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1 The experimental set-up below is used to collect a clean, dry sample of gas X.
Gas X was given off after ammonium chioride and calcium hydroxide was mixed

together and heated in a test-tube.

calcium oxide

What can be deduced about gas X7
1 ltis soluble in water.
2 ltis less dense than air.
3 It can also be dried using concentrated sulfuric acid.

A 1and 2 only B 1and3only C 2and3only D 1,2and3

2 The apparatus shown is used to measure the rate of a reaction.

Which of the following reaction rate can be measured using this apparatus?
A caicium with dilute hydrochloric acid
B copper with dilute nitric acid
C agueous sodium carbonate with aqueous silver nitrate
D chlorine with agueocus potassium bromide
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3 The diagram shows the apparatus used to separate liquid R (boiling point 70°C) and
ethanol (boiling point 98°C).

Which graph would be obtained if volume of distillate collected was plotted against

temperature?
A . c )
Vaolume ol distillate V{i[ume of distillale
&
Tem';_:eratura Temperztura
B Valume o distliate D Voluma of digtitate
[ F
Temperalure Temperatura
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4 Three separations are listed below.
1 Obtaining oil from a mixture of oil and water.
2 Obtaining ammonium chloride from a mixture of ammonium chloride and
sodium chloride.

3 Obtaining solid copper(IT} sulfate from copper({Il) sulfate solution

Which techniques would be involved in separation 1, 2 and 3 respectively?

1 2 3
A simple distillation sublimation crystallisation
B simple distillation crystallisation filtration
C separating funnel subiimation crystaliisation
D separating funnel crystallisation filtration

5 The following observations were recorded after various tests were carried outon a
green solid.
= A blue precipitate was observed when aqueous ammonia was added to an
agueous solufion of the green solid.
« Effervescence was formed when dilute nitric acid was added fo the green
solid. Upon adding agueous barium nitrate to the resultant mixture, no
visible reaction was seen.

What could be the identity of the green solid?
A iron(II) nitrate C copper(Il) suifate
B iron(Il) suifate D copper(Il) carbonate

6 In an experiment, 4.0cm?® of 1.0mol/dm? iron(I1I) sulfate solution is mixed with 4.0cm?

of 1.0mol/dm?® sodium hydroxide solution.

What does the reaction vessel now confain?
a green precipitate and an colourless solution
a green precipitate and an orange solution

a red-brown precipitate and a colourless solution

oo w P>

a red-brown precipitate and an orange solution
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7 Two experimental set-ups used to demonstrate the diffusion of gases are shown in
the diagrams below. In each porous pot is carbon monoxide.
In the first experiment, the gas introduced into the beaker is fluorine gas, while in the

second experiment, hydrogen gas was introduced.

fluorine —> hydrogen —» ——
Y b 4 Y
poneus pot— porous pot
carban carbon
monaxide monoxida
Expetiment 1 Experiment 2

What changes, if any, to the water fevels X and Y would you expect to see in both

experiments?
experiment 1 experiment 2
A Y is higher than X X is higher than Y
B Xis higher than Y Y is higher than X
C X and Y remain the same Y is higher than X
D X and Y remain the same X and Y remain the same

8 The conical flask contains compound Z which is present in liquid and gaseous states.

T4

f~o = gaseous Z

-n--t

liguid Z
Which statement is correct?
A The molecules in gaseous Z slide over each other.
B Energy is lost when compound Z changes from gas to liquid.
C Compound Z sublimed from kiquid Z to form gaseous Z.
D Compound Z has a range of boiling points.
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9 The table gives some statements about atoms and explanations for these
statements. Which row shows both a correct statement and a correct explanation for

the statement?

statement explanation
_ same number of electrons and
A atoms are electrically neutral
neutrons
atoms of metals tend to gain .
B to achieve a full valence shell
electrons
c the mass of an atom is concentrated | presence of protons and neutrons in
in its nucleus nucleus
b the nucleus and electrons repel each | nucieus and electrons have opposite

other charges

10 The table shows information about particies R and S.

oarticle number of
protons neutrons elecirons
R 11 12 10
S 19 20 18

Which of the following statement is correct for both R and 87
Both are atoms in the same Group.
Both are isotopes of the same element.

Both are positive ions in the same Group.

Ol >

Both are positive ions in different Groups.
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11 Some properties of substances P, {, R and S are given in the table.

percentage solid
substance | composition by | conducts changes on heating
mass electricity

P varies o solid burns to form carbon dioxide
and water

Q constant yes solid burns in air to form an oxide

R varies no solid melis

S constant yes solid decomposes

Which classification of substances is correct?

element mixture compound
A §,Q p R
B Q P,R S
c S P QR
D R P, Q S

12 Lithium and fluorine react to form lithium fluocride.
A student writes three statements about the reaction.
1 Lithium atoms lose an electron when they react.
2 Each fluoride ion has one more electron than a fluorine atom.

3 Lithium fluoride consists of strong electrostatic forces between atoms.

Which statements are correct?

A 1and2only B 1and3only C 2and 3 only D 1,2and3
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13 The compound below is made up of hydrogen and the elements X, Y and Z.

Which statement is incorrect?
A Eiement Z is most likely from Group VII.
B Element X is most likely from Group IV.
C The compound is formed by the losing and gaining of electrons.
D The compound has the molecuiar formula XsHeYZ.

14 Carbon and silicon are both in Group IV of the Periodic Table.
At room temperature, CO; is a gas whereas SiO: is a solid.

Which statement explains this?
A Covalent bonding is weaker in CQOa.
B Covalent bonds in CO; are double bonds and in SiO2 the covalent bonds are
single bonds.
C CO;is a covalent compound and SiO: is an ionic compound.

D CO:is a simple covalent molecule and SiO: is a giant covalent molecule.
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15 Below are four statements about metals.
1 Metals can conduct electricity.
2 Metals have high melting points, except some metals.
3 Metals contain a lattice of positive ions in the presence of delocalised
electrons.
4 Metals require a large amount of energy to overcome the strong covalent

bonds between the atoms.

Which of the following statements is comrect?
A Statement 1 is correct and statement 3 explains statement 1.
B Statement 2 is correct and statement 4 explains statement 2.
C Statement 3 is incorrect and statement 4 is correct.
D Al statements are correct but statement 1 does not explain statement 2.

16 Two moles of X decompaose rapidly at room temperature to give one mole of oxygen

and two moles of bromine.

What is the molecular formuta of X?
A BrO: B Br:Q C Br0O: D BriO:

17 Al ammonium salts produce ammonia gas on heating with sodium hydroxide.

Which ammonium salt has the greatest percentage mass of nitrogen?

A NH,CI B NHsNOs; C  (NH4):S0. D (NH4)3PQOq

18 12.0 g of anhydrous magnesium sulfate combines with 12.6 g of water to form
hydrated magnesium sulfate.

What is the formula of the hydrated magnesium sulfate?
A MgS0..9H,0 B MgS0.4.7H0 C MgS0..5H:0 D MgS0,4.3H:0
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19 Upon strong heating, a metal nitrate compound undergoes decomposition according
to the following equation:
2XNO; (s) — 2X (8) + 2NO2 (g} + O2(g)

Complete decomposition of 6.80g of the nitrate gives 480cm? of oxygen, measured at
room temperature and pressure. What is the relative atomic mass of X?
A 108 B 170 C 218 D 340

20 0.5mol/dm? sulfuric acid is added gradually to a flask containing 20cm? of 2.0mol/dm?
sodium hydroxide solution.

What is the total volume of the mixture in the flask when the solution is just nheutral?
A 20cm? B 40cm? C 60cm?® D 80cm?

21 Magnesium can be produced by electrolysis of molten magnesium chioride, MgClz.
What are the equations for the reactions that occur at the positive electrode and at the

negative electrode?
positive electrode negative electrode
A 2CF - Cl + 2 Mg?* + 2e" — Mg
B 40H" — 2H:0 + Oz + 45 2H* +2e"— H2
c 2CF +2e - Ch Mg + 2" — Mg**
D Mg?" + 2e"— Mg 2CE — Ch +2e
Queenstown Secondary School fTurn over
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22 The diagrams show an electrolysis set-up using inert electrodes.

hefore electrolysis after slectrolysis
Which couid be liquid Y?
1 agqueous magnesium nitrate
2 aqueous copper(ll) sulfate
3 concentrated hydrochioric acid
4 dilute sulfuric acid

A 1and4only B 2and4only C 1,2anddonly D 1,3and4only
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23 Two celis were set up as shown in the diagram.

The arrows show the direction of electron flow in the exiernal circuits.

metalY metal Y

—p B
metal X l l metal Z
| dilute l
sulfuric
acid

Which set of metals would give the electron flows in the directions shown?

metal X metal Y metal Z
A Ag Cu Zn
B Ag Zn Cu
c Cu Zn Ag
b Zn Cu Ag

24 The reaction between P and Q to produce R is a reversible reaction. The activation
energy for the forward reaction is +345 kJ/mol and can be represented as
P+ Q=R AH = 45 kJ/mol

The energy profile diagram is shown below.

&

B
Ll

Which of the following options correctly describes the reverse reaction?

type of reaction activation energy (in kJ/mol} AH (in kd/mol)
A exothermic +345 -45
B endothermic +390 +45
C exothermic -345 -45
D endothermic -390 +45
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25 Which of the following statements best describes the mechanism of a hydrogen-
oxygen fuel cell?

A Electricity is used to provide heat energy.

B Electricity is used to generate hydrogen and oxygen.

C Hydrogen ions react with hydroxide ions to generate electricity.

D Hydrogen and oxygen undergo redox reactions to generate electricity.

26 The rate of reaction between pieces of zinc and 1.0mol/dm? hydrochloric acid was
investigated. The total volume of gas produced every minute was recorded over a
period of time. The zinc had completely reacted in the reaction and the results are
shown in the graph below.

Volume of
gas/cm’

)

50 b-—r——r—————————

! 1 | i b |

40
30
20
10
0

®  Time/ min
g 1 2 3 4 5 6

What would be expected if the experiment was repeated using the same mass of zinc

and the same volume of 0.5mol/dm? hydrochleric acid?

. time at which maximum volume is
maximum volume of gas produced .
obtained
A 40cm?® less than 4 minutes
B 40cm?® longer than 4 minutes
c 20cm? less than 4 minutes
D 20em? longer than 4 minutes
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27 A household bieach contains sodium chlorate(l), NaC/O, as its active ingredient.
When sodium chlorate(l) is stired intc excess aqueous hydrogen peroxide, the
reaction that occurs is represented by the following equation.

NaCIO (aq) + H.0: (aq) -~ NaCl (ag) + Oz (g) + H20 (J)

Which of the following can be deduced from the reaction?
1 Hydrogen peroxide acts as a reducing agent in this reaction.
2 Hydrogen peroxide acts as an oxidising agent in this reaction.
3 The finai solution gives a white precipitate with acidified silver nitrate.
4

The final solution bleaches damp litmus paper.
A 1only B Zonly C 1and3 D 2and4

28 Which of the foliowing statements about sulfuric acid is/are true?
1 ltis used to make fertilisers.
2 It causes Universal Indicator {o turn orange due to the low amount of H* ions.
3 ltreacts with sodium hydroxide to form a soluble salt and hydrogen gas.
4 |t reacts with lead(IT) carbonate to form an insoluble salt, carbon dioxide and

water.
A 1and2only B 1and4only C Z2and 3only D 3 and4only
29  Which of the following salts can be prepared using the same method?
A zinc chloride, caicium sulfate
B potassium iodide, lead{Il) icdide

C copper(Il) sulfate, lead(II) nitrate
D potassium nitrate, magnesium nitrate
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30 Which of the following are true of Haber Process?

1 Nitrogen is obtained from the cracking of petroleum.

2 1 mole of nitrogen reacts with 3 moles of hydrogen to form ammonia.
3 Unreacted nitrogen and hydrogen are released into the atmosphere.
4

Finely divided iron provides an altemative pathway with lower activation energy.

A 1and2only B 1and3only C 2and 4 only D 3and4only

31 The table below shows some information of three elements.
element P Q R

atomic number 10 1 7

Which of the following statements about the elements is correct?
A P exists as a monatomic element and is used to fill up balloons.
B P and R are in the same period as their atoms occupy two electron shells each.
C The compound formed between P and Q has a high melting point.
D Qand R form a compound that has a formula of QRa.

32 Rubidium, Rb, is an element in the same group of the Periodic Table as lithium,

sodium and potassium.

Which statement about rubidium is likely to be correct?

it forms a manganate with the formula RbMnO,.

A

B [t forms an insoluble hydroxide.

C ltis obtained by the electrolysis of aqueous rubidium chioride.
D

It reacts slowly with cold water to form an alkaline solution.
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33 The information below shows the percentage of carbon in two samples of steel, Q
and R. Q consists of 60% carbon while R consists of 20% carbon.

Which statement is correct about the two samples of steel?
A Q has higher strength and less brittle than R.
B R has higher strength and more brittle than Q.
C Q has lower strength and more brittle than R.
D R has lower strength and less brittie than Q.

34 The table below provides information on the chemical properties of four metals and
some of their compounds.

) strong heating of
metal metal + steam metal oxide + coke
metal carbonate
W H: evolved oxide reduced CO; evolved
X H» evolved no visible reaction no visible reaction
Y no visible reaction oxide reduced CO; evolved
Z H- evolved no visible reaction CO; evolved

Which of the following shows the correct order of reactivity of the metals?

most reactive — least reactive
A Y W Z X
B X z W Y
Cc Z X W Y
D w X Y Z
Queenstown Secondary School [Turn over
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35 The following set-up is used to study the reduction of an oxide of copper.
The oxide of copper is Cuz0, which is a red solid.
What would be observed when the reaction has stopped, and what is the purpose of

burning the excess gas?

Brrsen bumer

observation purpose for buming excess gas
hydrogen gas used to reduce oxide is
A red solid turns brown _
highly flammable

. carbon monoxide used to reduce oxide is

B red solid remains unchanged )
poischous
C red solid turns brown carbon dioxide is a pollutant
nitrogen dioxide gas used to reduce oxide
D red solid tums black .
is a pollutant

36 Which of following reactions does not occur in a blast furnace during the extraction of

iron?
A Ca0 +CO0O; =2 CaCOs C CO+C—>2CO
B Ca0 + Si0: > CaSiCs D Fe:0;3+3C0O » 2Fe + 3C0O:
Queenstown Secondary School [Turn over
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37 The following diagram shows a simplified process of desulfurisation.

—— purified gases 1o chimney

7S

CaC0s; L desulfurisation chamber

fiue gases — /¥
9 g4

llr

Which of the following correctly describes the process?
A The purified gases give a white precipitate in limewater.
B Carbon monoxide present in the flue gases reacts with CaCOs.
C The purified gases decolourise acidified aqueous potassium manganate(VII).

D The desulfurisation process is a redox reaction.

38 The diagram below shows the cross section of a catalytic converter in the exhaust

system of a car.

Carhon mancside \_/Nitmgen
Hydrocarbons e—j —p-Carbon dioxide
Nitrogen oxides ~~ Water vapour

Catalytic converter catalysis

Which process(es) take(s) place in the converter?
1 Hydrocarbons are reduced to form carbon dioxide and water vapour.
2 Carbon monoxide reacts with nitrogen oxides fo form carbon dioxide and
nitrogen.
Nitrogen oxides react with hydrocarbons to form water vapour and nitrogen.

Redox reactions occur.

A 1and2only B 2and3only C 2and4only D 3and4only
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39 The average temperature of the Earth has been observed {o be increasing gradually.
Depietion of ozone layer
Increase in rate of growth of plants and animals

Increase in droughts, wildfires and heavier rainfall

W N

Increase in meiting of glaciers and ice caps, leading to increase in sea levels

Which of the above describe the environmental effects of an increase in Earth’s
temperature?
A 1and2only B 1,2and3 C 3and4only D 2,3and4

40 Biodiesel, an alternative fuel made from vegetable oil, can be used as a fuel for
vehicles. Although carbon dioxide is released during the combustion of biodiesel,

scientists still claim that it is a carbon neutral fuel.

Which is the basis for this claim?
A Biodiesel is not a carbon compound.
B Biodiesel produces less carbon dioxide when it burns.
C Plants release carbon dioxide during respiration.
D Plants absorb carbon dioxide during photosynthesis.
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Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The diagram shows part of the Periodic Table.

Pl m v v vl
CI{N|CIF
Mg Al Cl|Ar
K (Ca Cr Fe CulZn Br
I
Ft

Answer the following questions using only the symbols of the elements in the diagram.

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

Give the symbol of the element that:

(a) forms a compound which is used to remove acidic impurities in iron
extraction,

(b} consists of strong covalent bonds between its atoms arranged in a
tetrahedral manner,

(¢) forms an agueous solution that undergoes complete ionisation to
produce a high concentration of hydroxide ions, e [

(d) forms an oxide that reacts with both dilute nitric acid and aqueous

sodium hydroxide, . M
{e} is used to fill light buibs, ORI | |
() hasvariable oxidationstates. . {1]
[Total: 6]
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A2 Black ink contains a mixture of red, blue and yellow dyes. To separate the dyes, the
solvent used is a mixture of ethanol and water. Each of the coloured dyes have

different Ryvalues in solvents with different percentages of ethanol in the solvent

mixture.
1.0y
0.5y
— blue
34 red
00 = . 4 - flow
- % T | e ye
R value 1S e
0. 44ats
-‘H". | ‘
0. .t 3
T v;
s -
B G ‘i
0 20 40 60 80 100

Percentage of ethanol in solvent
(a) Deduce the Ryvalue of the yellow dye on the chromatogram when the solvent
consists of 40cm? of ethanol and 160cm® of water.

Rivalue ..., [1]

(b) Using the information from the graph, justify if the black ink can be separated

by using only water as the solvent for paper chromatography.
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(e) Wayne carried out paper chromatography on the black ink using a
mixture of ethanol and water as the solvent. He discovered only one spot
forming on the resulting chromatogram.

Using evidence from the graph, explain why he cannot conciude that the

black ink is a pure substance.

......................................................................................................... [2]
[Total: 5]
A3 A ship sank after a collision with an iceberg in the sea. Scientists proposed to lift the
ship by attaching inflatable buoys to it. The buoys are to be filled with hydrogen gas,
which is formed by the electrolysis of seawater, which consists mainly of
concentrated aqueous sodium chloride, as shown in the diagram below.
rescus ship o
(a} (i) Ispipe A connected to the cathode or anode? Explain your answer.
................................................................................................ [1]
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(i) Write the ionic equation for the reaction that produces hydrogen gas at

pipe A.
................................................................................................ 1]
(ili) Identify gas P.
................................................................................................. (1]
(b) A sample of the seawater was taken to the laboratory. Electrolysis of the
seawater was carried out using carbon electrodes.
Describe and explain how the pH of the electrolyte changes.
........................................................................................................ [2]
[Total: 5]
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A4 The graph shows the volume of carbon dioxide released when the three granular

meial carbonates were heated.

4
- = = - - i---- .- - .,.._:_',.,.-_-"_.
T T T - | ealgium (oS L=F] -
40 ' H carbonate =
“.—.. —‘_"_-:.. . . I‘. . . . - s l } ] - | 1:
4 '__-_-4""'- H
M /)
1+ 13 . | H
woab fan fude _]..._... B I IR I Ty -
30 : =" strontium

yoiume of T T T W TN T rbma;&';':"
carbmdioxida m o ed fofew o] o] d .)l Ao b d b e B : '!-1-.."'.-
fom? syu P T ATTT-

e o . i irl - - - - -".r'.

/ d
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{a) Which carbonate produced carbon dioxide at the highest rate?

(b) How do the rates of the reactions of the three metal carbonates relate to the

positions of calcium, strontium and barium in the Periodic Tabie?
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{e) Strontium carbonate is used in electronic applications.

(i) Describe a test to confirm the presence of carbonate ions.

(i) Deduce the number of elecirons, protons and neutrons in one strontium
ion.
number of electrons ..........
number of protons ..........
number of neutrons .......... 2]

(5} Describe how strontium carbonate can be prepared in the laboratory.

................................................................................................ [3]
(d} Describe the effect each of the following has on the rate of reaction, assuming
all other conditions remain the same.
(i) The temperature is increased.
................................................................................................ [1]
(i) Powdered carbonate is used.
................................................................................................ 1]

[Total: 12]
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A5 The table shows some properties of three halogens

element meiting point /°C boiling point /°C
fluorine -220 -188
bromine -7 59

iodine 114 184

(a) Besides the increase in melting and boiling points down the group, state

another trend for the Group VIl elements.

......................................................................................................... (1]
(b) (i) Deduce the physical state of bromine at 10°C.
................................................................................................ [1]
{ii) Compare the differences in the arrangement and movement of fluorine
molecules below its melting point and above its boiling point.
................................................................................................ [2]
(¢} (i) Bromine reacts with 11.5g of sodium to form 30.9g of sodium bromide.
Calculate the percentage yield of sodium bromide.
percentagevield=.................... % [2]

Queenstown Secondary School [Turn over

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




BP~524

{ii) Fluorine was then added to the product sodium bromide.

Describe what would be cbserved from the reaction and explain your

answer,

................................................................................................ 2]
(i) Sodium bromide has a melting point of 747°C, which is much higher

than bromine’s melting point. This is because ionic bonds are much

stronger than covalent bonds.

Do you agree with this statement? Explain your answer.

................................................................................................ [2

[Total: 10}

A6 Nitrogen and hydrogen react to form ammonia in the Haber process.

The table below shows some bond energies.

bond bond energy in kJ/mol
N=N 456
N=N 945
N-H 391
MH-H 436
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(a} Using the information given in the table, calculate the enthalpy change when
hydrogen and nitrogen react to form ammonia and hence, deduce if the

reaction is an exothermic or endothermic reaction.

(3]
(b} Iron catalyses the reaction.
Explain how iron affects the rate of reaction in the Haber process.
......................................................................................................... 2]
(¢} Other than iron catalyst, state the conditions used in the Haber process.
......................................................................................................... 1]
{d) The nitrogen and hydrogen are mixed in a 1 : 3 ratio by volume.
Explain why the gases are mixed in a 1 : 3 ratio. Include an equation in your
answer.
......................................................................................................... [2]
[Total: 8]
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AT Alloys are usually used in our daily lives — kitchenware, infrastructures, automobile
parts and so on. They are even used to electroplate metals. They improve the
mechanical properties of metals.

(a) Explain how alloys can improve the mechanical properties of metals.

........................................................................................................ [2]
{b) Iron is a metal that rusts easily to form iron(Il) oxide.
A block of magnesium can be placed near the iron metal to prevent iron from
rusting.
Explain how this prevents iron from rusting.
......................................................................................................... [2]
[Total: 4]
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SectionB
Answer all three questions in this section.
The last question is in the form of an eitherfor and only one of the alternatives should be
attempied.

B8 The information below shows some issues in the automobile industry.

As part of the Singapore Green Plan, the government will require all new car and
taxi registration {o be of cleaner-energy models from 2030 onwards. Currently, most
of the internal combustion engine (ICE) vehicles in Singapore run on petrol or
diesel, and this contributes to 6.4 million tonnes of CO»-equivalent per year.
However, if EV was used, the amount of CO- production would decrease to about 2
miltion tonnes per year.

Source: hitps:/fwww.channelnewsasia.com/singapore/diesel-cars-taxis-new-
registration-to-end-2025-ong-ve-kung-257916

Comparison between ICE and EV

ICE vehicles are less fuel efficient, with 16-25% of energy from the fuel being
converted to move the vehicle. The rest of the energy is either lost as heat, friction
and etc. Octane, CgH1s, is the fuel used to power ICE vehicles.

EV are more efficient, with 59-62% of the electrical energy used to power the
energy, without the production of harmful poliutants. However, the life-cycle
emissions of EVs, during the manufacture phase, harmful gases are produced from
the mining of lithium which is used in the batteries to power the cars. Also, the
electricity generated to power the EV also contributes to the high level of air
poliutants.

Source: https://carro.sg/blog/internal-combustion-engine-vehicle-vs-electric/

Types of EVs

There are two types of EVs in the market now. One of them is the hydrogen fuel cell
electric vehicles (FCEVs), and the other is the more common battery elecfric vehicle
(BEVSs).

FCEVs

A hydrogen fuel cell is an electrochemical device that works like a battery, which
converis chemical energy from the fuel to electrical energy in a chemical reaction
between hydrogen and cxygen.

The hydrogen fuel cell consists of two electrodes containing platinum catalyst,
between which is an electrolyte. The catalyst enables the hydrogen molecules to be
separated into electrons and ions. The polymer electrolyte membrane (PEM) allows
positive ions to migrate through it, while blocking electrons. Oxygen in the air reacts
at one electrode and the hydrogen fuel, on the other. The only product is water.
Figure 8.1 below shows how a hydrogen fuei cell work.
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Source: https://fen.wikipedia.org/wiki/Proton-exchange membrane fuel cell

The table below shows some information about hydrogen and octane.

Figure 8.1

fuel boiling | density at | volume of 1 enthalpy enthalpy
point / room mol of fuel change change
°C temperature at room when 1 mol | when 1 kg
and temperature of fuel is of fuel is
pressure and completely | completely
g/dm? pressure burned in burned in
/dm? kJ/imol kJd/kg
hydrogen | -253 0.083 24 -143 000
octane 125 0.162 -5075
CelHie
Table 8.2
BEVs

Lithium-ion batteries are most commonly used to power BEVSs. It contains a graphite
anode, a lithium metal oxide cathode and an electrolyte which is a mixture of a
lithium salt and an organic solvent. When electricity is applied on the cell, the battery
goes in a “charge” mode, where the lithium ions and electrons are separated from
the lithium metal oxide cathode. The electrons will move towards the graphite anode
through the wire, while the lithium ions move across the electrolyte and will be
stored at the graphite anode. The cell is fully charged when all lithium ions and
electrons are stored at the graphite anode.

When a battery is connected to power a load, e.g. lightbulb, the “discharge” phase
occurs. Electrons and lithium ions will move back to the lithium metat oxide cathode.
This creates an electrical current through the load. Figure 8.3 shows the electron
flow when a load is applied.
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Source: hitps:/fwww.technology matthey.comy/article/58/1/4-13/

Figure 8.3

{a) Complete Table 8.2 on hydrogen and octane.

Use the space below to show your working.

[3]

(b) Using information from Table 8.2, evaluate the use of hydrogen and octane as

fuels. Your answer should consider the ease of storage or the energy content

of the fuels.

......................................................................................................... i
(c} Write the half equations for the cathode and anode for the hydrogen fuel cell.

CAthOTE ..

2Tyl L= T S O OO RPPUTTEN 2]
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(d) The energy cutput of a fuel cell can be shown using an energy profile
diagram.
Complete and label the energy profile diagrams to show the effect of the

catalyst on the energy changes in the hydrogen fuel cell.

i i

EREMY ERemy
raclat_  ractat
e -
prograss of réaction progress of réaciion
reaction without catalyst reaction with catalyst [3]

(e) Lithium-ion battery is different from the conventional simple cell.

Compare and contrast the two types of cells.

...................................................................................................... [2]
() “Oxidation occurs at the anode when the lithium-ion battery is charged.”
Comment on the validity of the statement.
...................................................................................................... [1]
[Total: 12]
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B8 People who suffer from kidney disease are encouraged not to consume starfruit
because the fruit contains high levels of oxalic acid, which is dibasic.
The formula of oxalic acid can be represented by HaA.

The concentration of oxalic acid is approximately between 0.5mol/dm?to
1.0mol/dm?®. The concentration of the acid can be determined through performing an
acid-base titration with aqueous sodium hydroxide.

Teluo suggested that 25.0cm?® of oxalic acid from the starfruit should be pipetted into
a conical flask and titrated against 1.6mol/dm? of aqueous sodium hydroxide using a
burette.

He rinsed the pipette and conical flask with tap water, distilled water, followed by
oxalic acid. He then rinsed the burette with tap water, distilied water, foliowed by

aqueous sodium hydroxide.

(a) State the error made and explain how this error affects the results.

{b} Assuming that the error was corrected, based on the information provided,
calculate the maximum volume of aqueous sodium hydroxide needed for

complete neutralisation.

(2]
(c} Oxalic acid contains 2.20% of hydrogen and 26.7% of carbon by mass. The

rest is oxygen.

(i) Determine the empirical formula of oxalic acid.

(2]
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(i} Given that the relative molecular mass is 90, determine the molecular

formula of oxalic acid.

[1]
(iii) A patient was advised not to consume more than 0.05g of oxalic acid
per day. If a serving of starfruit contains 0.00013227mol of oxalic acid,
calculate the maximurn number of servings of starfruit the patient can

consume daily.

(2]

[Total: 8]
B10 EITHER

Titanium is a rare and expensive metal, and it is higher than carbon in the reactivity
series. It is extracted from rutile, which is a mineral composed mainly of titanium
dioxide, TiO2. Figure 10.1 shows the extraction of titanium.

step 1 Titanium dioxide reacts with chlorine and coke at 1000°C to
produce titanium tetrachloride, TiC/s and carbon monoxide.
Titanium tetrachloride is cooled and collected. TiCls exists as a
colourless liquid at room temperature and pressure, and its boiling
point is 136°C.

step 2 Titanium tetrachioride is then reacted with magnesium at a
temperature of 1100°C in a sealed reactor for 3 days to obtain
titanium.

step 3 The reactor is cooled and opened to obtain titanium and the other
product is magnesium chloride.

Figure 10.1
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{a) (i) Based on the above information, deduce the structure and bonding

present in titanium tetrachloride, TiCls. Explain your answer.

................................................................................................ [2]
(i) What is unusual about the bonding present in titanium tetrachloride,
TiCls? Explain your answer.
................................................................................................ [1}
(iif) Hence, suggest a reason why the eiectrolysis of titanium tetrachloride,
TiCls, is not used as a method to extract titanium.
................................................................................................ [21
(b) (i) Write the chemical equation to show the reaction that occurred in step 1.
................................................................................................ 1]
{ii) Explain how the product(s) from step 1 affect the health of humans.
................................................................................................ [1]
(c}) (i) Write the chemical equation to show the reaction that occurred in step 2.
................................................................................................ [11
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(i} What can you deduce from the reaction in step 2 regarding the reactivity

of magnesium and titanium? Explain your answer.

................................................................................................ [2]
[Total: 10]
B1¢ OR
Interhalogen compounds are formed between atoms of different Group VIl elements
and these are very strong oxidising agents,
(a} Fluorine and chlorine react exothermically to form chlorine trifluoride, CiFs.
This product is poisonous and extremely reactive and is used as part of
nuclear fuel processing and reprocessing, by the fluorination of uranium metal.
(i) Draw the ‘dot-and-cross’ diagram to show the outer electrons in the
bonding of chiorine trifluoride.
[2]
(i) When chlorine triflucride, C/Fs, is added to water, it reacts vigorously to
produce three gases. One of the gases produced is hydrogen fiuoride.
Another gas turns damp blue litmus red and then bleaches it. The third
gas relights a glowing splint.
Write the chemical equation for the reaction between chlorine trifluoride
and water.
................................................................................................ 2]
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(b) Chlorine trifluoride, CfFs, reacts with uranium to produce uranium hexafluoride,
UFs, in the following equation.

U + 3CfF; 2> UFs + 3CIF

(i) Complete the table to show the oxidation states of uranium and fluorine.

element | oxidation state in reactanis | oxidation state in products

uranium +6
chlorine +3 +1
fiuorine -1 (1]

(i) Using your answers in (b)(i}, explain why this is a redox reacfion.

................................................................................................ 2]
{c) Ancther interhalogen compound is BrFs. The liquid of this compound is able to
conduct electricity.
Complete the following equation and use it to explain why BrFz can conduct
electricity while bromine and fluorine are non-conductors of electricity.
BrEa=> Brio"+ ...
...................................................................................................... {3]
[Total: 10]
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MARK SCHEME
1. A 1. B 21. A 31 B
2. A 12. A 22. A 32, A
3. c 13. c 23. D 33. D
4, c 14. D 24, B 34. B
5. D 15. A 25. D 35 A
6. D 16. B 26. B 36. A
7. B 17. B 27. C 37. A
8. B 18. B 28. B 38. c
S. C 19. A 29, C 39. c
10. C 200 C 30. c 40. D
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MARK SCHEME
Section A [50 m]
Al| (a) Ca (b) C (J5 8 [3]
) gn/Al (e) Ar (flEe/Cu/Cr/Pt [3]
A2 (a] 2(20% ethanol) 1
(b} Yes.

From the graph, the Ry values of the blue ink and the red ink are different | [1]
(Le. the blue ink will travels further up the chromatogram than the red
ink), while the Ry value of the yellow ink is 0 (i.e. the yellow ink reraing [13
insoluble at the original spot). Hence, all the three components of black
ink can be separated.

(¢) From the graph, he must have used 80% ethanol, where all the 3 dyes (1]
had the same R value of 0.4. (i.e. had the same solubility / travelled the )|
same distange), hence appeared only as one spot.

Al | (a) (i) Cathode, as the hydrogen ion is discharged to form hydrogen gas. 1

(i) 2H"(aqg) + 2e" > Hz(g) 13
(lii) Chlorine / Cf; [1]
() The pH of the electrolyte increases. [1]

During the electrolysis, the H* and G/ ions are discharged, leaving
behind Na* and OH- ions, forming scdium hydroxide, which is an alkaline [1]
solution.

Ad | (a) calcium carbonate {11

(b} The faster the rate of decomposition, the less stable the metal carbonate, | [1]
the less reactive the meta! is, the higher the position of the metal in
Groun I,
From the graph, the rate of decomposition of calcium carbonate is the [1]
fastest while that of barium carbonate is the slowest. This shows that
calcium carbonate is the Jeast stable while barium carbonate is the most
stable. Hence, calcium is the least reactive metal while barium is the
most reactive metal in Group 1.

(¢) () test add dilute hydrochloric / nitric acid f1]
result: effervescence is observed, gas evolved gives white 1]
orecipitate with fimewater

{li) 36 electrons; 38 protons; 50 neutrons 2]
(tif) 1. Mix aqueous solutions of strontium nitrate and sodium carbonate [11
together.
2. Filter the mixture to obtain strontium carbonate as residue. 1}
3. Wash the residue with distilled water. [1]
4. Dry the residue by pressing between two pieces of filter paper.
{d) (i} Anincrease intemperature increages the rate of reaction, as the [1]

reactant particles gain kinetic energy ard move faster, leading to
more effective collisions between the particles.

{f} The use of powdered carbonate increases the rate of reaction, as (1]
there is an increase in available surface area of contact between
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reactant particles, leading to more effective collisions between the
particles.

AS

{a)
{b)

(c)

The colour intensity increases / reactivity decreases down Group VII,

(i) liquid

{ii} arrangement: Flucrine molecules are packed very closely fogether
in an grderly manner below its meiting point, while fluorine
molecules are far apart in a random arrangemant above its boiling
point.
movemsant: Fluorine molecules vibrate about a fixed position below
its melting point, while flucrine molecules are free o mave above its
beiling point,

(i} 2Na + Bra = 2NaBr
Fr.Egn.. 2 2
Given :11.5g 79
Al M 123 103

[0.5mof 0.5mol
theoretical mass of NaBr = 0.5 x 103 = 51.5¢g
% yield = 30.9/51.5 x 100 = 60%

(i} The colouress solution turns red-brown.

Fluorine, being more reactive than bromine, digplaces bromine from
sodium bromide.

{iii) No. [covalent bonds (strong) = intermolecular forces (weak)]
Sodium bromide has a higher melting point, as a |larger amount of
heat energy is required to overcome the strong electrostatic forces
of attraction between the oppositely charged h
Bromine has a lower melting point, as a smaller amount of heat
energy is required to overcome the weak intermolecular forces of
attracticn between the molecules

[1]
[1]

[1]

[1]
(1
m

]

]

[

A6

(a)

{b}

(c)
(d}

energy absorbed for bond breaking = 945 + 3(436) = 2253 kdJ

energy released in bond forming = 6(381) = 2346 kJ

enthalpy change = 2253 + (-2346}) = -93kJ

Hence, the reaction is exothermic.

tron, being a catalyst, provides an alternative pathway with a lower
activation energy, allowing more reactant particles {o possess the
minimum energy to react, leading to mare efiective collisions between
the particles, resulfing in a faster rate of reaction increases.
400-450°C and 200atm

Na(g) + 3H2(g) = 2NHa(g)

From the equation, 1 mole of nitrogen reacts with 3 moles of hydregen to
produce 2 moles of ammonia.

(1]
(1]
(1l

i)

t1]
(11
(1]
{1}

A7

(a)

(b)

Alloys can improve the mechanical properties of metals by increasing the
hardness and strangth of the pure metals.

In alloys, the presence of atoms of a different size disrupts the arderly
arrangement of atoms, causing the layers of atoms to be unable to slide
over each other easily.

Magnesium prevents iron from rusting using the sacrificial protection
method. Magnesium, being more reactive than iron, corrodes in place of
iran.

{1
{1]

I
1
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Section B [30 m]
B8 | (a) 1mol = 0.162dm>
114g = 0.162dm®
density = 114g + 0.162dm? = 704g/dm? 1]

1dm® = 0.083g

24dm? = 0.083g x 24dm? = 1.892¢
1000g = -143000kJ

enthalpy change = -14300 = 1000g x 1.982¢g = -285kJ/mol 1]

imol = -5075kJ
no. of mol. of CeH:s = 1000g + 114 = 8.7718mol
enthalpy change = 8.7718moi x (-5075kJ) = -4450CkJ/kg 11

(b} Octane fuel is gasier to store. |
Hydrogen is a gas, while actane is a liquid at room temperature and
pressure. This makes hydrogen more dangerous and difficult to store.
OR
Hydrogen is a more enerqy efficient fuel.

Hydrogen has a larger energy content than octane. For 1kg cf each fuel,
hydrogen releases mare energy (I.e. 143000kJ) than octane (i.e.

44500k},

{c) cathode: Oz(g) + 4H'(ag) + 4e” > 2H.0 (1) [1]
anode: Ha{g) 2 2H*(aq) + 2e [1]

{d) On diagram i3]

« 1m —energy level of product is lower than that of reactant
s 1m - correct labelling of enthalpy change using a one-sided arrow
« 1m —~ correct labelling of activation energy using a one-sided arrow,
activation energy is [ower for the reaction with catalyst
(e} The conventional simple cell uses two metals of different reactivity, while | [1]
the lithium-ion battery uses only ocne metal, i.e. lithium,

In the conventional simple cell, the more reactive metal is the anade, (1]
while in the lithium-ion cell, graphite anode is used.
(f) The statement is not valid. [1]

During charging, electrons and lithium ions move out of the cathode
towards the anode. The gain of electrons is a redugtion process.

B9 | (a) He rinsed the conical flask with oxalic acid. 1]
This error wili result in a larger volume of aquecus sodium hydroxide
required to neutralise the oxalic acid from the burette.

(b) HaA 4+ 2NaOH — NagzA + 2H0
Fr. Eqgn.: 1 2
Given :1.0mol/dm® 1.6mol/dm®

250cm®*  7em®

0.025mol  0.050mol (1]
maximum volume of NaOH = 0.050mol + 1.6mol/dm® = 31.3 cm® (11
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¢y (i)

(i)

{iif)

C H O
% 26.7 71.1
A 12 1 18
na. of mol. 2.225 4,44375
+ 2.2 1 1 2
~ empirical formula = CHO,
{CHO2)a= 20

n=2
molecular formula = C2H:04
ng. of mol. of oxalic acid = 0.05 + 80 = 0.00055556mol
1 serving = 0.00013227 mol
no. of servings = 0.00055556 mol +

0.00013227 = 4

(1]

(1]
(1

Bi¢

Either
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. with weak intermolecular

TiCl is a simple covalent molecule
forces between
Based on the information gwen TiCis has a low boiling point of
136°C.

Since titanium is a metal and chlorine is a non-metal, the
compound formed should be an ionic compound.

[Covalent bonding occurs between non-metals.]

Since TiC/s is a neutral motecule, the absence of mobile charged
particles preverts the electric current from being carried.

TiOz + 2C1, + 20 = TiCh + 2C0

When inhaled, CO combines with haemoglobin in blood, causing
the body to be starved of gxygen, leading to death.

TiCla + 2Mg > Ti + 2MgCt2

Magnesium, being more reactive thar titanium, displaces titanium
from titanium chloride.

[1)
[1]
1l

2l

{1
{1

|
2]

B10

Or
{a} (i)

{ii)
(b} (i}
(i)

(e} E

‘Dot-and-cross’ diagram of F — C/ = F (covalent)

|
F

AC/Fa + 6H0 = 12HF + 302 + 2Cly

0;-1

U is oxidised, as the oxidation state of Iuramum increases from Qin
U to +6 in UFs.

Ci in CiFs is reduced, as the oxidation state of [chloring decreases
from +3 in CiF3to +1 In CIF.

BrF3 can conduct electricity due to the presence of moblle iong|, which
allows the electric current to be carried.

Bromine and fluorine are non-conductors of electricity as they both exist
as neutral molecules. The absence of mobile charged particles prevents
the electric current from being carried.

2]

(21
[1}
[
(1}

[1)
[1]

[1]
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Additional Materials: Multiple Choice Answer Sheet

READ THESE INSTRUCTIONS FIRST

Write In soft pencil.
Do not use staples, paper clips, glue or correction fluid.
Write your name, class and index number on the Answer Sheet in the spaces provided.

There are Forty questions on this paper. Answer all questions. For each gquestion there are
four possible answers A, B, C and D.

Choose the one you censider correct and record your choice 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 a2 wrong answer.
Any rough working should be done in this booklet.

A copy of the Periodic Table is printed on page 20.

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

This document consists of 20 printed pages.
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1 The experimental set-up below is used to collect a clean, dry sample of gas X.
Gas X was given off after ammonium chloride and calcium hydroxide was mixed
together and heated in & test-tube. Gas X = NHa

calcium oxide

What can be deduced about gas X?
1 i is soluble in water. v
2 ltis less derse than air. v

3 It can also be dried using concentrated sulfuric acid. x [calcium oxide]

A 1and?Zonly B 1andadonly C 2and 3only D 1.2and 3

2 The apparatus shown is used to measure the rate of a reaction.

gas syrnne

.- roactanis
-4
S—

Which of the following reaction rate can be measured using this apparatus?

A czicium with dilute hvdrochioric acid v [Hz produced]

B copper with dilute nitric acid ¥ [no reaction]
C agueous sodium carbonate with aqueous silver nitrate % [no gas produced]
D

chlorine with aqueous potassium bromide # [no gas produced]
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3 The diagram shows the apparatus used o separate fiquid R (boiling point 70°C) and
ethanot (boiling point 98°C).

Which graph would be cbtained if voiume of distillate collected was plotted against

temperature?
A . C .
Volume of distiflate Vnﬁume of distiflate
&
Temrpermure Jemperaiure
B Volume of distliie D Volume of distillate
Temperature Temperalure
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4 Three separations are listed below.
1 QObtaining oil from a mixture of oit and water. [immiscible liguicds]
2 QObtaining ammonium chloride from a mixture of ammaonium chioride and
sodium chloride.

3 Obtaining sclid copper(ll) suifate [soiuble] from copper(Il} suifate sclution

Which technigues would be invalved in separation 1, 2 and 3 respectively?

1 2 3
A simple distiliation sublimation crystatlisation
B simple distillation crystallisation filtration
c separating funnel sublimation crystaliisation
D separating funnel crystallisation filtration

5 The following cbservalions were recorded after various tests were carried out on a
green solid.
» A blue precipitate was observed when agueous ammonia was added to an
aqueous solution of the green solid. [Cu®*]
o Effervescence was formed when dilute nitric acid was added to the green
solid. Upon adding agqueous barium nitrate to the resuitant mixture, no

visible reaction was seen. [CO;*]

What could be the identity of the green solid?
A iron(1l) nitrate C copper{ll) sulfate
B iron(ll) suifate D copper(ll) carbonate

6 In an experiment, 4.0cm?® of 1.0molfdm? iron(l11) sulfate solution is mixed with 4.0cm?
of 1.0mol/dm? sodium hydroxide soiution, [Fe?* {(aq) + 30H" {agq) — Fe(OH): (s)]
excess limiting
What does the reaction vessel now centain?
A a green precipitate and an colouriess sotution
B a green precipitate and an orange solution
C ared-brown precipitate and a colourless solution

D ared-brown precipitate and an grange soluiion
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7  Two experimental set-ups used to demonstrate the diffusion of gases are shown in
the diagrams below. In each porous pot is carbon monoxide A% = 28].
In the first experiment, the gas introduced into the beaker is fluorine gas (M, = 38],
white in the second experiment, hydrogen gas [M- = 2] was introduced.

fluorine —>

POTOUS pot—

carbon
monoxide

Experiment 1 Experiment 2

What changes, if any, to the water levels X and Y would you expect to see in both

experiments?
experiment 1 experiment 2
A Y is higher than X Xis higher than Y
B X is higher than Y Y is_higher than X
C X and Y remain the same Y is higher than X
D X and Y remain the same X and Y remain the same

8 The conical flask contains compound Z which Is present in liquid and gaseous states.

T gaseous Z

iiquid £
Which statement is correct?
A The molecules in gaseous Z slide over each other. ¥ [move freely]
B Energy is lost when compound Z changes from gas to liguid,
C Compound Z sublimed from liguid Z o form gaseous Z. x [solid}
D Compound Z has a rahge of boiling points. *# [fixed]
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9 The table gives some statements about atorms and explanations for these
statements. Which row shows both a correct statement and a correct explanation for

the statement?

statement explanation

_ same number of electrons and
A atoms are electrically neutral
neutrons ¥ [protons)

atoms of metals tend fo gain .
B te achieve a full valence shell
electrons % [lose]

c the mass of an atom is presence of proiens and neufrons
cencentrated in its nucleus in nucleus
b the nucleus and electrons repel each | nucleus and elecirons have opposite

other x [attract] charges

10 The table shows infarmation about particles R and S,

number of
particle
protons neutrons electrons
R 112,81 12 10 positive ion
8 192881 20 18 positive ion

Which of the following statement is correct for both R and 37
A Both are atoms in the same Group.
B Both are isotopes of the same element.

C Both are positive ions in ;he same Group.

D Both are positive ions in different Groups.
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11 Some properties of substances P, Q, R and S are given in the table.

percantage s0lid
substance | composition by | conducts changes on heating
mass glectricity
solid burns to form carbon dicxide
P varies no
and water
Q constant yes solid burns in air to form 2n oxide
R varies no solid melts
s constant VoS solid decomposes

Which classification of substances is correct?

element rnixture compound
A S, Q P R
B Q P.R S
C S P o, R
D % R P.Q S

12 Lithium and fluotine react to form lithium fluoride.
A student writes three statements about the reaction.
1 Lithium atoms lose an eiectron when they react. v/
2 Each fluoride ion has one more electron than a fluorine atom. v
3 Lithium fluoride consists of strong electrostatic forces betwsen atoms.
[tons]

Which statements are cormrect?

A 1and2only B 1and3only C 2and 3 only D 1,2and3
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13 The compound below is made up of hydrogen and the elements X, Y and Z.

Which statement is incorrect?
A Efement Z is most likely from Group VII.
B Eilement X is most likely from Group V.
C The compound is formed by the losing and gaining of electrons.

* [sharing]
D The compound has the molecular formula XsHoYZ.

14 Carbon and sllicon are both in Group IV of the Periodic Table.
At room temperature, CO: is a gas whereas Si0: Is a solid.

Which statement explains this?
A Covalent bonding is weaker in CO2.
B Covalent bonds in CO; are double bonds and in SiQ: the covalent bonds are
single bonds.
C CO:Is a covalent compound and SiOz is an lonic compound.
D CO,is asimple covalent moiecule and $i0- is a giant covalent molecule.
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15 Below are four statements about metals.
1 Metals can conduct electricity. v/
2 Metals have high meflting points, except some metals. v/
3 Metals contain a lattice of posifive ions in the presence of delocalised
glectrons. v
4 Metals require a large amount of energy to overcome the strong covalent
bonds between the atoms. % [forces of attraction between + ions and e’

Which of the following statements is correct?

A Statement 1 is correct and statement 3 explains statement 1,

B Statement 2 is correct and statement 4 explaing statement 2.
C Statement 3 is incorrect and statement 4 is correct.
D All statements are correct but statement 1 does not explain statement 2.

16 Two moles of X decompose rapidly at rcom temperature {0 glve ohe mole of axygen
and two moles of bromine. [2Bra0 — O3z + 2Br;]

What is the molecular formula of X?
A BE‘O: B Br.O 1 BFzOZ D Bl’aOz

17 All ammonium salts produce ammonia gas on heating with sodium hydrexide.
Which ammonium salt has the greatest percentage mass of nitrogen?

A NH.CI B NHNOs C  (NH.)S0: D (NH):POq
26.2% 35% 21.2% 28.2%

18 12.0 g of anhydrous magnesium sulfate combines with 12.6 g of water to form
hydrated magnesium sulfate.

What is the formulza of the hydrated magnesium sulfate?
A MgS049H0 B MgSQ47HO C MgSO:.5MH0 b MgS04.3H:0
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10
Mgs80, | H0
mass 120g | 1269
M, 120 18
mass / M, 0.1 0.7
+0.1 1 7

19  Upon strong heating, a metal nitrate compound undergoes decompaosition according

to the following equation:
2XNO3 (8) — 2X (s} + 2NO2 (g} + 02 (@)

Complete decomposition of 6.80g of the nitrate gives 480cm?* of oxygen, measured at
room temperature and pressure. What is the relative atomic mass of X?
A 108 B 170 C 216 D 340

2XNO: (s) — 2X (s) + 2NO; (g) + Oz {g)
Fr. Eqn.: 6.80g 0.48dm?
M. of XNO3 = 6.80g + (.04mol = 170
A, of X = 170 - 14 — 3{16) = 108

20 0.5mol/dm? sulfuric acld is added gradually to a flask containing 20cm?of 2.0mol/dm?

sodium hydroxide solution.

What is the total volume of the mixture in the flask when the solution is just neutral?
A 20cm? B 40cm? C 6fom® D 80ecm?

H.SQO: + 2NaOH — Na;SOs + 2H.0
Fr. Eqn.: 0.5mol/dm® 2.0mol/dm?®
7em?® 20cm?
0.02mol 0.04mol
Volume of H,S04 = 0.02mol + 0.5molfdm? = 0.04dm? f 40cm’
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21 Magnesium can be produced by electrolysis of molten magnesium chioride, MgC/z.
What are the equations for the reactions that oceur at the positive electrode and at the
negative elecirode? Mg,

positive electrode negative electrode
A 2C1 — Ch + 2e- g + 2" — Ry
B 40H" — 2HC + Oz + de” 2H"+ 26— Ha
c 2CF + 2& — Cia Mg + 2 — Mg*
D Mg + 2 — Mg 2C - Clp + 2e

22 The diagrams show an electrolysis set-up using inert electrodes.

before electrolysis after electrolysis
Which could be liquid Y7
1 aqueous magnesium nitrate E, , Mg?*, NOs
2 agqueous copper(ll) suifate H*, @, @I, S50~
3 concentrated hydrochloric acid HY, OH,
4

dilute sulfuric acid HY, [OH], S0

A 1and4only B 2and4only C 1,2and4only D 1,3and4only
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23  Twao cells were set up as shown in the diagram.
The arrows show the direction of electron flow in the external circuits. X =Y > Z

e

metal X — E]

metalY metalY metal Z

ditute
suffuric
acid

Which set of metals would give the electron flows in {he directions shown?

metai X metal Y metal Z
A Ag Cu zZn
'B Ag Zn Cu
| c Cu Zn Ag
D Zn Cu Ag

24 The reaction between P and Q to produce R is a reversible reaction. The activation
energy for the forward reaction is +345 kJ/mol and can be represented as
P+ Q=2 R A = 45 kdimol

The energy profile diagram is shown below. exothermic

*

»
2

Which of the following options correctly describes the reverse reaction?

type of reaction activation energy (in kJ/mo!) AH (in kJ/mol}
A exothermic +345 -45
B endothermic +380 +45
c exothermic -345 -45
D endothermic -390 +45
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25 Which of the following statements best describes the mechanism of a hydrogen-
oxygen fuel cei?
The electrode reactions in a hydrogen-oxygen fuel cell are shown below.
at the positive electrode  : O (g) + 2H:20 (/) + 4¢~ -= 40H" {aq)
at the negative electrode : H; (g} + 20H- {aq) — 2e* + 2H;0 (/)

A Electriclty is used to provide heat energy.
B Electricity is used to generate hydrogen and oxygen.
C Hydrogen ions react with hydroxide ions to generate electricity.

D Hydregen and oxygen undergo redox reactions {0 generate electricity.

26 The rate of reaction between pieces of zinc [limiting] and 1.0mol/dm?® hydrochioric
acid [excess] was investigated. The ifotal volume of gas preduced every minute was
recorded over a period of time. The zinc had completely reacted in the reactian and
the results are shown in the graph below.

Volume of
gas/cm’

50 T"““"V""""‘—""""‘"*—“"ﬂ'——u
! f | f |

40 IR EU S | J |

! I {
3 Yy TTo ' I R

i

20 ) 4‘--—»—-*»-&.—.3»\-—#1-—-.;1.—--_.-'
I i ] i { !
L — b ——
t | ! ] i }

£ - L 1 !

c 1 2 3 4 5 B

VRN, NEESR, SR

16
C

& Time! min

What would be expected if the experiment was repeated using the same mass of zinc
and the same volume of 0.56mol/dm? hydrochloric acid? [| conc. = | speed]

‘ time at which maximum volume is
maximum volume of gas produced .
obtained

A 40cm? less than 4 minutes

B 40cm® longer than 4 minutes

C 20cm?® less than 4 minutes

D 20cm? longer than 4 minutes
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27 A household bleach contains sodium chlorate(l), NaC/O, as its active ingredient.
When sodium chlorate{l) is stired into excess aqueous hydrogen perexide, the
reaction that occurs is represented by the foliowing equation.

NaCiO {aq) + H;02{aq) —» NaC/(aq) + Oz {g) + H:0 (/)
+1 -1
Which of the following can be deducsd from the reaction?
1 Hydrogen peroxide acts as a reducing agent in this reaction. v/
2 Hydrogen peroxide acts as an oxidising agent in this reaction. *
3 The final solution gives a white precipitate with acidified silver nitrate. v [CF]
4 The final solution bleaches damp litmus paper. * [no C/y]

A 1only B 2only C 1and3 D 2and 4

28 Which of the following statements about sulfuric acid is/are true?
1 1tis used to make fertilisers. v
2 |t causes Unjversal Indicator to turn orange due fo the low amount of H* ions.
% [red, high]
3 |t reacts with sodium hydroxide to form a soluble sait and hydrogen gas.
x fwater]
4 |t reacts with lead(Il) carbonate to form an inscluble salt, carbon dioxide and

water. v
A 1andZonly B 1and4only C 2and 3 only D 3and4only
20 Which of the following salts can be prepared using the same method?
zinc chioride [soluble — non-SPA], calcium sulfate [insoluble]

potassium lodide [soluble — SPA], lead(Il) iodide [insaluble]
copper(il) sulfate. lead(ll) nitrate [soluble — non-SPA]

20 @ P>

potassium nitrate [soluble — SPA}, magnesium nitrate [soluble ~ non-SPA]
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30 Which of the following are true of Haber Process?

1 Nitrogen is obtained from the cracking of petroleum.
x [fractionat distillation of air}
1 mole of nitrogen reacts with 3 moles of hydrogen to form ammonia. v/

3 Unreacted nitrogen and hydrogen are released into the atmosphere.
% [recycled]

4 Finely divided iron provides an alternative pathway with lower activation energy.
v

A 1and2only B 1and3only C Zand4only D 3and 4 only

31 The table beiow shows some information of three elements.

element P Q
atamic number 10 11 T
2.8 281 2.5

Which of the following statements about the elements is correct?
A P exists as a monatomic element and is used to fill up balloons. * [Ar}
B Pand R are in the same period as their atoms occupy two electron shells
each.
C The compound formed between P and Q has a high melting point.
x [unreactive]
D Q and R form a compound that has a formula of QRa. * [QuR]

32 Rubidium, Rb, is an element in the same group of the Periodic Table as lithium,

sodium and potassium.

Which statement about rubidiurm is likely to be correct?
A i forms a mangapate with the formuia RbMnO..
B It forms an insoluble hydroxide. x {soluble]
C ltis obtained by the electrolysis of aqueous rubidium chloride. x [molten]
D It reacts slowly with cold water o form an alkaline solution. * [explosively]
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33 The information below shows the percentage of carbon in two samples of steel, Q
and R. Q consists of 60% carbon while R consists of 20% carbon.
[1 carbon — harder and strenger; more brittle]
Which statement is correct about the two samples of steel?
A Q has higher strength and less brittle than R.
B R has higher strength and more brittle than Q.
C Q has lower strength and more brittle than R.
D R has lower strength and less brittle than Q,

34 The table below provides 'nformation on the chemical properties of four metals and

some of their compounds.

‘ strong heating of
metal metal + steam metal oxide + coke
metal carbonate
w H:z evolved oxide reduced GOs evolved
X M, evolved na visible reaction no visible reaction
Y no visible reaction oxide reduced CO; evolved
z Ha2 evolved no visible reaction CO. evolved

Which of the following shows the correct order of reactivity of the metals?

most reactive — least reactive
A Y W Z X
B X z w X
C 2 X W Y
D W X Y z
Gueenstown Secondary School [Turn over
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35 The following set-up is used fo study the reduction of an oxide of copper.
The oxide of copper is Cu:(, which is a red solid. [Hz + Cu:0 — H,0 + 2Cu]
What would be observed when the reaction has stopped, and what is the purpose of

burning the excess gas?

--- Excess gas burriig

/’W PN HL Osige of copper
/ From gas fnp

Bunhsen burnes
[ observation purpose for buring excess gas
hydrogen gas used to reduce oxide is
A red solid turns brown [Cu] ]
highly flammable
. , carpon monoxide used to reduce oxide is
B red solid remains unchanged ,
poisonaus
c red solid tums brown carbon dioxide is a pallutant
nitrogen dicxide gas used to reduce oxide
D red solid turns biack .
is a pollutant

36 Which of following reactions does not occur in a blast furnace during the extraction of

iron?
A Ca0 + CO; = CaCl; C CO:+C > 2C0
B CaOQ + Si0z = CaSi0; D Fez0; + 3C0 2 2Fe + 3CO;
Queenstown Secondary School [Turn over
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37 The following diagram shows a simplified process cf desulfurisation.
[03003 + S0; — €aS0; + COq]
——= purifted gases to chimney

I ]

' caco, desulfurisation chamber
flue gases --——r:-f}u L e

Which of the following correctly describes the process?

A The purified gases give a white precipitate in limewater. {CO;]

B Carbon monoxide present in the flue gases reacts with CaCOs.
C The puritied gases decolourise acidified agueous potassium manganate(V1l),
D

The desulfurisation process is a redox reaction.

38 The diagram below shows the cross ssction of a catalytic converter in the exhaust

system of a car.

Carbon monoxide
Hydrocarbons —»

\_/,Nnrogan
Carbon dioxide

s

/—\ Waler vapour

Calalytic converter catalysls

Nitrogen oxides

Which process(es} take{s) place in the converter?
1 Hydrocarbons are reduced to form carbon dioxide and water vapour.
2 Carbon monoxide reacts with nitrogen oxides to form carbon dioxide and
nitrogen. [2C0 + 2NO — 2C0; + Ng]
3 Nitrogen oxides react with hydrocarbons to form water vapour and nitrogen.
Redox reactions occur, [CO is oxidised to COz; NO is reduced to Nz}

A 1and 2 only B 2and3only C 2and4only D 3and4only
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39 The average temperature of the Earth has been observed to be increasing gradually.
1 Depletion of ozone layer * [CFCs]
2 Increase in rate of growth of plants and animals x
3 Increase in droughts, wildfires and heavier rainfall
4 Increase in melting of glaciers and ice caps, leading 1o increase in sea leveis

Which of the above describe the environmental effects of an increase In Earth's
temperature?
A 1and2only B 1,2and3 C 3anddonly D 2 3and4

40 Biodiesel, an aiternative fuel made from vegetable oil, can be used as a fuel for
vehicles. Although carbon dioxide is released during the combustion of biodiesel,
scientists still clalm that & is a carbon neutral fuel.

Which is the basis for this claim?
A Biodiessl is not a carbon compound.
B Biodiesel produces less carbon dioxide when it bums.
C Plants release carbon dioxide during respiration.
D Plants absorb carbon dioxide during photosynthesis.
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