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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 compounds to answer the questions.

aluminium iodide
ethanol
glucose
lead(IV) chloride
lithium bromide
magnesium carbonate
methane
potassium phosphate
silver nitrate
sodium sulfate
sulfur dioxide

Each compound may be used once, more than once or not at all.
Which compound:

(@) produces ammonia when its aqueous solution is warmed with aqueous sodium hydroxide
and aluminium

............................................................................................................................................. [1]
(b) contains ions with a 1— charge which are present in many fertilisers
............................................................................................................................................. [1]
(c) contains ions with a 2+ charge
............................................................................................................................................. [1]
(d) forms an orange colour when it reacts with chlorine in aqueous solution
............................................................................................................................................. [1]
(e) is a hydrocarbon that is formed from the bacterial decay of vegetable matter?
............................................................................................................................................. [1]

[Total: 5]
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2 Part of the structures of carbon dioxide and calcium carbide are shown.

?
@)
=C=O
© o
0=C=0
,/O
,/C)
O\\O
0=C=0
carbon dioxide calcium carbide

(@) Explain in terms of structure and bonding why carbon dioxide has a low boiling point and
calcium carbide has a high boiling point.

............................................................................................................................................. [3]
(b) Calcium carbide, CaC,, reacts with water to form ethyne, C,H,, and calcium hydroxide.

Construct the equation for this reaction.

............................................................................................................................................. [1]
(c) Ethyne is an unsaturated hydrocarbon.

State the meaning of the term hydrocarbon.

............................................................................................................................................. [1]
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(d) Ethyne is a member of the alkyne homologous series.
The molecular formulae of the first four members of the alkyne homologous series are shown.

C,H,
C3H,
C4Hg
CsHg

Predict the formula for the fifth member of the alkyne homologous series.

............................................................................................................................................. [1]
(e) Ethyne reacts with hydrogen in a similar way to ethene reacting with hydrogen.
The reaction between ethyne and hydrogen is exothermic.
(i) What type of chemical reaction occurs when ethyne reacts with hydrogen?
..................................................................................................................................... [1]
(ii) Predict the molecular formula of a product formed when ethyne reacts with hydrogen.
..................................................................................................................................... [1]
(f) 1,2-dichloroethene is produced when excess ethyne reacts with chlorine.
The structure of 1,2-dichloroethene is shown.
Cl CI
b=t
Yo
Deduce the partial structure of the polymer of 1,2-dichloroethene.
Show three repeat units.
[2]
[Total: 10]
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3  This question is about copper and copper compounds.
(@) Copper is a metal.

Explain why copper conducts electricity.

(c) Aqueous copper(Il) sulfate is electrolysed using graphite electrodes.
(i) Describe what is observed during this electrolysis:

* atthe positive electrode

* in the electrolyte.

(ii) Graphite conducts electricity.

Give one other reason why graphite electrodes are used in electrolysis.

(d) Aqueous copper(Il) sulfate reacts with magnesium.
CuSO, + Mg — Cu + MgSO,

Construct the ionic equation, including state symbols, for this reaction.

© UCLES 2020 5070/21/0/N/20

[Turn over



6
(e) A2.25g sample of an oxide of copper contains 0.250g of oxygen.

Deduce the empirical formula of this oxide of copper.

[3]
(f) There are several commonly used alloys of copper.

What is the meaning of the term alloy?

[Total: 13]
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4  This question is about halogens and halogen compounds.
(@) A drop of bromine liquid was placed in a sealed glass jar.
After a time, the colour of the bromine had spread throughout the jar.

Explain this observation in terms of the kinetic particle theory.

............................................................................................................................................. [3]
(b) Chlorine, bromine and iodine are halogens.
(i) State the trend in the colour of the halogens from chlorine to iodine.
..................................................................................................................................... [1]
(ii) State the physical state of chlorine and iodine at room temperature and pressure.
(o] 1 (o] 4 o = PR TP S PPRPPRRR
0TI i
[1]
(iii) Chlorine is used to make other chemicals.
State one other use of chlorine.
..................................................................................................................................... [1]
(c) The molecular structure of a compound of iodine and chlorine is shown.
Cl Cl Cl
\I/ \I/
Cl/ \Cl/ \Cl
Deduce the molecular formula of this compound.
............................................................................................................................................. [1]
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(d) Fluorine reacts with aqueous sodium hydroxide to produce sodium fluoride, NaF, water and
oxygen.

2F, + 4NaOH —> 4NaF + 2H,0 + O,

Calculate the maximum volume of oxygen produced, in dm3, at room temperature and
pressure, when 0.037 mol of sodium hydroxide react completely with fluorine.

Give your answer to two significant figures.

vOIUME Of OXYGEN ..o dm?3 [2]

[Total: 9]
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5 Platinum and vanadium are both transition elements.

(a) Transition elements are metals which are hard, strong and have high melting points and
boiling points.

State two other properties which are typical of transition elements but not of all metals.

LTSRS
2 et e e te e ehteeeeheee et eeeeheee et eee e teee ettt e anteeeaneeeanteeeanteeeaneeeaaneeeeanteeanneeeas
[2]
(b) Vanadium(V) oxide, V,Os, is a catalyst in the Contact process.
(i) State how a catalyst increases the rate of a chemical reaction.
..................................................................................................................................... [1]
(ii) State the conditions used in the Contact process.
..................................................................................................................................... [2]
(c) Vanadium(V) oxide is reduced to vanadium by heating with aluminium.
Complete the equation for this reaction.
3V,05 + ... Al = ... V o+ .. ALO, [1]
(d) A fuel cell generates electricity when hydrogen and oxygen react on platinum electrodes.
(i) Name the process used in industry to separate oxygen from air.
..................................................................................................................................... [1]
(ii) The reaction at one of the electrodes in the fuel cell is shown.
O, + 2H,0 + 4e- —> 40H-
State whether this is an oxidation or reduction reaction.
Explain your answer.
..................................................................................................................................... [1]

[Total: 8]
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Section B
Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

6 (a) The table shows some properties of five alcohols.

alcohol formula igzr}iigs boiI::go(p:)oint
methanol CH,;OH 0.791 65
ethanol C,H;OH 0.789 79
propanol C,H,OH 0.803 97
butanol C,H,OH 0.810 117
pentanol CzH,,OH 0.814 138

(i) What is the general trend in the density of the alcohols as the number of carbon atoms in
a molecule increases?

(ii) Describe and explain the change in the boiling point of the alcohols as the number of
carbon atoms in a molecule increases.

..................................................................................................................................... [1]
(b) Ethanol, C,H;OH, reacts with butanoic acid, C;H,CO,H, to produce an ester.
A few drops of a strong acid are added to catalyse the reaction.
(i) What does the term strong mean, when applied to acids?
..................................................................................................................................... 1]
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(ii) Name and draw the structure of the ester produced when ethanol reacts with
butanoic acid, showing all of the atoms and all of the bonds.

structure

[2]
(c) Ethanol can be oxidised to ethanoic acid in the laboratory.
State the reagents and conditions used in this reaction.
15> T | P

(oo ] Lo [11Te] o F- TP TR

(d) Concentrated ethanoic acid, CH,CO,H, reacts with calcium.
The products are calcium ethanoate and hydrogen.

(i) Construct the equation for this reaction.

(ii) State and explain how the rate of this reaction changes when the experiment is repeated
using dilute ethanoic acid.

All other conditions stay the same.

Include in your answer ideas about collisions between particles.

[Total: 10]
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7 Aluminium is extracted by the electrolysis of molten aluminium oxide.

(@) (i) Explain why aluminium is extracted by electrolysis and not by reduction with carbon.

..................................................................................................................................... [1]
(ii) The electrolyte is a mixture of aluminium oxide and cryolite.

Explain the purpose of the cryolite.

..................................................................................................................................... [1]
(iii) At the positive electrode (anode) oxide ions are converted to oxygen.

Construct the equation for this reaction.

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

(b) Aluminium can also be produced on a small scale by reacting aluminium oxide with
magnesium.

ALO, + 3Mg —> 2Al + 3MgO

(i) Use this equation to explain why the AL,O, is reduced.

(ii) Calculate the maximum mass of aluminium formed when 25.5g of aluminium oxide
reacts with excess magnesium.

mass of aluminium = ... g [2]
(c) Aluminium is a metal.

Use your knowledge of the structure of metals to explain why aluminium is malleable.

© UCLES 2020 5070/21/0/N/20
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(d) When aluminium is heated in chlorine, aluminium chloride is formed.
The reaction is exothermic.

Explain, in terms of bond making and bond breaking, why this reaction is exothermic.

[Total: 10]
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8 (a) Dilute nitric acid reacts with aqueous barium hydroxide.
2HNO4(aq) + Ba(OH),(aq) — Ba(NO;),(aq) + 2H,0(l)

(i) A student titrates 25.0cm? of dilute nitric acid with 0.0450mol/dm3 barium hydroxide
using methyl orange as an indicator.

A volume of 34.0cm?® of aqueous barium hydroxide reacts exactly with the dilute nitric
acid.

Calculate the concentration of the dilute nitric acid.

concentration of nitricacid .............ccccc mol/dm3 [3]

(ii) Describe how to prepare pure dry crystals of barium nitrate from aqueous barium nitrate.

(b) Barium nitrate decomposes when heated to form barium oxide, BaO, nitrogen dioxide, NO,,
and oxygen.

Construct the equation for this reaction.

(c¢) Nitrogen dioxide is an atmospheric pollutant which causes ‘acid rain’.

Describe one effect of acid rain on buildings.

© UCLES 2020 5070/21/0/N/20
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(d) Hydrazine, H,N — NH,, is a colourless liquid.
(i) Draw a dot-and-cross diagram for a molecule of hydrazine.

Include only the outer shell electrons.

[1]
(ii) The melting point of hydrazine is 2°C.
The boiling point of hydrazine is 114 °C.
Use this information to suggest why hydrazine is a solid at 0°C.
..................................................................................................................................... [1]

[Total: 10]
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9 Calcium is a metal in Group Il of the Periodic Table.
(a) Calcium can be used as a reducing agent.

Describe a test for reducing agents.

(b) An ion of calcium has the symbol
‘,;,‘Ca%
Deduce the number of electrons and neutrons in this ion.

NUMDET Of IECITONS ... oo et

NUMDBEr Of NEULIONS ..o

(c) When calcium carbonate is heated in a closed container, an equilibrium mixture is formed.
CaCO,4(s) == CaO(s) + CO,(9)
The forward reaction is endothermic.

(i) Describe and explain the effect, if any, on the position of equilibrium when a hole is made
in the container.

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

(d) When heated, calcium oxide reacts with chlorine to form calcium chloride and a gas which
relights a glowing splint.

Complete the equation for this reaction.

2Ca0 + ..., —> ...CaCl, + ... [1]
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(e) Calcium chloride is soluble in water.

Name one other calcium salt which is soluble in water.

[Total: 10]
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