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2

1 Diagrams 1, 2 and 3 show the particles of three substances at room

temperature and pressure.

O
O
Q
O .% %OSO%OO
O
1 2 3

Which of these substances are correctly represented by the corresponding

diagram?
1 2 3
A argon mercury dry ice
B ethane sodium chloride mercury
C ethanol hydrogen chloride copper
D water helium zinc

2  The set-up below shows how the relative rate of diffusion of gas X and Y can
be determined.

gas X

Y
gas water level at Z

Which pair of substances could X and Y be if the water level at Z increases?

X Y
A argon ethane
B neon carbon monoxide
Cc oxygen methane
D carbon dioxide nitrogen
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3 The diagram shows a simple [aboratory set-up used to prepare and collect a

dry gas.

sofid A

gas syringe

solution B anhydrous
caicium chloride

k . 4

Which pair of reagents would be most suitable to prepare the gas produced

using this set-up?

solid A

solution B

ammonium chloride
magnesium

potassium carbonate

o 0o W »p

sodium hydroxide

sodium hydroxide
sulfuric acid
aqueous ammonia

hydrochloric acid
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4  The three main components of liquid air are nitrogen, oxygen and argon. Their
respective boiling points are:

nitrogen: —196°C
oxygen: —183°C
argon: -186°C

Liquid air can be separated into its three main components by fractional
distillation. The graph shows the temperature of a liquid air mixture as it is
heated.

temperature / °C
F 3

> time / min

In section P of the graph, the mixture remaining consists of

liquid nitrogen and argon only.

A

B liquid nitrogen only.

C liquid oxygen and argon only.
D

liquid oxygen only.
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5  The diagram shows the chromatogram obtained from the analysis of a dye
mixture. Four measurements are shown in the diagram below.

7 e

& sclvent front

& .

10 ¢cm 4

8 cm
6 cm
. @
2 cmy

LA starting line

What is the Rr value of the most soluble dye?

0.20
0.80
1.25
5.00

o0 w >

6  The solubilities of three solids in water and tetrachloromethane are given in the

table below.

. N solubility in
solid solubility in water tetrachloromethane
sand not soluble not soluble

sodium chloride good not soluble
sulfur not soluble good

Which of the experimental procedures would be suitable for obtaining pure
sand from a mixture of sand, sodium chloride and suifur?

A Add tetrachloromethane and stir, then filter to collect residue.

B Add tetrachloromethane and stir, then filter. Add the residue to water
and stir, then fiiter to collect residue.

C Add water and stir, then fiiter. Add tetrachloromethane to fiitrate and
stir, then evaporate to dryness.

D Add water and stir, then filter. Evaporate the filtrate to dryness.
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7  Which pair of statement correctly describes the properties of the compound
iron(IT) sulfide, FeS, and a mixture of iron and sulfur?

iron(1I) sulfide mixture of iron and sulfur
1 The ratio of iron to sulfuris The ratio of iron to sulfur can
always 2 : 1. vary.
The mixtures do not have the
Iron(Il) sulfide has the same X )
2 properties as iron and sulfur. same properties as iron and
sulfur.
3 Iron and sulifur react when Iron and sulfur mix together with
heated to form iron(Il) sulfide. no energy change.
A 1and 2
B 1and 3
c 3 only
D All the above

8  Anion of formula X2 contains 10 electrons.
If the relative atomic mass of X is 16, what is present in the nucleus of the ion?

8 protons and 8 neutrons
10 protons and 6 neutrons
10 protons and 10 neutrons
12 protons and 8 electrons

oOm>»

9  Which compound contains both ionic and covalent bonds?

ammonia
barium chloride
methyl propanoate

L= I o T+ B

potassium suffate
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10 Which substance has metallic bonding?

electrical conductivity property of product formed from
substance the reaction between substance
in solid state | in molten state and oxygen
X X reacts with alkali
X v no reaction with acid or alkali
v v reacts with alkali
v v reacts with both acid and alkali

11 An investigation of the properties of the chiorides of Period 3 elements shows
that the boiling points of sodium chloride and silicon tetrachloride are 1465°C
and 57°C respectively.

This difference in boiling points is a result of

OO0 w >

covalent bonds being weaker than ionic bonds.

metallic character decreasing across the period.

silicon forming weaker bonds with chlorine as compared to sodium.

silicon tetrachloride having weak intermolecular forces of attraction.

12 Two comments about hydrogen chloride are made below.

Comment 1: Hydrogen chloride has strong covalent bonds in its simple
molecular structure.

Comment 2: Hydrogen chloride is soluble in water.

Which statement is correct?

A
B

KCPSS 2024/Sec 4Exp Prelim Chem P1

Both comments are correct and comment 1 explains comment 2.

Both comments are correct but comment 1 does not explain

comment 2.

Both comments are incorrect.

Comment 2 is correct but comment 1 is incorrect.
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13 Bismuth is in the same group as nitrogen in the Periodic Table.

What is the chemical formula of lithium bismuthide?

A LiaBi
B LiBiO3
Cc LiBis
D LisBiO

414 Which substance contains the greatest number of atoms in 1g?

CO:2
NO
O3
S03

oo w »

15 200 cm?® of ammonia burns in 100 cm? of oxygen according to the following
equation:

4NH3 + 302 — 2Nz + 6H20

What volume of gas will be collected at the end of the reaction when cooled to
room temperature?

A 66.7 cm? B 100.0 cm?
Cc 133.3cm? D 333.3¢cm?
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16 Magnesium oxide is produced by heating magnesium carbonate.
MgCO3z — MgO + CO2
When 84 g of magnesium carbonate is heated, 34 g of magnesium oxide is
produced.

What is the percentage yield of magnesium oxide?
[Mr: MgCQs, 84; MgO, 40]

34
A — X 100
40

B 3 X 100
84

34
D 84 X — X 100
40

17 20.0 cm3 of 0.500 mol/dm? hydrochloric acid were added to 0.7 g of a sample
of sodium carbonate containing some sodium chioride as impurity. The excess
acid was neutralised by 10.0 cm® of 0.400 mol/dm?® of sodium hydroxide
solution.

What is the percentage purity of the sodium carbonate in the sample?
[Mr: HC/, 36.5; NazCOs, 106; NaOH, 40]

A 31.8% B 45.4%
C 63.6% D 20.9%

18 Arsine (AsHs) is a gas that behaves like ammonia.

Which of the following particles are found in the solution when Arsine dissolves

in water?

A As* and OH-

B AsHz, As* and OH-

c AsH4* and OH-

D AsHs, AsHs™ and OH-
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19 Which method(s) is/are suitable to test the strengths of acids and alkalis?

1 titration

2 using a pH meter

3 measuring their electrical conductivity
A 1 only

B 1and 2

Cc 2and 3

D all of the above

20 Different indicators change colour over different pH ranges and it is important

to choose the correct indicator to obtain an accurate result in a titration.

The graph below shows the change of pH when ethanoic acid is added to a

fixed volume of aqueous sodium hydroxide in a titration.

0

0 10 20 30 40 50

volume of ethanoic acid added / cm3

Which would be the most suitable indicator to use in this titration?

- pH range for the colour
indicator
colour change lower pH higher pH
A 0.3-3.0 yellow violet
B 42-6.3 red yellow
C 8.2-10.0 colourless pink
D 11.6 - 14.0 blue yellow
KCPSS 2024/Sec 4Exp Prelim Chem P1 [Turn Over
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21 Inthe Haber process,

1 the hydrogen used is obtained from the cracking of petroleum
2 the reaction is pressurised to increase the yield
3 the ammonia formed is collected by distillation

Which of the statement(s) is/are true?

1 only

1and 2

2and 3

all of the above

oo m >

22 |na quantitative analysis, reagent A is gradually added to a salt solution B (that
contains either 1 or 2 different anions), followed by the addition of a dilute acid.
The graph below shows how the mass of precipitate formed changes with the

reagents added.

mass of 4

ppt/g

volume of

P

» reagents added to
B/cmd

addition of  addition of dilute acid

reagent A

Which of the following combinations would produce the graph above?

anions in salt solution B reagents (A and acid) added
A Cr AgNOs and HNOz
B COs%, CF Ba(NOs)2 and HNO3
c COa%, SO42- AgNO3 and HC!
D COs?, S04 Ba(NOs)z and HC!
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23  Solid Y contains a mixture of two salts. The scheme below shows some
reactions of solid Y.

+ HNOs (aq) , + NHs (aq) : -
solidY ————» colourless solution —————» white precipitate,
+ colourless gas soluble in excess
l+ AgNOs3(aq)

yellow precipitate

Which of the following couid be the two salts present in solid Y?

aluminium carbonate and ammonium chloride
calcium chloride and zinc carbonate
copper(Il) carbonate and sodium iodide

oo m >

zinc iodide and calcium carbonate
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24 The table shows the voitage produced by some cells when different metals are
used together with copper.

voltmeter

metal 1

electrolyte —

\. J

metal 1 metal 2 voltage / V
silver copper -0.46
magnesium copper +2.68

What would be the likely voitage obtained when silver is used as metal 1 and
magnesium is used as metal 2?

A ~2.23V
B -3.16V
c 223V
D 3.15V

25 Which of the following reactions takes place in a hydrogen fuel celi?

Hydrogen ions are oxidised at the anode.
Hydrogen ions are reduced at the cathode.
Hydrogen loses electrons to form H* ions at the anode.

OO0 w >

Oxygen gains electrons to form 0% at the cathode.
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14
The set-up below shows the reaction of substance X.

glass wool flame of burning
soaked in water hydrogen

2

wtwhe
What is the possible identity of X?
A X is a metal above hydrogen in the reactivity series.
B X is a metal below hydrogen in the reactivity series.
C X is an oxide of a metal that is above hydrogen in the reactivity series.
D X is an oxide of a metal that is below hydrogen in the reactivity series.

The bar chart shows the variation of a specific property of elements in Period
2 from lithium to neon. .

property

Li Be B C N O F Ne
Which property of these elements is shown in the chart?

atomic radius
melting point
number of electrons used in bonding

o0 W P

number of shells holding electrons
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28 The elements in a group of Periodic Table shows the following trends.

» The element with the lowest proton number has the lowest reactivity.
» The melting point of the elements decreases down the group.
» The density of the elements increases down the group

Which group can the elements be found in?

o0 m»

1

17

18
transition

29 The following observations were made when nickel and iron were placed
separately into salt solutions of metals S, T and U.

salt solution of S

salt solution of T

salt solution of U

hickel

solid deposit formed

no visible change

no visible change

iron

solid deposit formed

solid deposit formed

no visible change

What is the correct order in decreasing reactivity of the five metais?

A

B
Cc
D

S>Ni>Fe>T>U
S>Ni>T>Fe>U
U>Fe>T>Ni>§
U>T>Fe>Ni>S
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30 An old railway carriage is being restored by having metal strips secured to the
outside of the wooden carriage by means of screws.

metal T
strip SRR wood
metal __MNrooses
screw s B B
“‘; L Lo

After a few weeks of being exposed to wind and rain, the screws are heavily
corroded but the metal strips are not.

Which two metals would give this resuit?

screw strip
A copper iron
B copper zinc
C iron copper
D fron magnesium

31 For which process is the enthalpy change always positive?

A boiling

B combustion

c dissolving of acids in water
D respiration
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32 Manganese(IV) oxide catalyses the decomposition of aqueous hydrogen
peroxide into water and oxygen.

In order to follow the rates of this reaction for two different solutions of
hydrogen peroxide, the total volumes of oxygen evolved were recorded at
regular time intervals and the results were plotted. In each experiment, the
same mass of catalysts were used and the temperature was kept constant.

total volume of A

oxygen / cm?

» time/s

If curve 1 corresponds to 25.0 cm?® of 4.0 mol/dm? of solution, curve 2 would
correspond to

A

B
Cc
D

7.5 cm3 of 8.0 mol/dm? solution.

12.5 cm?® of 4.0 mol/dm?3 solution.
25.0 cm? of 2.0 mol/dm? solution.
25.0 cm?® of 8.0 mol/dm? solution.

33 Which statement about the fractional distillation of crude oil is correct?

A

At each level of the fractionating column, only one compound is
collected.

The fraction at the top of the column is the least flammable.

The fraction collected at the bottom of the column has the highest
viscosity.

The higher up the fractionating column, the higher the temperature.
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34 Banana releases a gas that is able to make other fruit ripen. When this gas is
bubbled into aqueous bromine, the reddish-brown solution decolourises.

What could be the identity of this gas?

A ethane

B ethene

c iodine

D sulfur dioxide

Answer questions 35 and 36 based on the following information.

The reaction pathways of the conversions between the 4 organic chemistry
homologous series are as shown below.

H H 1 H H 2 H H 3 H 0O
H | 1~—~H s N —> H-C-C-O-H 'H*-—(I:--é?
—C—¢H C=C —— H=CC «— H=C—CQ

H H 4 H H S H H 6 H O—H

35 How many of the above reactions are redox reactions?

o0 W »
o A~ MO

36 Which of the following shows the correct reactant and conditions for reaction

pathway 17
reactant conditions
A hydrogen 150 °C, Ni catalyst
B hydrogen UV light
Cc none 600 °C, A2C3 and SiOz as catalysts
D none 37 °C, yeast, absence of oxygen
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37 Five structural formulae are shown below.

i )
H-C~-H H-(-H
Lo ] ow oy
H-?%C—-—-—‘(!I-H H-?—-—-*Cm(':—i-i
H l H H | H
H-?-H H-?-H
H H
1 2
W H
H-C-H H-C~H H-C~H
W ] !
H-C-H H-C-H H~-C ?—H H~C C-H
| ow | -
H*CII“WII:WCE*H H=-C~H H—(;J-H H-C-H
H b4 H H H H
3 4 5

How many of the structures represent isomers of one another?

A 2 B 3
Cc 4 D
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38 A student investigated the reaction of different vegetable oils and margarines

with hydrogen.

100 cm? of hydrogen was passed through 1 g samples containing a catalyst.
The volume of hydrogen gas remaining in each reaction was recorded in the

table below.
sample volume of hydrogen remaining / cm3
P 0
Q 87
R 100

Which sample(s) is/are unsaturated vegetable oils?

P only
P,QandR
Pand Q

R only

= T« I

39 |n which reaction is water not a product?

o 0o >

KCPSS 2024!Secr4Exp Prefim Chem P1

combustion of petroleum gases
esterification between propanoic acid and butanol

fermentation of glucose

neutralization between dilute nitric acid and aqueous ammonia

{Turn Over

BP-230



BP~231

21
40 Which of the following monomer(s) would undergo polymerisation on their
own?
1 2
H H H
\ i \G
CwC~H : H H
[/ i \ [ i
H C move G G e O H
H~C VAR,
H o H H
3 4
H /H
H H H H 1 o
NP VY S N
e c—e—t—c
W H H H 4 A
o O
A 1 and 2 only
B 1,2and 4
C 2and 4
D all of the above

End of Paper
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2

Section A
Answer all questions.

1 Fig. 1.1 shows part of the Periodic Table with some elements.

H
C
{Na CliAr
Ca Fe CulZn Br
Pt At

Fig. 1.1
Use the symbols of the elements from Fig. 1.1 to answer the questions.

Each element may be used once, more than once or not at all.

(a) Which etement is inert?

...................................................................................................................... 1]
{b) Which elements have an atomic mass of 407
...................................................................................................................... 1]
(¢} Which elements exist as a black solid?
...................................................................................................................... (1]
(d) Which element forms a carbonate that is the most thermally stable?
...................................................................................................................... 1]
(e) Which elements are used to make brass?
...................................................................................................................... [1]
() Which elements can be used as electrodes in the electrolysis of water?
...................................................................................................................... [1]
[Total: 6]
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2

Complete the table to name the most appropriate separation technique that can be

used to obtain the substance underfined in the mixture.

mixture

separation technique

ammonium chloride + sodium chloride

water + lead(Il) sulfate

methanol + glucose solution

[3]

[Total: 3]

An experiment was carried out to investigate the rate of reaction between magnesium

and dilute nitric acid using the apparatus shown in Fig. 3.1.

Mg (s) + 2HNOs (aq) = Mg(NQs)2 (aq) + H2 {(9)

water bath
at40 °C

(@) Complete Fig. 3.1 by filling in the empty boxes to identify the apparatus.

e e -
- o e am el o wm ws .

- - -

—— -

e e o

reaction mixture

Fig. 3.1

KCPSS 2024/Sec 4Exp Prelim Chem P2
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(b) 2.0 g of magnesium was added to 100 cm? of 1.5 mol/dm? of dilute nitric acid.

Show that magnesium is used in excess in this reaction.

3]

[Total: 5]
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4 The relative abundance of isotopes can be determined experimentally using a
technique called mass spectrometry. Fig. 4.1 shows the mass spectrum of copper
isotopes and their respective natural abundance.

68.15%

30.85%

62 63 64 65 66 67
atomic mass units

Fig. 4.1

(a) Based on the information, calculate the relative atomic mass of copper.
Show your workings clearly and give your answer to the nearest whole number.

[2]

(b) Copperis a typical transition element with many of its compounds having colours.
An example is copper(II) chloride solution, CuCl, which is green-blue in colour.

(i) Complete Fig. 4.2 with the expected observations when CuClz undergoes
the different reactions.

CuClz
add dilute HNQs3, add NHs(aq) dropwise,
followed by AgNOz(aq) followed by excess NHa(aq)
observations observation
Fig. 4.2

[3]
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(i) Name the type of reaction that occurred between CuCl2 and AgNOQs.

(iii) Under suitable conditions, CuC/lz can be converted into a compound X
which is pale green in colour. The composition of X by mass is Cu, 21.5%,
F, 38.7%, K, 39.8%.

Use the information to work out the empirical formula of compound X.
Show your working clearly.

(3]

[Total: 9]

KCPSS 2024/Sec 4Exp Prelim Chem P2 _ [Turn Over



BP-~239

7
5 Fig. 5.1 shows two set-ups that a student used to investigate the difference in the
reactions between an electrolytic cell and a simple cell.
! o
T v

salt bridge

sait bridge

copper zinc

nS0s (aq) CuSOQ4 (aq) ZnS04 (aq) CuS04(aq)

set—up A set-up B
Fig. 5.1

(a) Draw arrows in Fig. 5.1 to show the flow of electrons on both set-ups clearly. [1]

(b) Itwas observed that the zinc electrodes of both set-ups change in size.

(i) State and explain the expected changes in sizes of the zinc electrodes in
both set-ups.

Your answer should:
+ describe the expected change in size in each set-up

» explain why each change occurs
¢ give half-equations for each change.

....................................................................................................................

KCPSS 2024/Sec 4Exp Prelim Chem P2
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(i) Describe two differences, other than the change in size of the zinc
electrode, in the observations between the two set-ups.

(c) The student would like to prepare more zinc sulfate and copper(Il) sulfate for the
experiments.

Complete the table below to identify the starting reagents needed.
Include state symbols.

salt formulae of starting reagents used
0} DT
ZnS0a4 (s)
(2) H2S04 (aq)
(1) cerrerrmreemeeesireenias
CuS0a (s)
(2) H2S04 (aq)

[2]

[Total: 10]
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6  Inthe Haber process, nitrogen and hydrogen are reacted together to form ammonia.
Nz + 3H2 = 2NH3

(@) Describe the arrangement and movement of ammonia particles at room
temperature and pressure.

..............................................................................................................................

......................................................................................................................... [1]
Table 6.1 shows some bond energies of the covalent bonds of nitrogen and hydrogen
atoms.

Table 6.1
bond bond energy in kJ/mol
N-N 160
N=N 418
N=N 941
N--H 391
H-H 436

(b) Based on information given in Table 6.1, describe and explain the trend of bond
energy between nitrogen atoms.

..............................................................................................................................

..............................................................................................................................
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() (i) Using the data given in Table 6.1, calculate the overall enthalpy change for
the forward reaction of the Haber process.

Show your working.

[3]
(ii) Hence, state the energy change for the backward reaction where 2 moles
of ammonia decomposes.

[Total: 7]

7 A study has been done on the cracking of poly(propene), (CsHe)n, as a possible
alternative to solving plastic waste. It is an endothermic reaction which requires nano
materials as catalyst. The products are mainly C7 — C1o hydrocarbons.

(@) Draw the energy profile diagrams to show the effect of the catalyst on the energy
changes in the cracking of poly(propene}.

Your diagrams should show:

» the reactants and products of the reaction
» the activation energy of the reaction
« the enthalpy change of the reaction, AH

energy energy
A A

v
:

progress of reaction progress of reaction
reaction without catalyst reaction with catalyst
[31
KCPSS 2024/Sec 4Exp Prefim Chem P2 [Turn Over
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(b} (i) Draw the structure of the repeating unit of poly(propene) and give the
empirical formula of poly(propene).

[2]

(i) Using its empirical formula from (b)(i), construct a balanced chemical
equation for the complete combustion of poly(propene).

............................................................................................................ [1]

(iii) Hence, caiculate the volume of carbon dioxide produced when 5 kg of
poly(propene) is completely burned in air.

[2]

(¢} Poly(propene) is a main form of plastic waste because of its wide variety of
applications such as water pipes.

Suggest an advantage and a disadvantage of using poly(propene) instead of iron
to make water pipes.

[Total: 10]
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The table shows some information of the homologous series of a class of organic
compounds called dicarboxylic acids.

KCPSS 2024/Sec 4Exp Prelim Chem P2

name condensed formula *skeletal formula
0 OH
ethanedioic acid HOOCCOOH H
HO 0O
0 O
propanedioic acid| HOOCCH2COOH
HOMOH
O
OH
o
@)
O O
pentanedioic acid | HOOC(CHz)sCOOH )K/\)J\
HO OH
O
hexanedioic acid | HOOC(CH2}COOH HQJ\/\/YOH
O

|

*In skeletal formulae, the carbon atoms are implied to be located at the corners and
ends of line segment rather than being indicated by the atomic symbol C. Hydrogen
atomns attached are also not indicated but understood fo be present accordingly.

Fill in the tabie to show the name and condensed formula of the dicarboxylic
acid missing in the homologous series. 1

(@ (i)

(i) What is the general formula of the members in this homologous series?

(b) A student claims that dicarboxylic acids are able to undergo condensation
polymerisation on its own to form polyesters.

Explain whether you agree with claim.

[Turn Over
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(c) Tartaric acid is a substituted dicarboxylic acid which is found in unripe grapes,
making it taste sour. It is a weak, dibasic acid and undergoes neutralisation with
potassium hydroxide. The skeletal formula of tartartic acid is shown below.

OH O

HO
OH

O OH

() Explain the term weak acid and circle the acidic hydrogens on the skeletal
formula of tartaric acid.

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

(i)  State another physical and chemical property that tartaric acid will exhibit,

PRYSICEI PrOPertY: ... .ot

............................................................................................................ 2]

(i) Suggest two differences in the structural formula between tartaric acid and
butanoic acid, CsH;COOH.

KCPSS 2024/Sec 4Exp Prelim Chem P2 [Turn Over
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(iv) Tartaric acid can undergo condensation polymerisation reaction with
1, 4-phenylene-diamine to form a polyamide.

The skeletal formula of 1, 4-phenylene-diamine is shown below.

H,N

Draw the structure of the polyamide, showing one repeat unit.

[1]

[Total: 10]
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2Ci02 (aq) + 20H- (aq) — CIOs™ (aq) + CIOz (aq) + H20 ()

The initial rate of this reaction was determined using different concentrations of the

reactants as shown in the following experiments. Table 9.1 shows his resuits.

eriments for the following

Table 9.1
oxparmont | Cgrconatonst | concontratonst [ wtsatnot
1 0.02 0.03 0.00276
2 0.02 0.06 0.00552
3 0.04 0.03 0.01104
4 0.04 0.03 0.00552
5 0.04 0.06 0.02208

From the data in Table 8.1, changes in the concentration of each reactant affect the
rate of reaction differently. Knowing how the rate is affected by the concentration of

each reactant will allow us to predict the rate of reaction.

We can classify the reactions into the following two types as shown in Table 9.2.

Table 9.2

type of reaction

characteristic

example

First order reaction
with respect to
reactant A

The rate of reaction
is proportional to the
concentration of A.

If you double the concentration of
A, the rate doubles. If you
increase the concentration of A
by a factor of 4, the rate goes up
4 times.

Second order
reaction with respect
to reactant A

The rate of reaction
is proportional to the
square of the
concentration of A.

If you double the concentration of
A, the rate would go up 4 times
(22). If you tripled the
concentration of A, the rate
would increase 9 times (32).

KCPSS 2024/Sec 4Exp Prelim Chem P2
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(a) The student carried out four experiments using solutions at room temperature
and one experiment using solutions at a lower temperature.

Which experiment was carried out at a lower temperature?

Explain your reasoning using information from Table 9.1.

(b) () Using information from Table 9.1, describe how the rate of reaction
changes as the concentration of CIO2 changes.

(i) Hence, determine the order of reaction with respect to C/O2.

(c) Determine the rate of reaction when the concentrations of both C/Oz and OH" are
0.01 mol/dm?.

(d) Explain, in terms of collision between reacting particles, the effect of
concentration on the rate of reaction.

KCPSS 2024/Sec 4Exp Prelim Chem P2 [Tum Over
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(e} Oxides of chlorine, other than CIO2, can also exist as CLO.

Draw a ‘dot-and-cross’ diagram to show the bonding in C/20.
Show outer electrons only.

[2]

[Total: 10]
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Section B
Answer one question from this section.

10  Sphalerite is the chief ore mineral of zinc containing zinc sulfide. it exists in crystailine
form and is the most important mineral of zinc.

Fig. 10.1 and 10.2 shows the structures and melting points of zinc sulfide and diamond.

O Zn*t @ S - @c

' =0 ,/’,"”i"“.‘-“ff:"
il L
. ~ i ) H ‘ FAN 1
AR o g N\ i@
" et

5 Rl Wi I' {" : :

\ ' ; '.:'_\s_: ‘__,_,i‘_\_\_\:
o} O/O ‘4_’!___!-__6_ -8

melting point: 1700 °C melting point: 3550 °C

Fig. 10.1 Fig. 10.2

(a) State the type of structure zinc sulfide has.
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Zinc can be extracted from sphalerite via reduction by carbon in the blast furnace.
Sphalerite is first heated to produce zinc oxide.
2ZnS(s} + 302(g) > 2Zn0O(s) + 250:2(g)
The zinc oxide is then heated in a blast furnace with carbon and hot air.
2C(s) + O2(g) = 2CO(g)
Zn0(s) + CO(g) = Zn(g) + CO2(g)

Zinc vapour and other waste gases are collected at the top of the fumace.

(c) Draw a ‘dot-and-cross’ diagram to show the bonding in zinc oxide.
Show outer electrons only.

[2]
(d) The three reactions occurring in the blast furace are known as redox reactions.

With reference to any one of the reactions, explain why it is a redox reaction.

.............................................................................................................................
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(6) The waste gases collected need to be treated before releasing into the
environment.

Describe one harmful effect on the environment and one harmful effect on
humans if the waste gases are not treated.

.............................................................................................................................

gases.

[Total: 10]

KCPSS 2024/Sec 4Exp Prelim Chem P2 [Tum Over



11

BP-~253

21

Petrol and diesel vehicles are fitted with catalytic converter to reduce the amount of
polluting substances emitted from the exhaust. For diesel engines, the catalytic
converter may also include a particle fiiter to remove solid particies of carbon. Fig. 11.1

shows one design of diesel particle filter.

) silicon carbide filter
carbon particles " with catalyst layer

CH, co. > Ho "NO
2 2 . .
=t b = exhaust out

gxhaust in ———= CO

[ ]
02 | 3 — [ ‘-».!_
. o

e e
- | €0, H,0 NO,

plugs 4
outer casing
Fig. 111

The wall of the particle filter are made from silicon carbide, SiC. This is a hard solid
that will not melt at the high temperature of the exhaust.

{(a) Suggest how the structure and bonding of silicon carbide makes it resistant fo
melting, even at high temperature.

...................................................................................................................... 3]

{(b) The catalytic converters make use of catalysts to remove pollutants from the
exhaust.

() State the catalysts involved in the catalytic converters.

(i) Describe how the catalysts speed up the reactions for the removal of
pollutants.

....................................................................................................................
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(¢) (i) Using the information provided Fig. 11.1, write a balanced chemical
equation of a redox reaction that occurs in the catalytic converter.

(i) Identify the oxidising agent for the redox reaction for your answer in (c){i).

............................................................................................................ (]

(d) Diesel engines may also be fitted with a second catalytic converter to remove the
remaining oxides of nitrogen. This second converter uses ammonia as the
reducing agent. One possible reaction, for the removal of nitrogen dioxide, is
shown by the following unbalanced equation.

.. NHs+ ....NOz2—..... Nz + ..... H20

(i) Balance the equation by filling in the blanks above. [1}

(i) Nitrogen monoxide is also removed by the catalytic converter as it will
damage the ozone layer if released into the atmosphere. The two-step
reaction is as shown.

Step 1: NO + Oz - NOz + O2
Step 2: NOz + O3 —» NO + 202

It was discovered that one nitrogen monoxide molecule can destroy
thousands of ozone molecules.

Use the equations from steps 1 and 2 to explain why.

[Total: 10]

End of Paper
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HEY & TThermormeter, Conical fask, Measuring cylinder ‘ T i3 % in 100g 215 “Tag7 i 0.5
All correct 2m, Z carrect 1m, Penatise for spelling ence throughout the m Pl Ar ie4 . 19 39
. paper. : | No. of mol § 0.33594 2.0368 , 1.0205. o
1B | No of mel of Mg = 2 / 24 = 0.083333 - HE i "Mol ratic | 0.33504 /0.335094 | 2.0368/0.33594 | 1.0205/0.33584
Na of mol of HNGa = 100 / 1000 x 1.5 , L1 600 i _
o of mol @ = , : . -
_ ? * ,_ Simplest |1 6 3 |
= 0,150 "1} b | ratic :
Mole ratio of Mg : HNOs Is 1:2 | Ewipirical formuta: CuFeks
For 015 mol of HNOs used, % x 0.15 = 0.075 mol of Mg is naeded. As 1 [1]- : 1rm - Indication of the conversion from % to mass, 1m — warkdngs, 1m — ;
there's 0.0833 mol of Mg, itis in excess. j ‘ empiricat formula {acoept any combination of the formuia) {
OR Markers’ comment:
i (&) poorer respanse did not follow Instructions to give answers to nearsst’
For (.0833 mol of Mg used, 2 x 0.0833 = 0.167 mol of HNC3 is needed. whale number. ,
.w.__._nm thers is only 0.15 mo! of HNOs, it is the limiting reactant and Mg is  (b)(5) majority was not abie to give complete answers for the ob servation,
N BXSESS. . Misconception of ppt Wwrning into selution,
Markers comment. {a) students incorreclly idenfify gas jar, missing out!” | * |:(b)(i) most common mistake was "metal displacement”. Students did not.
that the apparatus has markings. i 3 ' understand the reaction. i
. : b)iill common mistake was not converting % to mass and not showing
(b) poorer response was the inability to do the link/expiain clearly why My .va_m_.w_mm ons ! 3% 9

is in excess. Some calculations were glven in fractions and was unclear
which value was greater/smalier.

Setup A:

T s of Cu = (62.15/100 x 63) + (30.85/100 x 65) Set-up B: Clockwise

bl i Zinc electtode in set—up A ioﬂmmmmn. in size, whereas the Zino electrode 4]

= 53,617 ’ T
in set-Lp B decreased in size,
= &4 (nearest whole numbes) ] In set-up A, Zn?* jons ate discharged [ gained Ze- | reduced to formed f1]
! . . . . - : Zn metal which causes the electrode to incresse in size. .
bi' | AgNOa: White precipilae forms. U3 In set-up B, Zinc is mere reactive than copoer and loses electuns to T
‘| NHa: Light blue / Blue precipitate forms, "1 $arm Zn?* iohg causing the elactrode to decrease in size. 1
1 soluble in excess to give a dark blue solution. ] ‘Setup A: Zn®* (aq) + 2e > Zn {8) 111
| | i setupB:iZn(s) ~ Zn* (ag)+ 28 ny
Penalize once overall If short-form (ppt) was given, S v “The copper elactrode in A will decrease in size whereas the capper DK
Bl vwmnmu.nmmm: : . i i electrode in- i in size [
1 Etement I Cu ,‘_ F 1K B . e . [
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TBEF 42 T e coniaine 4 funchional groups (per molecule), whereas{

= 8570 dm (to 35.5) mmc:.ﬁ:an acid contains only 1 functional group.

[ O A VP o | Any 2 of the above.
e | Advartage: Poly(propene) fs durable / does nof cusf unfike fron. i

.” Disadvantage: Poly(propena) Is nor-hiodegradable and would S:Ecnim if]
| to waste, poliution problems. 1

y tid, HOOC(CHe)2COOH OR HiX
T HOBECHWCO0H A
i OR

| (CHMCOOH)

o i with The o TS nabia © undeigo condersatien 11
‘ { polymerization on its own as it onl

13N o o i the initiai rate of reaction was
§ il | The term weak acid means the acid undargoes only partial dissoclation f 11 ] - compared to expt 3, ,01104 mol/dm?s.
1 i waisr 1o form e lofs- 1o F"To7 | e rate of Ihe réatition increases by 4 fmes (27) when the TR
;| Circle the 2 acidic hydrogen aof carboxy functional group. 1Mt 1 : concantration of GOz daybles. i
i T PhySical propery. pH < 7, tUrns Moist biue Imus Hape &8, turms green | 11 ¢ | 1 | From experiment 1 and 3, the rate of reaction inctoases from 0,00276
. ¥ Universal indicator orangefyeliow. (any one) 1 1 | mol/dm®s o 0.01104 mol/dm® s whan the concentraticn increages from .
i ' “ 1 | 0.0z meldm? fo 0,04 molfdm?. (OR expt 2 and 5 with avidencs) USR]
|:Chemical property: Reacts with metal to produce salt and hydrogen, L ¥ - e !
| reacts with metal carbonate to produce salt, water and carbon dioxide, {1 {7bii | $6cond order reaction T o 1
‘- undergoes redox reaction with potasslum ranganate {VI). (any ane) , : ]

1 Reject: 2 order, order 2, 2 order.

. | eiit | Tartarc acld contam Sarusey groups (per molecule} whereas butanoic: 12 “ V5 560235 woldne 5 e — 3
‘acid containis only 1 carboxyl group (per molecule), : ; ; ;

Tataric acld contains 2 types of functional groups (per molecule), : Penalise for wrong or missing unils.

‘hydroxyl and carboxyl wheress butancic acid contains only 1 type oft. . T Increasing Goncentration incroases the nUMbeT “w K
“..F:nuo_.. group {per molecule), carboxyl. : 1 voluma. This increasas the fraquency of collistons hetween reacting :
Tartare ackd contains a hydroxyl functional group {per molecule), whereas | . parficles.

“butanolc acid does not. As @ results,

| of reaction ingreases.
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