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Section A — Multiple Choice Questions [20 marks]

Four possible answers (A, B, C, and D) are given for each question. Choose the most appropriate
answer and record your answer in the OMR form provided.

1

Which substance is unlikely to react with aqueous sodium hydroxide?

A zinc oxide

B nitrogen dioxide

C carbon monoxide

D phosphorus(V) oxide

What is the source of hydrogen in Haber process?

A air

B water

C nitric acid

D petroleum

Which substances can be found in the reaction vessel during the Haber process?
A ammonia

B hydrogen and nitrogen

C ammonia, hydrogen and nitrogen

D ammonia, hydrogen, nitrogen and iron

Across the period, the element changes from metallic to non-metallic.
Which statement explains the change in trend?

A a decrease in atomic radii

B an increase in number of protons

C an increase in number of neutrons

D an increase in number of valence electrons

The table below shows the properties of sodium chloride and sulfur.

Which set of properties is correct?

sodium chloride sulfur
A contains covalent bonds contains metallic bonds
B contains ionic bonds contains covalent bonds
C conducts electricity in conducts electricity in
aqueous state solid state
D conducts electricity in solid conducts electricity in
state aqueous state
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6

10

11

Which statement is incorrect for diamond and silicon dioxide?

Both substances have low melting point.

Both substances are poor electrical conductors.
Both substances have a tetrahedral structure.
Both substances form giant molecular structures.

coOow>»

Which substance has the same number of atoms as 6 dm?® of chlorine gas at room temperature
and pressure?

A 20 gofargon gas

B 23 g of sodium metal
C 8.5 gof ammonia gas
D 0.25 g of hydrogen gas

A sample of 100 cm® of carbon monoxide was burnt in 100 cm® of oxygen. What is the
composition of the gas mixture after the reaction?

A 100 cm? of carbon dioxide only

B 200 cm? of carbon dioxide only

C 100 cm?® of carbon dioxide and 50 cm?® of oxygen

D 100 cm? of carbon dioxide and 50 cm?® of carbon monoxide

Which statement mainly accounts for the risk of explosion in a flour mill?

A Flour is a volatile substance.

B Flour can react with oxygen in the air.

C  The temperature of the surroundings is high.

D Flour dust is made up of fine, combustible particles.

Which change will decrease the speed of reaction between two gases?

an increase in temperature

an increase in surface area of the catalyst
an increase in volume of the reaction flask
an increase in pressure of the reaction flask

oom>»

The equation shows a redox reaction between iron(II) chloride and chlorine gas.
2FeCl; + Cly — 2FeCls
Which equation describes the oxidation process in this reaction?

A 2Cl~ - Clh+ 2e”
B Clh+2e —2CI-
Cc Fe?* — Fe* + e
D Fe” +e — Fe*

3 [Turn Over|
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13

14

What are the products formed when aqueous copper(Il) sulfate is electrolysed using copper
electrodes?

anode product cathode product
A aqueous copper (II) ions copper metal
B aqueous copper (II) ions hydrogen gas
Cc oxygen gas copper metal
D oxygen gas hydrogen gas

Concentrated aqueous sodium chloride is electrolysed using inert electrodes.
Which statement about this electrolysis is correct?

A Gases are given off at both electrodes.
B Sodium metal is formed at the cathode.
Cc Electrons travel through the solution to the sodium ions.
D Hydrogen ions travel through the solution to the anode.

The graph below shows the pH change when excess solid X is added to dilute hydrochloric
acid.

» Time/s

Which substance could be solid X?

lead(II) nitrate

zinc carbonate
sodium carbonate
potassium hydroxide

ooOw >
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16

The diagram shows the energy profile of a reversible chemical reaction.

reactants
energy

products

reaction pathway

Which statement about the reverse reaction is correct?

The reaction is exothermic.

The enthalpy change of the reactionis Y.
The activation energy of the reaction is X - Y.
The enthalpy change of the reactionis X + Y.

oOoOom>

Reagent M is gradually added to a salt solution N, followed by the addition of dilute nitric acid.
The graph below shows the change in mass of precipitate formed.

mass of precipitate/ g

0

volume of reagents

Reagent M HNO3 added to N/ cm?®
added added

Which set of reagent would produce the given results?

reagent M anion(s) present in N
A aqueous lead(Il) nitrate SO#
B aqueous lead(II) nitrate I and SO
C aqueous silver nitrate COs*
D aqueous silver nitrate I and CO3*
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18

19

20

A student used the apparatus shown to examine air.

air sample —- — to pump

limewater

anhydrous copper(Il) sulfate acidified potassium
manganate(VII)

The student found that the copper(II) sulfate turned blue, acidified potassium manganate(VII)
turned colourless and white precipitate was formed in limewater.

Which gases were present in the sample of air?

A CO, Ha CO2
B CO, O, SO:
C COy Cl, H0O
D COy H20, SO;

Petroleum is separated into fractions by fractional distillation.
Which fraction distils off at the highest temperature?

A petrol

B bitumen

C kerosene

D lubricating oil

Which statement about vegetable oil and the margarine made from it is correct?

A Both are found in nature.

B Both are liquids at room temperature.

C Margarine is produced by hydrogenation of vegetable oil.

D Vegetable oil has fewer carbon-carbon double bonds than margarine.

Which two organic molecules contain the same number of hydrogen atoms?

butane and but-2-ene
hexane and cyclohexane
butane and 2-methylbutane
pentane and 2-methylbutane

OO m>

End of Section A
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Section B (60 Marks)

Answer ALL questions and write your answers in the spaces provided.

B1 Group I and Group VII elements show different trends in their physical and chemical
properties.

(a) State the trends in melting points down Group I and Group VIL

............................................................................................................. [2]
(b) Explain why reactivity of Group I elements increases down the group.
............................................................................................................. [2]
(c) Group I elements react readily with Group VII elements to form stable compounds
such as potassium fluoride.
(i) Explain, in terms of its bonding and structure, why the electrical conductivity
of solid potassium fluoride is negligible.
................................................................................................... [2]
(ii) Draw the dot-and-cross diagram of potassium fluoride. Show only the outer
shell electrons.
[2]
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B2 The reaction scheme shows how Epsom salts, containing hydrated MgSQOs, can be

produced.
sodium magnesium
Add water Add dilute hydrochloric acid, filter
solution P is formed solution collected as filtrate
Mix, filter
solid Q collected as residue
Add dilute sulfuric acid, warm
magnesium sulfate solution is formed
Evaporate the solution
Epsom salts
(a) Identify P and Q.
D e, SO U P . T P e R [2]

(b)

(c)

Write the chemical equation, including state symbols, for the reaction between
insoluble solid Q and dilute sulfuric acid.

............................................................................................................. [2]
5.25 g of solid Q is collected as residue.
Calculate the concentration of magnesium sulfate solution formed, when 50 cm? of
1.25 mol/dm? dilute sulfuric acid is added to solid Q.
[3]
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(d) State why it is not advisable to evaporate magnesium sulfate solution to complete
dryness.

............................................................................................................. [1]
(e) Suggest a more direct method to prepare Epsom salts in the laboratory.
............................................................................................................. [1]
B3 This question is on different types of oxides and their reactions.
(a) test observation
1 | Add dilute acid B to metal oxide | Yellow solid dissolve to form a
A until no further change. colourless solution.
2 | To the mixture from Test 1, add White precipitate formed which
aqueous sodium hydroxide until | dissolved in excess aqueous sodium
no further change. hydroxide to form a colourless
solution.
3 | To the mixture from Test 2, add Gas C evolved turn damp red litmus
aluminium foil and warm. paper blue.
4 | Add zinc powder to a fresh White solid D and grey deposit
portion of metal oxide A, and observed upon cooling.
heat strongly until no further
change.
(i) Identify Ato D
A BRC... DEC . DEG... DG
B e iienn e e e bR et e n e £ S
L
L Ottt g oS ot U (4]
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(b) Copper(II) oxide is a black solid used as a pigment in ceramics.

(i) Write the chemical equation for the reaction between copper(Il) oxide and
zinc when they are heated.

................................................................................................... [1
(ii) State one observation when copper(Il) oxide is added to sulfuric acid.
................................................................................................... [1]
B4 Experiments are carried out to investigate the effect of concentration of reactants on the
rate of reaction.
A precipitation reaction occurs when cadmium(II) sulfate, CdSO,, is added to potassium
sulfide, KzS.
experiment | concentration of concentration of rate of formation of
CdSO; / mol/dm? K2S / mol/dm?® CdS/gls
1 0.100 0.100 0.0200
2 0.200 0.100 0.0400
3 0.100 0.300 0.180
(a) Write the ionic equation, including state symbols, for this reaction.
............................................................................................................. [1]
(b) State the relationship between the concentration of K>S and the rate of reaction.
............................................................................................................. [1]
(c) Explain the effect of concentration of CdSOs, in terms of collisions between
particles, on the rate of reaction.
............................................................................................................. [2]

10
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(d) State and explain how the rate of this reaction can be measured in the laboratory.

............................................................................................................. [2]
B5 Cycloalkanes are a type of alkane that have one or more rings of carbon atoms in their
structure. Many cycloalkanes are used in motor fuel, kerosene, and other heavy oils.
Cyclobutane and cyclopentane are two members of this homologous series. Their
structures are shown below.
cyclobutane cyclopentane
’ H H H H
H_ é —cl: _H
H “ & H / \
_—-H
H=C C
H—C—C—H VRN
LR
H H H H
(a) State why cycloalkanes are saturated compounds.
............................................................................................................. [1]
(b) Cyclobutane has a boiling point of 12.5 °C but cyclopentane has a boiling point of
49 °C. Explain the difference in boiling points, in terms of their bonding and
structure.
............................................................................................................. [3]

11 [Turn Over]
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(c)

(d)

(e)

Cyclopentane has several structural isomers which are alkenes.

Name and draw the displayed formula of one of these isomers.

NaME: . [2]

The alkene from part (c) was converted to an alcohol.

State the reagents and conditions for this reaction.

A student conducted a calorimetric experiment and found that the complete
combustion of one mole of cyclobutane released 2702 kJ of heat energy.

(i) Construct an equation for the complete combustion of cyclobutane.
............................................................................................................... [1]
(ii) Calculate the heat energy released when 500 dm? of cyclobutane, at room
temperature and pressure, is completely combusted.
(2]

12



Raffles Girls School (Secondary) Year 4 Chemistry End-of-Year Assessment

(iii)  The table below shows some average bond energies, measured in kJ/mol.

bond type average bond energies
C-H 413
C-C 348
C=C 614
C-O 358
C=0 799
0-0 146
0=0 495
O-H 463
H-H 436

Using average bond energies, calculate the theoretical amount of heat
energy released when one mole of cyclobutane is combusted.

(2]
(iv)  Suggest a reason for the difference between the theoretical value
calculated in part (iii) and experimental value of heat energy obtained.
............................................................................................................. [1]
(v) Explain, in terms of the energy associated with bond breaking and bond
making, why combustion of cyclobutane is exothermic.
............................................................................................................. 2]
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B6 About 98% of the minerals making up the Earth’s crust are made up of just eight elements.
Most of these elements are found combined with other elements to form compounds.

The diagram below shows the minerals that occur naturally in the Earth’s crust.

EARTH’S CRUST
Mg (2.33%) K (2.09%)
0 Ti (0.57%
Na (2.36%) {HI ((0.14%;

Ca (4.15%)
Fe (5.63%)

Al (8.32%)

Oxygen
(46.4%)
Metals have to be extracted
by chemical reactions from
compounds found in the
crust.

Silicon
(28.2%)

(a) Aluminium ores are called bauxite. Bauxite is purified to produce aluminium oxide.
Aluminium oxide is then mixed with molten cryolite and converted to pure aluminium
by electrolysis.

(i) State the function of adding cryolite to aluminium oxide during electrolysis.

(ii) Write the half equations, with state symbols, for the reactions at the
electrodes.

CAtNOTET . oummms s s o sumssns 56 6 rsmsmams s o s forssaaios § o assssdie s Binmnon o' o HEEFES o0 & 0lossw B8 5 55 [2]

(iii)  The manufacturing of aluminium is very expensive as the carbon anode
needs to be replaced often.

Suggest a reason for this.

14
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(iv)  Pure aluminium reacts with atmospheric oxygen readily to form a layer of
aluminium oxide.

Suggest how this oxide layer can be removed.

............................................................................................................. [1]
(b) A student decides to produce aluminium metal in the school laboratory by
electrolysis of aluminium nitrate solution.
State and explain if this method is feasible.
............................................................................................................. [3]
(c) Aluminium is widely used in food packaging, electrical cables and aircraft
construction. It is 100% recyclable and it experience no loss in quality during the
recycling process.
Suggest another reason why we should recycle aluminium instead of relying on
mining of aluminium ores.
............................................................................................................. [1]
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(d) Molybdenum is a transition element and can be manufactured by heating together
molybdenum(VI) oxide, MoQOs, and aluminium. There is only one other product in
this reaction.

(i) Construct the equation for this reaction.
............................................................................................................. [1]
(i) Explain if this is a redox reaction.
............................................................................................................. [2]
(iii) A student commented that the reaction occurs spontaneously because
molybdenum is more reactive than aluminium.
State and explain if you agree with this statement, elaborating on the words
in bold.
[3]

End of Paper
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