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The table below shows a list of elements and the symbals for thelr atoms.

alement symbol for atom

hydrogen ®

oxygen. .- |lo - -
krypton @

Which dlagram best shows the amangement of a mixture of hydrogen, steam
and krypton gas In a balloon?

The sun-it slde of the planet Mercury has a temperature of 427°C. The dark or
night slde of the planet has a temperatura of -180°C. Which substance may be
found on one side of Mercury as a liquid and on the other side as a solld?

substance maiting peint®C balling pointi*C
A oxygen -218 -183
B  phosphorus 44 280
C ethane -183 -87
D sulfur 115 445
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3 The experimental set-up shown balow Is used to collect the gaseous product of
the reaction between iron fllings and dilule hydrochlorc acld

gas Jar

concentrated stlfuric
acid

Which of the following statements about the experimental set-up is Incorrect?

A
B
c
D

Concentrated sulfuric acld acts as the drying agent.

The gas Jar Is inverted to collect a gas that Is of low densily.

The fron filings can be replaced with magnesium to produce the same
gas,

It Is not necessary to ensura that the and of the thistle funnel Is Immersed
In the hydrochloric acld

4  Which of the following mixtures would be best separated using fractional

distlllation?

A butane and water

B butanol and water

C  athyl ethancate and water
D  barlum carbenate and water

5  You are asked to separate a suspension of siiver chloride In a solution of
potasslum chloride and ammonium chloride so as to obtain all threa
substances To do this, the following processes can be used: evaporation,
filtratlon and sublimation. In which order should you carry out these processes?

oow>

sublimatiomn, filiratfon, evaporation
sublimatlon, evaporation, filtration
filtration, evaparation, sublimation
filtration, sublimation, evaporation
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6 The formulas of two substances are glven as Co(NOj)zand Co{NC3); Which
statement is true?

A Thetwo substances are mixtures of cobalt, nitrogen and oxygen.
B  The elements are different in the two substances

C Both substances are compounds

D The percentage of cobalt Is the same in both substances

7  Inan experiment, a solid X Is found to melt at 121 ¢, the same temperature as
the meslting point of benzoic acid To check the Identity of the solld, some ofitis
mixed with pure solld benzolc acld, The melting point of the mixture is found to
be 115°C. From thls, it can be deduced that XIs

A ambdure.

B a pure compound

C  notbenzole acid.

D  Impure benzoic acld

B An lon of element X has 22 electrons and a mass number of 55 What Is the
charge on the lon if the number of neutrons Is 307

A 2

B -2

C +3 -
D -3

8  Selenium Is a chemical element with symba! Z3Se. It was discovered in 1817 and
has an electronic configuration 2 8 18.6 What is the electronic configuration of
the sefenida lon?

A 28

B 2848
C 28.188
D 28182

10  Which one of the following Is a compound consisting of small molecules?

A natural gas
B [ithium

€  heptane

D diamond
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1

12

13

A mbdure of silicon and magnesium was added to a beaker of excess dliute
hydrochloric acld as shown in the diagram below At the end of the reaction,
the mixture was filtered to obtain the siicon as reslduse,

dilute
hydrochloric acld

- /~ - -

\
o o
s © o

-]
O{_____hubhles ofgas Y

}————mixtura of silicon and
magnesium

Which of the following options indlcates correctly the type of particles present

in the substances shown in the diagram?

magnesium slilcon dilute gasY
hydrochloric acid

A lons and atoms lons and molacules molecules
glectrons

B atoms molecules ions atoms

c ions and molecules lens and molecules molecules
electrons

D 1ons and atoms ions molecules
elecirons

The electronle structures of elements X and Y are

X.2818.1882

Y.286

What are the likely fommula and type of bonds In the compound of X and Y7

formula bonds

A XYz lonic

B Xy covalent

C Xy lonic

D XYa covalent

Haw many oxygen atoms doss 62 5g of hydrated copper(ll) sulfate,
CuS0, 5Hz0, contain?

A 600X10%
B 750X10%
C  1.35X10%
D 540X10%
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15

16

17

18

Tritlum 1s an Isotope of hydrogen with the symbol §T It reacts with oxygen fo
form a liquid called trtiated water, T-0

What Is the mass of tritiated water produced when 3g of tritium reacts with 16g
of oxygen?

A 9

B g
c 2
D 44g

7 15g of hydrated sodium carbonate {NazCO3 nH,0) wera freated with excess
nitric acid to produce 600 cm? of carben dioxlde measured at room conditions
Calculate the value of n

A 4
B 6
c B8
D 10

If 24g of sulfur trioxide (SO4) contalns x atoms, how many atoms (in terms of
X) are there in 2.4dm?® of carbon dioxlde {CO;), measured at rtp.?

A 0.25x
B 033
C 0.50x
D 100x

There are two aclds, hydrochloric acid and ethanolc acld, of the same
concentration (both 1 08mol/dm® Which of the following isfare sultable
methods to tast thelr strength?

{ using a pH meter
| measuring their electrical conductivity
1] titration using sodium hydroxide solution

A lilonly

B landll

C landlll

D LilandIll

Which oxide can react with hydrochloric acld as well as with Iithium hydroxide?

calclum oxide
Iron(llf) oxide
lead(il) oxide
sulfur dioxide

ocom>»
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19

20

21

22

A mixture of magnesium bromlde and magnesium sulfite s known to contain 3
moles of magresium lons and 4 moles of bromida lons How many molss of
sulfite lons are prasent?

A 1 _- -
B 2
c 3
D 4

Tartaric acld is a dibasle acld and its salts are used in food The molecular
formula of tartaric acld is HgC4Os
What are the possible formulas of the salts formed by tartaric acid?

A KoH4CiOs and Al(H3C4O6)s
B FeHac405 and LizHsCyOs

[ o] BaH4C40gand LIHsC4Og

D  NaHsC40s and NazHsC4Os

When solutions of lead(ll) nitrate and potassium iodide are mixed, lsad(ll) lodide
Is precipitated The equation for the reaction Is as follows
Pb{NO3); + 2KI ——>Pbl, + 2KNO3

- = - - e
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Different volumes of1.0 mol!dm aqusous potassium Iodlde {P)are added to the
same volume of 0.5 mol/dm? aqueous lead{ll) nitrate (L) In each of five test-tubes
as shown above, When the precipitate settles, 1t {s found that the amount of
precipltate

A are the same In all five test-tubes

B Increase stepwise from tube 1 to tube 5

c Increase from tube 1 to fube 2, but are tha sama In tubes 2 to 5.
D Increase from tube 1 to tube 3, but are the same Intubes 310 5

Disproportionation reactlons occur when an etement Is simultaneousty
oxidised and reduced. The oxldation number of the element will change to
both a higher value and a lower value respectively.

Which of the following named elaments does not undergo disproportionation?

element  aquatlon of reaction

carbon HzC204 — > H20+ CO + CO2
chlorine  3CI0° ——>Cl0s + 2CT

nitrogen  H20 + 2NO; ——>HNOs+ HNO;
sulfur 2FeS0s— Fes03+ 502+ 8503

oOom)
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23 Inwhich of the following reactions doss Fe?*(aq) act as a reducing agent?

A
B
c
D

Fe*(aq) + Mg(s) ——> Fe(s) + Mg**(aq)
4Fe™{aq) + S0s%(aq) + 6H'(aq) —> 4Fe(aq) + S(s) + 3HC(1)
Fe*{aq) + 20H(aq) ——> Fe{OH)x(s) _

Fe(s) + 2H*(ag) ——> Fe?*(aq) + Ha(g) T

24  Metal X Is placed between zin¢ and iron in the reactvity senes Which
prediction can ba made about metal X?

A

B
c
D

Meta! X displaces magnesium from an aqueous solution of a magneslum
salt.

Metal X reacts with dilute hydrochloric acld to produce oxygen

Metal X forms a hydroxide which Is Insoluble in water.

Metal X is extracted from its ores by electrolysis.

25  The table shows the results of adding welghed pieces of zine metal in salt
solutions of metal P, Q and R

salt solution of metal Inltlal mass of zinc/g final mass of zine after

15 minutes/g

P 60 0o

Q 60 BO

R 60 45
Which of the following shows the correct amangement of metals in decreasing
reactivity?
A P,R,zinc,Q
B R,P,zinc,Q
c Q,zng PR
D Q,znc,R,P

26 In an experiment, 6 moles of magnesium fons were discharged In the
electrolysis of molten magnesium chioride Which amount of metal would be
discharged by the same amount of electricity in the following experiments?

A

oom

3 r;'loles of copper{ll} lons In the electrolysis of aqueous copper(ll)
sulfate

8 moles of zinc lons in the electrolysls of aqueous zinc chloride,

12 moles of calclum lons in the electrolys!s of molten calclum fluoride.
12 moles of lithium lons In the electrolysls of molten lithium bromide
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28

29

Cadmium Is a metal used to make rechargeable batterles. The punfication of
cadmium by electrolysis is shown below. Cadmium and zlne form fons with the
same electrc charge

- +

DU;B — Impure cadmium (cadmium
cadmium < With some zIne Impusity)

. -

T aqueous cadmium lons
and zinG NS

The following results were obtained from an investigation of this process

mass of pure cadmium mass of impure
electrode/g cadmium electrode/g
at start of elecirolysis 140 860
| at end of electrolysls 700 260

The percentage of zinc In the impure cadmium is

A 667%
B 163%
C 233%
D 833%

Carbon and sllicon are In the same group of the Perlodic Table Which of the
following formulas Is incorrect?

A CaSi0;
B SlHy

C SiCh

D HSICl3

Astatine (At) Is a member of the halogen famlly, It has a proton number
greater than the other halogens It Is expacted that astatine

A Is acoloured liquid at room temperature

B  Isthe halogen with tho weakest oxldizing power
C  has the lowest melting point.

D s the most reactive halogen
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32

33

Study the following equation®
CsHip —— GCsHiz+CiHg  AH=+110kJ

Which of the following statements is correct?

A Itis a substitution reaction

B Thae heat of combustion is 110kJ per mole of octane
C  The cracking process takes In heat energy.

D  The bond breaking process Is exothermic

Methana reacts very slowly with air at room temperature But if a transition
metal T Is added to the methane-alr mixture, the methana ignites The addition
of T

| reduces the activation energy.

[} increases the AH.

mn increases the rafe of reaction

v reduces the energy of the reactants

A landllonly

B lland lll only

C landlll anly

D  all of the above

Which of the following conditions will cause the highest rate of reactlon
between the dilute acids and zinc?

A 10g of zinc lumps and 50 cm® of 1mol/dm® HC)

B 10g of zinc powder and 50 cm® of Imalidm® HC!

G 10g of zinc lumps and 50 cm® of 0 Smolfdm® H2S0,
D  10g of zinc powder and 26 em® of 1moldin® H;S0,

Potassium chlorate selution decormnposes according to the equation shown:
2KClOx{aq) —> 2KCHag) + 304(g)

If §0cm?® of water is added to the potassium chlorata solution befors the
reaction begins, what effect will it have on the rate of the reaction and the
volume of oxygen produced?

A Boththe rate of reaction and the volume of oxygen produced wil}
decrease,

B  The rate of reaction will Increase but the volume of oxygen produced will
decrease

C  The rate of reaction will decrease but the volume of oxygen produced will
remaln unchanged

P The rate of reaction will remaln unchanged but the volume of oxygen
produced will decrease,
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35

37

38

Which fertilizer provides the most nitrogen per kg?

A NHJNO;

B NaNO;

C  {NH)PO4 - - .-
D (NH:S0s

Alr samples collected from the Central Expressway tunnels were analysed
Which of the following substances ara Iikely to be present in the alr samples?

] CO

Il CgH1s
Il NOy
IV CzHq

A landil

B landlli

c Lftandlll

D LibMand IV

When a mixture X consisting of CsHsz, CrHye, CroHzz and CygHae undergoes
fractlonal distillation, the fraction that Is collected at the highest In the column
is richer In

A CsHaz

B C7H1s.
C  CyHz
D CigHas

What is the total number of stralght chaln and branched chaln Isomers for the
organic molecule pentena?

A
B
c
D

oW

Which of the followIng statements about the alkyne serles of hydrocarbons,
CrHznz (N22) is true?

A The hydrocarhons are saturated.

B  The relatlve molecular masses of successive members In the serles
differ by 12.

C  The bolling point of alkyne decreases as n Increases

D  Alkynes decolourise aqueous bromine rapidly.

248
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39  Aspidnis one of the most widely used pain relievers In the world It has the

structure as shown
"
T 0 o -
H Nz
Ho 7 f
H [ il

From the structure, we can deduce that aspinn

will tum phenolphthalein pink.

reacts with ethanolc acid to form an ester

will produca carbon dloxide when reacted with a carbonate.
Is an unsaturated hydrocarbon

ocoOm>»

40  Partof a polymer Is shown below Which palr of alkenes was used as

monomers?
TP E T PRI
B REEE
HH HHHH H I]{

athene and propens
propene and but-1-ene
ethene and but-1-ene
propene and but-2-ane

gowp
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Section A: Structured Questions [60m]
Answer all questions in this section in the spaces provided.

A1 Carbon has fifteen known 1sotopes ranging from carbon-8 to carbon-22.

a) Explain what is meant by isotopes. {1
b) Complete the table below with the correct number of subatomic particles. [61
Number of Number of Number of
Isotope
protons electrons neutrons
8
6C
2
16 c
145
6C

c} Carbon-14 is formed in the upper layers of the atmosphere where a free moving nitrogen
atom collides with a very energetic neutron in the reaction below, giving off a particle from
its nucleus.

“N+n — C +Particle X

1) Name pariicle X. (1]

u) Name another particle that Is formed in the upper layers of the atmosphere which 1s
responsible for the destruction of the ozone layer. [1]

d) Due to carbon’s special electronic configuration, it is able to form a wide variety of
compounds, both organic and inorganic, with many other elements.

1) When carbon reacts with oxygen, an inorganic compound, carbon dioxide is formed.
Draw a dot-and-cross diagram for carbon dioxide, showing only the valence electrons.

{2
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if) When methane undergoes substtution reaction with chiorine, dichloromethane 1s formed
as one of the organic products. Draw a dot-and-cross diagram for dichloromethane,

showing only the valence electrons. 2

Iron is extracted from haematite ore industnally in a blast fumace as shown below.

yasie gases
Haematite +
+
frebrick ning
ay—wn
/,_.-"':: ——r —
a) Fill in the blanks in the diagram above [4]

b) Wnte a bafanced chemical equation with state symbols for the reduction of haematite by the
gases in the blast fumace. 2]

¢) Assuming a yield of 65%, calculate the mass of ircn that can be extracted from 10 tonnes of
haematite ore. [1 fonne = 1000 kg] i2]

£3J9
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d) Due to contamination of the ore with sulfur, sulfur dioxide is often formed and released into
the atmosphere with the waste gases

1) Suggest one harmful effect on the environment by releasing large amount of sulfur
dioxide into the atmosphere. (1]

i) Name a process that can remove sulfur dioxide from the waste gases and wnte the
chemical equation for the reaction. 21

m) Name one other possible air poliutant that can be present in the waste gases. 1

e) Vibranium is a fictonal metal that is used to make Captain America's shield. An excerpt
below explains how vibranium makes the shield almost indestructible.
“Vibranium has the unique property to absorb alf vibrations as well as kinetic
energy directed at it. The energy absorbed is stored within the bonds
between the molecules that make up the substance .. Using the shield
made of vibranium alloy, Captain America is able to cut through other metals .”

i) State the wrong concept from the bolded sentence in the excerpt above and explain

why 1t is incorrect. [2]
i) Draw a well-labelled diagram of the likely structure of Vibranium. D
4
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ii) Name an alloy that can also be used for the same function as Vibranium as mentioned
in the excerpt. k)l

A3 Beaverina sets up the following circuit using different metals as electrodes in an investigation.

\ _
\/

Wires C D

— -

AN
Beaker X \ Beaker Y

Dilute copper (ll)
sulfate solution

a) Suggest which beaker is functioning as the simple cell in the set-up above. (1]
b) Draw arrows on both wires to show the flow of electrons in the circuit above, (1
c) Complete the table below to predict the observations made. [4]
Location Observations
Electrode A
Electrode B
Electrolytein x| = -
Electrolyte in Y

d) Write the equation for the reaction occumnng at electrode B. [1]

- - - - —~ v

e} Predict ong changs to the observation mads at eféctrode A; If any, When thé Zind électrode
is replaced by a magnesium electrode. f1]
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A4  Sodium sulfite (Na,;SOs) is often added to preserve food. The amount of sodium sulfite in a piece
of meat can be determined through a series of tests shown below.

Step 1: Boil the meat with hydrochloric acid to form sodium chloride, water and sulfur dioxide.
Step 2: Collect gas produced and bubble it through 100 cm’® of water to dissolve sulfur dioxide.
Step 3: Titrate the solution obtained against iodine according fo the following reaction. -

50, (aq) + 2H,0 () + 12 (aq) —> 4H" (aq) + SO~ (aq) + 2I' (aq)

a)}) Wnte a balanced chemical equation for the reaction in Step 1. [11

b)

Describe a chemical test to determine if there is any sulfur dioxide present after the gas has
been bubbled through water in Step 2. 2]

It was noted that 12.00 cm® of 0.0250 mol/dm® of iodine was required for complete reaction in
the titration. IO T "o 4 -

i) Calculate the volume of SO, produced in Step 2. 2]

i) Explain, using oxidation states, why the fitration in Step 3 involves'a redox reaction. [2]
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A5 Phase diagram 1s a chart which shows the physical states of a substance at various temperature
and pressure. The chart is divided into regions where the substance exists as a solid, liquid or
gas.

The bolded lines in the diagram that separate the regions are known as phase boundaries, where
the substance changes from one state to another. Shown below is a phase diagram of carbon
- dioxide and some of its physical states at various pressure and temperature.

!
73""»:.""1*"———1"—'—'—*P‘;:—"-.*—r-°'—'

¥
c el
= ¢ f
g Solid : {
£ F
2 ;
0 525 [
[
F
- - 2
1 L
E
o |- i

-2732 -15.7 -56.6 31.1

Temperature {°C}
Pressure /atm Temperature /°C Physical state

1.0 30.0 Gas

5.0 -70.0 Sold

70 0.0 Liquid

a) Carbon dioxide is being stored under a pressure of 1 atm. Suggest the temperature that it
should be kept at such that it is in a solid state. 11

b} Name the physical process that occurs along the phase boundary from point Ato point B. [1]
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c) Using the idea of kinetic particle theory, state what happens to the arangement and
movement of the particles of carbon dioxide when it is heated from point C to D under
constant pressure [2]

P
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Section B: Essay Question [30m]

Answer all three questions in this section. The last question is in the form of an either/or
and only one of the alternatives should be affempted.

Begin each question on a fresh page with its question number clearly written.

Although solids of fonic compounds are generally known to be soluble in water, some ionic solids
such as calcium hydroxide or silver sulfate are only sparingly soluble (soluble to a small extent) in
water,

The solubility of fonic compounds depends on two factlors,
s The forces of attractiqn behmegn the vyater molt?cules ‘and the ions of the sohd.
s The forces of attraction between the cations and anions of the soi_id.

Fig 1: Dissolving of icnic compound in water

The solubility of spanngly soluble jonic compounds can be estimated from its solubility product,
Ksp, which is a constant value that is only affected by temperature. The higher the K, value, the
more soluble the compound will be.

The table below shows the K, values of some common ionic compounds.

Compound Chemical Formula | K, (mol/dm®) at 25°C
Barium sulfate BaSO, 1.0x107°
Calclum carbonate CaCO,3 5.0x10°
Calcium sulfate CaS0, - 2.0x 10
Silver chloride AgCl 2.0x10™
Table 1

Predicting precipitation

The K, value can be used to predict whether precipitation of a certain compound will occur when
two solutions are mixed together. The tonic product of the concentration of cations and anions
present in the mixed solution is compared to the K, value. For instance,

BaSO; == Ba¥ + S0,

lonic product = (Concentration of Ba® ions in solution) x (Concentration of SO in solution)

Scenario Outcome
lonic product = K, No precipitation. Solution is just saturated.
lonic product < K., No precipitation. Solution is not saturated.
lonic product > Ky Precipitation is observed. Solution is already saturated.
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a) Using information from above, explain why sodium chloride is very soluble in water while

silver chloride is only sparingly soluble. [2]
b) Predict the relationship between temperature and K, value of an ionic compound. 11
c) State the least soluble compound found in table 1. 1]

d) Suggest the name of another ionic compound not present in table 1 that has a very low
Ksp value (1]

€) Michelle plans to add equal volume of 0.01 mol/dm® of calcium nitrate solution to 0.0025
mol/dm?® of sodium sulfate solution to precipitate out caiclum sulfate salt as shown in the
diagram below.

0.01 mol/dm* 0.0025 mol/dm’
Calcium nitrate / Sodium sulfate

)

A
{ [’
-y

v

v

-

R ERE AN

L]

(‘ .

Mixed solution

Determine, by calculation of ionic product in the mixed solution, and with reference to table
1 and 2, if precipitation of any compound wll occur. (3]

f) Without further addition of any reagent, suggest two ways of increasing the amount of solid
precipitated out from a salurated solution. 2]

10
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B7) Perspex, also known as acrylic, is a transparent thermoplastic that is made from the
polymerisation of a monomer, methyl methacrylate.

The process below shows part of the production process of methyl methacrylate.

/COOH Reagent A e COOCHs
SHz=G{_ ————» GCHy=G
CHa Conc, HyS0, CHs
Heat Methyl methacrylate

Name reagent A. (11

State the type of polymerisation that methyl methacrylate undergoss and the chemical
name of perspex. [2]

Draw two repeating units in the polymer perspex. [2]

Aqueous bromine solution is added to perspex.
i) State the observation made. [1

n) State one conclusion, based on the observation in part di), about perspex. [2]

Another type of transparent thermoplastic, polycarbonates, is used to make spectacle lens
due fo its high strength and ability to block UV light.

Polycarbonate is formed by condensation polymensation where sniall molecules of HCI are
removed as the polymerisation takes place. The fwo monomers of polycarbonates are shown

below.
Cll'ﬂ
I
HO—@—?—@— oH I
an o™

BPA Phosgene
Draw the structure of polycarbonate. [2]

State one difference between the polymerisation process of perspex and polycarbonate other
than the elimination of small maolecules in polycarbonate. [1]
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EITHER

B8) The table shows the arrangement of elements made by John Newlands in 1886.

d)

ROW
1|k |F jo |comi B {_
J2}tu [N [k (e RR L .
3B |Mg |Ca |Zn se |
als & |or |y
s|lc (s |7 |m
6 [N |P [Ma |as
7{o s |m |sc

The elements are arranged in vertical column according to their relative atomic masses.
State how the elements are arranged in the modern Penodic Table, [

Based on the arrangement, determine the first three elements in the last column, List the
elements in the order from the top to the boftom. 1]
With reference to the elements in the second horizontal row,

i) State which element is wrongly placed -and what the néw classification of that element
inmodem PeriodicTable? . .. .. o L L. 1

« il) Explain your answer In part cl) using the chemica1 reaction-of the'elements wuth water

Write a suitable chemical equation to support your answer. 3]

The graph below shows the melting point of the elements in the second column of Newlands
table with the exclusion of fluorine.

Ky

"
9
pe——
L

i) Explain why melting point increases from sodium to aluminium in the graph. [2]

i) Even though silicon, phosphorus and sulfur are all covalent substances, silicon’s
melting point is far apart from that of phosphorus and sulfur. Explain why thisis so.  [2]

12
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OR

B8) In the past 60 years, scienfists have discovered that a chemical reaction between a naturally
occurring chemical called luciferin, together with oxygen, calcium or magnesium, is responsible
for the glowing of fireflies. The structural formula of a molecuie of luciferin 1s shown below.

H
Ho\_c/ -l-||
I 1l C"‘C/ o
C 7
H'/ .:_-C/c‘-.u N /C\CI
J o Yoy

Fig 2: Structurol formulo of Lueferin
a) State the molecular formula of Luciferin. [l
b) Calculate the percentage by mass of sulfur in a molecule of Luciferin. 1

c) Asenes of chemical tests are performed on a sample of Luciferin.
(1) Suggest the observations for each of the test.
Test 1: Addibon of acidified potassium dichromate (V).
Test 2. Addihon of aqueous sodium hydrogen carbonate. [2]

(i1} Draw the full structurat formula of the organic product formed in test 1. [1]

d) ltis often thought that the production of light by fireflies occurs via the following pathway
catalysed by an enzyme luciferase.

Luciferase
Lucifenn +0; ——>  Oxylucifenn + CO; + Light

(i) State, with reasons, whether the oxidation of Luciferin is an exothermic or endothermic

reaction. (1
{n) Define what is meant by an enzyme. M
(iii) Draw a well-labelled energy profile diagram for the oxidation of Luciferin, clearly

showing the pathways for the catalysed and rion-catalysed reactions, [3]

. ~~End of paper-- .

© What in the wodd isn't Chemistry? &)

Zbd
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The Periodic Table of the Elements

Greup
1 1l [w T w J v [ vi | v 0
- 1 4
H He
hydrogen helum
1 2
T 2] i1 12 14 16 18 20
LI Ba B G N o F Ne
Ithlum beryllivm boron carban nitrogen oxygen fMvedne nacn
3 4 5 8 7 8 8 10
23 24 27 28 31 a2 35.5 40
Na Mg Al Si P S cl Ar
sodlym,  |magneasgium dluminfum | elicon  |phosphoms| sulfur' | chlodne argan
" 12 13 14 15 16 17 18
39 40 45 48 51 62 85 133 &8 59 |, B4 65 T0 73 75 78 80 84
K Ca Sc Ti v Cr Mn Fe Co:| NI' | Cu Zn Ga Ge As Sa Br Kr
pamssium | catelup | stondhum | fentum | vanadibm | chiomium [manganses| iren” cobalt™s| nickel |.icépper | <ne | gallum |germantum| amete | sefentum | bromins | kryptan
|1 20 21 22 23 24 25 _|28 27 ‘log " |28 30 31 32 _~ 33 34 35 a6
85 [} 89 o1 83 86 - 101 103 & 108 (o 1084 192 o[ 115 119 | 122 128 127 131
Rb Sr Y Zr Nb | Mo | T¢ | Ru | Rh' | Rd |¥ Apt|Cd In Sn Sb Te 1 Xe
rubldivm | stontum | polum | 2ionfum | niebium | molybdenu | technetivm | ruthentum | - chodium - paliadium ++slver /i | cadmivm |  Indlum tin anttmeny | telturdum lodine xenon
a7 38 39 40 41 4o m 43 44 45 . 46 - fi? ¢ ‘4 48 '|49 80 &1 52 53 54
133 137 138 178 181 - 184 186 180 192 : 185 |« 187 . . 201 204, 207 209 - - -
Cs Ba La Hf Ta w Re Qs Ir -| Pt | Aw<| -Hg T Pb Bl Po At Rn
casslum | batfum |lanthanum | hafalum | tentalum | tungsten | rhenium | csmium tidium | plafioum |, gefd | mercury .| thalfum lgad bismuth | polonlum | astatie radon
55 56 57 * 172 73 74 75 76 77 - {78 * 79 ° 80 81 B2 B3 84 85 88
Fr Ra Ag
francium | radium actinlum r
[:Yd 88 B9 1 !
*58-74 Lanthanald sedes
180-103 Actinold series
140 141 144 - 160 -| 152 2y 157 -] 188 162 165 167..] 169 173 175
Ce Pr Nd Pm Sm-.:| B4 |~ Gdz Th Dy Ho Er Tm Yb tu
cefumn dynium) neodymivm |promethlvm) ‘samatiom-| eurcphum | gadelintum | terbitm - dysproaltim| hofmium erbiim thullum | yterblum | [utetlum
68 59 €0 61 62~ ~|G3 " 84 - -85 68 67 68 "~ |69 70 71
Key| a | a=rcatlivaatpmiomass 232 - 238 - - - - |7 == - - - - - -
X X =atomle symbol Th Pa U Np Pu-l Am [ .Cm-{ Bk Cf Es Fm Md No Lr
b o prolen {atomic) number thorium  {protactnfum) wranfum | nephunlum | plutentum amaricium | cudum | berkellum: cafifornfum {elnslelnium| fermium menddl nobetivm |lewrencium
b 90 01 82 93 94 95 © (86 a7 108 98 100 101 102 103
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A1

ANSWERS

Section A: Structured Questions [50m]
Answer all questions in this sectlon in the spaces provided

a) Isotopes are atoms of the same element with different number of neutrons but same
number of protons [1]
b)
Number of Number of Number of
Isotope
protons slectrons neutrons
& 6 8 2
12
GC [} B [
14
2] for each isotope If all correct,
[1] if at least one correct
c)
i) Proton [1
i) Chlorine atomffree radical 1]
d)

(D o
‘ X - elotos of O

(&) Loud
65%33 Samdd

i

O~ elafts of H

{1] for correct bonding electrans, [1] for correct non-bonding electrons
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Waslggases
Haematite+ coke [1)
- fng = 7+ limestone [1]
T
{1l Mottenslag T j==—
ol 2 S

[1] Molten Jron I

b) Fe,0,(s)+3 CO(g)-> 2Fe () + 3 COx{(g)
[1] for correct balanced equation
[1] for correct ss (not glven If equation Is wrong)

c} Mass of Iron In 10 tonnes of haematite = 2 (56) f (2(56) + 3(16)) x 10
a7 00tonne [1]

Mass of Iron extracted = 65/100 x 7.00
= 4,55 tonne (3sf) [1]

d)
) Sulfur dioxide reacts with water vapour In the alr to form acld raln [1]

ji) Flue gas desulfurization [1]
§0;+ CaC0, - Cas0, + CO; [1]
andlor
50, + Ca0 > CaS0,
iy Carbon monoxide / Nitrogen oxldas [1]
e} i}y Motals are not made up of molecules [1]

They are made up of positive metal catlons surrounded by a sea of free and mobile

electrons. 1]
i)
®.0 ? ®,\ ""‘f;:“:“ 11 for correct arrangement
-@ e ¢ 1] for balanced charges
[CoM ) [1] for labsls
Wf 111 L]
s 2
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Iv) High earbon steel f Manganese steel [1]

Beaker X N d BeakerY

copper ([} sulfate

solution
a) BeakerY [1]
b} Draw arrows on both wires to show the flow of electrans In the circult above. 1
c)
Location Observations

Electrode A | The electrode grows larger In size [1]

Electrode B | The ¢lectrode grows smaller In sfze [1]

Electrolyte In X | The biue solution remalns unchanged. f no change Is observed. [1]

Electrolyte In'Y | The blue solutfon fades to a lighter colour. {1]

d) Cu->Cu®™+2e[1]

o) Electrode A grows larger In size at a faster rate [1]

A4 8) Nay50,+ 2HCI > 2NaCl + H,0 + S0, [1]
8) Test the remalning gas with a filter paper soaked in acldified KMnO,. [1]

If purple KMnC, tums colourless, S0, Is still present. If KMnO, remalns purple, $0; Is
not present. [1]

268
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c) 0
Mole of jodine reacted = 12/1000 x 0.0250 = 0,000300 mol [1]
Mola of SO, formed from step 2 = 0 000300 mol
Vol of SO, produced = 0 000300 x 24 = 0 00720 dm”® [1]

T ) 8Q,E oxidized to SO as the oxidatlon State of S increases from +4 to +6. [1]
1;is redueed to I as the oxldation state of lLdecreases from 0 to =1 [1]

Thus, this Is a redox reaction

| e e e e = = = —

w
-
-

757 =566
Temperature [°C)

b) Balow 75 7°C.[1]
b) Sublimation/econdensation/deposition. [1]

¢} The particles of carbon dioxide are initially arranged very closely in an prderly manner,
vibrating about fixed positions at point C. [1]

When It is heated to point D, the particles are now spaced slightly fu rther apart Ina
diserderly manner, gliding past one anothar randomily, [1]
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B7)

B8)

Section B Essay Question [30m]

a) Water molecules attract the Na* and CI' fons much stronger than the attraction batween

the both lons, Henes, It is very soluble In water. [1]

However, the aftraction between the Ag* and €|_lans are much stronger than tha
atfraction between water molecules and the lons Hencs, it Is only sparingly sofuble. [1]

b} The higher the temperature, the higher the K, values or vice versa [1]

c) Barium sulfate [1]
d} Lead (li) chloride/suifate [ All carbonates except SPA. [1]

o) lonlc product = [Ca™] [SO] = (0 0142) {0 0025/2) [1]
= 62510 mol¥dm® 1]

Since ionic product is lesser than K, there wili be no precipitation. [1]
f) Evaporating the solvent to increase concentration of the lons present [1]

Lower temperature to lower K. [1]

Perspex, also known as acrylic, is a transparent thermoplastic that Is made from the
polymerisation of a monoimer, meathyl methacrylate

The process below shows part of the preduction process of methyl methacrylate

OOH OOCH,
G z=¢{c ReagentA CH= G<Q
\Cﬁa Cong, Hy50, CHg'
Heat Methyl methacrylata

a) Methanol [1]

by Additlon pelymerlsation, [1]
Poly(methyl methacrylate} [1]

c) , [1] for correct structure
H C.ODCH_; R - [1] for 2 repeating units
1 1
- ~C—C-c—
Ry
Ho CHy

d} The red brown solution remalns unchanged [1]
Perspex Is a saturated organic molacule. [1]
(Hydrocarbon not accepted)
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e)

)

EITHER
B9) a)

b)
<)

d)

)]

OR
B9) a}

b)
©)

[1] for correct structura
[1] for bracket and n

iy i
S a i Valah
CH,

- -

n

There Is no mass Joss in the polymerisation of Perspex whils pelycarbonate has a
larger mass than the monomers used In tha polymerisation, [1]

or

The types of monomers used in both polymerisation are diffarent

or

The linkages formed betwean tha menomers ara different.

The elemeants are arranged according to the proton number [ atomie number [1]

1, Cs, Ba.[1]
i) Cu.Itls classified as a transitlon matal In the modern Periodle Table, [1]

li) Cu does not react with eold water [1] while the rest of the alements In the row will
react vigorously with cold water, [1]

2 L1+ 2H,0 > 2 LIOH + H: (Na, K or Rb all accepted ) [1)

The melting polnts increase from Na to Al as the charge of the metal cations increases
[1] from +1 to +3,

causinp the metalllc bonds to be stronner, therefore requiring Increasing amount of
energy to overcoma [1]

Even though, they are all covalent substances, S1 has a very high meiting point due to
strong covalent bonds batwean the Sl atoms in the glant molecular structure, hence
requlring large amount of energy required to overcome tham [1]

The melting polnt drops sharply for P and S as they both have simple molecular

structure where lesser amount of energy Is required to overcome the weak van der
Waal's forces hetween the molecules. [1]

CizH1oN25204[1]
% mass of § = 2(32) 7 (144 + 10 + 28 + 64 + 48) x 100 = 21 B% (3sf) [1]

(1) Test 1: Acldified K2Cr20; turns from orange to green. [1]
—Test 2 Effervescence Is pbsarved, 111
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(m

I H
How E H
- \ &'-t‘c/s C/S--.CIH -
{ i C— 5 i O-
c c 2 Wy —
He "= o AN N /C"--.CV
! Y
K H OoH
[1] for correct structure

d)
(i) The oxidation of Luciferin Is an exothermie reaction Energy In the form of light Is
glven off, [1]

(i) An enzymae Is a bloloaleal catalyst [1]

()

[1] for correct shapoe of graph (exo)

[1] for correct labels of axes,
reactants and products

[1] for correct [abel of AH and E,
and EJ
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