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Paper 1 (40 marks)
Answer all questions. 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 OTAS

A gas X is insoluble in water and less dense than air. An impure supply of X
contains water vapour and a water-soluble impurity.

2 ------:>

Drying agent

3 ------>

Water

4 -----+

u ----.

Which of the following order can be used to collect a pure dry sample of gas X?
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The reaction between aqueous iron(tr) sulfate and aqueous sodium hydroxide is

shown below.

3

2

FeSO+ (aq) + 2NaOH (aq) -+ Fe(OH)z (s)
pale green colourless dirty green

+ NazSOr (aq)
colourless

Which method could be used to separate the products?

A crystallization
B distillation
C filtration
D separatory funnel

3 The diagram shows three balloons filled with different gases held by students.

Which statements are correct?

The number of moles of gases in the 3 balloons is the same.

The number of molecules in the 3 balloons is different.

The mass of gases in the 3 balloons is different.

A l and 2 only
B l and 3 only
C 2 and 3 only
D 1,2and3

1

2

3

100 cm3
o{ carbo n
dioxide

100 crn3
of oxygen

100 cm3
d methane

ffurn Over
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The graphs (not drawn to scale) show the heating curves of orygen and nitrogen
over a period of time.

temperature i
time / minutes

Nz

4

4

-183
-196
-210
-218

At what temperature will there be two different phases (states) of matter
co-existing at the same time, in a mixture of oxygen and nitrogen under room
conditions?

A -180 0C

B -1950C
c -200.c
D -2'1 0 0C

5 Which of the following diagrams shows a pure hydrogen gas?

@
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o @
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An element X has two isotopes of 16 and 1 8. Its relative atomic mass is 16.4.
Which statement correctly states the proportion of isotope-16 in the sample?

A 20 o/o

B 40 o/o

c 60%
D 80%

7 Elements X, Y and Z have consecutive, increasing proton numbers.

lf element X is a noble gas, what is the symbol for the ion of element Z in its
compounds?

AZ.
B Z2*
c 22-
D 23*

8 Which molecule has the largest number of electrons involved in covalent bonds?

5

6

A CzH+
B COz
C CHsOH
D Nz

9 Substance X has the following properties:

. melting point above 500'C
o insoluble in water
. conducts electricity only when molten.

What would substance X be?

A aluminium oxide
B copper
C graphite
D sodium chloride

ffurn Over
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10 1.97 g of an unknown metal carbonate, MCO:, reacts completely with 50.0 cm3 of
0.400 mol/dm3 hydrochloric acid.

What is the relative atomic mass of M?

6

11

A 35.0
B 94.5
c 137
D 150

A metal Y forms a sulfate salt with the formula, YSOr while a non-metal Z forms
an ammonium salt with the formula, (NHr)sZ.

What is the formula of the substance formed between Y and Z?

AYZ
B YsZ
C YZt
D YzZz

12 The electronic structure of two atoms P and Q are shown.

atom P atom Q

type of bonding
mass of one mole of

compound
ls

A
B
c
D

covalent bonding
covalent bonding

ionic bonding
ionic bonding

70
'113

43
't02

13P

What is the type of chemical bonding and the mass of one mole of compound
formed between these two elements?
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Ozone, a gas found in stratosphere, helps to filter the harmful ultraviolet rays from
the sun. CFCs from aerosol sprays can cause the ozone layer to decompose as
follows:

2os (g) --+ 3Oz (g)

Which one of the following statements is correct at room temperature and
pressure?

A 2 mol ofozone produce 9 x1023 oxygen molecules.
8 24 dm3 of ozone produce 24 dm3 of oxygen.
G 48 dm3 of ozone produces 32 g of oxygen.
D 48 g of ozone produce 48 g of oxygen.

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

excess aqueous HNOa

7

't3

trrt-- gas
+ +

colourless solution

aqueous NaOH

What could the compound of element X have been?

A aluminium sulfate
B calcium sulfate
C coppe(ll) carbonate
D lead(ll) carbonate

compound of element X

white precipitate which dissolves in
excess aqueous NaOH

ffurn Over

155



156

15 Chlorine gas is a severe irritant to the eyes and respiratory system. The maximum
safe toleration level of chlorine gas is 0.005 mg/dm3.

How many molecules of chlorine gas are present in 1 dm3 of air at this toleration
level?

A 0.00s
- x 11

6r10"
B o'005" l rurlgzs

1000 71
c 0.005 ,6, 1Or.

71
D o'oo5 ,7'1r,6 r,10"

1000

l6 The equation for the reduction of iron ore in the blast fumace is shown below.

FezOs (s) + 3CO (9) ) 2Fe (l) + 3COz (9)

When 20 tonnes of the iron ore were reduced, 7 tonnes of molten iron were
produced.

What is the percentage yield of this reduction?

A 17.5Yo
B 54Yo
c 50%
o 700

17 Which of the following reactions is NOT a redox reaction?

A KI + Brz ) KBr+Iz

B CuO + HzSOq ) CuSO+ + HzO

C Mg + zHCl ) MgC/z + Hz

D Nz + 3Hz ) 2NHs

I

BP- 158
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Two solutions were mixed in a beaker and the mass of the beaker and contents
was then recorded at various times. The graph shows the results.

9

18

Mass of
beaker and
contents / g

Time / s
What could the two solutions be?

A aqueous ammonia and aqueous iron(ll) nitrate
B dilute hydrochloric acid and aqueous potassium hydroxide
C dilute nitric acid and solid copper(ll) carbonate
D dilute sulfuric acid and aqueous barium nitrate

flurn Over
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't0

The mouth contains saliva which is a weak alkali. When sweets containing sugar
are eaten, bacteria in the mouth change the sugar into acids.

Which graph best shows how the acidity in the mouth changes during and after
the eating of sweets?

pH

add

pH

acid

neulrai n6u{ral

alkali alkali

time time

BA

pH
aeid

pH
acid

neulral

alkali

ne!tral

alkali

timg lims

Dc
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Solid Z was dissolved in dilute sulfuric acid to give a colourless solution and a gas
that combusts with a blue flame. When aqueous ammonia solution was added to
the colourless solution, a white precipitate was obtained, which dissolved in
excess aqueous ammonia. The same colourless solution gave a white precipitate
with barium nitrate solution.

What is the identity of solid Z?

A calcium metal
B zinc metal
C calcium chloride
D zinc sulfate

The presence of ethanol vapour in the breath of a person who has very recently
consumed alcohol can be detected using a filter paper moistened with acidified
potassium dichromate(VI).

lf ethanol vapour is present, orange potassium dichromate(Vl) spot will tum green.
What does this suggest about the property of ethanol?

A substance alpha is added to lead(Il) nihate solution. The change of conductivity
is plotted as shown below.

Amount of substance alpha
added

What could substance alpha be?

A potassium
B potassium iodide solution
G potassium manganate(Vll)solution
D potassium nitrate solution

3E.E i:)
q) !2
riJ b

flurn Over

A Ethanol acts as an indicator.
B Ethanol acts as a drying agent.
C Ethanol is a reducing agent.
D Ethanol is an oxidising agent.
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23 Consider the following set-up.

petri dish

iron nail

metalstrip X

rust indicator

The rust indicator will turn blue in the presence of rust.

Some statements concerning the experiment are given below.

(l) lf X is copper, the iron nail will not corrode readily.
(ll) lf X is iron, the iron nail will not conode readily.
(lll) lf X is silver, a blue colour is observed around the iron nail.

Which of the following statements is/are conect?

A (l) only
B ( lll) only
C (l) and (ll) only
D (ll) and (lll) only

During the electrolysis of an aqueous solution of a cerium salt, 70 g of cerium
(Ar = 140) is deposited at the cathode by 1 mole of electron.

What is the formula of the cerium ion?

A Ce'
B Ce2*
C Ce3*
D Cea*

24
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The diagram shows the circuit for electrolysing silver bromide and potassium
chloride to produce the metal.

container for
silver bromide

container for
potassium chloride

26

To produce a metal, what form must these salts be?

silver bromide potassium chloride
A
B
c
D

concentrated solution
dilute solution

molten
molten

molten
concentrated solution

molten
molten

Many properties of an element and its compounds can be predicted from the
position of the element in the Periodic Table.

What property could not be predicted in this way?

e formula of its oxide
e nature of its oxide
e number of isotopes it has
e number of electron shells of its atom

Ath
Bth
cth
Dth

ffurn Over
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ln the apparatus shown, gas P is passed over solid Q.

a

Which of the following identities of P and Q would not result in a reaction?

P o
A
B
c
D

carbon monoxide
carbon monoxide

hydrogen
hydrogen

copper (ll) oxide
lead (l l) oxide
iron (lll) oxide

zinc oxide

Three elements X, Y and Z belong to the same period in the Periodic Table. The
properties of their oxides are given below.

oxide of X: soluble in both nitric acid and aqueous sodium hydroxide

D

tt
her')t

oxide of Y:

oxide of Z:

insoluble in water and aqueous sodium hydroxide but
dissolves readily in nitric acid
changes acidified potassium manganate(VlD from purple to
colourless

Based on the statements above, anange X, Y and Z in order of decreasinq atomic
number in the Periodic Table.

A X,Y,Z
B Y,X,Z
c z,x,Y
D Z,Y,X

BP- 164
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A hand warmer bag purchased by skiers consists of powdered iron, water, salt
and sawdust. When the bag is shaken, it becomes hot because the following
reaction occurs.

4Fe (s) + 3Oz (g) ) 2FezOa (s) AH = - 823 kJ/mol

Which statement is not true about the reaction above?

A The energy change involved in bond-forming is more than that
breaking.

B The energy level of products is lower than that of the reactants.
C The energy level of reactants is lower than that of the products.
D The temperature of the reaction mixture increases.

in bond-

ln the conversion of compound P into compound R, it was found that the reaction
proceeded by way of compound Q, which could be isolated.

P)Q AH = negative
Q)R AH - positive

Which one of the following reaction profiles agrees with this data?

A

P

a R

P
a

progress ot reaction progress of reation

R a
progress of reaction

(,
q,co

(,

o

o)

cq)

{rt
(,

DB

a

P
R

ptogre3s of rcaction

P

flurn Over
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31 A thermometer is placed in water and the temperature measured is shown.

thermometer

An endothermic change takes place as a solid is dissolved in the water. The
temperature change is 4.5 oC.

What would be the temperature reading immediately after the reaction?

A 38.0'C
B 38.5'C
c 47.0'c
D 47.5 "C

X2 A sample of hydrogen peroxide is decomposed by a metal oxide catalyst.

2HzOz (aq) ) Oz(g) + 2HzO(t)

What will become larger if the experiment is repeated using a better catalyst?

A The total volume ofgas produced at the end ofthe reaction.
B The amount of hydrogen peroxide left over at the end of the reaction.
G The initial gradient of a graph of total volume of gas produced against time.
D The time needed to produce a particular volume of gas.

50
4A
46
44
42
40
3a
36

_t

IIIII

t-IIrI
II
Ii
11
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voluare ol \@rogen / crn3

curve 2

curve 1

time / rnln

Which of the following changes would result in curve 2?

A adding a catalyst to the reaction
B heating the acid to a higher temperature
C using 25.0 cm3 of 2.0 mol/dm3 of dilute hydrochloric acid
D using finely powdered magnesium metal of the same mass

ffurn Over

33 ln the graph below, curve 1 was obtained when 25.0 cm3 of 1.0 mol/dm3 of dilute
hydrochloric acid is reacted with an excess of magnesium ribbons at 30 oC.
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34 The percentage of ammonia obtained at equilibrium in the Haber Process is
plotted against pressure for two temperatures, 400 "C and 500 'C.

Which of the following conectly represents the two graphs obtained?

40

2'

JT

tt
aC

z
o\

40'c

!)
d

zs

40

2A

I

-o

o
ad

z
\o

.f0

20

,

cr
a)

d

400

s00 "c

l0 20

pressure ll0) kPa

400.c

l0 20

pressure /ld kla

t
500

400 "c

BA

0
0

00'C

500 "c 400'c

0 l0 20 l0 20

pre$uro /l t' kP8 prE$surc /l 0r kPa

CD
35 Which statement about the properties of ammonia is correct?

A lt decomposes on heating at high temperature to form nitrogen gas and
hydrogen gas.

B lt dissolves in water to form an acidic solution.
C lt is formed by heating ammonium salts with sulfuric acid,
D lt reacts with alkalis to form salts.

0



BP- 169

19

36 The table shows the boiling points of four fractions when crude oil is distilled.

fraction X z
boiling point

t.c 35-75 80 - 145 150 - 250
greater than

250

Which statement regarding the fractions is true ?

A Fraction W is more flammable than fraction Y.
B Fraction W is more viscous than fraction Z
C The density of fraction X is greater than that of fraction Z.
D The molecules in X have a longer chain length than those in fraction Z

37 Which of the following statements about air are true?

I

il
ilt
lv

Clean air has a lower density than carbon dioxide.
Clean air has a constant composition of oxygen and water vapour.
Clean air contains mainly argon.
Clean air is a mixture of elements and compounds.

A I and lll only
B l, ll and lll only
C l, lll and lV only
D all of the above

ffurn Over
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38 Which structure is not an isomer of the structure shown?

20

A cH3-cH2-cH-cH3

cH,

CH
I

B

c

D

cH"-c-cH""l
CH,

cH3-cH2-cH2-cH2
I

CH,

cH3-cH-cHz-cH3

CH.

39 Some unsaturated compounds contain more than one carbon-carbon double
bond. An example is the compound with the formula CzrHzo.

How many carbon-carbon double bonds are present in one molecule of this
compound?

A3
B5
c8
D9
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A chemist canied out a cracking reaction on a hydrocarbon, X and obtained two
products, Y and Z.

21

40

HHHHttlt
X -+ H -C -C -C -C -HtlttHHHH

+H
HH
tt
L=L

I
I

H

H

I
C

I

H

Y

The chemist then wrote the following statements in his nolebook.

('l ) A molecule of X has 7 carbon atoms.
(2) Y is unsaturated.
(3) Z will decolourise bromine water.

Which statement(s) is/are correct?

z

A (3) only
B (1) and (2)
c (1) and (3)
D (1), (2)and (3)

. - - End of Paper l ---

ffurn Over
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Section A 50M
Answer ALL questions in the spaces provided.

Name the following chemical processes.

t5l

[Total: 5 marks]

This question concerns the chemistry of carbon and silicon, elements from Group
IV of the Periodic Table.
Table 2.1 provides some information on two different forms of carbon (allotropes)
and silicon:

f able 2.1
Substance Melting point / "C Electrical

conductivity
Uses

Carlcon
allotrope A

Above 3000 Poor Cutting tools,
drill bits

Carbon
allotrope B

Above 3000 Good Lubricant

Silicon 1414 Good Semiconductors
in electronics

reaction name of process

(i) SiOz + 2NaOH -- NazSiOs + HzO

(ii) HzSOr + CaClz ---+ 2HCl+ CaSO+

(iii) Fe2* --- Fe3* + e-

(iv) MgBrz + Fz --- MgFz + Brz

(v) CUCO: --* CuO + COz
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(a) Carbon tends to form covalent compounds.

By drawing the dotand-cross diagram of a carbon compound of your
choice, describe how a covalent bond is formed. You only need to show
valence electrons.

t31

(b) Explain, in terms of structure and bonding, why carbon allotrope A can be
used as a drill bit while carbon allotrope B can be used as a lubricant.

t2)

(c) Carbon is commonly used as a reducing agent. For example, it can reduce
zinc oxide to form zinc.

Explain, using oxidation states, how carbon is acting as a reducing agent in
the reduction of zinc oxide.

t1l

flotal: 6 marksl

3

flurn Over
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Table 3.1 shows the results of some of the chemical reactions of four unknown
metals.

Table 3.1
Metals Thermal decomposition of metal

carbonates
Reaction of
metal with
cold water

A Greenish-blue solid tums black. White
precipitate formed when gas produced is
being passed through limewater

No reaction

B White solid remains. No gas was
produced.

Very vigorous
reaction

c White solid turns yellow, turns back to
white after when cooled. White precipitate
formed when gas produced is being
passed through limewater

No reaction

D White solid remains white. White
precipitate formed when gas produced is
being passed through limewater

Liftle bubbles
formed on the
surface of the
metal.

(a) Arrange the metals in ascending order of their chemical reactivity.

4

A3

......tl1

(b) Metal A and D are placed into two separate beakers of iron(trI) sulfate
solution. Describe the observations you will see in each beaker.

.....13I

(c) Pure iron can be e{racted using the Blast fumace in the presence of carbon
monoxide.

(i) Write a balanced equation for the reaction mentioned above.

.......t1t
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(iD State and explain if the reaction written in (ci) is a redox reaction.

5

(d) lron oxidises to form iron(lll) oxide, which is a reddish-brown deposit
commonly known as rust.

Using your knowledge of the reactivity series of metals, describe and explain
how rusting of iron can be prevented.

.t2t

ffotal: 8 marks]

flurn Over
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A student carried out a series of experiments to determine the rate of reaction
between excess zinc and dilute hydrochloric acid (HC/) by measuring the volume
of gas produced per unit time.

ln Experiment 1 (conducted al25 oC), he used 5 g of zinc granules and 30 cm3 of
0.5 mol/dm3 dilute hydrochloric acid.

The experiments were repeated two more times, with different variables.

Experiment 2: 5 g of zinc powder and 30 cm3 of 0.5 mol/dm3 of HC/, 25 oC

Experiment 3: 5 g of zinc granules and y cm3 of z mol/dm3 of HC/, 25.C

Fig 4.1 shows the volume of gas produced over time.

Volume
of gas /

cm3 Experiment 1

Experiment 3

Time / minutes

Fig 4.1

(a) Complete the diagram below with the appropriate appaErtus used in the
experiment.

6

A4

I
r=......--_

t1l
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(b) Write a balanced equation for the reaction between zinc and dilute
hydrochloric acid.

t11

(c) On Fig 4.1 sketch and label the graph for Experiment 2.

t1l

(d) Taking reference from the Fig 4.1, suggest appropriate values for y and z for
Experiment 3.

v cm3

mol/dm3
t2t

(e) The student repeated the experiment at 50 oC. Explain in terms of energy
and particle collisions how an increase in temperature increases the rate of
a reaction.

...................t31

flotal: 8 marks]

The table shows some information about a homologous series of organic
compounds called ketones.

name number of
carbon atoms

formula

propanone 3 CHsCOCHs

butanone 4 CzHsCOCHs

pentanone 5 CsHzCOCHs

7

z

A5

flurn Over



BP- 180

178

(a) Deduce the name and formula ofthe ketone that contains 6 carbon atoms.

name

formula

(b) From (a), deduce the general formula for ketones.

..tl l

(c) The oxygen atom in a ketone forms a double bond with a carbon atom.

Draw the full structural formula of butanone.

I11

(d) Separate samples of propanone and propene were placed in separate test
tubes and each shaken with bromine water.

Predict what will be seen in each test tube after shaken with bromine water.

t21

ffotal: 6 marksl

Ozone is considered a pollutant at ground level but is important in the stratosphere.

(a) Explain why the ozone layer is important to us.

t1l

I

tzt

A6

(b) Explain why ozone is considered as a pollutant at ground level.

t1l



BP- 181

179

Ozone is destroyed when chlorine atoms from CFCs attack the ozone
molecules.

2Cl+Os)ClzO+Oz

Explain, in terms of oxidation states which element is oxidised.

t21

Nitrogen dioxide can also contribute to the depletion of the ozone layer and
must be removed.

(i) Besides breathing issues, describe one other harmful effect of
nitrogen dioxide.

9

(c)

(d)

.. . .. ...... ... ... ...11I

(ii) Write an equation to show how nitrogen dioxide can be removed in
the catalytic converter.

......... .......t11

flotal: 6 marks]

A7 Table 7.1 shows the enthalpy of combustion of three fuels.

fuel enthalpy chanqe of combustion (kJ/mol)
ethanol

hydrogen
octane

- 1370
- 256

- 5510

combustion of ethanol: CzHsOH + 3Oz ) 2COz + 3HzO

(a) Use ideas about breaking and forming bonds to explain why the enthalpy
change for combustion of ethanol is negative.

........12)

ffurn Over
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(b) Octane also undergoes combustion to produce carbon dioxide. The
equation for the combustion of octane is given below.

2CaHro + 25Oz ) 16COz +'18HzO

Calculate the volume of carbon dioxide that will be produced when ethanol
undergoes combustion to produce 100 kJ of energy.

t2)

t2)

flotal: 6 marks]

A8 The diagram below shows how petroleum can be refined.

hirL
er,{t oN -+

(c) Explain why the combustion of hydrogen is considered a'cleane/ alternative
as compared to octane and ethanol.
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(a) Briefly describe how fractions can be separated through the fractional
distillation of crude oil.

t3l

(b) The flow chart below shows how a sweet smelling compound Y can be
formed from petroleum (crude oil).

fractiona,
distillation stage A

(i) Explain why Stage A is an important process in the energy industry.

... . .. ......t11

(ii) A long chain alkane, CrzHzo, undergoes Stage A to form ethene,
butane and an unsaturated compound Z.

Draw the structure of compound Z in the space given below.

t11

[Total: 5 marks]

troleum
short-chain

alkenes
long-chaln
alkanes

--End of Section A--

ffurn Over
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Section B f30 Marksl

Answer all questions. Question 811 has a choice of section to answer. Write your
answers on the spaces provided.

Fig 9.'1 shows the set-up for the electrolysis of a chloride solution containing two
metal ions, coppe(ll) and iron(ll).

l,l,

platinum
electrodes

pladnum
elcctrodcs

chloridc solution
contahing coppcr(Il) and

iron(Il) ions

Fig 9.'t

An electric curent was passed through the cell for a period of time.
The observations at different stages were recorded in the table.

Table 9.2

stage observations

stage 1 - after 10
mtns

A yellowish-green gas is observed at one of the
electrodes while a brown solid is deposited at the
other electrode.
There was no visible change to the electrolyte.

stage2-afterl hour
The same observations in stage 1 at the anode and
cathode.
The electrolyte became pale green.

stage3-after2
hours

Colourless gases are both evolved at the anode
and cathode.
The pale green of the electrolyte becomes more
visible.



BP-185

183

13

(a) (i) Write the equations for the reactions taking place at the respective
electrodes in stage 1 .

t2t

(ii) The total mass of the brown solid deposited was 0.584 g.

Calculate the volume of the yellowish-green gas produced at the
other electrode.

t2l

(b) Explain why the electrolyte becomes pale green in stage 2 and then darker
in stage 3.

t2)

(c) A few drops of Universal lndicator were added at the cathode in stage 3.

State and explain the result of the test.

.t21

ffurn Over
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(d) A total of three different substances were produced at the cathode
throughout the whole electrolysis process.

ldentify and list the three substances in order of which they are produced.
Explain your answer.

..121

fiotal: 10 marks]
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Graph 1 shows how the average temperature of the Earth's surface may have
changed over the last 150 thousand years.

Graph 2 shows how the percentage of carbon dioxide in the atmosphere may have
changed over the last 150 thousand years.

Graph 1

average
lemperalurs at th6 Earth's
surtace / oC

'14

12

10

6
15O 125 100 75 50 25 0 (today)

time/lhousands of years ago

crad12
0.040

0.035

0.030 I

I I
\ \/ I

V

I50 '125 100 75 50 25 0 (today)

time/thousands ot years ago

1

I

percentage of carbon
dioxide in the
atmosphere

0.025

0.020

0.015

,\/
\ I \

\1
V V
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(a) Describe and explain the relationship between graph 1 and graph 2.

tzt

(b) State two consequences as a result of the changes in temperature levels
shown in graph 1?

.t2t

(c) Explain how the carbon cycle regulates the level of carbon dioxide in the
atmosphere.

t2)
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(d) Two most polluting emissions from cars are nitrogen monoxide and carbon
monoxide. The actual concentration of each of these components depends
on the mode of operation of the vehicle and the proportion of air present in
the fuel mixture that is used.

Some typical figures are given in the table [ppm = parts per million].

mode of
operation

proportion
of air

present in
fuel mixture

nitrogen
monoxide

emissions /
ppm

carbon monoxide
emissions / ppm

idling engine high 14 2000

Accelerating

engine

high 3700 '1000

idling engine low 10 8000

accelerating

engine

low 1000 5000

(i) Suggest why

(1) the concentration of nitrogen monoxide is high when the engine is
in the accelerating mode; and

(2) the concentration of carbon monoxide is low when the proportion
of air present in the fuel mixture is high.

l2l

flurn Over
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(ii) Catalytic converters help reduce pollution by converting pollutants to
non-polluting products.

The equation shows a typical reaction in a catalytic converter.

NO + CO --->

......121

Citric acid is a white crystalline powder with formula CsHzOsCOOH
Two samples of 0.1 mol/dm3 citric acid was prepared, one in water and the
other in propanol. lt was noticed that when the acid dissolved in water, the
solution felt cold.

Dissociation of citric acid in water: CsHzOsCOOH ) CsHzOsCOO- + H'

A piece of magnesium ribbon was added to each of the two solutions. The
results are summarised in Table 1 't .1

Table 1 'l .'l
solution action on magnesium ribbon

citric acid in water slow but steady formation of gas bubbles
citric acid in propanol no reaction

(i) What type of energy change takes place when citric acid was
dissolved in water?

I1I

Complete and balance the equation. Explain why this equation
represents a redox reaction.

flotal: 10 marksl
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(ii) Explain the observations for the reaction between a solution of citric
acid in water and magnesium.

(iii) Write a balanced chemical equation to show the reaction between
magnesium and citric acid in water.

............121

....... . ........t11

(iv) Explain why there was no reaction between magnesium and a
solution of citric acid in propanol.

...t1I

(b) Fig 11.2 shows three experiments involving aluminium that were set up in
the Iaboratory.

alumlnium strip aluminium strip
rubbed with
sandpaper

aluminlum stlip
ru bbed with
sandpaper

:.fqrrgous

ltute,,

Experiment 1 Experiment 2 Experiment 3

Fig 1'1.2

(i) Explain why a reaction occurred in Experiment 2 but not in 1.

flurn Over

t31
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(ii) State and explain the observation(s) if any, that will be seen in
Experiment 3.

t21

ffotal: 10 marksl

The information in Fig 1'1.3 is about the elements in Period 3 of the Periodic

Table.
16{0

1400

1200

'1{t0

,200

-400

OR

811 (a)

800

s0

400

?00

{
'6

I
i

o

Na t*g Al Si
Elam6nt

Fig 11.3

(D Describe the general trends in melting point across Period 3.

P€Ct&

t31

190
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(ii) How does the data show that the first four elements in Period 3 are
solids at room temperature and pressure?

I1l

(b) Silicon has a structure similar to that of diamond. Explain in terms of
structure and bonding why silicon has such a high melting point in Period 3.

l2l

(c) Sketch a graph to show how proton number changes across Period 3.

t11

(d) Fluorine, chlorine, bromine and iodine are halogens found in Group Vll of
the Periodic Table. Table 1 1 .4 lists the bond lengths and average bond
energies of the halogens 

Tabre 1 1.4

covalent bond bond length/ nm

(1nm = 10-sm)

F-F 158

0.199 242

Br- Br 0.228 193

t-l 0.267 1
(

1

flurn Over

average bond energy (kJ/mol)

0.142

ct -ct
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(i) Describe the general relationship between bond length and the
average bond energy within Group Vll molecules.

t1I

(iD A student made the following comment about the reaction of gaseous
propane, gaseous chlorine and gaseous bromine.

"When the same number of moles of gaseous propane is reacted with
both gaseous bromine and gaseous chlorine, the rates for the two
reactions will be the same."

Do you agree with the student's comment? Explain your reasoning.

.l2l

flotal: 10 marksl

--End of Section B--

--End of Paper 2-

22



Ansrarers for Sec 4EX Chemistry SA1 EXAMINATION Paper 2018

Paper I MCQ: 40 MCQs (40 marks)

1 B 9 A 17. tl 25. A U
2 10. 18. 26. 34 A

B 't1. D 19. D 27. n 35 A
4 B/D 't2. D B 24. c 136 A
5 A 13. D- 21. 29 37
6 D 14. D 22. B 30 C 38 C

DB 15. 23. o 31 . B 39
A B 32 c L-40

Paper 2 Section A:
Answer all questions (50 marks)

Qn Pa rt Answers Mark
allocated

Markers Feedback

I (a) neutralization 1t markl
precipitation l 1 markl(b)

(c) oxidation [1 markl
[1 markl(e) displacement / redox

(f) therm al decomposition / decomposrtion [1 markl
Any appropriate compound
1 markfor correct number of electrons on carbon atom
1 mark for correct number of electrons on the other
atom(s)
Explanation: the carbon atom and X atom share a pair of
electrons to attain a noble qas electronic confiquration [1]

[3 mark]a( )

@!
(o-{

33.

3.
20.

C

7. B
8. 16. C 24.

very
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(b) ln allotrope A, everv carbon atom is bonded to 4 other
carbon atoms bv stronq covalent bonds. This makes the
whole structure very hard.
ln allotrope B, everv carbon atom is bonded to 3 other
carbon atoms in hexaqonal lavers. Little force is needed to
over@me these weak intermole0ular forces of attraction
between lavers, making B slippery

2m

(c) Carbon causes the oxidation state of zinc to decrease
from +2 in ZnO to 0 in Zn, hence reducing zinc oxide / C
itself is oxidized. O.S of C increases from 0 to +2. Hence
it's a reducinq aqent.

1m

(a) A D B ,1m

(b) Metal A: No visible observation [1]
Metal D: Metal D dissolves/brown solution becones
colourless/Grey solid produced (Any 2 for 2 marks)

3m

(ci) Fe:Os(s) + 3CO(g) ) 3COz(g) + 2Fe(l) ilm

(cii) Yes it is redox as Fe:O: loses oxygen to form Fe and CO gains
oxygen to form COz.

1m

2m

Sacrificial Protection. A more reactive metal like
magnesium or zinc can be
corrode in place of iron

D laced beside iron. lt will

@!
(o
Og

(d)
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A4 a( )
IJr

o

1m

;l

b( ) 1m2HCl(aq) + Zn(s) ) ZnClz(aq) + Hz(g)

(c)
Experiment 2

Experiment 1

Expeiiment 3

time / minutes
I rme / mrnutes

1m

d( )
2m

Y = 30.0 cm3
Z = O.25 mo/dm3
Or
Y = 60,0 cm3
Z = 0.125 mol/dm3

-.1

(D
-o

(0
(o

ltll-,Il {

l



Mayfl ower Secandary School Mighty in Thoughl d Deed

(e )

eoua I to the acti ion enerov ['l I h ioher frequencv of
collision [1] increase speed of reaction

3m

A5 (a) name: hexanone

formula: CTHgCOCH:

(b) C, H:n*r COCHa 1m

(c)
H

I

C

I

H

H

I

C:

I

o
li
C

I

H

rl 1m

H ---+r

(d ) Bromine water remains brown in propanone.

Bromine water decolourizes / tums colourless in propene
2m

A6 (a) Shields / filters out harmful UV ravs from the sun that can cause
skin cancer / oenetic mutations / eve damaoe 1m

( b) Forms photochemical srn og which initates the ryes and lungs
whidl can cause breathing problems. 1m

(c) gllgline is oxidised. ;

Its O.S. lncreases from 0 in C/ 1o g!g.,Ql2Q. ;
2m

d(D Pollutant reacts with rain water to form acid rain that corrodes
buildings and harms aquatic life / plants. 1m

d(ii) 2NO-r +4CO ) 4CO: + Nz
1m

@-u

r'\)oo

lncrease in temperature, increases the kinetic enerqv of
the particles [1], more particles have energv greater or

2m
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(u) The enerqv released in the formation of O-H and C=O bonds is
lg!ref than the energy required to break the C-H. O-H. GC and
H-H bonds.

2 mark

(bi) Moles of ethanol required to produce 100 kJ of energy
100 I 1370
= 0.07299 moles ;

From the equation above,
1 mole of C:HcOH = 2 moles of COz
0.07299 moles of czHsoH = 0.1460 moles of co2

Vdume of CO2 produced = 3.50 dm3 ;

2 mark

(c) Combustion of hvdrooen Droduces waler which does not
contain carbon and produce carbon monoxide which is a
oollutant or carbon dioxide which is resoonsible for olobal
warminq.

A8 (a) Crude oil enters the heater and is heated up to form a ![@!lS
mixture.;

The gaseous mixture enters the distillation column and is cooled
and then separated throughqg@lq. ;

(bi) Longer hydrocarbons are cracked to produc€ shorter
hvdrocarbons / smaller molecules (e.9. petrol) that have higher
demand in the industries. 1 mark

(biD
1 mark

H

H

I

c
I

H

H

I

C

I

H

H

I
C

H

I

c

H

I
c
I

H

H

I
c
I
H

tr
!
l\)o

2 marks

The fractions with the lower boilinq points / the liohter fractions
will be collected at the too, while the fractons with the hrqher
boilino points / the heavier fractions will be collected at the
bottom of the distillation column.,

3marks
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Cu2. (aq) + 2e- , Cu (s)

2Ct (aq) --- Ch (S) + 2e-

B9aii Number of moles of Cu = 0.584 / 64 = 0J09'125 mol

2 mark

89b Atstage2,gEj@leauing
behind Fe2t ions in the electrolvte which are pale green in
colour.
At stage 3, H: and Oll- ions from water are discharqed
Hence the concentration of the electrolyte increases and the

solution
becomes darker due to the Fe2-.

2 mark

B9c The Universal lndicatorwill change colour from g.@g
blue EL@ at the cathode
leavinq behind OH:ions in solution / concentration of Hl
decreases which thus increases the concentration of OH:
in electrolvte which makes the solution around the cathode
alkaline

2 matk

(D
-U

n)o
FO

Paper 2 Section B; GIESIEI
89ai

2 mark

Forthe same amountof electricity (2 mol of e), 1 mol of Cu and
1 mol of Clz are produced. Hence, number of mole. of Cl:
produced is also 0.009125 mol.
Volume of Clz produced = 0.009125 x 24 = 0.219 dml
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89d The three substances are @
AlyS of the followrng explanations :

. Copper atoms are the least reactive, follou,ed by hydrogen
atoms, then iron atoms. Hence,

r Copper(ll) ions are preferentially discharged followed by
hydrogen ions, then iron(ll) ions

. Copper(ll) ions accept electrons most readily follow-d by
hydrogen ions then iron(ll) ions

2 mark

810a nihen the percentage of carbon dioxide increases the average
temperature at the Earth's surface increases.
Carbon dioxide is a greenhouse gas. lt traps the infrared radiation
from the sun and prevents it from going back to the atmosphere. This
causes the earth's average temperature at the Earth's surface to
increase.

2mark

b More occurrenc€s of unusual weather conditions such as warm
spells, droughts and storms.
Decrease in crop yields because areas covered by vegetation may
become deserts.
OR Melting of ice cap will cause ocan levels to rise and flood lo\,v-
lyinq

2 mark

c Photosvnthesis by plants lo^/ers the level of carbon dioxide while
combustion, respiratron and decay increase the level of carbon
dioxide.

2 mark

di \A/hen the engine is in the accelerating mode, the high temperature
of the engine allows nitrogen in the air to react with oxygen to form
nitrogq'r monoxide.
t lhen the proportion of air present in the fuel mixture is high, the fuel
mixture will burn completely, there is less likelihmd of incomplete
combustion.

2 mark

dii 2NO+2CO)Nz+2COz
NO loses oxygen and is reduced to Nz. CO gains oxygen and is
oxidised to COz.

2 mark

q,
-E

AJa(^,

Paee 7 of9
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Either
Bt 1ai

Exothermic

a Formatim of bubbles is due to the hydrogen gas evolved when acid
react with magnesium metal to form salt and H2.
The reaction is dow as citric acid is a weak acid - less H- ions
dissociated..

1 mark

1 mark

Mg(s) + 2CsHzOsCOOH ) (CsHrO:COO)zlvlg + H: 1 mark,

atv l mark

bi A reaction occurred in Experiment 2 because the alumrn:.m stnp is
rubbed with sandoaoer to remove the oxide laver and.3|qi4i4q
more reactive than iron so displaiement of iron from its salt solution
can occur. A reaction' does .not occur in Experiment 1 as the
aluminium strip is still covered bV an inert(unreaclive) oxide laver

3 mark

bii There will be
less reaqtl/e than sodium. Hence no displacement reaction will
take.place despite the aluminium strip 'being rubbed with
sandpaper.

2 mark

OR
811ai

1. Melting point increases from Na to Si.
2. lt drops drastically from Si to P.
3. There is a gradual drop in melting point from S to Cl

T heir melting points are above room temperature 1 mark

b Silicon has a giant molecular strucfure with all the silicon
atoms joined together with strong covalent bonds.
A lot of heat energy is needed to break the strong covalent
bonds between the silicon atoms.

2 mark

ul!
r'\)os

atI

Propanol is an organic solvent which will not result in hydrogen ions,
being produced.

3 mark

a
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c
Proton
NO

11

Na Element

di as bond length increases, the bond energy decreases;
(wth the exception of fluorine).

lt No. Chlorine is more reactive than bromine;
the reactivity decreases down Group Vll.

@
!
r.Oo(rr

al


