Cambridge Assessment International Education
Cambridge Ordinary Level

Cambridge
O Level

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

> 6 8 9 09 L 9O 89 Z

CHEMISTRY

5070/22

Paper 2 Theory October/November 2019
1 hour 30 minutes

Candidates answer on the Question Paper.
No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your centre number, candidate number and name on all the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

DO NOT WRITE IN ANY BARCODES.

Section A
Answer all questions.
Write your answers in the spaces provided in the Question Paper.

Section B
Answer any three questions.
Write your answers in the spaces provided in the Question Paper.

Electronic calculators may be used.

You may lose marks if you do not show your working or if you do not use appropriate units.

A copy of the Periodic Table is printed on page 20.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

This document consists of 19 printed pages and 1 blank page.

J Cambridge Assessment

DC (ST/JG) 166950/3 : !
nternational Education

© UCLES 2019

[Turn over



2
Section A
Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

1  The diagram shows part of the Periodic Table.

He

B C N O F Ne

Al Si P S Cl Ar

Ga Ge As Se Br Kr

I Xe

Answer the questions using only the elements shown in the diagram.
Each element may be used once, more than once or not at all.
Write the symbol for an element which:

(a) forms a stable ion of type X2~

(b) is alight green gas at room temperature

(c) forms an ion which gives a yellow precipitate on addition of aqueous silver nitrate

(d) is used to make food containers

(e) is a diatomic gas which forms 78% of dry air.

© UCLES 2019 5070/22/0/N/19
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2 Magnesium is a metal.

(a) State two properties which are characteristic of most metals.

T ettt et e oo eeee e e —eeeeeeteeeeseateeeeeaaateeeeeiiateeeeaateeeeeiaateeeeaaaareeeeaabreeeeaateeeeeaarreeaeaarreeas
2 et eee e eeeeeeeeeeeeeeaeEeeeeeaeseeeeeeaseteeeaasteeeeeanttteeeahetteeaanneeeeaasteeeeeaneeeeeaanreeeeeaanneeeeeanreeeeans
(2]
(b) Complete the electronic configuration of a magnesium atom. Show all electrons.
(1]

(c) Magnesium reacts with bromine to form magnesium bromide, MgBr.,.
Magnesium bromide is an ionic solid at room temperature.

(i) Explain, in terms of movement of electrons, how magnesium bromide is formed by the
reaction of magnesium with bromine.

(ii) Magnesium bromide is soluble in water.

Suggest one other physical property of magnesium bromide.

(d) Deduce the products formed at the anode and cathode when concentrated aqueous
magnesium bromide is electrolysed.

ProducCt @t @NOAE .......oooiiiiiiiiiiiee e

Product at CathOAE .....coeveiiiieiiiee e
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(e) Chlorine reacts with aqueous magnesium bromide.
The products are aqueous magnesium chloride and aqueous bromine.

(i) Construct the ionic equation for this reaction.

[Total: 10]

3 Petroleum (crude oil) is a mixture of hydrocarbons.
(a) Describe and explain how petroleum is separated into different hydrocarbon fractions.
In your answer include a description of fractional distillation in an oil refinery.

You may draw a labelled diagram.
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(b) State one use for each of these hydrocarbon fractions:

CCT (01 TT o 1= PP PP PPPPPPRRPPPP
(0F= 1] 14 = NPT PPPRT TSP
(2]
(c) The refinery gas fraction contains methane, ethane and propane.
(i) To which homologous series do these hydrocarbons belong?
..................................................................................................................................... [1]

(ii) Give the general formula for the homologous series which contains methane, ethane
and propane.

..................................................................................................................................... [1]
(d) The exhaust from diesel engines contains carbon monoxide.
(i) Explain how carbon monoxide is formed in the diesel engine.
..................................................................................................................................... [1]
(ii) Describe one effect of carbon monoxide on human health.
..................................................................................................................................... [1]

[Total: 9]

© UCLES 2019 5070/22/0/N/19 [Turn over



4

6

The equation shows the reaction of calcium carbonate with hydrochloric acid.

CaCO,4(s) + 2HCI(aq) — CaCl,(aq) + CO,(g) + H,O(l)

(a) The rate of this reaction can be determined by measuring the decrease in mass of the reaction

(b)

()

mixture.

Describe one other method of following the progress of this reaction.

Describe and explain, using ideas about collisions between particles, how the rate of reaction
changes when the same mass of calcium carbonate is used in smaller pieces.

All other conditions stay the same.

Describe and explain, using ideas about collisions between particles, how the rate of reaction
changes when the temperature is increased.

All other conditions stay the same.
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(d) Calculate the minimum mass of calcium carbonate, in grams, needed to produce 16.8cm? of
carbon dioxide at room temperature and pressure.

Give your answer to three significant figures.

mass of calcium carbonate ... g [2]

(e) Describe a test for carbon dioxide.

15T PPN
ODSEIVALION ... e e e e e e e e e e e e e e e e e e e e e aaa
[2]
(f) Calcium hydroxide can be used to control the pH of the soil.
Explain how calcium hydroxide controls the pH of the soil.
............................................................................................................................................. [2]

[Total: 13]

© UCLES 2019 5070/22/0/N/19 [Turn over



8

5 The table shows some properties of four Group | elements.
melting point relative thermal atomic radius
element o o
/°C conductivity /nm
lithium 181 84 0.157
sodium 142 0.191
potassium 63 0.235
rubidium 39 58
(@) (i) Complete the table by estimating:
e the melting point of sodium
* the atomic radius of rubidium. 2]
(ii) Use the information in the table to suggest why it is difficult to predict the relative thermal
conductivity of potassium.
..................................................................................................................................... [1]
(b) Sodium reacts with oxygen to produce sodium oxide, Na,O.
(i) Construct the equation for this reaction.
..................................................................................................................................... [1]
(ii) What type of oxide, acidic or basic, is sodium oxide?
Give a reason for your answer.
187 S TSR o1 0D (o [ PSPPSR P PRSPPI
(== 1o o PP POPOPPRRRR
(1]
(c) Explain, in terms of ease of formation of ions, why copper does not react with aqueous
sodium sulfate.
............................................................................................................................................. [1]
© UCLES 2019 5070/22/0/N/19
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(d) Hydrated sodium iodate(V) has the formula NaIO4.xH,0.
It has a relative formula mass of 288.

Calculate the value of x in this formula.

[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 Butanoic acid, C;H,COOH, is a carboxylic acid.

(a) Draw the structure of butanoic acid to show all of the atoms and all of the bonds.

(1]
(b) Describe the movement and arrangement of the particles in liquid butanoic acid.
410 V7= 03T o | SR PSR

L= LaTo =100 =Y o TSRS SRRSO

(c) The melting point of butanoic acid is —4°C.
The boiling point of butanoic acid is 166 °C.
Deduce the physical state of butanoic acid at 0°C. Explain your answer.
PRYSICAI STALE: ... e e e e e e e e e e e e e e e e e e aaa

L= (0] F= T = o] o PP
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(d) The equation for the reaction of butanoic acid with sodium carbonate is shown.
2C4H,COOH + Na,CO; — 2C;H,COONa + CO, + H,O
A student added 5.28 g of butanoic acid to 56.0cm? of 0.500 mol/dm? sodium carbonate.

Show by calculation that butanoic acid is in excess.

3]

(e) Magnesium reacts with butanoic acid.

The products are magnesium butanoate and hydrogen.

Construct the equation for this reaction.

............................................................................................................................................. [1]
(f) One method of determining the pH of aqueous butanoic acid is by using a pH meter.

Describe a different method of determining the pH of aqueous butanoic acid.

............................................................................................................................................. [2]

[Total: 10]
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7  Sulfuric acid is made by the Contact process.

2S0,(g) + O,(g) = 2S04(g) AH=-197kJ/mol

(a) Name the catalyst used in the Contact process.

(b) Describe how and explain why the position of equilibrium in the reaction is altered when:

(i) the temperature of the equilibrium mixture is increased at constant pressure

(ii) the pressure of the equilibrium mixture is increased at constant temperature.

(c) The final step in the manufacture of sulfuric acid is an exothermic reaction.
H,S,0, + H,O == 2H,S0,
On the axes, draw a labelled energy profile diagram for this exothermic reaction.
Show:
* the reactants and product

* the enthalpy change for the reaction
* the activation energy of the reaction.

A

energy

progress of reaction

(3]
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(d) Airis a raw material used in the manufacture of sulfuric acid.

Name one other raw material used in the manufacture of sulfuric acid.

[Total: 10]
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Phosphorus is an element in Group V of the Periodic Table.

(@) One of the isotopes of phosphorus is:
31
15 P

(i) Deduce the number of electrons, neutrons and protons in this isotope of phosphorus.

(1810l o= o) =1 1=Te] ( (] o 1= TR
NUIMDEE Of MEBUIIONS ..ot e e et e e e e e e e e e e eeaees

(0100l o =T go) i o] (] (o] o IS PRSPPI

(ii) What is the meaning of the term isotopes?

(b) Phosphorus reacts with potassium chlorate(V) to form potassium chloride
phosphorus(V) oxide.

Complete the equation for this reaction.
... KCIO; + ... P = ... KCl + ... P,Oq
(c) The structure of a compound of phosphorus is shown.
@) @) O
H —O—IH—O—IU’—O—IU’ —O—H

O—H O0—H O—H

Deduce the molecular formula of this compound.

© UCLES 2019 5070/22/0/N/19
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(d) Phosphorus reacts with chlorine to form phosphorus trichloride, PCL,.

Draw a dot-and-cross diagram for a molecule of phosphorus trichloride.
Only include the outer shell electrons.

[2]
(e) The equation for the reaction of phosphorus with copper(IT) ions is shown.
2P + 5Cu®* + 8H,0 —> 5Cu + 2PO,%" + 16H*
Identify the oxidising agent. Explain your answer.
(o) (To |7 g o Jr=To =1 o | SO PP PPPPPPPRPPPN
L=y o] F= T =11 o R

[Total: 10]
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9 Proteins are natural polymers.

(a) Name one other natural polymer.

(c) The structure of the amino acid alanine is shown.

H

H,N —C — COOH

CH,

Alanine can be polymerised to form poly(alanine).

Draw the partial structure of poly(alanine) to show two repeat units.

(2]
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(d) The structure of the amino acid serine is shown.

H

H,N — C— COOH

CH,OH

Serine can form polymers with amide linkages.

Serine can also form polymers with a different linkage.

Name this linkage and explain how it is formed.

1= Lo = PP PERTT PP

EXPIANATION .o e e e e e e e e e e e e e e e e e ann

(2]
(e) Paper chromatography can be used to separate a mixture of amino acids.
The apparatus used is shown.
lid
[
chromatography .
paper B baseline
7 solvent
~ @
(i) Why should the baseline be drawn in pencil and not in ink?
..................................................................................................................................... [1]
(ii) When the separation of the amino acids is complete, the chromatography paper is
sprayed with a locating agent.
Explain why.
..................................................................................................................................... [1]
© UCLES 2019 5070/22/0/N/19
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) The diagram shows the chromatography paper after it has been sprayed with a locating

(

agent.
solvent
//////Tront
Se
: baseline

Calculate the R; value of the amino acid labelled S.

Rovalue ... [1]

[Total: 10]
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