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Section A
Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

1 Choose from the following chlorides to answer the questions.

aluminium chloride

ammonium chloride
cobalt(II) chloride
hydrogen chloride
iron(III) chloride
potassium chloride

silver chloride

sodium chloride

Each chloride may be used once, more than once or not at all.
State which chloride:

(a) contains a cation with a charge of 2+

............................................................................................................................................. [1]
(b) reacts with aqueous sodium hydroxide to form a red-brown precipitate
............................................................................................................................................. [1]
(c) isinsoluble in water
............................................................................................................................................. [1]
(d) reacts with sodium hydroxide when warmed to produce a gas which turns damp red litmus
paper blue
............................................................................................................................................. [1]
(e) when added to water can form an aqueous solution with a pH of 1.
............................................................................................................................................. [1]

[Total: 5]
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2 This question is about pollutant gases.
(@) Hydrocarbons such as octane are used as fuels for cars.
The list shows the gases present in a car exhaust.
carbon dioxide
carbon monoxide
nitrogen
nitrogen dioxide
octane
water vapour

State which two gases in the list show that incomplete combustion has taken place in this car
engine.

(b) Describe a test for carbon dioxide.

(c) Two natural sources of methane in the atmosphere are from leaks of natural gas and waste
gases from animals.

Give one other natural source of methane in the atmosphere.

............................................................................................................................................. [1]
(d) Complete this sentence about the effect of an increase in the concentration of methane in the

atmosphere.

Methane is @ .....ccccocviiiiiiniinnnnn. gas because it absorbs and then re-emits infrared

radiation. This contributes to an increase in temperature of the atmosphere which is called

............................................................ . 2]

(e) Cars are fitted with catalytic converters to reduce the amount of harmful pollutant gases from
car exhausts.

Describe how catalytic converters remove pollutant gases from car exhausts.

[Total: 10]
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3  Magnesium ribbon reacts with dilute hydrochloric acid.
Mg(s) + 2HCl(aq) —> MgClL(aq) + Hy(g)

(@) The graph shows the volume of hydrogen gas produced at 20°C as the reaction proceeds.
The magnesium is in excess.
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The experiment is repeated using a lower concentration of hydrochloric acid.
The volume of acid used and all other conditions are the same.

Draw a line on the grid to show how the volume of hydrogen gas produced changes with
time when the reaction is done with a lower concentration of hydrochloric acid. [2]

© UCLES 2021 5070/22/0/N/21



5

(b) (i) Describe and explain, using ideas about collisions between particles, how the rate of the
reaction changes when magnesium powder is used instead of magnesium ribbon.

All other conditions are the same.

(ii) Describe and explain, using ideas about collisions between particles, how the rate of the
reaction changes when the temperature of the reaction mixture is decreased.

All other conditions are the same.

(c) Calculate the maximum volume, in dm?3, of hydrogen formed when 1.68 g of magnesium react
with excess dilute hydrochloric acid at room temperature and pressure.
Give your answer to three significant figures.

VOIUME = .o dm3 [2]
(d) Magnesium is a good reducing agent.
Describe a test for reducing agents.
OO e
(o] 0157 Y 2= (o] o - PP

[Total: 10]
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4 Alkanes are a homologous series of hydrocarbons. The boiling point, melting point and density of
alkanes increase as the number of carbon atoms increases.

(@) (i) Give one other physical property of alkanes which increases as the number of carbon
atoms increases.

..................................................................................................................................... [1]
(ii) Give two other characteristics of a homologous series.
(OSSO TSRS PSR ORI
2 ettt ettt et ettt e et ettt e et ettt et e aR et eteeen et eteeeneeeneeaneeeaneeaneeenreeaneen
[2]

(b) Two typical reactions of alkanes are combustion and cracking.

State the name of another typical chemical reaction of alkanes and the reactant needed to
react with the alkanes.

BYPE OFf FEACHION .o

reactant

(c) Alkenes are produced by cracking alkanes.

(i) State two conditions needed for cracking alkanes.

(i) Tridecane, C,5H,g, can be cracked to produce an alkene with four carbon atoms and
one other hydrocarbon only.

Construct an equation for this reaction.

© UCLES 2021 5070/22/0/N/21
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(d) A hydrocarbon contains 88.9% carbon by mass.

Calculate the empirical formula of this compound.

empirical formula .................co [2]

[Total: 10]
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5 Lithium reacts with aqueous zinc iodide.
2Li + Znl, — 2Ll + Zn

(a) Explain, by referring to the equation, why this reaction involves both oxidation and reduction.

............................................................................................................................................. [2]
(b) Acidified aqueous silver nitrate is added to aqueous zinc iodide.
State the observations made.
............................................................................................................................................. [1]
(c) (i) When aqueous bromine reacts with aqueous zinc iodide a brown solution is formed.
Name the products of this reaction.
............................................................... and .....seeeeens. [1]
(ii) Explain why aqueous bromine does not react with aqueous zinc chloride.
..................................................................................................................................... [1]

[Total: 5]

© UCLES 2021 5070/22/0/N/21



9
6 Phosphorus reacts with hydrogen to produce phosphine, PH,.
2P + 3H, —> 2PH,
The reaction is endothermic.
(@) Complete the energy profile diagram for this reaction.

Label reactants, products and AH.

A

energy

progress of reaction

[2]
(b) Explain, in terms of bond breaking and bond forming, why the reaction is endothermic.
............................................................................................................................................. [2]
(c) Phosphine reacts with oxygen to form phosphorus(V) oxide, P,O,,, and water.
Complete the equation for this reaction.
..... PH, + ...0, & P,O;y + ...H,0O [1]

[Total: 5]
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10
Section B
Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

Sodium is a metal in Group | of the Periodic Table. Diamond (carbon) is a non-metal which is a
good conductor of heat.

(a) State two differences in the physical properties of sodium and diamond.
ettt oo ettt ettt eeeeeeeeoEEeeeeeeeeeeeeaaateeeeeeeeeeeaaantaeeeeeeeeeeaaanaeteeeeeeeeeaaannneeeeeeeeeaaannnnnneeeaenn
2 et eeeeeeeeeae—eeeeeeeeeeees—te—eeeeeeeaaassta—eeeeeeeaaanah—teeeaaeeeeaaantreeeeeeeeeaaanrrneeeeeenaaans
[2]
(b) An ion of sodium has the symbol
“Na*
11
Deduce the number of protons, neutrons and electrons in this ion.
NUMDET Of ProtONS ..cooiiiiiiee e
018 ] oT=T o) B T=TU (o] o PRSP
NUMDET Of BlIECITONS ..ottt e e e e et e e e e e e e eeeanas
3]
(c) Sodium reacts with nitrogen to form sodium nitride.
Complete the equation for this reaction.
...... Na + ... —> ...NagN [1]

(d) When carbon is heated with steam in a closed container an equilibrium mixture is formed.

C(s) + H,0(g) == CO(g) + Hy(9)
The forward reaction is endothermic.

(i) Describe and explain the effect, if any, on the position of equilibrium when the temperature
is increased.

© UCLES 2021 5070/22/0/N/21
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(ii) Describe and explain the effect, if any, on the position of equilibrium when the pressure
is decreased.

[Total: 10]
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8 The structure of an organic compound, T, is shown.

\ /
C=cC
/ \

H CH,OH

(a) Deduce the molecular formula of compound T.

............................................................................................................................................. [1]
(b) Compound T is a colourless liquid.

State the colour change when excess compound T is added to aqueous bromine.

FrOM e B0 s [1]
(c) Compound T can be oxidised to a carboxylic acid.

Suggest a suitable oxidising agent for this reaction.

............................................................................................................................................. [1]
(d) Compound T can be polymerised.

Draw the partial structure of the polymer of compound T. Show two repeat units.

[2]

(e) Compound T reacts with methanoic acid, HCOOH, to form an ester.

Complete the structure of this ester to show all the atoms and all the bonds.

H H
/
C=cC
/ \
H C—
/' \
H H
[1]

© UCLES 2021 5070/22/0/N/21
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(f) Methanoic acid is a weak acid. Hydrochloric acid is a strong acid.

(i) Give the formula of the positive ion that is present in all acids.

(i) Explain why the rate of reaction of 1.0mol/dm?3 methanoic acid with magnesium is less
than the rate of reaction of 1.0mol/dm?3 hydrochloric acid with magnesium.

[Total: 10]
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14
This question is about sulfuric acid and sulfates.

(@) (i) Sulfuris one of the raw materials used in the Contact process to make sulfuric acid.
Name two other raw materials used to make sulfuric acid.

(b) The electrolysis of dilute sulfuric acid using inert electrodes produces oxygen at the anode.

(i) Define the term electrolysis.

..................................................................................................................................... [2]
(ii) Construct the equation for the reaction taking place at the cathode.

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

(c) Dilute sulfuric acid reacts with sodium hydroxide.
H,80, + 2NaOH — Na,SO, + 2H,0
A student adds 0.76 g of solid sodium hydroxide to 45cm?3 of 0.20 mol/dm3 sulfuric acid.
Show by calculation that the sodium hydroxide is in excess.
[3]

© UCLES 2021 5070/22/0/N/21
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(d) Aqueous sodium hydroxide is warmed with ammonium sulfate.
State the names of the three products formed in this reaction.

[Total: 10]
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10 This question is about elements in Group V of the Periodic Table.

(@) The table shows some properties of the Group V elements.

element density ati;og;r;rtneamperature meltii:%gomt
nitrogen 1.17 x 1073 —210
phosphorus 2.34 44
arsenic 573
antimony 631
bismuth 9.80 272

Use the information in the table to:

(i) predict the density of antimony

S

(i) Explain in terms of structure and bonding why compound R has a high melting point and
compound S has a low melting point.

(oTo] 1] oo 18] s To I SRR

© UCLES 2021 5070/22/0/N/21
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(ii) Explain why compound R conducts electricity when molten.

..................................................................................................................................... [1]
(iii) Draw a dot-and-cross diagram for a molecule of compound S.

Show only the outer shell electrons.

[1]
(c¢) An oxide of phosphorus has the formula P,O,,,.
Calculate the percentage by mass of phosphorus in this compound.

[2]
[Total: 10]
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