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CHEMISTRY
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READ THESE INSTRUCTIONS FIRST

Write your name, class and register number in the spaces provided at the top of this page.
Section A

Answer all the questions.
Write your answers in the spaces provided.

Section B

Answer three questions. Question B8 and B9 are compulsory. Choose one question from B10.
Write your answers in the spaces provided.

| INFORMATION FOR CANDIDATES
The number of marks is given in brackets [ ] at the end of each question or part question.
[

'l You may use an approved calculator. Section A
} A copy of the Periodic Table is printed on the last page. Section B
H TOTAL

|
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'
-

This question paper consists of 19 printed pages, including the cover page

-

A1

(a)

(b)

A2

= N < &
= SECTION &
Answer all the nuasstivrs [ vhe epaces provided.

The equations A, B, C, D and E 2huw zome ysactions involviag compeunds of M.

A MCOs (s) -+ MO (s) + CC2 (g}

B 2MO (s) + C () — 21 (3) + CO2 (9)

c MO (s) + H2S04 (aq) — MSOu (aq) + H20 (/)

D MSO. (aq) + 2NaOH (ag) — M(OH)2 (s) + Na250« (aq)

E  M(OH)2(s) + 2HCI (ag) — MC/z (aq) + 2H20 (/)

Use only the letters A, B, C, D and E to answer the questions. [3]
1] Which equation(s) shows a neutralisation reaction?

(ii)  Which equation(s) shows a precipitation reaction?

(iii)  Which equation(s) shows an endothermic reaction?

M is either magnesium or copper. Explain with reason what M is likely to be. [1]

The properties of three solids, P, Q and R are given in table below. Use this information to identify

the solids as element, mixture or compound. [2]
Solid Percentage Strong heating In Element, mixture or
composition by mass oxygen compound
P constant decomposes
Q varies burns
R constant oxidises to form one
product
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A3({a) Wnen Group | metals tarnish in air, different types of oxides are formed. Some of these oxides
are given in lhe table below.

Element Oxides formed Formula of oxides

Lithium Lithium oxide Li2QO

Sodium Sodium peroxide Na20.
|__Potassium Polassium superoxide KO2

(i) Draw the dot and cross diagram for lithium oxide showing all electrons.

(ii)  Calculate the oxidation state of the oxygen in each of the oxides.

__Formula of oxides

Oxidation state of oxygen

Na20:2

{b)  Sodium oxide reacts with silicon dioxide to form sodium silicate.

(i) Write a balance chemical equation for this reaction.

(2]

(2]

(11

{ii) Bolh sodium oxide and silicon dioxide have high melting points. With reference to

structure and bonding, explain their high melting points.

(4]

(c)

Ad

(a)

Zinc oxide undergoes the following two reactions.

Reaction 1:

Reaction 2:

With reference to the two reactions, explain the chemical property of zinc oxide.

Zn0 (s) + 2HC/(aq) — ZnC/2(aq) + H20 (/)
ZnO (s) + H20 (/) + 2NaOH (aq) — Na2Zn{OH) (aq)

(2]

The table shows some information about a homologous series of organic compounds called

cycloalkanes.

Name

Full structural formula

Boiling point /°C

cyclopropane

-33

cyclobutane

12

cyclopentane

40

Explain how the formulae in the table show tha

homologous series.

t the organic compounds belong to the same

[2]
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(b)

(c)

(d)

A5

{2)

Put licks (v) in the boxes to show whether the followin

Gl
. g statements 2Nt the cycloalkane
homologous series are true or false.

(2]

y - True False
! They have the same percentage by mass of carbon

| They decolourise aqueous bromine in the absence of sunlight.

State and explain the relationship between the number of carbon atoms and boiling points of
cycloalkanes.

[2]

Draw the full structural formula of an isomer of cyclobutane.

(11

The table below shows the time taken for the same mass of magnesium to react with the sz:ns
volume of sulfuric acid of various concentrations at room temperature and pressure.

dilute sulfuric acid concentrated sulfuric acid
Concentration / 0.5 1.0 2.0 4.0 8.0 12.0 18.0
molldm?
Timels 450 45 22 5 106 750 Very little
| reaction

Explain in terms of collision theory, the change in rate of reaction as the concentration of the
dilute sulfuric acid increases from 0.5 mol/dm? to 4.0 mol/dm?. [3]

{b)

()

Explain why there was \_, little reaction when the concentration of the sulfuric acid was
18.0 mol/dm?. (2]

Figure 7 below shows the volume of gas produced when 0.24 g of powdered magnesium was
reacted with 100 cm?® of 0.5 mol/dm?3 sulfuric acid.

r -+ experiment 1
volume of
gas/cm
0 1'0 time / min
Figure 7
(i)  Calculate the volume of gas produced in experiment 1. [3]

{ii)  On Figure 7, sketch the curves that would be obtained when the following conditions of
the reaction are changed. [2]

Experiment 2: Same mass of magnesium ribbon used instead of powdered magnesium,
Label this graph A.

Experiment 3: Concentration of sulfuric acid used is changed from 0.5 mol/dm? to
0.75 mol/dm?, Label this graph B.

6
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(d)

(e)

A6

(a)

A stuqent wanted to prepare a pure and dry sample of magnesium sulfate crystals. Briefly
describe the changes she must make to the magnesium and sulfuric acid used in experiment 1

in ordg_r lo obtain pure magnesium sulfate crystals. Your answer should make reference to the
quantities of the reactants used. (2]

Another student rep1ace_d the magnesium with the same amount of calcium. Give a reason why
the volume of gas oblained for the reaction of calcium with sulfuric acid would be significantly
lesser than with magnesium. [1]

The following electrolysis was set up using dilute sodium chloride sclution as the electrolytz asd
platinum electrodes.

dilute aqueous _ [ .
sodium chloride Lo

L—‘I{ij

Write ionic equations with slate symbols for the reactions taking place at the cathode and
anode.

[2]

Cathode:

Anode:

(b)

(c)

AT

(2)

State the ratio of the volume of gas X to gas Y and explain why the volume of gas obtained is in

this ratio.

[2]

After the electrolysis has been running for some time, one of the products of the electrolysis
changes. State the change in product and explain why it forms.

(2]

The flow chart below shows the extraction of iron and titanium from their ores haematite and

rutile respectively.

Haematite is reacted with coke at
1000°C in a furnace to produce
molten cast iron. Cast iron
contains iron and about 4%
carbon.

Rutile which is titanium dioxide is
reacted with chlorine at 1500°C to
produce titanium (V) chloride

!

A\

The titanium (IV) chloride is
reacted with magnesium at
1200°C in a sealed reactor. The
sealed reactor contains an
atmosphere of argon.

Oxygen is blown into the molten
cast iron to produce low carbon
steel. Low carbon steel contains
mainly iron and about 0.1%
carbon.

.

Explain how oxygen blown into the molten cast iron produces low carbon steel.

The reactor is allowed to cool and
then opened. The titanium is then
separated from its other product,
magnesium chloride.

(1]
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(b) Explain why the production of titanium requires an atmosphere of argon. [1] e cECTION B
Answer all three questions in the spaces provided.

B8 Ozone and Its Reactions

Structure and Properties of Ozone

: ; ; o . - s discovered
; p . . sl Ozone is a triatomic molecule with a boiling point of =112 °C. The first allotrope was A
{c)  Using the information given, suggest two reasons why titanium costs much more than iron. [2] in 1840. All 3 atoms in ozone have a stable octet arrangement. The molecule also has a dative

bond. A dative bond is a covalent bond in which both electrons come from the same atom.

0=0-0

Ozone is a powerful oxidising agent and is unstable at h{gh concentrations. Ozone easily
decomposes to oxygen as the formation of oxygen is energetically more stable.

Ozone in the Atmosphere

(d)  Write an ionic equation for the reaction between magnesium and titanium (IV) chloride. (1] The atmosphere is divided into several regions. The region closest to the Earth is called the
troposphere (0 - 15 km). The next region above the troposphere is known as the stratosphere
(15 - 50 km). At the lower stratosphere, an ozone layer exists, which helps to protect us from

. i UV radiation. On the other hand, ozone found at the tropospheric level is considered as a
(e)  Suggest the position of titanium in the metal reaclivity series. Explain your answer. [2] pollutant.

UV radiation contains different types of rays. The table below gives information about these rays.

UV Radiation Wavelength / nm
Uv-A 315-400
Uuv-B 280 - 315
uv-C_ 100 - 280

Chapman Cycle - Mechanism for Ozone Creation and Destruction

The Chapman Cycle illustrates the formation of the ozone layer. An oxygen molecule is
photolysed by ultraviolet light into two oxygen atoms. At the lower stratosphere, each oxygen
atom then quickly combines with an oxygen molecule to form an ozone molecule,

uv
Step 1: 0; — 20
Step 2: 0+0; —0;

The ozone formed can then absorb radiation (a form of energy) having a wavelength between
240 and 310 nm. This thus leads to the dissociation of the ozone to form oxygen molecule.

uv
Step 3: Oy —— 0+02
Step 4: If an oxygen atom and an ozone molecule meet, they can recombine to form 2

oxygen molecules.

10
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(a)

{b)

Ozone is constantly being created and destroyed by the Chapman Cycle. These reactions
are natural processes, which have been taking place for millions of years. Photosynthesis

helps the ozone layer to regenerate itself.
Mechanism | - Catalytic Process of Ozone Destruction

In the early 1960s, it was realised that there were other mechanisms for the destruction of ozone,
apari from the mechanism in the Chapman Cycle. One of these mechanisms is given below,

Step 1: Y+0:—=Y0+0,
Step 2: 2Y0—2Y + 02
where Y are highly unstable radicals which contain an odd number of electrons.

While the ozone is capable of its own recovery, much effort has been made to reduce the
damage done to the depletion of the layer.

Draw a dol and cross diagram to show the arrangement of outer shell electrons in a molecule of
ozone. Use different symbols for the electrons of each oxygen atom. 2]

Wilh reference 10 the data, explain the extent of how the ozone in the lower stratosphere protects
us from the different types of UV rays. [2]

1

)

) )

(i)

(@ (i)

(i)

Write the chemical equation for Step 4 of the Chapman Cycle. [1]

With reference to the steps in the Chapman Cycle, explain why photosynthesis helps to
regenerate the ozone layer. [2]

Write the overall equation for Mechanism . [1]

State one pollutant which is a possible source of radicals for Mechanism |. Explain why

Mechanism | is called a catalytic process. [2]
(e}  Sketch and label the energy level diagram for the decomposition of ozone to oxygen. [2]
Energy /kJ

»

Progress of reaction

12
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B8  Olive oil is formed from glycerol and three long chain carboxylic acids (fa.!,f.}cids). as shown in
the equation below.

i
H2C—0—C—R1
H2C — OH R1— CO:H o)
]
HC—OH + R2—COH  — HC—O0—C—R2 + 3H:0 {c)
HzC — OH R3—COH I i
H:C— O—C—R3
glycerol carboxylic acids olive ol
(fatty acids)

The groups R1, R2 and R3 represent hydrocarbon chains each containing 17 carbon atoms. A
given oil molecule can be formed from any combinalion of the following fatty acids.

name of
fatty acid - formula M, melting point/°C
stearic acid i CH3(CH;)1eCO2H 284 69.0 “
oleic acid | CHa(CH2);CH=CH(CH2);CO-H 282 13.0 |
linoleic acid ' CHj3(CH32):.CH=CHCH;CH=CH(CH,);CO,H 280 -5.0
ll;;;;e—r;;c acid | CH3;CHa(CH=CHCH3)3(CH,)sCO,H 278 -11.0
{a) State the effect of the number of C=C bonds on the melting point of the fatty acids. [1]

(b)  The average number of C=C bonds in each oil molecule can be compared experimentally b
determining the mass of iodine that reacts with 100 g of the oil.

o

J

In an experiment, 100 g of olive oil was found to react with 86.2 g of iodine.

(i) Calculate lhe number of C=C bonds in each olive oil molecule.
(Mr of an clive oil molecule is 884) [3]

13

(ii)  From your answeé!:fib)(l). suggest 2 possible combination of the fatty acids tha{tﬁ
present in a molecule of olive oil.

idi i ic aci i idation process,
Glycerol can be oxidised to a carboxylic acid called glyceric acid. During the oxi
only one of the hydroxyl groups in glycerol is oxidised to the carboxyl group. Draw the f1u"
structural formula of glyceric acid. (1]

Describe a chemical test to distinguish between stearic acid and linoleic acid. [2]

14
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EITHER

B10 The experiment shown in the diagram below was set up to determine the enthalpy change of
combustion when different liquid fuels are burnt. The heat produced by the burning of the fuel
warms a known mass of water. The rise in temperature of the water can be used to derive the
amount of heat produced during the combustion of the fuel.

+ -~ hermometet

= =spfmetal contamner

] ! . X 1 i
! . ' thin - =+ - waler
shheld - - . . . i

g i e sprt lamp
| </ T liquid fuel

A student found two records in a data sheet which gave the following information.

Burning 0.92 g of ethanol causes the The temperature of 1 cm® of water
temperature of the water to increase rises by 1°C for every 4.2 J of energy
by 10°C and the amount of energy given out during the burning of the

given out is 16.8 kJ. fuel.

{a) Calculate the amount of energy given out when 1 mole of ethanol is burnt. (1]

(b) Calculate the amount of energy given out when the temperature of 10 cm?® of water rises[ ?y}
8°C.

15

(¢) The table shows the bond energies for some bonds.

Bond Bond energy (kJ/mol) Bond Bond energy (kJ/mol)
cC=0 804 C-H 413
0=0 498 c-C 348
O-H 464 c-0 360

(i) Ethanol burns in excess oxygen to produce carbon dioxide and water. Write the chemical
equation for the complete combustion of ethanol. [1]

(i)  Use the information in the table to calculate the enthalpy change, AH, of the combustion
of ethanol. [3]

(iii)  The values obtained in (a) and (b)(ii) are different. Suggest two reasons which could have
led to a difference in the enthalpy of combustion. [2]

(d)  Describe how the energy of the reactants and products, activation energy and enthalpy of the
reaction will change if at all, when gaseous ethanol is used instead of liquid ethanol. [2]

16
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OR —
B10

{a)  Polylactic acid (PLA} is a polymer that is derived from renewable sources such as corn starch,
tapioca rools and sugarcane. PLA is biodegradable. Polyvinyl chloride (PVC) is a synthetic
polymer that is derived from crude oil. The structures of the polymer of PLA and PVC are shown

below.
CH; O H CI
| il [
~¢—¢ e
H A H H
PLA
(i) Draw the structural formula of the monomer of PLA and PVC. [2]
monomer of PLA monomer of PVC

(i7) Describe one similarity and one difference in the polymerisation process to form PLA 3*
PVC. (2

(iii)  Suggesl two advantages of using polymers such as PLA rather than PVC. [2)

17

(b)

/

weri 3500 g of the monomer was used. Cal
iv) During a manufaci.._<g process of PLA, 1
e the mgss of the PLA polymer chain formed assuming 100% conversion.

Ethanoic reacts with butanol to form an ester. Draw the full structural formula of the e
produced and state the conditions for the esterification process.

Conditions for esterification:

culate

[2]

ster

[2]

18
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NAME: ( )

CLASS:

Dry sample of gas X

YISHUN TOWN SECONDARY SCHOOL

Drying
PRELIMINARY EXAMINATION 2023 s
! SEC 4 EXPRESS
! and cakkium hycromde
| (6092/1)
| N
| What is gas X and a suitable drying agent that can be used?
i DATE 30 Aug 2023 DAY Wednesday
- Gas X Drying agent
DURATION: : -
| SEanatn s MARKS: 40 marks A hydrogen chloride calcium oxide
B ammonia concentrated sulfuric acid
Cc hydrogen chloride concentrated sulfuric acid
ADDITIONAL MATERIALS D ammonia calcium oxide
Multiple Choice Answer Sheet (OMS)
2 Three balloons are placed inside plastic containers containing different gases at room
temperature and pressure as shown below,
READ THESE INSTRUCTIONS FIRST |
Write your name, class and register number in the spaces provided at the top of this page. ' carbon dioxide nitrogen helium
There are forty questions. Answer all questions. For each question, there are four possible anzwere,
A. B, C and D. Choose the one you consider correct and record your choice in soft pencii or. {7, o carbon
separate answer sheel. Each correct answer will score one mark. A mark will not be deducted for z | yarogen monoxide
wrong answer.
I n n
| INFORMATION FOR CANDIDATES
1 Which correctly describes the balloon in each set up after a while?
Any rough working should be done in this booklet.
| 11 L1}
| You may use an approved calculator. A becomes bigger remains the same deflates
! B becomes bigger becomes bigger becomes bigger
| A copy of the Periodic Table is printed on the last page. Cc deflates remains the same becomes bigger
| D deflates becomes bigger becomes bigger
|
|

This question paper consists of 16 printed pages

1 A student wanted to collect a dry sample of gas X using the reactants and apparatus below.
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The almosphere of Venus contains mainly oxygen, argon and nitrogen. The melting and boiling
points of these gases are shown in the table below.

gas melting point/ °C | boiling point/°C
oxygen -219 -183
argon -189 -186
nitrogen -210 -196

What temperature should the sample of air be decreased to in order to obtain only liquid oxygen?

A -180°C B -185°C
c  -187°C D -198°C

The apparalus shown is used to distil butanoic acid (boiling point 164°C) from a mixture of
bulanoic acid and water.

S04 and whler

Which graph besl shows the change in the concentration of the butanoic acid in flask F during the
distillation process?

A ' B i
Corcenttalon concentraton
ol butancc of butanoc
aced acd
0 ‘————:. 4]
0 Line 0 time
c D
concenlrdion concentranon
of butiinoe of b{uwno-c
ac acd
—— 0
° 0
0 time time
3

Which solution when added to both the reagents below will produce a gas?

« Sodium carbonate
« Aqueous sodium hydroxide with aluminium foil

aqueous ammonium nitrate

A dilute nitric acid B
aqueous potassium sulfate

Cc dilute sulfuric acid D

lons of two isotopes of nickel are shown below. They are labelled as X and Y.,

ers '
2gNi™* NI
X Y

Which statement is correct about these ions?

Both ions have the same number of electrons but different number of neutrons.
In both ions, there are more electrons than protons.

lon X has the same mass asion Y.

Each ion has more protons than neutrons in its nucleus.

oOO0Om>

An alloy of iron and carbon was added to a beaker of dilute nitric acid as shown in the
diagram below.

dilute nitric acid 0#$ product

—— alloy

Zynich rgw correctly shows the type of particles present in the substances as shown in the
iagram?

: iron carbon dilute nitric acid gas product
A |ions anq electrons atoms ions and molecules molecules
B ions molecules ions molecules
C A ions molecules ions and molecules atoms
D | ions and electrons atoms ions atoms
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8

The ouler electronic structure of a molecule is shown below. AT

T~ . e
o® o °

S I 2D
0._,/.\/.\_,..

What could elements X and Y be?

X Y
A magnesium oxygen
B carbon oxygen
Cc lead oxygen
D silicon chlorine

A substance has the following structure.

® ParticleX

QO ParticleY

Which of the following statements about this structure are correct?

! Particle X may be a silicon atom.

I This is a simple molecular compound with strong covalent bonds between atoms.
mn This substance is soluble in organic solvents.

v This substance is stable to heat.

A | and It only B I and IV only
Cc I and It only D Il and IV only

Ve .
10  The diagram shows the St.,ZUre of ethanoyl chloride.

I
H—C— c/
| \
H Cl
What is the total number of valence electrons not used for bonding?
A 5 B 10
[ 14 D 26

11 Gaseous chlorine was passed through the following apparatus. The apparatus was continuously

heated.
chlorine gas —» to pump
cotton wool
potassium solid gel
bromide
potassium iodide
What observations would be made at regions 1, 2 and 3?
Region 1 Region 2 Region 3
A | reddish brown gas black solid violet gas
B | reddish brown gas violet gas black solid
C yellow gas reddish brown gas violet gas
D yellow gas reddish brown gas black solid
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12

13

14

15

P is a Group | element. What would happen when a small piece of P is put into a bowl that
conlains water and a few drops of litmus solution?

| Heal is released.

1] An electrolyte is formed.
1l The solution turns blue.
v A gas is given off.

A | and 11l only B

Il and IV only
c [, 1it and 1V only D

I, 1, and IV
In an experiment, 1cm? of a gaseous hydrocarbon, Z, requires 4cm? of oxygen for complete
combustion to give 3cm? of carbon dioxide. All gas volumes are measured at r.t.p.

Which formula represents Z?

A CaH2 B CaH4
Cc CaHa D CiHs

68 g of impure hydrogen peroxide decomposes in the presence of manganese (IV) oxide {o give
1.2 dm? of oxygen gas as follows.
2H202 — 02 + 2H20
What is Ihe percentage purity of the hydrogen peroxide?
A 2.5% B 5.0%
C 10.0% D 15.0%
A chiloride of iron contains 55.9% of chlorine by mass. Whal is the empirical fermula of this

chloride?

A Fe2Cls 8 FeC/
c FeCh D FeCh

16

17

The graph shows how the pH changes in a reaction between an acid and an alkali.

144
pH
T
z .
volume of solution
0 added / cm®

What conclusions can be deduced from the graph?

An acid is added to a fixed volume of an alkali.

Only salt and water are present at part Z of the graph.
Neutralisation occurs at about pH 7.

A weak acid was added to a strong alkali.

B WM -

1 and 3 only

A 1 and 2 only B
c 1,2and 3

2 and 4 only D

Which graph shows the solution formed when one mole of a weak acld, HX is dissolved in
1 am? of water?

Koy
] batore clasoMing
B stee dissolving

Concesr shon | mokam

2 B "
1fee 1obae
HX HX H X
HX MHX H- X

Concantneon (mokdm?)
Cancant shon (moirim ")

H N \—D‘
- il 2N HX WX R x
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18

19

20

21

The structure below 1s citric acid

CO,H
HO —~ é—CH;CO;H
|CH;C01H
How many moles ol sodium hydroxide are needed to neutralise one mole of citric acid?
A 1 B 2
C 3 D 4

Which of these sequences of reaction produces the best yield of calcium sulfate?

A Adding dilute nitric acid to calcium carbonate followed by dilute sulfuric acid.
B Mixing solid calcium nitrate and solid potassium sulfate.

Cc Addind calcium carbonale 1o dilute sulfuric acid.

D Adding calcium oxide solid to dilute sulfuric acid.

Which slatement aboutl metals and their compounds is not correct?

A Unreactive metals are likely to be found as elements in soil or rocks.

Metals low in the reaclivity series are generally extracted from their oxides by heating with
carbon.

B
Cc Heating magnesium with iron (ll1) oxide produces iron and magnesium oxide.
D A higher temperature is needed to reduce copper (Il) oxide to copper than zinc oxide to

zinc by hydrogen.
A melal consists of a lattice of positive ions in a 'sea of electrons’.

What happens to the electrons and positive ions in a metal wire when an electric current
1s passed through il?

electrons positive ions
A | replaced by new electrons replaced by new ions
B | replaced by new electrons unchanged
C unchanged replaced by new ions
D unchanged unchanged
9

22

23

22

n
(&3

26

Steel is an alloy of iron v"(m_dvefy small percentage of carbon. Which statement is Incorrect?

An increase in the percentage of carbon makes the steel more brittle.

A decrease in the percentage of carbon makes the steel less malleable.

i f iron.
Carbon disrupts the orderly 'arrangement 0
Iron atoms are of different size from carbon atoms.

oOw>»

Bismuth (I!1) oxychloride dissolves in concentra.ted hydrochloric acid to give a colourless solution
of bismuth (IIl) chloride. This reaction is reversible.

BiOC! (s) + 2HC/ (aq) = BiC/(aq) + H20 (/) AH = -132 kJ/mol
The activation energy for the forward reaction is 45 kJ/mol.
What is the activation energy for the reverse reaction?

A - 45 kJ/mol B
C - 87 kJ/mol D

+87 kJ/mol
+177 kJ/mol

Which statements about the Haber Process are true?

Nitrogen is reduced to form ammonia.

Hydrogen is obtained from the fractional distillation of air.
A high temperature will increase the yield of ammonia

A high pressure will increase the yield of ammonia

e £ N -

2and 4 B
C 2and 3 D

3and 4
1and 4

S

Which changes include both oxidation and reduction?

A C—-CO—CO2

B N2 — NH3; — NO

Cc PbQO2 — PbO —Pb
D Fe — FeCl» — FeCh

Hydrogen peroxide, H202, reacts with silver oxide according to the following equation.

Ag20(s) + H02() — 2Ag(s) + H0() + 02(q)

In this reaction, what is hydrogen peroxide behaving as?

A An acid B

An oxidizing agent
Cc A reducing agent D

A dehydrating agent
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27

28

29

An experimenl was sel up as shown in the diagram below. Which tube will have the highest
waler level after one month?

A B c D

hydrogen!
air ——t R oxygen
iron nitrogen fren
N

—— water

D_iesel and petrol are commonly used as fuels for cars. The combustion of these fuels produces
air poliutants. The table below shows the mass of air pollutants found in exhaust fumes when
1 kg of each fuel is combusted under identical conditions.

air pollutant produced mass of air pollutant
after diesel is

combusted / g

mass of air pollutant
after petrol is
combusted / g

|
|
'
|
———

carbon monoxide 15 300
_unburnt hydrocarbons 20 25 2
oxides of nitrogen 95 40

What can be inferred from the data given in the table?

Burning of petrol conlributes more towards acid rain.

Petrol requires less oxygen for complete combustion.
Combustion of petrol is more exothermic than that of diesel.

A diesel engine has a higher temperature than a petrol engine.

oOm>»

10 g each of zinc and copper powder were burnt in excess oxygen. Which row correctly states
the volume of oxygen reacted and the rate of the reaction?

rate of reaction
faster with zinc
faster with zinc

faster with copper
faster with zinc

volume of oxygen reacted
same for both
smaller with zinc
smaller with zinc
smaller with copper

o0m>

30

31

32

33

34

Which statement about a catalyst is not true?

A catalyst changes the enthalpy of the reaction, AH.

A catalyst changes the rate of reaction.

A catalyst has no effect on the kinetic energy of the reacting particles.

A catalyst provides an alternative reaction pathway that has a lower activation energy.

oom>

Dilute sulfuric acid reacts with copper (I1) oxide to form copper () sulfate and water. What would
not alter the rate of this reaction?

the concentration of sulfuric acid

the pressure at which the reaction takes place
the size of the particles of copper (II) oxide
the temperature of the reacting mixture

OOw>»

When water is liquid, it ionises slightly.

H0 () = H’(aq) + OH (aq)
The forward reaction is endothermic.

When the temperature of water is increased, which changes take place?

1 The water becomes acidic.

2 The water becomes alkaline.

3 More water molecules form ions.

A 1and 3 B 1 only
c 2and 3 D 3 only

A solid layer of element R is formed at the cathode when an aqueous solution of ions of R is
electrolysed. Which statement about element R is correct?

A lons of R lose electrons at the cathode.
Element R must be below hydrogen in the reactivity series.

B
c Element R forms positive ions at the cathode.
D The oxidation state of element R increases.

In an electrolysis experiment, the same amount of charge deposited 54.0 g of silver
29.75 g of tin. What was the charge on the tin ion? g ¢ ver and

A 1+ B 2+
c 3+ D 4+

12
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35 A simple cell was sel up to light up a bulb as shown in the diagram l.';elov.——'Ass 38  Compound Q has the strLaise shown.

H H H H
X [0
H=—C=—=C— C—C—H

]

H H H O—H

Which structure is an isomer of Q7
X Y
A B
2z
o 1
What should X, Y and Z be for the bulb to light he bri ? =
ght up the brightest? H—C—C—C—H H-(I: f H
X Y 7 I H I H==C—H H—C=—H
- - Mk H—C—H O—H I
A magnesium iron ethanoic acid | [ O—H
B magnesium iron sulfuric acid H o
Cc magnesium zing ethanoic acid
D magnesium zinc sulfuric acid c D
H H H H H H H H
36 How many of the statements below correctly describe the petroleum gas fraction obtained after H_(I: _CI;_(I:_(I:_H H_o_(l;_(l;_é_(l;_,_,
crude oil undergoes fractional distillation? 1] TP It [ T |
H H O H H H H H
+ s molecules are hydrocarbons. ,',

« Its molecules have a variable number of carbons.
« The fraction has a fixed boiling point.

. ion i | | " 3 " N K
IREietivi gy Dol gt 39  The hydrocarbon C17Has can be cracked. Which compound is least likely to be produced in this

A 1 B 2 reaction?
. s 2 x A CiHs B CuHs
C CgHm D CNHJ‘

37 Compound X has the following properties.
« X can be made by a fermentation process.
« X when added to acidified potassium manganate (VIl), forms Y.
¢ X can react with Y to form Z and water.

To which homologous series do X, Y and Z belong?

X Y Z
A alcohol carboxylic acid ester
B alcohol ester carboxylic acid
| C| carboxylic acid alcohol esler
0| carboxylic acid ester alcohol

14
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has six carbon atoms in each of the monomers from which it was formed.

is not a polyester.

P is a polymer that

40

is formed by condensation polymerisation.

What is a possible structure of P?

B

o)

i
—C—(CH,)y—C—N—(CH,)s—

A

o
|

o]

—C—(CH,),—C—0—(CH,),—0—

N—
|
H

|
H

SjuawWa|3 4O a|qe) dIpouad ayL

Cc
O

(0]

I
e=C==(CH,),=C=—N==(CH,)s—

N—
|
H

H

16
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YTSS 4E CHEMISTRY PRELIM 2023

1.0 6 A 11.C 16. 8 21.8 26.C 31.B 36.B
2C |7A___ (120D  {17.A  |22.B _ |27.D 32.0 37.A
38 8.B 13.C 18.C [23.D 28.0 33.B 38.C
4.8 9.8 14.8B 19. A 24.D 29.8B 34.B 39.D
5. A 10.8B 15.€ 20.D0 25.8 30.A 35.B 40.C
|
: . ANSWER REMARKS
Al{a)() [C&E 1 (both must be
| _ correct)
L (a)(ii) D 1
|_(a)(iii) A_ 1
\ (b) M is copper. 1 (explanation | Itis the oxide of
' The oxige pf M can be reduced/displaced by must be M that is reduced
i carbon indicating that M is less reaclive than correct) not M.
} carbon. Copper is less reactive than carbon
| __| while magnesium is more reaclive than carbon.
i A2 . 2m (all correct)
‘ P compound 1m(1 or 2
i Q mixture Yol
‘ " Sl Om (all wrong)
i A3(a)(i) ~ | 1m (for correct | Check if full sheli
| . . ‘ “ n 2- Li* structure) or outermost shet!
: o ’ required.
@ @ * @ 1m (for correct | Check if structure !
° o s O% structure) | is ionic or '
o o covalent !
O -
(a)ii Formula of oxides | Oxidation state of oxygen || 2m (all correct) -i

Li2O -2
Na202 -1 im(1or2
KQ2 -0.5 or -1/2 wrong)

0m (all wrong)

(o)(i)

Naz0 + SiOz2 — NazSiOs

1

Make reference lo
Calcium silicate in
iron exlraction

energy to overcome. Hence it has a high melting
point

(b)(ii) Sodium oxide exisls as a giant ionic lattice 1.1 No nged to
structure with strong electrostatic forces of specnfy the name
attraction between ions which require a lot of of the ions.

Scanned with CamScanner

Silicon dioxide exiss— a giant covalent 1.1 Note the 3 giant

structure with strong covalent bonds between covalent

atoms which require a lot of energy to structures:

overcome. Hence it has a high melting point. graphite,
diamond, silicon
dioxide

(c) ZnO is an amphoteric oxide. 1 Qn requires

reference to

In reaction 1, ZnO reacts with acid indicating that | 1 equation so state

it is behaving as a base. In reaction 2, ZnO reacts clearly the

with alkali indicating that it is behaving as an acid. substance you
are referring to or
state the equation
number.

Ad(a) They all have the same general formula of CaHzn | 1 Empirical formula
Each consecutive member, cyclopropane CaHs, 1 is not the same
cyclobutane C4Hs and cyclopentane CsHio all as general
differ by a CHz group. formula

(b) True 1
False 1

(c) The greater the number of carbon atoms in the 1 State clearty the 2
cycloalkanes, the higher the boiling point. variables.

As the number of carbon atoms increases, the 1
molecule is larger. There are stronger
intermolecular forces of attraction between
molecules hence more energy needed to
overcome the forces.
| ) R & " Wi ] When drawing
| Bl TS oy (l | Je—c—c- org structures,
! H=C=C-C-C-H j—b—Ceme—C—n HIZ , 3 count the number
l H H l|l | l|I I|l o4 B |ofbonds around
I each atom

AS(a) As the concentration of sulfuric acid increases, the |1 Separate out the
rate of reaction increases. description and
At higher concentration, there are more particles |1 explanation.
per unit volume so the particles collide more 1
frequently. This leads to a higher frequency of
effective collisions and a faster rate of reaction.

(b) At such a high concentration of sulfuric acid, the 1
acid does not ionise completely so the 1
concentration of H* ions is low.

{c)(i) Mg + H2SO4 — MgSOu + H2 Present answers

clearly with
No of moles of Mg = 0.24/24 1 proper statements
=0.01 mol and units.
No of moles of H2SO4 = 100/1000 X 0.5 Working for
=0.05 mol limiting reagent
Mg : H2SOs 1
2
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@i ]

1 : 1
0.01 mol: 0.01 mol

Hence, magnesium is limiting reactant

No of moles of Hz2 = 0.01 mol

must be shown
using mole ratio.

Volume of H2= 0.01 X 24 L

L =0.24 dm?

Graph A: slower rate & same yield as Expt 1 Iy Label each graph
3 Graph B: faster rate & same yield as Expt 1 1 (no mark if according to

'

graphs follow
Expt 1

instructions.
Graphs should be

i [ radient drawn neatly.
() | Student needs to use excess magnesium, % : Question reéuires
i Change Lhe mass of magnesium used 10 more 1 (mass must reference to
\ g\;n or equal to 1.2g be staled) quantities ie
| 1 masses, volumes,
Mass of magnesium must be more than 1.2gand |1 concenlrations.
i volume and concentration of sulfuric acid
. | remains unchanged. 1 Qn does not
| OR 1 require a
| Mass of magnesium remains unchanged but description of sait
reduce volume of sulfuric acid to 20 cm?® and 1 prep process i
| below. 1 !
! OR z
! Mass of magnesium remains unchanged but ;
. decrease concentration of sulfuric acid to 0.1 ‘:
! mol/dm? and below. !
I
(e) Calcium will react with sulfuric acid to form an 1 ‘amount’ refers 1, |
insoluble layer of calcium sulfate around the no of meles. So
calcium preventing further reaction with the the ro of moles of
acid. metal used is the
same. This factor
does not affect
the volume of gas
"AB(a) | Cathode: 2H" (aq) *+ 2e —cv)Hz (gg) P :
Anode: 40H" (aq) — 2H20 () + Oz2(g) + 4e : =%
(b) | The ratio of gasq))( (oxygen) to gas Y (hydrogen)is |1 Write the ralio in
1:2. 1 full sentence.
For every 2 mole of electrons, 1 mole of hydrogen Usg eqn mole'
' gas is formed at Y and 0.5 mol of oxygen gas is ralios to explain
; formed at X. : -
(c) Al the positive electrode, chlorine gas will form 1 (must show Alv_n.ays write
! instead of oxygen gas. change) Clions get
| After electrolysis has been running for some time, |1 discharged evg':l_
lhe electrolyte becomes concentrated sodium _before all the
chlonde solution. CI" ions will be discharged lons are
| instead of OH" ions. discharged.

A7(a) Oxygen reacts with / oxidises carbon in the 1 (Product —l
molten cast iron to form carbon dioxide/carbon | myst be stated
monoxide hence reducing the carbon contentin | for mary)
the cast iron
(b) Titanium is very reactive. Argon is used to create |1 Oxygen reacts
an inert / unreactive atmosphere so that oxygen with hot
will not react with the titanium or with magnesium or
magnesium titanium metal not
titanium chloride,
Answer shd be
specific to
question and not
generalise eg
oxygen will react
with the
reactants/product
S
(c) Operating temperature for extraction of titaniumis |1 Ans should state
much higher (1500°C) than for extraction of iron data, inference
(1000°C) so cost is higher. 1 and link to gn.
There are more stages in the manufacture of
titanium than in iron extraction which increases Show clear
energy usage leading to higher cost. comparison in
Extracting titanium requires atmosphere of argon answer,
; which is more expensive than reaction in oxygen
l for iron extraction.
Any 2
| (@) 2Mg + Ti** — Ti + 2Mg?* 1 Balance both
: particle and
L charge
{e) Titanium is less reactive than magnesium 1
Magnesium displaces titanium from titanium
(IV) chloride hence magnesium is more reactive. |1
B3(a) 1m (correct The question
double bond asks for 3
with 8 different symbols
outermost for each O atom.
electrons) Usex, @ O
1m (dative
bond with 8
valence
electrons for
the 2 oxygen
atoms sharing
the dative
(b) Th tect us f uv v
e ozone can protect us from UV-B 1 (with Quote data, make
(wavelength 280-315 nm) and UV-C (100-280 nm) | explanation) inference and link ]
to gn.

Scanned with CamScanner


https://v3.camscanner.com/user/download

b

Olive oil : 12

0.11312 mo! : 0.33937 mol

to 5 sf
(intermediate)

i as ozone is able to absorb rays with wavelength
240 - 310 nm.
However, ozone cannot protect us from UV-A as | 1 {with
the wavelength of UV-A (315-400 nm) falls outside explanation)
_r_ol the absorption range of ozone.
(c)) O+ 03 -» 20y o 1
(©)tn) | Pnotosynthesis produces oxygen. B Step 1is
In step 2, one oxygen molecule reacts with one |1 irrelevant 1o the
oxygen atom to form ozone. Hence with a supply qn. Focus should
of oxygen by photosynthesis, ozone can be be on Step 2
regeqeraled. which uses the Oz
produced by
photosynthesis to
: regenerale ozone
()10} 203 — 302 1 Overall eqns
should not have
the same
substance as
both reactant and
I R product
(d)(i) One source of radicals is from 1 State clearly what
chlorofluorocarbons (CFCs) which provide the the catalyst reacts
chlorine radical. In Step 1 of Mechanism |, the with in step 1
radical reacts with ozone to form an 1 before stating that
intermediale compound which is then reacted in it is regenerated
Step 2 to regenerate the radical again. Hence in step 2
the radical acls as a catalyst and can be used
|| again to react with another ozone molecule | !
(e) 1mexo graph | Info is given in 2" |
203 para: Ozone i
1m labelled easily i
AH with reaclants, | decomposesto |
prod, enthalpy | oxygen as the '
30z (ecf from di) formation of i
Allow name oxygen is '
> instead of energelically
formula more stable
(meaning reaction
is exo)
B9(a) The greater the number of C = C bonds, the lower |1 State relationship
the melting point of the fatty acids. between the 2
variables clearly.
(b){(1) No of moles of olive oil = 100/884 1 Note that
=0.11312 mol halogeps are
No of moles of 12 = 86.2/254 diatomic.
=0.33937 mol Answers shd be

“Un

"f/l’l The ratio of oil to
1 ¢ 3 - 1 halogen gives the
In each olive oil molecule, there are 3 C=C bonds n6 of C=C double
bonds
— p c aci linolenic 1
(b)(ii) G(l:y:erol with two stearic acid and one (Any one)
aci . .
Glycerol with one stearic acid, one oleic acid and
one linoleic acid o
Glycerol with three oleic acid = Qn requires full
(© 0 structural formula
LI_O" so show all
| bonds. Only
"—T—O" hydroxyl groups
PEiie) SRS atthe ends of a
| molecule can be
H oxidised to
carboxylic acids
(d) Add aqueous bromine 1 (test) Do ngt use
For linoleic acid, aqueous bromine will turn from 1 (result) bromine water.
reddish brown to colourless. For stearic acid,
aqueous bromine will remain reddish brown
B10 EITHER =
(a) Amount of energy given out = 16.8/0.92 X 46 1 Write clear
= 840 kJ statements
{b) Amount of energy given out=4.2 X 8 X 10 1 Write clear
=336J statements
(citi) C2HsOH + 302 — 2C02 + 3H20 1 The gn states
| combustion not
oxidation so prod
i are COz and H20
| (e i) Energy taken in to break bonds 1 Write proper
, =348 + 5(413) + 360 + 464+3(498) statements with
5 =4731 kJ 1 units
|
i Energy given out to form bonds = 4(804) + 6(464)
| = 6000 kJ 1
AH = 4731 -6000
=-1269 kJ
(c)(iii) In the heat experiment, there is heat loss to 1
surroundings. 1
In the heat experiment, there could be incomplete
combustion taking place
(d) Energy of reactants will be higher. 2 Qn says to
Ea will be lower/smaller Ya describe not
explain.
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" T€nthaipy will be larger / more negative / more P2
1 exothermic ) Conditions: Heat / Warm / Reflux with 1 (must have
! Energy of products remains unchanged. Ya concentrated sulfuric acid as catalyst both
{810 | OR - , - - n conditions)
(@) T ?{) H Cl 1 Monomers do not
} L3N \ / 1 have open-ended
c“f‘(‘—c =t /C=C\ structures.
OH H H Check that your
bonds are correcl.

"(a)i) | Simitarity: Both have monomers that join logether | 1 Qn asks for
1o fonn covalent bonds similarities and
i

differences in the
process of
polymerisation.

Difference: During manufactre of PVC, only a 1
single product is formed. While in manufacture of
PLA, a water molecule is 1ost during the reaction

(@)ii) | PLA is biodegradable and can be broken by acid |1

Info is given in the
or alkali hydrolysis while PVC is non-

qn. Compare
biodegradable. similar qualities.
! 1 Renewable is not
i PLA is made from plants which is a renewable the same concept
! source while PVC is made from crude oil which as biodegradatle
is a non-renewable source. so do nol mix

; them in cne &as. |

The monomer used to form PLA is made from ‘
plants which absorb carbon dioxide during :
photosynthesis. So when PLA is burnt, there is no :
net increase in carbon dioxide to the environment. i
The monomer used to mae PVC comes from crude :
oil so when burnt, adds to the carbon dioxide in the :

atmosphere.
___ __|Any2 el b st . !
{a)(iv) No of monomers used to make polymer 1
= 13500/90
: =150

Molar mass of one repeating unit = 72g/mol

Mass of polymer = 72 X 150

_ = 108009
l - —
te) 1
= o
i 7 H M M H
i pope Rd T
| | Q-—-C-——C—C--C—H
i 4 TR
» [ H H H H = . 2 o o R PRSP |
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