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3
For each question, there are four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the
separate Answer Sheet.

1 The diagram below shows an experimental set up for the preparation and collection of a
dry gas.

anhydrous calcium chloride

What could the gas be?

A carbon monoxide
B carbon dioxide
C hydrogen
D sulfur dioxide
2 The diagram below shows the paper chromatogram for 4 substances, P, Q, R and S.
N
0 0
0 0 0
W W W LY.
P (o] R S

Based on the chromatogram, which of the above substances are pure?

A Pand Q
B P and R
Cc QandR
D QandS
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3 The diagram shows the apparatus used to obtain water from aqueous iron(ll) sulfate which
is pale green in colour.

b water out

W ]

Which of the following statements about the separation process is true?

A  Liquid X becomes darker in colour.
B A green precipitate is formed in liquid W.
C Liquid W changes from colourless to green.
D The temperature at Y steadily rises as liquid W is being collected.
4 A sample of hydrogen contains a mixture of two isotopes; 2H and 3H. Which of the

following relative molecular mass is not a possible value when this sample of hydrogen
reacts with sulfur to form hydrogen sulfide, H.S?

A 34
B 36
C 37
D 38
5 Polonium is an element in Group VI of the Periodic Table. One of its isotopes, Po-210, is

a rare radioactive metal discovered by Marie Curie in the late 19" century. Po-210 can
be produced artificially by bombarding Bismuth-209 with neutrons.

299Bi + 1 neutron — 219Bi

219Bi — 21%o0 + p (beta particle)

Which statement about the above reaction is correct?

A 209Bi atom has the same number of neutrons as 21%Po atom.

219Bi atom has the same number of protons as 233Po atom.

B
C  229Bi atom has fewer electrons than 219Bi atom.
D

219Bi atom has fewer neutrons than 21%Po atom.
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The composition of the particles in four different substances, are shown in the

diagrams below.

o @ @ @

- w D L
® @ 30 D
[ \Y)

Which of the following shows the correct composition of the particles in the four
substances?

molecules of | molecules of mixture of mixture of elements

an element a compound elements and compounds
A I Il 11 v
B I IV 1] I
C H \Y, I |
D v I I Il

Which of the following particles contain 10 electrons, 11 protons and 12 neutrons?

A fMg*
B 2Na
C %BNa'
D ZlNe

SGS/2020/Prelim/4E/Chemistry/P1
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8 The diagrams below show how the particles of a substance are packed at different
temperatures.
o) 000666000600 0,000,000
o 1000000000000 01 o({é) OQ%O O
$©00000000000 0 0B0~0 BB A
1006000000000 01 O (®) O VO
2000600008000 OOOO 00000
& o 0000000000000 OC&) COLO,
b 6000000000000 O%OQ (@] OC'CQQ O
X Y Z

Which region in the graph would contain particles with the arrangement of particles as
shown in diagrams Y and Z7?

F

Temperature (°C)

)

N AN
DA - )" (O K\?;@
LN
shows the ‘dot éq}pé
S\ : \3@\'\\

A\ — —
<
B0

2

S R

Which of the following statements is/are correct?

OO0 W >

L is an element in Group | of the Periodic Table.
Element J donates 2 electrons to element L.
Elements L and J are bonded by ionic bonds.

[l only

[ and Il only
[l 'and Il only
[, I'and 11l
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10 The diagram shows the bonding between two unknown elements X and Y.

G0 §

Which of the following statements is true?

Element X is in Group IV of the Periodic Table.
Element X has 6 electrons in its outermost shell.
Element Y has 6 electrons in its outermost shell.

OO0 wm >

Element Y is in Group | of the Periodic Table.

1 A student obtained the following information about substance W:

e can be separated into its constituent elements through electrolysis of its molten
compound
e melting point higher than 500 °C
e soluble in water
e insoluble in organic solvent
What substance.is W likely to be?

A lithium chloride
B poly(ethene)

C magnesium

D

silicon dioxide

12 The table below gives the proton and nucleon numbers of atoms P, Q, Rand S.

atom proton number nucleon number
P 6 14
Q 7 14
R 16 32
S 20 40

Which of the following statements is true?

Atom P and atom Q are isotopes of the same element.
Atom P and atom R will combine to form a covalent compound.
Atom Q and atom S will form an ionic compound with the formula S2Qs.

(w B I v+ i

Atom S can form a diatomic molecule.

SGS/2020/Prelim/4E/Chemistry/P1 [Turn Over



8

13 Copper powder was added to excess silver nitrate solution. The chemical equation for
the reaction that occurred is shown below:

Cu(s) + 2AgNOs(aq) — 2Ag(s) + Cu(NOs)2(aq)

After the reaction was completed, the mixture was filtered.

Which of the following gives the correct description of the residue and the filtrate obtained?

residue filtrate
A blue solid colourless solution
B grey solid blue solution
C reddish-brown solid colourless solution
D reddish-brown solid blue solution

14 A student wanted to retain Ba?* ions and remove |- ions from a bottle containing aqueous
barium iodide solution and wrote the following procedure.

Add 1 to aqueous barium iodide until no more 2 precipitate
forms.

Which of the following completes the blanks in the procedure?

1 2
A aqueous lead(ll) nitrate white
B aqueous lead(ll) nitrate yellow
Cc dilute sulfuric acid white
D dilute sulfuric acid yellow

15 Which of the following reagents can be used to prepare a salt that would involve the steps
shown by the diagram below?

2

g

A calcium sulfate with dilute hydrochloric acid to prepare calcium chloride

B lead(ll) carbonate with dilute nitric acid to prepare lead(ll) nitrate

C potassium oxide with dilute hydrochloric acid to prepare potassium chloride
D sodium carbonate with dilute sulfuric acid to prepare sodium sulfate

SGS/2020/Prelim/4E/Chemistry/P1



16 Which substance has the highest percentage by mass of nitrogen?

CO(NH2)2
KNO3
NH4CI
(NH4)3PO4

OO w >

17 A 25.0 cm?® sample of dilute sulfuric acid contains 0.025 moles of the acid. What is the
concentration of the hydrogen ions in the solution?

0.250 mol/dm?
0.500 mol/dm?
1.00 mol/dm?
2.00 mol/dm?

o0 w >

18 Substance Y was added slowly, W|th/st|rr|n

of the mixture are shown in th rap\\\

L

amount of substance Y added

7A@
Which of h\@ﬁ(rowmg are possible identities for substance Y and substance Z7?

substance Z substance Y
A ethanoic acid calcium oxide
B ethanoic acid lead(lIl) oxide
C hydrochloric acid copper(ll) oxide
D hydrochloric acid sodium oxide
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19 Dilute sulfuric acid was added to solution Y, as shown in the diagram below. After each
addition, the mixture was stirred and the ammeter reading was recorded.

T

—— burette

dilute sulfuric acid

M I"I
(A

ammeter

I

stirrer

-

aménéter Ee%dfng/ A

\/ ) @O\,

W‘HTCh:(S“f‘the f(')IIO\& g\ls\ﬂély to be so1ut|on Y?

/barT.Im hyd“roxgd,e Q"
pafasswm e»ﬂde
C |ron(ll) Shioride

\&
D zint nitrate

20 Solid X is a good conductor of electricity. It also reacts with oxygen to form compound Y
that turns moist red litmus paper blue. Which of the following is likely to be solid X?

A graphite
B calcium
C chlorine
D sulfur
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21 Which of the following equations suggests that the metal oxide, MO, has amphoteric

properties?

A MO(s)
B MO(s)
C MO(s)
D MO(s)

+ + + 4+

C(s) —» M(s) + CO(qg)

H.O() — M?(aq) + 20H(aq)

20H(aq) — MO2*(aq) + H.0(l)
2NHiCI(s) — MCl(s) + H.0(l) + 2NHs(g)

22 A student recorded that pale green iron(ll) sulfate solution turned brown when reacted
with hydrogen peroxide solution.

Which of the following best explains the observation recorded by the student?

OO0 w >»

Hydrogen peroxide was the reducing agent in the reaction.

Iron(ll) sulfate reacted to form iron(lll) hydroxideya brown precipitate.
The brown solution was due to the oxidation ‘of'Fe?* ions, t6,FE* ions.
The Fe?* ions reacted with oxygin and underwent’rustirjg. :

23 The diagram below sh_oyv—sc‘rySt\al of copper(ll) sulfate, CiSO45H,0, beingvheated.

SO
- I steam

V' heat

The c\:oafer(l ) S_U‘Ifété crystals were noted to have changed colour during the heating.
Which two terms best describe the changes observed in the above diagram?

OO w >

endothermic and dehydration
endothermic and hydration

exothermic and dehydration
exothermic and hydration
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24 The energy profile diagram for the forward reaction of a chemical reaction is shown below.

activation energy

_________ o

P
1o

energy

progress of reaction

Which row correctly shows the enthalpy change, the activation energy and the type of
enthalpy change for the reverse reaction?

sign of enthalpy change | sign of activation energy | type of enthalpy change
A negative negative exothermic
B negative positive exothermic
Cc positive negative endothermic
D positive positive endothermic

For questions 25 and 26, refer to the information below.

Ammonia has many important uses and is manufactured industrially by the Haber
process. The equation for the reaction is shown below:

N2(g) + 3H2(g) = 2NHs(9)
25 Which statements correctly describe the Haber process?

I It is a direct combination of elements.
Il It is areversible reaction.
Il Itis a redox reaction

A land Il only

B landlllonly
C lland lll only
D | llandlll

26 Ammonia gas is produced industrially by the Haber process. Which of the following
statements is not true with regard to the Haber process?

A catalyst is added to increase the rate of reaction.

High pressure is applied to increase the yield of ammonia.
High temperature is applied to increase the yield of ammonia.
Nitrogen is obtained from the air.

OO0 mw >
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27 Aqueous hydrogen peroxide decomposes according to the following equation.
2H->0, — 2H-0 + Oy

Two experiments were carried out to measure the rate of production of oxygen from
aqueous hydrogen peroxide. The results are given below.

Experiment Solution used

X 100 cm? of 2 mol/dm?® H,0»

v mixture of 100 cm?® of 2 mol/dm?® H,02
and 50 cm? of 1 mol/dm?® H>0-

Which graph best shows the results of the two experiments?

Volume X
of O, \ % Y
&

3\ \ % o\
. ﬁ\\ \E__ //"},f QQ
= N 3 — Y&\ e >
B\ N
) ‘/{:\\\\i\\_::f} D O‘(\ Time
,/:: ./ ) ‘Q B
-~ U/ \\ - %?)-Q
/ (\._/J \S fé}'\.
@\\ A
\
o
Volume y
of O, X
Time Time
C D
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28 The diagram below shows a simple cell.
' voltmeter

wire

iron lead

dilute sulfuric
— acid

. e

Which half-equations best represent the reactions occurring at the positive and the
negative electrode?

negative electrode positive electrode
A Fe - Fe?" + 2¢e Pb? + 2e" = Pb
B Fe - Fe?" + 2¢e 2H* + 2" —H;
C 2H" + 2 —H; Fe — Fe?" + 2e
D Pb?* + 2e = Pb 2H" + 2" = H>

29 Which of the following is expected of a metal that is positioned between aluminium
and lead in the reactivity series?

It forms a hydroxide that dissolves in water.

It forms an oxide that decomposes to form the metal on heating.
It liberates hydrogen from dilute hydrochloric acid.

[treacts with aluminium oxide when heated.

OO0 wm >

30 Which of the following has no change in the concentration of the solution during
electrolysis?

copper(ll) sulfate solution between copper electrodes

copper(ll) sulfate solution between platinum electrodes

dilute sodium chloride solution between platinum electrodes
concentrated sodium chloride solution between carbon electrodes

OO0 mw >
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31 The table shows the properties of some metal oxides, W, X, Y and Z.

oxide colour of oxide change on heating

w black remains black

X red oxygen gas evolved and
silvery liquid remains

Y white solid turns yellow when hot by
turns white again when cold

4 brown oxygen evolves and solid turns
yellow

Which of the oxides in the table above remain(s) chemically unchanged when heated?

OO0 w >

W only
Y only
Xand Z only
W and Y only

32 The table below shows some properties of four elements. Which element is likely to be

copper?
element density (g/cm?®) | melting point (°C) | electrical conductivity
A P 0.97 97.8 poor
B Q 2.34 2300 poor
C R 13.6 -38.9 good
D S 8.96 1083 good

33 Which statement about the four gases carbon dioxide (COz), hydrogen (H2), oxygen (O2)
and ozone (O3) is correct?

OO0 w >

One mole of each gas has the same volume at room temperature and pressure.
Ozone has the fastest rate of diffusion at room temperature and pressure.

They are all denser than air.

They are all elements.

34 It was found that cars which were parked near a coal-fired power station often corroded

more

quickly. Which gas, when present in above average levels in the air, is a possible

explanation for this?

O W >

w)

carbon dioxide
nitrogen monoxide
sulfur dioxide
water vapour
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35 Which of the following statements best explains why the elements sodium and chlorine
are in the same period in the Periodic Table?

(w T ve B

Sodium and chlorine are both reactive elements.

The atomic numbers of sodium and chlorine differ by less than eight.
The atoms of both elements have eight electrons in their second shell.
The atoms of both elements have only three shells containing electrons.

36 The scheme below shows some reactions of a compound of element X.

compound of element X

l excess aqueous HNO3

gas +

colourless solution

aqueous NaOH

white precipitate which
dissolves in  excess
aqueous NaOH

Which of the following substances is likely to be a compound of element X?

aluminium carbonate
calcium(ll) carbonate
copper(ll) sulfate
lead(ll) sulfate

OO w >

37 An aqueous sample of T shows these observations with the following reagents.

Reagent

Observation

Aqueous ammonia

Reddish brown precipitate

Lead(ll) nitrate

White precipitate

Barium nitrate

White precipitate

Which of the following is likely to be compound T?

iron(ll) sulfate
iron(lll) sulfate
iron(lIl) chloride
potassium chloride

OO0 mw >
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38 Which statement about alkali metals is true?

Their melting points decrease on going down Group |.
Their reactivity decrease on descending Group |.
They form covalent bonds with Group VII.

(w T ve I

They form oxides on reacting with water.

39 Elements X and Y are in Group VIl of the Periodic Table.
X is a liquid at room temperature. Y is a solid at room temperature. Which statement(s)
is/are correct?

1 Atoms of Y have more protons than atoms of X.
2 Molecules of Y have more atoms than molecules of X.
3 Y displaces X from aqueous solutions of X" ions.

A 1 only
B 2 only
C 3 only
D 1,2and 3

40 A hydrogen-oxygen fuel cell is built using sodium hydroxide solution as the electrolyte.
What would be the change in pH of the solution around each electrode when current
flows?

Nt ext,er_nql. Y
_\citouit

hydragen —-_
1S/ gas,

— - oxygen
gas

porous carbon —

|~ 11— porous carbon
~anode

cathode

water

Reaction at anode: H2(g) + 20H7(aq) — 2Hx0() + 2e~
Reaction at cathode: Oz(g) + 2H20(l) + 4e™ — 40H™(aq)

anode cathode
A increase decrease
B increase increase
C decrease increase
D decrease decrease

END OF PAPER
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The Periodic Table of Elements

Group
] < [ v [ v [ v | w 0
1¢) 2
H Cf He
helium
Key _ © 4
3 3 proton (atomic) purm j © 5 6 7 8 9 10
L | Be atomic sy Qﬁub B c N o F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
7 9 relative atomic ~7 11 12 14 16 19 20
11 12 < 13 1 15 16 17 18
Na | Mg U O Al si P S ct | Ar
sodium | magnesium aluminium silicon |phosphorus sulfur chiorine argon
23 24 O 27 28 31 32 35.5 40
19 20 21 22 23 24 .28 27 28" 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Cr Fe 0 _1 z_mu Cu Zn Ga Ge As Se Br Kr
potassium | calcium scandium | titanium vanadium | chromium |manga ’#o: i ___ Nickel -, copper zine gallium | germanium | arsenic selenium bromine krypton
39 40 45 48 51 52 55 56 1059 4o B4 65 70 73 75 79 80 84
37 38 39 40 41 42 43 A4 | 45 _/,.{, /48 h\ 47 48 49 50 51 52 53 54
Rb Sr Y zr Nb | Mo Tc _{ R« |\ Rh Ju\mn_ua\@a cd In Sn Sb Te I Xe
rubidium | strontium yitrium zirconium niobium  |molybdenum 60__5@:4.\: _rathenium ium | palla | cadmium indium tin antimony | tellurium iodine xenon
85 88 89 91 93 96 - 101 103 /J%a a gd«o.@.‘al 112 115 119 122 128 127 131
55 56 57-71 72 73 74 75 7 4 S - 790 80 81 82 83 84 85 86
Cs Ba |lanthenoids|  Hf Ta W Re A\ ﬁ " Au®] Hg TI Pb Bi Po At Rn
caesium barium hafnium tantalum | tungsten rhenium ul ?ﬁ-ﬂ ! y n_| gold ‘.N\_._._oa.._Q thallium lead bismuth polonium astatine radon
133 137 178 181 184 186 1 | 192 195 |\ 197 “+7-201 204 207 209 - - -
87 88 [89-103] 104 105 | 106 107 | 108 (| 109 ([ / 110\ 4 A1 | 412 114 116
Fr Ra | actinoids | Rf Db Sg Bh N Mt \mw A Ra n Fi Lv
francium radium Rutherfordium| dubnium |seaborgium| bohrium hassiu ‘mejtnerium Arﬁ'fk\h/} Bu!.@.:._ flerovium livermorium
= = = - - - = - A (- e 0 = .
«/\\ 3 -
AN N
lanthanoids 57 58 59 60 61 —T—63 P ‘%h o %NF 6 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu" |~ - A Ho Er Tm Yb Lu
lanthanum cerium  [praseodymium| neodymium | promethium | samarium \&Mﬂ\?ﬂ\ inium Q_&E 3 dyspl m| holmium erbium thulium yiterbium lutetium
139 140 141 144 - 150 <| 152 A5 159 1 165 167 169 173 175
actinoids 89 90 91 92 93 94 95 | /96 97 | 98 99 100 101 102 103
Ac Th Pa V] Np Pu | \Am—|/ €m Cf Es Fm Md No Lr
actinium thorium | protactinium | uranium | neptunium | plutonium | ameéricium_| o::c.._\ | berkelium | californium | einsteinium [ fermium |mendelevium| nobelium | lawrencium
> 232 231 238 = = N o e e s o = - o e

The volume of one mole of any gas is 24 dm® at room temperature and pressure (r.t.p.).
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Section A
Answer all questions in the spaces provided.

A1 Choose from the following elements to answer the questions below.

hydrogen sodium zinc
chlorine iodine calcium
magnesium nickel platinum

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

Which element

(a)

(b)

(c)

(d)

(e)

(f)

(9)

is used as a catalyst in the catalytic converter of cars?

platinum

forms an ion, that in solution, reacts with aqueous sodium hydroxide to give a white
precipitate that remains insoluble in excess sodium hydroxide?
calcium/magnesium

is most suitable as a sacrificial material used to prevent the rusting of underground
water pipes made of iron?
magnesium

is able to decolourise aqueous iron(lll) chloride when added in excess?

magnesium/zinc/calcium

reacts with water to form an acidic solution?

chlorine/iodine

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[Total marks: 7]
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A2 Carbon is a group IV element and it forms many inorganic and organic compounds. In
these compounds, carbon shows a range of oxidation numbers.

(a)

(b)

(c)

(d)

(e)

Name Formulae Oxidation number of carbon
methane CHg4 -4
ethane C2He -3
methanol CH3OH -2
ethanol C2HsOH -2
glucose CesH1206 0
carbon dioxide CO; +4

Complete the table above by filling in the oxidation numbers of carbon in the
respective compounds. [1]

Suggest the formula of a compound in which carbon has an oxidation number of
+2.
CO or any correct formula

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

Plants undergo a process known as photosynthesis. Choose from the table above,
two substances that are involved in photosynthesis, and write the balanced
chemical equation.

6CO; + 6H.O0— CgH120¢6 + 602

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

Explain if-earbon is likely to exhibit an oxidation number of +5 in its compounds.

No, as it has only 4 valence electrons

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

Using your knowledge on oxidation states, explain if the change of ethanol to form
ethanoic acid (CH3COOH) is an oxidation reaction.
Oxidation state of carbon increases from -2 in ethanol [1]

[Total marks: 7]
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A3 Three electrochemical cells are set up as shown below. The electromotive force (e.m.f.)
in volts is shown on each voltmeter.

-| Metal + -|Metal Metal]+ Cu
Cu g P Cu Q R
CuSO0, (aq) P(NO3)3 (aq) CuS0y (aq) QCl2 (aq) RNO:s (aq) CuSO, (aq)

(@) Arrange the four metals (Cu, P, Q and R) in order of decreasing reactivity.

(b) A piece of magnesium ribbon is added separately to each of the salt solutions of
metals P, Q and R. The observations made are as shown in the table below.

Test Observations

Magnesium ribbon in P(NOs)s(aq) A silver solid is formed. The green
solution is decolourised.

Magnesium ribbon in QClx(aq) A silver-grey solid is formed. The
solution remained colourless.

Magnesium ribbon in RNOs(aq) A silver solid is formed. The solution
remained colourless.

(i) Write an ionic equation for the reaction between magnesium and P(NOs3)s.
3Mg(s) + 2P*(aq) > 3Mg?*(aq) + 2P(s)

(i) Give two observations that can be made if metal P is placed in aqueous
copper (ll) sulfate.
Blue solution turned green. [1]

(iii) Suggest the most economical method to extract metal P from its ore.

Heating with carbon/carbon monoxide
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(iv)

(v)

6

In the industry, metal P is mixed with carbon and iron to form steel alloys.
Suggest why the use of alloys of iron is preferred over pure iron.

Atoms of P and iron have different atomic size [1] and this disrupts the

Metal Q can be used to protect iron or steel objects from rusting through a
process known as galvanising. Explain why metal Q is a more suitable
choice than copper to prevent iron from rusting.

Metal Q is more reactive than iron and will corrode in place of iron by

[Total marks: 10]
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A4 A student carries out a series of experiments. He electrolyzes aqueous copper(ll)
sulfate and aqueous silver nitrate using the apparatus shown.

i

battery ~ rheostat

' ammeter

Two copper foil
electrodes in 150 cm?
of 0.1 mol/dm® CuSo4

solution

Two silver foil electrodes
in 150 cm3 of 0.1
mol/dm3 AgNOs solution

He repeats the experiment a few times using the same coneenttation of copper(ll)
sulfate and silver nitrate, but changes the current that passes through the solution.
He runs each experiment for 10 min. At the end of 10.Min, the studentweighs the
mass of the negative electrodes and weorks out”the increase in” mass of the

electrodes. \

The graph below shows the results of his inv §ﬁgati6ns.

P

Increasein massfg .

0 1 2 3 4 5 6 7 8 9 10
Current/ampere

(a) Describe the relationship between the current and the increase in mass of the
negative electrode as shown by the graph.
Increase in mass of the electrodes is proportional to the increase in current [1]
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(b) Use the graph to predict the increase in mass of the negative electrode in
copper(ll) sulfate solution if the experiment is carried out using an electric
current of 9.0 A for 5 min.

10 mins — increase in mass of 1.7 — 2.0 g, 5 mins — increase in mass of 0.85-1g

.............................................................................................................. [1]
(c) During the electrolysis, copper and silver are deposited at the negative
electrodes. Write equations to show the deposition of copper and silver at the
electrodes.
Cu?'(aq) + 2e— Cu(s)[1]
Ag'(aq) + e~ Ag(s)[1]
.............................................................................................................. [2]
(d) Determine the number of moles of copper and the number of moles of silver
that are formed when a current of 4.0 A is used for 10 minutes.
Mass of copper = 0.8 g
No. of moles of copper = % =0.0125[H
Mass of silver = 2.7 g OR 2.65g
No. of moles of silver = % =0.0250 [1]
[2]
(e) Comment on the difference between the masses of copper and silver formed
when the same conditions are used for the electrolysis. Explain the difference.
No. of moles of silver formed is twice the no. of moles of copper formed./ The
equations show that 1 mol of electrons discharge 1 mol of silver but 0.5 mol
of copper;[1] Ar of Cu is 64 and Ar of Ag is 108 / Ar of Cu and Ag are different
1] (2]

[Total marks: 8]
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A5 The diagram shows the changes in pH in a student’s mouth after she has eaten a sweet.
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(@) Chewing an acidic sweet stimulates the formation of saliva. Saliva is slightly
alkaline. Use this information to describe and explain the shape of the graph.
Initially pH decreases from 7 to 5.1/5.2/5.3 then increases to 7.2/7.3 [1];

pH subsequqntly increases due to decreasing concentration of hydrogen ions/
saliva which is

(b) Many sweets contain citric acid. Citric acid can be extracted from lemon juice using
the following steps:

stage 1: add calcium carbonate to excess hot lemon juice

stage 2: filter off the precipitate which is formed (calcium citrate)

stage 3: wash the calcium citrate precipitate with water

stage 4: add sulfuric acid to the calcium citrate to make a solution of citric acid
stage 5: crystallise the citric acid and obtain the pure and dry sample

(i) When calcium carbonate is added to lemon juice, fizzing is observed.
Explain why there is fizzing.
Carbon dioxide gas is produced [1]

(i) Suggest why the calcium citrate precipitate is washed with water.

To remove the (excess) lemon juice [1]

Reject ‘to remove impurities’.
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(iii) Describe how ‘stage 5’ should be carried out.

Heat the solution until saturated/concentrated and allow the solution to

..................................................................................................... [2]
(c)  Wines contain malic and lactic acids. This is because of a process known as malo-
lactic fermentation. During this process, malic acid is converted into lactic acid.
The extent of malo-lactic fermentation in 2 samples of wine was analysed using
thin layer chromatography. A sample of each wine was spotted onto the
chromatography plate. Reference samples of lactic acid and malic acid were also
spotted onto the plate. The chromatogram obtained is shown below:
solvent
O ont
a\
QO
N\
./f,.’: -.\\ \\
S n - - «— origin
Y [é‘cth aCId\ i nfak qcld \fajﬁ\shﬂ sample 2
“\/
(i) \ E Ialryway«ig\hc acid {@Q’e\c\ﬁa shorter distance than lactic acid.
<k
i “a_ TH géégluble in the solvent than lactic acid [1]
...... l/ \Y‘\\
@\'\L\
...... D e [1]
(i) Which sample of wine is older? Explain your answer.
Sample 2 [1]
All malic acid has been converted to lactic acid/ Sample 2 shows that
malo-lactic fermentation is complete while sample 1 is not. [1]
..................................................................................................... [2]

[Total marks: 10]
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Singapore is a densely populated city with strict standards on air quality as well as
preventive air pollution control measures. The following table shows the ambient air
quality targets set by the National Environment Agency (NEA). (1 ug = 10¢g)

pollutant sulfur dioxide nitrogen ozone carbon
dioxide monoxide
target (ug/m?) 15 40 100 30000

(@) Explain why carbon monoxide is considered as an air pollutant.

Carbon monoxide binds to haemoglobin which reduces the ability of

(b) State a source of nitrogen dioxide.

Oxides of nitrogen are produced in internal combustion engines of cars [1]

(c)  Aresearcher working with the NEA takes a 200 dm?® sample of gaseous emissions
from a factory. The composition of this sample of air is shown in the table below.

gas sutfur nitrogen nitrogen | oxygen carbon
dioxide dioxide dioxide
volume (cm?) 0.0022 0.0031 157000 42900 99.9

Explain, with calculations, whether the emissions of sulfur dioxide and nitrogen
dioxide meet the targets set by NEA. [1m3 = 1000 dm?]

moles of SO, from emissions in 200 dm3: 0.0022/1000 + 24 = 9.166 x 10 ® mol
moles of SO, from emissions in 1m*: 9.166 x 10 8 x 5 =4.583 x 10 " mol [1]
mass of SO,: 4.583 x 10 7 x [32 + 2(16)] = 2.93 x 10° = 29.3ug [1]

Did not meet NEA target

moles of NO, from emissions in 200 dm?®: 0.0031/1000 + 24 = 1.291 x 10 " mol
moles of NO; from emissions in 1 m3: 1.291 x 10 7 x 5=6.458 x 10 " mol [1]
mass of NO2: 6.458 x 10 7 x [14 + 2(16)] = 2.97 x 10° = 29.7ug [1]

Met NEA target

1 mark for both statements to conclude whether the gases meet target.
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(d)  Another factory was found to emit 60 pug/m? of sulfur dioxide. Suggest a reason
why the factory produces such a high amount of sulfur dioxide.

Combustion of fossil fuels / No flue gas desulfurisation process [1]

[Total marks: 8]
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Section B
Answer all three questions, the last question is in the form either/or.
Answer all questions in the spaces provided.

lonization energy (IE) is the energy required to remove an electron from a gaseous
atom or ion.
M(g) — M*(g) +e°

It is possible to remove more electrons from most elements, so this quantity is more
precisely known as the first ionization energy, the energy to go from neutral atoms to
cations with a 1+ charge. The second ionization energy is the energy that is required
to remove a second electron from the cation with a 1+ charge, to form cations with a
2+ charge.

M*(g) = M*(g) + e

The third ionization energy is the energy required to form catio

M?*(g) = M**(g) + €

A graph of the logarithm of the ionisation e r\%\d@a inst the number
el @
\ v

of electrons removed is shown in Fig<7\1 b

g N @
T N X ) \ \
3.00 T T ! WA RN 1 T
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The ionization energy may be an indicator of the reactivity of an element. Table 7.1
shows the ionization energies of the elements across Period 3 of the Periodic Table.

Table 7.1

element Na Mg Al Si P S Cl Ar

first ionisation | 496 738 578 789 1012 1000 1251 1521
energy

(a) With reference to the electronic structure of sodium, explain the trend in the
ionization energy shown in Fig. 7.1.
The first ionisation energy is removing one electron from the third shell which is furthest

........................................................................................................... [3]
(b) Explain the difference in first ionization energies for sodium and argon.
First ionisation energy of Na and Ar both involves removal of one electron from
the third shell. [1] However the comletely-filled shell of Ar has extra stability. It is
ﬁ.1-ore difficult to remove electron from this stable configuration and hence the
........................................................................................................... [2]

The term hydride is commonly named after binary compounds that hydrogen forms
with other elements of the Periodic Table. Hydrides can be classified as covalent or
ionic hydrides, depending on which element hydrogen bonds to.

(c) Draw a ‘dot and cross’ diagram to show the bonding in silane, the hydride formed

by the reaction between silicon and hydrogen. Show only the outermost
electrons.
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Correct number of shared electrons [1]
Correct ratio of atoms [1]

Suggest one similarity and one difference in physical properties between sodium
hydride and hydrogen chloride.

similarity NaH and HCI are both soluble in water [1]

............................................................................................. [2]
The hydride formed by phosphorus is phosphine. Suggest with reasons, whether
phosphine will have a higher or lower melting point than hydrogen chloride.
Phosphine is a larger molecule than HCI and will have stronger
intermolecular attraction than HCI. Hence it will have a higher
melting and boiling point. [1]
........................................................................................................... [1]

[Total marks: 10]
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B8 A student carries out some tests on an unknown solution P which is known to contain 2
metallic cations and 1 anion. She recorded her observations and deductions in the table

shown below.

Expt no | Procedure Observations Deductions
1a To a solution of P, add | White ppt formed. Pb?*, Zn?*, Ca®* or
sodium hydroxide Fe?* could be present.
solution.
1b Add excess sodium Ppt decreased by Ca?" is present.
hydroxide solution into | approximately half.
the test-tube in expt The remaining ppt is
1a. insoluble in excess
sodium hydroxide.
2 Add aluminium foil to | Gas evolved turns Cl is present.
the mixture in expt 1b. | moist red litmus paper
Warm the mixture. blue.
3a To new sample of White ppt formed. At Pb?* or Zn?*
solution P, add could be present.
agueous ammonia.
3b Add excess aqueous | White ppt insoluble in | AI** or Pb?* could be
ammonia solution into | excess aqueous present.
the test-tube. ammonia.
(a) The student made 3 mistakes in her deductions. In Table 8.1, state the experiment
number in which the mistakes were made. Briefly explain your answer.
Table 8.1
Expt no Explanation
e - .
Mistake 1 9 Fe“* ions cannot be present as it forms green ppt, [1]
Aluminium ion (APF*) should also be a possible ion
Mistake 2 1a present as it forms white ppt with aqueous sodium
hydroxide [1]
: Nitrate ion (NO3") should be present as ammonia gas
Mistake 3 2 (NHs) was evolved, not chloride [1]
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(b) Describe a simple test to differentiate between aluminium ions (AI**) and lead(ll)
ions (Pb?").
Add aqueous potassium iodide; [1] only lead(ll) ions will give

(c) Chlorine undergoes a reaction when it dissolves in water. The equation for the
reaction is:
Cl, + H.O - HCI + HOCI

The bond energies of the reaction are given in the table below

Bond Bond Energy (kJ/mol) | Bond Bond Energy (kJ/mol)
Cl-CI 239 H-CI 427
Cl-0 203 H-0 467

(i) Calculate the enthalpy change of the reaction.

Total energy absorbed during bond breaking: 239 + 2(467) = 1173kJ [1]
Total energy released during bond forming: 427 + 467 + 203 = 1097kJ [1]
Enthalpy change: 1173 — 1097 = +76kJ [1] or +76kJ

Deduct 1 mark if no proper working/heading shown to explain the string of
numbers. ]

(ii) Drawthe energy profile diagram for the reaction. Label:

¢ the reactants and products

e the activation energy

e the enthalpy change of the reaction
F |
Energy

1 mark for correct labelling of

\HCI + HOCI products and reactants and axes; 1
mark for correct labelling of
activation energy and enthalpy
KLerbald | L) change (single-arrow head);

[ |5
AH=+76k)/mol

¥

Progress of reaction [2]

[Total marks: 10]
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B9 EITHER

The rate of reaction between hydrochloric acid and excess marble chips (calcium

carbonate) was investigated at a temperature of 40 °C using the apparatus shown in
the diagram below.

cotton wool

marble chips
dilute HCI

electronic balance

The mass of the flask and contents was measured ev If2min minutes.
The data obtained was plotted on a graph.shown i i
Y
‘~:__ S T - ...: - \:i — - :_ - - l:;_r_b__\
102.5 1~ f X T -
l - A 1
| ’ : Fr _‘Nﬁ
A f:; \\
[ RNAT
— \\ HRIN
R : \,\.‘r@ |
g . NENRE R T EREAE
L'
~ |
u i -
XX
x__ i )f_ i | I L L L}
XXX XXX
i
98.5 F— —

0o 1 2 3 4 5 6 7 8 9 10 Il
Time in minutes

(a) State the time taken for the reaction to complete.
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(b) Explain why the mass of the flask and contents decreased with time.

Carbon dioxide gas produced during the reaction escapes. [1]

(c) A student repeated the experiment but forgot to place the cotton wool at the neck
of the conical flask. State how his results would be different and explain your
answer.

Mass readings will be lower than the actual mass. [1]

(d) Given that 40 cm?® of hydrochloric acid were used in the reaction, calculate the
concentration of this acid in mol/dm?.
CaCOs3 + 2HCI — CaCly + H,O + COs5

Mass of carbon dioxide produced = 102.8g—-99.0g=3.8¢g
No of moles of carbon dioxide produced = i;fmoles = 0.086364 mole [1]

2 moles of hydrochloric acid produces 1 mole of carbon dioxide
Hence, no of moles of hydrochloric acid present = 2 x 0.086364moles
=0.17273 moles [1]

0.17273
0.04

Hence, concentration of hydrochloric acid = = 4.32 mol/dm3 [1] [3]

(e) Another student repeated the first experiment at a temperature of 50 °C. All other
variables were kept the same.

(i) On the same grid on page 18, draw the graph she can expect to obtain for
this experiment. Label this graph T. [11

(ii) Explain, in terms of the collision theory, how an increase in temperature
affects the rate of reaction.
Particles gain kinetic energy and move faster and frequency of collisions

[Total marks: 10]
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OR

A student carried out three experiments to investigate the rate of reaction of excess

magnesium carbonate with dilute acids.

Experiment Acid
1 100 cm? of 0.10 mol/dm? sulfuric acid
2 50 cm? of 0.20 mol/dm? sulfuric acid
3 100 cm?® of 0.10 mol/dm? ethanoic acid

(a) Suggest a method the student could use to follow the progress of the reaction.

Carbon dioxide gas can be collected in a gas syringe [1]

(b) Draw curves on the graph to show the results obtained for Experiment 2 and
Experiment 3. Label each curve clearly.

SGS/2020/Prelim/4E/Chemistry/P2
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(c) Explain the shape of the curve in Experiment 3.

The gradient of the experiment 3 is gentler thanthat of experiment 1. [1]

(d) Another student repeated Experiment 1 at a temperature of 50 °C. All other
variables were kept the same. State the effect of this temperature increase.
Explain your answer using collision theory.

Particles gain kinetic energy and move faster and frequency of collisions

[Total marks: 10]

END OF PAPER
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The Periodic Table of Elements

Group

i ] < _ [ vV vV | Vi Vil 0

2
. He

ﬁwﬁ,. hydrogen ' O helium

Key x“v \ %] __,-kﬁ 4

3 4 proton (atomic) ul,r.m 7 ) | o) 5 6 T 8 9 10
Li Be atomic symbol h.%w,; F ' INY) O B c N o) F Ne
lithium | beryllium name Ny 4 e o " boron carbon nitrogen oxygen fluorine neon
7 9 relative atomic mass| Nﬁ 11 12 14 16 19 20
11 12 L /| S (& 13 14 15 16 17 18

! 3 4 — "

Na | Mg \ —) O Al Si P s ct | A
sodium | magnesium j&am.r X 1 /ﬂ. aluminium silicon |phosphorus|  sulfur chlorine argon
23 24 W &W, L 27 28 31 32 355 40
19 20 21 22 23 24 ) 31 32 33 34 35 36

K Ca Sc Ti \" Cr ) Ga Ge As Se Br Kr
potassium | calcium scandium | titanium vanadium | chromium |manganes gallium | germanium | arsenic selenium bromine krypton
39 40 45 48 51 52 55 70 73 75 79 80 84
37 38 39 40 41 42 43 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc In Sn Sb Te I Xe
rubidium | strontium yttrium | zirconium | niobium |molybdenum| technetium indium tin antimony | tellurium iodine xenon
85 88 89 91 93 96 - 115 119 122 128 127 131
55 56 57-71 72 73 74 75 81 82 83 84 85 86
Cs Ba  |lanthanoids|  Hf Ta w Re TI Pb Bi Po At Rn
caesium barium hafnium tantalum | tungsten rhenium thallium lead bismuth polonium astatine radon
133 137 178 181 184 186 204 207 209 - - -
87 88 mmwé.om 104 105 106 107 114 116
Fr Ra actinoids Rf Db Sg Bh Fi Lv
francium radium Rutherfordium| dubnium |seaborgium| bohrium flerovium livermorium
lanthanoids 57 58 59 60 - &+ ¥ 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu" | Gd Ho Er Tm Yb Lu
lanthanum | cerium  |praseodymium| neodymium |promethium | samarium | europium | gadofinium | (| dysp m| holmium erbium thulium | ytterbium tutetium
139 140 141 144 - 160 < 152 Am.ﬁ. 159 \N 1 165 167 169 173 175
actinoids 89 90 91 92 3 94 |” o5 [ /96 [\\ex}" o8 99 100 101 102 103
Ac Th Pa U Np Pu “Am—|/ €m |} \Bk~ Cf Es Fm Md No Lr
actinium thorium | protactinium | uranium | neptunium { plutonium | americium | curium | berkelium | californium | einsteinium | fermium |mendelevium| nobelium | lawrencium
a 232 231 238 . - - = - - - ~ - - -

The volume of one mole of any gas is 24 dm’ at room temperature and pressure (r.tp.). -

\
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