 10 

 

 

31 A carbonyl compound, X, with the molecular formula C
5
H

10
O can be oxidised with a Cr

2
O

7

2– / H+

 

mixture to form 3-methylbutanoic acid. 

 

X can be reduced by NaBH
4
 to form an alcohol, Y. 

 

What is the structure of compound Y? 

A CH
3
CH(CH

3
)CH

2
CH

2
OH 

B CH
3
CH

2
CH

2
CH(OH)CH

3
 

C CH
3
CH(CH

3
)CH(OH)CH

3
 

D CH
3
CH

2
CH(CH

3
)CH

2
OH 

 

 

32 Iron can be extracted from the ore haematite, Fe
2
O

3
, using carbon. 

 

2Fe
2
O

3
  +  3C  →  3CO

2
  +  4Fe 

 

What is the atom economy for this process where iron is the only utilised product? 

A 15.7 % B 32.5 % C 35.0 % D 62.8 % 

 

 

33 Dilute sulfuric acid was added to aqueous barium hydroxide until the acid was present in excess. 

 

How will the total number of ions present in solution in the reacting mixture vary? 

 

0

number
of ions

amount of
acid added

A

0

number
of ions

amount of
acid added

B

0

number
of ions

amount of
acid added

C

0

number
of ions

amount of
acid added

D
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28 Two repeat units of a polymer are shown. 

 

–CH2–CCl 2–CH2–CCl 2– 

 

What is the product when the monomer used to make this polymer is reacted with chlorine in an 

organic solvent? 

A CCl 2=CCl 2 B CCl 3CCl 3 C CH2Cl CCl 3 D CHCl 2CCl 3 
 

 

29 Hydrogen, used as a reactant in the Haber process, can be produced industrially from either of 

the two reactions shown. 

 

reaction 1 CH4  +  2H2O  →   CO2  +  4H2 

reaction 2 C  +  H2O  →  CO  +  H2 

 

Assume hydrogen is the only utilised product. Which statement about the relative efficiencies of 

reagent use of these two reactions is correct? 

A Reaction 1 is more efficient because it has a higher atom economy. 

B Reaction 1 is more efficient because it has a lower atom economy. 

C Reaction 2 is more efficient because it has a higher atom economy. 

D Reaction 2 is more efficient because it has a lower atom economy. 

 

 

30 Which molecule has the same number of atoms in a plane as a molecule of ethene, C2H4? 

A BF3 B IF7 C PCl 5 D SF6 

 

 

31 A mixture of solids is treated with an excess of dilute hydrochloric acid. 

 

A colourless gas is evolved and a white precipitate forms. 

 

What are the solids in the mixture? 

A calcium carbonate and magnesium hydroxide 

B calcium carbonate and magnesium nitrate 

C lead nitrate and calcium hydroxide 

D lead nitrate and magnesium carbonate 

 

 

32 Bone contains calcium salts and other material. When bone is strongly heated in air, calcium 

oxide is the only solid residue. 

 

When 25.0 g of a bone sample is strongly heated in air, 7.0 g of solid residue remains. 

 

What is the percentage by mass of calcium in the bone sample? 

A 10.0% B 14.0% C 20.0% D 28.0% 

 

 

9  
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17 The chloride of metal X is dissolved in water. 
 

A concentrated solution of this chloride is electrolysed using inert electrodes. 
 

inert anode inert cathode

concentrated aqueous solution
of chloride of metal X  

 
X is above sodium in the reactivity series. 

 
In addition to chlorine, which gas is liberated and at which electrode? 

 

 gas liberated at 
electrode 

A hydrogen anode 

B hydrogen cathode 

C oxygen anode 

D oxygen cathode 
 
 
18 Which change in conditions, for the reaction between zinc and dilute sulfuric acid, increases the 

rate of reaction by lowering the activation energy? 

A adding a catalyst 

B increasing the concentration of the acid 

C increasing the surface area of the zinc 

D increasing the temperature 
 
 
19 Many reactions can be classified as redox reactions. 
 

Which equations show redox reactions? 
 

1 Mg  +  2HCl  o  MgCl 2  +  H2 

2 2FeCl 2  +  Cl 2  o  2FeCl 3 

3 2Na  +  Br2  o  2NaBr 
 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 only 
 

6 
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14 Which row describes the effects of increasing both concentration and temperature on the 
collisions between reacting particles? 

 
 increasing concentration increasing temperature 

A more collisions per second only more collisions per second only 

B 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second only 
 

C 
 

more collisions per second only 
 

more collisions per second and more 
collisions with sufficient energy to react 

D 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second and more 
collisions with sufficient energy to react 

 
 
15 In the Contact process, sulfur dioxide is converted into sulfur trioxide in a reversible reaction. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

The forward reaction is exothermic. 
 

Which conditions give the highest yield of sulfur trioxide at equilibrium? 
 

 pressure 
/ atmospheres temperature 

A 0.5 high 

B 0.5 low 

C 1.5 high 

D 1.5 low 
 
 
16 The equation for a redox reaction is shown. 
 

2Fe3+  +  Zn  o  2Fe2+  +  Zn2+ 
 

Which statements are correct? 
 

1 Fe3+ is reduced to form Fe2+. 

2 Zn oxidizes the Fe3+ ions. 

3 Fe3+ is an oxidizing agent. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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15 When BiCl 3 reacts with water, a white precipitate of BiOCl is formed. The equation for the 
reaction is shown. 

 
BiCl 3(aq)  +  H2O(l)    BiOCl (s)  +  2HCl (aq) 

 
Which statements are correct? 

 
1 The reaction is reversible. 

2 When dilute hydrochloric acid is added to the reaction mixture, more of the white 
precipitate forms. 

3 When aqueous sodium hydroxide is added to the reaction mixture, more of the white 
precipitate forms. 

 
A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 
 
16 An excess of iron(II) chloride is added to acidified potassium manganate(VII). 
 

Which statements are correct? 
 

1 The purple color disappears. 

2 Iron(II) is reduced to iron(III). 

3 Manganate(VII) ions are oxidized to manganese(II) ions. 

4 Potassium manganate(VII) is an oxidizing agent. 
 

A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
 
 
17 Part of the Periodic Table is shown. 
 

Which element forms an oxide that reacts with dilute acid to form a salt and water? 
 

I II III IV V VI VII VIII

C D
A B
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1 Which arrow on the reaction profile diagram shows the enthalpy change of reaction? 

 

A

B C

D

products

reactants

progress of reaction

enthalpy

 
 

 

2 Which row shows the coordination number for the anions in sodium chloride and in 

calcium fluoride? 

 

 
anion in 

sodium chloride 

anion in 

calcium fluoride 

A 4 4 

B 6 4 

C 6 8 

D 8 8 

 

 

3 The compound YBa2Cu3O7 is a semi-conductor. 

 

In this compound, the oxidation number of yttrium is +3, barium is +2 and oxygen is –2. 

 

What could be the oxidation numbers of the three copper atoms? 

A 0 +2 +3 

B +1   +2   +3 

C +2   +2   +3 

D +3   +3   +3 

 

 

4 Neon exists as three isotopes  
20

Ne, 
21

Ne and 
22

Ne. 

 

How many neutrons are present in a neon atom of the most abundant isotope? 

A 9 B 10 C 11 D 12 
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36 Sulfur dioxide gas is converted into sulfate ions when it is bubbled into a solution containing 

aqueous manganate(VII) ions. 

 

 SO2(g)  +  2H2O(l) o  SO4

2–
(aq)  +  4H

+
(aq)  +  2e

– 

 MnO4

–
(aq)  +  8H

+
(aq)  +  5e

–
 o  Mn

2+
(aq)  +  4H2O(l) 

 

How will the pH of the reaction mixture change as sulfur dioxide is bubbled at constant rate into a 

well-stirred solution of manganate(VII) ions until its colour just fades? 

A The pH will decrease. 

B The pH will decrease then increase. 

C The pH will increase. 

D The pH will increase then decrease. 

 

 

37 Ionic metal hydrides react with water. 

 

H
–
  +  H2O  o  OH

–
  +  H2 

 

1.0 g samples of ionic hydrides are separately added to an excess of water. 

 

Which ionic hydride produces the greatest mass of hydrogen gas? 

A calcium hydride 

B magnesium hydride 

C potassium hydride 

D sodium hydride 

 

 

38 An unusual form of oxygen has the formula O8. Its structure is shown. 

 

 

 

Which statement explains why this form of oxygen is uncommon, whereas S8 is the common form 

of sulfur? 

A O8 contains more bonds than S8. 

B O–O single bonds are much weaker than S–S single bonds. 

C Oxygen is more easily reduced than sulfur. 

D Oxygen is more electronegative than sulfur. 
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12 Many compounds containing lithium, such as lithium chloride, have pharmacological uses.  

 

The diagram shows the Born-Haber cycle showing the formation of lithium chloride. 

 

Li+(g) + � Cl2(g) 
Li+(g) + Cl –(g) 

Li+(g) + Cl (g) 

Li(g) + � Cl2(g) 

Li(s) + � Cl2(g) 

LiCl (s) 

X

Y

W

Z

0 

energy 

 

 

What are the correct names of the four steps W, X, Y and Z? 

 

 W X Y Z 

A enthalpy of 

formation 

ionisation energy enthalpy of 

atomisation 

lattice energy 

B enthalpy of 

formation 

ionisation energy electron affinity lattice energy 

C lattice energy enthalpy of 

atomisation 

electron affinity enthalpy of 

formation 

D lattice energy enthalpy of 

atomisation 

ionisation energy enthalpy of 

formation 

 

 

13 A protonated oxoanion of vanadium has been characterised at pH3 with the formula 
−5

2810
OHV . 

 

Which oxoanion contains vanadium in a different oxidation state from that shown in 
−5

2810
OHV ? 

A 
+

2VO  B 
+2

VO  C 
−4

124
OV  D 

−3

4
VO  
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9 Which equation does not represent the standard enthalpy change stated? 

 

 enthalpy change of equation 

A atomisation of Cl Cl 2(g)  →  2Cl (g) 

B combustion of H2S H2S(g)  +  1.5O2(g)  →  H2O(l)  +  SO2(g) 

C formation of H2SO4 H2(g)  +  2O2(g)  +  
8

1

S8(s)  →  H2SO4(l) 

D solution of K2SO4 K2SO4(s)  +  aq  →  2K
+

(aq)  +  SO4

2–

(aq) 

 

 

10 Which quantity is not required in the calculation of the lattice energy of calcium hydride, CaH2, 

using the Born-Haber cycle? 

A first electron affinity of hydrogen 

B second electron affinity of hydrogen 

C first ionisation energy of calcium 

D second ionisation energy of calcium 

 

 

11 The thermal decomposition of ammonium nitrate gives only two products, steam and an oxide of 

nitrogen, X. 

 

What is the oxidation number of nitrogen in X? 

A +1 B +2 C +3 D +4 
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5 Ammonium ions in compounds used as fertilisers are oxidised in air by bacterial action as shown. 

 

NH4

+

  +  2O2  →  NO3

–

  +  2H
+

  +  H2O 

 

This equation is derived from two half-equations. The half-equation for the conversion of 

ammonium ions into nitrate ions is as follows. 

 

NH4

+

  +  3H2O  →  NO3

–

  +  10H
+

  +  8e
–

 

 

What is the half-equation for the oxygen in air being reduced? 

A 4e
–

  +  O2  +  2H2O  →  4OH
–

 

B 4e
–

  +  O2  +  3H
+

  →  H2O  +  OH
–

 

C 4e
–

  +  O2  +  4H
+

  →  2H2O 

D 2e
–

  +  O2  +  2H
+

  →  H2O2 

 

 

6 Many millions of tonnes of iron are produced by the reduction of iron ore which is usually in the 

form of iron(III) oxide. 

 

The equation for the reaction is shown, with relative formula masses (RFM) of the substances 

involved. 

 

Fe2O3 + 3CO → 2Fe + 3CO2 

       

RFM = 159.6  RFM = 28.0  RFM = 55.8  RFM = 44.0 

 

Which calculation will give the atom economy for the production of iron in this reaction? 

A 

28.0159.6

44.055.8

+

+

 × 100 

B 

3)(28.0159.6

2)(55.8

×+

×

 × 100 

C 

28.0159.6

44.055.8

×

×

 × 100 

D 

3)(28.0159.6

55.8

×+

 × 100 

 

 

7 Which compound has the same empirical formula as its molecular formula? 

A ammonium nitrite 

B dinitrogen tetroxide 

C ethanoic acid 

D propanoic acid 
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13 Lactic acid can be made from ethanol in three steps. 

 

CH3CH2OH CH3CH(OH)CN CH3CH(OH)COOH CH3CHO 
step 1 step 2 step 3 

 

 

Which row shows the correct reaction type for each step? 

 

 step 1 step 2 step 3 

A oxidation addition hydrolysis 

B oxidation hydrolysis addition 

C oxidation substitution addition 

D reduction addition hydrolysis 

 

 

14 A bromine-containing organic compound, T, undergoes an elimination reaction when treated with 

hot ethanolic sodium hydroxide solution. 

 

Which compound could be T? 

A CH
3
Br 

B C
2
Br

6
 

C (CH
3
)
2
C=CBr

2
 

D CH
3
CH

2
CBr

3
 

 

 

15 A sample of pure anhydrous calcium chloride was dissolved in water. An excess of silver nitrate 

solution was added to the calcium chloride solution. A precipitate formed. 

 

The precipitate was collected by filtration followed by washing and drying. The mass of the 

precipitate was 1.260 g. 

 

What mass of calcium chloride was dissolved in the water to form the initial solution? 

A 0.244 g B 0.488 g C 0.976 g D 1.951 g 

 

 

16 The space shuttle’s upward thrust, on lift off, came from the reaction between aluminium and 

ammonium perchlorate. 

 

10Al  +  6NH
4
Cl O

4
  →  4Al 

2
O

3
  +  2Al Cl 

3
  +  12H

2
O  +  3N

2
 

 

Which statement about the overall reaction is correct? 

A Aluminium is oxidised, chlorine is oxidised and nitrogen is reduced. 

B Aluminium is oxidised, chlorine is reduced and nitrogen is oxidised. 

C Aluminium is reduced, chlorine is oxidised and nitrogen is oxidised. 

D Aluminium is reduced, chlorine is reduced and nitrogen is oxidised. 
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16 Which reaction is reversible? 

A Cu  +  ZnSO4  o  CuSO4  +  Zn 

B CuO  +  H2SO4  o  CuSO4  +  H2O 

C CuO  +  H2  o  Cu  +  H2O 

D CuSO4•5H2O  o  CuSO4  +  5H2O 
 
 
17 Some nitrogen dioxide gas was put in a gas syringe. The end of the gas syringe is sealed. 
 

A reversible reaction occurs. The reaction reaches equilibrium. 
 

2NO2(g)          N2O4(g) 

 dark brown light yellow 
 

The forward reaction is exothermic. 
 

Which statement about the reaction is correct? 

A If the gas syringe is placed in a cold water bath, the colour becomes darker. 

B If the gas syringe is placed in a hot water bath, the colour becomes lighter. 

C If the volume in the gas syringe is increased, the colour becomes lighter. 

D If the volume in the gas syringe is decreased, the colour becomes lighter. 
 
 
18 The reaction between magnesium and carbon dioxide is shown in the equation. 
 

2Mg  +  CO2  o  2MgO  +  C 
 

Which statement describes what happens in this reaction? 

A Carbon is oxidised. 

B Magnesium is reduced. 

C Neither oxidation nor reduction happens. 

D The carbon in carbon dioxide is reduced. 
 
 
19 Which changes involve reduction? 
 

1 2I–  o  I2  +  2e– 

2 CuO  +  H2  o  Cu  +  H2O 

3 Al 3+  +  3e–  o  Al 

4 Pb2+  +  SO4
2–  o  PbSO4 

 
A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 
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29 Which diagram correctly shows the conditions necessary for the rusting of iron and also the metal 
that can be used to prevent rusting by sacrificial protection? 

 

O2 only

copper

iron

A

O2 only

magnesium

iron

B

O2 + H2O

copper

iron

C

O2 + H2O

magnesium

iron

D

 
 
 
30 In the electrolysis of molten aluminium oxide, which statement is correct? 

A The molar ratio of aluminium to oxygen gas formed is 1 : 2. 

B The molar ratio of aluminium to oxygen gas formed is 3 : 4. 

C Oxygen gas is formed at the anode. 

D Reduction occurs at the anode. 
 
 
31 Which row correctly compares carbon dioxide and methane? 
 

 both contain 
carbon 

both are described as 
a greenhouse gas 

both lower the pH of 
water when they 

dissolve in it 

A � � � 

B � � � 

C � � � 

D � � � 
 
 

25 Which statement is not a reason for the importance of recycling aluminium?

A Aluminium is a rare metal in the Earth’s crust.

B The demand for aluminium continues to rise annually.

C The extraction of aluminium from its ore is expensive.

D The properties of aluminium make it one of the most useful of all metals.

26 Three types of steel have different properties.

steel 1 easily shaped

steel 2 brittle

steel 3 resistant to corrosion

What are the names of these three types of steel?

27 Four experiments on rusting are shown.

Which two experiments can be used to show that air is needed for iron to rust?

A 1 and 3

B 1 and 4

C 2 and 3

D 2 and 4

3

oil

paper-clip paper-clippaper-clip

boiled tap
water 15 °C

2 41

dry air
15 °C

tap water
15 °C

tap water
25 °C

paper-clip

not rusty
after 1 week

rusts
after 1 week

not rusty
after 1 week

rusts
after 1 week

11
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steel 1 steel 2 steel 3

A high carbon mild stainless

B high carbon stainless mild

C mild high carbon stainless

D mild stainless high carbon

13
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29 Sodium, aluminium and sulphur are in the same period of the Periodic Table.

What trend in types of oxide occurs across this period?

left right

A acidic amphoteric basic

B amphoteric basic acidic

C basic acidic amphoteric

D basic amphoteric acidic

30 Use the Periodic Table to decide which element has all four of the properties shown.

! high melting point

! variable oxidation states

! good electrical conductivity

! forms coloured compounds

A caesium, Cs

B cobalt, Co

C iodine, I

D strontium, Sr

31 Iron rusts when exposed to oxygen in the presence of water.

Which of these methods will not slow down the rate of rusting of an iron roof?

A attaching strips of copper to it

B coating it with plastic

C galvanising it with zinc

D painting it

32 Why does aluminium have an apparent lack of reactivity?

A Aluminium has a coating of aluminium oxide, preventing further reaction.

B Aluminium has a giant molecular structure that is too hard to break.

C Aluminium is low in the reactivity series.

D The activation energy for the reaction of aluminium with other elements is too high.
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33 Which oxide can be reduced to the metal by hydrogen?

A calcium oxide

B copper(II) oxide

C magnesium oxide

D sodium oxide

34 The data gives the concentration, in parts of pollutant per billion parts of air, of polluting gases in

four different industrialised cities.

In which city are limestone buildings under greatest threat from pollution?

city
sulphur

dioxide

nitrogen

dioxide
ozone

A 17 46 23

B 32 33 30

C 38 40 11

D 45 14 21

35 The water in a lake contains the following dissolved substances.

! mineral salts

! nitrates

! oxygen

! phosphates

! sewage

How many of these substances can cause eutrophication?

A 1 B 2 C 3 D 4

36 The equation represents the conversion of starch to a simple sugar.

(C6H10O5)n + n H2O " n C6H12O6

starch simple sugar

This reaction is an example of

A condensation.

B hydrogenation.

C hydrolysis.

D polymerisation.

12 
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28 All ammonium salts on heating with sodium hydroxide produce ammonia gas. 

From which ammonium salt can the greatest mass of ammonia be obtained? 

A 0.5 mol (NH4)3PO4 

B 0.5 mol (NH4)2SO4 

C 1.0 mol NH4Cl 

D 1.0 mol NH4NO3 

 

 

29 The position of metal M in the reactivity series is shown. 

 

K, Na, M, Al, Zn, Fe, Pb, Cu, Ag 

 

Which method will be used to extract M from its ore? 

A electrolysis of its molten oxide 

B electrolysis of its aqueous sulphate 

C reduction of its oxide by heating with hydrogen 

D reduction of its oxide by heating with coke 

 

 

30 Two elements are in the same group of the Periodic Table. 

 

Which property will be the same for both elements? 

A the charge on their ions 

B their electronic structure 

C their melting point 

D their reactivity with water or acids 

 

 

31 How does the mass of a sample of copper(II) oxide change when it is heated in hydrogen and in 

oxygen? 

 

 
mass after heating 

in hydrogen 

mass after heating 

in oxygen 

A decreases decreases 

B decreases unchanged 

C unchanged decreases 

D unchanged unchanged 

 

 

10 
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20 Elements X and Y are in Group VII of the Periodic Table. 

 

X is a liquid at room temperature. Y is a solid at room temperature. 

 

1 Atoms of Y have more protons than atoms of X. 

2 Molecules of Y have more atoms than molecules of X. 

3 Y displaces X from aqueous solutions of X
− 

ions. 

 

Which statements are correct? 

A 1 only 

B 2 only 

C 3 only 

D 1, 2 and 3 

 

 

21 Metal M will displace copper from aqueous copper(II) sulphate solution, but will not displace iron 

from aqueous iron(II) sulphate solution. M is extracted from its oxide by heating the oxide with 

carbon. 

 

What is the order of reactivity of these four metals? 

 

 least reactive 
 

most reactive 

A sodium metal M iron copper 

B sodium iron metal M copper 

C copper iron metal M sodium 

D copper metal M iron sodium 

 

 

10 

© UCLES 2019 5070/11/M/J/19  

28 Palladium is an element, atomic number 46. Some of its properties, and the properties of its 
compounds, can be predicted from its position in the Periodic Table. 

 
Which row is correct? 

 

 predicted property of palladium predicted property of palladium compounds 

A Its density is similar to the density of sodium. Some of them can act as catalysts. 

B Its density is similar to the density of sodium. They are white in the solid state. 

C 
 

It is present in compounds 
in more than one oxidation state. 

Some of them can act as catalysts. 
 

D 
 

It is present in compounds 
in more than one oxidation state. 

They are white in the solid state. 
 

 
 
29 Three different elements react by losing electrons. The ions formed all have the electronic 

configuration 2,8. 
 

Which statement about these elements is correct? 

A They are in the same group. 

B They are in the same period. 

C They are noble gases. 

D They are transition elements. 
 
 
30 A power cable requires an element that: 
 

1 conducts electricity 

2 has a relatively low density 

3 is resistant to aerial oxidation. 
 

Which of these conditions does aluminium satisfy? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
31 Some atmospheric pollutants are listed. 
 

1 sulfur dioxide 

2 methane 

3 nitrogen dioxide 

4 unburned hydrocarbons 
 

Which substances could be removed by reacting with calcium carbonate? 

A 1 and 2 B 1 and 3 C 2 and 4 D 3 and 4 
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4 Magnesium hydroxide can be obtained from sea water as shown. 
 

calcium
hydroxide
solution

reaction
vessel

separation
stage

solid
magnesium
hydroxide

sea water containing
magnesium ions

aqueous
calcium chloride

 
 

Which process is used in the separation stage to separate solid magnesium hydroxide from the 
mixture? 

A crystallisation 

B filtration 

C distillation 

D chromatography 
 
 
5 What is the total number of electrons in one molecule of ammonia, NH3? 

A 6 B 8 C 10 D 11 
 
 
6 An isotope of lithium has the symbol Li7

3 . 
 

What is the arrangement of electrons in one atom of this isotope of lithium? 
 

A B C D

 
 
 
7 Which statement about an alloy is correct? 

A It is a compound made of two or more elements, one of which is a metal. 

B It is a layer of a metal plated onto another metal. 

C It is a mixture of a metal with other elements. 

D It is a single element. 10 
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28 The properties of four metals are listed. 
 

Ɣ Metal W does not react with dilute hydrochloric acid. 

Ɣ Metal X reacts with dilute hydrochloric acid. 

Ɣ Metal Y displaces metal X from an aqueous solution of its ions. 

Ɣ Metal Z reacts with water and dilute hydrochloric acid. 
 

What is the order of reactivity of the metals? 
 

 
most 

reactive 
 

least 
reactive

A W X Y Z 

B W Y X Z 

C Z X Y W 

D Z Y X W 

 
 
29 Which statement about the extraction of aluminium from aluminium oxide is correct? 

A Aluminium is formed at the positive electrode during electrolysis. 

B Pure aluminium oxide is dissolved in molten cryolite. 

C Pure aluminium oxide is electrolysed using aluminium as the positive electrode. 

D Pure aluminium oxide is heated with carbon to form carbon dioxide and aluminium. 
 
 
30 River water contains soluble impurities, insoluble impurities and bacteria. 
 

River water is made safe to drink by filtration and chlorination. 
 

Which statement is correct? 

A Filtration removes bacteria and insoluble impurities, and chlorination removes soluble 
impurities. 

B Filtration removes insoluble impurities, and chlorination kills the bacteria. 

C Filtration removes soluble and insoluble impurities, and chlorination kills the bacteria. 

D Filtration removes soluble impurities and bacteria, and chlorination removes insoluble 
impurities. 
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35 To grow roses, a fertiliser containing nitrogen, phosphorus and potassium is needed. 

 

For the best flowers, the fertiliser should contain a high proportion of potassium. 

 

Which fertiliser is best for roses? 

 

proportion by mass 

fertiliser 

N P K 

A 9 0 25 

B 13 13 20 

C 29 5 0 

D 29 15 5 

 

 

36 The diagram shows three types of item. 

 

cutlery cooking pan instruments used
in hospitals

 

 

Which method of rust prevention can be used for all three types of item? 

A coating with plastic 

B covering with grease 

C galvanising 

D using stainless steel 

 

 

37 Which structure is incorrect? 

 

H

H H

H H

HC C

CA

H

H H

H H

HC C

B

H

H O

H

OC C H

D

H

H H

H

OC C

H

H
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14 Ethanol can be made by the reaction shown. 
 

C2H5Br  +  NaOH  o  C2H5OH  +  NaBr 
 

If 5.00 g of C2H5Br produces 1.59 g of ethanol, what is the molar percentage yield of ethanol? 
[Mr: C2H5Br, 109;  C2H5OH, 46] 

A 13% B 32% C 42% D 75% 
 
 
15 An aqueous solution contains 0.01 mol of Zn2+(aq) and 0.01 mol of Cu2+(aq). 
 

Aqueous sodium hydroxide is added until in excess. 
 

After shaking, the mixture is filtered. 
 

What remains on the filter paper? 

A 0.01 mol of a white hydroxide and 0.01 mol of a blue hydroxide 

B 0.01 mol of a white hydroxide 

C 0.01 mol of a blue hydroxide 

D no solid residue 
 
 
16 Which arrangement is used to electroplate copper onto a steel key? 
 

 electrolyte 
anode 

(positive electrode) 
cathode 

(negative electrode) 

A aqueous copper(II) sulfate piece of pure copper steel key 

B aqueous copper(II) sulfate steel key piece of pure copper 

C dilute sulfuric acid piece of pure copper steel key 

D dilute sulfuric acid steel key piece of pure copper 

 
 

30 Which of the following methods would not produce ammonia?

A heating concentrated aqueous ammonia

B heating ammonium chloride with calcium hydroxide

C heating ammonium sulphate with sodium hydroxide

D heating ammonium sulphate with dilute hydrochloric acid

31 Aqueous copper(II) sulphate is electrolysed using carbon electrodes.

What happens to the electrolyte?

A It becomes more acidic.

B It becomes more alkaline.

C It turns deeper blue.

D It remains unchanged.

32 The water in a lake showed signs of eutrophication.

What could be the cause of this?

A increasing the amount of dissolved fertiliser

B increasing the amount of dissolved oxygen

C decreasing the amount of dissolved mineral salts

D decreasing the number of bacteria

33 Methane, sulphur dioxide and carbon dioxide are gases which affect the atmosphere and the
environment.

In what way do these gases affect the environment?

13
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methane sulphur dioxide carbon dioxide

A depletion of the ozone layer acid rain global warming

B global warming photochemical smog acid rain

C photochemical smog global warming depletion of the ozone layer

D global warming acid rain global warming

5 
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11 The relative molecular mass of a compound is 166. 
 

What is a possible molecular formula of this compound? 

A C4H3O2 B C6H4O4 C C6H8O2 D C8H6O4 
 
 
12 A mass of 63 g of potassium manganate(VII), KMnO4, is needed for the complete oxidation of 

23 g of ethanol, C2H5OH, under acidic conditions. 
 

How many moles of ethanol can be completely oxidised by one mole of 
potassium manganate(VII) under these conditions? 

A 0.37 B 0.80 C 1.00 D 1.25 
 
 
13 The diagrams show an electrolysis experiment using inert electrodes. 
 

liquid Y

+–

after electrolysis

+–

before electrolysis  
 
 

What could liquid Y be? 

A aqueous copper(II) sulfate 

B concentrated aqueous sodium chloride 

C dilute sulfuric acid 

D ethanol 
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7 The diagrams show the structures of two forms of carbon. 

 

S T
 

 

Which set of data is correct for these two structures? 

 

 conducts electricity very hard material can be used as lubricant 

A T T S 

B S T S 

C S S T 

D T S T 

 

 

8 Substance X has a melting point higher than 500 oC. It is insoluble both in water and in organic 

solvents. It conducts electricity when both solid and molten. 

 

What is X? 

A copper 

B mercury 

C poly(ethene) 

D sodium chloride 

 

 

9 How many moles per dm
3

 of gaseous carbon dioxide are there if 4.4 g occupies 500 cm
3

? 

A 0.1 mol / dm
3

 B 0.2 mol / dm
3

 C 2.2 mol / dm
3

 D 8.8 mol / dm
3

 

 

 

10 Which reactions take place during the electrolysis of aqueous copper(II) sulphate with copper 

electrodes? 

 

 reaction at positive electrode reaction at negative electrode 

A Cu
2+

 + 2e
–

 → Cu Cu → Cu
2+

 + 2e
–

 

B 4OH
–

 → 2H2O + O2 + 4e
–

 Cu
2+

 + 2e
–

 → Cu 

C Cu → Cu
2+

 + 2e
–

 2H
+

 + 2e
–

 → H2 

D Cu → Cu
2+

 + 2e
–

 Cu
2+

 + 2e
–

 → Cu 

 

 

6 
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14 Which statement about the purification of copper by electrolysis is correct? 

A A pure copper anode is used. 

B A pure copper cathode is used. 

C The colour of the electrolyte fades throughout the process. 

D The electrolyte used is a solution of copper oxide in water. 
 
 
15 Which negative ions are present in aqueous copper(II) sulfate? 

A copper(II) ions and hydrogen ions 

B copper(II) ions only 

C sulfate ions and hydroxide ions 

D sulfate ions only 
 
 
16 The diagram shows the energy profile for a reaction. 
 

products

reactants

energy

progress of reaction

P

Q

R

 
 

Which statement about this reaction is correct? 

A It is endothermic and the activation energy is P – Q. 

B It is endothermic and the activation energy is P – R. 

C It is exothermic and the activation energy is P – Q. 

D It is exothermic and the activation energy is P – R. 
 
 

4 
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10 Calcium carbonate is heated. Calcium oxide and carbon dioxide gas are formed. 
 

The equation for the reaction is shown. 
 

CaCO3  o  CaO  +  CO2 
 

225 kg of calcium carbonate is heated until there is no further change in mass. 
 

The yield of calcium oxide is 85 kg. 
 

What is the percentage yield? 

A 37.8% B 47.2% C 67.5% D 85.0% 
 
 
11 The diagram shows a simple cell. 
 

dilute
sulfuric acid

metal Qmetal P

wire

voltmeter

 
 

Which pair of metals produces the largest voltage? 
 

 metal P metal Q 

A magnesium iron 

B magnesium copper 

C zinc iron 

D zinc copper 
 
 
12 What are the ionic half-equations for the electrode reactions during the electrolysis of 

concentrated aqueous sodium chloride? 
 

 anode cathode  

A Cl 2  +  2e–  o  2Cl – H2  o  2H+  +  2e– 

B 2Cl –  o  Cl 2  +  2e– 2H+  +  2e–  o  H2 

C H2  o  2H+  +  2e– Cl 2  +  2e–  o  2Cl – 

D 2H+  +  2e–  o  H2 2Cl –  o  Cl 2  +  2e– 
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11 The diagram shows a circuit used to electrolyze aqueous copper(II) sulfate. 
 

+ – 

2
1

3 4

copper electrodes

aqueous
copper(II) sulfate

power supply
+ –

 
 

Which arrows indicate the movement of the copper ions in the electrolyte and of the electrons in 
the external circuit? 

 
 copper ions electrons 

A 1 3 

B 1 4 

C 2 3 

D 2 4 
 
 
12 Methane burns in an excess of oxygen. The equation is shown. 
 

CH4(g)  +  2O2(g)  o  CO2(g)  +  2H2O(g) 
 

The bond energies are shown in the table. 
 

bond bond energy 
in kJ / mol 

C–H +410 

C=O +805 

O–H +460 

O=O +496 
 

What is the energy change for the reaction? 

A +818 kJ / mol 

B +102 kJ / mol 

C –359 kJ / mol 

D –818 kJ / mol 
 

2 
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1 Which statement about an element in the Periodic Table is correct? 

A Magnesium is a metalloid, has a giant structure and is a good conductor of electricity. 

B Silicon is a metalloid, has a simple molecular structure and is a semi-conductor of electricity. 

C Sodium is a metal, has a giant structure and is a good conductor of electricity. 

D Sulfur is a non-metal, has a giant structure and is a poor conductor of electricity. 

 

 

2 The hydrolysis of S
2
Cl

2
 proceeds by two reactions. 

 

reaction 1 S
2
Cl 

2
 + 2H

2
O → H

2
S + SO

2
 + 2HCl 

reaction 2 2H
2
S + SO

2
 → 

8

3

S
8
 + 2H

2
O 

 

Which row correctly describes the two reactions? 

 

 reaction 1 reaction 2 

A acidic solution formed disproportionation 

B acidic solution formed reverse disproportionation 

C neutral solution formed disproportionation 

D neutral solution formed reverse disproportionation 

 

 

3 During the electrolysis of molten aluminium oxide, Al 3+ ions are converted to aluminium metal at 

the cathode. 

 

How many electrons are required to produce 81.0 g of aluminium? 

[L = the Avogadro constant] 

A 9L B 3L C L D 

3

L

 

 

 

4 Which atom has the highest ratio of unpaired electrons to paired electrons in its ground state? 

A boron 

B carbon 

C nitrogen 

D oxygen 
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10 Pairs of metals are connected together to make a simple cell, as shown. 
 

V

metal 2

voltmeter

electrolyte

metal 1

 
 

The table shows the reading on the voltmeter when different metals are used. 
 

 metal 2 

beryllium cerium cobalt manganese 

m
et

al
 1

 

beryllium 0.00 V +0.64 V –1.57 V –0.67 V 

cerium  0.00 V –2.21 V –1.30 V 

cobalt   0.00 V +0.90 V 

manganese    0.00 V 
 

If metal 2 is more reactive than metal 1, the voltage measured is positive. 
 

The greater the difference in reactivity of the metals, the larger the reading on the voltmeter. 
 

What is the order of reactivity? 
 

 most 
reactive 

 

least 
reactive 

A cerium beryllium cobalt manganese 

B cerium beryllium manganese cobalt 

C cobalt manganese beryllium cerium 

D cobalt manganese cerium beryllium 
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11 The diagram shows an experiment to electroplate a nickel spoon with silver. 
 

electrolyte

nickel spoon

power supply

 
 

Which row correctly describes the positive electrode, the negative electrode and the electrolyte? 
 

 
positive 

electrode 
negative 
electrode 

electrolyte 

A nickel spoon pure nickel silver nitrate solution 

B nickel spoon pure silver nickel nitrate solution 

C pure nickel nickel spoon silver nitrate solution 

D pure silver nickel spoon silver nitrate solution 
 
 
12 Which substance does not use oxygen to produce heat energy? 

A coal 

B hydrogen 

C natural gas 

D uranium 
 
 

9  
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23 The diagram shows part of the Periodic Table. 
 

Li

Ca
Cl

 
 

Which element has the highest proton number and which element has the largest number of 
valence electrons? 

 

 highest 
proton number 

highest number 
of valence electrons 

A Ca Ca 

B Ca Cl 

C Li Ca 

D Li Cl 
 
 
24 A lump of element X can be cut by a knife. 
 

During its reaction with water, X floats and melts. 
 

What is X? 

A calcium 

B copper 

C magnesium 

D potassium 
 
 
25 Which statement about the properties of some elements is correct? 

A All noble gases are unreactive due to having eight electrons in their outer shells. 

B The Group VII element astatine, At2, is expected to be a black solid at room temperature. 

C The reactivity of the elements in both Group I and Group VII increases down the group. 

D When aqueous chlorine is added to aqueous potassium bromide there is no change in 
colour. 

 
 

5 
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12 Propanone has molecular formula C3H6O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

 

The enthalpy change of formation of propanone is –254 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of combustion of propanone? 

A –2644 kJ mol
–1

 

B –2294 kJ mol
–1

 

C –1786 kJ mol
–1

 

D –426 kJ mol
–1

 

 

 

13 Use of the Data Booklet is relevant to this question. 

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 

 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 

 

 

14 In which row of the table are all statements comparing the compounds of calcium and barium 

correct? 

 

 
solubility of 

calcium hydroxide 

solubility of 

barium hydroxide 

thermal stability of 

calcium carbonate 

thermal stability of 

barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

15 Many modern cars are fitted with halogen lamps. When such lamps are first switched on, a 

distinct purple colour can be seen. 

 

Which species is responsible for this purple colour? 

A I2(s) B I2(l) C I2(g) D I(g) 
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28 All ammonium salts on heating with sodium hydroxide produce ammonia gas. 

From which ammonium salt can the greatest mass of ammonia be obtained? 

A 0.5 mol (NH4)3PO4 

B 0.5 mol (NH4)2SO4 

C 1.0 mol NH4Cl 

D 1.0 mol NH4NO3 

 

 

29 The position of metal M in the reactivity series is shown. 

 

K, Na, M, Al, Zn, Fe, Pb, Cu, Ag 

 

Which method will be used to extract M from its ore? 

A electrolysis of its molten oxide 

B electrolysis of its aqueous sulphate 

C reduction of its oxide by heating with hydrogen 

D reduction of its oxide by heating with coke 

 

 

30 Two elements are in the same group of the Periodic Table. 

 

Which property will be the same for both elements? 

A the charge on their ions 

B their electronic structure 

C their melting point 

D their reactivity with water or acids 

 

 

31 How does the mass of a sample of copper(II) oxide change when it is heated in hydrogen and in 

oxygen? 

 

 
mass after heating 

in hydrogen 

mass after heating 

in oxygen 

A decreases decreases 

B decreases unchanged 

C unchanged decreases 

D unchanged unchanged 

 

 

10 
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20 Elements X and Y are in Group VII of the Periodic Table. 

 

X is a liquid at room temperature. Y is a solid at room temperature. 

 

1 Atoms of Y have more protons than atoms of X. 

2 Molecules of Y have more atoms than molecules of X. 

3 Y displaces X from aqueous solutions of X
− 

ions. 

 

Which statements are correct? 

A 1 only 

B 2 only 

C 3 only 

D 1, 2 and 3 

 

 

21 Metal M will displace copper from aqueous copper(II) sulphate solution, but will not displace iron 

from aqueous iron(II) sulphate solution. M is extracted from its oxide by heating the oxide with 

carbon. 

 

What is the order of reactivity of these four metals? 

 

 least reactive 
 

most reactive 

A sodium metal M iron copper 

B sodium iron metal M copper 

C copper iron metal M sodium 

D copper metal M iron sodium 
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23 Four stages used to prepare an insoluble salt are listed. 
 

1 drying 

2 filtration 

3 precipitation 

4 washing 
 

In which order are the stages done? 

A 2 o 1 o 3 o 4 

B 3 o 2 o 4 o 1 

C 3 o 4 o 1 o 2 

D 4 o 3 o 2 o 1 
 
 
24 The elements sodium to argon form Period 3 of the Periodic Table. 
 

Which row describes the trend across Period 3 from left to right? 
 

 number of outer 
shell electrons 

metallic 
character group number 

A decreases decreases decreases 

B decreases increases decreases 

C increases decreases increases 

D increases increases increases 
 
 
25 Astatine is below iodine in Group VII in the Periodic Table. 
 

Which row describes the properties of astatine? 
 

 state at room 
temperature reactivity 

A gas displaces chlorine, bromine and iodine 

B gas displaces iodine but does not displace chlorine or bromine 

C solid displaces iodine but does not displace chlorine or bromine 

D solid does not displace chlorine, bromine or iodine 
 
 

10 
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28 Palladium is an element, atomic number 46. Some of its properties, and the properties of its 
compounds, can be predicted from its position in the Periodic Table. 

 
Which row is correct? 

 

 predicted property of palladium predicted property of palladium compounds 

A Its density is similar to the density of sodium. Some of them can act as catalysts. 

B Its density is similar to the density of sodium. They are white in the solid state. 

C 
 

It is present in compounds 
in more than one oxidation state. 

Some of them can act as catalysts. 
 

D 
 

It is present in compounds 
in more than one oxidation state. 

They are white in the solid state. 
 

 
 
29 Three different elements react by losing electrons. The ions formed all have the electronic 

configuration 2,8. 
 

Which statement about these elements is correct? 

A They are in the same group. 

B They are in the same period. 

C They are noble gases. 

D They are transition elements. 
 
 
30 A power cable requires an element that: 
 

1 conducts electricity 

2 has a relatively low density 

3 is resistant to aerial oxidation. 
 

Which of these conditions does aluminium satisfy? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
31 Some atmospheric pollutants are listed. 
 

1 sulfur dioxide 

2 methane 

3 nitrogen dioxide 

4 unburned hydrocarbons 
 

Which substances could be removed by reacting with calcium carbonate? 

A 1 and 2 B 1 and 3 C 2 and 4 D 3 and 4 
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19 A method used to make copper(II) sulfate crystals is shown. 
 

1 Place dilute sulfuric acid in a beaker. 

2 Warm the acid. 

3 Add copper(II) oxide until it is in excess. 

4 Filter the mixture. 

5 Evaporate the filtrate until crystals start to form. 

6 Leave the filtrate to cool. 
 

What are the purposes of step 3 and step 4? 
 

 step 3 step 4 

A to ensure all of the acid has reacted to obtain solid copper(II) sulfate 

B to ensure all of the acid has reacted to remove the excess of copper(II) oxide

C to speed up the reaction to obtain solid copper(II) sulfate 

D to speed up the reaction to remove the excess of copper(II) oxide
 
 
20 Which statements describe changes that occur from left to right across a period of the Periodic 

Table? 
 

1 The atomic number of the elements increases. 

2 The metallic character of the elements decreases. 

3 The physical state of the elements changes from gas to solid. 
 

A 2 only B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
21 Which pair of elements reacts together most violently? 

A chlorine and lithium 

B chlorine and potassium 

C iodine and lithium 

D iodine and potassium 
 
 
22 Which is a typical property of transition elements? 

A can act as catalysts 

B poor electrical conductivity 

C low melting point 

D low density 
 
 

9 
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21 Elements in Group I of the Periodic Table react with water. 

 

Which row describes the products made in the reaction and the trend in reactivity of the 

elements? 

 

 products trend in reactivity 

A metal hydroxide and hydrogen less reactive down the group 

B metal hydroxide and hydrogen more reactive down the group 

C metal oxide and hydrogen less reactive down the group 

D metal oxide and hydrogen more reactive down the group 

 

 

22 The equation shows the reaction between a halogen and aqueous bromide ions. 

 

X2 + 2Br
–
 o 2X

–
 + Br2 

 ......1...... ......2...... ......3...... 

 

Which words complete gaps 1, 2 and 3? 

 

 1 2 3 

A chlorine brown colorless 

B chlorine colorless brown 

C iodine brown colorless 

D iodine colorless brown 

 

 

23 An inert gas R is used to fill weather balloons. 

 

Which descriptions of R are correct? 

 

 
number of outer shell 

electrons in atoms of R 
structure of gas R 

A 2 diatomic molecules 

B 2 single atoms 

C 8 diatomic molecules 

D 8 single atoms 
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1 Which statement about an element in the Periodic Table is correct? 

A Magnesium is a metalloid, has a giant structure and is a good conductor of electricity. 

B Silicon is a metalloid, has a simple molecular structure and is a semi-conductor of electricity. 

C Sodium is a metal, has a giant structure and is a good conductor of electricity. 

D Sulfur is a non-metal, has a giant structure and is a poor conductor of electricity. 

 

 

2 The hydrolysis of S
2
Cl

2
 proceeds by two reactions. 

 

reaction 1 S
2
Cl 

2
 + 2H

2
O → H

2
S + SO

2
 + 2HCl 

reaction 2 2H
2
S + SO

2
 → 

8

3

S
8
 + 2H

2
O 

 

Which row correctly describes the two reactions? 

 

 reaction 1 reaction 2 

A acidic solution formed disproportionation 

B acidic solution formed reverse disproportionation 

C neutral solution formed disproportionation 

D neutral solution formed reverse disproportionation 

 

 

3 During the electrolysis of molten aluminium oxide, Al 3+ ions are converted to aluminium metal at 

the cathode. 

 

How many electrons are required to produce 81.0 g of aluminium? 

[L = the Avogadro constant] 

A 9L B 3L C L D 

3

L

 

 

 

4 Which atom has the highest ratio of unpaired electrons to paired electrons in its ground state? 

A boron 

B carbon 

C nitrogen 

D oxygen 
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31 The bar chart shows the melting points of a series of consecutive elements arranged in order of 
increasing atomic number. The elements sodium to chlorine form part of this series.

 Which bar represents sodium?

melting
point / K

A

B

C

atomic number

D

32 Methyl cinnamate is responsible for the spicy aroma of the matsutake mushroom added to many 
Japanese foods.

 It can be prepared as shown.

C
C

CO2H

H
H C

C

COCl

H
H C

C

CO2CH3

H
H

step 2step 1

methyl cinnamate

 Which reagents could be used?

step 1 step 2

A HCl CH3OH

B HCl CH3CO2H

C PCl5 CH3OH

D PCl5 CH3CO2H
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15 The diagram shows an energy profile diagram for a chemical reaction.

Which energy change is the activation energy for the catalysed reaction?

16 The formation of hydrogen iodide from hydrogen and iodine is an endothermic reaction.

H – H     +     I – I → H – I +          H – I

What may be deduced from this information?

A The number of bonds broken is greater than the number of bonds formed.

B The formation of H – I bonds absorbs energy.

C The products possess less energy than the reactants.

D The total energy change in bond formation is less than that in bond breaking.

A

B

C

Denergy
reactants

products
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15 The diagram shows an energy profile diagram for a chemical reaction.

Which energy change is the activation energy for the catalysed reaction?

16 The formation of hydrogen iodide from hydrogen and iodine is an endothermic reaction.

H – H     +     I – I → H – I +          H – I

What may be deduced from this information?

A The number of bonds broken is greater than the number of bonds formed.

B The formation of H – I bonds absorbs energy.

C The products possess less energy than the reactants.

D The total energy change in bond formation is less than that in bond breaking.

A

B

C

Denergy
reactants

products
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11 The heat-reflecting shields of some space rockets are gold-plated, using electrolysis. 

 

Which electrodes and electrolyte would be used to gold-plate the heat shield? 

 

 negative electrode positive electrode electrolyte 

A carbon heat shield gold compound 

B gold heat shield copper compound 

C heat shield carbon copper compound 

D heat shield gold gold compound 

 

 

12 The reaction C2H4 + 3O2 → 2CO2 + 2H2O is exothermic because 

A more bonds are broken than are formed. 

B more bonds are formed than are broken. 

C the energy needed to break the bonds is greater than that released on forming new bonds. 

D the energy needed to break the bonds is less than that released on forming new bonds. 
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14 Which statement about the purification of copper by electrolysis is correct? 

A A pure copper anode is used. 

B A pure copper cathode is used. 

C The colour of the electrolyte fades throughout the process. 

D The electrolyte used is a solution of copper oxide in water. 
 
 
15 Which negative ions are present in aqueous copper(II) sulfate? 

A copper(II) ions and hydrogen ions 

B copper(II) ions only 

C sulfate ions and hydroxide ions 

D sulfate ions only 
 
 
16 The diagram shows the energy profile for a reaction. 
 

products

reactants

energy

progress of reaction

P

Q

R

 
 

Which statement about this reaction is correct? 

A It is endothermic and the activation energy is P – Q. 

B It is endothermic and the activation energy is P – R. 

C It is exothermic and the activation energy is P – Q. 

D It is exothermic and the activation energy is P – R. 
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17 The table shows the energy released by the complete combustion of some compounds. 
 

compound formula Mr 'H in kJ / mol 

benzene C6H6 78 –3270 

heptane C7H16 100 –4800 

octane C8H18 114 –5510 

propane C3H8 44 –2200 
 

Which compound releases the least energy when 1 g is completely burned? 

A benzene 

B heptane 

C octane 

D propane 
 
 
18 Three experiments are carried out in which the same mass of magnesium is reacted with the 

same volume of dilute sulfuric acid at room temperature. The magnesium is in excess. 
 

experiment 1 Large pieces of magnesium are used. 

experiment 2 Small pieces of magnesium are used. 

experiment 3 Large pieces of magnesium are used but the concentration of the acid is 
increased. 

 
Graphs of the results are shown. 

 

volume of gas
produced / cm3

time / s0
0

W

X

Y

 
 

Which row is correct? 
 

 experiment 1 experiment 2 experiment 3 

A W X Y 

B X Y W 

C Y W X 

D Y X W 
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13 The temperature of the water in two beakers, X and Y, is measured as 21.5 °C. 
 

5 g of sodium chloride is dissolved in the water in beaker X. The temperature changes to 18.0 °C. 
 

5 g of calcium oxide is dissolved in the water in beaker Y. The temperature changes to 29.4 °C. 
 

Which types of process are occurring in beakers X and Y? 
 

 X Y 

A endothermic endothermic 

B endothermic exothermic 

C exothermic endothermic 

D exothermic exothermic 

 
 
14 Which gases are used to generate electricity in a fuel cell? 

A carbon dioxide and oxygen 

B hydrogen and methane 

C hydrogen and oxygen 

D methane and carbon dioxide 
 
 
15 Which row identifies a chemical and a physical change?  
 

 chemical change physical change 

A boiling ethanol burning ethanol 

B burning ethanol evaporating ethanol 

C dissolving ethanol in water burning ethanol 

D evaporating ethanol dissolving ethanol in water 

 
 



_______________________________________________________________________________________________________________________________________________________________________________________ 
Page 46 

O7  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
O8  
 
 
 
 
 
 
 
 
 
O9  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 

© UCLES 2018 0439/23/M/J/18 [Turn over 

11 Dilute sulfuric acid is electrolyzed using inert electrodes. 
 

What are the ionic half-equations for the reactions that take place at each electrode? 
 

 positive electrode negative electrode 

A 2H+  +  2e–  o  H2 4OH–  o  2H2O  +  O2  +  4e– 

B 2H+  +  2e–  o  H2 4OH–  +  4H+  o  4H2O 

C 4OH–  o  2H2O  +  O2  +  4e– 2H+  +  2e–  o  H2 

D 4OH–  +  4H+  o  4H2O 2H+  +  2e–  o  H2 
 
 
12 Information about two reactions is given. 
 

• The neutralization reaction between citric acid and sodium hydrogencarbonate is endothermic. 
 

• The displacement reaction between magnesium and carbon dioxide is exothermic. 
 

Which statements about the two reactions are correct? 
 

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

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

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

 
A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

 
 
13 Ethene reacts with hydrogen. The equation is shown. 
 

CH2=CH2  +  H2  o  C2H6 
 

The bond energies are shown in the table. The reaction is exothermic. 
 

bond bond energy 
in kJ / mol 

C–C +350 

C=C +610 

C–H +410 

H–H +436 
 

What is the energy change for the reaction? 

A –560 kJ / mol B –124 kJ / mol C +486 kJ / mol D +5496 kJ / mol 
 
 

2
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1 The first seven successive ionisation energies of an element are 1010, 1900, 2900, 5000, 6300, 
21 300 and 25 400 kJ mol–1 respectively. In which group of the Periodic Table is this element found?

 A 1  B 13 C 15 D 17

2 How does a catalyst function?

 A by providing the same reaction pathway and increasing the average energy of the molecules

 B by providing an alternative reaction pathway and increasing the average energy of the 
molecules

 C by providing the same reaction pathway with a lower activation energy

 D by providing an alternative reaction pathway with a lower activation energy

3 The [Cu(H2O)6]
2+(aq) ion is blue whereas the [CuCl4]

2–(aq) ion is yellow.

 Which row best explains the difference in colour of these two ions?

number of d electrons around copper energy gap between the d orbitals

A different different

B different the same

C the same different

D the same the same

4 Buckminsterfullerene is the most commonly occurring fullerene molecule, found in small quantities 
in soot.

 Which statement about buckminsterfullerene is incorrect?

 A Its mass spectrum has a prominent peak at m/z value of 720.

 B The carbon atoms in the molecule are each bonded to four neighbours.

 C The molecule is composed of hexagons and pentagons of carbon atoms.

 D Van der Waals forces occur between molecules in the solid.
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14 Clouds are formed when water vapour evaporates from the sea. 

 

clouds

sea

water vapour

 

 

What is the energy change and what name is given to the type of change when water 

evaporates? 

 

 energy change type of change 

A energy given out endothermic 

B energy given out exothermic 

C energy taken in endothermic 

D energy taken in exothermic 

 

 

15 Which process is not exothermic? 

A burning a fossil fuel 

B obtaining lime from limestone 

C radioactive decay of 
235

U 

D reacting hydrogen with oxygen 
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34 The diagram shows the pH values of the soil in two parts of a garden, X and Y. 
 

X
pH 7.0

Y
pH 5.5

 
 

Lime is used to neutralise the soil in one part of the garden. 
 

To which part of the garden should the lime be added and why? 
 

 part of the garden because lime is 

A X acidic 

B X basic 

C Y acidic 

D Y basic 
 
 
35 Statement 1 Hydrogen is used as a fuel. 
 

Statement 2 When hydrogen burns in the air to form water, heat energy is produced. 
 

Which is correct? 

A Both statements are correct and statement 2 explains statement 1. 

B Both statements are correct but statement 2 does not explain statement 1. 

C Statement 1 is correct but statement 2 is incorrect. 

D Statement 2 is correct but statement 1 is incorrect. 
 
 
36 Which row identifies compounds in the same homologous series? 
 

 
chemical 
properties 

functional 
group 

A different different 

B different same 

C similar different 

D similar same 
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17 The rate of reaction between calcium carbonate and hydrochloric acid is measured in three 
separate experiments. 

 

dilute hydrochloric acid

mass balance

2 g calcium carbonate

cotton wool

 
 

In experiment 1, the calcium carbonate is powdered and an excess of hydrochloric acid is used. 
 

In experiment 2, the calcium carbonate is in lumps and an excess of hydrochloric acid is used. 
 

In experiment 3, the calcium carbonate is in lumps but insufficient hydrochloric acid is used. 
 

The results of these experiments are shown. 
 

mass balance
reading

0
0 time

X

Y

Z

 
 

Which statement is correct? 

A Experiment 1 is shown by curve X. 

B Experiment 1 is shown by curve Y. 

C Experiment 2 is shown by curve Y. 

D Experiment 3 is shown by curve Z. 
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17 The table shows the energy released by the complete combustion of some compounds. 
 

compound formula Mr 'H in kJ / mol 

benzene C6H6 78 –3270 

heptane C7H16 100 –4800 

octane C8H18 114 –5510 

propane C3H8 44 –2200 
 

Which compound releases the least energy when 1 g is completely burned? 

A benzene 

B heptane 

C octane 

D propane 
 
 
18 Three experiments are carried out in which the same mass of magnesium is reacted with the 

same volume of dilute sulfuric acid at room temperature. The magnesium is in excess. 
 

experiment 1 Large pieces of magnesium are used. 

experiment 2 Small pieces of magnesium are used. 

experiment 3 Large pieces of magnesium are used but the concentration of the acid is 
increased. 

 
Graphs of the results are shown. 

 

volume of gas
produced / cm3

time / s0
0

W

X

Y

 
 

Which row is correct? 
 

 experiment 1 experiment 2 experiment 3 

A W X Y 

B X Y W 

C Y W X 

D Y X W 
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16 A sample of dilute nitric acid is added to lumps of limestone in a conical flask. The conical flask is 
placed on a balance and the loss in mass is measured. 

 
A second sample of nitric acid of a different concentration is separately tested. All other 
conditions are kept the same. 

 
The loss in mass in 1 minute at each concentration of nitric acid is shown. 

 

concentration 
in mol / dm3 

loss in mass in 
1 minute / g 

0.5 0.15 

1.0 0.25 
 

Which row describes and explains the results obtained using 1.0 mol / dm3 nitric acid compared 
with 0.5 mol / dm3 nitric acid? 

 
 description explanation 

A decrease in reaction rate decrease in particle collision energy 

B decrease in reaction rate increase in particle collision rate 

C increase in reaction rate increase in particle collision rate 

D increase in reaction rate increase in particle collision rate and collision energy 
 
 
17 When carbon monoxide reacts with hydrogen, methanol is formed. 
 

CO(g)  +  2H2(g)    CH3OH(g) 
 

The forward reaction is exothermic. 
 

Which statements are correct? 
 

1 There are more moles of gas on the left-hand side of the reaction. 

2 Increasing the temperature increases the amount of methanol at equilibrium. 

3 Increasing the pressure increases the amount of methanol at equilibrium. 

4 Increasing the initial amount of hydrogen decreases the amount of methanol at 
equilibrium. 

 
A 1 and 2 only B 1 and 3 only C 2 and 4 only D 3 and 4 only 
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14 Which row describes the effects of increasing both concentration and temperature on the 
collisions between reacting particles? 

 
 increasing concentration increasing temperature 

A more collisions per second only more collisions per second only 

B 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second only 
 

C 
 

more collisions per second only 
 

more collisions per second and more 
collisions with sufficient energy to react 

D 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second and more 
collisions with sufficient energy to react 

 
 
15 In the Contact process, sulfur dioxide is converted into sulfur trioxide in a reversible reaction. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

The forward reaction is exothermic. 
 

Which conditions give the highest yield of sulfur trioxide at equilibrium? 
 

 pressure 
/ atmospheres temperature 

A 0.5 high 

B 0.5 low 

C 1.5 high 

D 1.5 low 
 
 
16 The equation for a redox reaction is shown. 
 

2Fe3+  +  Zn  o  2Fe2+  +  Zn2+ 
 

Which statements are correct? 
 

1 Fe3+ is reduced to form Fe2+. 

2 Zn oxidizes the Fe3+ ions. 

3 Fe3+ is an oxidizing agent. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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13 The equation for the formation of ammonia is shown. 
 

N2  +  3H2  o  2NH3 
 

The energy level diagram for the reaction is shown. 
 

energy

progress of reaction

energy
change

N2  +  3H2

2NH3

total energy
released

= –342 kJ / mol

activation
energy

= +250 kJ / mol

 
 

What is the energy change for the reaction? 

A –592 kJ / mol 

B –92 kJ / mol 

C +92 kJ / mol 

D +592 kJ / mol 
 
 
14 The effects of a change in conditions on a chemical reaction are listed. 
 

1 The total number of collisions per minute increased. 

2 The number of effective collisions per minute increased. 

3 The average energy of the particles increased. 
 

Which change in conditions caused all of these effects? 

A addition of a catalyst 

B increasing the concentration of a solution of a reactant 

C increasing the surface area of a solid reactant 

D increasing the temperature 
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16 A student investigates the rate of reaction between marble chips and hydrochloric acid. 

 

The loss in mass of the reaction flask is measured.  

 

The graph shows the results of two experiments, P and Q. 

 

0

mass of
reaction flask

time

P

Q

 

 

Which change explains the difference between P and Q? 

A A catalyst is added in P. 

B A higher temperature is used in P. 

C Bigger marble chips are used in Q. 

D Hydrochloric acid is more concentrated in Q. 

 

 

17 When pink cobalt(II) sulfate crystals are heated, they form steam and a blue solid. 

 

When water is added to the blue solid, it turns pink and becomes hot. 

 

Which terms describe the pink cobalt(II) sulfate crystals and the reactions? 

 

 pink cobalt sulfate reactions 

A aqueous irreversible 

B aqueous reversible 

C hydrated irreversible 

D hydrated reversible 

 

 

18 Iron is extracted from iron oxide using carbon monoxide as shown in the equation. 

 

iron oxide + carbon monoxide → iron + carbon dioxide 

 

What does the equation show? 

A Carbon monoxide is oxidised to carbon dioxide. 

B Carbon monoxide is reduced to carbon dioxide. 

C Iron is oxidised to iron oxide. 

D Iron oxide is oxidised to iron. 
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13 The equation for the formation of ammonia is shown. 
 

N2  +  3H2  o  2NH3 
 

The energy level diagram for the reaction is shown. 
 

energy

progress of reaction

energy
change

N2  +  3H2

2NH3

total energy
released

= –342 kJ / mol

activation
energy

= +250 kJ / mol

 
 

What is the energy change for the reaction? 

A –592 kJ / mol 

B –92 kJ / mol 

C +92 kJ / mol 

D +592 kJ / mol 
 
 
14 The rate of reaction between magnesium ribbon and 2 mol / dm3 hydrochloric acid at 25 °C to 

produce hydrogen gas is measured. 
 

In another experiment, either the concentration of the hydrochloric acid or the temperature is 
changed. All other conditions are kept the same. 

 
Which conditions increase the rate of reaction? 

A 1 mol / dm3 hydrochloric acid at 25 °C 

B 2 mol / dm3 hydrochloric acid at 10 °C 

C 2 mol / dm3 hydrochloric acid at 20 °C 

D 3 mol / dm3 hydrochloric acid at 25 °C 
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16 Calcium carbonate reacts with dilute hydrochloric acid to make carbon dioxide gas. Graph X 
shows the results of this experiment. 

 
The particle size of the calcium carbonate is increased and the experiment is repeated. All other 
conditions are kept the same. Graph Y shows the results of this experiment. 

 
Which diagram is correct for the two experiments? 

 

volume of
carbon dioxide
produced / cm3

time / s

A

X

Y

volume of
carbon dioxide
produced / cm3

time / s

B

X

Y

Y

X
volume of
carbon dioxide
produced / cm3

time / s

C

Y

X

volume of
carbon dioxide
produced / cm3

time / s

D

0
0

0
0

0
0

0
0

 
 
 
17 Part of the Periodic Table is shown. 
 

Which element forms an oxide that reacts with dilute acid to form a salt and water? 
 

I II III IV V VI VII VIII

C D
A B
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16 Calcium carbonate reacts with dilute hydrochloric acid to make carbon dioxide gas. Graph X 
shows the results of this experiment. 

 
The particle size of the calcium carbonate is increased and the experiment is repeated. All other 
conditions are kept the same. Graph Y shows the results of this experiment. 

 
Which diagram is correct for the two experiments? 

 

volume of
carbon dioxide
produced / cm3

time / s

A

X

Y

volume of
carbon dioxide
produced / cm3

time / s

B

X

Y

Y

X
volume of
carbon dioxide
produced / cm3

time / s

C

Y

X

volume of
carbon dioxide
produced / cm3

time / s

D

0
0

0
0

0
0

0
0

 
 
 
17 Part of the Periodic Table is shown. 
 

Which element forms an oxide that reacts with dilute acid to form a salt and water? 
 

I II III IV V VI VII VIII

C D
A B
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3 Limestone reacts with hydrochloric acid. 

 

Changing which reaction condition does not affect the rate of reaction? 

A concentration of the acid 

B limestone particle size 

C pressure 

D temperature 

 

 

4 A particle contains 34 protons, 45 neutrons and 36 electrons. 

 

Which symbol is correct for this particle? 

A Se
79

34
 B 

−

Se
79

34
 C 

−279

34
Se  D 

+279

34
Se  

 

 

5 Which molecule contains three shared pairs of electrons between two of its atoms? 

A CO2 B C2H4 C H2O D N2 

 

 

6 What happens when sodium chloride melts? 

A Covalent bonds in a giant lattice are broken. 

B Electrons are released from atoms. 

C Electrostatic forces of attraction between ions are overcome. 

D Molecules are separated into ions. 

 

 

7 Which compound contains only eight covalent bonds? 

 

CH2OH

CH2OH

A

CH2OH

CH3

B

COOH

COOH

C

COOH

CH2OH

D
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19 Hydrogen peroxide decomposes slowly at room temperature. 
 

2H2O2(aq)  o  2H2O(l)  +  O2(g) 
 

The reaction can be catalysed by adding manganese(IV) oxide. 
 

The diagram shows the apparatus that can be used to monitor the rate of this reaction. 
 

aqueous hydrogen peroxidemanganese(IV) oxide
catalyst

gas syringe

oxygen gas

 
 

Which statement is correct when a catalyst is added to the aqueous hydrogen peroxide? 

A The catalyst increases the activation energy for the reaction. 

B The catalyst is used up during the reaction. 

C The gas syringe fills up more quickly when the catalyst is added. 

D The total amount of oxygen produced increases when the catalyst is added. 
 
 
20 Reduction can be defined in terms of the gain or loss of oxygen or of hydrogen or of electrons. 
 

Which row correctly describes all three definitions of reduction? 
 

 oxygen hydrogen electrons 

A gain loss loss 

B gain loss gain 

C loss loss loss 

D loss gain gain 
 
 
21 Why is ethanoic acid described as a weak acid? 

A It is an organic acid. 

B It is a poor conductor of electricity. 

C It is only slightly dissociated in water. 

D It reacts only with very reactive metals. 
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16 A sample of dilute nitric acid is added to lumps of limestone in a conical flask. The conical flask is 
placed on a balance and the loss in mass is measured. 

 
A second sample of nitric acid of a different concentration is separately tested. All other 
conditions are kept the same. 

 
The loss in mass in 1 minute at each concentration of nitric acid is shown. 

 

concentration 
in mol / dm3 

loss in mass in 
1 minute / g 

0.5 0.15 

1.0 0.25 
 

Which row describes and explains the results obtained using 1.0 mol / dm3 nitric acid compared 
with 0.5 mol / dm3 nitric acid? 

 
 description explanation 

A decrease in reaction rate decrease in particle collision energy 

B decrease in reaction rate increase in particle collision rate 

C increase in reaction rate increase in particle collision rate 

D increase in reaction rate increase in particle collision rate and collision energy 
 
 
17 When carbon monoxide reacts with hydrogen, methanol is formed. 
 

CO(g)  +  2H2(g)    CH3OH(g) 
 

The forward reaction is exothermic. 
 

Which statements are correct? 
 

1 There are more moles of gas on the left-hand side of the reaction. 

2 Increasing the temperature increases the amount of methanol at equilibrium. 

3 Increasing the pressure increases the amount of methanol at equilibrium. 

4 Increasing the initial amount of hydrogen decreases the amount of methanol at 
equilibrium. 

 
A 1 and 2 only B 1 and 3 only C 2 and 4 only D 3 and 4 only 
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14 Which row describes the effects of increasing both concentration and temperature on the 
collisions between reacting particles? 

 
 increasing concentration increasing temperature 

A more collisions per second only more collisions per second only 

B 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second only 
 

C 
 

more collisions per second only 
 

more collisions per second and more 
collisions with sufficient energy to react 

D 
 

more collisions per second and more 
collisions with sufficient energy to react 

more collisions per second and more 
collisions with sufficient energy to react 

 
 
15 In the Contact process, sulfur dioxide is converted into sulfur trioxide in a reversible reaction. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

The forward reaction is exothermic. 
 

Which conditions give the highest yield of sulfur trioxide at equilibrium? 
 

 pressure 
/ atmospheres temperature 

A 0.5 high 

B 0.5 low 

C 1.5 high 

D 1.5 low 
 
 
16 The equation for a redox reaction is shown. 
 

2Fe3+  +  Zn  o  2Fe2+  +  Zn2+ 
 

Which statements are correct? 
 

1 Fe3+ is reduced to form Fe2+. 

2 Zn oxidizes the Fe3+ ions. 

3 Fe3+ is an oxidizing agent. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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31 Ammonia is manufactured by reacting hydrogen with nitrogen in the Haber process. 
 

Which row describes the sources of hydrogen and nitrogen and the conditions used in the 
manufacture of ammonia in the Haber process? 

 

 source of 
hydrogen 

source of 
nitrogen 

temperature of 
reaction / °C 

pressure of 
reaction / atm 

A air natural gas 250 2 

B air natural gas 250 200 

C natural gas air 450 2 

D natural gas air 450 200 
 
 
32 Which statements about the carbon cycle are correct? 
 

1 Carbon dioxide is added to the atmosphere by respiration. 

2 Carbon dioxide is added to the atmosphere by combustion of coal. 

3 Carbon dioxide is removed from the atmosphere by photosynthesis. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
33 Element Z forms an oxide, ZO2. Three uses of ZO2 are listed. 
 

Ɣ bleaching agent 

Ɣ killing bacteria 

Ɣ manufacturing an important acid 
 

What is Z? 

A carbon 

B lead 

C nitrogen 

D sulfur 
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29 Which metal carbonate does not produce carbon dioxide when it is heated? 

A copper(II) carbonate 

B iron(II) carbonate 

C potassium carbonate 

D zinc carbonate 
 
 

30 Which statement about the extraction of metals is correct? 

A Aluminium is extracted by the electrolysis of hematite. 

B Cryolite acts as a reducing agent in the extraction of aluminium. 

C Zinc is extracted by the electrolysis of zinc blende. 

D Zinc is obtained by heating zinc oxide with coke. 
 
 
31 The diagram shows how water is treated to make it suitable for drinking. 
 

reservoir
of water

stage 1 stage 2

chlorination

stage 3

drinking
water

stage 4

 
 

What happens in stage 2? 

A condensation 

B sublimation 

C evaporation 

D filtration 
 
 
32 What are the main substances produced by the fractional distillation of liquid air? 

A oxygen and carbon dioxide 

B oxygen and nitrogen 

C helium and nitrogen 

D hydrogen and oxygen 
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33 The raw materials for the Haber process are hydrogen and nitrogen. 
 

What are the sources of the hydrogen and nitrogen? 

A hydrogen from ethanol and nitrogen from NPK fertilisers 

B hydrogen from methane and nitrogen from air 

C hydrogen from sulfuric acid and nitrogen from air 

D hydrogen from water and nitrogen from ammonium nitrate 
 
 
34 Which process removes carbon dioxide from the Earth’s atmosphere? 

A combustion 

B heating limestone 

C photosynthesis 

D respiration 
 
 
35 The Contact process is used to make sulfuric acid. 
 

The steps in the process are listed. 
 

1 Dissolve sulfur trioxide in 98% concentrated sulfuric acid. 

2 Heat sulfur strongly in air. 

3 Add oleum to water. 

4 Pass sulfur dioxide over a vanadium(V) oxide catalyst. 
 

Which sequence of steps is correct? 

A 4 o 1 o 2 o 3 

B 4 o 2 o 3 o 1 

C 2 o 1 o 4 o 3 

D 2 o 4 o 1 o 3 
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22 What is the best method to prepare a sample of silver chloride? 

A Add silver nitrate to chlorine. 

B Add silver to hydrochloric acid. 

C Burn silver in chlorine. 

D Mix aqueous solutions of silver nitrate and sodium chloride. 
 
 
23 The nitrogenous fertiliser urea has the structure shown. 
 

N H

N

H

H

C

H

O

 
 

Which percentage, by mass, of nitrogen does it contain? 

A 23.3 B 25.0 C 43.8 D 46.7 
 
 
24 Ammonia is manufactured by the Haber process. 
 
 N2(g)  +  3H2(g)    2NH3(g) 'H = –92 kJ / mol 
 

For this reaction, which rows give a true statement together with a correct reason? 
 

 statement reason 

1 
 

Nitrogen and hydrogen are mixed 
in the ratio 1 : 3 by volume. 

The formula of ammonia is NH3. 
 

2 
 

The pressure used is 
approximately 200 atmospheres. 

A high pressure is needed to produce 
a good yield of ammonia at equilibrium. 

3 
 

The temperature used is 
approximately 450 °C. 

A high temperature is needed to produce 
a good yield of ammonia at equilibrium. 

4 
 

Vanadium(V) oxide is 
used as a catalyst. 

A catalyst speeds up the 
rate of the reaction. 

 
A 1 and 2 only B 2 and 3 only C 3 and 4 only D 1, 2 and 3 only 
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17 The equation shows a redox reaction between iron(II) chloride and chlorine gas. 

 

2FeCl 2  +  Cl 2  →  2FeCl 3 
 

Which equation describes the reduction process in this reaction? 

A 2Cl –  →  Cl 2  +  2e
–

 

B Cl 2  +  2e
–

  →  2Cl – 

C Fe
2+

  →  Fe
3+

  +  e
–

 

D Fe
3+

  +  e
–

  →  Fe
2+

 

 

 

18 Which row correctly describes the oxides? 

 

 Al 2O3 K2O MgO SO2 

A basic acidic acidic amphoteric

B acidic basic amphoteric acidic 

C amphoteric basic amphoteric acidic 

D amphoteric basic basic acidic 

 

 

19 Which substance is insoluble in water? 

A ammonium carbonate 

B ammonium nitrate 

C calcium carbonate 

D calcium nitrate 

 

 

20 In which of these equilibria is the forward reaction favoured by an increase in pressure? 

A 2HI(g)    H2(g)  +  I2(g) 

B N2O4(g)    2NO2(g) 

C 2NO(g)  +  O2(g)    2NO2(g) 

D PCl 5(g)    PCl 3(g)  +  Cl 2(g) 
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29 The table shows the composition of exhaust gases from an internal combustion engine. 

 

gas 
% of the gas in 

the exhaust fumes 

gas Y 71 

carbon dioxide 14 

water vapour 13 

carbon monoxide 1 

hydrocarbons 0.3 

nitrogen oxides 0.2 

sulfur dioxide less than 0.003 

 

What is gas Y? 

A ammonia 

B argon 

C chlorine 

D nitrogen 

 

 

30 Which two gases do not damage limestone buildings? 

A nitrogen and carbon monoxide 

B nitrogen dioxide and carbon monoxide 

C nitrogen dioxide and carbon dioxide 

D sulfur dioxide and carbon dioxide 

 

 

31 Iron(III) oxide can be reduced to iron by carbon. 

 Which other element can reduce iron(III) oxide to iron? 

A copper 

B lead 

C magnesium 

D silver 

 

 

32 An ammonium salt was added to excess hot aqueous sodium hydroxide. Ammonia gas was 

evolved. When no more ammonia was evolved, aluminium was added to the solution remaining 

and more ammonia gas was given off. 

 

What was the ammonium salt? 

A NH4Cl B NH4NO3 C (NH4)2CO3 D (NH4)2SO4 
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29 Aluminium is used in the manufacture of aeroplanes. 
 

What is a property of aluminium and is also a reason for this use? 

A It has a low density. 

B It is a good conductor of electricity. 

C It is a poor conductor of heat. 

D It is covered in an unreactive layer of aluminium carbonate. 
 
 
30 How can the reaction between nitrogen and hydrogen be described? 

A a displacement reaction 

B a neutralisation reaction 

C a precipitation reaction 

D a reversible reaction 
 
 
31 Bottled fruit juice may have small amounts of sulfur dioxide added. 
 

What is the purpose of this? 

A to adjust the acidity of the fruit juice 

B to kill any bacteria present 

C to improve the flavour of the fruit juice 

D to neutralise any alkalis present 
 
 
32 Dissolved substances in water can cause eutrophication. 
 

How many of the ions shown cause this effect? 
 

Cl –        CO3
2–        Na+        NO3

–        PO4
3– 

 
A 1 B 2 C 3 D 4 

 
 
33 Which list contains only gases that are always present in unpolluted air? 

A oxygen, nitrogen, carbon dioxide, argon, carbon monoxide, nitrogen dioxide 

B oxygen, nitrogen, carbon dioxide, argon, neon 

C oxygen, nitrogen, carbon dioxide, nitrogen dioxide, ozone 

D oxygen, nitrogen, carbon monoxide, methane, sulfur dioxide 
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10 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+

 + H2O        V 3+

 + 
2

H

2

1
+ OH

–

What would alter the composition of the equilibrium mixture in favour of the V 2+

 ions?

A adding an acid

B adding a reagent that selectively precipitates V
3+

 ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

11 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)        Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as

shown in the graphs.

100

90

80

70

60

50

40

30

20

10

0
25 100 200 300 400

pressure / atm

equilibrium % of Z

773 K

673 K

573 K

473 K
373 K

Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the value of the equilibrium constant.

B Decreasing the temperature increases the rate of this reaction.

C Increasing the pressure increases the value of the equilibrium constant.

D The reaction is exothermic in the forward direction.

11  
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29 Which diagram correctly shows the conditions necessary for the rusting of iron and also the metal 
that can be used to prevent rusting by sacrificial protection? 

 

O2 only

copper

iron

A

O2 only

magnesium

iron

B

O2 + H2O

copper

iron

C

O2 + H2O

magnesium

iron

D

 
 
 
30 In the electrolysis of molten aluminium oxide, which statement is correct? 

A The molar ratio of aluminium to oxygen gas formed is 1 : 2. 

B The molar ratio of aluminium to oxygen gas formed is 3 : 4. 

C Oxygen gas is formed at the anode. 

D Reduction occurs at the anode. 
 
 
31 Which row correctly compares carbon dioxide and methane? 
 

 both contain 
carbon 

both are described as 
a greenhouse gas 

both lower the pH of 
water when they 

dissolve in it 

A � � � 

B � � � 

C � � � 

D � � � 
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32 From which reaction is a gas produced? 

A adding calcium to water 

B adding dilute hydrochloric acid to silver 

C adding dilute sulphuric acid to copper 

D electrolysing aqueous copper(II) sulphate, using copper electrodes 

 

 

33 The diagram shows a boat made from iron. 

 

Some magnesium blocks are attached to the iron below the water line. 

 

wa ter line

magnesium blocks
 

 

Why does the magnesium stop the iron from rusting? 

A Magnesium reacts in preference to the iron. 

B Magnesium reacts to form a protective coating of magnesium oxide on the iron. 

C The magnesium forms an alloy with the iron. 

D The magnesium stops oxygen in the water from getting to the iron. 

 

 

34 A catalytic converter in a car exhaust system changes pollutants into less harmful products. 

 

Which change does not occur in a catalytic converter? 

A carbon dioxide → carbon 

B carbon monoxide → carbon dioxide 

C nitrogen oxides → nitrogen 

D unburned hydrocarbons → carbon dioxide and water 

 

 

35 The equation shows a reaction in the Contact process. 

 

   2SO2(g) + O2(g)  2SO3(g) ∆H = –98 kJ / mol 

 

 Which change would move the position of equilibrium to the left? 

A adding more O2 

B increasing the pressure 

C increasing the temperature 

D removing SO3 from the reacting mixture 
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33 The diagram represents an outline of the carbon cycle. 
 

carbon dioxide
in the atmosphere

animals

organic waste

power stationsplants

fossil fuels

X

death and
excretion

Y
respiration

photosynthesis

 
 

Which processes are X and Y?  
 

 X Y 

A combustion respiration 

B decomposition respiration 

C photosynthesis combustion 

D respiration combustion 
 
 
34 Ammonium sulfate is used as a fertiliser. 
 

It is made from ammonia and sulfuric acid. 
 

Which words complete gaps 1, 2 and 3? 
 

The ......1...... is made by the ......2...... process in which ......3...... is used as a catalyst. 
 

 1 2 3 

A ammonia Contact iron 

B ammonia Haber vanadium(V) oxide 

C sulfuric acid Contact vanadium(V) oxide 

D sulfuric acid Haber iron 
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31 Ammonia is manufactured by reacting hydrogen with nitrogen in the Haber process. 
 

Which row describes the sources of hydrogen and nitrogen and the conditions used in the 
manufacture of ammonia in the Haber process? 

 

 source of 
hydrogen 

source of 
nitrogen 

temperature of 
reaction / °C 

pressure of 
reaction / atm 

A air natural gas 250 2 

B air natural gas 250 200 

C natural gas air 450 2 

D natural gas air 450 200 
 
 
32 Which statements about the carbon cycle are correct? 
 

1 Carbon dioxide is added to the atmosphere by respiration. 

2 Carbon dioxide is added to the atmosphere by combustion of coal. 

3 Carbon dioxide is removed from the atmosphere by photosynthesis. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
33 Element Z forms an oxide, ZO2. Three uses of ZO2 are listed. 
 

Ɣ bleaching agent 

Ɣ killing bacteria 

Ɣ manufacturing an important acid 
 

What is Z? 

A carbon 

B lead 

C nitrogen 

D sulfur 
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31 Aluminium is an important metal with many uses. 

 

Some of its properties are listed. 

 

1 It is a good conductor of heat. 

2 It is a reactive metal. 

3 It has a low density. 

4 It has an oxide layer that prevents corrosion. 

 

Which set of properties help to explain the use of aluminium for cooking and storing food? 

A 1, 2 and 3 B 1, 2 and 4 C 1, 3 and 4 D 2, 3 and 4 

 

 

32 Which statements about water are correct? 

 

1 Water is treated with chlorine to kill bacteria. 

2 Household water may contain salts in solution. 

3 Water is used in industry for cooling. 

4 Water for household use is filtered to remove soluble impurities. 

 

A 1, 2 and 3 B 1 and 4 C 2, 3 and 4 D 1, 2, 3 and 4 

 

 

33 Which compound in polluted air can damage stonework and kill trees? 

A carbon dioxide 

B carbon monoxide 

C lead compounds 

D sulfur dioxide 

 

 

34 Which statement about methane is not correct? 

A It is a liquid produced by distilling petroleum. 

B It is produced as vegetation decomposes. 

C It is produced by animals such as cows. 

D It is used as a fuel. 
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27 Dry air is passed over hot copper until all the oxygen has reacted. 
 

heat

copperdry air

 
 

The volume of gas at the end of the reaction is 120 cm3. 
 

What is the starting volume of dry air? 

A 132 cm3 B 152 cm3 C 180 cm3 D 570 cm3 
 
 
28 A steel bicycle which had been left outdoors for several months was starting to rust. 
 

What would not reduce the rate of corrosion? 

A Remove the rust and paint the bicycle. 

B Remove the rust and store the bicycle in a dry shed. 

C Remove the rust and wipe the bicycle with a clean, damp cloth. 

D Remove the rust and wipe the bicycle with an oily cloth. 
 
 
29 Which statements about water are correct? 
 

1 Household water contains dissolved salts. 

2 Water for household use is filtered to remove soluble impurities. 

3 Water is treated with chlorine to kill bacteria. 

4 Water is used in industry for cooling. 
 

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 1, 3 and 4 only 

D 2, 3 and 4 only 
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30 Fertilizers are often mixtures of solid compounds. 

 

Which compounds can be mixed to provide the three elements needed for healthy plant growth? 

A ammonium nitrate and calcium phosphate 

B ammonium nitrate and potassium chloride 

C ammonium phosphate and potassium chloride 

D potassium chloride and calcium phosphate 

 

 

31 Carbon dioxide and methane are both greenhouse gases which contribute to climate change. 

 

Which statement explains how greenhouse gases contribute to climate change? 

A They absorb heat radiation from the Earth. 

B They absorb heat radiation from the Sun. 

C They absorb light radiation from the Sun. 

D They cause acid rain. 

 

 

32 Element Z forms an oxide, ZO2. Three uses of ZO2 are listed. 

 

Ɣ bleaching agent 

Ɣ killing bacteria 

Ɣ manufacturing an important acid 

 

What is Z? 

A carbon 

B lead 

C nitrogen 

D sulfur 
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33 Limestone is an important material with many uses. 
 

Limestone is heated to produce ......1...... and carbon dioxide. 
 

This reaction is called ......2...... . 
 

Which words correctly complete gaps 1 and 2? 
 

 1 2 

A lime neutralization 

B lime thermal decomposition 

C slaked lime neutralization 

D slaked lime thermal decomposition 
 
 
34 Lime is used to treat an industrial waste. 
 

lime

untreated
waste

treated
waste

 
 

Which change occurs in the treatment? 
 

 untreated waste  treated waste 

A acidic o neutral 

B alkaline o acidic 

C alkaline o neutral 

D neutral o acidic 
 
 
35 What is not the correct use of the fraction named? 

 name of fraction use 

A fuel oil making waxes 

B gas oil fuel in diesel engines 

C kerosene jet fuel 

D naphtha making chemicals 
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29 The diagrams show experiments involving the rusting of iron. 
 

water boiled to
remove the air

water anhydrous
calcium chloride
to dry the air

oil
iron nails

tube Q tube Rtube P

 
 

A student predicted the following results. 
 

1 In tube P, the iron nails rust. 

2 In tube Q, the iron nails do not rust. 

3 In tube R, the iron nails do not rust. 
 

Which predictions are correct? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
30 Which statement about air pollutants is not correct? 

A Carbon monoxide is formed from the complete combustion of petroleum. 

B Lead compounds are formed from some types of petrol. 

C Oxides of nitrogen are formed from the combustion reactions inside car engines. 

D Sulfur dioxide is formed from the combustion of coal. 
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29 The table shows the composition of exhaust gases from an internal combustion engine. 

 

gas 
% of the gas in 

the exhaust fumes 

gas Y 71 

carbon dioxide 14 

water vapour 13 

carbon monoxide 1 

hydrocarbons 0.3 

nitrogen oxides 0.2 

sulfur dioxide less than 0.003 

 

What is gas Y? 

A ammonia 

B argon 

C chlorine 

D nitrogen 

 

 

30 Which two gases do not damage limestone buildings? 

A nitrogen and carbon monoxide 

B nitrogen dioxide and carbon monoxide 

C nitrogen dioxide and carbon dioxide 

D sulfur dioxide and carbon dioxide 

 

 

31 Iron(III) oxide can be reduced to iron by carbon. 

 Which other element can reduce iron(III) oxide to iron? 

A copper 

B lead 

C magnesium 

D silver 

 

 

32 An ammonium salt was added to excess hot aqueous sodium hydroxide. Ammonia gas was 

evolved. When no more ammonia was evolved, aluminium was added to the solution remaining 

and more ammonia gas was given off. 

 

What was the ammonium salt? 

A NH4Cl B NH4NO3 C (NH4)2CO3 D (NH4)2SO4 

7 
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17 Which statement about the element astatine (atomic number 85) is not correct and is not 

consistent with its position in Group 17? 

A Astatine is a product of the reaction between sodium astatide and concentrated sulfuric acid. 

B Astatine is a solid at room temperature and pressure. 

C Silver astatide is soluble in aqueous ammonia. 

D The bond energy of hydrogen astatide is less than that of hydrogen iodide. 

 

 

18 In the gas phase, ammonia reacts with chlorine. 

 

8NH
3
 + 3Cl

2
 → N

2
 + 6NH

4
Cl 

 

Which row indicates the correct combination of statements about this reaction? 

 

 
ammonia acts as 

a reducing agent 

ammonia acts as 

a base 

a dative bond is 

formed 

A ! ! ! 

B ! " " 

C " ! ! 

D " " ! 

 

 

19 Sulfuric acid, one of the most important industrial chemicals, can carry out several functions in 

chemical reactions. 

 

Three examples of industrial reactions in which sulfuric acid is used are shown below. 

 

reaction 1 Al 
2
O

3
 + 3H

2
SO

4
 → Al 

2
(SO

4
)
3
 + 3H

2
O 

reaction 2 Cu + H
2
SO

4
 → CuO + SO

2
 + H

2
O 

reaction 3 (CH
3
)
3
COH + H

2
SO

4
 → (CH

3
)
2
C=CH

2
 + H

2
SO

4
 + H

2
O 

 

What is the function of sulfuric acid in each reaction? 

 

 reaction 1 reaction 2 reaction 3 

A acidic oxidising dehydrating 

B acidic acidic dehydrating 

C dehydrating oxidising catalytic 

D dehydrating acidic catalytic 
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4 When iron reacts with aqueous iron(III) ions, iron(II) ions are formed as the only product. 

 

A final mixture, after the reaction has taken place, contains equal numbers of moles of Fe
2+

(aq) 

and Fe
3+

(aq). Assuming the reaction has gone to completion, how many moles of Fe(s) and 

Fe
3+

(aq) were in the starting mixture? 

 

 moles of Fe(s) moles of Fe
3+

(aq) 

A 1 2 

B 1 3 

C 1 5 

D 2 3 

 

 

5 Sulfur dioxide gas is converted into sulfate ions when it is bubbled into a solution containing 

aqueous manganate(VII) ions. 

 

 SO
2
(g)  +  2H

2
O(l) →  SO

4

2–

(aq)  +  4H
+

(aq)  +  2e
– 

 MnO
4

–

(aq)  +  8H
+

(aq)  +  5e
–

 →  Mn
2+

(aq)  +  4H
2
O(l) 

 

How will the pH of the reaction mixture change as sulfur dioxide is bubbled at constant rate into a 

well-stirred solution of manganate(VII) ions until its colour just fades? 

A a decrease 

B a decrease then an increase 

C an increase 

D an increase then a decrease 

 

 

6 Which compound is composed of a cation and anion(s) that do not contain the same number of 

electrons as each other? 

A LiH B NaOH C NH
4
F D TiCl 

3
 

 

 

7 Which statement about an element in the Periodic Table is correct? 

A Magnesium is a metalloid, has a giant structure and is a good conductor of electricity. 

B Silicon is a metalloid, has a simple molecular structure and is a semi-conductor of electricity. 

C Sodium is a metal, has a giant structure and is a good conductor of electricity. 

D Sulfur is a non-metal, has a giant structure and is a poor conductor of electricity. 
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14 Hydrogen sulfide, H2S, can be used to identify a range of metal ions in solution because they 

form insoluble sulfides. For a metal ion, M 2+

, the reaction can be summarised by the equation. 

 

M 2+

(aq)  +  H2S(aq)  →  M S(s)  +  2H
+

(aq) 

 

Which two terms accurately describe this reaction? 

A disproportionation and decomposition 

B disproportionation and precipitation 

C precipitation and acid-base 

D redox and acid-base 

 

 

15 Antimony can be produced in a two-stage process from its ore stibnite, Sb2S3. 

 

The ore is first roasted in oxygen, producing Sb4O6 and SO2. 

 

The Sb4O6 is then reduced by carbon, producing Sb and CO2. 

 

What volume of CO2, measured at room temperature and pressure, is produced on processing 

10 moles of Sb2S3? 

A 15 dm
3

 B 180 dm
3

 C 360 dm
3

 D 720 dm
3

 

 

 

16 How does the strength of the halogen-halogen covalent bond change as Group 17 is descended? 

 

bond
strength

C

F Cl Br I

bond
strength

D

F Cl Br I

bond
strength

A

F Cl Br I

bond
strength

B

F Cl Br I
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33 In an experiment, 50.0 cm
3

 of a 0.100 mol dm
–3

 solution of a metal nitrate M (NO3)3 reacted exactly 

with 25.0 cm
3

 of a 0.100 mol dm
–3

 solution of sodium sulfite. 

 

During this reaction the sulfite ions were oxidised. 

 

SO3

2–

(aq)  +  H2O(l)  →  SO4

2–

(aq)  +  2H
+

(aq)  +  2e
–

 

 

The original solution of the metal salt contained M 3+

 ions. 

 

What is the oxidation number of the metal in the final reaction mixture? 

A +1 B +2 C +4 D +5 

 

 

34 The mass spectrum of CH2F2 would not contain a peak at which m / z value? 

A 14 B 19 C 38 D 52 

 

 

35 Which does not represent a process that produces a detectable ion in a mass spectrometer? 

A C3H6(g)  +  H
+

(g)  →  C3H7

+

(g) 

B CH3COCl (g)  +  e
–

  →  CH3CO
+

(g)  +  Cl –(g)  +  e
–

 

C Cl 2(g)  +  e
–

  →  Cl •(g)  +  Cl –(g) 

D He(g)  +  e
–

  →  He
+

(g)  + 2e
–

 

 

 

36 Why does the atomic emission spectrum of hydrogen have fewer lines than that of helium? 

A H atoms, unlike He atoms, can dimerise to H2. 

B Hydrogen has fewer electrons. 

C Hydrogen has fewer protons. 

D There are no electron-electron interactions in H atoms. 

 

 

37 Which description of the emission spectrum of the hydrogen atom is correct? 

A a series of lines that are evenly spaced 

B a series of lines that converge towards higher frequencies 

C a series of lines that converge towards lower energies 

D a series of lines that converge towards lower frequencies 

 

 

3 

© UCLES 2016 9791/01/M/J/16 [Turn over 

5 Elements are stored under different conditions depending on their reactivity. 

 

Which row correctly describes the environment in which each element is stored? 

 

 
white phosphorus, 

P
4
 

sodium, 

Na 

A air oil 

B air water 

C water air 

D water oil 

 

 

6 The skeletal formula of an ester is shown. 

 

O

O
 

 

How many different functional group levels of carbon atom are present in this ester? 

A 2 B 3 C 4 D 5 

 

 

7 Hydrogen can be produced from methane. The two equations shown summarise the reactions 

involved. 

 

CH
4
  +  H

2
O  →  CO  +  3H

2
 

CO  +  H
2
O  →  CO

2
  +  H

2
 

 

What is the total number of molecules of hydrogen that could be formed from the reaction of 

8.000 × 10
–3 g of methane? 

A 3.010 × 10
20

 B 9.030 × 10
20

 C 1.204 × 10
21

 D 2.408 × 10
21

 

 

 

8 What are the correct ground state electron configurations of the copper atom, Cu, and copper 

ions, Cu
+

 and Cu
2+

? 

 

 Cu Cu
+

 Cu
2+

 

A [Ar]4s
1

3d
10

 [Ar]3d
10

 [Ar]3d
9

 

B [Ar]4s
2

3d
9

 [Ar]4s
1

3d
9

 [Ar]3d
9

 

C [Ar]4s
1

3d
10

 [Ar]4s
1

3d
9

 [Ar]4s
1

3d
8

 

D [Ar]4s
2

3d
9

 [Ar]4s
2

3d
8

 [Ar]4s
2

3d
7
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