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A1l

1 s

The table below shows a list of arganic substances.

(a)

(b)

e e ——————at

letters representing the substance substance

A CiHe
CiHs
CF2Cla
CyH;COOH
pely(propene)
butyl methanoate

terylene

I O n m ol O @

propanol

You may use the letters once, more than once or not at all to answer the following
questions.

(i)  Which two substances have the same empirical formula?

(1

(i)  Which substance increases our exposure to ultra-violet radiation from the sun?

{1

(i)  Which substance can react with magnesium carbonate to form a salt?

1
(lv) Which substance is formed when substance B undergoes hydration?
[1]
Describe a chemical test to differentiate substances A and B. Indicate the resuits of
the test for both substances A and B.
3l
[Total: 7}
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A2 Three allotropes of carbon are given.

allotropes melting point (°C)

diamond
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graphite
25
)
-

S, 3600 (sublimes)

280

(a) State one physical property that is common for all three carbon allatropes.

)]

{b) State one physical property of graphite that i§ different from diamond. Explain why
graphite have this physical property based on its structure.

...... TR R SRS "]

4

(c) State the change in movement of the particles of fullerene at 280 °C.

()]
(d) Explain, using your knowlecge on structures and properties, why fullerene has a low
melting point,
(2]
[Total: 7]
A3 The table shows the bond strength of some hydrogen-halogen bonds.
hydrogen halide bond strength (kJ/mol) l
H-F 571 \
H-CI 432
H-Br 366
H-1 268 !
{a) Describe the relationship between the reactivity of the halogens and the bond
strength of the hydrogen halides.
1
{b) Explain which hydrogen halide forms a stronger acid, HC! or HI, when dissociated in
water,
2
(c)

Hydrogen chloride gas (HCI) can be decomposed using the set-up to form hydrogen
gas and chlorine gas:

2HCI (9) = H2(9) + Cl2(Q)

gnses delivered il
into the twbe H

cotlon wool soaked P
with concentrated " 45 s
hydtechloric acid 5.«
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5 \'/ ¢ 3 6
(i)  Which gas is delivered into the tube first, chlorine or hydrogen? Explain your Ad | o iai 9 i i
i : n the Haber process, the yield of ammonia is only 10 to 15 %. The ammonia produced is
answer using the relative molecular masses of the gases. used in the mgking ofa mnr onium salts. y

{a) State the temperature required for Haber process.
(1]
(2] {b) With the aid of a balanced chemical equation, explain why the yield of ammonia is
0
(ii)  The enthalpy change for this reaction is +184.6 kJ/mol. only 10 to 15 %.

Calculate the enthalpy change when 1 g of HCl is decomposed.
(Arof H=1, Cl = 35.5)

(2
{c) Draw the dot and cross diagram of an ammonium ion. Show valence electrons only.
(2]
(ili) Draw the energy profile diagram on the axes provided when 1 g of HCl is
decomposed. Indicate the activation energy, Ea, and enthalpy change, AH.
energy
s
(2
(d) Complete the following chemical equation involving an ammonium salt:
NHANO3 + KOH = .. ooeieeveesen cennesnesssans sonssa v sss st oss snmnasesas assasessassnste stsaass [l
[Total: 6]

(3]

progress of reaction

[Total: 10]
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AS  Phosphoric acid (HiPO.) is a corrosive acid that can form three different classes of salls,

namely pnmary phosphates, dibasic phosphates and tribasic phosphates.

It dissociates in a three-step process:

Step 1: H.POs(uu) = H>PO; (aq) + H*(aq)
Step 2. H,POS (aq) = HPOZ (uq) + H*(aa)
Step 3 HPO?™(aq)) = POI (ag) + H*(ag)

The p}j graph of 0.1 mol/dm? of dilute phosphoric acid titrated with 0.1 mol/dm? of sodium
hydroxide solution (NaOH) is given. The horizontal axis is not labelled and stage C
represents the stage when Lhe dilute phosphoric acid is fully neutralised.

pH

stage A
14 " .
. EEEEE
4 i 568 Y O
- - g}
f el BRENEHE
' 0
i i I EUS I N B ]
nn-a.roK.. 4 16 N S .
' | | W | R
: -t -1 . — % . »—1-1 H ....»:‘-. 11 : -
—11 ‘I i ,._'!_‘-_'”i 1;—‘{—“ "I'ﬁ:E“i‘IA[—;r-
8 1 0
§ & e Y T 0 O 1 I ) i "I—F_!_H“ _i—T"F”T'*’.‘[ T
100% 200% 300%
(a) Complete the label for the horizontal axis of the pH graph:
VOB Of s nns st x 100%
VOIUME Of ..ot et e e 1]

(b) Write the formula of the salt formed at stage A of the titration.

(1

(c) The table shows three indicators and the pH where colour change takes place.

indicator pH where colour change takes place
" “methyl orange 31-44
bromothymol blue 6.0-7.6
phenolphthalein 8.3-10.0

State which indicator can indicate the completion of stage B. Explain your answer.

(2]

[Total: 4]

A6

8

Haematite is an iron ore. It consists of iron(lll) oxide and acidic impurities {mainly silicon
dioxide) which are insoluble in water.

(a) Name the gaseous compound that is used in the blast furnace to reduce iron(lil) oxide
to iron.

(1

{b) Describe how the acidic impurities are removed from the iron in the blast furace.

(2]
(c) The method below shows another process to obtain iron from haematite.

Method:
1. Pour some dilute sulfuric acid into a beaker. Warm the acid.

2. Add excess lumps of haematite to the acid and stir the mixture.

3. Filter the mixture with a filter funnel lined with filter paper.

4. Obtain a pure solution of iron(lIl) sulfate.

5. Add excess zinc powder into the solution.

6. Filter the mixture again to obtain the residue. Remove the iron using a magnet.
7. Wash the iron with deionised water and dry it between sheets of filter paper.

(i) Explain why excess lumps of haematite is added to the acid.

0]

(i) Explain, using collision theory, why the dissolving of haematite is faster when
the dilute sulfuric acid is warmed.

3
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END OF SECTION A
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READ THESE INSTRUCTIONS FIRST

Write your class, index number, Centre number, O level index number and name in the
spaces at the top of this page

Write in dark blue or black pen.

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

Do not use staples, paper clips, glue or correction fluid.
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For Question B10, circle your choice of question (‘either’ or ‘or’).

The number of marks is given in brackets { ] at the end of each question or part question.
The total number of marks for this paper (sections A and B) is 80.

The use of an approved scientific calculator is expected, where appropriate.

! At the end of the examination, hand in the following separately:
| (1) Section A
’1 (2} Section B

For Examiner’s Use
Question 8 y
Question 9 %

Question 10
Either / Or 10
Tolal 30

This document consists of 10 printed pages.

/- \
@
Section B
Answer three questions.
Question 10 is in the form of an Either/Or question. Only one part should be answered.

B8 Aufbau Principle

The Aufbau principle was initially proposed in 1920 by the Danish physicist Niels Bohr, who
was the first person to use quantum mechanics to study atomic structure. He was also one
of the first to fundamentally explain the Periodic Table in terms of arrangement of electrons
(electron configurations).

The principle uses the concept that electrons will fill the lowest available energy subshell
rather than the higher energy subshells. In this way, the electrons in the atoms or ions form
the most stable electron configuration possible. As the electrons fill up the subshells in
order of increasing energy level, they also get further from the nucleus.

The order in which the electrons fill the energy levels is as follows:
energy lowest energy » highest energy ,

subshells 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 55, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 51, 6d, 7p J

Note: The numbers (1, 2, 3...) represent the principal quantum number for each subshell.
Example:
The electron configuration of hydrogen using the Aufbau principle is given below:

principal quantum number P number of electrons in the subshell

~
1
18
subshell

The table below shows the electron configuration of the first 12 elements in the Periodic
Table:

element atomic number | electron configuration | electron configuration
(simplified version) (Aufbau principle)
hydrogen 1 1 1s'
helium 2 2 1s?
lithium 3 21 1s%2s'
beryllium 4 22 152282
boron 5 2.3 1s72s%2p'
carbon 6 24 -
nitrogen 7 25 1s%2s%2p®
oxygen 8 26 1s22s%2p*
fluorine ] 27 1s%2s%2p°
neon 10 2.8 1s%2s?2p®
sodium 11 2.81 1s72s%2p°3s’
magnesium 12 2.8.2 1572572p°3s?
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Pauli Exclusion Principle

In 1925, Wolfgang Pauli theorised that electrons in subshells are placed in smaller units

known as orbitals. No more than two electrons can Occupy each orbital and the two
electrons in the same orbital must have opposing spins.

In the orbital of the 1s subshell, we can fill with a maximum of two electrons and use arrows

to represent opposing spins. For example, the two electrons in helium can be represented
as below.

He

A

1s

Hund's Rule

A German physicist, Friedrich Hund proposed that the electrons must fill the orbitals in a
subshell with the same spin before pairing up.

When visualising this process, think about how electrons are exhibiting the same behavior
as lhe same poles on @ magnet would if they came into contact. As the negatively charged
electrons fill orbitals, they first try to get as far as possible from each other before having
to pair up.

The diagram below shows the electron configuration of nitrogen. The three electrons in the
p subshell will fill all the empty orbitals first before filling orbitals with electrons in them

N (1s%2s%2p?)

A 4 A

1s 2s 2p

The diagram below shows the electron configuration of oxygen. Oxygen has one more
electron than nitrogen and as the orbitals are all half-filled with electrons, the remaining
electron must pair up.

0 (15%2s72p%)
A A 4
v l

1s 2s o 2

—

4

{a) Which subshell is further away from the nucleus, 3s or 3p? Explain your answer.

(2]
(b) Suggest the electron configuration of carbon using the Aufbau principle.
1
{c) Suggest how to determine the period of an element from the electron configurations
using the Aufbau principle.
Q)|
(d) Explain why the electrons must fill the orbitals in a subshell with the same spin before
pairing up.
(2)
(e) Adiagram is incorrectly drawn to represent the electron configuration of a sulfur atom
which has 16 electrons.
NN a
1s 2s 2p 3s 3p
(i)  Correct the mistakes in the diagram and draw the correct diagram below.
1s 2s 2p 3s 3p (21
(if) .Explain‘ using Pauli exclusion principle and Hund's rule, why the diagram is
incorrectly drawn.
(2)
(Total: 10)
3
s
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{ 6
° o/
ienti iaht be used for electroplating of silver onto
B9 The Baghdad baltery was first discovered in 1799. Itis made of a clay case consisting of a (d) Scientists concluded that the battery mig

iron rod and a copper cylinder within. It is said to be able to generate electricity when an metal objects.
by : e i / L
:g::r?;i electrolyte such as vinegar (ethanoic acid solution) is poured into the case before Draw a labelled diagram to show the set-up for electrop!ahng silveronto a metal object
with aqueous silver nitrate electrolyte. The battery, wires and container have been
drawn for you.
l S battery
=1
Seal 1 ’ ,_
Electrolyte
Iron Rod
Copper Cylinder
>,
Copper End \ / Clay Case container

Oy State and explain what happens to the set-up after it has been running for some time.
« Include half-equations for the reactions at the electrodes.

{a) State the formulae of all the ions present in vinegar. » State and explain the changes (if any) to the masses of the electrodes.
2 « State and explain the change (if any) to the concentration of the electrolyte.
“

(b) Label“positive terminal” and “negative terminal” for the battery in the boxes provided. [1)

{c) A model of the battery was made and tested in the laboratory. The voltage was
measured lo be 0.78 V.

(i)  Wnte lhe half-equation for the reaction at the posilive terminal of the battery.
1)

(ii) Suggest one change you can make to the battery to increase the voltage that
can be produced.

M
[5]

[Totat: 10)
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Either

B10

(a)

(b)

Bioethano! is a form of renewal energy made from common crops such as corn,
sugarcane and potato. It is considered as a fuel which do not increase the amount
of carbon dioxide in the atmosphere.

Explain why bioethanol is considered as a fuel which do not increase the amount of
carbon dioxide in the atmosphere.

(2]

The formation of ethanol follows the steps below:

Heal the sugar solution 10 a suitable temperature and pour itinto a container.
The rate of reaction increases when yeast is added to the sugar solution.
The container is sealed.

The reaction stops when the percentage by volume of ethanol reaches 14%.
The resulting solution undergoes further separation to obtain ethano! of
higher purity.

(i) Write the balanced chemical equation for the formation of ethanol from sugar

{ii)  Explain why the rate of reaction increases when the yeast is added.

1]

(i)  Explain why the reaction stops when the percentage by volume of ethanol
reaches 14%.

M

(c)

8

Alcoholic drinks contain ethanol. To test for alcohol intake, a breath analyser can be
used.

The earliest breath analyser uses the colour change when acidified potassium
dichromate(Vl) solution, KiCr;07 (orange) reacts with ethanol to produce
chromium(ill) sulfate, Cr2(SO4)s (green). In a balanced chemical equation, 2 moles
of ethanol react with 3 moles of potassium dichromate(VI).

Blood alcohol content (BAC) can be calculated using the Widmark equation:

_ [Ethanol consumed (g)x 100%)
- [body weight (g) x r]

BAC

The values of r are often taken to be 0.55 for females and 0.68 for males.

(i) Suggest another chemical commonly found in the laboratory that can be used
to test for the presence of ethanol using colour change.

Ml

(i)  Explain, using oxidation state, whether the potassium dichromate(V!l) was
oxidised or reduced when it reacts with ethanol.

M

(iii)  Drivers with BAC at 0.08% is unable to accurately retrieve signals from their
brains to either their hands on the steering wheel or feet on the brake pedal.

A can of alcoholic drink, containing ethanol, was titrated with 2 mol/dm? of
acidified potassium dichromate(VI) solution. There was a permanent colour

change when 36.50 cm? of acidified potassium dichromate(VI) solution was
added.

Calculate the maximum number of cans of this alcoholic drink a man of 60 kg
can consume before he reaches the limit of 0.08%.
(Arof C=12,H=1,0 = 16)

&)
[Total: 10]
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B10 Urea, also known as carbamide, is an organic compound with the formula CO(NH3),.

(0]
8
HaN" " NH,

It can be synthesised with two inorganic compounds, ammonia and carbon dioxide. It is a
colourless, odourless solid and highly soluble in water,

(a)

(b)

(c)

2 moles of ammonia and 1 mole of carbon dioxide forms 1 mole of urea and one
other product

Wrile the balanced chemical equation of the formation of urea from ammonia and
carbon dioxide.

Calculate the mass of ammonia in kg needed to produce 500 kg of urea.
(A/ofN=14 H=1,C=12,0=16)

Urea can be used in vehicle engines to reduce oxides of nitrogen into nitrogen found

in the exhaust gas.

Step 1: CO(NHz)2 + H20 — 2NH; + CO;
Step 2. 4NO + dNH; + Oz — 4Nz + 6H;0

(i) Explain how oxides of nitrogen are formed in vehicle engines.

(i)  Wrte an overall equation for the reaction between urea and nitrogen

monoxide

(1

(2

4}

M

{d) Urea can undergo condensation

U]

(i)

% _ o
polymerisation with a dicarboxylic acid, X.

X is a straight-chain organic compound that has a composition by mass given
in the table and a relative molecular mass of 118.

Element Composition by mass (%) |
C 40.68 ]
H 5.08 M|
e) 54.24 ]

Deduce the molecular formula of X.
(AcofC=12,H=1,0=16)

3]

Draw the full structural formula of X and hence draw the full structural formula
of one repeat unit of the polymer formed by urea and X in the boxes provided.

full structural formula of X

one repeat unit of polymer formed by urea and X

[2]
[Total: 10]

END OF SECTION B
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Write in soft pencil.
Do not use staples, paper clips, glue or correction fluid.
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four possible answers A, B, C and D. )
Choose the one you consider correct and record your answer in soft pencil on the separate

Answer Sheet
Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this question booklet.
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There are forty questions on this paper. Answer all questions. For each question, there 3rs
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|
\
|
1
i
l}
]

J
U
1 Gases produced in chem%i?reactions can be collected for future usage.

An experiment was conducted where reactants were placed into a conical flask and the
gas produced was collected using displacement of water method as shown below.

Which of the following reactions is this method not suitable?

decomposition of aqueous hydrogen peroxide
decomposition of calcium carbonate
reacting magnesium metal with dilute sulfuric acid

o0 o>

reacting ammonium chloride and dilute potassium hydroxide

2 Which of the following pairs of substances can be separated by heating?

ammonium chloride and sodium chloride
ammonium chloride and solid iodine
magnesium oxide and silver carbonate

oo o>

magnesium oxide and copper
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3

4

3
The diagram below shows a burning candle.

i)

% @
[\/
jv_ )

Which of the following shows the correct description of the movement of the particles in
(1). (2) and (3)?

(1) (2 &)

A particles move particles vibrate in fixed | particles can rotate and
randomly in any positions slide over one another
direction
B particles move particles can rotate and | particles vibrate in fixed
randomly in any slide over one another positions
direction
C | particles can rolate and particles move particles vibrate in fixed
slide over one another randomly in any positions
direction

particles move
randomly in any
direction

D | particles vibrate in fixed | particles can rotate and
positions slide over one another

Chromatography was used to separate a mixture containing two dyes. The R, values of two
dyes are given in the foliowing table.

! oye | X k Y

1 Ry J 060 0.40

If dye X moves a distance of 9 cm from the starting line, what is the distance between dyes
X and Y on the same chromatogram?

A 1cm B 2cm C 3cm D 4cm

4
§ The solubility of four solids, P, Q, R and S are as shown in the table below.

P Q R S

solubility in soluble insoluble insoluble soluble
water

Kevin tried to separate mixtures of these solids using the following steps.
1) Add the mixture to a beaker of water and stir.
2) Filter the mixture.
3) Obtain one of the solids from the mixture using crystallisation.

Which of the following mixtures could not be separated by this method?

A PandR
B QandP
C QandR
D Rand$S

6 Anion X* has a mass number of m and n electrons.

What does the nucleus of an atom of X contain?

number of protons number of neutrons
A n-3 n-m
B n-3 m-—(n-3)
Cc n+3 m-—{n + 3}
D n+3 m+n

7 Asample of silver metal consists of 2 stable isotopes, 51.8% of sil
i : » 9 ver-107 and 48.29
silver-109. What is the average relative atomic mass of the metal? st

A 106 B 107 Cc 108 D 109
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8  Which of the following consists of compounds only? L

oo m >

9

silver nitrate, copper(!1) sulfate solution, magnesium oxide
carbon monoxide, propane, carbon dioxide
bronze, steel, pewter

graphite, calcium, imestone

When a saturated aqueous solution of ammonium cobalt(ll) sulfate hexahydrate,

(NH4)2C0(S04)2.6H20 is cooled from 60 °C to room temperature, crystals are formed.
Which statement about this process is correct?

Do o>

The mass of the solvent in the solution increases.

The concentration of the solution remains the same.

The mass of the solute dissolved in the solution decreases.
The solubility of the solute increases as the temperature falls.

10 Which of the following consists of substance containing both ionic and covalent bonds?

A
Cc

aluminium sulfate B beryllium chloride
sulfur dioxide gas D chromium oxide

11 Capsaicin, which 1s found in chilli and pepper, causes the spicy burning sensation in ihe

mouth

1l has the molecular formula CisH2zNO3 and has a melting point of 65°C.

Which of the following statements best explains why drinking water is ineffective in
removing the burning sensation caused by capsaicin?

o0 m >

Capsaicin has a giant molecular structure and is soluble in water.
Capsaicin has a giant molecular structure and is not very soluble in water.
Capsaicin has a simple molecular structure and is soluble in water.
Capsaicin has a simple molecular structure and is not very soluble in water.

6
12 In an experiment, 1 mol okn’zéwdered copper and 1 mol of powdered zinc are placed ina
flask. 3 mol of hydrochloric acid is then added to the flask.

The flask is left until all the reactions, if any, are completed.

Which diagram shows the results of the experiment?

A B
colourless blue
neutral neutral
solution solution
1 mol of copper \0.5 mo! of copper +
0.5mol of zinc
Cc D
blue colourless
neutral acidic
solution solution
\1 mol of zinc 1mol of copper

13 49.2 g of hydrated magnesium sulfate is heated and cooled repeatedly until it reaches a
constant mass of 24.0 g.

Assuming only water of crystallisation is lost when hydrated magnesium sulfate is heated,
what is the formula of the hydrated magnesium sulfate? (A of Mg=24, S=32, 0=16, H=1)

A  MgSO.H0

B  MgS0.3H;0
C MgS045H,0
D MgSO.7H:0
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14 The formula of an oxide of element X is X30.

15

16

17

5.9 g of X30 contains 4.3 g of X.
How many moles of X ions does 5.9 g of X530 contain?

A 16
E‘?3
B 16
Te x3
C 59
16 x3
D 59
Tax3

A student wishes to dilute a solution of sodium hydroxide. Calculate the volume of
deionised water that she needs to add to 20.0 cm® of 2.00 mol/dm® sodium hydroxide so
that the concentration of the resulting solution is 0.300 mol/dm?,

A 0.200dm? B 0.245dm*
cC 0.113dm? D . 0.040.dm?

A piece of iron metal does not react when it was placed into a solution of hydrogen chioride
dissolved in methylbenzene, an organic solvent.

Which modification will allow the iron to react?

add water and slir
increase the surface area of iron metal
bubble more hydrogen chloride gas inte the mixture

O o0 o>

sand paper lhe piece of iron metal

Which of the following isfare suitable methods to test lhe strength of both nitric acid and
ethanoic acid of the same concentration?

| using 2 pH meter
1l measuring their electrical conductivity
1l titration using potassium hydroxide solution

A tandll B 1l only
c I and Ilt D I, Il and It

8
18 Y is a black solid with formula Ga;03 A reaction took place as followed.

Gax03 + 2KOH - 2KGa0; + H20

What is the role of Y in the reaction? It is acting as a/an .
acidic oxide

basic oxide

neutral oxide

O o0 o >»

amphoteric oxide

19 Which of the following can be used to distinguish between a solution of aluminium nitrate
and lead(11) nitrate?

A bromine solution B aqueous sodium hydroxide
C  dilute sulfuric acid D aqueous hydrogen peroxide

20 Which of the following can be used to test for chlorine gas?

litmus paper
cobalt(11) chloride paper
locating agent

OO0 o >

concentrated sulfuric acid

21 Which of the following represents the overall reaction in the hydrogen-oxygen fuel cell?

KOH + HCI - KCI + H;0
2H,0; & 02 + 2H,0
2H0 = 2H: + O,

2H; + 02 5 2H,0

o o0 m >

Scanned with CamScanner


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

22

23

9 )
A study of a precipitation reaction between aqueous lead(11) nilrate and dilute sulfuric acid
of the same concentration was conducted

:s:; tubes 1 to 4 contain different volumes of aqueous lead(11) nitrate and dilute sulfuric

Precipitation occurs in all test tubes and after 10 mi i ipif
inutes, th i
each test tube is measured and recorded. bk el e

Test tube 1 2 3 4
volume of aqueous
lead (Il nitrate / 5.0 5.0 5.0 5.0
cm?
volume of sulfuric 30 4
acid / cm? . >0 —
height of precipitate 3.0 35 4.0 4.0
/em : .

At the end of reaction, which test tube contains excess sulfuric acid?

Zinc is extracted from its ore, zinc sulfide, which is heated in air to form zinc oxide and &
gas This was carried oul in a laboratory using the apparatus shown.

2ine suthice
- ' 4
— = s T

HEAYf Porcelain Boat

What are the observations in the porcelain boat and gas formed while zinc sulfide is being
heated?

solid in porcelain boat gas formed
A turns yellow sulfur dioxide
B turns yellow oxygen
C turns grey oxygen
D turns white sulfur dioxide

10

24 A substance is coated on iron to prevent it from rusting. Which substance, when scratched,

will cause the underlying iron to rust most quickly?

A paint B  grease
c tin D zinc

25 Which of the following property does not describe a property of Group | elements?

good conductor of electricity
do not react with steam
react readily with halogens

o0 @ >

have low densities

26 In separate experiments conducted, a gaseous halogen was bubbled into an aqueous

solution of a halide salt. The following results were observed.

: halide solution
experiment | halogen added
X Y Z
: x displaced as displaced as
2 s
Y2 Z;
no visible et 3%el displaced as
2 Y2 X ; =1
reaction P il et 2,
no visible no visible Sl ieat
3 Z; 3 <
reaction reaction o

What is the arrangement of the halogens X, Y and Z in group VII, in increasing order of
proton number?

AT X Y2 B XZ2zZY
CapiZ Y, X D Y. XZ
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27 When excess copper(l1) carbonate is added lo dilute sulfuric acid, the total mass of the
reaction mixture is measured over a period of time as shown in the graph below,

a

(olal mass
of reaction
nuxture / g

time

Which is the composition of mass m;?

copper(l1) sulfate solution
copper(l11) sulfate solution and carbon dioxide

copper(l1) sulfate solution, unreacted copper(l1) carbonate

OO0 o P>

copper(ll) sulfate solution, excess dilute sulfuric acid

28 Nitric acid, HNO3, can act as a strong oxidising agent. Which of the following cannot be a
product of nitric acid in a redox reaction with other substances?

A N2 B NO
c NO; D N2Os

29 Il'the oxidation states of X, Y and Z are +1, +5 and -2 respectively, what is the value of n,
the charge of the ion (X2YZ4)"?

A -1 B -5
c +1 D +5

12
30 The following diagram shows an electrolytic cell set-up.

———J

substance 1— | |— substance 2

Which of the following pairs of substances in the beakers will give the largest current
reading on the ammeter?

substance 1 substance 2
A solid potassium chloride dilute nitric acid
B dilute sulfuric acid propanol
c dilute ethanoic acid molten aluminium chloride
D molten magnesium chloride dilute sulfuric acid

31 The direction of electron flow in the simple cell shown below is from metal Y to metal X.

metal X _.metal Y

solution of
a salt of X

( _ solution of
asaltofY

|~ porous layer

Which pair of metals X and Y will produce the highest voltage when used as electrodes in
the simple cell?
metal X metal Y j

A copper ) aluminium

B iron magnesium

c iron zinc

D ;

silver magnesium
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32 Which place on the map is most likely to be producing large quantities of sunur dioxide?

nver

c ‘:\ T
water puritication  Pelrol station
plant In vglagc

- —— - coaklired

33 To reduce atmospheric pollution, the following waste gases from a coal-burning power
station are passed through aqueous calcium hydroxide.

l carbon dioxide carbon monoxide nitrogen dioxide
| sulfur dioxide phosphorus(V) oxide propene

How many waste gases will not be removed by the above process?

A 2 B 3 Cc 4 D S

34 Which air pollutant irritates, damages the lungs and is a cause of acid rain?

carbon monoxide
oxides of nitregen

methane

OO @ >

ozone

35 Which of the following releases heat and involves the smallest change in volume for the
same mass of substance?

A condensation B sublimation
Cc boiling D freezing

36 An unsaturated organic acid P has the formula C17H2sCOOH. How many double bonds are
present between carbon atoms in each molecule of P?

A 2 B 3 c 4 D 5

{ ’
37 Some molecules are shMelow.

14

a
;
H,C CH Cl 7N
3 \C}{// \CI‘I:/ H,C'—" c ——C}il
0 (I
¥
CH— CH—Cl
H,C
Ny I
I CHJ CH— CH;
CHJ
(1 (v)

Which of the following represents a pair of isomers?

A
B
c
D

land Il
land Il
land IV
Il and IV

38 A group of students wrote the names of some esters as shown below.

I methyl ethanoate
Il ethyl propanoate

Il ethyl methanoate
IV propyl methanoate

Which esters have the same molecular formula, CyHsO2?

A
B
c
D

land ll
land 1l
Iland IV
Il and IV
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39 Dopamine is a chemical released in the brain that makes you feel good. Having the right
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Suggested Answers to Sec 4 Chemistry Prelim Paper 2 2023

Section A

Qn_| Answers

A1l

ai BandE

i C

it D

[\ H

b Add substance A and B separately into a test tube of agueous bromine. Shake the test

tube. / Bubble A and B into a test tube of aqueous bromine.

The test tube with substance A will have no visible change.
The test tube with substance B will decolourise the agueous bromine.

energy

-

AH = +2.53 kJ

—

progress of reaction

A2

Insoluble in water

Graphite can conduct electricity

Each carbon atom in graphite is bonded with three other carbon atoms.

There is one electron that is delocalised / free to move along the layers to conduct
electricity.

or

Graphite is soft/slippery.

There are weak Van der Waals forces between the layers in graphite.

The layers can slide past one another easily.

Vibrating about fixed positions to sliding past one another

Fullerene has a simple molecular structure

Small amount of energy is needed to overcome the weak intermolecular forces of

attraction between the molecules

Al

The higher the reactivity of the halogen, higher the bond strength of the hydrogen
halide

Hi
The bond strength of HI is lower/Lower energy is needed to break the HI bond.

Higher concentration of hydrogen 1ons per unit time is formed when Hl dissociates in

water / Hl 1s more readily dissociated in water than HCI

Ci

Hydrogen. The relative molecular mass of hydrogen (Mr = 2) is lower than that of :
chlorine (Mr = 71), hence the hydrogen gas molecules diffuse faster than the chlorine

molecules

No of moles of HCI = # = 0.027397

5

Enthalpy change = 0.027397 x *5= +2.53 kJ (3sf)

Ad
a 450 °C
b 3H2 + N2 = 2NHs ;
The reaction is reversible / Some of the ammonia breaks down to form hydrogen and
nitrogen.
5 +
d NH(NQ; + KOH = KNO3 + NH3 + H,0
A5
a volume of NaOH
volume of H,PO, X 100%
b NaH:PO4
c Phenclphthalein
The equivalence point for stage B is within the pH range where phenolphthalein
changes colour.
A6
a Carbon monoxide
b Limestone (calcium carbonate) thermally decomposed to form calcium oxide and

carbon dioxide.
The calcium oxide reacts with the acidic impurities (silicon dioxide) to form slag

(calcium silicate) which is then removed from the blast fumace.
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B9

a H*, OH™ , CH3C00"

b Copper - positive terminal
Iron = negative terminal

ci [ 2H*(ag) +2e~ - H2(g)

i Change the iron to a more reactive metal (zinc, magnesium) / Change the copper to a
less reactive metal (silver, gold)

d

|| battery
—|IFP
silver nitrate
sohlxtion
metal v silver
object metal
container

Draw and label electrodes and aqueous electrolyte

At the anode:

Ag (s) - Ag® (aq) + e~
At the cathode:

Ag’ (aq) + e” —Ag (s)

Silver ancde oxidises to form silver ions which goes into the solution. The anode loses
mass.

Silver ions are selectively discharged over hydrogen ions because they receive ions
more readily. The cathode gains mass.

The concentration of the electrolyte remains the same as the silver ions that are
selectively discharged at the cathode is re

{'ci | Thisis to ensure that all the acid is used up.
; cii The particles of sulfuric acid gains kinetic enerqy / moves faster.
1 More panicles have energy thal can overcome activation enerqy.
There is increase in the frequency of effective collisions, increasing speed of reaction.
[cii | 3Zn (s) + 2Fe> (aq) — 3Zn*" (aq) + 2Fe (5)
[civ | White precipitate is produced when a ittie aqueous ammonia is added.
The precipitale dissolved in excess aqueous ammonia, forming a colourless solution.
A7
a naphtha
paving of road surface
b Bitumen has the highest range of boiling points.
1t cools and condenses first and is collected at the bottom of the fractionating column.
ci Cracking is the breaking down of long-chain hydrocarbons to produce short-chain
hydrocarbons.
cii Cracking is required to meet the {high) demand of short-chain hydrocarbons which are
in low supply.
Section B
Qn | Answers
| B8
a 3p. Since 3p has a higher energy level than 3s, it is further away from the nucleus.
b | 1s?2s%2p?
jie The period is delermined by the largest principal quantum number / principal number
i of the last subshell
! -
[a Electrons have the same charge. i Y ]
They fill the orbitals in the subshells with the same spin to minimize repulsion.
o
s ey ey eyt
R R
1s 2s 2p 3s 3p
i eii Pauli exclusion principle states that electrons iq the same orbital must have opposing
spins, but the electrons in 2s have the same spin. ! - 3
Hund's rule states that the electrons must fill the orbitals in 2 subshell_wﬂh tpe same
i spin before pairing up, but the electrons in 3p did not fill up all the orbitals with the
! same spin belore pairing up.
|

plenished by the silver ions produced at the
anode.
B10 | EITHER
a Bioe:‘hatnol ist ':nade from plants (corn, sugarcane, potato) that take in carbon dioxide
for photosynthesis. This balances the carbon dioxide qi ing i
LB € given out during combustion of
bi CeH1206 = 2C,HsOH + 2CO,
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\
i Yeast is a catalyst for the reaction. / Yeast helps the sugar to decompose faster. / di H 0
Yeast lowers the activation energy needed for the reaction. c 5.08 54.24
Mass of element | 40.68 4
it The yeast is denatured / cannot function as a catalyst. / Alcohol (at 14%) is toxic to in 100g (g) 7 16
yeast. / Alcohol (at 14%) changes the structure of the yeast. Molar mass 12
(g/mol) 54.24 + 16 =
ci | (acidified) potassium manganate(VIl) (solution) No. of moles of | 40.68 + 12 = 5.08+1=5.08 335
each element 3.39 =5 3'39 T339=1
il Potassium dichromate(V1) is reduced as the oxidation state of chromium decreases Mole ratio 3.39+3.39=1 5.08 + 3. -
from +6 in potassium dichromate(V1) to +3 in chromium(|11) sulfate / chromium(lll) ion. =149 =15
i No. of moles of potassium dichromate(VI) = 0.0365 x 2 = 0.073 1x2=2 1.5x2=3 1x2=2
2 mole of ethanol reacts with 3 moles of potassium dichromate(VI) Empirical formula = C2H302
0 048667 mole of ethanol reacts with 0.073 moles of potassium dichromate(VI)
Let the molecular formula be C2:H3O2n
Mass of ethanol in one drink = 0.048667 x 46 = 2.2387g
n=118 = (12x2+3x1+16x2)=2
Mass of ethanol at BAC = 0.08%
;088 w: Lastol ethanots IVo% Molecular formula is C«HsO4
6LLUO %0 68
Mass of ethanol at 0.08% = (0.08 x 60000 x 0.68) + 100 = 32.64g i | Full structural formula of X
H H
Number of cans = 32.64 + 2.23867 = 14.58 = 14 drinks (round down to nearest whole 0\ l I /O
number) R 74
/C—C—C—C\
B10 | OR H-O I I O—H
a 2NH; + CO; = CO(NH2) 2 + H0 H H
l B
b No. of moles of urea = 500000 + 60 = 8333.33 Full structural formula of one repeat unit of the polymer formed by urea and X
o o (o]
2 mole of ammonia produces 1 mole of urea " H H " I
16666.67 mole of ammonia reacts with 8333.33 moles of urea | | ‘ C\
—Cc—C—Cc—C— N—
Mass of ammonia = 16666.67 x 17 = 283333.33g = 283 kg (3sf) | | I
H H H H
Or
2 mole of ammonia produces 1 mole of urea
34 g of ammonia produces 60 g of urea
34 kg of ammonia produces 60 kg of urea
(34 = 60) x 500 = 283 kg (3sf) of ammonia produces 500 kg of urea
ci The high temperature of the engine caused the nitrogen and oxygen in the air to form
oxides to nitrogen
it 2CO(NHz)2 + 4NO + Oz — 2CO, + 4N + 4H,0
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