Pasir Ris Secondary School

Name Class Register No.

SECONDARY 4 EXPRESS

PRELIMINARY EXAMINATION 2023

CHEMISTRY 6092/02

Paper 2 18 Aug 2023
1 h 45 min

Friday 1035 - 1220

Candidates answer on the Question Paper.

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.
Write in dark blue or black pen.

You may use a soft pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Section A
Answer all questions in the spaces provided.

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

At the end of the examination, fasten all your work securely together.

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

A copy of the Periodic Table is printed on page 22.

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

For Examiner’s Use

Section A

B9

B10

B11

Total

This document consists of 22 printed pages, including the cover page.

Setter: Ms Chua Wei Tian

[Turn over



PRSS_2023 S4E_PRELIM_CHEM_ 6092_P2

Section A
Answer all the questions in the spaces provided.
The total mark for this section is 50.

A1 Fig. 1.1 shows the electronic configurations of five elements, A, B, C, D and E.

®©® e ®

Fig. 1.1

(@) Use the letters A, B, C, D and E to answer the following questions.

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

(i) Which element is most likely to be a metal with low melting point?

....................................................................................................................... [1]
(ii) Which element can be oxidised by oxygen to form an amphoteric oxide?
....................................................................................................................... [1]
(iii) Which element can form a molecule with a double covalent bond?
....................................................................................................................... [1]
(b) Element E exists as a single atom only. Explain why.
............................................................................................................................... [1]

[Total: 4]
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A2 Table 2.1 shows the formulae of oxides of elements across Period 2 and Period 3 in the Periodic Table.

Table 2.1
Group
Period
| Il 1l v V VI VI
2 Lizo BeO BzOs COz NOz - on
3 NaxO MgO AlO3 SiO2 P20s SO2 CL,O

(a) Carbon and silicon are elements in Group IV of the Periodic Table. They form oxides with very
different melting points.

Explain, in terms of structure and bonding, why the melting points of carbon dioxide and silicon
dioxide are different.

(b) (i) Draw a ‘dot-and-cross’ diagram to show the bonding in Na.O. Show only the valence
electrons.

[2]



(i)
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Discuss the differences in the type of bonding and the way bonds formed in Na,O and C/.0.

[Total: 7]

A3 Mixture S contains one cation and two anions. A series of tests was performed on mixture S as shown
in Fig. 3.1.

(a)

green precipitate V
turned red-brown
upon standing

add aqueous I
sodium hydroxide

mixture S

add dilute hydrochloric acid

y

warm mixture with
a piece of A/ foil

solution T

gas U

add acidified
silver nitrate

bubble into limewater

gas evolv‘e'd turned white preci;:;itate Wijl'ite precipitate

moist red litmus W was observed formed in

paper blue limewater

Fig. 3.1

Identify the following unknown substances:
) PP [1]
(1) U, oo e [1]
(1) V) e [1]
(V) WV e e [1]
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(b) Suggest the likely identities of the ions present in mixture S.

[Total: 6]

All Group | metals form metal hydroxides that are soluble in water. Most other metal hydroxides are
insoluble in water.

Crystals of lithium chloride can be prepared using titration between aqueous hydrochloric acid and
aqueous lithium hydroxide. Fig. 4.1. represents the experimental set-up.

_ burette filled with 2.70 mol/dm?3

*_’/ aqueous hydrochloric acid

conical flask

25.0 cm? of aqueous lithium
hydroxide and indicator
yspsyars gl

Fig. 4.1

25.0 cm?® of aqueous lithium hydroxide is pipetted into the conical flask. A few drops of an indicator are
added. Aqueous hydrochloric acid is added until the indicator just changes colour. The volume of acid
required to completely neutralise lithium hydroxide is recorded.

5
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(a) A neutral solution of lithium chloride containing the indicator is left at the end of titration. It is known
that lithium chloride is unstable to heat and melts at 617°C. Describe how you could obtain a pure
dry sample of lithium chloride crystals.

(b) Suggest why magnesium chloride could not be prepared using the same method as lithium
chloride.

(c) The concentration of aqueous hydrochloric acid is 2.70 mol/dm®. 22.50 cm?® of aqueous
hydrochloric acid is required to neutralise 25.0 cm?® of aqueous lithium hydroxide.

Calculate the concentration of aqueous lithium hydroxide.

[2]

[Total: 5]
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A5 Table 5.1 shows the melting points and boiling points of Group VII elements.

Table 5.1
Group element melting point/ °C boiling point / °C
chlorine -101 -35
Vi bromine -7 59
iodine 114 184

(@) Describe the trend of melting points and boiling points of elements down Group VII. Use ideas
about bonding to explain why.

(b) Sea water contains potassium bromide. Bromine can be produced from sea water by
displacement.

(i) Name an element that can displace bromine. Explain your answer.

(ii)  Write an ionic equation to represent the equation.

[Total: 5]
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A6 Copper is a transition element. It can act as a catalyst in the form of an element or a compound.

(a)

(b)

(c)

State two other chemical properties of transition elements which make them different from
Group | elements.

Copper can exist in the form of copper(ll) oxide. When copper(ll) oxide is heated at 800°C, it
decomposes to form two products as shown in the following chemical equation.

4CuO — 2Cu20 + 02

(i) Explain, in terms of electron transfer, why CuO is described as an oxidising agent.

(ii) Explain, in terms of oxidation states, why CuO is described as a reducing agent.

Copper metal is obtained when scrap iron is added to aqueous copper(ll) sulfate.

(i) Describe two observations and explain why this is possible. Include a chemical equation to
support your answer.

(ii) Identify another method for obtaining copper metal from aqueous copper(ll) sulfate.

[Total: 8]
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A7 Electrolysis and simple chemical cells both involve chemical reactions and electricity. Some students
investigated the electrolysis of copper(ll) nitrate solution using inert electrodes. Fig. 7.1 shows the
experimental set-up.

ammeter to
measure current

power supply

anode

e

beaker copper(ll) nitrate

solution

Fig. 7.1

(a) Explain the differences between an electrolytic cell and a simple chemical cell.

.............................................................................................................................. [2]
(b) Write ionic equations for the reactions at the cathode and anode.

() CcathOde: ... [1]

([])  ANOGE: ..ot [1]
(c) Describe and explain two observations that could be made during the experiment.

................................................................................................................................ [2]
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(d) When the anode was replaced with a piece of zinc electrode, some gas bubbles were observed
around the zinc electrode. Suggest a reason for this observation.

[Total: 7]

A8 The reaction between hydrogen sulfide and oxygen is exothermic. It can be represented by the following
equation.

2H,S(g) + 302(g) — 2H.0(g) + 2S04(g)

(@) (i) Fig. 8.1 shows part of the energy profile diagram for the reaction.
Complete Fig. 8.1. Your diagram should include:
¢ the reactants and products of the reaction,

¢ labels to show the enthalpy change of reaction and the activation energy.

energy
A
progr;ss of reaction
Fig. 8.1
3]
(ii) Use ideas about breaking and forming bonds to explain why the overall reaction is
exothermic.
......................................................................................................................... [2]



(b) Table 8.2 shows some of the bond energies.
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Table 8.2
bond bond energy / kdJ/mol
H-S 364
0=0 498
H-O 464
S=0 X

Given that the enthalpy change of the reaction is —1034 kJ/mol, calculate the bond energy X for the

S=0 bond.

11

[3]

[Total: 8]
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Section B
Answer all three questions from this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

The total mark for this section is 30.

Depletion of fossil fuels

Fossil fuels are formed naturally from the remains of dead plants and animals. When fossil fuels are
burnt, they produce large amounts of energy which can be used to produce electricity in power
stations, or to power engines in vehicles. Fossil fuels take millions of years to form, and the global high
demand for fossil fuels has accelerated its depletion. As such, there is a need to source for alternative
energy sources that are renewable and more sustainable.

Biofuels as alternative fuels

Biofuels are derived from biomass, which is material originally from living organisms. This could either
be animal or plant derived. Some common examples of biofuels include ethanol and biodiesel. While
the production and combustion of biofuel produces carbon dioxide, the use of biofuel is described as
carbon neutral.

Ethanol as biofuel

Ethanol can be created by fermenting biomass that contains carbohydrates such as sucrose, glucose,
and starch. Fermentation of glucose solution, in the presence of yeast, produces ethanol and can be
represented by the following chemical equation.

CeH1206(aq) — 2C2HsOH(aq) + 2C0O2(g)
Biodiesel as biofuel

Researchers discovered a method to transform waste vegetable oils to biodiesel for use as an
alternative fuel. In fact, waste vegetable oil is the main raw material used for biodiesel production in
the United States. As compared to fossil fuels, biodiesel produces less soot, carbon monoxide and
unburnt hydrocarbons. Fig. 9.1 summarises some of the key processes involved in the production of
biodiesel.

collection of waste vegetable oils
from households and restaurants

process 1: filtration

A 4

purified used vegetable oils

process 2: transesterification

A 4

conversion to biodiesel

Fig. 9.1

12
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Vegetable oils are tri-esters with long hydrocarbon chains. It can react with methanol, in the presence
of potassium hydroxide as catalyst, to form biodiesel and glycerol. Fig. 9.2 shows the structures of
some of the molecules involved in the reaction. Biodiesel is an ester.

vegetable oil

Key:

) hydrocarbon chain

KOH
catalyst
+ 3CH,OH
methanol
Fig. 9.2

H_
3 biodiesel molecules + H{-—
H_

o
I T

-0
-0

I—N—N—N—I
I

glycerol

Waste vegetable oils, that were previously exposed to high temperatures during cooking, usually
contain acids. The presence of acid in the waste vegetable oils makes it challenging to convert them
into biodiesel, taking a longer time than waste vegetable oil without acid.

Comparison between fossil fuel and biofuel

Table 9.3 compares some of the properties between fossil fuel and biofuel.

Table 9.3
fossil fuel biofuel
type of fuel (e.g. petrol obtained after N
refining petroleum) ethanol biodiesel
energy greord;"‘ed/ approx. 46.0 26.8 37.8
biodegradability non-biodegradable biodegradable biodegradable
takes millions of takes a few e presence of acid
years to form hours, slow rate decreases the
) , , of reaction rate of reaction
produc“on process requires fossil fuel
to be refined before requires crops e requires crops
it is useful (e.g. corn) to be (e.g. corn) to be
grown for fuel grown for fuel
(';‘;‘:{)‘:Eﬁ;i more likely less likely less likely

Reference: Topi, D. Transforming waste vegetable oils to biodiesel, establishing of a waste oil management system in
Albania. SN Appl. Sci. 2, 513 (2020).

13



(a)

(b)

(i)

(i)

(i)

(i)

(iii)
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Explain why the use of biofuel is described as carbon neutral.

With reference to Fig. 9.1, suggest one improvement that could be included in process 1
to produce a greater yield of biodiesel.

Describe, in general, the meaning of transesterification. Include the functional group(s)
involved.

One molecule of vegetable oil reacts to form three molecules of biodiesel. Suggest the
structure of one molecule of biodiesel.

Use| |to represent the hydrocarbon chain.

[2]

14



(c)

(d)

(e)
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Explain how and why the presence of acid in the waste vegetable oils will take a longer time for
its conversion into biodiesel.

............................................................................................................................ [2]
Explain why the production of ethanol is a slow process.
............................................................................................................................ [1]
“Biofuel is a better source of fuel than fossil fuel.”

With reference to Table 9.3, justify if you agree with the statement.
............................................................................................................................ [2]

[Total: 12]

15
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Alkynes and alkenes are homologous series of unsaturated hydrocarbons. All alkynes contain C=C
triple bond. Table 10.1 shows information about the first three alkynes.

(a)

(b)

(c)

Table 10.1
formula CoH2 CsH4 C4He
structure H-C=C-H H-C=C-CHz H—-C=CH>—CHjs
names ethyne propyne butyne

Compounds in the same homologous series have the same general formula.

(i) Give two other characteristics of members of a homologous series.

(ii)  Alkynes are unsaturated. Describe a test for unsaturation.

Ethene can be converted to ethanoic acid by a two-stage process in the laboratory. In stage one,
ethene is converted to ethanol by catalytic addition.

(i) Identify the catalyst used in stage one.

(i) Deduce the type of reaction involved in stage two to produce ethanoic acid. Include the
necessary chemical reagent.

[Total: 8]

16
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EITHER

B11 Hydrogen is used to produce ammonia in the Haber process. The hydrogen is made in two stages. In
each process, hydrogen is the useful product.

Stage 1 involves the reaction between methane and steam to produce carbon monoxide and
hydrogen. This reaction can be represented by the following equation.

CHa(g) + H20(g) = CO(g) + 3H2(g)

Stage 2 uses the carbon monoxide produced in stage 1.

The carbon monoxide is reacted with more steam to produce carbon dioxide and more hydrogen. This
reaction can be represented by the following equation.

CO(g) + H20(g) = COz(9) + H2(g)

The atom economy of a process is a measure of the percentage by mass of the products that are
useful.

atom economy = [(total M: of useful product) + (total M: of products)] x 100%

(@) Calculate the atom economy for the formation of hydrogen in stage 1.

[2]

(b) What is the effect of increasing the pressure on the equilibrium yield and the rate of formation of
hydrogen in stage 2?7 Use ideas about energy and collisions to explain why.
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(c) Fig. 11.1 shows the percentage yield of ammonia produced at different temperatures and
pressures in the Haber process. A temperature of 450°C and a pressure of 200 atm are
commonly used in the Haber process.

80 -
—— 350°C

—

// 400°C
percentage yield gEseCce 450°C
of ammonia / % _

[
|
|
|
|
|
|
|
|
0 100 200 300 400

pressure / atm

Fig. 11.1

(i) A student proposed that a temperature of 350°C and a pressure of 285 atm could be used
instead of those used in the Haber process.

Determine how many times greater the percentage yield of ammonia obtained would be.

(ii) Suggest why the proposed conditions by the students are not ideal for industrial purpose.

18
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(d) World production of ammonia is now about 50 times greater than it was in the 1940s. Suggest
why the demand for ammonia has increased.

[Total: 10]

B11 Some students investigated the rate of decomposition of hydrogen peroxide, H205.

The reaction can be represented by the following chemical equation. However, the equation is
unbalanced with a missing state symbol.

The catalyst for the reaction is manganese(lV) oxide.
(@) Balance the above chemical equation. Include the missing state symbol. [1

(b) Student X investigated the effect of the particle size of manganese dioxide on the rate of the
reaction. The following method is used.

1. Measure 25 cm?® of 0.30 mol/dm? hydrogen peroxide solution into a conical flask.
2. Add a spatula of fine manganese(IV) oxide powder to the conical flask.

3. Measure the volume of gas produced every minute for 10 minutes.
4

Repeat steps 1 to 3 with some coarse manganese(lV) oxide lumps.

The method student X used did not give valid results.

Suggest two improvements that student X could make to the method to give valid results.

19
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(c) StudentY used a method which gave valid results.
Student Y performed the experiment using 25 cm?® of 0.30 mol/dm? hydrogen peroxide solution

with fine manganese(lV) oxide powder.
Student Y repeated the experiment with coarse manganese(lV) oxide powder.

Fig. 11.2 shows student Y’s results.
60 S deshe —
’../ //
50 FHHAH S AR

/ \
{

7 \

40— |
volume of gas 1
/ cm3 301+
1
!
20+
1
1
1
10 14~

0 . . .
1 2 3 4 5 6 7 8 9 10
time / min

Key
------ fine manganese(lV) oxide powder
coarse manganese(lV) oxide powder

Fig. 11.2

Describe the change in the rate of reaction when the experiment was repeated with

(i)
coarse manganese(lV) oxide powder.
Use ideas about energy and collisions to explain why.



(ii)

(iii)
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Student Y repeated the experiment with coarse lumps of manganese(lV) oxide.

Student Y used the same volume of 0.15 mol/dm® hydrogen peroxide instead of 0.30
mol/dm?® hydrogen peroxide.

Sketch on Fig. 11.2 the curve you would expect to see. Assume that the reaction is
complete after 9 minutes. [2]

Determine the volume of distilled water required to prepare 0.15 mol/dm*® hydrogen
peroxide from 1 dm? of 0.30 mol/dm?® hydrogen peroxide. Show all your workings clearly.

[2]

[Total: 10]

End of Paper
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