Page 2 of 17

1 Ethylamine gas, C2HsNH>, and hydrogen chloride gas, HCI, 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 cC D

/ \

cotton wool soaked cotton wool soaked
in ethylamine solution in hydrochloric acid

2 Bromate ion, bromide ion and hydrogen ions react according to the equation shown.
BrOs(aq) + 5Br "(aq) + 6H"(aq) — 3Brz(aq) + 3H20(l)

Some apparatus for measuring the change in the rate of this reaction is suggested.

1 gas syringe
2 balance
3 pH meter

Which apparatus is suitable to measure the rate of this reaction?

A 1 only
B 3 only
C 1and 2
D 2and3

3 Some substances may be separated using paper chromatography. The diagram
shows the results of running two mixtures in a suitable solvent.

Which spot has an Ry value of 0.4?

solvent front

DO
§cC

éB
Al

s . 2 start line
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4 The diagram shows the structural formula of methylamine.

H H

| /
H—C—N

| \

H H

What is the total number of electrons involved and not involved in the bonding of
methylamine molecule?

Total number of electrons Total number of electrons not
involved in bonding involved in bonding
A 6 4
B 6 6
C 12 4
D 12 6

5 Both calcium chloride and potassium chloride are ionic compounds.
Which statement about these compounds is correct?
A Potassium chloride has a higher melting point than calcium chloride because

the potassium ion has a greater charge than calcium ion.

B Calcium chloride and potassium chloride conduct electricity because positive
and negative ions flow through the solid material.

C Molten calcium chloride has a greater electrical conductivity than molten
potassium chloride because calcium contributes more electrons to the
delocalised ‘sea of electrons’ than potassium.

D In the calcium chloride lattice, the ratio of calcium ions to chloride ions is half
that of the ratio of potassium ions to chloride ions in the potassium chloride
lattice.

6 Which sample contains the same number of the named particles as the number of
molecules in 35.5 g of chlorine?

A atoms in 16 g of sulfur

B atoms in 23 g of sodium

C molecules in 32 g of methane

D molecules in 88 g of carbon dioxide

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023



Page 4 of 17

7 Sodium carbonate reacts with dilute hydrochloric acid.
Na,COs3 + 2HCI — 2NaCl + H,O + CO;

A sample containing 0.0800 mol of sodium carbonate is added to a solution
containing 0.100 mol of hydrochloric acid.

What volume of carbon dioxide is produced at room temperature and pressure?

A 0.96 dm?
B 1.20 dm?
C 1.92 dm?
D 2.40 dm?®

8 Which statement about acids and bases is correct?

A A 0.1 mol/dm? solution of ethanoic acid has a higher pH than a 0.1 mol/dm?
solution of hydrochloric acid.

B All bases dissolve in water to produce OH~ ions.

C All oxides of non-metals are acidic in nature.

D Bases react with nitrates to produce ammonia.

9 Two solutions are prepared.

e Solution P is 0.050 mol/dm?® hydrochloric acid.
e Solution Q is 0.100 mol/dm?® butanoic acid.

A 2 cm strip of magnesium ribbon is put into 100 cm? of each solution. Fizzing is seen in
both solutions but the fizzing is faster in solution P than in solution Q.

Which statement helps to explain this observation?

A Magnesium reacts with solution P to form a salt, but does not form a salt with
solution Q.

B More particles are dissociated in solution P than are dissociated in solution Q.

C Solution P is a strong acid while solution Q is a weak acid.

D The particles are closer together in solution Q than they are in solution P.
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10 Reactions 1, 2 and 3 are used in the manufacture of three fertilisers which are underlined

in the equations.

Reaction 1: H>SO4 + 2NH3; —» (NH4)2804
Reaction 2: 2H,SO,4 + Ca3(PO4)2 - Ca(H2P04)2 + 2CaS0;,
Reaction 3: 3H2S04 + Ca3(POs)2 + 6NH3 — 2(NH4)3PO4 + 3CaSO4

The relative molecular mass, M, of sulfuric acid and of each fertiliser is shown in the

table.

H2SO4

(NH4)2SO4 Ca(H2PO4)2 (NH4)3PO4

M,

98

132 234 149

In each reaction, 98 g of sulfuric acid was used.

Which reaction gives the greatest and least mass of fertiliser?

greatest mass

least mass

1

2

oo W >

1
2
3

3
1
2

11 Tests were carried out on an aqueous solution of an unknown compound, P.

The observations are recorded in the table.

test

observation

aqueous sodium hydroxide added | green precipitate, soluble in excess giving

a green solution

dilute nitric acid added then
aqueous barium nitrate

white precipitate

dilute nitric acid added then
aqueous silver nitrate

no precipitate

Which ions are present in P?

A Cr** and CI-
B Cr¥* and SO4*
Cc Fe?* and CI-
D Fe?* and SO4*

Methodist Girls’ School
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12 A sample of an alloy containing two metals was subjected to several tests as shown.

Alloy

Quantity of precipitate
decreases.

Green precipitate is left.

v

add H,S04(aq)

add excess NH(aq)

4
=<

Solution P

add NH (aq)

Y

Which two metals are present in the alloy?

A
B
Cc
D

iron and aluminium
iron and lead
iron and zinc
lead and zinc

Precipitate formed

13 The steps for the preparation of a pure sample of sodium nitrate are listed.

Which order of steps is correct?

A

B
Cc
D

Add indicator.

A b~ WODN -

flask.

»

Cool and filter to remove crystals.

Titrate with dilute nitric acid until the end-point is seen.
Evaporate to concentrate the solution.
Rinse out the conical flask.

Pipette a known volume of aqueous sodium hydroxide into a conical

7 Repeat using the same volumes of aqueous sodium hydroxide and dilute
nitric acid but no indicator.

157555452563

3555751525456

451535552567

5545153575256
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14 In each of three experiments, a halogen was added to separate solutions containing ions
of one of the other two halogens. The table shows the results.

Halogen Solution of halide
Experiment
added U V- W-
1 U, No reaction Reaction occurs
2 V2 Reaction occurs Reaction occurs
3 W> No reaction No reaction

What were the halogens U, V and W?

U \% w
A Br Clz I
B Br, I Cly
Cc Clz Br: I
D Clz I Br

15 The table gives properties of four metals, P, Q, R and S.

method of extraction | reaction with water or steam | reaction with acid
P electrolysis only no reaction with water reacts slowly
Q heating oxide with reacts slowly with steam reacts slowly
carbon
R electrolysis only reacts rapidly with steam reacts rapidly
S heating oxide with no reaction with water no reaction
carbon

Which statement is correct?

P is the least reactive.

Q would displace R from a solution of its salt.
R could be zinc.

S could be copper.

OO mw >

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023



Page 8 of 17

16 The proton number of caesium is 55.

Compared with lithium, the melting point of caesium is ...... 1. and the reaction of
caesium with water is ...... 2. vigorous. The number of electron shells in caesium is
...... 3...... compared to lithium.

Which words correctly complete gaps 1, 2 and 3?

1 2 3
A higher more the same
B higher less greater
C lower more greater
D lower more the same

17 Chemical reactions occur in the blast furnace during the extraction of iron.
Which of these types of reaction occur?

1 acid-base
2 combustion
3  redox

1 and 2 only
1 and 3 only
1,2and 3

2 and 3 only

OO mw >

18 Attaching pieces of magnesium to underground iron pipes can protect the iron from
corrosion.

Which reaction protects the iron from corrosion?

A Fe?*(aq) + 2e- — Fe(s)
B Fe(s) — Fe?*(aq) + 2e-
Cc Mg?*(aq) + 2e- — Mg(s)
D Mg(s) — Mg?*(aq) + 2e-

19 In the redox reaction shown, which row shows the correct change in the oxidation states
of vanadium and sulfur?

VO,* + SO0, — V3 o+ 8042'

vanadium sulfur
from to from to
A +1 +3 0 -2
B +1 +3 +4 +6
C +5 +3 0 -2
D +5 +3 +4 +6

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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i
P\
first experiment

volume of ;
3 I
gas/cm ; \

25 c¢cm?® of 1.0 mol/dm?® hydrochloric acid reacts with 10 g of a solid to produce a gas. The

The graph labelled first experiment shows the volume of gas produced over time. Graphs

P and Q show the volume of gas produced under different conditions.

time/s

Which changes in conditions produce graphs P and Q, if all other conditions are kept the

same?

A

B
Cc
D

21

P uses a catalyst and Q has a lower temperature.
P uses a higher temperature and Q uses 25 cm?® of more dilute acid.

P uses smaller pieces of solid and Q uses larger pieces of solid.
P uses 25 cm? of more concentrated acid and Q uses smaller pieces of solid.

The table gives some information about four redox reactions.
Which row gives the correct information about what substance is oxidised and the
evidence that it is oxidised?
equation substance evidence for this
oxidised in oxidation
the reaction
A CuO(s) + C(s) — CO(g) + Cu(s) copper copper(ll) oxide has lost
oxygen to carbon
: sodium atom lost an
B 2Na(s) + Clx(g) —» 2NaCl(s) sodium clectron
. nitrogen has gained
Cc N2(g) + 3H2(g) — 2NHs(g) nitrogen hydrogen
+ + . zinc atom has gained
D Zn(s) + 2HCIl(aq) — ZnClx(aq) + H2(g) zinc w0 electrons
Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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Solution X is colourless. A few drops of aqueous potassium iodide are added to a small
portion of X. No change is seen.

Solution Y is colourless. A few drops of aqueous acidified potassium manganate(VIl) are
added to a small portion of Y. The colour of the potassium manganate(VIl) disappears.

What can be deduced about X and Y from these two observations?

X and Y are both reducing agents.

X is an oxidising agent and Y is not a reducing agent.
Xis not a reducing agent and Y is an oxidising agent.
X is not an oxidising agent and Y is a reducing agent.

OO0 mw>»

When 100 g of an impure sample of zinc carbonate was heated to constant mass, the
mass of the remaining solid obtained was 87.5 g.

What is the percentage purity of the zinc carbonate? Assume that the impurities do not
decompose on heating.

A 12.5%
B 35.5%
Cc 65.1%
D 87.5%

The NASA space shuttle uses the following hydrogen-oxygen fuel cell to generate
electricity.

external circuit

hydrogen in ——= -—— oxygenin

— electrolyte
electrode A —

| electrode B

Which of the following equations represents the reaction that occurs at the electrode B?

A 2H20 + 2" — Hz + 20H"
B 40H — O2 + 2H20 + 4e
Cc Hz + 20H — 2H20 + 2e”
D O2 + 2H20 + 4e- — 40H"

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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25 Approximately 40% of all iron and steel is produced by recycling. The following
statements are possible reasons for recycling iron.

1 Recycling reduces the amount of waste taken to landfill sites.
2 Recycling reduces the amount of pollution at the site of the ore

extraction.

3 Recycling reduces the need to collect the scrap iron and steel.
4  Scrap steel contains a higher percentage of iron than iron ore.

Which of the following statements are correct?

1 and 2 only
1, 2 and 3 only
1, 2 and 4 only

A
B
C
D 1,2,3and 4

26

P

energy Q

The diagram shows the energy profile diagram for a reaction.

products

reactants

progress of reaction

Which statement is correct?

O 0w

It is endothermic and the activation energy is P — Q.
It is endothermic and the activation energy is P — R.
It is exothermic and the activation energy is P — Q.
It is exothermic and the activation energy is P — R.

Methodist Girls’ School
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27 Gaseous phosphorus pentachloride, PCls, can be decomposed into gaseous phosphorus

trichloride and chlorine by heating.

The table gives the bond energies.

PCls (g) —» PCls(g) + Cl2(g)

Bond Bond energy (kJ/mol)
P—CI (in both chlorides) 330
CI-Cl 240

What is the enthalpy change of the decomposition of phosphorus pentachloride?

A +90 kJ
B -90 kJ
Cc +420 kJ
D -420 kJ

28 The diagram shows the main stages in the manufacture of a fertiliser which is an
ammonium compound.

Nz(g)\\
iron
i 500 °C
H,(9) 200 atm

fertiliser

- separation

What is happening in the process labelled X?

OO mw>»

Iron is recycled to increase the rate of reaction.
The gases are cooled to cause ammonia to form a liquid.
Unreacted nitrogen only is recycled.

Unreacted hydrogen and nitrogen are recycled.

manufacture

29 Dilute sulfuric acid is electrolysed. Hydrogen gas and oxygen gas are produced.

Which statement is correct?

hydrogen produced at the | oxygen produced at the | concentration of acid
A anode cathode decreases
B anode cathode increases
C cathode anode decreases
D cathode anode increases

Methodist Girls’ School
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30 The diagram shows the electrolysis of concentrated and dilute aqueous sodium chloride
using inert electrodes. Gases are produced and collected in each of the test-tubes W, X,

Y and Z.
w X Y Z

{

concentrated dilute
agueous aqueous
sodium chloride—] I~ sodium chloride
|
=

Which statements are correct?

1 Approximately equal volumes of gas are produced and collected in test-
tubes W and X.

2  Approximately equal volumes of gas are produced and collected in test-
tubes Y and Z.

3  Three different gases are produced in the experiment.

1 and 2 only
1 and 3 only
2 and 3 only
1,2and 3

OO0 m >

31 One mole of each alkane undergoes complete combustion.
Which alkane will produce 7 moles of products?

A CH4 B C2Ha C C2He D CsHs

32 Which physical property of the alkanes does not increase as relative molecular mass

increases?

A boiling point

B flammability

C solubility in water
D viscosity

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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33 Three structures of hydrocarbon molecules are shown.

C||7—I
I—0O—xT

Which of the following statements is correct?

A 1 and 2 are identical.

B 1 and 3 are identical.

C They all have different densities.

D They are all saturated hydrocarbons.

34 Which statement applies to all three compounds ethane, ethene and ethanol?

A They are gases at room temperature and pressure.

B They contain oxygen atoms.

C They have the same number of hydrogen atoms per molecule.
D They have two carbon atoms per molecule.

35 The structures of four alcohols are shown.

1 2 3 4
| ] LT Ll
H—C—H H— —(|:—H H—cl:—clz—(ls—H H—(|3—C|)—(|3—(|3—H
OH H OH H OH H H H H OH

Which statement is correct?

Alcohol 1 can be made by the addition of steam to an alkene.
Alcohol 2 is a product of fermentation.

Alcohol 3 is a non-renewable energy source.

Alcohol 4 has only one other isomer.

o0 w>»
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36 The table shows the results of tests carried out on compound X.

test result
bromine water added colourless solution formed.
sodium carbonate added no visible change

Which structure represents compound X?

H A B
| ’ .
RS R
H—c—c—c—c// H—C—C—0—C—0—H
TN J, J,
H H H \
H
c D
H H H H H H
| L p°
H—C=C —C—O0—H H—C=C—(|:—c\
(o]

37 The experiment shown is carried out.

liquid alkane aluminium
on mineral oxide
fibre

|

ethene N
[~
very strong
heat

ol

"10]

What process occurs?

A Cracking
B Esterification
C Fermentation
D Hydrogenation
Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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38 Which bond is present in both nylon and Terylene?

A Cc-0 B C=0 Cc N-C D N - Cl

39 A catalytic converter in a car exhaust system speeds up the change of pollutants into
less harmful products.

Which of the following changes does not occur in a catalytic converter?

A Carbon dioxide to carbon

B Carbon monoxide to carbon dioxide

Cc Nitrogen dioxide to nitrogen

D Unburnt hydrocarbons to carbon dioxide and water

40 Which statements about carbon monoxide is correct?

1 Itis found in natural gas.
2 ltis a product of incomplete combustion of petrol.
3 It can combine with haemoglobin in the blood.

1 and 2 only
1 and 3 only
2 and 3 only
1,2and 3

(w N o R ve I

END OF PAPER
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Section A (50 marks)
Answer all the questions.

A1 Choose from the following list of substances to answer the questions.

ammonium chloride
argon
butene
methane
phosphorus oxide
potassium nitrate
sulfur dioxide

Each substance can be used once, more than once, or not at all.
Name a substance which

(@) decomposes upon heating to produce an alkaline gas,

RS2 R4 (11..
(b) decolourises bromine solution quickly,

R4 RR 1114411 (1.
(c) is found in natural gas,

AR 1111411111 (1.
(d) reacts with aqueous potassium hydroxide to form a salt,

RS2 R4 (11..
(e) is used in electric bulbs to prevent corrosion of the tungsten filament.

RS2 R4 (11..
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A2 The table shows some of the ores of iron.

Iron ore Formula of iron

compound

Haematite | Fe:O3
Magnetite Fes04
Siderite FeCOs;

(@) Identify the iron compound which contains the greatest percentage by mass of
iron.

Show the working for your answer.

[3]

(b) Like haematite, magnetite contains iron that can be extracted from it in a blast
furnace.

(i)  Write the chemical equation for the extraction of iron from magnetite in the
blast furnace.

(ii) Explain, in terms of electrons, why iron in magnetite has been reduced.

(c) Ironis malleable. Explain this property in terms of its structure.

e 2l..
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A3 A series of experiments was carried out on a solid mixture consisting of two metal

compounds.
Solid mixture
Add excess water, stir
and filter mixture
Aqueous
sodium Colourless '
hydroxide filtrate A Redd|§h-brown
residue B
White precipitate C Acidified silver . .
soluble in excess nitrate solution Ex_cess dilute sulfuric
acid
White ]
precipitate D Yellow solution E | 4 gas F + water
produced
(@) Name the following substances.
oo eeoe et eee e e e ee e e ARttt et e
SRS
ettt ettt Attt et ne e e ne e
D ettt e ettt et e et a e e et nenns [4]..

(b) Write the ionic equation for the formation of precipitate C.

e (1.

(c) Describe the test for gas F.

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023



Page 5 of 23

(d) Explain, using structure of substances, why B is a solid and F is a gas at room
temperature and pressure.

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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A4 The Winkler method is a technique used to measure the amount of dissolved oxygen
in freshwater systems. Dissolved oxygen is used as an indicator of the health of a
water body, where higher dissolved oxygen concentrations are correlated with high
productivity and little pollution. The concentration of dissolved oxygen can be
determined by a series of reactions that is summarised by the equation.
2H,0 (I) + Oz (aq) + 41-(aq) — 40H(aq) + 2I>(aq)

(@) When a 2000 cm?® sample of river water was tested, 0.508 g of iodine was
liberated.

(i) Calculate the concentration, in mol/dm?, of dissolved oxygen in the river
water sample.

[2]

(ii) Calculate the mass of oxygen that would be obtained if the same sample
of river water was boiled.

[1]

(b) Explain, in terms of collision theory, the change in the rate of reaction when the
concentration of dissolved oxygen increases.

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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A5 Helium, neon, argon, krypton and xenon are noble gases.

(@) Use ideas about electronic structure to explain why the noble gases are
unreactive.

(b) Complete the table to show the number of particles in two isotopes of argon.

isotope | number of protons number of electrons | number of neutrons
36
18Ar
40
18Ar
(2]

(c) Explain why calcium comes after argon in the Periodic Table even though it has
a relative atomic mass which is equal to that of argon,

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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A6 Several small pieces of magnesium are placed on a block of solid carbon dioxide.
The solid carbon dioxide is at a temperature of -80°C. The magnesium is ignited and
another block of solid carbon dioxide is immediately placed on top.

burning ( ) solid
S
magnesium _____[__‘—W -ﬁ”fﬁ! giag}l?i%ré

A vigorous reaction is observed.

2Mg + CO; — 2MgO + C

(@) Suggest one observation that could be seen as the reaction proceeds to
completion.

R (11..

(b) State the condition that slows down the rate of reaction in this experiment.

(c) When 2 moles of magnesium react with one mole of carbon dioxide, 810 kJ of
energy are released.

(i) Calculate the energy released when 2.0 g of magnesium reacts completely
with carbon dioxide

[2]
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(ii) Draw an energy level diagram for the reaction of magnesium with carbon
dioxide.

[2]

(iii) Explain, in terms of the energy changes taking place in both bond-making
and bond-breaking, why the reaction is exothermic.

(d) Do you think that the reverse reaction can take place?

Explain your answer.

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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A7 Poly(chloroethene) is an addition polymer. It is often found in solid household waste.
The diagram shows the repeat unit of poly(chloroethene).

(@) Draw the structure of the monomer used to make poly(chloroethene).

[1]

(b) One way to dispose of solid household waste is to burn it at a high temperature.
The burning of poly(chloroethene) gives the waste gases hydrogen chloride,
carbon dioxide and water.

(i) Hydrogen chloride gas is removed from the waste gases by reacting with
moist powdered calcium carbonate.

Write the name and chemical formula of the solid product formed.

(ii) Draw the electronic structure of the calcium particle present in calcium
carbonate. Show all the electrons.

[1]

(iii) Describe how a pure, dry sample of calcium carbonate could be obtained
in the laboratory.

Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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(c) Poly(ethene) is another polymer formed from addition polymerisation. Each
molecule of poly(ethene) contains between 2000 and 20000 carbon atoms.

Calculate the range of mass of the poly(ethene) molecule.

[2]

(d) A structure of a polyamide is shown.

) O O O

! QT—D—N—Q—D—LT—D—T

H H H H

Draw the two monomers that make up this polymer.

[2]
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Class Index Number

Name:

Section B (30 marks)
Answer all three questions, the last question is in the form either/or.
Answer all the questions in the spaces provided.

B8 This question is about the effects of burning fossil fuels and clean energy.

The Taj Mahal, an iconic monument in India is slowly being eroded away.
Preservationists believed that emissions from oil refinery plant nearby were causing acid
rain that corroded the marble monument.

Chemists used an aqueous mixture of barium hydroxide and urea, CO(NH2),, to treat
the monument. As this solution soaks into the porous marble, the urea slowly hydrolyses
forming ammonia and carbon dioxide. The carbon dioxide reacts with the barium
hydroxide forming barium carbonate. Finally, surface barium carbonate on the treated
monument can react with sulfur dioxide in the air, forming a layer of barium sulfate and
carbon dioxide. This secondary reaction slows down the erosion process.

Table 1 shows the solubility of these substances in water.

Table 1
Substance CaCOs; CaS0, BaCO; BaSO,
Solubility in water/ | 1.3 x 10* 4.5 x 107 9.1 x 10°® 9.4 x 10
mol dm

The negative effects of burning fossil fuels have created a need to look for alternative
fuels. Hydrogen is a potential alternative to fossil fuel.

An article in the Straits Times on 11 Mar 2023 talked about 3 types of hydrogen — grey,
blue and green hydrogen. Below is an excerpt of this article:

Hydrogen is widely touted as a clean, non-polluting source of energy. But the problem
lies in the process of extracting it from water during electrolysis that uses energy
generated by greenhouse gas emitting fossil fuels for example methane. This is known
as “grey hydrogen”, and accounts for as much as 99 per cent of hydrogen power in
circulation today, said Mr Hidenori Saka of the New Energy and Industrial Technology
Development Organisation (Nedo).

“Blue hydrogen” is the intermediate grade. It is produced by reacting natural gas with
steam. The emitted carbon dioxide is easily captured, stored and can be used to produce
synthetic fuels. “Green hydrogen” in contrast is the cleanest.

Nedo oversees the Fukushima Hydrogen Energy Research Field (FH2R) -
a 220,000 sg m area largely occupied by 68,000 solar panels used to generate energy
for electrolysis.
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Figure 1 shows a simplified “green hydrogen” fuel cell which produces electricity using
four solar panels.

Solar panels collect energy from the sun during daylight hours and this energy is used
to electrolyse water to produce oxygen gas and hydrogen gas. These gases are stored
separately and then used in a fuel cell to produce energy when required.

Figure 1

]

electrolysis cell

oxygen hydrogen
storage storage
tank tank

fuel cell

four solar panels

In Korea, cars powered by green hydrogen-oxygen fuel cells are gaining popularity. In
Singapore, Comfort DelGro is committed to spend $6b to switch to Electric Vehicles.

Table 2 shows some information about a 200 km journey using an electric car and a fuel
cell car. For the electric car to run, the battery needs to be re-charged while for a fuel
cell car it needs to be refuelled with hydrogen gas.

Table 2
Type of car Electric Fuel cell
Charging time or refueling time /min 360 4
Cost of charging or refueling /S$ 5.64 7.35
CO; emitted/kg 48 36
Mass of car/kg 1550 1200
Methodist Girls’ School Chemistry Sec 4 Preliminary Examination 2023
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(a) 0] Describe the formation of acid rain that corroded the marble monument.

(i) Write the equation for the reaction between barium carbonate and sulfur
dioxide, in the presence of oxygen.

(iii)  Explain how this method of treatment slows down the corrosion of Taj
Mahal monument. Your answer should include the comparison of the
solubilities of the substances in Table 1 and the reaction in (a)(ii).

R, 2],
(b) 0] Explain why “blue hydrogen” is preferred to “grey hydrogen”.
S, 2,
(i) Explain why the set-up in Figure 1 is considered ‘green’.
R, 2l
(iii)  Explain how the fuel cell produces electricity.
[1]
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(iv)  Using the information in Table 2, state and explain the advantages,
other than the amount of carbon dioxide emitted per kg, of using a car
powered by a fuel cell to an electric car for the 200 km journey.
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B9 Chlorine dioxide, CIO,, was first obtained by Humphry Davy by the disproportionation
reaction of chloric acid, HCIO:s.

A disproportionation reaction is one where the same element is both oxidised and
reduced in the reaction. The equation is as follows:

3HCIO3; — 2CIO; + HCIO4 + H20

Although chlorine dioxide is unstable as a liquid or gas, it is now produced on a very
large scale for the bleaching of wood pulp and for water treatment.

Figure 2 shows the Lewis structure of chlorine dioxide. Only the outer shell electrons are

shown.
Figure 2
o0 ® o0

(a) Based on the structure, explain why chlorine dioxide is unstable as a liquid or
gas.

(b) Explain, in terms of oxidation states, why the disproportionation reaction of
chloric acid is a redox reaction.

(c) 0] In the laboratory, chlorine dioxide is produced from the reaction
between aqueous sodium chlorate (NaClOs), solid oxalic acid (COOH)-
and sulfuric acid. The other products are aqueous sodium sulfate,
carbon dioxide and water.

Write a chemical equation for the reaction.

(i) State the type(s) of bonding present in sodium sulfate.
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(i)  5.00 g of impure sample of hydrated oxalic acid, (COOH)..2H,0O, was
dissolved in 1.00 dm? of water. 25.0 cm? of this solution was neutralised
by 14.0 cm® of 0.100 mol/dm® sodium hydroxide using a suitable
indicator.

The equation for the reaction is shown.

(COOH).(aq) + 2NaOH(aq)— (COONa)(aq) + 2H20(])

Calculate the percentage purity of the hydrated oxalic acid sample.

[3]
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EITHER
B10 This question is about the electrolysis of aqueous copper(ll) nitrate.

Some students investigated the electrolysis of copper(ll) nitrate solution using inert
electrodes. Figure 3 shows the apparatus.

Figure 3

Ammeter
to measure
electric current

dc power
supply

Positive
electrode _— Negative
electrode
e
Beaker —

— Copper(ll) nitrate
solution

The students investigated how the mass of copper produced at the negative electrode
varies with time and current.

This is the method used.

Weigh the negative electrode.

Set up the apparatus shown.

Adjust the power supply until the ammeter shows a current of 0.3A.
Switch off the power supply after 5 minutes.

Rinse the negative electrode with water and allow to dry.

Reweigh the negative electrode.

Repeat steps 1 to 6 for different times.

Noo,rwdbE

Repeat steps 1 to 7 at different currents.

(a) Write the ionic equation for the reaction at the negative electrode.

(b) Some of the copper produced did not stick to the negative electrode but fell to
the bottom of the beaker.

Suggest how the students could find the total mass of the copper produced.
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r results on a graph.

Figure 4 shows the graph.

Figure 4
0.6 | .-
. ._/_C_ur;rent=D.9A
Total A
mass of . , SR EEEyd !
orotuc /- Curent=06A
produced / | : .
ing mEEmmEydE
0.2+ /// - Current=03A
// i
R a
LZ"’"/
0_
0 10 20 30

Time in minutes

A student concludes that the total mass of copper produced is directly
proportional to (i) the time taken and (ii) the current.

Do you agree? Justify your answer using the information given.

(d) Describe and explain w
electrolysis.

hat happens to the copper(ll) nitrate solution during

Methodist Girls’ School
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(e) Calculate the number of atoms of copper produced when copper(ll) nitrate
solution is electrolysed for 20 minutes at a current of 0.6 A.

[2]
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B10 This question is on organic chemistry.

(@) The reaction scheme shows four organic reactions, numbered 1 to 4.

carbon dioxide + water

3

2

3
sugar - ethanol - alkene A

4

i
ethyl propanoate
() Compare Reactions 1, 2 and 3 in terms of names of reactions, reaction

conditions and products of reaction.

You may present your answer in a table.

[4]

(i) Draw the full structural formula of ethyl propanoate.

[1]
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(b)  Alcohols are oxidised by acidified potassium manganate (VII) to form carboxylic
acid.

Carboxylic acids belong to a homologous series.

The table shows information about the first three carboxylic acids in this
homologous series.

Name Formula pH of 0.01 mol/dm?3 solution
Methanoic acid 2.91
Ethanoic acid CH3COOH 3.39
Propanoic acid CH3CH.COOH 3.44
(1) Draw a ‘dot-and-cross’ diagram of methanoic acid.

Show only the outer shell electrons.

[2]
(i) The student compares the rate of reaction of zinc carbonate with two

acids, 0.01 mol/dm?® of methanoic acid and 0.01 mol/dm?® of propanoic
acid.

Using the information given, explain why the rate of reaction of zinc
carbonate with methanoic acid is different from that with propanoic acid.

END OF PAPER
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Answers for 2023 Prelim Section A

A1 | (a) | Ammonium chloride 1
(b) | Butene 1
(c) | Methane 1
(d) | Phosphorus oxide/ sulfur dioxide/ ammonium chloride 1
(e) | Argon 1
A2 |(a) | % of Fein Fe.O3=122/160 x 100% = 70.0% 1
% of Fe in FesO4 = 168/232 x 100% = 72.4% 1

% of Fe in FeCO3 = 56/116 x 100% = 48.3%
Highest percentage of Fe is in Fe3sO4/ magnetite 1
(o) | @) FesOs + 4CO — 3Fe +4CO: 1
(i) Iron ions/ iron(ll) ions/ iron(lll) ions in magnetite gained 1

electrons to form iron atoms

(c) | Metals have positive ions held in fixed positions 1
Layers of ions can slide around one another 1
A3 | (a) | A—aluminium chloride/ zinc chloride 1
B - iron(lll) carbonate 1
D - silver chloride 1
E — iron(lll) sulfate 1
(b) | AP* + 30H" — AI(OH)3 Or Zn?* + 20H" — Zn(OH), 1

(c)

Test for the gas by bubbling it into limewater

If white precipitate forms in limewater, gas is carbon dioxide.

(d)

B has a giant ionic structure.

F has a simple molecular structure.

Strong ionic bonds between oppositely charged ions in B.
Weak intermolecular forces of attraction in F.

Large amount of energy taken in to break bonds in B.
Small amount of energy taken in to overcome forces in F

(can also have various combinations but no half marks)




A4

(a)

(i) | No. of moles of I = 0.508/(2 x 127) = 0.002
No. of moles of O, = 0.002/2 = 0.001
Concentration of O, = 0.001/2 = 0.0005 mol/dm?3

(i) | Volumeof©7=0-001%24=0.024dm> "oisS 0F (J,=0.00Tx %>

= 0.0D294,
v VoLV

(b)

(-

More oxygen molecules per unit volume

Higher frequency of effective collisions, hence faster rate of reaction

_— A A -

A5

(a)

Full valence shell/ outermost shell, stable and thus no tendency to lose,

gain or share electrons

(b)

isotope number of number of number of
protons electrons neutrons

36
16PT 18 18 18

40

18»C\r 18 18 22

(c)

Elements in the Periodic Table are arranged in order of number of protons/
atomic number

Calcium atom has two protons more than argon atom (no marks)

A6

(a)

Any of the following:
- Solid carbon dioxide block sublimes/ shrinks
- Hole in block gets deeper/bigger

- Black/ grey/ white solid/ powder/ fume/ smoke formed

(b)

Low temperature of solid carbon dioxide/

Heat absorbed to sublime carbon dioxide.

(c)

(i) No. of moles of Mg = 2/24 = 0.083333
2 mol of Mg gives off 810 kJ of heat
Therefore 2 g of Mg gives off 405 x 0.083333 = 33.75 kJ = 33.8kJ




A6

(c)

Energy/ kJ
A

2Mg + CO2

AH =-810 kJ

2MgO +C

b
»

Progress of reaction

1m — correctly drawn2 energy lines joined by an arrow pointing downward.

1m for labels

(c)

(iii) Less energy taken in to break bonds in magnesium and carbon
dioxide than

Energy given out to form bonds in magnesium oxide and carbon

(d)

No, as magnesium is more reactive than carbon and

carbon cannot reduce magnesium oxide

Or

magnesium is reactive and magnesium oxide is a stable compound.
carbon cannot reduce magnesium oxide

Or

The activation energy of the reverse reaction is much higher than that of

the forward reaction.

A7

(a)




A7

(b)

(i) Calcium chloride, CaCl.

2

(iii) Mix aqueous calcium chloride/ nitrate with aqueous sodium
carbonate.

Filter to obtain the residue of calcium carbonate.

Rinse with deionised/ distilled water and dry calcium carbonate

between sheets of filter paper.

(c)

1 moleculeis 1 mole
6 x 10%

Empirical formula for poly(ethene) = CH;
Mr = (CHZ)n
Each single molecule contains 2000 to 20 000 carbon atoms

C2000H4000 t0 C20000H40 000

1 mass of 1 molecule
6x102 2000 x12 + 4000 x 1

2000 x 12 + 4000 x 1
6 x 10%

20000 x12 +40000x 1 =4.67x10"g
6 x 10%

mass of 1 molecule = =4.67x10%g

mass of 1 molecule =

Mass range : 4.67 x 102°g to 4.67 x 10"° g

(d)




2023 Section B Prelim (‘O’ level Track)

B8 | (@) | (i) | Sulfur dioxide reacts/combines with oxygen and water/moisture to form | [1]
sulfuric acid.
Sulfuric acid dissolves in rainwater to form acid rain [1]
(i) | 2BaCOs + 250, + O, — 2BaS0O4 + 2CO, [1]
(i) | Barium sulfate formed is the least soluble in water; [1]
And the reaction removes sulfur dioxide thus less sulfuric acid/reduces the | [1]
formation of acid rain.
(b) | () | In blue hydrogen, no carbon dioxide is released into the environment / the | [1]
carbon dioxide captured and stored can be used to make synthetic fuels.
In grey hydrogen, the carbon dioxide produced and released can lead to | [1]
global warming.
(i) | For Fuel Cell, only water is produced which is a non-pollutant/ no carbon | [1]
dioxide is produced in this set-up or in Fuel Cell.
Solar energy is renewable. [1]
(i) | The movement of electrons from the hydrogen end to the oxygen end | [1]
produces electricity.
(iv) | For Fuel cell, the refuelling time in minutes is a lot shorter than the charging | [1]
time for electric car. This leads to commuters saving time.
The mass of car using fuel cell is lighter so the car can travel faster or further | [1]
with the same amount of energy.
Reject: easier to drive, less energy is needed to power the car.
B9 | (a) | Chlorine atom has an unpaired valence electron or odd number of valence | [1]
electron

(b)

The oxidation state of chlorine decreases from +5 in HCIO3 to +4 in ClIO,. Hence,
chlorine in HCIOs is reduced.

The oxidation state of chlorine increases from +5 in HCIOs to +7 in HCIO4. Hence,
chlorine in HCIOs3 is oxidised.

Since both oxidation and reduction takes place, it is a Redox reaction.

[1]

[1]

(€)

(i)

2NaClO; + (COOH); + H,S04 — Na,SO4 + 2CIO, + 2C0O; + 2H,0

[1]

(ii)

Both ionic and covalent bonding

[1]




(iii) | (COOH)(aq) + 2NaOH(ag)— (COONa)(aq) + 2H.0())

M =? M=0.100
V=25.0 V=14.0
Mx25 _ 1

——— = - (method mark)
0.1X14 2

M = 0.028 mol/dm?3

Mass of pure hydrated oxalic acid = 0.028 x 2(12 +16 x 2 +1) + 2(18) [M]

[1]

=0.028 x126
=3.528
g [1]
% purity of hydrated oxalic acid = 355% X 100%
=70.6 % [1]
Either
B10 | (@) | Cu*" + 2e — Cu [1]
(b) | Filter the mixture; [1]
Rinse the copper with water and allow to dry
Weigh the pure, dry copper using an electronic weighing balance [1]
Add the mass of this pure dry copper to the mass of the increase of copper at | [1]
the negative electrode to obtain the total mass of the copper produced.
Or find the gain in mass of copper at the negative electrode and add it to the
mass of pure, dry copper obtained after filtration.
(©) | () Yes, | agree.
Keeping the current constant e.g at 0.3A, when time is doubled (from 10 mins to | [1]
20 min), total mass of copper produced is doubled (0.06g to 0.129)
(i) Yes, | agree.
Keeping time constant e.g. 20 minutes, when current is doubled (from 0.3 A to | [1]
0.6 A), the total mass of copper produced is double (0.12 g to 0.24 g)
(d) | 2 answers:

The solution becomes acidic; Copper(ll) ions are selectively discharged at the
cathode while hydroxide ions are discharged at the anode leaving behind nitric
acid.

Or
the solution becomes acidic; concentration of hydrogen ions are higher than
hydroxide ions.

[1]
[1]

[1]
[1]




Or

The blue electrolyte fades/colourless.

This is because copper(ll) ions which gives the blue colour of the electrolyte are
selectively discharged at the cathode while at the anode hydroxide ions are
selectively discharged.

[1]
[1]

(e)

Mass of copper = 0.24 (from the graph)

0.24

No. of moles of copper = é—4 =0.00375
No. of copper atoms = 0.00375 x 6 x 1023

[1]
[1]

=2.25x 10%!
Or
B10 | (a) | ()
Reactions | Name of reaction | Reaction conditions Products [4]
1 Fermentation of | Yeast, temperature ethanol +
sugar solution 37°C, absence of carbon
oxygen(air) dioxide
2 Combustion (Excess) oxygen, heat carbon
reaction dioxide +
water
3 Addition of steam/ Steam, 300°C, 65
Addition atm, phosphoric acid ethanol
reaction/Hydration as catalyst
Each row [1] Comparison of products [1]
Comparison of products : Reaction 1and 2 has 2 products while reaction 1
has only one product/carbon dioxide is produced in reaction 1 and 2/
Ethanol is produced in reaction 1 and 3.
(i) [1]
[ o M H
¢ F o
H_f“?—o—-c—c— —H
Ho oW U
(b) | () | HCOOH [2]

@ oI




(ii)

pH of methanoic acid is lower than propanoic acid therefore

Concentration of hydrogen ions in methanoic acid is higher than propanoic
acid/ no. of hydrogen ions per unit volume is higher

There is higher frequency of effective collision between particles leading to
faster rate of reaction.

[1]
[1]

[1]




