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Section A

Answer all questions.

These diagrams show the electron arrangement in the outer shells of five elements, A to E. All
elements are from Period 2 of the Periodic Table.

©-® OuG © ®© Oa0
©® ®
: © © ©
© ® ® ©
® ©—® © © ®
A B C D E

Use the letters A to E to answer the following questions.

You may use each letter once, more than once or not at all.

(@) Which elements are most likely to be non-metals?

.................................................................................................................... [1]
(b) Which element has an atomic number of 5?
.................................................................................................................... [1]
() What element forms an ion with a charge of 2+?
.................................................................................................................... [1]
(d) Which element will form three covalent bonds when it forms a compound?
.................................................................................................................... [1]
(e) Which two elements will form a compound with the formula of the type YZ,?
.................................................................................................................... [1]

[Total: 5]
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Table 2.1 shows the formulae of some oxides of elements from period 3 of the Periodic Table.

Table 2.1
Group
1 2 13 14 15 16 17
Na.O MgO Al203 SiO2 P20s SOz CiO

(a)

(b)

From the table give one formula each for acidic oxide, basic oxide and amphoteric oxide.

acidic oxide

basic oxide

amphoteric oxide

Draw a ‘dot-and-cross’ diagram to show the bonding in sulfur dioxide.

Show outer electrons only.
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(c) Explain, in terms of structure and bonding, why the melting point of silicon dioxide is very
much higher than that of sulfur dioxide.

(d) Dichlorine monoxide melts at -120°C and boils at 2°C. Describe the changes in the
movement and arrangement of the particles as it is heated from 0°C to 20°C.

IOV EIMIENE oo e e

(e) Dichlorine monoxide dissolves in water to produce hypochlorous acid.

CLO (g) + H20 () = 2HOCI (aq)

Explain why dichlorine monoxide is a poor conductor of electricity, while hypochlorous acid
is a good conductor of electricity.

[Total: 11]
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The table shows information about the preparation of pure samples of solid salts.

Complete the table by filling in the missing information, including state symbols with any
formulae.

formula of salt formulae of reagents method used
used

addition of excess solid to acid

MgCl (aq) | e filtration
HCI (a
(8a) evaporation and crystallisation
NHs (aq)
....................... HsSO% (a)

BaCOs (s)

[5]

[Total: 5]
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Rocket belts can be used to lift people into the air and transport them over short distances.

The picture below shows a rocket belt, usually strapped onto a person’s back.

Rocket belts contain concentrated hydrogen peroxide solution as a fuel. An exothermic change
occurs when the hydrogen peroxide decomposes rapidly to form oxygen and water.

The reaction is shown below:
2H,0; —» 2H0 + Oy

The rapid releases of oxygen from the jetpack lifts the person off the ground.

(@) Explain, in terms of bond breaking and bond making, why the reaction is exothermic.

(b) The decomposition of hydrogen peroxide is very slow at room temperature.
In a rocket belt, silver powder is present to make the decomposition reaction much faster.

The silver powder remains unchanged at the end of the reaction.

(i) State the role of silver powder in the decomposition of hydrogen peroxide.
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(i) Complete the energy profile diagram to show the effect of silver powder on the
decomposition of hydrogen peroxide.

Your diagram should include:

e reactants and products,
¢ the activation energy for the reactions with and without silver powder,
e the enthalpy change of the reaction.

Energy (kJ)

h

Progress of
* reaction

[3]

[Total: 6]
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5 Sodium sulfite (Na>SO:s) is often added to preserve food. The amount of sodium sulfite in a piece
of meat can be determined through a series of tests shown below.

Step 1: Boil the meat with hydrochloric acid to form sodium chloride, water and sulfur
dioxide.

Step 2: Collect gas produced and bubble it through 100 cm? of water to dissolve sulfur
dioxide.

Step 3: Titrate the solution obtained against iodine according to the following reaction.

SOz (g) + 2H0 (I) + l2(aq) — 4H"(aq) + SO.* (aq) + 2I' (aq)

(@) Describe a chemical test to determine if there is any sulfur dioxide remaining after the gas
has been bubbled through water in step 2.

(b) It was noted that 12.00 cm?® of 0.025 mol/dm? of iodine was required for complete reaction
in the titration. Assume all the gas has dissolved in water.

(i) Calculate the volume of SO, produced in step 2. Show your working.

[2]
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(ii) Explain, in terms of oxidation states, why the titration in step 3 involves a redox
reaction.

[Total: 6]
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6 ‘Lean burn’ engines are a type of car engine.

Table 6.1 shows some information about learn burn engines compared to normal car engines.

Table 6.1

type of engine

amount of air mixed with

operating temperature

petrol
normal less air higher
lean more air lower

The amount of air that is mixed with petrol and the operating temperature of the car engines
affect the amount of pollutant gases that form.

Two major pollutant gases are carbon monoxide (CO) and nitrogen monoxide (NO).

(@) Complete the table to show how carbon monoxide and nitrogen monoxide are formed in a

car engine.

pollutant gas

how it is formed

carbon monoxide

nitrogen monoxide
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(b)

(c)

11

Describe and explain how a lean burn engine affects the amount of carbon monoxide and
nitrogen monoxide formed compared to a normal car engine.

Catalytic converters are fitted to cars to reduce the problems caused by the exhaust gases
such as carbon monoxide and nitrogen monoxide.

The diagram shows some of the gases that enter and leave a catalytic converter.

NO
CO

—_

catalytic converter

=)

N2
CO;

Explain why the converter does not remove all the environmental problems caused by the

exhaust gases.
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An organic compound T has the structural formula:

(a)

(b)

H CH, H

0
EC:éNH

HO—

Describe what you would observe when a few drops of aqueous bromine is added to the
compound T. State the type of reaction that has occurred.

On warming compound T with a few drops of concentrated sulfuric acid and ethanol, a
sweet-smelling substance was formed.

(i) Name the functional group in compound T that was involved in this reaction.

(ii) Draw the full structural formula of the compound that gave the sweet smell.

[1]
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(c) Compound T can undergo addition and condensation polymerization.

(i) Draw the structure of the polymer showing two repeating units when compound T
undergoes addition polymerization.

[1]

(ii) State one difference in physical property between compound T and the polymer
formed in (c)(i).

(d) State how condensation polymerization differs from addition polymerization.

(e) Poly(ethene) is another addition polymer.

Describe one physical method and one chemical method used to recycle poly(ethene).

physical MEthOd ... e

[Total: 10]
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A student sets up two different experiments for electroplating an iron object with silver.

anode anode
carbon rod cathode silver rod cathode
iron object to [ iron object to
- be plated — be plated
-— aqueous —— aqueous
silver nitrate silver nitrate

experiment 1 experiment 2

(@) Predict and explain the expected observations at the anode for each experiment. Include

half-equations for your answer.

(b) After some time, the student observes that no more silver is being deposited on the object
in experiment 1 but more silver is still being deposited on the object in experiment 2.

(i) Suggest a reason for this observation.
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(ii) Describe how the student could use aqueous sodium chloride to find out if his
reasoning is correct.

(c) Magnesium can also be used to prevent iron object from rusting.

Explain how magnesium protects the iron object from rusting and include an ionic equation
to support your explanation.

[Total: 8]
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Introduction to Mass Spectrometry

Mass spectrometry is an analytical method used to identify the unknown compounds within a
sample, and to provide information about the structure, chemical properties of different
molecules. The process involves the conversion of the sample into gaseous ions, with or without
fragmentation, which can then be characterized by their mass-to-charge ratio (m/z) and
relative abundances.

Working of the mass spectrometer

sample .
vaporiser (- deflection
ionisati filament
lonisation ( ) acceleration “//— magnet
; l [ _ magnetic field
— =t | = | =

sample injection
port

accelerated

sample electron .
ions beam

molecule beam

detector

Step 1 : lonisation

The sample is vaporised. The atom or molecule is ionized by knocking one or more electrons off
to give a positive ion. If enough energy is supplied, some bonds of molecules are broken and
smaller positive ions are formed. Most of the positive ions formed will carry a charge of 1+. Mass
spectrometers always work with positive ions.

Step 2 : Acceleration
The ions are accelerated so that they all have the same kinetic energy.
Step 3: Deflection

The ions are then deflected by a magnetic field according to their masses. The lighter (the smaller
mass-to-charge ratio) they are, the more they are deflected.

For example, if an ion had a mass of 28 and a charge of 1+, its mass/charge ratio would be 28.
Step 4 : Detection

The beam of ions passing through the machine is detected electrically.
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Step 5 : Mass Spectrum (Data Output)

The mass spectrum records the mass-to-charge ratio, m/z and relative abundance of all ions in
the form of “stick diagram”.

Figure 9.1 shows the mass spectrum of a pure sample of lithium.

relative abundance (%)

96.25 +

3.75 |

6 7 m/z
Fig. 9.1

Figure 9.2 shows the mass spectrum of a pure sample of chlorine.

relative abundance (%)

75.0

25.0

35 37 70 X Y m/z
Fig. 9.2
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Figure 9.3 shows the mass spectrum of a pure sample of an unknown hydrocarbon.

relative abundance (%)

L] L] -

1415 2627 28 29 30 37 38 39 40 4142 43 44

Fig. 9.3

Adapted from :
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Introduction_to_Organic_Spectroscopy/02%
3A_Mass_Spectrometry/2.02%3A_Instrumentation

With reference to Fig. 9.1,

(@) (i) Explain how the data in Fig. 9.1 shows that there are two isotopes of lithium.

(ii) With appropriate working, show that the average atomic mass of lithium is 6.96,
correct to 3 significant figures.

[1]

6092/02/Prelim/4Exp/2024



19

With reference to Fig. 9.2,

(b) (i) Statethe values of xandy.

(ii) Suggest why there are 3 additional peaks of 70, x and y on the mass spectrum of
chlorine.

........................................................................................................... [2]
With reference to Fig. 9.3,
() (i) A student commented that the unknown hydrocarbon is propane.
Do you agree with the student? Justify your answer.
........................................................................................................... [1]
(ii) Suggest the formula of the ion which has a m/z value of 14.
........................................................................................................... [1]
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(iii) Butane is a flammable gas that is commonly used in portable stoves. Another mass

spectrometry analysis was carried out on a sample of butane.

Suggest two differences on how the results of the mass spectrum of butane would
differ from propane.

(d) Suggest why after ionization, almost all the positive ions detected had a charge of +1, only
a small percentage of ions carrying a higher charge.

[Total: 12]
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Candidate Name:

Class:

Index No:

Section B

Answer one question in this section.

10 A student investigated the rate of reaction when dilute sulfuric acid reacts with excess zinc

granules.

He used the same volume of acid each time. He measured the time taken to collect 15 cm? of
gas at room temperature and pressure. He also measured the total volume of gas at the end of
the experiment at room temperature and pressure.

The table shows his results.

Table 10.1
experiment concentration in | temperature /°C time taken to total volume of
mol/dm? collect 15 cm? of gas /cm?3
gas/s
1 0.5 20 21 150
2 1.0 20 12 300
3 0.5 40 11 150

(a) Give the formula of the salt formed from the reaction.
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(b)

(c)

22

Use ideas about collisions between particles to explain why changing the conditions shown
in Table 10.1 changes the time taken to collect 15 cm? of gas.

The student carried out another experiment at room temperature and pressure using
1.0mol/dm?3 ethanoic acid.

He used the same volume of acids as in the previous experiments with excess zinc
granules.

Complete the table to predict what results he should expect and explain how you arrived
at your answers.

experiment | concentration in | temperature /°C | time taken to total volume of
mol/dm? collect 15 cm? gas /cm?3
ofgas/s
4 1.0 20
..................................................................................................................... [3]
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(d) When calcium metal is reacted instead, the initial production of gas is faster, but the
reaction quickly stops.

Explain why this happens.

[Total: 10]
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A student carried out some experiments to place four metals, copper, magnesium, cobalt and
nickel in order of reactivity.

She added metals to salt solutions. The table shows the results.

Table 11.1
copper magnesium cobalt nickel
copper(ll) sulfate brown solid brown solid brown solid
forms in forms in pink forms in
colourless solution colourless
solution solution
magnesium sulfate solution solution solution
remains remains remains
colourless colourless colourless
cobalt(ll) sulfate solution grey solid forms solution
remains pink in colourless remains pink
solution
nickel(ll) sulfate solution silvery solid silvery solid
remains forms in forms in pink
green colourless solution
solution

(@) Place the metals in order of reactivity, starting with the most reactive.

(b) Other than copper, use information in Table 11.1, identify which other metal is also a
transition metal and explain your reasoning.
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(c)

(d)

25

The student carried out further experiment to place iron in nickel(ll) sulfate. Iron is more
reactive than cobalt.

Predict her observation.

(i)

(ii)

(iii)

A student comments ‘Higher temperature is needed to extract a more reactive metal
from its ore’.

Do you agree with the statement?

In two separate experiments, hydrogen was passed over heated zinc oxide and
heated copper(ll) oxide.

Describe the changes, if any, you would expect to see in each experiment.

Explain your reasoning.

O S BIVaAt ONS oo

............................................................................................................. [3]
Suggest a method to extract magnesium and zinc from its ore.

A F= e =] T o PO PPPP

4 ] 0 o [2]
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(iv) Some metal ores contain gold mixed with impurities which include compounds of
lead. The lead compounds can be removed from the gold by reacting the ore with
dilute nitric acid.

Explain why gold does not react with dilute nitric acid.

[Total: 10]
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