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READ THESE INSTRUCTIONS FIRST
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Do not use staples, paper clips, highlighters, glue or correction fiuids.
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There are forty questions on this paper. Answer all questions. For each guestion, 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 sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet

A copy of the Periodic Table is printed on page 19.

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

This booklet consists of 19 printed pages, including the cover page.
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1 A student measures the rate of the reaction between marble chips, CaCQs, and
dilute hydrochloric acid.

CaCO; + 2HCI — CaCl + COz2+ H0

Which diagrams show the apparatus that are suitable for this experiment?

1 2
measuring
cylinder
hydrachloric
acid
water
marble chips
3 4
hydrochloric hydrochloric
acid burette acid
gas syrings
marbla chips marble chips
A 1and 2
B 1,2and 4
C 2and 3
D 2,3and4



2 Chromatograms of a urine sample using two different solvents are shown below.

Based on the two chromatograms, which drug(s) is/are present in the urine sample?

A

B
c
D

3 Since the discovery of graphite, scientists have been able to extract a single layer of
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sample drugP drugQ drugR

Al L La)

sample drugP drugQ drugR

chloroform solvent used

drug P only

drug Q only

drugs P and Q only
drugs P, Qand R

propanol solvent used

carbon atoms (known as graphene) and convert it to another material known as

graphane by attaching one hydrogen atom to each carbon atom as shown below.

¢y hydrogen atoms
@ carbon atoms

Which property of graphene is not likely to be shared by graphane?

A

B
C
D

It is insoluble in water.

It is very strong.

It has a high melting point.
it is an electrical conductor.
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An isotope of element Z has 20 neutrons and 17 protons.
Which is the correct symbol for an ion of the isotope of element 27

A 18 B 187 -
172" 17 2

37 7 - 37 7 -
¢ 1TZ D lﬂz

Hydrogen is able to form compounds with metals and non-metals. The formuiae of
some of these compounds are shown below.
CH, HC/ MgH: KH

What is the order of melting point of these compounds?

lowest melting point > highest melting point
A CHa HCI KH MgH:
B CHa HCI MgH: KH
c HC!? CHs MgH: KH
D KH MgH: HC/ CHs

The heating curves (not drawn to scale) of nitrogen and oxygen over a period of time
are shown in the graph.

temperature / °C
A
time / minutes
N2 / / 02
183 st =
“106 4

N Y AV 4
2o Al

Ve

At which temperature will there be two different states of matter co-existing at the
same time, in a mixture of nitrogen and oxygen under similar conditions?

A -180°C
B -200°C
C -215°C
D - 220°C
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7 The diagram below shows the bonding between P and Q in the covalent molecule,
PQ..

What are the electronic structures of atoms P and Q before combining together to
form the above molecule?

P Q
A 2.8 28.8
B 26 287
Cc 26 2.8.6
D 24 2.8.7

8 0.1 mole of a chloride XC/; combines with 10.8 g of water to form the hydrated salt,
XCl2.nH20.
What is the value of n?

A &6 B 8
c 1o D 12

9 Ammonia reacts with chlorine according to the equation shown below:
2NHs (g) + 3CL (@) — N2 (g) + 6HCI (g)
If 80 cm® of ammonia is mixed with 60 ¢m? of CI; and all the volumes were

measured at room temperature and pressure, what is the total volume of gases at
the end of the reaction?

A 20cmd

B 120cm?
C 140cm?
D 190cm?




10  When 4.8 g of magnesium is heated in a crucible, 5.9 g of magnesium oxide is
formed.

cnucible lid

magnesium
Hibbon

heat

What is the percentage yield of magnesium oxide?

A 53% B 74% C 80% D 81%

11 A student is given two samples, one of which is aluminium oxide and the other is
magnesium carbonate. He needs to find a method to identify the two samples.

Which of the following show(s) the correct method(s) and observation(s)?

method observation(s)
1 add nitric acid only aluminium oxide dissolves
2 add nitric acid both samples dissolve. Effervescence

is observed in the reaction with
magnesium carbonate

3 add sodium hydroxide only aluminium oxide dissolves

4 add sodium hydroxide | both samples dissolve. Effervescence
is observed in both the reactions

1 and 4 only
2 only
2 and 3 only

oo w P

3 only
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12

13

14

Butterfly pea flower extract is commonly used in drinks nowadays and it changes
colour according to different pH vaiues.

The tabie below shows the colours of butterfly pea flower extract at different pH
values.

pH range colour
0-3 violet
4-8 blue
9~ 11 green
12 - 14 yellow

Which pair of substances can be distinguished by adding butterfly pea flower extract
to each substance separately?

A

B
c
D

acid rain and aqueous sodium chloride

aqueous ammonia and limewater

aqueous sodium sulfate and aqueous sodium chloride
dilute hydrochloric acid and dilute sulfuric acid

Which reaction will produce the least volume of carbon dioxide?

A

B
C
D

sodium carbonate and hydrochloric acid
copper(ll) carbonate and hydrochioric acid
magnesium carbonate and sulfuric acid
lead(ll) carbonate and sulfuric acid

The table beiow shows the results of some tests carried out on separate portions of

a solution M.
test observation
aqueous sodium hydroxide added test-tube feels warm and no
precipitate forms
acidified aqueocus silver nitrate added white precipitate forms

What could be the identity of solution M?

A

B
C
D

hydrochloric acid
potassium sulfate
sodium chloride
zinc sulfate
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15 A student stated that since low temperatures produce a greater yield of ammonia,
the reaction should be carried out at 50 °C instead of 450 °C.

Which statement best explains why the reaction is not carried out at 50 °C?

A

B
Cc
D

Ammonia is unstable at 50 °C.

The reactants are unstable at 50 °C.

The reaction is too slow at 50 °C.

The reaction mixture is easily separated at higher temperatures.

16 Ammonium chloride is heated strongly in a boiling tube. Damp blue and red litmus
papers were placed at the mouth of the boiling tube for the gases produced.

ammonium chloride

damp blua litmus paper
damp red litmus paper

heat

Which row shows the correct sequence of observations that would be made?

first observed colour change final colour of both
litmus papers
A The damp blue litmus paper turns red. red
B | The damp blue litmus paper turns red then bleaches. white
C The damp red litmus paper turns biue. blue
D The damp red litmus paper turns blue. red

17  Which are redox reactions?

A
C

bW N =

HC/7 + NaOH — NaCl + H:0
Zn + 2HNO3; — Zn(NOa): + Hz
AgzS0,4 + 2NaCl — 2AgC/ + NazS0s
2Fe?* + Cl, — 2Fe® + 2CF
1,2and 3 BE 1and3
2and 4 D 3and4
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19

Dry hydrogen gas is passed over a heated brown powdered solid and then through a
cooled U-tube before the excess of hydrogen is burned in air.

powdergd solid excess hydrogen
d?ym, e burning in air
hydrogen " pZL
—— ice

colourless liquid

A colourless liquid colfects in the U-tube. What could the brown powdered solid be?

A  aluminium oxide
B  copper(ll) oxide
C iron{lll) oxide

D  magnesium oxide

Equal masses of different metals 1 to 4 are placed in the test tubes containing an
equatl volume of hydrochloric acid of equal concentration.

The thermometers show the maximum temperature recorded for the reaction. (The
room temperature is 25 °C.)

85 °C 27 °C 65 °C - 35°C
steady | tiny
lots of very few production bubbles
bubbles after hubbles of bubbles on metal
awhile
metal 1 metal 2 metal 3 metal 4

Which statements are most likely to be true?

I Metal 3 will displace metals 2 and 4 from their aqueous salt solutions.
Il Metal 2 can likely be extracted by chemical reduction of its oxide by carbon.
tl Metal 1 is likely to be obtained by electrolysing its moiten chloride.

A | andlionly
B landllonly
C lland ll only
D I ltandifl
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20 The energy profile diagram represents a chemical reaction carried out with a catalyst
and without a catalyst.

250
] uncatalysed
200 - reaction
150 catalysed
egih ai)t;&’ i react?on
kd Iy
100 reactanis
504 roducts
G -

reaction pathway

What is the enthalpy change for the catalysed reaction?

A - 125 kJ/mol

B - 50 kJ/mol
C + 75kJ/mol
D +100kJ/mol

21  Hydrogen peroxide reacts with potassium iodide in the presence of dilute acid to
produce iodine molecules as shown in the equation below.

H.0: (aq) + 2I" (aq) + 2H" (aq) — L2 (aq) + 2H:0 (1)
Which factor would not affect the rate of this reaction?

A Concentration of hydrogen peroxide
Concentration of potassium iodide
Pressure of the reacting vessel

o O mw

Temperature of the reacting vessel and its surroundings

10
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22  Inthe graph shown, curve 1 was obtained by the decomposition of 100 cm?® of
1.0 mol/dm? hydrogen peroxide solution with manganese(IV) oxide as the catalyst.
The equation for this reaction is shown.

2H:02: — 2H:0 + O3

i

/,,__._-—-—-——2

- 1
volume of
oxygen
formed

0 -

0 time

Which change to the original experimental conditions would produce curve 27

A adding some 0.1 mol/dm® hydrogen peroxide solution
B lowering the temperature

C  using a different catalyst

D  using less manganese(IV) oxide

23 In which set-up will the bulb light up?

A & B ®

Cu
CuSOs{aq)

Pt Cu —
H2504(aq)

AgNOs{ag)

11
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25

26

During an electrolysis, X* and Y ions are selectively discharged as shown in the
equations below:

Cathode : 2X* + 2e" - X2
Anode :2Y — Y:+2¢
What can the electrolyte be?

A  aqueous magnesium chloride
aqueous sodium sulfate
concentrated magnesium chloride

o 0w

molten potassium chloride

In which electrolysis experiment would there be no change in the concentration of
the solution?

glectrodes electrolyte
A carbon aqueous copper(ll) sulfate
B copper aqueous copper(ll) sulfate
C carbon concentrated potassium chloride
D platinum dilute sulfuric acid

Methane reacts very slowly with air at room temperature. However, if a transition
metal T is added to the methane-air mixture, the methane ignites quickly.

A student made some statements about the observation.

i Addition of T reduces the activation energy.

(I Addition of T increases the enthalpy change.

Il Addition of T increases the rate of reaction.

IV Addition of T reduces the energy of the reactants.

Which statements are correct?

A land llonly

B |andilonly

C lland Ill only

D  Aliof the above

12
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27

28

29

The positions of the elements W, X, Y and Z are shown in part of the periodic table.

X

Which statement is not correct?

A All the elements are reactive except for element Z.

B  Element W and element Y can form ionic bonds.

C  Element X will react with element Z in the ratio 1:2.

D  Element Y and element Z will form a compound by sharing electrons.

Which statement is not true when chlorine gas is bubbled into
potassium iodide solution?

A Chiorine is more reactive than iodine and hence displaces iodine form
potassium iodide sclution.

Potassium iodide is the reducing agent.
The ionic equation for the reaction is Clx(g) + 2I'(aq) — 2CI(aq) + Ix(aq)

9]

D The solution turns from brown to colourless.

Bioethanol can be obtained from the fermentation of the sugar in sugarcane.
Which statement best explains why burning of bioethanol is considered more
environmentally sustainable compared to the use of fossil fuels?

A As sugarcane grows, it absorbs carbon dioxide produced during
photosynthesis.
B  Cabon dioxide and water are formed during burning of bioethanol.

0O

Sugarcane plants can be regrown and replaced within a short period of time.
D  Sugarcane plants need to be planted and transported for treatment.

13
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30

3

32

Figure below shows the fractional distillation of petroleum.

crude oil —=

Which statement best describes the fractions at X and Y?

A The molecules in fraction X contain more carbon atoms than the molecules in
fraction Y.

B The molecules in fraction X are more flammable than the molecules in
fraction Y.

C The molecules in fraction X are larger than the molecules in fraction Y.

D The molecules in fraction X have higher bailing points than the molecules in
fraction Y.

An unsaturated hydrocarbon, CsHs reacts with 0.10 male of hydrogen gas to form the
corresponding alkane.

What is the mass of C«He that is required to react with the hydrogen gas completely?

A 090¢g
B 180g
C 270g
D 3609

Which one of the following shows the correct structural formula and name of the
ester formed when methanoic acid reacts with propanol?

structural formula name

CHsCH2COO0CH; methyl propanoate
CH3CH2COOCHs propyl methanoate
HCOOCH:CH:CHs  methyl propanocate
HCOOCH2CH.CHs propyl methanoate

oo w P

14
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33  Which structures are isomers?

H H
H HeC=H !
H btk " - -
Het o ! H~C~H
H H ! "
A L HeCmCmCoH ’
H - o~ - i
H-C-C~C~0~H \ ‘ H-G-C-0-H
R H H H i
H H H o
i H~-C~H
H y
I 1 m
H HHH T "
booro1 ~
HeC~C~C~C~H 1?w~i
{ § ] H
H H O H H~C ¢ —H
¥ /\‘C’/\
H /\ H
H H
W v
A I landIVv B LIland V
C LUland IV D IL Iland V

34  The diagram below shows an organic compound, cysteine.

0\
N\

B H
JC—6—N]
¢

L4

HO H, H

8H

Which statement about cysteine is true?

A  Effervescence is observed when magnesium metal is added to cysteine.
B It decolourises acidified potassium manganate(Vil).

C  Itforms a polymer with the same linkage as terylene.

D Itforms an addition polymer with other units of cysteine.

15
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35

36

An organic compound M undergoes a 2-stage process to form a compound N of
chemical formula: CHsCH2CH2COOH.

The reagents and conditions of the 2 reactions are as follows:

stage reagent(s) conditions
number
1 steam 300 °C, 65 atm,
Phosphoric(V) acid
2 acidified potassium manganate(Vll) heat

Which can be a possible identity of compound M?

A butane
B butene

C propane
D  propene

Which statement is true about addition polymers and condensation polymers?

A Addition polymers are formed from alkenes while condensation polymers are
formed from alkanes.

B Addition polymers produce water as a by-product whereas condensation
polymers do not produce any by-products.

C  Condensation polymers could produce water as a by-product whereas addition
polymers do not produce any by-product.

D Nylon is an example of an addition polymer where terylene is an example of a
condensation polymer.

16
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37  Kevlar is a polymer with high tensile strength, which is five times greater than steel.
Itis a lightweight and strong fibre with many applications ranging from being used in

bulletproof vests to tires. It has the structure below.

presern

f
B
“'C‘I\i»l
H

.

Which could be the monomer(s) for Kevlar?

A

C
D

38  To reduce atmospheric pollution, the waste gases from a coal-burning power station

H N
f:(:)NH2
HNOC
NH, COZH
and ‘
/©/ HOLC™
and

o com-fz H H

are passed through powdered calcium carbonate.

Which waste gas will not be removed by the calcium carbonate?

A

B
C
D

carbon dioxide
nitrogen monoxide
phosphorus(V) oxide
sulfur dioxide

17

BP-77




39

40

Which statements are always true of methane and carbon dioxide?

Both gases can be produced by cattle.

Both gases cause acid rain.

Methane burns in limited oxygen to produce carbon dioxide.
They are both greenhouse gases.

BwNn =

1 and 2 only
1 and 4 only
2 and 3 only

o O m P

3 and 4 only

The figure below shows the reaction of zinc in air. When all the grey solid has turned
yellow, the source of heat was removed. Upon cooling, the yellow solid turned white.

dry air zine

heat
During the reaction, a sample of 250 cm? of air was used.
What is volume of the remaining air left after the experiment?

A 525cm? B 105cm?
C 197.5 cm® D 395 cm?

18
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A1

The figure below shows ‘dot-
first two periods of the Periodic

Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 70.

and Z.

Each diagram shows outer electrons only.

Use the letters M, Q, R, T and Z to answer the questions below.

(a})

(b)

(€)

(d)

Which element can form an ion with a charge of 1-?

Which element can fose, gain and share electrons?

Which element can form an acidic oxide?

Which element forms a triple covalent bond?

Page 2 of 23

and-cross’ diagrams for molecules that contain elements from the
Table. The elements are represented by the letters M, Q,R, T

(1

(11

Ml

1]
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(e) (i) Potassium reacts with element T to form a compound. [2]

Draw a dot-and-cross diagram of the compound formed between potassium and
element T. Show only the valence electrons.

(ii) State one physical property of the above compound and explain the reason for [2]
the physical property.

[Total: 8 marks]

Page 3 of 23
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A2  The table below shows information about the preparation of pure samples of some solid salts.

Complete the table by filling in the missing information. Include state symbols with the formulae.

formulae of salt | formulae of reagent 1 | formulae of reagent 2 method of
preparation
CaCQs (5)
Ag2S0a(s) H2S0, {aq) Adding excess solid
to acid
evaporation and
crystallisation
NH4NO3 (s) HNO:s (aq)
evaporation and
crystallisation

A3  Nitrogen dioxide is an acidic oxide. It dissolves in water to form two acids, nitric acid and nitrous

acid, HNO: in a single reaction.

(@ ()

BP -84

[5]

[Total: 5 marks]

Write a balanced chemical equation for the above reaction.

(1l

(i)  Disproportionation is a reaction when the same substance is oxidised and reduced {2]
in the same reaction.
Explain why the reaction in (a)(i) is a disproportionation reaction.

Page 4 of 23



(b)

vehicles.

(i

One of the main sources of nitrogen monoxide, NO is from the combustion engines of

State how nitrogen monoxide, NO is formed in combustion engines of vehicles.

(if)

removed by catalytic converters fitted in cars.

percentage

successhilly

removed by
converier

. e

amount of &ir In poliutant gases

The amount of air in the pollutant gases that enter the catalytic converter affects
the reactions in the converter.

The graph shows the percentage of nitrogen monoxide that the catalytic converter
successfully removed.

(iii)

nitrogen monoxide successfully removed by catalytic converter decreases as the
amount of air increases.

[Total: 9 marks]

Page 5 of 23
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(2]

Hence, explain with the aid of a chemical equation how nitrogen monoxide is  [2]

Using the equation in (fi) and the graph above, explain why the percentage of [2]




A4 A student electrolysed aqueous copper(ll) suifate using two sets-ups shown below.
The electrodes used in each set-up are made of the same material.
However, the electrodes used in set-ups A and B are made of different materials.

.- Power supply . Power supply

copper wires

Electrode Al—. B B _— Electrode A2 Electrode B1—___J Electrode B2

copper(Il)
sulfate solution

— copper(ll)
sulfate solution

set-up A set-up B

He recorded the following observations in the two set-ups.

set-up A set-up B
mass of electrode A1 increased mass of electrode B1 increased
mass of electrode A2 remained the mass of electrode B2 decreased
same
effervescence observed at electrode A2 no effervescence observed at B2.
blue copper(ll) sulfate solution fades in blue copper(il) sulfate solution remains
colour. unchanged.

{a) Name the particles which transfer charges through the:

1)) copper wires

(i)  copper(ll) sulfate solution

{b) State which electrode is the cathode in each set-up.

Set-up A Set-up B:

(c) Explain, with an appropriate equation, the increase in mass at electrodes at A1 and B1.

Page 6 of 23
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A5

(d) Write the half-equations of the reactions taking place at Electrode A2 and Electrode B2.
Half-equation at A2:

Half-equation at B2:

BP-~87

[2]

{e) Describe how the electrolyte of set-up A would change by the end of experiment in terms [2]
of its pH and explain why.

()  Suggest the materials that are used to make the electrodes in:

()  SetupA:

{ii) SetupB:

The table below shows four different experiments that were conducted with various

[1]

[Total: 9 marks]

concentrations and volumes of three different acids that reacted with excess zinc.

experiment acid concentration of acid | Volume of acid in
in mol/dm?® cm?
1 hydrochloric acid 0.10 100
2 hydrochloric acid 0.20 100
3 ethanoic acid 0.10 100
4 sulfuric acid M N

(a) The chemical equation between zin¢ and hydrochloric acid is shown below.

{0 Find the number of moles of hydrochloric acid that reacted in Experiment 1.

Zn+ 2HCI — ZnCh + H2

Page 7 of 23
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(i) Hence, find the volume of gas that is evoived in Experiment 1. [2]

(iii)  The graph below shows the graph for Experiment 1. [1]
Hence, sketch the graph for Experiment 2 and label it as Expt 2.

Volume of gas/cm?®

. —
. "“’“i""-‘"" s I A T
~
F A% i . : : ]
. . e Time/s

(b) (i)  Write an equation to show the chemical reaction between ethanoic acid and zinc.  [1]

(i)  Hence, sketch the graph for Experiment 3 in the same axes in {(a)(iil) and label it [2]
as Expt 3.

Page 8 of 23
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[3]

(iii)  Expiain the shape of your graph.

(c) Suggest values for M and N in the table above so that Experiment 4 can have the same [2]

graph as Experiment 2.

M:
[Total: 12 marks]

A6  Zinc is a transition metal found in Period 4 of the Periodic Table.
Some properties of zinc are shown in the table below.

zine
electronic configuration 2.8.18.2
melting pointC 419
density/ g/dm? 2.99
formula of metal oxide Zn0
colour of metal chloride white

It is noted that zinc only forms one oxide and one chioride.

Using the information from the table, suggest two reasons why zinc is not considered a [2]

(a)
typical fransition metal.
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{b) A student is given an unknown colourless solution T.

)] Describe a chemical test that woulid confirm that solution T contains zinc ions.

Include any observations that you might see.

(i)  To identify the anion present, the student carried out the following test:

step procedure
number
1 Add aqueous barium chioride to a test tube containing solution T.

Measure the height of precipitate formed after 5 minutes.

2
3 Add excess dilute nitric acid to the above mixture.
4 Measure the height of the precipitate formed after 5 minutes.

The results obtained are shown in a graph below.

helght of precipitate f em

addition of aguecus  addition of dilute
barhum chieride nitrle agid

BP-~90

{2]

Based on the graph above, the student concluded that the anion is sulfate ion, but  [3]

not carbonate ion.
Do you agree with the student?

Explain your answer with reference to the graph.

[Total: 7 marks]
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The structures of three organic compounds are given in the table below.

(a)

(i)

(ii)

organic compound structure of compound
1]
w ;-f--?—-c: --¥I3-—-H
H H
nnrn
X H—o——c—?-m !-wc—o—-a
H H
Ll
Y H-—-Ow{'}m?-—(’}-—-fl.‘,—-{}wﬁ
H H H

State the compound that can undergo addition polymerisation and condensation

polymerisation on its own respectively.

Addition polymerisation:

Condensation polymerisation:

Draw two repeat units of the respective addition and condensation polymer.

Addition Polymer:

Page 11 of 23
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[2]
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Condensation Polymer:

BP-~92

by () Draw the structural formula of a simple molecule that can combine with X to  [1]

undergo condensation polymerisation.

(i)  Hence. draw the structure of the polymer formed.

(i) Name the small molecule that is formed as a by-product.

Page 12 of 23
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(c} (i) Describe a test that can be used to differentiate between organic compounds X 2]
and Y.

()} Name a reagent that can be used to differentiate organic compound W from [1]
compounds Xand Y.

[Total: 10 marks]

AB A pH probe attached to a computer measures pH changes during some titration experiments.
In experiment 1, 0.1 mol/dm? of hydrochioric acid was added from a burette to 25.0 cm? of dilute
sodium hydroxide. The pH probe measured the pH during the experiment.

Graph 1 shows the results.

Graph 1
B BRI
14 i HHH
12
10 22 Fr
g i T pH change
pH 6 : 1 SERERirERERL oceurs in this
1 ; HET ' definite ‘step’
4.
24 _ : L
0 10 20 30 40 50
vaiume of acld added/cm?
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In experiment 2, 0.1 mol/dm? hydrochloric acid was added from a burette to 25.0 cm? of dilute
sodium carbonate.
Graph 2 shows the results.

Graph 2
TR
14 * : 35eke
12 SR Hh
P : R pH changes

10 FE I M bbb occeur in these 2
N 8 T T e definite ‘steps’

6 & HH -4 =z

44 T

2 PN T

0 0 20 30 40 50
volume of acid added/cm?

The reaction between sodium carbonate and hydrochloric acid happens in two stages.

Stage 1: Sodium carbonate reacts with dilute hydrochloric acid to form
sodium hydrogencarbonate and a neufral salt.

Stage 2: Sodium hydrogencarbonate undergoes a further reaction with hydrochloric acid.
An indicator can be used to see when a pH change happens in the definite "step’.

The diagram shows the colours of some indicators at different pH values. In between the
colours, most indicators change colour over a range of pH values.

methyl orange | rafd __ ] - },eémé

s : mza 11 fod ljb;';a : |

phenoiphthalein oéofoixrt?sai T TRt
NN ] T3 1% ¢
0 T é 3 i 567 ; 9 1'01'1:-221314

H
key P

gradua! colour change

The best indicator for a titration gives a distinct colour change when a ‘definite step’ oceurs.

In Experiment 1, it is found that all three indicators are suitable to give an accurate titration
volume:
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(a)

(b)

{c)

(d)

BP-~85

Use the information to calculate the concentration of sodium hydroxide used in [2]
Experiment 1.

A third experiment was carried out. A solution of the sodium hydroxide of the same [1]
concentration as that used in Experiment 1 was used.

in this experiment, hydrochloric acid of a concentration of 0.20 mol/dm? was used.

Using the axes for Graph 1 above, sketch the graph you would expect from this
experiment and label it Experiment 3.

ldentify two differences between the pH graphs for Experiment 1 and 2. [2]
()] Identify the neutral salt formed in Stage 1 of Experiment 2 11
(i}  Based on Graph 2, suggest the pH of sodium hydrogencarbonate. [1]
(i)  Using the information from Graph 2, state and explain the indicator that is suitable [2]

to find the titration volume for Stage 1 in Experiment 2.
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(lv) Write a chemical equation for the reaction in Stage 2 of Experiment 2. 1]

[Total: 10 marks]
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Section B (10 Marks)
Answer only ONE question in this section.

EITHER
B9 Alkynes are a homologous series of hydrocarbons.
The structural formulae of two members of this series are shown below.

! i
H—C=C—C—H HWC%—?A(#--H
]
H H H
propyne butyne
(a} Whatis the functional group of this homologous serles? [1]

Deduce the molecular formula of the first member of this homologous series.

(b} The boiling points of four consecutive members of the alkyne series are shown in the

table.
name of alkyne beiling point/°C
propyne -23.2
butyne 8.1
pentyne
hexyne 71.2
heptyne 100
(i) Predict the boiling point of pentyne and suggest a method to separate a mixture of 2]
pentyne and hexyne.
(i}  State and explain the trend of the boiling points down the table. [2]
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(c) Alkynes can be prepared by reacting a dibromoalkane with potassium hydroxide solution.
An equation for the reaction is shown.

o ;i
H—C—C—-C~H + 2KOH - H~-C=C~—~C—-H + 2KBr + H,0

Be Br H H

dibromoalkane propyne

Another dibromoaikane shown below also reacts with potassium hydroxide solution.

RO H A
H=C=G-¢=¢H
HBrBrH

M Draw the full structural formula of the alkyne formed. 11

(i)  Predict whether the dibromoalkane shown below forms an alkyne when it is added [2]
to potassium hydroxide solution. Explain your answer.

yuyns
H-6—6=C-g-c
H Br H Br H
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(d) Pentyne is alsoc @ member of the alkyne homologous series with 5 carbon atoms. [2]

Draw the full structural formulae of two isomers of pentyne.

[Total: 10 marks]
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OR
B9 Fluorine, chiorine, bromine and iodine are elements found in Group 17 of the Periodic Table.

Some trends that can be observed as we go down Group 17 are atomic radius and ionic radius.

Table 1 below shows the atomic and ionic radii of halogens.

halogen atomic radius/ nm ionic (X°) radius/ nm
F 0.07 0.133
CI 0.098 0.181
Br 0.114 0.196
I M 0.220
Table 1

Electron affinity, shown in Table 2 below, is a measure of the attraction between the incoming
electron and the nucleus. The first electron affinity is the energy change when 1 mole of
gaseous atoms gain an electron to form 1 mole of gaseous ions. The reaction can be shown in

an equation below:

X{g)+e— X (g)

Table 2 shows the first electron affinities of Group 17 elements.

halogen first electron affinity/ (kJ/mol)
F -328
C! -349
Br -324
I -295

Table 2
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(a) (i) Use the information in Table 2 to sketch an energy profile diagram when a fiuorine [3]
atom gains an electron to form a fluoride ion. :

Label E2 and AH in your energy profile diagram.

Energy

1

Reaction
» Progress

()  From Table 2, state the general trend observed in the first electron affinities going [1]
down Group 17.

(b) Using Table 1, suggest why the atomic size of the atoms increases down the group [2]
and hence use this knowledge to explain the pattern described in (a)(ii).

(it}  Suggest a value for the atomic radius for iodine, ). 11

M=

(c) A sample of chlorine gas is bubbled into aqueous sodium iodide.

{ What will be observed in this reaction? 1]
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(i} Explain your observations. [2]

Support your answer with a suitable ionic equation.

[Total: 10 marks]
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ANSWER KEY

CRESCENT GIRLS’ SCHOOL

SECONDARY FOUR
PRELIMINARY EXAMINATION 2024
CHEMISTRY 6092/01
Paper 1 Mulitiple Choice 28 August 024
1 hour

Additional Materials: Multiple Choice Answer Sheet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

Do not use staples, paper clips, highlighters, glue or correction fluids.

Write your name, index number and class on the Answer Sheet in the spaces provided.
DO NOT WRITE ON ANY BARCODES.

There are forty questions on this paper. 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 sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet

A copy of the Periodic Table is printed on page 19.

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

This booklet consists of 18 printed pages, including the cover page.
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1 2 3 4 5 6 7 8 9 10
B D Cc A Cc B A D B
11 12 13 14 15 16 17 18 19 20
c A D A c D C c A B
21 22 23 24 25 26 27 28 29 30
c A D Cc B B A D A B
31 32 33 34 35 36 37 38 39 40
c D A A B Cc Cc B B c

1

A student measures the rate of the reaction between marble chips, CaCOs, and dilute
hydrochloric acid.

CaCQs + 2HCI < CaCl; + CO2+ H0

Which diagrams show apparatus that are suitable for this experiment?

1 2
T 3 {-loose
1 -measuring _ L5 plug
1 cylinder hydrochloric
z acid
tydrochloric - marble chips
acid -
o balance
water
marble chips
3 4
hydrochloric hydrochloric
acid burefte acid buretie
gas syringe
marble chips marble chips
A
Cc
D 2,3and 4
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Chromatograms of a urine sample using two different solvents are shown below.

' ' ' '
!
' ' ' '
' ' ' i |
'
i '
¥ e el 6 a3 e
sample drugP drugQ drugR sample drugP drugQ drugR
chloroform solvent used propanol solvent used

Based on the two chromatograms, which drug(s) is/are present in the urine sample?

A  drug P only
B  drug Qonly
€ drugs P and Qonly

o

D drugsP,QandR

Since the discovery of graphite, scientists have been able to extract a single layer of
carbon atoms (known as graphene) and convert it to another material known as
graphane by attaching one hydrogen atom to each carbon atom as shown below.

& hydrogen atoms
@ carbon atoms

Graphane has the same hexagonal-ring structure as graphene and retains most of its
properties too. Which properties of graphene is not likely to be shared by graphane?
A ltis insoluble in water.

It is very strong.

it has a high melting point.

00 m
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An isotope of element Z has 20 neutrons and 17 protons. Which is the correct symbol
for an ion of the isotope of element Z?

A 18-+ B 18 7 -
1'7Z 17z

377 -
D 18z

Hydrogen is able to form compounds with metals and non-metals. The formulae of
some of these compounds are shown below.

CH. HCI MgH.  KH

What is the order of melting point of these compounds?

lowest melting point —> highest melting point
A HCI KH MoH;
B CHa HC! MgH: KH
c HC/ CHa MgH: KH
D KH MgH: HC! CH,

The heating curves (not drawn to scale) of nitrogen and oxygen over a period of time
are shown in the graph.

o e/ °C
&
fime / mindes
e
-183
~-196

210
-218

At which temperature will there be two different states of matter co-existing at the
same time, in a mixture of nitrogen and oxygen under similar conditions?

A - 180°C
B - 200°C
€ TasC
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7 The diagram below shows the bonding between P and Q in the covalent molecule,
PQ..

What are the electronic structures of atoms P and Q before combining together to
form the above molecule?

o O m >
ha
o3

8 0.1 mole of a chloride XC/, combines with 10.8 g of water to form the hydrated salt,
XCl.nH20. What is the value of n?

A 8 B 8
cC 10 D 12

9 Ammonia reacts with chlorine according to the equation shown below:
2NH; (g) + 3Clz (g) = Nz (g) + 6HCI (g)

If 80 cm3 of ammonia is mixed with 60 cm? of Cl; and all the volumes were measured
at room temperature and pressure, what is the total volume of gases at the end of the

reaction?

A 20cm?
B 120cm?®
C 140 cm?®
D1




10  When 4.8g of magnesium is heated in a crucible, 5.9g of magnesium oxide is formed.

crucible lid

magnesium
ribbon

What is the percentage yield of magnesium oxide?
A 53% B 74% C 80% D 81%
11 A student is given two samples, one of which is aluminium oxide and the other is

magnesium carbonate. He needs to find a method to identify the two samples.

Which of the following show(s) the correct method(s) and observation(s)?

method observation(s}
1 add nitric acid only aluminium oxide dissolves
2 add nitric acid both samples dissolve. Effervescence

is observed in the reaction with
magnesium carbonate

3 add sodium hydroxide only aluminium oxide dissolves

4 add sodium hydroxide | both samples dissolve. Effervescence
is observed in both the reactions

A tand4only
B 2only
D
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12 Butterfly pea flower extract is commonly used in drinks nowadays and it changes colour
according to different pH values. The table below shows the colours of butterfly pea
flower extract at different pH values. :

pH range colour
0-3 violet
4-8 blue
9-11 green
12-14 yeliow

Which pair of substances can be distinguished by adding butterfly pea flower extract to
each substance separately?

A

B  aqueous ammonia and limewater
C  aqueous sodium suifate and aqueous sodium chloride
D  dilute hydrochloric acid and dilute sulfuric acid

13 Which of the following reactions will produce the least amount of carbon dioxide?

sodium carbonate and hydrochioric acid
copper(il) carbonate and hydrochloric acid
magnesium carbonate and sulfuric acid
lead(ll) carbonate and sulfliric acid

90 m >

14  The table below shows the results of some tests carried out on separate portions of a

solution M.
test observation
aqueous sodium hydroxide added test-tube feels warm and no
precipitate forms
acidified aqueous silver nitrate added white precipitate forms

What could be the identity of solution M?

A hye d
B  potassium sulfate

sodium chloride
zine sulfate




15

16

17

A student stated that since low temperatures produce a greater yield of ammonia, the
reaction should be carried out at 50°C instead of 450°C.

Which of the following statements best explains why the reaction is not carried out at
50°C7?

A Ammonia is unstable at 50°C.

The reactants are unstable at 50°C.

f 1o % g s

B
c
D The reaction mixture is easily separated at higher temperatures.

Ammonium chioride is heated strongly in a boiling tube. Damp blue and red litmus
papers were placed at the mouth of the boiling tube for the gases produced.

damp blue litmus paper
damp red litmus paper

ammanium chloride

heat

Which of the following is the correct sequence of observations that would be made?

first observed colour change final colour of both
litmus papers
A The damp blue litmus paper turns red. red
B | The damp blue litmus paper tumns red then bleaches. white
Cc The damp red litmus paper turns blue. blue

Which are redox reactions?

1 HCI+ NaOH = NaC/+ H:0
2  Zn + 2HNO; = Zn(NOs)z + Hz
3 Ag:S0.+ 2NaCl > 2AgC/ + Na S04
4 2Fe* + Ch > 2Fe®* + 2Cf
A 1,2and 3 B1and3

D 3and 4
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19

Dry hydrogen gas is passed over a heated powdered solid and then through a cooled
U-tube before the excess of hydrogen is burned in air.

powdered solid
excess hydrogen
burning in air

dy BT

IO,

hydrogen {71

A A e
ST
wd L I 3 JC 0 D

colourtess liquid

A colourless liquid collects in the U-tube. What could the powdered solid be?

A aluminium oxide
B  copper(ll) oxide
€ o

D  magnesium oxide

Equal masses of different metals 1 to 4 are placed in the test tubes containing an
equal volume of hydrochloric acid of equal concentration. The thermometers show the
maximum temperature recorded for the reaction. (The room temperature is 25 °C.)

g5 °C 27 °C 65°C 35°C
steady tiny
tots of very few production bubbles Hj
bubbles after bubbles of bubbles on metal u
a while . h

metal 1 metat 2 metal 3 metal 4

Which of the following statements isfare most likely to be true?

I Metal 3 will displace metals 2 and 4 from their aqueous salt solutions.
It Metal 2 can likely be extracted by chemical reduction of its oxide by carbon.
Il Metal 1 is likely to be obtained by electrolysing its molten chloride.

A | y
B landlll only
C ILlland Il

D llandlli only
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20 The energy diagram represents a chemical reaction carried out both with a catalyst
and without a catalyst.

250
] uncatalysed
200 - reaction
enthalpy 150 — cataiysed
kJ/mol reaction

100

roducts

reaction pathway

What is the enthalpy change for the catalysed reaction?

A - 125kJ/mol

B i
C +75kJ/mol
D + 100 kJd/mol

21 Hydrogen peroxide reacts with potassium iodide in the presence of dilute acid to
produce iodine molecules as shown in the equation below.

H:0:2 (aq) + 21" (aq) + 2H* (aq) — 12 (aq) + 2H.0 (i)
Which factor would not affect the rate of this reaction?

A  Concentration of hydrogen peroxide
Concentration of potassium iodide

socano

g sgh
Pt e!s:
= 34

Temperature of the reacting vessel and its surroundings

O @ W
i

10
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22  Inthe graph shown, curve 1 was obtained by the decomposition of 100 cm? of
1.0 mol/dm® hydrogen peroxide solution with manganese(IV) oxide as the catalyst.

2HuD — ZH 0 + Oy
§
valume of
oxygen
formed
0 -
0 time

Which change to the original experimental conditions would produce curve 2?

A ad

B lowering the temperature

C  using a different catalyst

D  using less manganese(IV) oxide

23  In which of the following set-up will the bulb light up?

— Pt

H,50 faq)

—— 71

H,0

11

Cu ——

b—— Cul

e CUSO, (20

Cp i

Ag

—— AgNO,(ag)




24

25

26

An electrolysis was carried out on an electrolyte containing X* and Y" ions.
The two equations below show the reactions at the electrodes:

Cathode : 2X" + 2e- 2 Xz

Anode :2Y Y2+ 2e

What can the electrolyte be?

A  aqueous magnesium chloride
aqueous sodium sulfate

D molten potassium chloride

In which electrolysis experiment would there be no change in the concentration of the
solution?

electrodes electrolyte
A carbon
8 agtietls copper(ll) sulfate
c carbon concentrated potassium chloride
D platinum dilute sulfuric acid

Methane reacts very slowly with air at room temperature. But if a transition metal T is
added to the methane-air mixture, the methane ignites quickly.

A student made some statements about the observation.

|  Addition of T reduces the activation energy.

Il Addition of T increases the enthalpy change.

11 Addition of T increases the rate of reaction.

IV Addition of T reduces the energy of the reactants.

A landllonly
-
C lland llonly

D Al of the above

12
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29

The positions of the elements W, X, Y and Z are shown in part of the periodic table.

X

Which statement is not correct?

A Al men active excep ,

B  Element W and element Y can form ionic bonds.

C  Element X will react with element Z in the ratio 1:2.

D  ElementY and element Z will form a compound by sharing eiectrons.

Which of the following is not true when chlorine gas is bubbled into potassium iodide

sofution?

A Chlorine is more reactive than iodine and hence displaces iodine form potassium
iodide solution.

B  Potassium iodide is the reducing agent.

C  The ionic equation for the reaction is Ck(g) + 2i(aq) © 2CHaq) + l(aq)

T colourless:

Bioethanol can be obtained from the fermentation of the sugar in sugarcane.
Which of the following best explains why burning of bioethanol is considered more
environmentally sustainable compared to the use of fossil fuels?

B  Cabon dioxide and water are formed during burning of bioethanol.
C  Sugarcane plants can be regrown and replaced within a short period of time.
b

Sugarcane plants need to be planted and transported for treatment.

13
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30  Figure below shows the fractional distillation of petroleum.

crude oil —»~

Which of the following statements best describes the fractions at X and Y7

A The molecules in fraction X contain more carbon atoms than the molecules in
fraction Y

B The molecules in fr ! A

C  The molecules in fraction X are larger than the molecules in fraction Y.

D  The molecules in fraction X have higher boiling points than the molecules in

fraction Y.

31  Anunsaturated hydrocarbon, C4Hs reacts with 0.10 mole of hydrogen gas to form the
corresponding alkane. What is the mass of C«He that is required to react with the
hydrogen gas completely?

A 0904g
B 1.80g
¢ 2709
D 360¢g

32  Which one of the following shows the correct structural formula and name of the ester
formed when methanoic acid reacts with propanoi?

structural formula name

CH3;CH.COOCH; methyl propanoate
CH3CH:COOCH;3 propyl methanoate

HCOOCH:CH2CHa methyl propanoate

oo w P
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33  Which of the following structures are isomers?

H H
H i I
i H’”"C-ﬁ H"“C'“‘“H
H~C~H ?
H H ; H
H H HeCm=C~C-H !
H-C-C~C-0-H Al H-C~C-0-H
H H H o
| H-C-H
H H
I '] W
H H H H ? N
1 t H i /
HeC-C-C~C~H /OmC\
H § § 8
HHOMH H—C €—H
H / Se N
H /\ H
" H H
A
A LI v B I, Il and V
C L land IV D i\, It and v

34 Below is a diagram of Cysteine.

H
O. 1 H
,C“g‘»"“\
HO CH, H

E

SH

It decolourises acidified potassium manganate(VIi).
It forms a polymer with the same linkage as Terylene.

OO0 m 3

It forms an addition polymer with other units of Cysteine.

15




35

36

An organic compound M undergoes a 2-stage process to form a compound N of
chemical formula: CH:CH2CH2COOH. The reagents and conditions of the 2 reactions
are as follows:

stage reagents conditions
number
1 steam 300°C 65 atm Phosphoric acid
2 acidified potassium manganate(VIl) heat under reflux

Which of the following can be a possible structural formula of compound M?

A butane

B hutene
C propane
D propene

Which of the following is true of an addition polymer and a condensation polymer?

A Addition polymers are formed from alkenes while condensation polymers are

formed from alkanes.

Addition polymers produce water as a by-product whereas condensation
d by-products

Nylon is
condensation potymer.

o

16

BP~120



37

38

Kevilar is a polymer with high tensile strength, which is five times greater than steel. It
is a lightweight and strong fibre with many applications ranging from being used in
bulletproof vests to tires. It has the structure below.

To reduce atmospheric pollution, the waste gases from a coal-burning power station
are passed through powdered calcium carbonate. Which waste gas will not be
removed by the calcium carbonate?

A carbon dioxide

C  phosphorus(V) oxide

D  sulfur dioxide

17
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c

Which of the following statements are always true of methane and carbon dioxide?

1 Both gases can be produced by cows.

2 Both gases cause acid rain.

3 Methane burns in limited oxygen to produce carbon dioxide.
4 They are both greenhouse gases.

A 1and2only

C 2and3only
D 3and4only

Figure below shows the reaction of zinc in air. When all the grey solid has turned yellow,
the source of heat was removed. Upon cooling, the yellow solid turned white.

dry air Zing

&

heat

During the reaction, a sample of 250 cm?® of air was used. What is volume of the
remaining air left after the experiment?

A 525cm® B 105 em?
D 395cm’

18
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Al

Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 70.

The figure below shows 'dot-and-cross’ diagrams for molecules that contain elements from the
first two periods of the Periodic Table. The elements are represented by the letters M, Q, R, T
and Z.

Each diagram shows outer electrons only.

Use the letters M, Q, R, T and Z to answer the questions below.

(@) Which element can form an ion with a charge of 1-7 [1
QorZ

(b) {1]

Z_

(c) Which element can form an acidic oxide? [1]
MorQorR

{(d) Which element forms a triple covalent bond? [1]
M
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(e)

@i)

(i

Potassium reacts with element T to form a compound. 2]

Draw a dot-and-cross diagram of the compound formed between potassium and
element T. Show only the valence efectrons.

o+ 2

‘l‘:

H
|
;

; : ; i

1 H :

i i i ;
N

Correct charge — [1], correct ratlo — [1]
State one physical property of the above compound and explain the reason for [2)
the physical property.

High mp/bp (v) - strong electrostatic FOA between oppositely charged
ions {v’) and hence large amount of energy (v) to overcome.

OR
Good electrical conductor (v) in aqueous/molten (v) state — ions are mobile
(v} to conduct electricity

OR
Poor electrical conductor {v) in solid (v) state — lons are in fixed positions
(¥') and cannot conduct electricity

3(")-[2L,1-2()-[1]
Allow ecf if the properties match the dot and cross diagram

[Total: 8 marks]
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A2 The table below shows information about the preparation of pure samples of some solid salts.  [5]
Complete the tabie by filling in the missing information. Include state symbols with any formulae.
formulae of salt | formulae of reagent 1 | formulae of reagent 2 method of
preparation
CaCOs (8) Ca(NOz),, CaCl: Group fammonium | Precipitation (v)
(must be aqueous) | carbonate (aq) (v)
)
Ag2S04 (8) Ag:COs (s)f H.S04 (ag) Adding excess solid
Ag:0 (s), AgOH (s} to acid
()
evaporation and
crystallisation
NHsNO: (s) HNOQs (aq) NH; (aq) (v) Titration {v)
evaporation and
crystallisation
8(v) - 5], 5(v) - [41, 3-4 () - [3}, 2(*) -2, 1 () - [1]
Formula and state symbols must be correct to be given ().
[Total: 5 marks]
A3 Nitrogen dioxide is an acidic oxide. It dissolves in water to form two acids, nitric acid and nitrous

acid, HNQ: in a single reaction

(a (i)

2NO; + Hz0 © HNO: + HNO:

Write a balanced chemical equation for the above reaction.

NO, is oxidised as the O.S of N increases from +4'to +5 in HNOs. [1]

NO: is reduced as the 0.S of N decreases from +4 to +3 in HNO: [1]

(b) One of the main sources of nitrogen monoxide, NO is from the combustion engines of

vehicles.

(I}  State how nitrogen monoxide, NO is formed in combustion engines of vehicles.

Page 4 of 22
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(ii)

(i)

Oxides of nitrogen are formed at high temperatures (v') when large amount of
energy (v') is absorbed to break the N-N triple bonds (v) in N..

3M)-[21-2("-[1]

Hence, explain with the aid of a chemical equation how nitrogen monoxide is
removed by catalytic converters fitted in cars.

Oxides of nitragen react with carbon monoxide to form nitrogen gas and
carbon dioxide. [1]

2NO + 2CO > N, + 2CO0; [1]

The amount of air in the pollutant gases that enter the catalytic converter affects
the reactions in the converter.
The graph shows the percentage of nitrogen monoxide that the catalytic converter

successfully removed.

e e e e e e

ros
::f cee::%;gi; s\‘ e TitTOGEN monaxide
removed by b
converter Y

amourt of alr in polutant gasesr

Using the equation in (il} and the graph above, explain why the percentage of
nitrogen monoxide successfully removed by catalytic converter decreases as the
amount of air increases.

As amount of air increases, carbon monoxide will react with more oxygen to form
carbon dioxide [1].

Lesser CO present to react with NO [1] and hence lesser NO will be successfully
removed from catalytic converter.

BP-129

[2

[2]

{Total: 9 marks]
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A student electrolysed aqueous copper(ll) sulfate using two sets-ups shown below.
The electrodes used in each set-up are made of the same material.
However, the electrodes used in set-ups A and B are made of different materials.

_-power supply power Supply

copper wires

Electrode A1l - Electrode A2 Electrode B1 Electrode B2

—opper(il) sulfate copper{ll) suifate
sohition solution
set-up A set-up B
He recorded the following observations in the two set-ups.
set-up A set-up B
mass of electrode A1 increased mass of electrode B1 increased
mass of electrode A2 remained the mass of electrode B2 decreased
same
effervescence observed at electrode no effervescence cbserved at B2
A2 (blue copper(ll) sulfate solution
blue copper(}!) suifate solution fades remains unchanged)
in colour
(a) Name the particles which transfer charges through the 1]
)] copper wires electrons
()  copper(ll) sulfate solution lons both (v') to get [1]
(b) State which electrode is the cathode in each set-up.
Set-up A: A1 Set-up B: B1 both (v)toget[1] [1]

(c) Explain, with an appropriate equation, the increase in mass at electrodes at A1 and B1. ' [2]

Copper(ll) ions gain electrons OR are discharged/reduced preferentiaily to form
copper solid. [1]

Cu®* (aq) + 2e > Cu (s) [1]

Page 6 of 22
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{(d} Wirite the half-equations of the reactions taking place at Electrode A2 and Electrode B2. [2]

Half-equation at A2: 40H" (aq) = 2H.0 (I} + Oz (g) + 4e [1]

Half-equation at B2: Cu (s) > Cu® (agq) +2e  [1]

(e)

()  Suggest the materials that are used to make the electrodes in [1]
(i) Set-up A: carbon/graphite
(i)  Set-up B: copper both {v) to get [1]
[Total: 9 marks]

The table below shows four different experiments that were conducted with various
concentrations and volumes of three different acids that reacted with excess zinc.

experiment acid concentration of acid | Volume of acid in
in mol/dm?3 cm?®
1 hydrochloric acid 0.10 100
2 hydrochloric acid 0.20 100
3 ethanoic acid 0.10 100
4 sulfuric acid M N

(a) The chemical equation between zinc and hydrochloric acid is shown below.
Zn+ 2HC! — ZnCL + Hz

(i) Find the number of moles of hydrochloric acid that reacted in Experiment 1. 1

No. of moles of acid = 0.10 x -:;’T‘; = 0.0100 mol

Page 7 of 22
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(i)  Hence, find the volume of gas that is evolved in Experiment 1. [2]

2HCI + Zn > ZnCl; + H:
No. of moles of Hz = 0.0100 + 2 = 0.005 mole [1]

Volume of gas = 0.005 x 24 dm? = 0.120 dm®/ 120 cm® [1]
No ECF with (il)

(iiy  The graph below shows the graph for Experiment 1. Labe! the volume of gas found  [1]
in (a){ii) in the axes below.

Hence, sketch the graph for Experiment 2 and label it as Expt 2.

Faster speed and twice the yield [1]

Volume of gas/cm?®

. Timefs

(b) ()  Write an equation to show the chemical reaction between ethanoic acid and zinc.  [1]

2CH:COOH + Zn > Zn{CH;C0O0): or (CH;C00):Zn + H.

(i)  Hence, sketch the graph for Experiment 3 in the same axes in (a)(ll) and labei it [2]
as Expt 3.

Slower speed [1]
Same yield [1]
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(iii)  Explain the shape of your graph.

Speed of reaction is slower/Graph is less steep than Expt 1 as ethanoic acid Is a
weak acid (v) that dissociates partially in water(v} to form lower

concentration of H* ions. (v)

Frequency of effective collisions is lower (v') and hence speed is slower.

4()~12; 2-3(")-11,1()-10]

Volume of gas formed is the same as Expt 1 as the number of moles of acid
used or concentration and volume of acid remains unchanged [1].

BP~133

31

{c) Suggest values for M and N in the table above so that Experiment 4 can have the same [2]

graph as Experiment 2.
M: 0.10 mol/dm® (2dp as per table) [1]

No units needed.

N: 100 cm®

A8 Zinc is a transition metal found in Period 4 of the Periodic Table.

Some properties of zinc are shown in the table below.

Number of moles of acid must be 0.01 mol.
zine
electronic configuration 28182
melting point/°C 419
density/ g/dm?® 2.99
formuila of metal oxide ZnO
colour of metal chioride white

It is noted that zinc only forms one oxide and one chioride.

[Total: 12 marks]

(a) Using the information from the table, suggest two reasons why zinc is not considered a  [2]

typical transition metal.

- Has a relatively low density of 2.89 g/cm?,
- Has arelatively low melting point of 419°C.

- Does not have variable oxidation states/forms only Zn?* {only forms one

chioride / oxide)

- Does not form coloured compounds since zinc chloride is white.

Any 2 - [2]
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Note : Do not accept zinc has only one charge / has a lower bp or mp than transition

metals

(b) A student is given an unknown colourless solution T.

®

(i)

Describe a chemical test that would confirm that solution T contains zinc ions.

Include any observations that you might see.

Add aqueous ammonia (v)_ into the solution; [1]

If zing ions are present, a white precipitate (+) will form; ppt

aqueous ammonia. {v) [1]

To identify the anion present, the student carried out the following test:

dissolves In excess

step number procedure

1 Add aqueous barium chioride to a
test tube containing solution T.

2 Measure the height of precipitate
formed after 5 minutes.

3 Add excess dilute nitric acid to the
above mixture.

4 Measure the height of the precipitate
formed after 5 minutes.

The results obtained are shown in a graph below.

baight of precipitate / cm
F s

addition of aqueous  addition of dilute

nitric acid

BP~134

[2]

Based on the graph above, the student concluded that the anion is suifate ion, but  [3]

not carbonate ion.

Do you agree with the student?

Explain your answer with reference to the graph.

Page 10 of 22
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BP-135

Upon adding of barium chloride, ppt formed could be due to sulfate or

carbonate ions. (v)

Height of ppt decreases/ppt dissolves upon adding nitric acid (v) and this
means that the ppt reacted with nitric acid. (v)

react with acid:A

4(M)-BL2-3()~[2],0-1()-[1]

A7  The structures of three organic compounds are given in the table below.

(a)

(M

organic compound structure of compound
L
w Hmcis--c.::é—wcitwa
H H
O H H O
X T
H-—-o——cmcl:-—clz-c-—o—wﬁ
H H
O H H H
[ é
Y H Qo *?—?w{wom—u
H H H

33 which reacted with acid since BaS0, (v') cannot

[Total: 7 marks]

State the compound that can undergo addition polymerisation and condensation [2]
polymerisation on its own respectively.

Addition polymerisation: W

Condensation polymerisation: Y

Page 11 of 22




(if)

(b) (D)

(in

Draw two repeat units of the respective addition and condensation polymer.

Addition Polymer:

t ]

H
]
T
/?\H H/?\H H ixH Hx‘i\g

Condensation Polymer:

H H | H

L 1 ? Il-i | 1
Lot
H H H H H H

BP-~136

[2]

Draw the structural formula of a simple molecule that can combine with X to  [1]

undergo condensation polymerisation.

Draw any di-ol or di-amine

(all bonds must be correct and can accept a shape to represent alkyl group)

Hence, draw the structure of the polymer formed.

/-OHHD w

o I
R SR |
H H H H

N Y,

Page 12 of 22
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(€)

(iii}

(i)

(ii)

BP-137

Note : Repeat unit is not accepted.

Name the small molecule that is formed as a by-product. 1

water

Describe a test that can be used to differentiate between organic compounds X [2}
andy.

Heat in (reflux) (v) both compounds with aqueous acidified potassium
manganate(VIil) (v').

Purple solution decolourises with Y {v) but not with X.

3()-[2 1-2(1)-[1]

Name a reagent that can be used to differentiate organic compound W from [1}
compounds X and Y.

Aqueous bromine (Note : bromine gas and bromine water are not accepted)

[Total: 10 marks]
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A8 A pH probe attached to a computer measures pH changes during some titration experiments.
In experiment 1, 0.1 mol/dm® of hydrochloric acid was added from a burette to 25.0 cm? of dilute
sodium hydroxide. The pH probe measured the pH during the experiment.

Graph 1 shows the results.

B ‘Graph 1
12 B : : ' ﬂ.m;
1043 EbidE ii¢ 1T PR
) HI}; i .-,‘.r .
pH 8.'m AR 4
G T l HH
4 it i
2 -. F an 11.
0 10 20 an 40 50

volume of acid added/cm?

pH change
occurs in this
definite ‘step’

In experiment 2, 0.1 mol/dm? hydrochloric acid was added from a burette to 25.0 cm? of dilute

sodium carbonate.
Graph 2 shows the resuits.

Graph 2
S
145 : s :L%i"." : VEVIV""%;*
12 FEH i
ek AR ERES :
10t i
pH : s i
- 64Hr HT T e
44 LT J'yi;
0 10 20 30 40 50
volume of acid added/om3
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The reaction between sodium carbonate and hydrochioric acid happens in two stages.

Stage 1. Sodium carbonate reacts with dilute hydrochloric acid to form sodium
hydrogencarbonate and a neutral salt.

Stage 2: Sodium hydrogencarbonate undergoes a further reaction with hydrochloric acid.
An indicator can be used to see when a pH change happens in the definite ‘step’.

The diagram shows the colours of some indicators at different pH values. In between the
colours, most indicators change colour over a range of pH values.

T T
methyl orange refd . ; -'irgﬂgwg
litmus refd : | .bifxev
phenciphthalein co_l'cé:ri?ss{ . i - pi:;kl

TS Y S S 5 T8 57s

M
key P

gradual colour change

The best indicator for a titration gives a distinct colour change when a ‘definite step’ occurs.

In Experiment 1, it is found that all three indicators are suitable to give an accurate titration
volume.

(a)

(b)

Use the information to calculate the concentration of sodium hydroxide used in
Experiment 1.

No. of moles of acid = 0.1 x ﬁ'ﬁ =0.002mol [1]

No. of molfes of NaOH = 0.002 mol

Concentration of NaOH = 0.002 + % = 0.08/ 0.0800 mol/dm?® [1]

A third experiment was carried out. A solution of the sodium hydroxide of the same
concentration as that used in Experiment 1 was used.

In this experiment, hydrochloric acid of a concentration of 0.20 mol/dm? was used.

Using the axes for Graph 1 above, sketch the graph you would expect from this
experiment and label it Experiment 3.

Graph 1

Kt

14

12

10 : i £

& ; i : pH change

pH PN cicatiier e cooLrs in this

FHEEH definite "

4 f'ﬁa te ‘sep
i

24 i

o.i 2E0333
i) 0 20 30 40 55
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(c)

(d)

BP~140

Identify two differences between the pH graphs for Experiment 1 and 2. [2]

The starting pH of sodium hydroxide is at pH 12.4 while the starting pH of sodium
carbonate is 11.6/starting pH of sodium hydroxide in Expt 1 is higher than that of
sodium carbonate in Expt 2. [1]

One definite step/one pH drop in Experiment 1 but there are two definite steps/two
pH drops in Experiment 2. [1]

{i) Identify the neutral salt formed in Stage 1 of Experiment 2 1]

Sodium chloride, NaC/

(ii) Based on Graph 2, suggest the pH of sodium hydrogencarbonate. [1]

Vertical portion of graph range pH 8.4 -10.4

(iii)  Using the information from Graph 2, state and explain the indicator that is suitable  [2]
to find the titration volume for Stage 1 in Experiment 2.

The definite step for stage 1 In Experiment 2 occurs between pH 8 - 10 (v},

Phenolphthalein (v) is a suitable indicator as the colour change for the
indicator is also between pH 8 — 10 (v) which coincides with the definite step.

3(v)-[21-2()-[1]

(iv) Write a chemical equation for the reaction in Stage 2 of Experiment 2. (11

NaHCO; + HCI = NaCl + CO; + H,0

[Total: 10 marks]
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Section B {10 Marks)
Answer only ONE question in this section.

EITHER
B9  Alkynes are a homologous series of hydrocarbons.
The structural formulae of two members of this series are shown below.

i 1
H—C=C—C—H H—CEC—?—(}*H
/
H H H
propyne butyne
(a) Whatis the functional group of this homologous series? [11

Deduce the molecular formula of the first member of this homologous series.

-C=C-, C2Hz
{b) The boiling points of four consecutive members of the alkyne series are shown in the
table.
name of alkyne baoiling point/*C

propyne -23.2

butyne 8.1

pentyne

hexyne 71.2

heptyne 100

{i) Predict the boiling point of pentyne and suggest a method to separate a mixture of [2]
pentyne and hexyne.

35°C - 45°C inclusive [1],
fractional distillation [1]

(ii) State and explain the trend of the boiling points down the table. 2]
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{c)

Boiling points increase (v') down the table as the molecular mass/molecular
size /number of carbon atoms increase. (v)

Strength of intermolecular forces of attractions increases. {v)

Higher amount of heat energy (v required to overcome the IMFOA

4(v)-[2;2-3(v)-1E1(~)-1[0]

Alkynes can be prepared by reacting a dibromoalkane with potassium hydroxide solution.
An equation for the reaction is shown.

iy "

H—C~C~C~—H + 2KOH - H-Cc=C-C-H + 2KBr + HO0
Br Br H i

dibromoalkane propyne

Another dibromoalkane shown below also reacts with potassium hydroxide solution.

i
G- foeH
H Br Br H

(i}  Draw the full structural formula of the alkyne formed.

C==C

a
i el ) Lt 4
L T
hu

(i}  Predict whether the dibromoalkane shown below forms an alkyne when it is added
to potassium hydroxide solution. Explain your answer.

Page 18 of 22
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it will not form an alkyne as the two bromine atoms are not on consecutive
carbon atoms/ two carbon atoms that are side by slde [1]

unable to remove a Br: molecule/ 2 bromine atoms [1] to form the C-C triple
hond.

(d) Pentyne is also a member of the alkyne homologous series with 5 carbon atoms. [2]

Draw the full structural formulae of two isomers of pentyne.
HC==C w~uCHy = CHy = CHjy

H3C —r C==C—CHy—CHj
CHs
HC==C-——CH
CH;,

Any acceptable structural formula
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@ (i)

BP-144

[Total: 10 marks]

Fluorine, chlorine, bromine and iodine are elements found in Group 17 of the
Periodic Table. Some trends that can be observed as we go down Group 17 are
atomic radius and ionic radius.

Table 1 below shows the atomic and ionic radii of halogens.

halogen atomic radius/ nm ionic (X°) radius/ nm
F 0.07 0.133
C/ 0.099 0.181
Br 0.114 0.196
I M 0.220
Table 1

Electron affinity, shown in Table 2 below, is a measure of the attraction between
the incoming electron and the nucleus. The first electron affinity is the energy
change when 1 mole of gaseous atoms gain an electron to form 1 mole of gaseous

ions. The reaction can be shown in an equation below:

X(g)+e —X(9)

Table 2 shows the first electron affinities of Group 17 elements.

Halogen first electron affinity/ (kJ/mol)
F -328
C! -349
Br -324
{ -295

Use the information in Table 2 to sketch an energy profile diagram when a flucrine

Table 2

atom gains an electron to form a fluoride ion.

Label Ez and AH in your energy profile diagram.

Energy
4

Page 20 of 22
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AH =-328 kJ
F.

Reaction
weep  Progress

Ea and AH - [1], exothermic — [1], reactants and products — [1]

(i)  From Table 2, state the general frend observed in the first electron affinities going [1]
down Group @&

The electron affinities decrease/less exothermic down the group [1]

(b} (i)  Using Table 1, suggest why the atomic size of the atoms increases down the group [2]
and hence use this knowledge to explain the pattern described in (a)il§.

Atomic radius increases /number of electron shells increase down the group.
{1]

The attractions between the nucleus and the incomingivalence electron
decreases when an atom gains electrons. [1]

(ii)  Suggest a value for the atomic radius for iodine, I. [1]

M=0.130 —- 0.140 [1]

(¢} A sample of chlorine gas is bubbled into agueous sodium iodide.
(i)  What will be observed in this reaction? [1]

Colouriess solution turns brown/reddish brown/ black ppt forms. [1]

(i) Explain your observations. [2]
Support your answer with a suitable ionic equation.

Chlorine is more reactive than iodine (v} and hence it displaces iodine (v) from
sodium iodide. [1]

Ch (g) + 2" (aq) > 2Cr (aq) + L (ag/s)  [1]

2 (v) for 1 mark
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