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1 Benzoic acid is widely used in the food industry as a food preservative. The melting
and boiling points of benzoic acid are given below.

e melting point of 122°C
e boiling point of 249°C

Which of the following will occur to the particles of benzoic acid when it is cooled
from 500°C to 100°C?

distance between particles energy of particles
A decreases decreases
B increases decreases
C increases increases
D decreases increases

2 Which pair of gases could be X and Y that will cause a decrease in the water level at

P?
gas X
gas Y
water level at P

gas X gas Y
A carbon monoxide fluorine
B fluorine neon
C methane oxygen
D nitrogen carbon dioxide

3  Aminoaciduria refers to a medical condition in which certain types of amino acids in
the urine are present in abnormal amount. Which of the following methods can be
used by doctors to separate and identify the amino acids from a sample of urine?

A  chromatography

B crystallisation

C filtration

D fractional distillation

Preliminary Examination 4E5N Chemistry 2016 5073/1
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4  The following apparatus is commonly used to oxidise ethanol to ethanoic acid.

(

-[i=—> water out

condenser

water in —>J i
4

ethanol and an
acidified oxidising agent

The purpose of the condenser is used to prevent

air from oxidizing ethanoic acid formed.
ethanoic acid from reforming back to ethanol.
ethanol from being converted to ethene.

the escape of any unreacted ethanol.

OO w>»

5 A mixture of manganese(lV) oxide and sulfur may be separated by the procedure
below.

Step 1: The mixture is added into carbon disulfide and stirred.

Step 2: The resulting mixture is filtered to remove manganese(lV) oxide as the
residue.

Step 3: The filtrate is distilled to recover the sulfur and the distillate is condensed by
using a condenser.

Which one of the following cannot be deduced from the above procedure?

Carbon disulfide has a boiling point just above that of water.
Manganese(lV) oxide does not react with carbon disulfide.
Sulfur is soluble in carbon disulfide.

Sulfur is stable to heating.

oo w>»

6 A new substance was discovered and a series of experiments were conducted on it.
Which observation suggests that the substance cannot be an element?

Electrolysis of the molten substance gives two products.
It dissolves in water to give a colourless solution.

When exposed to air, it crumbles to a white powder.
When heated in air, it forms a white solid.

ooOow>»
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7  Chlorine has two isotopes, **CI! and *'CI, in the ratio of 3 atoms of **Cl/to 1 atom of
7Cl . Thus, diatomic molecules formed by chlorine have three possible relative
molecular mass, 70, 72 and 74. Which of the following shows the correct relative
abundance of the molecules formed by chlorine?

A
relative . B
abundance relative
abundance
AN
A\
| R relative .
2 molecular mass ] « relative
70 72 74 7 molecular mass
70 72 74
c D
relative relative
abundance T
AN A
I S, relative | o relative
7 molecular mass
70 72 74 70 72 74 7 molecular mass

8  Three different atoms, H, D and O are represented as |H, ;D and '{O respectively.

Which ion formed by these atoms has more electrons than protons, and more
protons than neutrons?

A D
B H
CcC OD
D OH

9 An element X has an electronic configuration 2.2. The compound formed when X
combines with chlorine is most likely to be

a compound with a low melting point.

a gas that dissolves in water to form an electrolyte.
a good conductor in both solid and molten state.
an ionic solid.

oo w>»
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10 The reaction between dinitrogen monoxide and hydrogen is shown.

wN,O + xH, » yNH3 + z H,O
Which of the followings shows a balanced equation for the reaction above?

OO0 W >

w
1
1
1
1

AININI—~|X
NN I
Al aN|N

11 The volume of gas inside a detergent bubble floating in the air depends on the total
number of moles of gas inside it. Which of these bubbles would have the largest
volume at room temperature and pressure?

/ A N / B,
4.0 X 10" of 7.0 X 10" moles
< molecules < of ethane gas

hydrogen

. Y . ,
\/ \/

/ c AN D o
4.0 mg of helium 7.0 X 10 moles
> of ethene gas

&/,/ \\v/ -

12 What is the concentration of 2.5 dm® of dilute hydrochloric acid needed to react
completely with 100 g of calcium carbonate which is only 85% pure?

A 0.34 mol/dm®
B  0.40 mol/dm®
C 0.68 mol/dm®
D 0.80 mol/dm®

Preliminary Examination 4E5N Chemistry 2016 5073/1
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13 The combustion reaction between hydrogen gas and oxygen gas is shown.
2H3 (g) + 02 (9) > 2H20 (9)

A mixture of 24 dm® of hydrogen gas and 100 dm® of oxygen gas was ignited. The
reaction mixture was cooled to room temperature and pressure. What would be the
total volume of gases remaining at the end of the reaction?

A 66dm°
B 76dm°
c 88dm’
D 112dm°

14  Which of the following does not show the appropriate reagents used for preparation
of the named salts?

salt reagents
A barium sulfate barium nitrate solution + sulfuric acid
B lead (ll) chloride lead (ll) carbonate + hydrochloric acid
C lithium nitrate lithium hydroxide solution + nitric acid
D magnesium chloride magnesium + hydrochloric acid

15 Which of the following solutions will give a precipitate when added to dilute sulfuric

A aluminium nitrate
B calcium nitrate

C silver nitrate

D zinc nitrate

16 A mixture of the oxides of two elements of the third period is dissolved in water. This
solution is approximately neutral. What could be the constituents of the mixture?

AlLO3 and Na,O
Na>O and MgO
NaQO and P401o
SO3 and P4O1o

oo w>»
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17 In which of the following reactions is zinc hydroxide not behaving as a base?

Zn(OH), + 2HCI > ZnCl, + 2H,0
Zn(OH), + 2NaOH = Na,Zn(OH),

3Zn(OH), + 2H3PO4 > Zn3(PO4), + 6H,0
Zn(OH), + (NH4),S04 > ZnSO, + 2NH; + 2H,0

oo w>»

18 A gaseous mixture of ethene, oxygen and sulfur dioxide is passed through the
apparatus shown. Only one of the gases is collected.

gaseous mixture ——m-

0? -
<"\ 4
\
aqueous sodium aqueous
hydroxide bromine

Which of the following is a property of the gas collected?

It burns with a yellow flame.

It forms white precipitate in limewater.
It relights a glowing splint.

It turns moist blue litmus paper to red.

ooOow>»

19  Which of the following are true of the Haber process?

| Ammonia formed is condensed and obtained as a liquid.

| Hydrogen gas used is obtained from cracking of petroleum.
Il Iron catalyst is used to increase the yield of ammonia.

IV Nitrogen gas is oxidised to form ammonia.

A landll
B Ilandlll
C llandlll
D IllandIV

Preliminary Examination 4E5N Chemistry 2016 5073/1
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20 The following graph shows the different yields of ammonia at different temperatures

and pressures.

% conversion
to ammonia

350°C

450°C

550°C

0 100

Which of the following is not true?

oo w>»

21  You are given the information below:

200 300 400

pressure (atm)

A higher percentage yield of ammonia can be obtained at higher pressures.

A higher percentage yield of ammonia can be obtained at lower temperatures.
Ammonia is produced at all conditions of temperatures and pressures.

At 500°C and 300 atm, the percentage conversion to ammonia is about 30%.

element atomic number
w 11
X 12
Y 16
V4 17

Which of the following pairs of elements would react with each other most readily?

A WandY
B Wand Z
C XandY
D XandZ

Preliminary Examination 4E5N Chemistry 2016 5073/1
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22 The atomic radius of some Group | elements of the Periodic Table is given.

element atomic radius / pm
K 231
L 152
M 248
N 186

Which of the following shows the correct ascending order of melting point for the

elements?
lowest > highest
A L K N M
B L N K M
C M K L N
D M K N L

23 The reaction between hydrogen and chlorine can be shown as H, + Cl, — 2HCI.
Why is the reaction exothermic?

A

The energy involved in the bonds breaking is greater than that of bonds
forming.

The energy involved in the bonds forming is greater than that of the bond
breaking.

The number of bonds broken is greater than the number of bonds formed.
The number of bonds formed is greater than the number of bonds broken.

24 \Which of the following reaction(s) are endothermic?

C2Hs0H + 30, - 2CO, + 3H,0
Cl, > 2CI

CuSO4 + 5H,0 - CuS04.5H,0
6CO, + 6H,0O > CgH 1206 + 60,

land Il

I, llland IV
Iland IV

I, llland IV

Preliminary Examination 4E5N Chemistry 2016 5073/1

examguru 2017



25

26

27

28

10

In an experiment, a conical flask containing 50 cm® of hydrogen peroxide and 0.5 g of
manganese(lV) oxide was placed on an electronic balance. The balance reading was
recorded at regular time intervals. Hydrogen peroxide decomposes to form water and
oxygen gas.

Which of the curves show the correct change in mass for this experiment?

mass /g
4
A
A A AT IS o ° TG O W 0P WD o v W— e ¢ ST 3 L PSS E— - —
N e, -
N - ...,
\\ o . B
N L
~ -
~ ” -~
'\
s’ N
c.,’ RIS
’ T Seo D
l' ————————————
4
» time / min

In the testing of ions for qualitative analysis, which of the following ions undergo
reduction?

A ammonium
B chloride

C nitrate

D sulfate

R is a solution of a reducing agent. It is added to each of the four reagents shown in
the table below. Which of the following shows the correct description of the change in
colour?

reagent effect of adding R
A acidified potassium manganate(VII) purple to colourless
B aqueous bromine colourless to reddish-brown
C aqueous chlorine colourless to pale yellow
D aqueous potassium iodide colourless to brown

Which of the following gases cannot be removed from the exhaust of a petrol
powered car by its catalytic converter?

carbon dioxide
carbon monoxide
hydrocarbons
nitrogen dioxide

OO w>
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29 In an electrolytic experiment involving aqueous silver nitrate, 1.08g of silver was
deposited at the cathode. What is the volume of the gas collected at the anode?

OO w>

30 cm®
60 cm®
180 cm®
240 cm®

30 Which of the set-ups will produce the greatest reading on the voltmeter?

A B C D

N 7 (V)

W W)

\D, W
Cu Zn Znﬂ HMQ Pbﬂ HCu Pbﬂ HMg
|
A 4 — | S [, AN
sodium chloride distilled water dilute sugar
solution hydrochloric acid solution

31 Pain is often felt when a piece of aluminium foil touches a dental amalgam filing in a
tooth. The amalgam contains tin and an electric current momentarily flows. Which
statement about what happens is not correct?

oo w>»

The aluminium foil acts an oxidising agent.

The current is smaller if a piece of zinc foil touches the tin amalgam.
The electrons flow from aluminium foil to tin amalgam.

The oxidation state of aluminium foil increases.

32 Which of the following is true about the formation of molten iron from haematite in the
blast furnace?

ooOow>»

Coke is used as a catalyst for the process of forming molten iron.
Haematite is made up of mainly iron(ll) oxide.

Limestone is used to remove alkaline impurities.

Molten slag is collected above molten iron.

Preliminary Examination 4E5N Chemistry 2016 5073/1
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33 Waste polymers can be recycled by heating it in a furnace. The waste decomposes
into a mixture of hydrocarbons which can be separated in a separating column.

Which product has the largest number of carbon atoms per molecule?

separating
column

— product A

— product B

polymers
\ ™ N\
/ NG 7N —» product C
N7 )
furnace O 9
o 9
A~

—» product D

34 Which of the following is not true about the fractional distillation of crude oil?

Bitumen fraction has the highest boiling point among the fractions.
Kerosene fraction is used as fuel in aircraft.

Naphtha fraction is used as feedstock for chemical industries.
The different fractions obtained are pure.

oo w>»

35 In the presence of sunlight, methane gas and chlorine gas are mixed together in an
enclosed container. After two hours, which of the following is/are present in the

container?

| CHsC/

] CCly

I HC/

IV H,

A land Il

B land I

C I, land i

D All of the above

Preliminary Examination 4E5N Chemistry 2016 5073/1
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36 Poly(ethene) can be manufactured by the processes below.

decane cracking ethene | Polymerisation | poly(ethene)

Which diagram shows the correct change in molecular size during these processes?

A B
molecular molecular
size size
- L

start finish start finish
C D
molecular X molecular
size size
\ » o
start finish start finish

37 When ethanol reacts with propanoic acid, the ester formed has the formula of

CH3COOC,Hs
C2oHsCOOCH;3
CH3COOCHS3
C2oHsCOOC,Hs

OO w>»

38 Which reagent cannot be used to distinguish methanol from methanoic acid?

acidified potassium manganate(VII)
aqueous bromine

aqueous sodium carbonate

litmus solution

oo w>»

39 Linoleic acid has the molecular formula, C17H29COOH. How many C = C bonds are
present in one molecule of linoleic acid?

oo w >
2 wN -
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40 Which of the following monomer(s) would undergo polymerisation on their own?

14

H H H
\ I \
C—C-H O H H
/ | \ L
B H C—C—C—O-H
H-C / 3
H 0 H H
i v
H H
H H H
| | | H o) T T o
e ——a— c—C=C—C
H H H H / \
o o)

A Lllandlll

B LllandIV

C llandlll

D All of the above

Preliminary Examination 4E5N Chemistry 2016 5073/1
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2
Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 Alist of solutions is given below.
Ba(NOs), CuSOq4 FeSO,
HC/ NaOH NH4C/
The solutions can be used once, more than once or not at all.
From the list, choose two solutions that will react to
(a) produce a blue precipitate,
..................................... and ... [1]
(b) give a pungent gas,
..................................... and ... [1]
(c) produce a white precipitate in a green solution.
..................................... and ... [1]

[total: 3]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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A2 Ammonia gas is an important starting material in the manufacture of fertilisers and
many commercial cleaning products.

Three different methods of collecting gases in the laboratory are shown below.

method 1 method 2 method 3
e\
L ]

(@) Which of the methods is the most suitable for the collection of ammonia gas in the
laboratory? Give reasons to support your answer by stating why the other methods
are not suitable.

(b) In the industry, ammonia gas is produced by the Haber process. State the optimum
conditions used in this process.

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017

18



4

() Ammonium nitrate is predominantly used in agriculture as a fertiliser. When
ammonium nitrate is added to water, the reaction mixture feels cold.

The reaction between solid ammonium nitrate and water can be represented as:
NH ,NO,(s) »> NH; (aq) + NO; (aq)

Draw an energy profile diagram for the reaction between ammonium nitrate and
water below. On the diagram, you should label the

e activation energy, E,
e energy change for the reaction, AH. [3]

A

energy

progress of reaction

[total: 7]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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A3 Recently, the International Union of Pure and Applied Chemistry (IUPAC) has
announced the proposed names for the four newest elements to be added in Period
7 of the Periodic Table.

5

One of the new element, with atomic number 113, the first to be discovered in an
Asian country, has been christened nihonium (Nh), which borrowed its name from
one of the Japanese names for Japan - nihon.

The position of nihonium in the Periodic Table is shown below.

Lm [ w [ v o[ v v | oo

He
Helium
11 12 14 16 19 20
B C N 0 F Ne
Boron Carbon Nitrogen Oxygen Fluorine Neon
6 7 8 9 10

31 32 355 40

A si |l P | s | ¢l oA

Aluminium Silicon Phosphorus Sulphur Chlorine Argon
13 14 15 16 17 18

5 70 13 75 79 80 84
n Ga Ge As Se Br Kr
nc Arsenic

Gallium Germanium Selenium Bromine Krypton
34

31 32 3 35 36
12 115 119 122 128 127 131
d In Sn | Sb | Te I Xe
nium Indium Tin Antimony Tellurium lodine Xenon
49 50 51 52 53 54
]| 204 207 209
g | T Pb Bi Po At Rn
cury Thallium Lead Bismuth Polonium Astatine Radon
81 82 83 84 85 86
278

position of nihonium :> Nh
in Periodic Table 1N1igonium

The element was discovered by Japan's Riken Institute by colliding a thin layer of
bismuth with zinc as shown in the equation below.

WBi + 1'Zn — [\Nh+ particle X

(@) Name particle X, a by-product in the synthesis of nihonium.

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017 20



(b)

(c)

6

Nihonium exists as three isotopes, nihonium-278, nihonium-282 and nihonium-285.
Describe with examples, one similarity and one difference in the properties of three
samples of nihonium containing nihonium-278, nihonium-282 and nihonium-285
respectively. You may refer to the samples as nihonium-278, nihonium-282 and
nihonium-285 in your answers.

Another new element, with atomic number 117, to be named as tennessine (with
symbol Ts) will be placed close to nihonium in the Period Table.

(i) In which group of the Periodic Table would you expect tennessine to be found?

(ii) A student made a few predictions about tennessine. Put a tick (), in each of the
correct boxes to show which of the following predictions about the properties of
tennessine are true and which are false. [2]

true false

Tennessine is a good conductor of electricity.

Tennessine is a solid at room conditions.

Tennessine is green in colour.

Tennessine is the most reactive element in its group in the
Periodic Table.

[total: 7]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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A4 An oxyacid is an acid that contains an oxygen atom bonded to a hydrogen atom and

(a)
(b)

(c)

at least one other element. Sulfuric acid (H2SO4), phosphoric acid (HsPO4) and nitric
acid (HNO3) are all oxyacids.

Chlorine forms several types of oxyacids. The table below shows some properties of
oxyacids of chlorine.

name of acid chemical reaction with magnesium oxidation state of
formula (all acids have the same chlorine
concentration)
perchloric HCIO4 very vigorous
acid
hypochlorous HOCI only a few bubbles seen
acid
chloric acid HCIO3 vigorous +5
chlorous acid HCIO, reacts readily +3
Complete the table by filling in the oxidation state of chlorine. [2]

(i) Arrange in ascending order the strength of these acids, starting with the
weakest acid.

(ii) Hence, deduce the trend in the strength of the acid with reference to the
information in the table.

Hypochlorous acid (HOC/) can be made from dichlorine monoxide gas (C/O). Draw a
‘dot-and-cross’ diagram to show the bonding in dichlorine monoxide. Show the outer
electrons only. [2]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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(d) Hypochlorous acid (HOC/) can also be produced by reacting chlorine with water.
Cl, + H,O — HOC/ + HC/

Explain, in terms of oxidation states, why the reaction shown above is a redox
reaction.

[total: 8]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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A5 A student carried out two experiments involving the reaction between zinc and dilute
hydrochloric acid. Information about the experiments is given in the table below.

experiment 1 experiment 2
granulated zinc excess excess
dilute hydrochloric acid 5.0 cm®, 1.0 mol/dm® | 5.0 cm®, 1.0 mol/dm®
temperature 25°C 25°C
copper(ll) sulfate solution not added added a few drops

The results of the experiments are shown in the graph.

experiment 2

volume of hydrogen
gas collected

(cm?) experiment 1

v

time (s)

(@) (i) Which experiment has a faster rate of reaction? How do you know?

............................................................................................................... [1]
(i) Suggest why this happens.
............................................................................................................... [1]
(b) Write a balanced chemical equation for the reactions in both experiments.
............................................................................................................... [1]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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(c) For both experiments, zinc is used in excess. Calculate the mass of zinc that reacted.
[2]

(d) Two other experiments were performed using the following conditions. Sketch the
curves using the same axes (on the previous page) to show the results of the

experiments. Label your curves clearly as experiment 3 and experiment 4. [2]
experiment 3 experiment 4
granulated zinc excess excess
dilute hydrochloric acid 5.0 cm®, 0.5 mol/dm>® | 5.0 cm®, 1.0 mol/dm®
temperature 25°C 40°C
copper(ll) sulfate solution not added added a few drops

(e) Experiment 5 was performed under the same conditions as experiment 1 but dilute
sulfuric acid (5.0 cm® and 1.0 mol/dm®) was added instead of dilute hydrochloric acid
to zinc. The rate of reaction in experiment 5 was found to be faster than experiment 1.

Use ideas about collisions between particles to explain this observation.

[total: 9]
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A6 An electric circuit is set up as shown below.

battery

Cell 1 Cell 2
copper(ll) sulfate concentrated potassium chloride
solution and Universal Indicator

Electrodes W and X are made of copper while electrodes Y and Z are made of
carbon. The switch is closed and some changes are observed.

(@) (i) State one visible change that can be observed in Cell 1.

(ii) Write the ionic half-equations for the reactions at the cathode and anode
respectively in Cell 1. Hence, state with a reason whether there will be any
change in the colour intensity of the copper(ll) sulfate solution throughout the
experiment in this cell.

(b) (i) Describe the colour change of the Universal Indicator during electrolysis of the
concentrated potassium chloride solution in Cell 2.

(ii) Explain your observation in (b)(i).

[total: 7]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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(a)

12
This article was adapted from The Straits Times dated June 11, 2016.

‘Scientists find way to lock away carbon dioxide.’

Scientists say they may have found a radical breakthrough to tackling climate
change - by pumping heat-trapping carbon dioxide gas into the ground and
turning it into stone.

The research, called the CarbFix project and led by Columbia University, was
published in American journal Science on Thursday (June 9).

The approach involves dissolving carbon dioxide gas with water and pumping
the resulting mixture - essentially, soda water - down into certain kinds of rocks,
where the carbon dioxide gas reacts with the rock to form a mineral stone called
*calcite. By turning the carbon dioxide gas into calcite, scientists can then lock it
away permanently.

*calcite has the chemical formula of CaCO3

One key to the approach is to find the right kind of rocks. Volcanic rocks called
basalts are excellent for the process, because basalts are rich in calcium, which
react with carbon dioxide gas.

The research was conducted for years in Iceland, a volcanic island made up
mainly of basalt. Scientists found that the conversion yield is about 95 %;
meaning that 95% of the carbon dioxide was converted into calcite. More
importantly, the conversion happened relatively quickly - in less than two years,
instead of ten years as previously predicted by scientists using computer.

Explain the importance of the CarbFix project in protecting the environment.

Preliminary Examination 4E5N Chemistry 2016 5073/2
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(c) ‘Soda water’ mentioned in the article is actually weak carbonic acid. Explain what is
meant by the term weak acid.

(d) A researcher in the CarbFix project decided to investigate the presence of calcium
ions in calcite. He was given the following four reagents:

dilute sulfuric acid dilute hydrochloric acid
agqueous ammonia aqueous sodium hydroxide

Describe the tests that he should carry out. Your answer should include
¢ the reactions involved using some of the given reagents,
¢ how the observations showed the presence of calcium ions in calcite.

(e) Suggest a reason why

(i) the conversion of carbon dioxide gas into calcite happened relatively quickly in
Iceland.

(i) conversion yield of carbon dioxide gas into calcite may not reach 100%.

[total: 9]
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Section B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be
attempted.

B8 Transition metals are found in the central block of the Periodic Table.
Table 1 shows part of the central block of the Periodic Table which displays transition
metals found in Periods 4, 5 and 6. The proton numbers of each of the metals are
included as well.

Table 1
across the period |:>
down the Period transition metals
qroup 4 i | | LG | Mn | L Fe | ,Co | yNi | ,Cu
5 wZr aNb | Mo | ,Tc | ,Ru | ,Rh | ,Pd | ,Ag
6 » Hf »la W sRe | ,Os | Ir o Pt 20 Al

The graph below shows the melting points of the transition metals of those listed in
Table 1.

Melting point (°C)
4000

3000} £ uo  \Os

2000

1000 Ag
Across the period

(a) Use the information above to describe the trends in melting point of transition metals

(i) down the groups,

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017
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(i) across the periods.

................................................................................................................ [2]
(b) How does the information show that the transition metals in Period 4 are solids at
room temperature and pressure?
................................................................................................................ [1]
(c) In an experiment to determine the relative reactivity of five transition metals (Cr, Cu,
Au, Fe and Ag), small pieces of each metal were added to the aqueous nitrate
solutions of the other metals. Table 2 shows the results.
Key \ shows a reaction happened
x shows no reaction happened
- shows the experiment was not performed
Table 2
chromium | copper gold iron silver
(€N (Cu) (Au) (Fe) (Ag)
chromium nitrate solution - x x x x
copper(ll) nitrate solution \ - x \ x
gold nitrate solution \ \ - \ \
iron(ll) nitrate solution \ x x - x
silver nitrate solution \ \ x \ -

(i) Place the metals in the descending order of reactivity, starting with the most
reactive.

(i) Write an ionic equation, for the reaction between copper and silver nitrate
solution.

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017
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(d) With reference to your answer in (c)(i) and the information from the Table 1, deduce
the trend of the reactivity of transition metals

() across the Periods, ..o [1]
(i) dOWNn the groUPS. oo [1]

(e) From Table 1, name the metal that is most likely to displace only eight other metals
from their salt solutions.

[total: 10]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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B9 The structures of phosphorus trioxide and diamond are shown below.

*
O O el “—c
by 1
C
phosphorus trioxide diamond

(@) Write down the molecular formula of phosphorus trioxide.

(b) Based on the diagrams above, explain how it could be deduced that the structure
shown for phosphorus trioxide is that of a simple molecule, while that of diamond
represents only part of a macromolecule.

(c) Explain why the melting points of phosphorus trioxide and diamond is different.

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017

32



18

(d) An oxide was found to have the following composition by mass.

element percentage by mass
phosphorus 43.7
oxygen 56.3

Deduce whether this oxide could be phosphorus trioxide by determining its empirical

formula.

Preliminary Examination 4E5N Chemistry 2016 5073/2
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[3]

[total: 10]
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EITHER

B10 The table below shows some information regarding three polymers — Kodel®,

polyglycine and Teflon®.

name structure
O O - H
Kodel® H O H ‘ O ‘
C C O (‘3 T “—0
H H
H
polyglycine I“d

Teflon® I-

i
!

(a) Draw and name the linkage found in polyglycine.

(b) Draw the structures of the two monomers used to form Kodel®.

Preliminary Examination 4E5N Chemistry 2016 5073/2
examguru 2017
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(c) Draw the structure of the monomer used to form Teflon®. [1]

(d) The monomer shown in (c) can react with chlorine gas to form a compound that can
be classified as chlorofluorocarbon (CFC).

() Write an equation for the reaction between the monomer of Teflon® and chlorine
gas.

(iif) Explain how CFCs cause ozone depletion in the upper atmosphere.

(e) Kodel® polymers are formed in a different way from Teflon® polymers. Name both
types of polymerisation involved and state one difference between them.

[total: 10]
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B10 This question concerns the chemistry of some organic compounds.

(@) The table shows some information about the homologous series of a class of organic
compounds called ethers.

name molecular formula structural formula
H RN
methoxy ethane CH30C2Hs5 H-C-0-C-C-H
] 11
H H H
methoxy propane CH30C3H;

(i) Give the name and structural formula of the next member of this homologous

series.

structural formula:

[2]

(i) Draw the full structural formula of two isomers of methoxy ethane. [2]

Preliminary Examination 4E5N Chemistry 2016 5073/2

examguru 2017

36



22

(b) Ethanoic acid can be synthesised by using various methods.
In method 1, ethanoic acid is synthesised from methanol as shown by the following
reaction sequence:

sequence reaction
| CH3;0H + HC/ - CH;3C/ + H,O
Il CH3Cl + CO - CH3;COCI/
] CH3;COC/ + H,O - CH3;COOH + HCI

In method 2, ethanoic acid is synthesised from sugar as shown by the following
reaction sequence:

sequence | sequence |l

sugar solution > ethanol > ethanoic acid

(i) Name the type of reaction as shown in reaction sequence | in method 1.

............................................................................................................... 1
(iv) In the industry, which method provides a safer working environment?

Suggest one reason to support your answer.
............................................................................................................... (1
(v) Chloromethane (CH3C/) can be produced from an alkane.

Write an equation to show this reaction.
............................................................................................................... 1]

[total: 10]
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Answer Scheme for Chemistry 5073 Prelims 2016

Paper 1 [40 marks]

1 2 3 4 5 6 7 8 9 10
A B A D A A C D D D
11 12 13 14 15 16 17 18 19 20
C C C B B C B C A C
21 22 23 24 25 26 27 28 29 30
B D B C D C A A B A
31 32 33 34 35 36 37 38 39 40
A D D D C C D B C B

Paper 2 Section A [50 marks]

A1 (a) CuSO4 and NaOH
(b) NaOH and NH4C/
(c) Ba(NOs)2and FeSO4
A2 (a) Method 2.
Ammonia gas is soluble in water, thus method 3 cannot be used.
Ammonia gas is less dense than air, thus method 1 cannot be used.
(b) 250 atm and 450 °C.
Iron as catalyst.
(c) Referto diagram below for marking scheme
A
/T
'\\
energy n'l. E;
NHNO,
o /L. .T.A

progress of reaction

examguru 2017
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A3

(@) neutron

(b) All three elements will have the same chemical reactions (properties) but
different physical properties.
Give one example in same chemical property such as all elements will
react with chlorine to form ionic compounds.
Give one example in different physical property such as density.
Nihonium-285 will has the highest density followed by nihonium-282 and

nihonium-278.

A4

examguru 2017

(ci) group VII
(cii) Refer to table below.

True False
Tennessine is a good conductor of electricity. \
Tennessine is a solid at room conditions. \
Tennessine is green in colour. \
Tennessine is the most reactive element in its group in the \
Periodic Table.
(a) +7 and +1

(bi) HOCI, HCIO2, HCIO3, HCIO4
OR hypochlorous acid, chlorous acid, chloric acid, perchloric acid

(bii) As the oxidation state of chlorine in the acid increases, the strength of the

acid increases too. OR

As the number of oxygen per molecule/in the formula in the acid increases,

the strength of the acid increases too.

(c) Draw dichlorine monoxide correctly as shown below with legend

x// : ' : '\\
¥k cr
(
\\\_ y \ /

7NN

(d) Ch is reduced (OR reduction occurs) since the oxidation state of CI

decreases from 0 in Cl, to -1 in HCI.

40
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Cl is oxidised (OR oxidation occurs) since the oxidation state of CI
increases from 0 in C/, to +1 in HOCI.

Since both oxidation and reduction occur, this is a redox reaction.

(ai) Experiment 2. It has a steeper gradient (at the start of the experiment).

(aii) Copper(ll) sulfate was added to speed up the rate of reaction of
experiment 2.

(b) Zn+ 2HC/ > ZnCl, + H;

(c) number of mole of HC/ used = > x1
1000

=0.005

Based on the equation, number of mole of Zn reacted
= 0.005+2
= 0.0025

Thus, the mass of zinc reacted = 0.0025% 65

=0.163 g

Refer to the diagram below for marking scheme
L )

experiment 4

volume of hydrogen

experiment 1
gas collected P

experiment 3

v

time

(e) Sulfuric acid is dibasic while hydrochloric acid is monobasic.
Thus, the concentration of H* ions in sulfuric acid is twice of that of
hydrochloric acid.
With a higher concentration, the reacting particles in experiment 5 will
collide more frequently as compared to experiment 1.
As a result, there will be higher number of effective collisions per unit time
in experiment 5, leading to a higher rate of reaction.
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(ai)

(aii)

(bi)
(bii)

(a)

(b)

Electrode W diminishes in size. OR

Electrode X is coated with a layer of pinkish brown / brown deposit.

OR Electrode X increases in size.

At anode: Cu(s) > Cu?*(aq) + 2e

At cathode: Cu?*(aq) + 2e > Cu(s)

Since there is no change in the concentration of Cu?* / copper(ll) ions, the
colour intensity remained in cell 1.

From green to violet

At anode / Y, the CI ions is oxidised while at cathode / Z, the H" is
reduced. OR
At anode / Y, the CI ions lose electrons while at cathode / Z, the H* gain
electrons.
Thus, the concentration of OH" is much higher than the concentration of
H* ions making the solution turned strongly alkaline [1], resulting in the
violet colour.

OR
K" and OH  ions are left behind / KOH solution is formed, resulting in a

strong alkaline solution, making the solution turns violet.

CarbFix aims to reduce the amount of carbon dioxide in the atmosphere.
By doing so, the effect of global warming can be reduced.

Carbon dioxide causes global warming which results in ... > Accept one
of the following effects stated below.

... melting of polar ice caps that causes sea level to rise. As a result, low-
lying land will be flooded. /

... prolong drought that turns vegetation area into deserts. As a result,
crops will be reduced. /

.. rapid evaporation of seawater that lead to more carbon dioxide being
released into the atmosphere. As a result, earth’s average temperature
will rise further.

limestone
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(c)

(d)

(ei)

(eii)

Weak acid refers to a substance that partially dissociates to form

hydrogen ions when dissolved in water.

Add dilute hydrochloric acid to calcite to form calcium chloride solution.
Next, add calcium chloride solution to aqueous sodium hydroxide.

White precipitate formed that is insoluble in excess aqueous sodium
hydroxide will show the presence of calcium ions.

The high temperature due to the volcanoes around Iceland causes the
speed of reaction / conversion to increase.

The calcite decomposes due to heating / high temperature. Thus, 100%

conversion may not be achievable.

Paper 1 Section B [30 marks]

Section B

B8

examguru 2017

(ai)

(aii)

(b)

(ci)
(cii)
(di)
(dii)
(e)

Generally, down the groups, the melting point of metals increases except
for the elements in the last group / except for metals Cu, Au and Ag.
Across all periods, the melting point increases for the first three metals
(elements) listed before it shows a decreasing trend for the next few
metals.

However, for periods 4 and 5, the 4™ element has a lower melting point
than expected.

The melting points of the metals are at least 1000°C, much higher than
room temperature.

Cr, Fe, Cu, Ag, Au

Cu(s) + 2Ag’(aq) = Cu*(aq) + 2Ag(s)

across the period: decreases
down the period: decreases
cobalt
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(a)
(b)

(c)

(d)

P4Os
For the phosphorus trioxide, every / all atom(s) formed the number of

bonds required to achieve stable octet electronic configurations.

As shown, oxygen atoms and phosphorus atoms formed two and three

covalent bonds respectively.

Carbon atoms need to form four covalent bonds to achieve stable octet

electronic configurations.

For diamond, some of the carbon atoms have only formed either one or

two covalent bonds / formed less than four covalent bonds.

Phosphorus trioxide has a low melting point while diamond has a very
high melting point.

A small amount of energy is needed to overcome the weak intermolecular
forces between the molecules in phosphorus trioxide.

A very large amount of energy is needed to break all the strong covalent

bonds between the (very large number of) atoms in the structure.

element P @)
mass (g) / % by 43.7 56.3
mass
number of moles %: 1.409 %63 _ 3518
molar ratio 1.409 _ 3.518 _ 25
1.409 1.409
simplest ratio 2 5
empirical formula P20s

Since the empirical formula of phosphorus trioxide is P,O3, not P20s, this

oxide cannot be phosphorus trioxide.
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(a)

Name of linkage: amide

Draw structure of linkage as shown below.

(‘)‘ H
C N
(b) Draw the monomers as shown below.
ﬁ ﬁ H H
H—Q— C—i0—H H—O—(_|7 C‘I—O—H
| |
H H

(c)

(di)

(dii)

(e)

examguru 2017

Draw the monomer as shown below.

L1
]
F F

CoF4 + Cl, > CoF4Cl,

In the upper atmosphere, CFCs decomposes under ultra-violet radiation to
form chlorine atoms.

The chlorine atoms react with ozone molecules to form oxygen gas and
chlorine monoxide, thus causing ozone depletion.

For Kodel®, it is condensation polymerisation and for Teflon®, it is addition
polymerisation.

For differences, accept one of the followings or any other possible
answers.

For addition, no by-product is formed / only Teflon® polymers is formed
while in condensation, by-product which is a small (or simple) molecule is
formed. OR
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The formation of addition polymers does not involve the loss of atoms /
loss of materials while in the formation of condensation polymers, small
(or simple) molecule is lost. OR

The two different monomers used in condensation polymers / Kodel®
have different functional groups of carboxyl and hydroxyl respectively. The
monomer used in addition polymers / Teflon® has the functional group of

carbon-carbon double bond.

OR
(ai) methoxy butane
Draw the structure as shown below.
R
H-G-0-G-C-C-C-H
H HHHH

(aii) Draw the isomers as shown below.

EE
H-G-G-G-0H H-
H H H

I-0O-I
|
|
I—{I')—I
I

I-0-0O-I

(bi) substitution

(bii) presence of yeast
absence of oxygen
temperature of 37°C

(biii) acidified potassium manganate (VII)

(biv) Method 2 is safer since in method 1, carbon monoxide, a poisonous gas is
used. OR
Method 2 is safer since in method 1, hydrogen chloride, a poisonous /
acidic gas is used/produced.

(bv) CHas+ Cl» > CHsCl + HCI
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1  An excess of aqueous sodium hydroxide was added to a sample of ammonium sulfate
crystals. The mixture was then heated gently, and the gas evolved was dried and collected
using a suitable method.

gas to be collected

i
1

ammonium
sulfate

crystals
drying
aqueous agent
sodium
hydroxide

What is the most suitable drying agent and gas collection method for the gas evolved?

Drying agent Gas collection method
A | Anhydrous calcium chloride Water displacement
B | Concentrated sulfuric acid Downward delivery
C | Anhydrous calcium chloride Upward delivery
D | Concentrated sulfuric acid Upward delivery

2 The diagram below shows the partial set-up of a simple distillation experiment used to
separate two substances, X (boiling point of 70°C) and Y which is soluble in X (boiling point
of 535°C).

mixture of
XandY

At which position, P or Q, should the bulb of a thermometer be placed at and what
temperature should the thermometer show when the first distillate is collected.

A AtPandat70°C
B AtPandat535°C
C AtQandat70°C
D AtQandat535°C
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An experiment was carried out to determine the different types of sugar present in a sample
of mixture X.

Chromatogram A shows the separation of sugars using water as a solvent. Chromatogram
A is then removed, rotated clockwise and then placed inside another solvent, ethanol. The
final results are shown in chromatogram B.

I

e | “Totater

@ clockwise

I 90° ®

: o ® ®

¢ original ® i

: location of X Sl

L. o= UL S

x |f
first starting line second starting line
chromatogram A chromatogram B

How many different types of sugars are present in mixture X?

OO mw >
o oA~ W

The solubility curves of four different substances A to D in water are shown below:

Solubility (relative units)
| A

D

B

Temperature (°C)

Which substance is the most suitable to be collected by crystallization from its hot saturated
aqueous solution?
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5  Which of the following best describes the arrangement of particles present in dilute aqueous

ammonia?
NH; molecules OH ions
A Not present Close together
B Not present Far apart
C Close together | Close together
D Far apart Far apart

6 The diagram below is a set up involving two gases X and Y.

x e A ——
orous pot
v | P
inverted beaker
initial water level zZ

water

After some time, the water level at Z rises. What could be the identities of gas X and Y?

X Y
A Fluorine Neon
B Ethane Nitrogen dioxide
C Air Methane
D Sulfur dioxide Propene

7  The melting and boiling points of three substances are given below.

At what temperature would one of the above substances exist as a solid, another one as a
liquid and the third as a gas?

-184°C
-188°C
-192°C
-214°C

OO mw >
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Substance | Melting point/ °C | Boiling point/ °C
Argon -189 -186
Nitrogen -210 -196
Oxygen -218 -183
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8  Which of the following pairs consists of two mixtures?

Petrol and air

Sugar and bronze

Steel and hydrogen chloride
Petroleum and sulfur dioxide

OO m >

9 The diagram below shows the structure of a substance.

Which of the following statements about the substance is true?

The substance is a compound.

The substance melts over a range of temperature.

The substance has a fixed composition of its constituents.

The substance can be broken down into simpler forms by chemical means.

OO m >

10 The following particles has different number of nucleons and electrons.

Particle | Nucleon number | Number of electrons
Atom L 26 12
lon M** 24 10

Which of the following statements about the particles is true?

Atoms L and M have different number of protons.

Atoms L and M have different number of electrons.

Atoms L and M have the same number of neutrons.

Atoms L and M have similar chemical properties, but different physical properties.

OO mw >

11 An imaginary element has two isotopes:
e The first has 15 protons and a relative abundance of 80%
e The second isotope has 16 neutrons.

If the relative atomic mass of the imaginary element is 30.2, determine the number of
neutrons in the first isotope.

15
16
30
31

OO m >
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12 Study the molecule below:

z Y
I I

Z—W=W—W— X —W—1Z

I
z Z

Suggest which Group of elements W, X, Y and Z could be from.

w X Y V4
A Group Il Group V Group VI Group |
B Group IV Group Il Group VI Group VII
C Group Il Group V Group I Group |
D Group IV Group V Group VI Group VII

13 Answer questions 13 and 14 using the diagram below.

Carbon can form different structures as shown:

Il
. _carbon
. atom

carbon
atom

Which structure(s) is/are likely to be electrical conductors?

Il only

I and Il only

I, Iland IV only
I, I, and Il only

o0 w>»
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14 Using the diagram on question 13, identify which structure(s) has/have a simple covalent

structure.

A llonly

B I and Il only

C I, IIland Il only

D None of the above

15 The table below gives some information on four substances
Substance | Melting point | Boiling point Electrical conductivity Solubility in
/°C /°C As solid As liquid water

w 17 118 Poor Poor Soluble
X 455 1547 Poor Good Insoluble
Y 1064 2970 Good Good Insoluble
Z 3550 4830 Poor Poor Insoluble

Which of the following statements is likely to be true?

W has a simple covalent structure.

X has a giant metallic structure.

Y is a polymer.

Z is held together by electrostatic forces between oppositely charged ions.

OO m >

16 Which of the following substances contains the largest number of atoms at room
temperature and pressure?

72 dm? of argon

2 moles of bromine

24 g of carbon

3 x 10% carbon dioxide

OO mw >

17 The percentage composition of hydrogen in a hydrocarbon is 11.1%. If 1 mole of the
hydrocarbon combusts completely to form 3 moles of water, what could be the relative mass
of the compound?

14
27
54
56

OO m >
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18 3.0 g of impure magnesium is added to 150 cm® of 2.0 mol/dm? dilute hydrochloric acid.
What is the percentage purity of magnesium if only 2.4 dm?®of hydrogen gas was produced
at the end of the reaction.

40.0%
62.5%
80.0%
83.3%

OO mw >

19 Which of the following statements about Group | metals is incorrect?

A Reactivity increases down the group.

B  Melting point decreases down the group.

C  All Group | metals can react with cold water and the resultant solution turns red litmus
paper blue.

D  When Group | metals are exposed to air, they react to form a grey metal oxide that is
insoluble in water.

20 Which graph correctly describes a trend down Group VII?

A colour 4 B strengthof A
intensity intermolecular
\ forces of
attraction
Ci,, Br, |, CL, Bry I
C boiling A D oxidising A
point power
Ci, Br | Cr!n Btr II i
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21 Vapour X was passed through a tube containing a cotton plug saturated with aqueous
sodium bromide. The tube was warmed gently. The gas Y leaving the tube was then
bubbled into Z.

cotton plug soaked with
sodium bromide solution

e

y B2l
\\—bLl :{

vapour X
—>

i
g

gently heated up
with a Bunsen flame

e

What are the possible identities of substance X and Z, with the correct corresponding

observations?
X z Observation

A Fluorine Liquid hexene Brown vapour Y decolourised when in
contact with Z

B Chlorine Aqueous potassium No colour change at Z

iodide

C lodine Liquid octene Brown vapour decolourised when in
contact with Z

D lodine Aqueous potassium Z turned greenish-yellow

chloride

22 A substance NaXO, undergo a chemical reaction with hydrogen peroxide, according to the
following equation:

2NaXO, + 3H,0, — 2XO, + 2NaOH + 2H,0 + 30,
What is the role of hydrogen peroxide in the above reaction?
It acts as a catalyst.
It is a reducing agent.

It is an oxidizing agent.
It is a dehydrating agent.

OO m >

23 When acidified aqueous potassium iodide is added to iron(lll) sulfate solution, what will be

observed?

A No visible change.

B Pale yellow solution turns brown.

C Pale green solution turns brown.

D Pale yellow solution turns pale green.

10
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24 Which of the following statements about strong and weak acids is true?

A  There are no mobile OH" ions present in all types of aqueous acids.

B Aweak dibasic acid will always have a faster rate of reaction as compared to a strong
monobasic acid of the same concentration.

C For the same basicity and concentration, weak acids have a lower pH than strong
acids.

D Regardless of strength, monobasic acids of the same concentration and volume
require the same number of moles of aqueous sodium hydroxide for complete
neutralization.

25 The chart below shows the colours of three indicators at different pH values:

Indicator

Colour change
Low pH - high pH

pH which colour
change takes place

Methyl orange Red - yellow 4.0
Bromothymol blue Yellow - blue 6.5
Phenophthalein Colourless < pink 9.0

Titration is carried out between aqueous sodium hydroxide and dilute hydrochloric acid. The
pH change is plotted onto the graph shown below.

a ] 14

1 T i i l 0
0O 10 20 30 40 50 60

Volume of 0.1 mol/dm? NaOH added

Which indicator(s) can be used to identify the end point of this titration?

Methyl orange only

Bromothymol blue only

Bromothymol blue and phenolphthalein only

Methyl orange, bromothymol blue and phenolphthalein

OO m >
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26 Which of the following salts can be prepared using the same method?

Zinc chloride, calcium sulfate
Potassium iodide, lead(ll) iodide
Copper(ll) sulfate, lead(ll) nitrate
Ammonium chloride, magnesium nitrate

OO m >

27 When aqueous lead(ll) nitrate was added into an unknown solution, a white precipitate was
formed. Subsequently, dilute nitric acid was added dropwise to the resultant mixture, till in
excess. Effervescence was observed and the white precipitate dissolved completely.

Based on the observations, suggest what could be present in the unknown solution.

Zinc chloride

Ammonium iodide
Aluminium sulfate
Sodium carbonate

OO m >

28 In experiment 1, one mole of ethane undergoes complete combustion to form carbon
dioxide and water only. In experiment 2, one mole of butane is combusted completely
instead. How will the activation energy and enthalpy change of experiment 2 be different
from experiment 1?

Activation energy | Enthalpy change
A Unchanged Unchanged
B Increase Unchanged
C Unchanged Increase
D Increase Increase

29 0.0100 mol of zinc powder is added to 100 cm?® of 0.100 mol/dm? dilute hydrochloric acid at
25°C. The volume of gas produced is plotted against time as shown by Graph X below.

The experiment is then repeated using 0.0100 mol of granulated zinc with 100 cm?® of 0.200
mol/dm?® dilute hydrochloric acid at 50°C.

Which of the following graphs could be obtained for the second experiment?

Volume A
ofgas | e

12
examguru 2017 59



13

30 Which gases can be removed by factories using moist calcium carbonate?

NO, NO,, SO,
HCI, NO, CH,4
CO, NO,, CHy4
HCI, NO,, SO,

OO m >

31 The table below provides information on the chemical properties of four metals and some of

their compounds.

Metal Metal + Steam

Metal oxide + Coke

Metal carbonate heated strongly

W H. gas evolved Oxide reduced CO; evolved
X H. gas evolved No visible change No visible change
Y No visible change Oxide reduced CO; evolved
V4 H, gas evolved No visible change CO; evolved

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

Most reactive > least reactive
A Y w Z X
B X Z w Y
C Z X w Y
D w X Y Z

32 Anunknown gas X is passed over heated solid Y, as shown below.

ga8_§ | solid Y

B

i =

—

heat

Which of the following pairs of reactants will undergo a reaction?

Gas X Solid Y
A | Carbon monoxide magnesium oxide
B Carbon dioxide Zinc oxide
C Hydrogen Iron(lll) oxide
D Steam Lead

examguru 2017
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33 Three metals were added into three aqueous salts as shown.

metal R metal Q

aqueous salt |
of metal P ;

aqueous salt
of metal R

metal P displaced no reaction

metal P

aqueous salt
of metal Q

metal @ displaced

Which one of the following gives the correct order of metal reactivity?

Least reactive >  Most reactive
A P Q R
B P R Q
C Q P R
D Q R P

34 Four iron nails are placed in separate test tubes and subjected to different conditions as
shown below.

|

— nitrogen —— nitrogen

.+ boiled water -+— boiled water

\\ [ iron strip partially
\)} coated with paint

\\— iron strip partially
| coated with plastic

Test-tube W Test-tube Y
—— air —— air
. T—tap water _ +—tap water
\A— iron strip partially \\{—iron strip partially
\ coated with lead \\  coated with zinc

Test-tube X Test-tube Z

After some time, which of the above iron nails will rust?

X only
Z only
X and Z only
W and X only

OO m >
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35 Four experimental set ups are shown below. Which set up will produce bubbles of
colourless, odourless gas around the copper electrode?

) —@— B __@_

Cu Ag ~+—HCl(aq) Cu s - CuS0,(aq)
C r||||||||_‘ D F||||||||‘*
) ’ 1 |
Cu Pt Cu C
1 HCllag) -—HCl(aq)

36 Four electrolytic cells are shown below. After a short period of time, which set up will the pH
of electrolyte decreases the most significantly?

L

t Cu

CuC!z(conc) H,S0,(aq)

D

Cc A[_||”_l L_Im_l

t
AgNO,(aq) NaBr (conc)

37 Which of the following statements describing naphtha and lubricating oil is true?

Naphtha is more flammable than lubricating oil.

Both naphtha and lubricating oil have sharp boiling points.
Naphtha consists of larger hydrocarbons than lubricating oil.
Naphtha is obtained below lubricating oil in a fractionating column.

o0 w>»
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38 The structures of molecules X and Y are shown below.

H H

H H H H \C/
H H
| | \C/ \C/
H—C—C—(C—=(C—(C—(C—H / \ \
BEREE NS
H/\ /\H

H H

Molecule X MoleculeY

Which of the following statements about the two molecules is true?

OO m >

They are isomers of each other.

They have different empirical formula.

They have the same percentage composition.

They are from the same homologous series since their general formula is the same.

39 The labels on the containers of substances X and Y have been mixed up.

H H H H H o] H H OH H
I I I I I | I I I I
H—C—C=C—C—C—OH HO— C—C—C— C—C —H
I I I I I I I
H H H H H H H
Substance X Substance Y

Which chemical test can be used to distinguish between substances X and Y?

OO m >

Adding copper metal

Aqueous sodium carbonate

Bromine under ultraviolet light

Warm acidified potassium manganate(VIl) solution

40 The diagram below shows an organic molecule.

O H H H H H H
| I | I
HO—C—Cc—C=C—C—C—N—H
| |

H H  OH

How many different types of polymer can be formed using the monomer above?

OO mw >
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One
Two
Three
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Answers to Section A: Circle the most appropriate answer to each question.

1 C
2 A
3 D
4 A
5 D
6 B
7 C
8 A
9 B
10 D
21 A
22 B
23 B
24 D
25 D
26 C
27 D
28 D
29 A
30 D

11

12

13

14

15

16

17

18

19

20

31

32

33

34

35

36

37

38

39

40

o o o w » » O O >»

o9)

O » O O F» O O
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Section A

Answer all the questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The following substances have different physical properties as shown below:

(a)

examguru 2017

Substance | Melting point/ °C | Boiling point/ °C | Solubility in water
w -114 78 soluble
X -6 300 insoluble
Y 801 1413 soluble
Z Sublimes at 338°C soluble

When these substances are mixed, physical methods of separating them may include:

fractional distillation
evaporation to dryness

filtration sublimation
chromatography separating funnel

simple distillation
crystallisation

Select from the above list, the best method(s) by which each of the following mixtures
at room temperature may be separated, assuming that the components do not
dissolve in each other.

You may use a method once, more than once or not al all.

(i) A mixture of Wand X:

(i) A mixture of Xand Y:

(iii) A mixture of Y and Z:

A mixture of W, X and water:

(iv)

[1]

[1]

[1]

[2]
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(b) Chromatography is used by ‘Horse Racing Forensic Laboratory’ to test for the
presence of illegal drugs in racehorses.

examguru 2017

Concentrated samples of urine from racehorses are spotted onto chromatography
paper on the start line. Alongside this, two known illegal drugs such as winstrol and
dermorphin are spotted. The chromatogram is run using methanol as the solvent.
When finished, the chromatogram is analysed by placing under ultra-violet light.

A chromatogram of urine from four racehorses is shown below:

(i)

(ii)

(iif)

(iv)

10+ solvent front

9 8 ®

8_.

7 9 Spot Description

. 1 | wintstrol

B 2 | demorphin
51 . 2 3 | urine sample horse A
Q
P ® ' 4 | urine sample horse B
i 3. ¢ . 5 urfne sample horse C

6 | urine sample horse D
2-.
& )
14
0= p—t ML VR—v—, start line

Calculate the R¢ value of winstrol? [1]

Will the Rf value of winstrol change if water, instead of methanol, was used as [1]
the solvent? Explain your answer.

State which horse was fed an illegal drug and name the drug used. [1]

What is the purpose of ultra-violet light, when used to analyse the [1]
chromatogram?

[9 Marks]
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A2 Tinis a Group IV element. At room temperature, tin has a silvery white appearance and can
conduct electricity. When cooled to low temperatures, the appearance of tin turns grey and
the structure of tin transforms into one that resembles diamond.

(@) In terms of bonding and structure, briefly explain why tin can conduct electricity at [2]
room temperature.

(b) State whether tin can conduct electricity at low temperatures. Explain your answer [2]
using bonding and structure.

(c) (i) Silicon is above tin in the Periodic Table. Silicon only has a structure similar to [1]
diamond and it reacts with oxygen to form silicon(IV) oxide, which is acidic in
nature.

Tin can also react with oxygen to form tin(IV) oxide. The tin(IV) oxide formed can
undergo two reactions as shown below:

Sn0, (s) + 2NaOH (aq) + 2H,0 (1) — Na,[Sn(OH)g] (aq)
Sn0, (s) + 2H,S04 (aq) — Sn(SO4)s (aq) + 2H,0 (1)

Suggest the nature of tin(IV) oxide.

(ii) Hence, describe the trend of one chemical property for Group IV elements down [1]
the group.

examguru 2017 69



(d) Describe the procedures required to obtain pure, dry silicon(lV) oxide from a mixture

6

of silicon(lV) oxide and tin(IV) oxide.

[9 Marks]

A3 The strength of an acid can be indicated by its dissociation constant. The larger the
dissociation constant value, the stronger the acid. The dissociation constant for some acids

are given below.

Type of Acid Acid Dissociation constant, K,
Inorganic Hydrochloric acid, HC/ 1.3 x 10°
Nitric acid, HNO3 2.5x 10’
Organic Methanoic acid, HCOOH 1.8 x10*
Ethanoic acid, CH;COOH 1.75 x107°
Propanoic acid C,HsCOOH 1.34 x10°
Oxalic acid, HOOCCOOH 5.9 x10

(@ (i)

Using the table above, compare and comment on the general difference in the [2]
dissociation constants of organic and inorganic acids. Explain the difference in

values with reference to the extent of dissociation.

(ii)

Referring to the K, values of methanoic acid, ethanoic acid and propanoic acid,

describe the trend in strength within the carboxylic acid homologous series.

examguru 2017
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(b) Excess magnesium was added to 100 cm® of 1 mol/dm® aqueous methanoic acid. The
time taken for the metal to produce hydrogen gas was measured and a graph was
plotted as shown below.

examguru 2017

Volume of
H:/ dm?

1.2 —

» Time/s

This experiment was then repeated using different dilute acids, but keeping all the
other conditions the same.

(i)

(ii)

(iif)

(iv)

On the same diagram, sketch a graph of the reaction when propanoic acid is
used. Label this graph as A.

On the same diagram, sketch another graph of the reaction using nitric acid.
Label this graph as B.

On the same diagram, sketch another graph of the reaction using oxalic acid.
Label this graph as C.

Another student carried out the experiment with magnesium and oxalic acid
dissolved in methylbenzene. Write down the observation. Explain your answer.

[12 Marks]

[2]

[2]

[2]

[2]
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The flow chart below shows a series of chemical tests involving substances A to E.

Add excess
Add excess agueous L.
dilute acid A Pale green NaOH Green precipitate C
Black solid > solution B »| insoluble in excess
Add aqueous

Add acidified aqueous

AgNQ; solution NaMnQO, solution

Pale green solution and Yellow solution

white precipitate D

Add aqueous Kl

Brown solution and black solid E

Give the chemical formula of substances A to E.

[3]
A: B: C:
D: E:
Write down the ionic equation for the formation of precipitate C. [1]

[6 Marks]

When 3.10 g of copper(ll) carbonate is added to 100 cm?® of 49.0 g/dm? dilute sulfuric [2]

acid, calculate the maximum volume of carbon dioxide that can be produced,
measured at room temperature and pressure.
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If only 400 cm® of carbon dioxide is obtained from the reaction in part a, what is the [1]
percentage yield of the reaction?

Using the collision theory, explain how an increase in temperature will affect the rate of [2]
reaction in part a.

[5 Marks]
Pure titanium is extracted from its ore, rutile - TiO,.
Rutile is first reacted with chlorine at 1000°C to produce titanium(IV) chloride and

oxygen gas. The titanium(lV) chloride formed is then cooled and collected.

(i) Construct the chemical equation for the reaction above. [1]

(i) Which is the oxidizing agent in the reaction above? Explain your answer using [2]
oxidation states.

Titanium(lV) chloride is then reacted with magnesium at 1100°C in a sealed reactor
which is filled with argon gas. Titanium is then obtained at the end.

(i) Name the type of reaction that occurred in part b. [1]
(ii) Other than magnesium, suggest another metal which could be used in part b. [1]
9
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(iiif) Why is argon gas used to fill the sealed container instead of air? [2]

¢ Aluminium can also be added into titanium to form an alloy to increase the overall
strength of the metals.
In terms of structure, explain how the addition of aluminium strengthens titanium. [2]
[9 Marks]
10
examguru 2017
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Section B
Answer all the three questions in this section.
The last question is in the form of an either/or and only one of the
alternatives should be attempted.

B7 Below shows a schematic diagram of the carbon cycle. The diagram contains environmental
features such as plants, factories and oceans which contribute to the removal and release
of carbon dioxide to the atmosphere. The amount of carbon dioxide removed or released
are represented by numerical values on the diagram. The changes are measured in billions
of tonnes of carbon dioxide per year.

Carbon dioxide in the atmosphere

A |
>|T DelL'?r;\l:)f Changes in Lost from seas
\I 'anl' P2‘20~ land use and oceans
re“pl‘g;'o“ Photosynthesis 2 Burning fossil 330
4b7 fuels
Changes in 20 . L
T i | Solution in seas
5 and oceans
— 337
MJ G‘ e SN T . S W W
A,?fr 4K \

(@ (i

(ii)

Sources of carbon dioxide contributors are not only limited to the features shown
above. Suggest another source of carbon dioxide emission which is not
included in the carbon cycle diagram.

A carbon sink is an environmental feature that has a tendency to trap and store
large amounts of carbon.

From the numerical data above, identify an environmental feature that is the
most effective carbon sink on land. Explain your answer using values from the
diagram.

(iiif) Write a chemical equation to show how the environmental feature in part (a)(ii)

examguru 2017

trap and store carbon.

[1]

[2]

[1]

11
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(b)

(c)

examguru 2017

12

Ocean acidification is one of the top environmental issues today. Ocean acidification
refers to a decrease in the pH of the ocean over an extended period of time.

(i) Using numerical data from the carbon cycle diagram, explain how oceans are
being acidified.

(ii) The burning of fossil fuels such as coal also releases another gas that
contributes to ocean acidification. Name this gas.

(iiif) What chemical can be used by factories to remove the gas in (b)(ii)?

(iv) Write the chemical equation for the reaction in (b)(iii).

Many marine organisms produce calcium carbonate structures and use them as a form
of shelter. Suggest how ocean acidification will affect these organisms.

[10 Marks]

[2]

[1]

[1]

[1]

[1]

12
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B8 The Haber process produces ammonia from the reaction between nitrogen and hydrogen.

It be carried out at various temperature and pressure to obtain different yields of ammonia
as shown in the graph below.

(a)

(b)

examguru 2017

Yield of amonia (%)

13

N, + 3H,<==2NH,

From the graph, describe the relationship between temperature, pressure and the yield

of ammonia.

100 200

300 400

Pressure (atmospheres)

(i) Calculate the enthalpy change for the Haber process using the bond energies

given below.

Type of bond | Bond energy (kJ/mol)
H-H 432
N-H 391
N-N 160
N=N 418
N=N 941

[2]

[2]

13
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(ii)

(c) (i)

(ii)

examguru 2017
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From the answer in b(i), explain why the reaction is exothermic or endothermic in
terms of bond breaking and bond formation.

State the conditions commonly used by industries to carry out the Haber process.

With the aid of a labelled energy profile diagram, explain how a catalyst affects
the rate reaction in the Haber process.

[10 Marks]

[2]

[1]

[3]

14
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15

B9 Copper extracted from the blast furnace can be further purified or refined using electrolysis.
A student tried to carry out this process and set up an experiment as shown below.

(@ (i)

(ii)

examguru 2017

G

>
N

Pure Impure
Copper Copper

Agqueous silver
- nitrate solution

. J

The student failed to extract copper from the impure copper. State two changes
that have to be made to the set up above for the purification process to be carried
out properly.

If the anode in the student’s set-up is changed to graphite, what will be
observed at the anode and what happens to the pH of the electrolyte after some
time?

[2]

[2]

15
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(b) There are various forms of cells that can be used to generate electricity. Below shows
the schematic diagram of a direct ethanol fuel cell (DEFC):

+ H,0
|

f 0, (air)
e ! I

H+
Electrolyte Electrolyte B

HY -

= =) 10

(=) (+)
Porous
Membrane

The half equation at the anode is:
C,Hs0H + 3H,0 - 12H" + 12e” + 2CO,

The half equation at the cathode is:
O, +4H" + 4" > 2H,0

(i) Construct the overall equation for the reaction occurring in a DEFC.

(ii) If 4.00 moles of electrons flow through the electrical appliance, what is the
maximum volume of carbon dioxide gas, at room temperature and pressure, that
can be produced by the DEFC?

(c) Hydrogen can also be used in a fuel cell, state one advantage and one disadvantage

of using hydrogen instead of ethanol in a fuel cell.

[10 Marks]

examguru 2017

[2]

[2]

[2]
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OR

B9 Vitamin A, also known as retinol, is important for eye health and vision. Retinol has the
following structure:

sl gy g
| Il | | | |
H> C H H H H
H /C\ CH;
H H

(@) () How many moles of aqueous I, can react completely with 1 mol of Vitamin Ain [1]
the dark?

(ii) Vitamin A (Retinol) is oxidized in the body to form retinoic acid, which helps to
maintain skin health and bone growth.

Describe a chemical test that could be used to distinguish retinol from retinoic [2]
acid. State the corresponding observations.

17
examguru 2017
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(b) Organic compound P has the general formula C,H,,. It can undergo a series of [7]
chemical reaction to form compound Z as shown in the chart below.

(i)

P:

examguru 2017

Organic Compound P

18

Ni catalyst

ReagentA heat,

(General Formula: C H,,)

Steam,
H;PO, catalyst,
300°C, 65 atm

Organic Compound $

Reagent B,
Warm

Organic Compound X

Organic Compound Q

Cly(g)
UV light

CH,Cl

+

CompoundR

Organic Compound Y
(Functional Group: -NH,)

\ Condensation /

)

Organic Compound Z
(Molecular Formula CsH,;NQO)

Identify and draw the full structural formulae of compounds P, Q, and R.

Q:
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(i) What is reagent A? [1]

(iii) If compound S and compound X can react together to form a sweet smelling [1]
liquid, what is the name of reagent B?

(iv) What is the name of the sweet smelling liquid formed from compound S and [1]
compound X?

(v) Using information from the flow chart, write down the structural formula of [1]
compound Y.

[10 Marks]

End of Paper 2

19
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Mark scheme for Sec 4 Prelim 2016 Paper 2

Section A (50 marks)

A1

ai

Separating funnel

aii

Filtration

aiii

Sublimation

aiv

1. Separating funnel,
2. Fractional distillation

bi

0.75

bii

Yes, X has different solubility
in different solvents,

biii

Horse C / Horse 5
Dermorphin / Demorphin

biv

To make the spots visible/seen.
OR
reveal/locate or identify the position of the spots.

Tin has giant metallic structure/has metallic bonds.
consists of cations in a sea of delocalized electrons
The electrons are mobile

Each tin atom

uses all 4 of its valence electrons / all valence electrons used for
covalent bonds/bonding

no mobile electrons to conduct electricity

ci

Amphoteric

cii

Down group IV, the elements become more metallic in character.
Down group IV, the elements turn from non-metal to metal.
Down group IV, the elements reducing property increases.

Down group IV, the oxides formed turn from acidic to amphoteric.
Down group IV, the oxides formed become more basic.

Add excess
Aq or dilute nitric acid/sulfuric acid/hydrochloric
Filter the mixture to obtain the residue

Wash the residue with distilled water (if wash with wrong solution, do not award)
Dry between sheets of filter paper

A3

ai

Inorganic acids have larger dissociation constants than organic acids.
OR

Organic acids have K, values that are less than 1 [0.5]

Inorgannic acids have K, values that are more than 1 [0.5]

Inorganic/strong acids dissociates completely

examguru 2017
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Organic/weak acids dissociates partially

aii

As the number of C atoms increases within the series or down the series
the acids become weaker / strength decreases.
Because K, value decreases

bi

Gentler initial slope,
volume of H, at 1.2 dm?®

bii

Steeper initial slope,
volume of H, at 1.2 dm?®

biii

Steeper initial slope than methanoic acid but gentler than initial slope of nitric acid,
max volume of H, at 2.4 dm?

biv

No visible change/no gas evolved/no effervescence (no reaction not accepted)
Oxalic acid does not ionize in methylbenzene

OR only ionizes in water

to form mobile H ions

Hence it does not display acidic properties / does not behave like an acid

A4

A: HCI B: FeCl, C: Fe(OH),

D: AgCl E: I,

Fe? + 20H > Fe(OH),

A5

No of mol of CuCO3 =3.1/124 = 0.0250 mol
No of mol of H,SO4 = 49/98 x 0.100 = 0.0500 mol

CuCQO; is the limiting reagent

No of mol of carbon dioxide formed = 0.0250 mol
Volume of carbon dioxide formed = 0.6 dm?®

% vyield = 0.4/0.6 x 100% = 66.7%

Particles will have more kinetic energy,

Proportion of particles with energy equal to or more than E, increases.
Greater frequency of collisions

Greater frequency of effective collisions

Faster rate of reaction

A6

ai

TiO; + 2Cl, = TiCls + O,

aii

Cl, is the oxidising agent.

The oxidation state of chlorine decreased from
0in Cly

to -1in TiCl,.

Therefore, Cl, is reduced.

bi

Displacement / Redox

bii

Any metal above Mg in the reactivity series

biii

Argon is a noble gas/noble gas configuration.
It is inert (unreactive not accepted)
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Prevents Ti from oxidizing back into TiO,

OR

Prevents Ti from reacting with air or O,

OR

Prevents the more reactive metal from reacting with air or O,

Different sized atoms

Disrupts the

regular arrangement

Layers unable to slide over each other (“layers” must be included)

Section B (30 marks)

B7 | ai

Any 1 of the following:
Combustion of fuel in
cars/aircrafts

Animal Respiration
Decay of dead animals

aii

Plants take in 407

but give out 183
and 220

billions of tonnes.

OR
Overall, plants absorb 4 (award Om only if ans is 224)
billions of tonnes.

aiii

6CO, + 6H,O > CeH1206 + 60,

If 6CO, + 12H,0 > CgH 1,06 + 60, + 12H,0, minus 1/2m (not balanced)

bi

Oceans take in 337

but only give out 330
billions of tonnes.

OR
Overall, oceans absorb 7
billions of tonnes.

Carbon dioxide is acidic / form carbonic acid

bii

Sulfur dioxide

biii

CaO, Ca(OH),, CaCO;

biv

CaCO;+ SO, » CaS0; + CO,

OR

CaO + SO, » CaS0;

OR

CaCO3z+ H,SO; » CaS0O; + CO, + H,O
OR

Ca(OH), + SO, » CaSO;+ H,O

Acids can react with/corrode/remove/destroy the carbonate structures

examguru 2017
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B8

The higher the temperature, the lower the vield
The higher the pressure, the higher the vield

bi

941 + 3(432) OR (+2237)
-6(391) = OR (-2346)
-109
kd/mol

bii

The energy absorbed to break bonds (used or required = Om)

Is less than

the energy released to form bonds (used or required = Om)

Hence, energy is given out to the surroundings/ the reaction is exothermic
OR hence AH is negative

ci

Iron, 400°C, 200 atm

cii

Correctly labelled axis

Correctly drawn and labelled reactants and products

Correctly drawn and labelled E, (catalyzed) and E, (uncatalysed)
Correctly drawn curves (2 curves)

Provides an alternative pathway
With lower activation energy

B9
Eit
her

ai

Switch the polarity of the battery OR swap the positions of the electrodes
Change the electrolyte to aqueous copper(ll) nitrate/chloride/sulfate

aii

Effervescence is observed.

pH of the electrolyte decreases/ become more acidic

bi

C,HsOH + 3H,0 > 12H" + 12e” + 2CO, 30, + 12H" + 12e” > 6H,0

C,Hs0H + 3H,0 + 30, > 2C0O, + 6H,0
C2HsOH + 30, 2 2C0O, + 3H0

bii

Max no of mol of CO, formed =4 /12 x 2 = 0.6667 mol
Max vol of CO, formed = 0.6667 x 24 = 16.0 dm®

The only product of the hydrogen fuel cell is water
Ethanol fuel cell produces CO,

Hydrogen gas needs to be liquefied

B9
OR

ai

4 mol

aii

Warm and acidified

potassium manganate (VII) solution will
turn from purple to colourless

when added to retinol

Effervescence OR colourless gas
Water
when a reactive metal (must state the metal eg Zn, Mg, etc)

examguru 2017
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OR
aqueous sodium carbonate

is added to retinoic acid.

bi

T
I

II— n0—>I
I

O — I

O — I

R:

H—Cl

bii

Hydrogen gas or H,

biii

Acidified
Aqueous potassium manganate(VII)

biv

Propyl propanoate

bv

CH3;CH,NH,
OR
C,HsNH,

examguru 2017
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1. Hydrogen chloride gas is very soluble in water, whereas chlorine gas is only
slightly soluble in water. Which diagram below shows the correct method to
obtain dry chlorine gas from damp chlorine gas containing a small amount of

hydrogen chloride gas?
damp

—>

Chand >
HCI

=T
X

concentrated
sulfuric acid

o damp

Cl2 and —»

HCI

concentrated

sulfuric acid

water

damp
B Chkand —
HCI I
(_‘5:5'/: :3:3:% ZE:Z:Z: ,'C:Z:Z?—\
water concentrated
sulfuric acid
D damp
Clz and—>
HCI

concentrated
sulfuric acid

2. J,K, L, Mand N are five different mixtures of amino acids.
The diagram shows a chromatogram of these five different mixtures.

A protein is made up of all the amino acids found in these five mixtures. How

many different amino acids are present in the protein?

4 ]
] []
L] ] |
' ' ' starting
solvent H . line
flow
Mixture: J K M N
A 0
B 4
C 5
D 12
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3.
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A mixture containing equal volumes of hexane (boiling point, 68°C) and heptane
(boiling point, 98°C) is separated using the apparatus shown below.

mixture
of liquids

When the temperature first shows a steady reading, at which labelled point will
there be a highest proportion of hexane?

Solid samples of ammonium chloride, lead(II) chloride and potassium chloride
were accidentally mixed together. Which of the following outline the best
method to obtain the pure dry sample for each substance?

dissolving, filtration, sublimation, crystallisation
dissolving, filtration, sublimation, evaporation
sublimation, dissolving, filtration, crystallisation
sublimation, dissolving, filtration, evaporation

ooOow>»

Page 3 of 20
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5.

examguru 2017

The apparatus is set up, using different gases in the two inverted beakers.

gas 1 gas 2
air / [
sorous beaker porous
pot & U pot

water

Which pair of gases would cause an upward movement of the water level at U?

gas 1 gas 2
A N2 F2
B N2 H2
Cc Cl2 F2
D Clh H2

The three main components of liquid air are nitrogen, oxygen and argon. Their
respective boiling points are:

Nitrogen -196°C
Oxygen -183°C
Argon  -186°C

Liquid air can be separated into its three main components by fractional
distillation. The graph shows the temperature of a liquid air mixture as it is

heated.
Q R
oP
u fy"’—/

i

Temperature (°C)

Time {minutes)
In section N of the graph, the mixture remaining consists of

A liquid oxygen only.
B  liquid nitrogen only.
C liquid argon and oxygen only.
D liquid argon and nitrogen only.

Page 4 of 20
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7. When chocolate is heated, it softens and melts over a range of temperatures.
Which statement explains this behaviour of chocolate?

It is a mixture.

It is @ macromolecule.

It expands before melting.

It forms other substances when heated.

ooOw>

8. A beam of particles contains Na*, K* and Ar. The beam is passed between
charged plates.

Which diagram shows how the particles are affected by the plates?
A B
+ve +ve
J_ K+ J— Na*

Beam of Ar Beam of Ar
particles particles

Na* K*

Beam of Ar Beam of
particles particles

K+

—|:/e Na*

9. Anelement Q has x neutrons and y protons. Which of the following symbol can
be used to represent the ion of Q if it belongs to group VI?

A x* )3/’ Q2
B ,Q2
c e
D yQ*

Page 5 of 20
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10. Which of the following diagrams correctly represent a mixture of element(s) and
compound(s)?

A B —
o “ep °| |@ & g
&° o @ @o O
o0

AP

C D
O & S .
0 g P | | EoEOo0dH

11.  Which of the following correctly shows the colour change when sulfur dioxide is
bubbled into acidified KI and acidified KMnO4?

effect on KI effect on KMnOg4
remains colourless changes from purple to colourless
remains colourless changes from colourless to purple

changes from colourless to brown | changes from purple to colourless
changes from brown to colourless | changes from colourless to purple

o0 w>»

12. Ethanoyl chloride has the following structure.

H 0]

|

H—C— c//
I \
H cl

What is the total number of electrons not used for bonding?

10
14
16
26

ooOw>»

Page 6 of 20
examguru 2017



13. Element C, D and E are three consecutive members in the Periodic Table. Given
that C is in group VII of the Periodic Table, which of the following statement is
true for the compound formed between C and E?

The compound formed is soluble in ethanol.

The compound formed has a simple molecular structure.

The compound formed has a high melting point and boiling point.
The compound formed can conduct electricity due to mobile
electrons.

ooOow>»

14. The models and formulae for some molecules are shown below.

OO0

XY2 YZ2

Which is the correct model for a molecule of the compound formed between X

S ee o,
Ceoe L0,

15. Xis a metal which reacts with cold water and its oxide is stable to heat. Which
of the following methods is most suitable to extract X from its ores?

electrolysis of its molten chloride

reduction of its oxide with carbon

electrolysis of its aqueous chloride solution
displacement from its aqueous chloride solution with iron

ooOow>»
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16. An oxide has the following properties:

e insoluble in water
e reacts with acids
e does not react with alkalis

Which of the following elements forms an oxide with these properties?

ooOw>

copper
sodium
sulfur
zinc

17. The table gives information about the solubilities of the hydroxides, carbonates
and sulfates of calcium, sodium and zinc.

hydroxide carbonate sulfate

calcium slightly soluble insoluble slightly soluble
sodium soluble soluble soluble
zinc insoluble insoluble soluble

What is the best way of making zinc carbonate?

A

B
Cc
D

Shake solid zinc hydroxide with aqueous sodium hydroxide and pass
in carbon dioxide.

Shake solid zinc sulfate and solid calcium carbonate with water.
Shake solid zinc sulfate with water and add aqueous sodium
carbonate.

Shake aqueous zinc sulfate with solid calcium hydroxide and pass in
carbon dioxide.

18. The labels fell off from two bottles each containing a colourless solution, one of
which was aqueous lead(II) nitrate and the other was aqueous aluminium nitrate.
Which of the following tests could be used to distinguish between the two

solutions?

1 addition of dilute hydrochloric acid

2 addition of aqueous sodium sulfate

3 addition of aqueous potassium iodide
4  addition of aqueous sodium hydroxide

ooOw>
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1and 2
2and 3
3and 4
1,2and 3
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19. A 100g sample of copper oxide was analysed. The results of the analysis are
shown in the following graphs.

100~ 100
801" 80
60 60
40[- 40}
20 . 20
0 0
Cu ‘ 0 Cu 0
Percentage proportion of atoms Percentage proportion by mass

These data suggests that the formula for copper oxide is

CuO
Cu20
CuO2
Cu203

ooOw>

20. Which of the following contains the same number of ions as the value of
Avogadro’s constant?

0.25 mol Na3POa
0.50 mol CO
0.50 mol Cs20
1.00 mol CaO

ooOow>»

21. Which of the following statement(s) correctly describes the information
necessary for finding the concentration of an unknown monobasic acid by
titration with KOH?

1 The concentration of the base.
2  The volume of acid.
3 The volume of the base used to reach the end-point.

1 only

1 and 3 only
2 and 3 only
1,2and 3

ooOow>»
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22. The formula of a nitride of element X is X3sNo.
23.8 g of X3N2 contains 4.5 g of X.
How many moles of X does 4.5 g of the element contain?

A 19.3 xz B 19.3 XE
14 3 14 2
C 23.8xz D 23.8X§
14 3 14 2

23. In an electrolysis experiment, the same amount of charge deposited 14 g of iron
and 6.875 g of manganese. The charge on the iron ion was 2+.
[Ar: Mn, 55; Fe, 56]

What was the charge on the manganese ion?

1+
2+
3+
4+

ooOw>

24. Two cells were set up as shown in the diagram. The arrow shows the direction
of electron flow in the external circuit.

—f —

metal
metal
metal P Q Q metal R

dilute
nitric
acid

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

metal P metal Q metal R
A Ag Cu Zn
B Ag Zn Cu
C Cu Zn Ag
D Zn Cu Ag

Page 10 of 20
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25. A simple cell was set up to light up a bulb, as shown in the diagram.

4®7

i
X JL—Y

What should X, Y and Z be for the bulb to light up the brightest?

X Y V4
A lead zinc dilute salt solution
B lead iron dilute sugar solution
C silver zinc dilute salt solution
D silver iron dilute sugar solution

26. When electrolysed using inert electrodes, which dilute solution would produce
the greatest increase in mass of the cathode?
[Ar: Pb, 207; Cu, 64; K, 39; Ag, 108]

___—inert
electrode
A B Cc D

lead(II) copper(II) potassium silver
nitrate chloride sulfate nitrate

27. Which substance is not an essential raw material in the extraction of iron in a
blast furnace?

A air B coke
C limestone D sand

Page 11 of 20
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28. Commercially available ‘cold packs’ and ‘heat packs’ use reactions to cause a
change in temperature.

One type of pack consists of two bags; an inner bag containing water, and an
outer bag containing ammonium nitrate. When the inner bag of water is broken
by squeezing the package, water that is released dissolves the ammonium
nitrate. When this occurs, the temperature of the solution decreases.

Based on the information provided, ammonium nitrate is used in a

cold pack because it undergoes an exothermic dissolution process.
cold pack because it undergoes an endothermic dissolution process.
heat pack because it undergoes an exothermic dissolution process.
heat pack because it undergoes an endothermic dissolution process.

ooOow>»

29. The diagram shows the energy profile for a chemical reaction.

A [
M)ducts

r 3

energy Ea AH

reactants

Y

progress of reaction

What is the effect of a catalyst on Ea and AH?

Ea AH
A decreases decreases
B decreases no change
C no change decreases
D decreases increases

Page 12 of 20
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30.
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The effect of temperature and concentration on the rate of reaction between
excess solid zinc carbonate and dilute nitric acid was investigated. The table
below shows the conditions used for the two experiments, P and Q.

experiment | temperature | concentration of volume of acid
/°C acid /moldm-3 used /cm?3
P 35 2.00 50
Q 25 1.00 150

The volume of gas given off was plotted against time. Which one of the following
graphs shows correctly the results obtained in experiments P and Q?

A (s2)

e

o

o)

®©

=2 Q

(V-

(o)
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e
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(@)
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Time

c
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Y

o)

(0]

£

=)

o

>
Time
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31.

32.

33.
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A little powdered limestone is added to excess hydrochloric acid in a beaker and
the mass is recorded at various times. The graph below shows the result.

Electronic 4
balance
reading/g

»

» Time/min

Which statement about the section of graph labelled X is correct?

ooOw>

Germanium (Ge) is in the same group of the Periodic Table as carbon and

No more gas is being produced.
Half the limestone has been used up.
Half the hydrochloric acid has been used up.

The rate of reaction has reached its maximum.

silicon. Which is the correct formula for its chloride, hydride and oxide?

chloride hydride oxide
A GeCl GeH GeO
B GeCl GeHs GeO2
C GeCls GeH GeO
D GeCls GeHs GeO2

Part of the Periodic Table is shown. The letters are not the symbols of the

elements.

Period Group
I Il 1| v VI | VI
1
V| W X
3 Y V4

Which statement is correct?

OO w>

V is more reactive than Y.
W has more metallic character than V.
Y has a lower melting point than V.

Z is more reactive than X.

Page 14 of 20

102



34. The diagram compares the proportion of carbon in two steels, P and Q.

proportion
of carbon

Which two diagrams correctly compare the strength and brittleness of P and Q?

4

A

A A
A strength brittleness
P Q
A A
B
P Q
A A
strength brittleness
C
P Q
A A
strength brittleness
D
P Q

examguru 2017
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35. A sample of air is slowly passed through aqueous lithium hydroxide and then
over heated copper as shown below.

air in—s

-— agueous lithium
hydraxide solution

Which substances will not be found in the composition of air after passing
through this experimental setup?

oxygen and nitrogen

oxygen and carbon dioxide
water vapour and nitrogen

water vapour and carbon dioxide

ooOow>»

36. The diagram shows a fractionating column used for the separation of crude oil.

fractionating

colur;’n_,?—* A

=

petroleum e e ie~~D

métfml

furnace —

[S—

Which of the following statement is correct?

A burns less easily than D.

B has a higher viscosity than E.

C has a higher boiling point than F.
D is more flammable than G.

ooOow>»
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37. Mothballs are small balls of chemical pesticide and deodorant used when storing
clothing and other articles susceptible to damage from mould or moth larvae.
The main ingredient of traditional mothballs is naphthalene which has the

following structure.

Which of the following about naphthalene is likely to be incorrect?

It is an unsaturated hydrocarbon.

It can be represented by the empirical formula CsHa.

It undergoes complete combustion to form carbon dioxide and water.
When it boils, the carbon-carbon and carbon-hydrogen bonds are

broken.

ooOw>

38. Five structural formulae are shown below.

H H i H H
H-G-H H-C-H  H-C-H H-C-H H-C-H

N n | I | v oy
H-C-H  H-C-H  HC—CH H-C C-H H-C——C—C-H H-C——C~—C-H

| " | I 0 ‘ ' Heol A R
H-(a:_(::—_(l:'” H-(I:-H H-(I:—H H—$—H H-(l:-H H ?—H

H H H H H H H H

1 2 3 4 5

Which of the compounds are isomers?

A 1 and 4 only
B 4and5only
C 1, 2 and 4 only
D All of the above

Page 17 of 20
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39.

40.
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The diagram shows how useful products can be obtained by cracking long
chain hydrocarbons.

Substance P used as a
rocket fuel
. - Substance Q used to
heat with
Long chain eat » make plastics
Hydrocarbons catalyst \
other products
substance P substance Q
A ethanol ethane
B ethanol ethene
C hydrogen ethane
D hydrogen ethene

Part of a polyester chain is shown below:
O O O O
| |
—C—[E—c—o—{_—o—c—Em—c—o—{_}—o—

Which compound, when added to the reactants during polymerization, would
stop the polymer chain from becoming too long?

(0] O
A I I
H—o—Cc— (Cc—O—H
B
H— O0— L 0—H
O
C I
H—0—C— —O0—H
D —O0—H

- End of Paper 1 -
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A1

A2

Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

The table shows the name of some compounds and their reactions with a few
drops of aqueous sodium hydroxide and acidified barium nitrate.

Reaction of aqueous solution with a few
Colour of
Formula of drops of
aqueous - PSTTrT -
compound - aqueous sodium acidified barium
solution . .
hydroxide nitrate
blue precipitate white precipitate
Fe(NOs3)2 pale green
KI no precipitate 3]

Complete the table by filling in the missing blanks above.

[Total: 3]

The manufacture of sulfuric acid is described below.
step 1: Sulfur in burnt in excess air to form sulfur dioxide.
S(s) + O2(g) = SO2(9)
step 2: Sulfur dioxide reacts with more oxygen to form sulfur trioxide.
2S502(g) + O2(g) = 2S0s3(g) AH = -196kJ/mol
step 3: Sulfur trioxide is dissolved in concentrated sulfuric acid to form oleum,
H2S207.

H2S0a4(l) + SO3(g) = H2S207(!)

step 4: Oleum can then react safely with water to produce concentrated sulfuric

acid.
H2S207(1) + H20(1) > 2H2S04(l)

Page 2 of 14
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(a)

(b)

(c)

examguru 2017

Is step 3 a redox reaction? Use ideas about oxidation states to explain your
answer.

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

State one factor which can increase the rate of reaction for step 1. Using the
idea of collisions between reacting particles, explain how this factor increases
the rate of reaction.

............................................................................................... [3]
(i) Complete the energy profile diagram below for the reaction of sulfur
dioxide and oxygen to produce sulfur trioxide. The activation energy
for this reaction is 2200 kJ/mol.
Label clearly the reaction enthalpy change and the activation
energy.
A
Energy/
-1
KImol 550, + 0,
[3]
progress of reaction
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(ii) State the values of the enthalpy change and the activation energy
of the reverse reaction.

Ea= kJ/mol [2]

[Total: 9]

A3 During the electrolysis of some aqueous salt solutions using inert electrodes,
hydrogen gas is produced at the cathode. The graph below shows the volume of

hydrogen gas collected in 1 hour at different voltages when different solutions were
used.

Volume of hydrogen/cm?
A

& Seawater

K,HPO, (0.3 mol/dm?)

MgSO, (0.3 mol/dm?)

MgSO,{0.1T mol/dm?)
¢ K,HPQ,(0.1 mol/dm?)

[ Voltage/V
0 10 20 30 40 50 )

(a) Using the graph above, state the relationship between the concentration of the
solution and the volume of hydrogen gas produced.
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(b) (i) Write the half equations for the electrolysis of aqueous magnesium
sulfate.

(7= 1 0 o [
ANOA . s [2]

(ii) Use the information from the graph to calculate the volume of gas formed
at the anode at room temperature and pressure when the electrolysis
was carried out at 40 V using 0.3 mol/dm?® aqueous magnesium sulfate.

[3]

(c) A student conducted another electrolysis experiment using distilled water at
different voltages.
(i) Sketch a graph of the volume of hydrogen against voltage for the
electrolysis of distilled water.

Volume of hydrogen/cm?
A

! » \Voltage/V
0 | P
20

Page 5 of 14
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(ii) Explain your answer in c(i).

....................................................................................... [2]
[Total: 9]

A4 Chlorofluorocarbons (CFCs) are organic compounds that contain only carbon,
fluorine and chlorine. When CFC molecules diffuse high up into the atmosphere,
they destroy the ozone molecules which are present in the stratosphere, a layer of
atmosphere at about 20-50 km above the Earth.

A list of some CFCs in current use and their possible replacements is given.

‘ | code potential for destroying the
ormuia number ozone layer (scaled)
compounds in CCIsF 11 1.00
current use
CCIoF2 12 1.00
possible CHCIF2 22 0.05
replacement
compounds CFsCCl2H 123 0.02
CF3sCH2F 134a 0.00
CH3CCILoF 141b 0.12

(@) The most common form of CFCs is dichlorodifluoromethane, CCloF2.
(i) CCIlzF2 can be produced from methane. What type of reaction is used in
the production process?
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(ii) Draw a ‘dot-and-cross’ diagram to show the bonding in a molecule of
dichlorodifluoromethane.

You only need to show outer shell electrons.

[2]

(b) Suggest a reason for the difference in the potential for destroying ozone
between compounds 134a and 152a and compounds 22, 123 and 141b.

[Total: 4]

A5 (a) Researchersin Europe and the United States have found acrylamide in certain
foods that were heated to a temperature above 120 °C. Potato chips and
french fries were found to contain higher levels of acrylamide compared to
other foods. The World Health Organisation and the Food and Agriculture
Organisation of the United Nations stated that the levels of acrylamide in foods
pose a risk to human health. Acrylamide has the following structure.

H\C:C/H
H” “CONH,

(i) Acrylamide readily polymerises to polyacrylamide. Draw the structural
formula of the polymer formed.

[1]
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(ii) Foods are commonly stored in food containers. One common polymer
used for such purpose is poly(3-hydroxybutyrate-co-3-hydroxyvalerate),
commonly known as PHBV. It is a type of polyester that is obtained from
renewable sources and is biodegradable. The structure of this polymer is

shown below.

CH; o CH.CH; ©

. Ll

O——HC——CH,C——0——CH—CH.C——

Draw the structural formulae of the two monomers used to make PHBV.

[2]

(iii) Describe two differences between addition and condensation
polymerization.

Page 8 of 14
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(b) Acrylamide hydrolyses to form acrylic acid. The structural formula of acrylic
acid is shown below.

H -
Jc=cl
K COOH

(i) What is observed for the reaction between acrylic acid and aqueous
bromine?

(if) Write the equation for the above reaction, showing the structural formulae
of the organic compounds.

[1]
[Total: 7]

A6 30 cm? of 1 mol/dm?3 hydrochloric acid is added to four different test tubes containing
substances A to D. The results are recorded in the table below.

Substance | Appearance Gas produced Colour of
of solution formed
substance
A green solid gas formed white precipitate pale blue
with limewater.
B silvery solid gas extinguished a lighted colourless
splint with a ‘pop’ sound.
C black solid no gas produced pale blue
D reddish no visible change
brown solid

(@) Suggest the name of substance A and write down a balanced chemical
equation for the reaction between A and dilute hydrochloric acid.

Page 9 of 14
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(b) (i) Substance D is a metal. State two observations when B is added to

(c)

examguru 2017

a chloride solution of D.

(if) Use the information in the table to explain why these changes occur.

Substance C is impure copper(Il) oxide. The mass of C in the test tube
is 3 g. To test for the purity of substance C, the following is carried out. It
is assumed that the impurities do not react with dilute hydrochloric acid.

(i) The excess hydrochloric acid that did not react with C was titrated
with 1 mol/dm? of dilute sodium hydroxide. The average volume of
sodium hydroxide required for the titration was 10.00 cm3. Calculate
the number of moles of excess hydrochloric acid and hence,
calculate the number of moles of hydrochloric acid that has reacted
with substance C.

Page 10 of 14
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(ii) The reaction between copper(Il) oxide and hydrochloric acid is
given by the equation below.

CuO + 2HCI > CuClz + H20

Calculate the percentage purity of C in the test tube.

[3]

[Total: 12]

A7 Coal-burning power stations generate large amount of heat from the combustion of
coal to convert water into steam which in turn drives turbine generators to produce
electricity. Flue gas that is produced contains sulfur dioxide and oxides of nitrogen.
These two gases cause acid rain.

Sulfur dioxide can be removed from the flue gas by several methods. One method
uses a ‘scrubber’ that contains wet compound X.

_r\

clean gas (mainly carbon
dioxide and air)

X and water
r(—

S—-

purification |
chamber

flue gas

chimney
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(a) Identify compound X that is added to the purification chamber to remove
sulfur dioxide and write a chemical equation to represent the reaction
between X and sulfur dioxide.

............................................................................................... [2]
(b) Oxides of nitrogen generally consist of a mixture of nitrogen monoxide and
nitrogen dioxide. In flue gas, nitrogen monoxide is the main component in the

oxides of nitrogen produced. Explain how nitrogen monoxide cause acid rain
even though it is a neutral oxide.

(c) Acid rain impacts farming greatly as it often causes the soil to be overly acidic
and results in the leaching of nutrients. In order to alleviate the effects of acid
rain, a farmer has been advised to treat the soil to reduce the acidity.

The table below gives the solubility of some calcium compounds.

calcium calcium oxide calcium
hydroxide carbonate
Solubility in immediately reacts with
water (g per 0.173 water on contact to form 6.17 x 104
100ml of water) an alkaline solution

Using the information in the table given, suggest why calcium carbonate is
less effective at reducing acidity than calcium hydroxide and calcium oxide.

[Total: 6]

- End of Section A -
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Section B

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

be attempted.

B8

Reactions can be classified as reversible or irreversible reactions.

Graph 1 shows how the concentration of reactants and products change with

time for irreversible reactions.

Reactants — Products

Graph 1
% — Products
S\ —
£ N _~
S ~No
© PN
b= e ~.
g 7 ~__ )
8 0 . : . Reactants
Time/min

Graph 2 shows how the concentration of reactants and products change with

time for reversible reactions.

Reactants = Products

Graph 2
i
|
@ I
S |
ko] I Products
o ! .
£ I
S I
el |
© I
= l Reacta!n_ts
@ |
Q [
[
o |
© |
0 ——— -
Equilibriurm Time/min

Many chemical reactions are reversible. An example of a reversible reaction is

the Haber process:

N2(g) + 3H2(g) = 2NHs(g)  AH = -92kJ/mol

Page 2 of 12
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If the above reaction takes place in a closed system (i.e. one whereby there is
no exchange of matter between the reaction mixture and its surroundings), a
dynamic equilibrium is reached when the rate of the forward reaction
(reactants — products) is the same as the rate of the backward reaction
(products — reactants). The concentrations of nitrogen, hydrogen and ammonia
remain constant when the system is in dynamic equilibrium.

Graph 3 shows how the concentration of N2, H2 and NH3 changes with time.

Graph 3

Concentration of H; \

Concentration of N, \
R

Concentration of NH; K Time
0 A B C D

Le Chatelier's Principle states that when the system in dynamic equilibrium is
subjected to a change in conditions such as temperature, pressure and
concentration, the system will respond in a way to counteract the effect of
change and re-establish the equilibrium.

For example, in a system that is in dynamic equilibrium, when the concentration
of nitrogen is increased, the position of the equilibrium will shift to the right to
favour the forward reaction. This results in an increase in the concentration
of ammonia at equilibrium while decreasing the concentration of the
nitrogen and hydrogen.

(a) Using Graph 1 and Graph 2, state and explain one difference between
reversible and irreversible reactions.
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(b) (i) On Graph 3, sketch a graph showing only the concentration of
NHs, to illustrate what happens when the reaction is carried out
at a lower temperature- Label this graph 1. [2]

(ii)  Explain the shape of graph I in terms of the position of equilibrium
and the rate of reaction.

(iii)  State the temperature used in the Haber process and explain
how this optimal temperature is selected.

[Total: 10]
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B9 Properties of elements across Period 3.

Table 1 shows the properties of the oxides formed by elements in Period 3.

Table 1
Element Formula Melting point of Boiling point of
of oxide oxide/°C oxide/°C
Na Na20 1132 1950
Mg MgO 2852 3600
Al Al203 2072 2977
Si SiO2 1600 2230
P P4Os 24 173
P4O10 340 360
S SO2 -72 -10
SOs 17 45
Cl Cl20 -121 2
Cl207 -92 82

(@) (i) Describe the general trend in the melting points of the oxides
formed by elements in Period 3.

(i)  Explain the trend in terms of structure and bonding.
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(b) Suggest a reason for the difference in the melting and boiling points
between the two oxides of sulfur.

(c) Table 2 shows the variation of atomic and ionic radius across Period 3.
Table 2
Element Atomic Simple lonic Number of
radius/nm ion radius/nm shells of
electrons in
simple ion
Na 0.191 Na* 0.102
Mg 0.160 Mg?* 0.072
Al 0.130 AR 0.054
Si 0.118 * - -
P 0.110 p3- 0.212
S 0.102 S 0.184
Cl 0.099 Cl 0.181
Ar 0.095 - - -

* Si does not form simple ions and thus the data is omitted from the table.

(i)

(ii)

Complete the table to show the number of shells of electrons
in the ions of period 3 elements.

[2]

Use the information from table 2 to explain why the radii of cations
are generally smaller than that of anions in the same period.

Page 6 of 12

124



(iii) Suggest why there is no value stated for the ionic radius of argon.

[Total: 10]

Either
B10 The table below shows a study of a precipitation reaction between dilute sulfuric
acid and aqueous calcium hydroxide.

Test tubes 1 to 6 contain different volumes of calcium hydroxide and dilute
sulfuric acid as stated in the table. To each test tube, two drops of methyl orange
indicator is added. Precipitation occurs in all the test tubes and after 10 minutes,
the height of the precipitate in each test tube is measured and recorded.

Test tube 1 2 3 4 5 6

volume of 0.50 mol/dm?3 5.0 5.0 5.0 5.0 5.0 5.0
of calcium hydroxide/cm?
volume of 1.00 mol/dm?3 1.0 1.5 2.0 2.5 3.0 3.5
of sulfuric acid/cm?®
height of precipitate/cm 2.5 3.0 3.5 4.0 4.0

(a) Write a balanced chemical equation, including state symbols, to represent
the precipitation reaction between aqueous calcium hydroxide and dilute
sulfuric acid.

.......................................................................................... [2]
(b) State the colour of methyl orange indicator in

testtUDE T L

testtUbe B: o [1]
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(c) Predict the height of the precipitate collected in test tube 6 after 10 minutes.
Explain your answer with the aid of calculation.

Prediction ..., cm

(d) (i) The electrical conductivity of the mixture in each test tube was
measured. Sketch a graph of electrical conductivity against the test
tube number.

Electrical
conductivity/uScm-’
A

» test tube number

[1]
(ii)  Explain your graph in (d)(i).

................................................................................. 3]

[Total: 10]
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Or

B10 Sulfamic acid, SO3sNHs, is a strong monobasic acid which melts at 205 °C before

examguru 2017

decomposing at higher temperatures.

Although acids speeds up corrosion of iron, they are also often used as cleaning
agents to remove rust. Sulfamic acid is commonly used as a replacement for
hydrochloric acid in removing rust. It does not react with hypochlorite based
products such as bleach to produce chlorine gas, unlike hydrochloric acid. In
general, the sulfamate salts of iron and calcium formed are water-soluble.

The table shows the comparison between using hydrochloric acid and sulfamic
acid to remove rust and limescale.

hydrochloric acid sulfamic acid
relative corrosivity on aluminium 5.3 1
relative corrosivity on copper 6.7 1
relative corrosivity on steel 4.2 1
cost per tonne US $200 US $500

* Relative corrosivity refers to the relative ease of corroding the metal.

(a) Describe what happens to the arrangement and movement of the
particles in sulfamic acid when dissolved in water.

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

(b) One student explains that sulfamic acid is a strong acid because there is a
high concentration of hydrogen ions present. Do you agree with this
statement? Explain your reasoning.

() (i) Explain why aqueous sulfamic acid can be used to remove rust.
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(d)

(ii) One way of protecting underground iron pipes from rusting is
through the use of sacrificial protection. Describe how sacrificial
protection works.

Use the information provided to discuss the advantage(s) and
disadvantage(s) of using sulfamic acid to replace hydrochloric acid in the
removal of rust.

[Total: 10]
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Marking Scheme for 2016 Sec 4 Prelim 3

Paper 1
1) |B 11) | A 21) | D 31) | A
2) |B 12) | D 22) | B 32)| D
3) |A 13) | C 23) |D 33)| C
4) |C 14) | B 24) | D 34) | A
5 |A 15) | A 25) | C 35) | B
6) |C 16) | A 26) | D 36) | D
7) |A 17) | C 27) | D 37)| D
8) |C 18) | D 28) | B 38) | C
9) |C 19) | B 29) | B 39)| D
10) | D 20) | A 30) | B 40) | D
Section A
A1 CuSOg; Blue [1]
Green precipitate; No precipitate [1]
Colourless; No precipitate [1]
A2 | (a) No.

The oxidation state of S, O and H remains the same at +6,
-2 and +1 respectively in both reactants and products.

[1]

Use powdered sulfur.
There are larger surface area for the particles to collide on,
thus frequency of effective collision increase.

OR

Increase the pressure.

There will be more particles per unit area, thus frequency
of effective collision increase.

OR
Increase the temperature.

The particles move faster and more particles have energy
greater or equal to the activation enerqy, thus frequency

of effective collision increase.

[1]
[1]
[1]

[1]
[1]
[1]

[1]
[1]
[1]

/

[3]
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AH = +196 kJ/mol
Ea = 2396 kJ/mol

[1]
[1]

A3

(@)

As the concentration increases, the volume of hydrogen
produced increases.

[1]

(b)

Cathode: 2H* (aq) + 2e = H2(g)
Anode: 40H" (aq) = 2H20 (/) + O2 (g) + 4e

[1]
[1]

Mol of H2 produced = 0.02/24 = 0.0008333 mol

Mol of e = 0.0008333*2 = 0.001667 mol

Mol of O2 = 0.001667/4 = 0.0004167 mol

Vol of O2 = 0.0004167*24 = 0.0100 dm3 or 10.0cm?
Can accept (18 to 20 cm?)

Ans: 9.00cm? to 10.0 cm?3

[1]
[1]

[1]

Vol of H2 = 0 cm? (horizontal line)

[1]

Distilled water contains very few ions/no mobile ions and
thus is a poor conductor of electricity.

Hence, no electrolysis occur and thus no hydrogen gas is
produced. /No discharge of H* ions.

[1]
[1]

A4

Substitution

[1]

e

2]

Compounds 134a and 152a do not contain chlorine atoms
which react with ozone molecules.

[1]
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A5

(@)

A
(¢
H ¢

ONH, Jn

[1]

C\“w f,)
H-0 ’C]_C,' C-0-H

H H
U‘MH} H o
| |

HO-C——(—C-0-H
' v
H H

[1]

[1]

(iii)

By products such as water is produced during condensation
polymerisation, but there is only one product in addition
polymerisation.

Condensation polymer is made up of monomers containing
2 functional groups (-COOH and -OH group) while addition
polymer is made up of monomer with 1 functional group
(C=C).

[1]

[1]

The aqueous bromine changes from reddish brown to
colourless.

[1]

noH
e, LA
(= ¥ br-Br 5 H-(-¢-C]

N L\ 0 Br  ir

[1]

A6

(@)

Copper(ll) carbonate
CuCOs + 2HCI » CuCl2 + H20 + CO2

[1]
[1]
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(b)

Reddish brown solid formed.

Colour of solution changes from blue to colourless.

[1]
[1]

Since B can react with acid but not D, B is more reactive than
D.

Thus B can displace D from its agueous solution, forming
D which is a reddish brown solid and a chloride solution of B.

[1]
[1]

NaOH + HCI - NaCl + H20

Mol of NaOH = 10/1000*1 = 0.01 mol

Mol of HCI = 0.01 mol

Mol of HCI added initially = 30/1000*1 = 0.03 mol

Mol of HCI that react with CuCO3 = 0.03 — 0.01 = 0.02mol

[1]
[1]
[1]

Mol of CuO = 0.02/2 = 0.01 mol
Mass of CuO =0.01*80=0.8g
% purity = 0.8/3*100 = 26.7%

[1]
[1]
[1]

A7

CaCOa3/ calcium carbonate
CaCOs3 + SO2 = CaS03 + CO2

[1]
[1]

NO will be oxidised by oxygen in the air to form nitrogen
dioxide.

Nitrogen dioxide will then react with oxygen and water in the
air to form nitric acid which causes acid rain.

[1]
[1]

Calcium carbonate is very much less soluble, with a solubility
of 6.17 x 10 @/100ml than calcium oxide (dissolves to give
alkaline solution) and calcium hydroxide (0.173g/100ml)

Thus CaCOs reacts slowly with acid/effective only in reducing
acidity on soil/surface in contact/ cannot penetrate soil to
neutralise acid deeper down [1].

[1]

[1]

Section B

B8

(@)

For irreversible reactions, concentration of reactants
becomes zero(used up) eventually, while for reversible
reactions, there will still be reactants left (concentration of
reactants do not react zero concentration)

OR

For irreversible reaction, limiting reactant is used up but
reversible reaction there will be a mixture of reactants and
products at all time.

This is because irreversible reaction goes to completion
while reversible reaction does not go to completion.

[1]

[1]
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OR
For reversible reaction, products are constantly converted
back to reactants as reactants react to form product.

(b)

(i)

A
Concentration of H; \

Concentration of N2 |\

Concentration of NH; ¥
A B C D

1m for slower speed
1m for higher conc of ammonia

[2]

(ii)

Concentration of NHs in the equilibrium mixture increases
as the position of equilibrium is shifted to the right
to_favour the forward exothermic reaction to increase the
temperature/counteract the change.

The graph is less steep as the rate of reaction is
decreased as temperature decreases.

[1]
[1]

[1]

(iil)

The lower the temperature, the higher the yield of
ammonia as the forward reaction is favoured.
However, a lower temperature also results in a slower
reaction.

Thus a temperature of 450°C is chosen.

[1]
[1]
[1]

B9

(@)

(i)

The melting and boiling points show an increase from Na
to Mg, then decrease from Mq to CI.

[1]

(ii)

Na20, MgO and Al203 has a giant ionic lattice structure.
Thus large amount of energy is needed to overcome the
strong electrostatic FOA between the ions.

SiO2 has a giant molecular structure. Large amount of
energy is needed to overcome the strong covalent bond
between the atoms.

[1]

[1]

[1]
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Oxides of P, S and Cl have a simple molecular structure.
Small amount of enerqgy is needed to overcome the weak
intermolecular FOA.

(b)

SOs has a higher melting and boiling point compared to SO2
because it has a relative molecular mass/ larger surface
area/more electrons.

Thus the intermolecular forces of attraction is stronger.
More energy is needed to overcome it.

[1]

[1]

(c)

(i)

2:2:2;
3:3:3

[1]
[1]

(ii)

anions consist of 1 more electron shells compared to
cations, thus radius of cations are generally smaller.

[1]

(iil)

Argon has a stable electronic configuration and thus do
not form ions.

[1]

B10
(E)

(@)

Ca(OH)z (aqg) + H2SO04(sq) > CaSO0a(s) + 2H20())

[2]

(b)

Test tube 1: yellow
Test tube 5:red

[1]

(c)

4cm

Mol of calcium hydroxide = 0.5*0.005 = 0.0025mol

Mol of sulfuric acid = 1*0.0035 = 0.0035 mol

Since mol ratio of calcium hydroxide: sulphuric acid = 1:1,
Calcium hydroxide is the limiting reagent.

[1]
[1]

[1]

(d)

(i)

Electrical

conductivity/uScm-!
A

» test tube n

[1]

umbé

(ii)

The electrical conductivity decreases from test tube 1 and
reaches 0O at test tube 4 because CaSQs is being
precipitated out and thus ions decreases.

[1]

[1]
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In test tube 4, all the reactants have been used up and thus
there is no ions left in the mixture.

The electrical conductivity increases from reaction tube 4 to
6 as now sulfuric acid is in excess, thus there is an
increase in the number of mobile ions as sulphuric acid is
being added.

[1]

B10
(or)

(@)

The particles changes from vibrate about fixed position to
moving freely throughout the liquid.

The particles changes from pack closely together in an
orderly arrangement to slightly further apart in
disorderly arrangement.

[1]
[1]

(b)

No, It is a strong acid as it dissociate completely in water

and not due to it having high concentration of hydrogen ions.

[1]

(c)

Acid can react with Fe203 which is a basic oxide to give
soluble salt and water.

[1]
[1]

(ii)

Attach a more reactive metal such as zinc to the
underground pipes. It will corrode in place of iron, thus
protecting iron from rusting.

[1]
[1]

(d)

Advantages:

- Sulfamic acid will corrode the metals that it is cleaning to
a smaller extend compared to hydrochloric acid as the
corrosivity of HCI on steel is 4.2 times that of sulfamic acid.
- It is safer to use sulfamic acid as it will not react with
bleach to produce Cl> which is toxic.

Disadvantage:

- It is 2.5 times more expensive than HCI.

[1]

[1]

[1]
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1 A student is distilling a mixture of iodine in ethanol (boiling point of ethanol= 78°C). She
has just begun to collect the distillate in the receiving flask. At which position in the
experimental set-up will the temperature be 78°C?

2 A beaker containing gas X is placed over a porous pot filled with carbon dioxide gas as
shown. The level of water at Y rises after a short time. What is a possible identity of gas

X?
Carbon

beak

sl dioxide

Porous

pot E
B 1Y
- ‘water

A Chlorine
B Oxygen
C Nitrogen dioxide
D Sulfur dioxide
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3 The atomic number of element X is 16. Which statement(s) concerning X is/are correct?

I. X can react with calcium to form an ionic compound.
.  The oxide of X dissolves in water to form an acidic solution.
lll. X can conduct electricity in its molten state.

A landll only

B Iand lll only
C Il and lll only
D I, llandlll

4 Tis an element. It can form a cation T?*, which has an electronic arrangement 2.8.8.
Which statements about T are correct?

l. T is a strong oxidising agent.
1. T is in Period 4 of the Periodic Table.
1. T burns in oxygen to form a white solid.

A landll only

B Iand lll only
C Il and lll only
D I, llandlll

5 The bar chart shows the variation of a specific property of elements in Period 2 from
lithium to neon. Which property of these elements is shown in the chart?

property

Y

Li Be B C ™ (o] F Me
element

The number of electrons used in bonding
The number of shells holding electrons
The melting point

The atomic radius

oo w>»
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6 The diagram shows the chromatogram obtained by analysis of a single dye. Three
measurements are shown.

final position of
solvent front

final position of dye

| original spot of dye

___}__ original level
of solvent

How is the Ry value of the dye calculated?

X
A —
x+y
B A
x+y
x
C
x+y+z
D y
X+y+z

7 Silicon carbide, SiC, has a structure similar to diamond. Boron nitride, BN, has a structure
similar to graphite. Bronze is an alloy of copper and tin. Which statements about silicon
carbide, boron nitride and bronze are correct?

[.  All are bonded covalently.
[I.  All except silicon carbide conduct electricity when solid.
lll.  All have high melting points.

A landll only

B Iand Il only
C Il and lll only
D ILllandlll
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8 The diagram shows the structure an organic compound.

HOOC H
/ \
H COOH

Which of the following statements is false for the compound?

A
B
C
D

9 The atmosphere of Venus contains mainly oxygen, argon and nitrogen. The melting and

It is immiscible in water.

It reacts with alcohol under suitable conditions.
It decolorises aqueous bromine rapidly.

It reacts with steam.

boiling points of these gases are shown in the table below.

If only liquid oxygen is to be obtained, what temperature should the sample of air be

Gas Melting point/ °C | Boiling point/°C
Oxygen -219 -183
Argon -189 -186
Nitrogen -210 -196

decreased to?

A
B
C
D

examguru 2017

-180°C
-185°C
-187°C
-198°C
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10 In an experiment, 4.0 cm® of 1.0 mol/dm? aqueous copper(ll) sulfate was mixed with 8.0
cm? of 1.0 mol/dm? aqueous sodium carbonate. The equation for the reaction is as shown
below.

CuSO;4 + NaxCO3 > NaxSO4 + CuCOs3
What did the reaction vessel contain when the reaction was completed?

A blue solution only

A green precipitate and a blue solution

A green precipitate and a colourless solution
A white precipitate and a blue solution

oo m>»

11 A 10.00 g sample of a compound containing only carbon, hydrogen and oxygen forms
23.98 g CO; and 4.91 g H>0O upon complete combustion. What is the empirical formula of
the compound?

C.HO
CsHs0O
CeH302
CsHeO

OO m>»

12 Carbon monoxide reacts with oxygen according to the equation shown below.
2C0O(g) + O2(g) = 2C0O2(9)

If all volumes of gases are measured at the same temperature and pressure, what is the
total volume of the resulting gas(es), after 50 cm? of carbon monoxide reacts with 50 cm?
of oxygen?

100 cm?®
75 cm?®
50 cm?®
25 cm?®

oo w>»
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13 Silver ions react with chloride ions as follows:

Ag*(aq) + Cl(aq) - AgCl(s)

It is found that 5 cm?® of a 0.1 mol/dm? solution of the chloride of metal X needs 10 cm? of
0.1 mol/dm? silver nitrate for complete reaction. What is the formula of the chloride?

oo m>»

XCl4
XClz
XCl

X2Cl

14 An aqueous solution of the organic compound methylamine has a pH greater than 7.
Which one of the following statements about methylamine is correct?

oo m>»

It neutralises an aqueous solution of sodium hydroxide.
It reacts with copper(ll) carbonate to give carbon dioxide.
It reacts with hydrochloric acid to form a salt.

It turns blue litmus red.

15 Which equation describes the most suitable reaction for making lead(ll) sulfate?

OO w>»
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Pb + H,SO4 = PbSO,4 + Hy

PbCO3; + H,SO4 - PbSO4+ CO, + HO
Pb(NOs)z + HySO4 > PbSQO4+ 2HNO3
Pb(OH), + H,SO4 > PbSO4 + 2H,0
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16 The table below shows the properties of some elements, W, X, Y and Z in Period 3.

A
B WY, XZ
C
D

17 Three experiments are carried out to determine the reactivity of three unknown halogens.

examguru 2017

oo w>»

W X Y Z
Appearance
at room SllverY grey Yellow solid Sllvery. grey Yellowish-

temperature solid solid green gas
Reaction with Extremely

cold water violent No reaction No reaction Slow reaction

reaction
Nature of Reacts with Reacts with Regcts with Reacts with
. . acids and
oxide acids bases bases
bases

Which of the following shows the arrangement of these elements in the Periodic Table in
increasing order of group number, from the smallest to the largest?

W, XY, Z

Y,W, X, Z
Z, X, Y, W

The ionic equations of the three experiments are shown below.

Z " (aq) + Y2 (aq) = no reaction

X " (aq) + Z2 (aq) = no reaction

2Y " (aq) + Xz(aq) 2 2X " (aq) + Yz(aq)

Predict the reactivity of the halogens in decreasing order.

XY, Z
X, Z,Y
Z,Y, X
Z, XY
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18 When heated, solid X gives off gas. When this gas is bubbled through limewater, a white
precipitate is formed. The residue after heating solid X reacts with dilute acid and also
with aqueous alkali. What is X?

Magnesium carbonate
Aluminium oxide
Calcium hydroxide
Zinc carbonate

oo m>»

19 When solid Y reacts with water, a solution and a gas are produced.

The universal indicator changed from green to purple and the gas extinguished a lighted
splint with a ‘pop’ sound.

What is the identity of solid Y and the explanation for the test for the gas formed?

Identity of solid Y Is gas flammable?
A Calcium Yes
B Calcium No
C Sodium No
D Sodium Yes
10
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20 The red colour in some pottery glazes may be formed as a result of the reactions shown.

CuCO; 25 Ccu0 + CO;,
CuO+SnO0 —— > Cu +Sn0;

These equations show that ....... 1......... is oxidised and ....... 2......... is reduced.
Which substances correctly complete gaps 1 and 2 in the above sentence?

1 2
A CO: SnO:2
B CuCOs CuO
Cc CuO SnO
D SnO CuO

21 Which diagram represents the structure of an alloy?

B C D

T f“*T/’— i

el ! ) + IR L IRt
T p—” AN —

\:@Ty\y O0C

—,:‘-\I— e —

A
AT + + + +

*'rf)@i:' & + )6+

22 An element has the following properties.

e |t forms coloured compounds.
o It acts as a catalyst.
e It melts at 1539°C.

In which Period is the element likely to be found?

Period 1
Period 2
Period 3
Period 4

oo mw>»
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23 Calcium carbonate reacts with dilute hydrochloric acid as shown:

Which option shows the correct effect on the rate of the reaction when a factor is

CaCOs(s) + 2HCI (ag) > CaClx(aq) + H20(l) + COx(g)

changed?
Factor changed Rate of reaction
Particle size of calcium carbonate
A . Increased
increased
Concentration of hydrochloric acid
B increase Increased
Pressure of carbon dioxide
c increased Increased
D Temperature increased Decreased

24 In the graph shown below, curve X represents the results of the reaction between 2g of
zinc granules and excess acid at 25°C. Which of the following changes would produce

curve Y?

ooOow>»
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Total volume of gas produced
{(measured at r.t.p.)

Using 1 g of zinc powder at 25°C
Using 2 g of zinc powder at 30°C
Using 1 g of zinc granules at 25°C
Using 2 g of zinc granules at 30°C

12

Time
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25 From the energy profiles for the two reactions below, how will the rates of the two
reactions compare if the temperature of each reaction is increased from 25°C to 75°C?

oo mw>»

I

P>aQ R>5

Energy

W

Reaction Progress

The rate of reaction P - Q will increase more than the rate of R > S.
The rate of P > Q will decrease but the rate of R > S will increase.
The rate of reaction R > S will increase more than the rate of P 2> Q.
The rates of the two reactions will increase by the same amount.

26 A reversible reaction is represented by the equation W+ X — Y +Z.

The energy profiles for the reversible reaction under catalysed and uncatalysed
conditions are shown below.

Energy/k.J

s

50 uncatalysed reaction

40 catalysed reaction

30
20
10

*» Reaction progress

What is the activation energy of the reverse reaction that is catalysed?

OO mw>»
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-40kJ
-10kJ
+30kJ
+40kJ
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27 A spot of blue solution was placed in the centre of a piece of moist filter paper supported
on a microscope slide and a DC voltage applied across the filter paper.

DC supply
T
|
+ | |-
| .
moist filter !
paper on
microscope slide T
position of
blue solution
at start

After some time, a blue colour moved towards the negative terminal and no change was
visible in the region of the positive terminal. What statement best describes this
observation?

The negative ions in the solution were colourless and the positive ions were blue.
The positive ions in the solution were colourless and the negative ions were blue.
The negative ions in the solution had not moved but the positive ions had moved.
The positive ions in the solution had not moved but the negative ions had moved.

oo w>»

14
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28 The diagram shows the apparatus used in an attempt to electroplate a metal ring with
copper.

battery
-+ | -

|F---I

bulb

g

metal ring — 1 copper electrode

| aqueous copper(II)
sulfate (electrolyte)

The experiment did not work.
Which change is needed in the experiment to make it work?

Add solid copper(ll) sulfate to the electrolyte.
Increase the temperature of the electrolyte.

Replace the copper electrode with a carbon electrode.
Reverse the connection to the battery.

OO w>»

29 Metal X reacts with dilute hydrochloric acid. It is used in the building of bridges and
beams in buildings.

Metal Y does not corrode easily. It can be used for jewellery.
Metal Z reacts rapidly with water to form hydrogen.

Which method of extraction of the metals from their ores is most likely to be used?

Electrolysis of molten ore Heating with carbon
A XandY Y4
B Xand Z Y
Cc Y Xand Z
D V4 XandY
15
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30 Three electrochemical cells are set up using copper metal as one electrode and one of

three unknown metals, U, V and W as the second electrode, immersed in aqueous
sodium nitrate of the same concentration.

The potential differences between the metals are given in the table below.

Electrochemical Metals used Voltage/ V Negative electrode
cell
1 Cu, U -0.45 Cu
2 Cu, V +1.11 Vv
3 Cu, W +2.71 w

Which of the following correctly lists the metals in order of increasing reactivity?

A U V Cu
B U Cu Vv
cC w Vv Cu
D W Cu Vv

W

w
U
u

Aqueous sodium

chloride

examguru 2017
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31 The diagram shows an electrolysis circuit. At which electrode is hydrogen formed?

Aqueous silver

nitrate

152



32 In an electrochemical cell shown below, which arrow indicates the spontaneous electron

flow?

salt bridge

IF':IJ: AgN03 - ¥, Zn(NO3)2 }

N~

AgNOs; (1 mol/dm3) Zn(NO3); (1 mol/dm3)

33 Hydrazine has the formula Ho.NNH. and has similar properties to ammonia. Which
statement correctly describes the property of hydrazine?

A

examguru 2017

It reacts with hydrogen chloride to form a compound with the chemical formula
CIH3NNHs;CI.

It reacts with sodium hydroxide to form a compound with the chemical formula
NaHNNHNa.

It is an ionic compound.

It dissolves in water to form hydrogen ions.

17
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34 To reduce atmospheric pollution, the following waste gases are passed through
powdered calcium carbonate.

Carbon monoxide

Carbon dioxide

Nitrogen monoxide

Nitrogen dioxide

Sulphur dioxide

Phosphorus (V) oxide

How many waste gases will not be removed by the powdered calcium carbonate?

OO mW>
A WN =

35 What environmental effects do chlorofluorocarbons, methane and nitrogen dioxide result
in?

chlorofluorocarbons

methane

nitrogen dioxide

Acid rain

Depletion of the ozone
layer
Depletion of the ozone
layer

Global warming

Depletion of the ozone
layer

Acid rain

Global warming

Depletion of the ozone
layer

Global warming
Global warming
Acid rain

Acid rain

examguru 2017
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36 The table below shows some data about the composition of the mixtures of exhaust
gases from two cars, one fitted with a catalytic converter and one without.

% by volume of
nitrogen monoxide

% by volume of
carbon dioxide

% by volume of
water vapour

Car without
catalytic converter

Car with catalytic
converter

67.60

23.60

12.00

32.35

11.00

41.10

Which statement does not explain the above data?

A

B

The percentage of nitrogen monoxide decreases as it is oxidised to form harmless
nitrates, carbon dioxide and water in the catalytic converter.
The percentage of nitrogen monoxide decreases as it is reduced to form nitrogen in
the catalytic converter.
The percentage of carbon dioxide increases as unburnt hydrocarbons undergo
complete combustion in the catalytic converter.

The percentage of water vapour increases as unburnt hydrocarbons undergo complete

combustion in the catalytic converter.

37 Ammonia is produced by the Haber process. Which statement is not correct?

A catalyst of iron(ll) oxide is used.

Each nitrogen molecule reacts with three hydrogen molecules to form two molecules of

ammonia.

Hydrogen for the process can be obtained by cracking of some fractions of crude oil.
Two ammonia molecules decompose to form one nitrogen molecule and three

hydrogen molecules.

38 What is the total number of amide linkages in the structure shown below?

OO0 W >
AWN =
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H,;N— CH—

CH,

0 0
| |

I
CH,SH

19

C—N—CH—C—N—CH—C—
H H

0
|

CH,0OH

N— CH,— CO,
3 2 )
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39 An ester is made by reacting alcohol P with a carboxylic acid Q. Alcohol P can be
oxidised to form Q by warming with acidified potassium manganate(VIl), under reflux.

What might be the structural formula for the ester made?

A CH;O0CH;

B CH3COOCH:CHs

C CHs;CH2COOCH:CH3s

D CH3;CH2CH2COOCH2CH3

40 When an organic compound R reacts with aqueous bromine, the product formed is
shown below.

H Br l|-1

Br—C—C—T—

H H  Br

— Br

I—0O——xI

Which of the following structures is the organic compound R most likely to be?

A H
|
E.r—t|:_t'l..‘. C=—C— Br
i
H H H
B
||-+ -
T é|
- H
C
| T
H (|: T:C—T—H
H H H
D H H
| |
11 I
H H =
20
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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The flowchart below shows how the ions present in solution A are separated.

Solution A contains
Ag*, Cu®, Zn?*, Fe**

Add hydrochloric acid

filtrate

and filter

A\ 4

Add excess sodium
residue hydroxide to filtrate
and filter
A 4
Precipitate B
residue
v

Mixture of precipitate C
and precipitate D

ammonia and fil

A 4

\4

Colourless solution

Add excess aqueous

ter

A

y

A

y

Precipitate E

(a)

Solution F

a reason for your answer.

Identity Of @nion & ... i

REASON & o

(b)

Describe a test to confirm the anion you named in part (a).

examguru 2017

It is known that solution A contains 1 anion. Suggest the identity of this anion. Give

[2]

For
Examiner’s
Use

159



examguru 2017

(c) Name the precipitates B, C and D.

D [3]
(d) What are the colours of precipitate E and Solution F?

Precipitate E ...

SOIULION F o [2]

[Total: 9]

The level of dissolved oxygen is used as an indicator to gauge the health of a water
body. Generally, the higher the concentration of dissolved oxygen, the less polluted the
water and the more likely it is able to support living organisms. To measure the level of
oxygen in a sample of water, the Winkler Method is used. This technique makes use of
redox reactions and is carried out in the 3 steps shown below.
Reaction 1 : 2Mn?*(aq) + Oz(g) + 40H (aq) = 2MnOx(s) + 2H.0(l)
Reaction 2 : MnOx(s) + 2I(aq) + 4H*(aq) = Mn?*(aq) + lx(aq) + 2HO(l)

Reaction 3 : 2S,05*(aq) + lx(aq) = 2I(aq) + S40s*(aq)

(a) Define a redox reaction.

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

(b) Choose any one of the above reactions and explain why it is a redox reaction,
making reference to oxidation states.

Reaction ...............

EXPlanation & ...
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(c) 100 cm?® of water was taken from the school’s koi pond and analysed using this
method. It was found that 0.0008 mole of iodide ions was formed in step 3.
Calculate the mass of oxygen dissolved in this sample of pond water.

[2]

[Total: 5]

A3 A sample of 3.36 g of magnesium carbonate powder was divided equally into two
portions. One portion was added into hydrochloric acid and the other portion was added
into sulfuric acid. The volume and concentration of acids used were both 25.0 cm?® and
5.00 mol/dm? respectively. The graphs below (G1 and G2) show the volume of the gas
collected over time.

volume of gas/cm3
A

G1

G2

[
»

time/s

(@) Which graph represents the results for hydrochloric acid? Explain your answer in
terms of particle collision.

examguru 2017
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(b)

(c)

A4 Astatine, At, is an element in Group VIl of the Periodic Table.

Another experiment was carried out by adding 2.00 g calcium carbonate powder
into 25.0 cm? of sulfuric acid of concentration 5.00 mol/dm3. On the same axes,
sketch the graph you will expect to obtain and label it C. 1

Explain the shape of your graph.

...................................................................................................... [2]
[Total: 7]

It exists as diatomic

molecules similar to the other elements in the same Group. 2 isotopes of astatine are
known to exist : astatine-210 and astatine-211. It reacts with strontium (Sr) to form the
compound strontium astatide.

(@)
(b)

(c)

examguru 2017

symbol number of

protons

number of
electrons

number of
neutrons

210
gsAt

211
gsAl

Complete the table above.

[1]

What are isotopes?

[1]

Draw the ‘dot-and-cross’ diagram for an astatine molecule, showing only the outer
shell electrons.

[1]

Examiner’s
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(d)

Draw the “dot-and-cross” diagram of strontium astatide, showing only the outer
shell electrons. Hence write the chemical formula of this compound.

Formula of strontium astatide : ................c.oooiiiiil. [3]

Predict 2 properties of strontium astatide. Give a reason for each of the properties
which you state.

PrOPEIY T i o
REASON
.................................................................................................... [2]
PrO eIty 2 &
REASON
.................................................................................................... [2]

[Total: 10]

For
Examiner’s
Use

163



7 For

Examiner’s
Use
A5 The drug aspirin is used to relieve pain, fever and inflammation. However, if taken in
high doses, it can cause gastric ulcers and bleeding in the stomach. The active
ingredient is acetylsalicylic acid which a monobasic acid. The formula of the acid can be
represented by HA and its relative molecular mass is 180.

A student was interested in determining the percentage of the acid in an aspirin tablet.
An aspirin tablet was first weighed and then dissolved in water to make a solution in a
conical flask. A few drops of indicator were then added and dilute sodium hydroxide
solution was run in from a burette until the indicator changed colour.

+—— Sodium hydroxide
solution

i

Conical flask

Acetylsalicylic acid

solution
The results were as follows :
Mass of aspirin tablet taken 0.50¢
Volume of dilute sodium hydroxide added 23.0 cm?®
Concentration of the dilute sodium hydroxide added 0.01 mol/dm?

(a) Acetylsalicylic acid is a weak acid. Explain what is a weak acid.

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

(b) Explain why it is not important to know the volume of the aspirin solution originally
taken.

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

(c) Calculate the number of moles of sodium hydroxide solution added. Hence,
calculate the percentage of acetylsalicylic acid in the aspirin tablet.

[3]
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(d) The student wanted to make a crystalline sample of sodium acetylsalicylate, the
salt formed in the reaction. This salt decomposes on strong heating. Describe
briefly how this might be carried out using a solution of pure acetylsalicylic acid.

(e) The structure of acetylsalicylic acid is given below.

Draw the structure of sodium acetylsalicylate.

[1]
[Total: 9]
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A6 A student carried out electrolysis of dilute potassium chloride and molten potassium
chloride using platinum electrodes to determine what products are formed.

(@) Complete the table below.

Electrolyte lons in Electrolyte Product at anode Product at cathode
Dilute o
potassium chloride Vg
Molten .
potassium chloride K*, Cl
[2]

In another investigation, the electrolysis of aqueous copper(ll) sulfate was carried out
using the apparatus shown in the diagram below.

]

C beaker

copper electrode C2

copper electrode C1

Cell A

aqueous copper(ll)
sulfate

T? ammeter

——— beaker

platinum electrode P2

platinum electrode P1

aqueous copper(ll)
sulfate

CellB

(b) Briefly describe the change(s), if any, which take place at the electrodes and
electrolytes at the end of the experiment in the table below.

Change(s), if any

Change(s), if any

Electrode C1

Electrode P1

Electrode C2

Electrode P2

Electrolyte
(Cell A)

Electrolyte
(Cell B)

examguru 2017

[3]
[Total: 5]
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A7 Hydrazine (N2H4) is often used as a rocket fuel. It can react with oxygen or fluorine to
release large amounts of heat. The equations for the 2 reactions are shown below.

N2oHs () + O2(9) — N2 (g) + 2H20 (g) AH = -622kJ
N2Hs (g) + 2F2(g) — N2(g) + 4HF (9) AH = -1166kJ
The AH values represent the energy change per mole of hydrazine reacted.

(a) Draw the energy profile diagram for the reaction between hydrazine and oxygen,
showing the activation energy and the enthalpy change clearly.

Energy / kJ

Progress of reaction 2]

(b) Based only on the information provided above, which other reactant (oxygen or
fluorine) would have made a better choice for usage as a rocket fuel together with
hydrazine? Briefly explain your answer.

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

(c) State 1 other factor that should be taken into consideration when deciding which
fuel to use.

...................................................................................................... [1]
[Total: 5]
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Section B

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 The table below gives the current estimated percentage by mass of some of the
elements found in the Earth’s crust and the Earth’s core.

(a)

(b)

(c)

examguru 2017

Earth’s Crust Earth’s Core
Element % by Mass Element % by Mass

Oxygen 40.6 Iron 31.0
Silicon 24.7 Oxygen 24.0
Nickel 8.1 Magnesium 16.0
Aluminium 8.1 Silicon 13.0
Iron 5.0 Nickel 11.7
Calcium 3.6 Aluminium 0.1
Sodium 2.8 Sodium 0.1
Potassium 2.6 Hydrogen 0.05
Magnesium 2.1 Potassium 0.04
Zinc 0.0078 Calcium 0.04
Copper 0.0068

Tin 0.00022

Which metallic elements are more abundant in the Earth’s crust compared to the
Earth’s core?

[1]

Suggest a reason why oxygen is the most abundant element in the earth’s crust.

[1]

The estimated mass of the earth’s crust is 2.125 x 10'® kg. The annual production
of iron is 3.32 x 10° tonnes. Assuming that the demand for this metal is the same
each year, determine the number of years before the supply of iron from the
Earth’s crust runs out. (1 tonne = 1000 kg)

[2]
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(d)

(e)

12

Briefly describe one advantage and one disadvantage of recycling metals.

AQVaAN g & i

[2]

Globally, iron and aluminium are the most recycled metals because of the ease of

recycling them. Suggest a property of each of these 2 metals that accounts for this.

[2]

A student studied the action of heat on 4 different substances (A, B, C and D). He knew
that two of them were metals, and the other two were carbonates of the same two

metals. He weighed out 5.00 g of each of the four solids and heated them in separate
crucibles.

The table below shows the appearances and masses of the four solids before and after
strong heating for some time.

(f)

Solid Appearance Mass/g
Before After Before After
A Brown Black 5.00 6.25
B Green Black 5.00 3.22
C White White 5.00 5.00
D Silvery White 5.00 6.73

Based on the data given above, suggest which 2 were the metals
were the metal carbonates. Explain your answers.

and which 2

Metals : Solid ...... and Solid ......

Metal carbonates : Solid ...... and Solid ...... [1

EXPlaNatioNn & ...

....................................................................................................... [3]
[Total 12]
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B9 The diagram below shows the internal setup of a modern eco-friendly car powered by
hydrogen-oxygen fuel cells. The main advantages of the use of fuels cells is that
hydrogen is an efficient source of energy and it does not cause pollution at the point of

use.

Power Control Unit

Governs the flow of
electricity

Electric Motor

Propels the wehicle much more
guietly, smoothly, and
efficiently than an internal
combustion engine and
requires less maintenance

Hydrogen Storage Tank

Stores hydrogen gas
compressed at extremely

high pressure

Fuel Cell Stack

Converls hydrogen gas
and oxygen info
electricity to power the
electric motor

High-Output Battery

Stores energy generated
from regenerative braking
and provides supplemental

power to the electric motor

The diagram below shows the hydrogen-oxygen fuel cell used in such a car.

external circuit

hydrogen in ——=

negative electrode —__ |

- oxygen in

| electrolyte

| positive electrode

At the positive electrode, the reaction which takes place is :

O2(g) + 2HO(l) + 4e — 40H (aq)

At the negative electrode, the reaction which takes place is :

2H, (g) + 40H (aq)

examguru 2017

— 4H0(l) + 4e
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(b)

(c)

(d)

(f)

(9

14

Write the overall equation for the reaction in the fuel cell.

........................................................................................................ [1]
Briefly explain why the use of fuel cells does not cause pollution at the point of use.
........................................................................................................ [1]
Suggest why the use of fuel cells may still generate pollution.
........................................................................................................ [1]

Manufacturers claim that hydrogen is a renewable fuel. Do you agree? Explain
your answer.

........................................................................................................ [1]
Give a source of oxygen.
........................................................................................................ [1]
Suggest why the hydrogen and oxygen must be kept apart.
......................................................................................................... [1]

Briefly describe one advantage and one disadvantage of compressing hydrogen
fuel at high pressure.

AQVANTAgE & .

...................................................................................................... [2]
[Total 8]
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EITHER

B10 One of the components in crude oil is undecane, C11Hz24. This molecule may be broken
down into butene and one other product. The reaction is carried out in the oil refinery.

(a) What is the name of this type of reaction?

(b) Write the equation for this reaction.

(c) Suggest 2 conditions required for this reaction to take place

(d) When the reaction is carried out, 1.00 mol of undecane gives 25.2 g of butene.

Calculate the percentage yield of butene.

[2]

Butene can exist as 3 isomers. One of the isomers, but-1-ene, is shown in the diagram

below.
H\C/H
H. />
H \/C\H H
Cc=C
/ \
H H

(e) Draw the structures of the other 2 isomers of butene.
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[2]
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(f)  The isomers of butene can undergo addition polymerization. Draw the structure of
the polymer formed by any 1 of the isomers in part (), showing 3 repeating units.

[1]

Butan-2-ol is manufactured by the reaction between steam and butene. An isomer of
butan-2-ol is also formed at the same time. The 2 isomers are miscible.

(9) Suggest, with reason, a method suitable for separating the components of the
mixture of products.

1Y/ (211 T Yo 1

RS ON & .ot [2]

[Total 10]
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OR
B10 The compound styrene (chemical formula CgHs) has the following structure

CH
-~ 2
cH”

It can undergo addition polymerisation to form polystyrene, a non-biodegradable
thermoplastic polymer used for making disposable utensils such as styrofoam cups and
plates. The polymerisation process is carried out by mixing styrene and kerosene and
refluxing the mixture at about 150°C using the setup shown below.

Water in ===

28

—= > Water out

Y |-2) ’_(
Tube X
—— Styrene +
kerosene

After cooling, the reaction mixture is poured into methanol. Polystyrene, which appears
as a waxy white solid will then form under the surface of the methanol.

(a) Suggest the function of

(i) tube X and
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(b) Draw the structural formula of polystyrene formed, showing 3 repeating units.

[1]
(c) What is meant by the term “non-biodegradable™?
......................................................................................................... [1]
(d) Suggest a reason why polystyrene produces a lot of soot when burnt.
......................................................................................................... [1]

The structural formulae of two organic compounds, butenedioic acid and ethane- 1,2-
diol are shown below.

HOOC H
\ / HO—CH,CH,—OH
C=—=C
/ \
H COOH
butenedioic acid ethane- 1,2- diol

(e) Butenedioic acid reacts with aqueous bromine and also with aqueous sodium
carbonate. State an observation for each reaction and briefly explain why it is
observed.

Reactant Observation Explanation

Aqueous
bromine

Aqueous
sodium carbonate

[4]
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(f) Butenedioic acid and ethane-1,2-diol can polymerize under the right conditions to
form a polymer W. Draw the repeating unit of this polymer.

[1]
[Total 10]
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The Periodic Table of the Elements
Group
| I Il \ IV V \ Vi \ VIl 0
1 4
H He
Hydrogen Helium
1
7 9 11 12 14 18 19 20
Li Be B C N 0] F Ne
Lithium Berylliurmn Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 7 8 9 10
23 24 27 28 31 32 355 40
Na Mg Al Si P s Ct Ar
Sodium Magnesium Alumninium Silicon Phosphorus Sulfur Chlorine Argon
11 13 14 18 17 18
33 40 45 48 51 52 55 56 59 59 64 85 70 73 75 79 80 84
K Ca Sc Ti A" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobatt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85 88 89 91 93 96 101 103 108 108 112 115 119 122 128 127 131
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te I Xe
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
37 38 39 40 41 42 43 44 45 48 47 48 43 50 51 52 53 54
133 137 139 178 181 184 186 190 192 195 197 201 204 207 209
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Caesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridiurm Platinum Gold Mercury Thalliurmn Lead Bismuth P olonium Astatine Radon
55 56 57 *| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
226 227
Fr Ra Ac
Francium Radium Actinium
a7 88 89
. . 140 141 144 150 152 157 159 162 1685 167 169 173 175
*58-71 Lanthanoid series
F9LT08 Actingid safias Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dy sprosium Holmium Erbium Thulium Yiterbium Lutetium
58 59 60 &1 62 83 84 85 66 87 88 69 70 71
a a = relative atomic mass 339 298
Key X X = atomic symbol Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
. Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium MNobelium Lawrencium
b= t t b
b = proton (atomic) number | gy 91 ) 96 100 101 102 103
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The volume of one mole of any gas is 24 dm® at room temperature and pressure (r.t.p.).
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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The flowchart below shows how the ions present in solution A are separated.

Solution A contains
Ag*, Cu®, Zn?*, Fe**

Add hydrochloric acid

residue

A 4

Precipitate B

and filter
A\ 4
Add excess sodium
hydroxide to filtrate
and filter
residue

\4

Mixture of precipitate C
and precipitate D

Add excess aqu
ammonia and fil

A 4

A

y

A

filtrate

\4

Colourless solution

eous
ter

y

Precipitate E

Solut

(a) Itis known that solution A contains 1 anion. Suggest the identity of this anion. Give

ion F

a reason for your answer.

Identity of anion : Nitrate 1m

Reason : All nitrates are soluble 1m

(b) Describe a test to confirm the anion you named in part (a).

Add aqueous sodium hydroxide, Devarda’s alloy/aluminium and warm; 1m

Gas given off turns moist red litmus paper blue 1m

examguru 2017
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(c) Name the precipitates B, C and D.

B : silver chloride 1m

C : copper(ll) hydroxide 1m

Answers to C and D
D : iron(lll) hydroxide 1m interchangeable [3]

(d) What are the colours of precipitate E and Solution F?

Precipitate E : reddish brown 1m

Solution F  : dark blue 1m [2]

[Total: 9]

The level of dissolved oxygen is used as an indicator to gauge the health of a water

body. Generally, the higher the concentration of dissolved oxygen, the less polluted the

water and the more likely it is able to support living organisms. To measure the level of

oxygen in a sample of water, the Winkler Method is used. This technique makes use of

redox reactions and is carried out in the 3 steps shown below.

Reaction 1 : 2Mn?*(aq) + Oz(g) + 40H (aq) = 2MnOx(s) + 2H.0(l)

Reaction 2 : MnOx(s) + 2I(aq) + 4H*(aq) = Mn?*(aq) + lx(aq) + 2HO(l)

Reaction 3 : 2S,05*(aq) + lx(aq) = 2I(aq) + S40s*(aq)

(a) Define a redox reaction.

Reaction which involves oxidation and reduction simultaneously 1m

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

(b) Choose any one of the above reactions and explain why it is a redox reaction,
making reference to oxidation states.

Reaction 1 : Oxidation state of Mn increases from +2 in Mn?* to +4 in MnO> 1m
Oxidation state of O decreases from 0 in Os to -2 in MNnO2/H,O 1m

Reaction 2 : Oxidation state of Mn decreases from +4 in MnO, to +2 in Mn?* 1m
Oxidation state of | increases from-1inl"toOinla 1m

Reaction 3 : Oxidation state of S increases from +2 in S;03% to +2.5in S406> 1m
Oxidation state of | decreases from O in l,to-1in - 1m

[2]

Any 1 of above
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(c)

100 cm?® of water was taken from the school’s koi pond and analysed using this
method. It was found that 0.0008 mole of iodide ions was formed in step 3.
Calculate the mass of oxygen dissolved in this sample of pond water.

0.0008 moles of I is produced by 0.0004 mole of I,

0.0004 moles of Izis produced by 0.0004 mole of MnO2 :
0.0004 moles of MnOis produced by 0.0002 mole of O, Explanation  1m
Mass of oxygen dissolved = 0.0002 x 32 =0.0064g 1m

[2]
[Total: 5]

A3 A sample of 3.36 g of magnesium carbonate powder was divided equally into two
portions. One portion was added into hydrochloric acid and the other portion was added
into sulfuric acid. The volume and concentration of acids used were both 25.0 cm?® and
5.00 mol/dm? respectively. The graphs below (G1 and G2) show the volume of the gas
collected over time.
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(a)

volume of gas/cm?
A

G1
G2

C 1m

e

time/s

»
|

Which graph represents the results for hydrochloric acid? Explain your answer in
terms of particle collision.

Graph G2 1m

Explanation : sulfuric acid is dibasic while hydrochloric acid is monobasic acid,

concentration of hydrogen ions in HCl is half that of H,SO4; 1m

frequency of collisions is lower and hence number of effective collisions per

unit time is less in HCI compared to HoSO4; 1m

rate of reaction is slower, graph is less steep; 1m

MgCQa3 is the same limiting reactant 1m Any 4 out of 5 points 4m
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(b)

Another experiment was carried out by adding 2.00 g calcium carbonate powder
into 25.0 cm? of sulfuric acid of concentration 5.00 mol/dm3. On the same axes,

sketch the graph you will expect to obtain and label it C. 1
(c) Explain the shape of your graph.

Calcium carbonate reacts with sulfuric acid to form calcium sulfate which is

insoluble ; 1m

layer of calcium sulfate around calcium carbonate prevents further reaction

with the acid 1m

...................................................................................................... [2]

[Total: 7]

A4 Astatine, At, is an element in Group VII of the Periodic Table. It exists as diatomic
molecules similar to the other elements in the same Group. 2 isotopes of astatine are
known to exist : astatine-210 and astatine-211. It reacts with strontium (Sr) to form the
compound strontium astatide.

symbol number of number of number of
protons electrons neutrons
210
gsAt | 85 i | e 85 | e 125 ...
211 85
AL |85 ] 85 .| o 126 ..
(@) Complete the table above. All correct 1m (1]
(b) What are isotopes?
Atoms of same element with same number of protons but different number
of neutrons 1m
...................................................................................................... [1]
(c) Draw the ‘dot-and-cross’ diagram for an astatine molecule, showing only the outer
shell electrons.
Correct number
8 At 8 At 8 of electrons and
| k 1 pair of shared
electrons 1m
\‘GO"/ \‘GO"/ [1]
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(d) Draw the “dot-and-cross” diagram of strontium astatide, showing only the outer
shell electrons. Hence write the chemical formula of this compound.

o, )2
;é Sr §<< X : Strontium electron
N A O : Fluorine electron
TXX-
Tm 1m
Formula of strontium astatide : SrAt; 1m [3]

(e) Predict 2 properties of strontium astatide. Give a reason for each of the properties
which you state.

Property 1 : high melting/boiling point 1m

Reason : strong electrostatic forces of attraction between ions, a lot of energy

required to overcome them 1m [2]

Property 2 : can conduct electricity in the molten/agueous state 1m

Reason : mobile ions in the molten/agueous state 1m

[2]
[Total: 10]

For
Examiner’s
Use
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A5 The drug aspirin is used to relieve pain, fever and inflammation. However, if taken in
high doses, it can cause gastric ulcers and bleeding in the stomach. The active
ingredient is acetylsalicylic acid which a monobasic acid. The formula of the acid can be
represented by HA and its relative molecular mass is 180.

A student was interested in determining the percentage of the acid in an aspirin tablet.
An aspirin tablet was first weighed and then dissolved in water to make a solution in a
conical flask. A few drops of indicator were then added and dilute sodium hydroxide
solution was run in from a burette until the indicator changed colour.

+—— Sodium hydroxide
solution

i

Conical flask

Acetylsalicylic acid

solution
The results were as follows :
Mass of aspirin tablet taken 0.50¢
Volume of dilute sodium hydroxide added 23.0 cm?®
Concentration of the dilute sodium hydroxide added 0.01 mol/dm?

(a) Acetylsalicylic acid is a weak acid. Explain what is a weak acid.
Acid undergoes partial ionization in water 1m

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

(b) Explain why it is not important to know the volume of the aspirin solution originally
taken.

All the acetylsalicylic acid is dissolved in the water regardless of its volume 1m

(c) Calculate the number of moles of sodium hydroxide solution added. Hence,
calculate the percentage of acetylsalicylic acid in the aspirin tablet.

No of moles of NaOH = (23.0/1000) x 0.01 = 0.00023
Hence, no of moles of acid present = 0.00023 1m
Mass of acetylsalicylic acid present = 0.00023 x 180 = 0.0414g 1m

Hence, percentage of acetylsalicylic acid in tablet = (0.0414/0.50) x 100%
=8.28% 1m

[3]
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(d) The student wanted to make a crystalline sample of sodium acetylsalicylate, the
salt formed in the reaction. This salt decomposes on strong heating. Describe
briefly how this might be carried out using a solution of pure acetylsalicylic acid.
Determine the exact volume of sodium hydroxide required to neutralize a fixed
volume of acetylsalicylic acid by titration using a suitable indicator. Repeat

a few times to obtain accurate result ;

Add exact volume of sodium hydroxide into fixed volume of acetylsalicylic acid

but do not add indicator, 1m _heat to obtain saturated solution and cool

solution to allow crystallization to take place; 1m filter to obtain crystals

and dry between pieces of filter paper. 1m

(e) The structure of acetylsalicylic acid is given below.

[1]
[Total: 9]

For
Examiner’s
Use
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A6 A student carried out electrolysis of dilute potassium chloride and molten potassium
chloride using platinum electrodes to determine what products are formed.

(@) Complete the table below.

Electrolyte lons in Electrolyte Product at anode Product at cathode
Dilute H OH- K*. Cl oxvaen - drocen
potassium chloride| —’'=——’'=" Y9 ydrog
Molten . AL _ _
potassium chloride K", Cl chlorine potassium
All correct 2m, 2-3 correct 1m, 0-1 correct Om 2]

In another investigation, the electrolysis of aqueous copper(ll) sulfate was carried out
using the apparatus shown in the diagram below.

beaker

copper electrode C2

copper electrode C1

aqueous copper(ll)

CellA

sulfate

~
|

P

(7 ammeter

beaker

platinum electrode P2

platinum electrode P1

CellB

aqueous copper(ll)
sulfate

(b) Briefly describe the change(s), if any, which take place at the electrodes and
electrolytes at the end of the experiment in the table below.

Change(s), if any

Change(s), if any

Copper electrode becomes
Electrode C1| thinner/smaller

Electrode P1

Bubbles of gas observed,
colourless gas given off

Copper electrode becomes
Electrode C2| thicker/bigger

Electrode P2

Brown solid appears on the
electrode

No visible change, solution

Blue solution becomes pale

Electrolyte . Electrolyte
(Cell A) remains blue (Cell B) blue/colourless
All correct 3m, 4-5 correct 2m, 2-3 correct 1m, 0-1 correct Om [3]
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A7 Hydrazine (N2H4) is often used as a rocket fuel. It can react with oxygen or fluorine to
release large amounts of heat. The equations for the 2 reactions are shown below.

N2oHs () + O2(9) — N2 (g) + 2H20 (g) AH = -622kJ
N2Hs (g) + 2F2(g) — N2(g) + 4HF (9) AH = -1166kJ
The AH values represent the energy change per mole of hydrazine reacted.

(a) Draw the energy profile diagram for the reaction between hydrazine and oxygen,
showing the activation energy and the enthalpy change clearly.

Energy / kJ

Reactants & products — 1m
Activation energy and enthalpy
change — 1m

N2Ha (g), O2 (9)

AH = -622kJ

N2 (g), 2H20 (g)

Progress of reaction 2]

(b) Based only on the information provided above, which other reactant (oxygen or
fluorine) would have made a better choice for usage as a rocket fuel together with
hydrazine? Briefly explain your answer.

Fluorine would be a better choice ;

Reaction with fluorine is more exothermic/releases more energy compared 1m

to reaction with oxygen, enabling the rocket to travel further 1m

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

(c) State 1 other factor that should be taken into consideration when deciding which
fuel to use.

Cost/availability of gas/how “clean” reaction is/toxicity of gas/mass of gas 1

Any 1 of above 1m [Total: 5]
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Section B

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 The table below gives the current estimated percentage by mass of some of the
elements found in the Earth’s crust and the Earth’s core.

examguru 2017

(a)

(b)

(c)

Earth’s Crust Earth’s Core
Element % by Mass Element % by Mass

Oxygen 40.6 Iron 31.0
Silicon 24.7 Oxygen 24.0
Nickel 8.1 Magnesium 16.0
Aluminium 8.1 Silicon 13.0
Iron 5.0 Nickel 11.7
Calcium 3.6 Aluminium 0.1
Sodium 2.8 Sodium 0.1
Potassium 2.6 Hydrogen 0.05
Magnesium 2.1 Potassium 0.04
Zinc 0.0078 Calcium 0.04
Copper 0.0068

Tin 0.00022

Which metallic elements are more abundant in the Earth’s crust compared to the
Earth’s core?

Aluminium, calcium, sodium, potassium (can include zinc, copper, tin) 1m

[1]

Suggest a reason why oxygen is the most abundant element in the earth’s crust.

Oxygen, though a gas, is combined with other elements such as metals and

silicon in the form of oxides 1m

[1]

The estimated mass of the earth’s crust is 2.125 x 10'® kg. The annual production
of iron is 3.32 x 10° tonnes. Assuming that the demand for this metal is the same
each year, determine the number of years before the supply of iron from the
Earth’s crust runs out. (1 tonne = 1000 kg)

Mass of iron in Earth’s crust = (5/100) x 2.125 x 10" = 1.0625 x 10'°kg 1m

3.32 x 10° tonnes = 3.32 x 10" kg

Hence no. of years Earth’s crust can supply iron = 1.0625 x 10"°kg + 3.32 x 10"

=320 years 1m

[2]
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(d) Briefly describe one advantage and one disadvantage of recycling metals.

Advantage : conserve natural resources/reduce environmental problems

related to mining of land/ save cost of extracting metals from ores Any 1, 1m

Disadvantage : High costs related to get people to do recycling/ environmental

issues related to release of harmful substances into environment Any 1, 1m [2]

(e) Gilobally, iron and aluminium are the most recycled metals because of the ease of
recycling them. Suggest a property of each of these 2 metals that accounts for the
ease of recycling them.

Iron : magnetic property of iron enables it to be separated easily using
electromagnets 1m

Aluminium : not easily corroded due to the layer of oxide 1m

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

A student studied the action of heat on 4 different substances (A, B, C and D). He knew
that two of them were metals, and the other two were carbonates of the same two
metals. He weighed out 5.00 g of each of the four solids and heated them in separate
crucibles.

The table below shows the appearances and masses of the four solids before and after
strong heating for some time.

Solid Appearance Mass/g
Before After Before After
A Brown Black 5.00 6.25
B Green Black 5.00 3.22
C White White 5.00 5.00
D Silvery White 5.00 6.73

(f) Based on the data given above, suggest which 2 were the metals and which 2
were the metal carbonates. Explain your answers.

Metals : Solid A and Solid D
Metal carbonates : Solid B and Solid C  ALL 4 correct, 1m [1

Explanation : A and D has increased in mass due to reaction with oxygen in

the air to form metal oxide ; 1m B has decreased in mass as carbonate

decompose on heating to form metal oxide and carbon dioxide; 1m

C is carbonate of reactive metal as it is stable and does not decompose on

heating 1m [3]

[Total 12]
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B9 The diagram below shows the internal setup of a modern eco-friendly car powered by
hydrogen-oxygen fuel cells. The main advantages of the use of fuels cells is that
hydrogen is an efficient source of energy and it does not cause pollution at the point of

use.

Power Control Unit

Governs the flow of
electricity

Electric Motor

Propels the wehicle much more
guietly, smoothly, and
efficiently than an internal
combustion engine and
requires less maintenance

Hydrogen Storage Tank

Stores hydrogen gas
compressed at extremely

high pressure

Fuel Cell Stack

Converls hydrogen gas
and oxygen info
electricity to power the
electric motor

High-Output Battery

Stores energy generated
from regenerative braking
and provides supplemental

power to the electric motor

The diagram below shows the hydrogen-oxygen fuel cell used in such a car.

external circuit

hydrogen in ——=

negative electrode —__ |

- oxygen in

| electrolyte

| positive electrode

At the positive electrode, the reaction which takes place is :

O2(g) + 2HO(l) + 4e — 40H (aq)

At the negative electrode, the reaction which takes place is :

2H, (g) + 40H (aq)

examguru 2017

— 4H0(l) + 4e
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(b)

(c)

(d)

(f)

9

14

Write the overall equation for the reaction in the fuel cell.

2H, (@) + Op(@) — 2H,O() 1m [1]

Briefly explain why the use of fuel cells does not cause pollution at the point of use.

Only product of reaction is water which is harmless 1m [1

Suggest why the use of fuel cells may still generate pollution.

Hydrogen obtained from cracking/electrolysis still requires a lot of heat/electricity

which comes from burning of fossil fuels 1m [1

Manufacturers claim that hydrogen is a renewable fuel. Do you agree? Explain
your answer.

No, hydrogen is not renewable. It is obtained from cracking of long-chained

alkanes which is not renewable. 1m [1]

Give a source of oxygen.

oxygen from the air/fractional distillation of liquid air 1m [

Suggest why the hydrogen and oxygen must be kept apart.

Hydrogen and oxygen can react explosively if a spark is present 1m

Briefly describe one advantage and one disadvantage of compressing hydrogen
fuel at high pressure.

Advantage : Hydrogen is a gas, compression will allow a greater mass to

be carried in the tank so travel longer distances 1m

Disadvantage : Hydrogen needs highly pressurized containers which are heavy

hence difficult to transport 1m [2]

[Total 8]
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EITHER

B10
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One of the components in crude oil is undecane, C11H24. This molecule may be broken
down into butene and one other product. The reaction is carried out in the oil refinery.

(a) What is the name of this type of reaction?
Cracking 1m [1]
(b) Write the equation for this reaction.

Ci1Hoa. — C4Hs + C7His 1m. [1]

(c) Suggest 2 conditions required for this reaction to take place

Catalyst, high temperature Both points 1m [1]

(d) When the reaction is carried out, 1.00 mol of undecane gives 25.2 g of butene.
Calculate the percentage yield of butane.

1 mole of undecane gives 1 mole of butene

Molar mass of butene is 56 g 1m

Hence percentage yield = (25.2/56) x 100% = 45.0% 1m

[2]

Butene can exist as 3 isomers. One of the isomers, but-1-ene, is shown in the diagram
below.

H\C/H
Ho />
H\ \/C\ H
c=c¢ H
/ \
H H

(e) Draw the structures of the other 2 isomers of butene.

H H
L
H-C-C=C-C-H H H
H H H—C—H

.

1m Tm

[2]
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(f)  The isomers of butene can undergo addition polymerization. Draw the structure of
the polymers formed by any 1 of the isomers in part (e), showing 3 repeating units.

T T ‘
'H CHs4 CHsyy CH
—Cc—C—C—C—C—C— or —(:3—('%——(#_(':1&_(';_3
[ Y Y CH; H CH, ! CH, i
H H H H H H
H CH, H CH H CH
O
or -C G c c c cC— 0
| | I | I | 1m [
H CH H CH H CH,

[1]

Butan-2-ol is manufactured by the reaction between steam and butene. An isomer of
butan-2-ol is also formed at the same time. The 2 isomers are miscible.

(9) Suggest, with reason, a method suitable for separating the components of the
mixture of products.

Method : Fractional distillation 1m

Reason : They have different boiling points 1m [2]

[Total 10]
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OR

B10 The compound styrene (chemical formula CgHs) has the following structure

It can undergo addition polymerisation to form polystyrene, a non-biodegradable
thermoplastic polymer used for making disposable utensils such as styrofoam cups and
plates. The polymerisation process is carried out by mixing styrene and kerosene and
refluxing the mixture at about 150°C using the setup shown below.

Water in ===

i ,—r—* Water out

Tube X

—— Styrene +
kerosene

After cooling, the reaction mixture is poured into methanol. Polystyrene, which appears
as a waxy white solid will then form under the surface of the methanol.

(a) Suggest the function of
(i) tube X and

Provide cool surface to allow styrene/kerosene to condense 1m 1

(i) kerosene.

Solvent. catalyst (Any 1, 1m) [1

examguru 2017
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(b) Draw the structural formula of polystyrene formed, showing 3 repeating units.

N—I
N—I

H H
| |
-C— cC—
| |
H H

1m

[1]

(c) What is meant by the term “non-biodegradable™?

Cannot be broken down by bacteria 1m

(d) Suggest a reason why polystyrene produces a lot of soot when burnt.

High percentage of carbon in the compound 1m

The structural formulae of two organic compounds, butenedioic acid and ethane- 1,2-
diol are shown below.

HOOC\ /H
PN
H COOH

butenedioic acid

HO—CH,CH,—OH

ethane- 1,2- diol

(e) Butenedioic acid reacts with aqueous bromine and also with aqueous sodium
carbonate. State an observation for each reaction and briefly explain why it is

observed.

Reactant Observation Explanation

Aqueous Reddish brown bromine Addition reaction takes place to form
bromine decolourised 1m colourless products 1m

Aqueous Acid reacts with carbonates to form

sodium carbonate

Effervescence 1m

carbon dioxide gas which appear as
bubbles 1m

[4]
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(f) Butenedioic acid and ethane-1,2-diol can polymerize under the right conditions to
form a polymer W. Draw the repeating unit of this polymer.

0 H H
I |

H H
| |
—C=C—C—0—C—C—O0—

|

H H

o)
|
C

1m

(1]
[Total 10]
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The Periodic Table of the Elements
Group
| I Il \ IV V \ Vi \ VIl 0
1 4
H He
Hydrogen Helium
1
7 9 11 12 14 18 19 20
Li Be B C N 0] F Ne
Lithium Berylliurmn Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 7 8 9 10
23 24 27 28 31 32 355 40
Na Mg Al Si P s Ct Ar
Sodium Magnesium Alumninium Silicon Phosphorus Sulfur Chlorine Argon
11 13 14 18 17 18
33 40 45 48 51 52 55 56 59 59 64 85 70 73 75 79 80 84
K Ca Sc Ti A" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobatt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85 88 89 91 93 96 101 103 108 108 112 115 119 122 128 127 131
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te I Xe
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
37 38 39 40 41 42 43 44 45 48 47 48 43 50 51 52 53 54
133 137 139 178 181 184 186 190 192 195 197 201 204 207 209
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Caesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridiurm Platinum Gold Mercury Thalliurmn Lead Bismuth P olonium Astatine Radon
55 56 57 *| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
226 227
Fr Ra Ac
Francium Radium Actinium
a7 88 89
. . 140 141 144 150 152 157 159 162 1685 167 169 173 175
*58-71 Lanthanoid series
F9LT08 Actingid safias Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dy sprosium Holmium Erbium Thulium Yiterbium Lutetium
58 59 60 &1 62 83 84 85 66 87 88 69 70 71
a a = relative atomic mass 339 298
Key X X = atomic symbol Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
. Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium MNobelium Lawrencium
b= t t b
b = proton (atomic) number | gy 91 ) 96 100 101 102 103
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The volume of one mole of any gas is 24 dm® at room temperature and pressure (r.t.p.).
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1 The diagram below shows the apparatus used for collecting a sample of gas in
the laboratory.

\/‘—— —1 . Bee-hive
shelf

water

Which set of gases can be collected using this method?

A

B
Cc
D

ammonia and chlorine
hydrogen chloride and hydrogen
carbon monoxide and nitrogen

sulfur dioxide and ammonia

2  Naturally occurring silver (proton number: 47; relative atomic mass: 108)
consists of a mixture of two isotopes '°7Ag and '%%Ag.

Which of the following statements about silver atoms is likely to be correct?

A

B
Cc
D

examguru 2017

All silver atoms have a relative atomic mass of 108.
Atoms of 97 Ag are more abundant than those of 1%9Ag.
Both 97Ag and '°°Ag atoms form positive ion with the same charge.

Both 97Ag and '°°Ag atoms have the same number of neutrons.

2 TKGS/Chemistry P1/Prelim Exam 2016
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Substance X melts at 53°C and boils at 100°C. It dissolves in water but does not
react with water.

Which of the following method is most suitable for separating X from a mixture
of X and water?

A distillation B fractional distillation

C filtration D crystallisation

Prior to a race, urine samples from race horses are collected to test for the
presence of caffeine and cortisone. If these banned drugs were found in the
urine samples, the horses would be disqualified. The chromatogram below is
obtained from the chromatography performed on caffeine, cortisone and urine
samples from 4 different horses, W, X, Y and Z that are competing at a turf club.

10 solvent front
94 ] [ ]
8_
L
7 Spot | Description
6 ‘ 1 Caffeine
2 Cortisone
E 5 . e 3 Urine sample of horse W
% 4- ° ¢ 4 Urine sample of horse X
§ 5 Urine sample of horse Y
34 ] o 6 Urine sample of horse Z
2_
. ]
1 -
| [ | SR % start line

Which of the following analysis is correct?

A The Rrvalue of cortisone is 3.33.

B  The Rrvalue of caffeine is 0.75.

C Horses W and Y should be disqualified from the competition.
D

The caffeine spot in urine sample of horse Z could be invisible and requires
a locating agent.

3 TKGS/Chemistry P1/Prelim Exam 2016
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5 The diagram below shows an apparatus for measuring the rates of diffusion of
gases. The time taken for 100 cm?® of some gases at room temperature and
pressure to diffuse from this apparatus is shown in the table.

——— diffusion plug

Gas Timel/ s P =5 gas

cO 132 H

Cl2 211 == graduated tube
CH4 100

O2 141

What will be the time taken for nitrogen gas to diffuse from this apparatus?

A

B
C
D

66

72

100

132

6  Which statement explains why sodium chloride, NaCl has a lower melting point
than magnesium oxide, MgO?

A

B
Cc
D

examguru 2017

Sodium chloride is covalent but magnesium oxide is ionic.
Sodium is more reactive than magnesium.
The melting point of sodium is lower than that of magnesium.

The forces of attraction between Na* and CI ~ is weaker than that between
Mg?* and O*~

4 TKGS/Chemistry P1/Prelim Exam 2016
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Which one of the following represents the most likely structural formula for the
covalent compound disulfur dichloride, S2Cl27?

A

Cc

D

S—CICI-S

S—CI—-S—<CI

Cl=S—S=Cl

C—sS—S—<Cl

Carbon nanotubes have been made by scientists in recent years. The structure
is shown below.

e carbon atom

Which one of the following would most likely be the properties of nanotubes?

melting point

solubility in organic

electrical conductivity

solvents as a solid
A high insoluble good
B high soluble poor
C low insoluble poor
D low soluble good

In an experiment, 5 cm? of a gaseous hydrocarbon reacted with excess oxygen

to form 30 cm3 of carbon dioxide and 15 cm? of steam.

Assuming all volumes of gases were measured at the same temperature and
pressure, what is the formula of the hydrocarbon?

A

B
Cc
D

CHa
C2Ha4
CsHs

CeHs

5 TKGS/Chemistry P1/Prelim Exam 2016
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10 Zinc oxide is produced by heating zinc carbonate.

ZnCO, > ZnO +CO,

What is the percentage yield of zinc oxide if 125 g of zinc carbonate on heating
produces 75 g of zinc oxide? (Mr ZnCO, = 125, Mr ZnO = 81)

A 125 o 100
X7z X

75
B 125 x == x 100

81
c D00
125 % 81 %

b 100
g1 %

11 X, Y and Z are in the same period of the Periodic Table. Y forms an oxide which
reacts with aqueous sodium hydroxide. Z forms an oxide which reacts with dilute
hydrochloric acid. X forms an oxide which is amphoteric. If X, Y and Z were
placed in order of increasing atomic number, the order would be

A XY, 2
B Y XZ2
cC 2ZYX
D ZXY.

12 Which one of the following statements about the elements lithium, sodium and
potassium is correct?

A  They are in the same period of the Periodic Table.

B Lithium has a higher melting point than potassium.

C  They react with cold water to form oxides and hydrogen.
D

Lithium reacts more rapidly with water than potassium does.

6 TKGS/Chemistry P1/Prelim Exam 2016

examguru 2017 203



13 9 g of magnesium metal is added to a beaker containing 250 cm? of 2 mol/dm3
aqueous hydrochloric acid. The pH of the mixture in the beaker is measured as
the reaction proceeds.

Mg (s) + 2HCI(aq) > MgClz2 (aq) + H2(g)

What is the final pH of the mixture and the volume of hydrogen gas produced at
room temperature and pressure (r.t.p.)?

Final pH of Volume of hydrogen

mixture gas atr.t.p. (dm3)
A 1 9
B 3 9
C 7 6
D 9 6

14 When citric acid CeHsOr dissolves in an organic solvent, the solution
formed .....................

A contains both covalent molecules and ions.
B contains only covalent molecules.
C contains low concentration of hydrogen ions.
D produces carbon dioxide when reacted with carbonates.
15 The labels on two bottles fell off. One bottle was known to contain sodium
chloride solution and the other sodium nitrate solution.
Which of the following test would most likely identify the solutions?
A  Addition of blue litmus paper
B  Addition of aqueous ammonia
C  Addition of aqueous silver nitrate
D

Addition of dilute sulfuric acid

7 TKGS/Chemistry P1/Prelim Exam 2016
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17

18
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In each of three experiments, a halogen was added to separate solutions
containing ions of one of the other two halogens. The table below shows the
results.

Experiment | Halogen X- Y- Z-
added
1 X2 - Black ppt Reddish brown
solution
2 Y2 No reaction - No reaction
3 2> No reaction Black ppt -

What were the halogens X, Y and Z7?

X Y Y4
A Br Cl I
B Br I Cl
c Cl I Br
D Cl Br I

Which of the following should not be used with nitric acid to prepare silver
nitrate?

A silver carbonate B silver hydroxide

C silver metal D silver oxide

Which of the following salts can be prepared by an acid-alkali titration method?
A Aluminium nitrate

B  Ammonium chloride

C Iron(lll) sulfate
D

Calcium sulfate

8 TKGS/Chemistry P1/Prelim Exam 2016
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A solution containing Pb?* ions can be distinguished from a solution containing
Zn?* by adding any of the following solutions except

A aqueous potassium chloride

B  aqueous sodium sulfate

C  dilute sulfuric acid

D aqueous sodium hydroxide

An excess of sodium hydroxide is added to an aqueous solution of salt X and
boiled. No observable change seen. However, ammonia gas is only given off
after aluminium foil is added to the hot solution.

What could X be?

A ammonium chloride B sodium chloride

C ammonium nitrate D sodium nitrate

In the Haber Process, the quantity of ammonia can be increased by

A  using iron as a catalyst.

B increasing the pressure to 400 atmospheres.

C increasing the temperature of the reaction to 600°C.

D using a mixture containing 3 parts nitrogen to 1 part hydrogen.

The equation below represents the reaction which takes place in a light sensitive

photographic film. This photographic film was used before the invention of digital
photography.

2AgBr > 2Ag + Br2

In this reaction,

A  electrons are transferred from the bromide ions to the silver ions.
B  silverions are oxidised to silver atoms.

C bromide ions are reduced to bromine molecules.

D

there is no electron transfer.
9 TKGS/Chemistry P1/Prelim Exam 2016
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Small portions of aqueous potassium iodide and of acidified aqueous potassium
manganate(VIl) were added to four solutions. The colour changes seen are
shown in the table.

Acidified

Solution number Potassium iodide .
potassium manganate(VIl)

1 Colourless to brown Purple to colourless
2 Colourless to brown No change
3 No change Purple to colourless
4 No change No change

Which solutions contained an oxidising agent?

A 1 only B 1 and 2 only

C 1 and 3 only D 2 and 4 only

The heat-reflecting shields of some space rockets are gold plated, using
electrolysis.

Which electrodes and electrolyte would be used to gold-plate the heat shield?

Negative electrode Positive Electrode Electrolyte
A  carbon heat shield copper compound
B gold heat shield gold compound
C heat shield carbon copper compound
D heat shield gold gold compound
10 TKGS/Chemistry P1/Prelim Exam 2016
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25 Which of the following conditions will the iron nail rust most slowly?

A

4+ Boiled water

Iron nail

Oil layer

Boiled water

Iron nail

=1~ Dilute sulfuric

acid

07 Iron nail

4

e Tap water

™ Iron nail

$1:8~ Copper

26 Manganese(lV) oxide (MnOz2) acts as a catalyst in the following reaction.

examguru 2017

Hydrogen peroxide - water + oxygen

Several experiments were carried out using the same mass of manganese(lV)
oxide and the same volume of hydrogen peroxide (H202) solution.

Experiment Concentration of | Temperature (°C) | Particle size of

H202 (mol/dm?3) MnO2

1 0.5 20 Powder

2 1.0 30 Lump

3 1.5 30 Lump

4 1.5 30 Powder

5 0.5 20 Lump

6 2.0 20 powder

Which two experiments should be used to study the effect of particle size on the
speed of reaction?

A

B
Cc
D

Experiments 1 and 5
Experiments 1 and 3
Experiments 2 and 4

Experiments 3 and 6
11
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27 The results of an experiment involving the decomposition of 10 cm?3 of
0.40 mol/dm? hydrogen peroxide at 30°C is represented by graph X below.

volume of }
oxygen
(cm?3)
—Y
/”//.
7
time (min) - h
Which of the following produced the graph Y?
Volume of Concentration of Temperature
hydrogen peroxide hydrogen peroxide (°C)
(cm3) (mol/dm3)

A 10 0.25 30
B 12.5 0.40 30
C 20 0.25 30
D 20 0.40 40

28 Which of the following is the reason for recycling aluminium?

A Aluminium ore is expensive.

B Recycling metal helps to reduce wastage of limited raw materials.
C Recycling metals is generally not a costly operation.
D

Low cost of transporting the scrap metal to the recycling plant.

12 TKGS/Chemistry P1/Prelim Exam 2016
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29 Referring to the diagram below, what colours would be observed on the filter
paper at the two points, X, and Z after a current is passed through for about 10

minutes?
Carbon 7 Carbon
electrode 7 electrode
) %
;
Filter paper soaked{ = ¢ Y4
with conc. NaCl
solution and litmus
solution
X Z
A blue white
B white red
C white blue
D red blue

30 Four electric cells were set up using aqueous sodium chloride as the electrolyte
as shown in the diagrams.

iron iron magnesmm iron zinc iron copper

O

In each cell, only the underlined electrode dissolved. To establish the order of
reactivity of the metals, it is necessary to set up two or more cells. Which of the
following pairs of cells are needed in addition to the four cells above?

First cell electrodes Second cell electrodes
A iron/iron iron/zinc
B tin/copper magnesium/zinc
C tin/magnesium zinc/copper
D tin/zinc magnesium/copper
13 TKGS/Chemistry P1/Prelim Exam 2016
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In the hydrogen fuel cell, hydrogen and oxygen gas flow into the anode and
cathode respectively.

R

L

oxygen—> i} =—hydrogen

water «—= —> water

X

Which of the following shows the correct reaction at the cathode?
A 0O2(g) + 2H20(l) + 4e- > 40H(aq)
B  40H(aq) > O2(g) + 2H20(l) + 4e
C  2H2(g) + 40H(aq) > 4H20(l) + 4e"
D  4H20(l) + 4e- > 2H2(g) + 40H(aq)
Reactions of unknown metals, P, Q, R were studied. Zinc oxide was used in
three of the experiments. It was found that
Q + HCI > QClz + H2
R + ZnO > RO + Zn
Q + ZnO > QO + Zn
Q + R(NOs)2 - no reaction
P + ZnO - no reaction
P.COs > P + CO2 + O2

Which of the following shows the most appropriate method of extraction for the
metal?

A Qs extracted by electrolysis of aqueous solution of its compound.
B R is extracted by electrolysis of molten compound.

C P is extracted by reduction with hydrogen.
D

P is extracted by reduction with carbon.

14 TKGS/Chemistry P1/Prelim Exam 2016



33 The diagram shows an energy profile diagram for a chemical reaction.

Which energy change (A, B, C or D) represents the activation energy for the
non-catalysed reaction?

Energy
A

- -‘-..-—--—---.... .
¥ L
N "
i i
[

B

Reactants

[P
E

Progress of
Products reaction

>

34 The table compares the strengths of the bonds for reactions of the type below.
Rz + Q2 2 2RQ

Which reaction is the most exothermic?

Bonds in R2 Bonds in Q2 Bonds in RQ
A Strong Strong Strong
B Strong Strong Weak
C Weak Weak Strong
D Weak Weak Weak

35 Identify the type of reaction below and where the reaction takes place.

2CO + 2NO — 2C0O2 +N2

Type of reaction Location of reaction
A Neutralisation Blast furnace
B Redox Blast furnace
C Neutralisation Catalytic converter
D Redox Catalytic converter
15 TKGS/Chemistry P1/Prelim Exam 2016
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Which of the following is not responsible for the destruction of the ozone layer
in the stratosphere?

A CFCs B Fluorine atoms

C  Chlorine atoms D UVlight

Amines are organic compounds with the functional group —NH2.

The first four members of the amine homologous series is shown below.

Name Chemical formula
methylamine CHsNH2

ethylamine CH3CH2NH:2
propylamine CH3CH2CH2NH2
butylamine CH3CH2CH2CH2NH2

What is the general formula for amines?
A  CnH2nssN B CnH2n+1NH2
C  CnH2n1NH2 D CnH2n+1CHNH:2

Aspirin is a drug which is used as a general painkiller. The structural formula of
aspirin is shown below.

Which statement about aspirin is incorrect?

A  One mole of aspirin in aqueous solution reacts with one mole of sodium
hydroxide.

B One mole of aspirin in aqueous solution reacts with 106 g of sodium
carbonate, Na2COs.

C It will turn green universal indicator yellow.

D It can be formed from a reaction between ethanoic acid and an alcohol.
16 TKGS/Chemistry P1/Prelim Exam 2016
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39 Water can be formed from a number of reactions involving organic substances.

Which reaction does not produce water?

A Incomplete combustion of methane

Reaction of ethanoic acid with ethanol

B
C Oxidation of ethanol to ethanoic acid
D

Fermentation of sugar solution

40 A chemical X with the formula, C4H100, has the following structure.

H3C — CH — CH2— CH3s

I
OH

Which one of the following structure is not an isomer of X?

T H OHH
P
T
H H H H
A
H HH H
H \Cj \C/ H
/NN
H HH H
Cc

17
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H H H H
|
H—C—C—0—C—C—H
|
H H H H
B
H
H c—H
H ‘ H
H—C—C——C—H
H ‘ H
o
H
D
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Answer to 2016 TKGS Chemistry Prelim Paper 1

1 2 3 4 5 6 7 8 9 10
C C D B D D D A D D
11 12 13 14 15 16 17 18 19 20
D B C B C C C B D D
21 22 23 24 25 26 27 28 29 30
B A B D C A C B C B
31 32 33 34 35 36 37 38 39 40
A B A C D B B B D A
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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 Each of the statements below is incorrect but can be corrected by changing one
word. Underline one word in each statement that should be changed and give
a correct word in the space provided. [4]
(@)  An element that reacts with water to give an alkaline solution is chlorine.
(b)  Steel is a compound containing iron and carbon.
(c) Silicon forms an amphoteric oxide.
(d)  Afluoride ion has nine electrons.
[Total: 4 marks]
Tanjong Katong Girls’ School 2 Preliminary Examination 2016
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The flow diagram below shows some reactions and properties of substances

A,B,C,DandE.

Yellow solution
containing a
mixture of salts
Aand B

reduction

Green solution
containing a
mixture of salts
Band C

(a)

(b)

Tanjong Katong Girls’ School
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warm with aqueous sodium Gas E turned
hydroxide and aluminium foil damp red
> litmus blue
aqueous
sodium filter Colourl
hydroxide Green precipitate olouriess
’ . pD g — > filtrate
g containing
salt B

acidified KMnQO4

A4

Reddish-brown
solution with
black
precipitate

Identify the ions present in A, B and C that accounts for the various colour
change in the scheme.

[3]

(1) Gas E is bubbled into aqueous nitric acid. A salt that is used as a
fertiliser is formed. One mole of gas E reacts with one mole of nitric acid
to produce one mole of the fertiliser. State the chemical formula of the
fertiliser formed.

[1]

(i)  If 10 kg of nitric acid is used, what is the mass of the fertiliser formed? [2]

Preliminary Examination 2016
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(c)  John has written a laboratory report for the preparation of pure and dry lead (ll)
chloride and sodium nitrate crystals.

/‘Lead (ll) nitrate solution was mixed with sodium chloride solution and the\
precipitate obtained was filtered off; the residue left in the filter paper was
scraped onto a watch glass and dried in an oven at 110 °C.

The filtrate was heated until it was saturated. Crystals of sodium nitrate
were formed when the solution was cooled down. The crystals were filtered
off, washed and then dried in the same oven.’

- /

(i) Based on the report above, state two errors in'John’s experiment.  [2]

(i) Give reasons for your answers in (c)(i). [2]

[Total: 10 marks]

Tanjong Katong Girls’ School 4 Preliminary Examination 2016

examguru 2017 220



A3 The Alhambra is a beautiful monument in Granada, Spain. It comprises
buildings made of limestone. The life of this monument can be extended by
treatment with an aqueous mixture of barium hydroxide, Ba(OH)2 and urea,
CO(NH2)>.

As this solution mixture soaks into the porous marble/limestone structures, the
urea slowly hydrolyses (i.e reacts with water) forming ammonia and carbon
dioxide. The carbon dioxide that is released reacts with the barium hydroxide
forming barium carbonate.

The solubilites of the sulfates and carbonates of calcium and barium salts are
shown below.

Substance CaCoO; CaS0, BaCO; BaSO,
Solubility in 1.5x10% 4.6 x 102 9.0 x10° 9.4x 10°
water (mol dm)

(a)  Use the information from the table to explain how the formation of barium
carbonate will help to slow down the rate of erosion of the monument. [2]

Finally, surface barium carbonate on the treated monument can react with
sulfur dioxide in the air to form a layer of barium sulfate and carbon dioxide.

(b) () Construct the chemical equation for the reaction between barium
carbonate and sulfur dioxide, in the presence of oxygen. [1]

(i) Will the above reaction speed up or slow down the corrosion process?
Explain briefly. (2]

[Total: 5 marks]
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A4 At room temperature and pressure, 1 dm® of a gaseous compound X has a
mass of 1.125 g.

X burns in oxygen to give water, carbon dioxide and nitrogen as the only
products. On complete combustion, 24 dm? of X give 9.0 g of water and

12.0 dm? of nitrogen. X reacts slowly with water in the presence of sodium
hydroxide to give ammonia and the sodium salt of acid Y of molecular formula
CH20:> as the only products.

(a) Calculate the relative molecular mass of X. [1]

(b) Using the information above, calculate, in one mole of X,

(i) the number of moles of nitrogen atoms, [1]

(i) the number of moles of hydrogen atoms, [1]

(iii)  the number of moles of carbon atoms and hence, show that the
molecular formula of X is HCN. [2]

(c) Based on your answer in (b), draw a ‘dot and cross’ diagram to show the
bonding in X. You only need to show outer shell electrons. [2]

[Total: 7 marks]
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A5 A student intended to prepare hydrogen in the laboratory.

He set up the apparatus as shown below. After a while, he found that no
hydrogen was collected.

a piece of grey
white metal cut test-tube B

from a soft drink can E N
test-tube A

wet sand

heat

(a) Name the most likely grey white metal that the student used in this experiment.

[1]
(b)  Explain why no hydrogen gas was collected in test-tube B during the actual
experiment. [1]
(c) What substance must he change in test-tube A in order for hydrogen to be
collected in test-tube B? [1]

[Total: 3 marks]
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A6

In the modern Periodic Table, elements are arranged in the order of increasing
proton numbers. A student tried to re-arrange the elements in the order of
increasing relative atomic masses and got nearly the same arrangement.

However, the elements, argon and potassium would have their positions in the
Periodic Table reversed. This is because potassium, though having a larger
proton number, has a smaller relative atomic mass than argon.

(@) Compare the reactivity of argon and potassium, with reference to their
electronic structures. [2]
(b) By referring to the Periodic Table, write down another pair of elements whose
positions would have been reversed if arranged according to relative atomic
masses. [1]
(c) Suggest a reason why the elements in the modern Periodic Table are not
arranged according to relative atomic masses. [1]
[Total: 4 marks]
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A7  Neskopi have recently launched a self-heating can of coffee.

(a) In order to heat up the coffee, a button is pressed which mixes the heating
ingredient: water and quicklime (calcium oxide). The can then warms up

210 cm?3 of coffee by approximately 40 °C.

‘*»-.._____ _____,-/
Insert
Quicklime
L = Eoil
# L separator
Button
Water

(i) Write an equation for the reaction between.calcium oxide and water.  [1]

(i) State and explain, using ideas of collisions between particles, if
powdered calcium oxide would react faster or slower than lumps of

calcium oxide in this experiment. 2]

(iii)  In the design of the self-heating can, the amount of heat produced may
be controlled by adding acid or alkali to water before it reacts with
calcium oxide. Predict whether adding acid or alkali would give the
greater amount of heat. Explain your reasoning.

[2]

PrediCtioN: ..o

REASONING: ..

Tanjong Katong Girls’ School 9 Preliminary Examination 2016

examguru 2017 225



(b) Three separate experiments were carried out using aqueous hydrogen peroxide.
It decomposes exothermically to form oxygen gas. Different amounts of copper
(I) oxide were added as a catalyst. The mass of copper (ll) oxide, the
concentration and volume of hydrogen peroxide are given below.

2 H202 (aq) — 2 H20 (1) + Oz (g)

Expt Concentration | Volume | Mass | Volume | Max. Time
of H,0,/ of H.0,/ | of of O,/ temperature | taken
mol/dm?® cm?® CuO/ |cm? change for the

g when reaction
reaction to
completed/ | complete
°C Is

1 1.0 10 5 120 4 6

2 2.0 10 5 240 8 12

3 2.0 10 10

(i) Suggest a method to investigate the rate of reaction in these
experiments other than measuring the temperature change. [1]

(i) Arrange Experiments 1, 2 and 3 in order of increasing rate of reaction. [1]
(i) Would the mixture become hot or cold? [1]

(iv)  Predict the volume of oxygen gas produced, the maximum temperature
change and the time taken for the reaction to complete in experiment 3.

[2]

[Total: 10 marks]
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A8  Fruits such as bananas and strawberries produce ethene naturally.

(a) A scientist left some green bananas to ripen. He measured the concentration of
ethene and carbon dioxide produced by the bananas over a ten-day period.

The graph below shows the results.

concentration of gas /
parts per million (ppm)

400 ==
K
K
o N
300 ; 3
£ 3
J" '\
A K
=TT Carbon
200 1 s dioxide
f N
Y
f I
¥ Ethene
100 ; ;
I L4
A Jf‘l
- N
] b, L il
0 =
0 2 4 6 8 10
days

(i) Between which two days does the rate of ethene production increase
most rapidly? [1]

(i) How does the carbon dioxide concentration above 350 ppm affect the
production of ethene by the fruits? 1]

Tanjong Katong Girls’ School 11 Preliminary Examination 2016
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(b)  Ethene can be converted into ethane through an addition reaction.

(i) Draw the structure of 1]

ethane ethene

(i) Describe a test that you would.perform to differentiate between these two
hydrocarbons.

(iii)  The table shows the bond energies of covalent bonds.

bond bond energy in kd/mol
Cc-C 346

C=C 610

C-H 413

H-H 432

Using the bond energies given above, show by calculation that the conversion
of ethene to ethane is exothermic. [2]

[Total: 7 marks]
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Section B
Answer all three questions in this section.
The last question is in the form of either/or and only one of the alternatives should be
attempted.

B9 The diagram shows how crude oil is processed and then manufactured into
other useful products.

—CaHis

—= C12H26
—= C16Hz34

crude oil—» heater £

\EEERRR)

rr'

(a) Fractional distillation of crude/oil produces three fractions containing the
following compounds: octane, dodecane and hexadecane. The table below
shows some information about the boiling point, melting point and viscosity of
these compounds.

Compound | Molecular Boiling Melting Viscosity
Formula point/ °C point/ °C | mPa's
octane CsH1s 126 -57 0.576
dodecane Ci2H26 218 -10 1.34
hexadecane C1sHaa 287 18 3.00

unit of viscosity: millipascal-second (mPa-s)
(i) Using. the information from the table, comment on the relationship

between the boiling point and the position of these fractions collected
from the column. [2]

(i) Describe the trend in viscosity for these compounds and use the data to
explain this trend. [2]

Tanjong Katong Girls’ School 13 Preliminary Examination 2016
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(i)  Limited crude oil means that new fuels will be needed for cars.
Alternative fuels include ethanol and hydrogen gas.
Other than reducing pollution problems, state one advantage that both
ethanol and hydrogen gas have over petrol as a fuel. [1]

(b) Read the information about mass spectroscopy:

Mass spectroscopy is an analytical technique that can be used to find the
molecular mass of organic compounds.

In this method, energy is used to change molecules into positive ions. If
enough energy is supplied, some bonds break and smaller ions are produced.

The mass spectrometer machine separates the ions and records their relative
formula/molecular masses as a bar chart. The pattern of bars is called mass
spectrum and each bar corresponds to a particular mass.

The bar produced by the heaviest ion (the one with the highest mass/charge)
gives the relative formula/molecular mass of the compound.

(i) Suggest the name of the sub-atomic particle that must be lost from a
molecule to change it into a positive ion. 1]

Tanjong Katong Girls’ School 14 Preliminary Examination 2016
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Methanoic acid (HCOOH), ethanoic acid (CH3COOH) and propanoic acid
(C2HsCOOH) are carboxylic acids. The mass spectrum below gives the

molecular mass of one of the carboxylic acids.

relative
Intensity

§al
F1!

!
H
0 5 10135

Il!lll'l]l}!l
‘

T
£

1'1ii’"rl1f|lfll]lllTi‘

0

&)

i

I{ll}lll‘]FlTT

mass/charge

illFIll’T!"lT

5 30 35 40 45 50 55 60 65 70

(i) Use the information given and the relative atomic masses from the
Periodic Table, show the identity of this carboxylic acid.

Carboxylic acid: .........coiv i,

(iii)  Draw the structural formula of propanoic acid.
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(c)

A student used the apparatus shown below to oxidise ethanol. A small volume
of ethanol was placed in the flask together with an oxidising agent. The mixture

was warmed.
[~
water in f

—

j-—> water out

- :R ethanol
oxidising
] agent

heat

(i) State one error the student made in setting up the apparatus. [1]

(i) Ethanol can react with compound Z (shown. below) to form a sweet-
smelling compound.

H H H
oS
W—10C H
i k! s
H C=C
£ hY
H C=0
!
HO
compound Z

State the conditions essential for the formation of this sweet-smelling compound
and draw the full structural formula of the sweet-smelling compound.

CONAILIONS: ...t e [1]

structure: [1]

[Total: 12 marks]
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B10 An experiment is carried out to electrolyse an aqueous solution of copper (Il)

sulfate.
latinum —— (—{ }_1 — platinum
panode cathode
o = S e £} agueous
el o Boge b sl copper (ll) sulfate

(@) A constant current was passed through aqueous copper (Il) sulfate using
platinum electrodes in cell X. At regular intervals,.the cathode and anode were
removed, dried and weighed. The results were plotted on the graph below.

Mass of electrode

A

cathode

anode

time
Cell X
Explain why the cathode
(i) shows an increase in mass initially, [1]
(i) does notincrease in mass after some time. [1]
Tanjong Katong Girls’ School 17 Preliminary Examination 2016
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The experiment was repeated with aqueous copper (ll) sulfate of the same
concentration as before, but this time using copper electrodes in cell Y.

—__  copper
copper
an%% e cathode
o = S e £} aqueous
el o Boge b sl copper (Il) sulfate
CellY G

The same current was passed for the same length of time. At regular intervals,
the cathode and anode were removed, dried and weighed. The results were
plotted in the graph shown below.

Mass of electrode
A
r cathode

anode

> time
CellY

(iii)  Explain why the platinum anode does not change in mass in cell X but the
copper anode shows a decrease in mass in cell Y. [2]
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(b)  Anexperiment is set up to electroplate a fresh flower with silver.
(i) Suggest why the fresh flower must be coated with carbon particles first.

[1]

(i) Briefly explain how you would set up the cathode and the anode. You
should also name the choice of the electrolyte and write equations for the
reactions that occur at the two electrodes. [3]

[Total: 8 marks]
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B11 Either

(a)  Titanium is a shiny grey metal which is normally used in aircraft and engines.
Pure titanium can be extracted from its metal ore, rutile, through the steps

below.

Step

Description

1

Heat the rutile (titanium dioxide) with chlorine and coke
at a temperature of about 900 °C to form titanium
chloride and carbon monoxide.

Titanium chloride (melting point: -25°C) is then heated
with potassium in an argon atmosphere, according to
the equation: TiCls + 4K > 4KCIl + Ti

However the above reaction does not occur when
potassium is replaced with zinc.

(i) Construct a balanced chemical-equation to show the reaction occurring
in Step 1. [1]

(i) Based on the information given, predict the position of titanium in the
reactivity series relative to potassium and zinc. Explain your answer. [1]

(iii) ~Molybdenum is often added in order to change the physical properties of
titanium. State one physical property that may be changed by the
addition of molybdenum. Explain your answer. [3]

Tanjong Katong Girls’ School 20 Preliminary Examination 2016
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(b)  No one knows where iron was first isolated. It appeared in China, the
Middle East and Africa. It was obtained by reducing iron ore with
charcoal. In 1705, Abraham Darby showed that iron ore could be
reduced using coke in a blast furnace.

Waste gases

\

Iron ore, coke and
raw material A

Fire brick lining —__

Hot Air =

Slag —

Molten iron

(i) Name the raw material A. Explain why raw material A is added to the
blast furnace. 2]
(i)  Write the main chemical equation for the extraction of iron in the blast
furnace. [1]
(i) Would this method be suitable to extract sodium from its ore? Explain
your answer. (2]
[Total: 10 marks]
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B11 Or

Researchers in Europe and the United States have found the presence of
acrylamide in certain foods that were heated to temperature above 120 °C.
Potato chips and french fries were found to contain high levels of acrylamide.

Acrylamide, which is thought to be harmful to human health, has the following
structure.

H\ /H
cC=C¢C

H h CONH,

(@)  Acrylamide readily polymerises to polyacrylamide. Draw the structure of this
polymer. (1]

(b) A silk protein is composed of many identical protein chains, which are mainly
made from equal amounts of the following three amino acid monomers, glycine,
alanine and serine.

H O H O H O
H— l|\l—CH2—(|3|—O—H H— IL—CH—Q—O—H H— l|\l—C H—g—O—H
ch Crom
glycine alanine serine

(i) What type of polymerisation will take place when the monomers
polymerise? [1]

One possible structure of the silk protein is shown below.

—glycine|lalanine| serind—
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(i) Give the structural formula for the repeating unit of the silk protein,
containing the three amino acids. [1]

(c)  What are the differences between these two polymerisation reactions in (a) and
(b)? [2]

(d)  Acrylamide reacts with water to form acrylic acid and ammonium ions.

(i) Describe the test for the ammonium ion. [2]

(i) Given an aqueous solution of concentration 0.1 mol / dm?, how could you
show that acrylic acid is a weak acid? [1]

(e)  The structural formula of acrylic acid is shown below.

H COOH
N 7
cC=C¢C

v N
H H
It forms compounds called acrylates. Acrylic acid reacts with aqueous sodium
hydroxide to form sodium acrylate. Write a structural formula of sodium
acrylate. Write a balanced equation to represent the reaction. [2]

[Total: 10 marks]
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Marking Scheme

Name of Setter/s: Siti Munira Bte Haidad Ali

Name of Assessment: Chemistry 5073 Prelim 2016

No. of Papers: P2

CAO
OWTTE
ECF

Legend:

Section A [50 marks]

Correct answer only

Duration: 1 h 45 min

Date of Sep: 14 Sep 2016

Other words to that effect

Error carried forward

Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

A1(a)

Chlorine/

Any Group | elements/calcium

or
alkaline
acidic

CAO

A1(b)

compound
alloy/mixture

CAO

A1(c)

amphoteric

acidic

or

silicon
Lead/aluminium/zinc

CAO

A1(d)

nine

ten

or
electrons
protons

CAO

Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

A2(a)

A: Fe3*
B: I-
C: Fe%

CAO
CAO
CAO

A2(b)(i)

NH4NO3

CAO

examguru 2017
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A2(b)(ii)

No of moles of HNO3 = 10 x1000/
[1+ 14 + (16x3)] =158.7 mol

No of moles of NH4NO3 = 158.7
mol

Mass of NH4NO3 = 158.7 x [(2x 14)
+4 + (3x16)] =12 696 g =12.7kg

CAO

A2(c)(i)

The residue was not washed with
distilled water.

The residue of lead (ll) chloride and
crystals of sodium nitrate should not
be dried in the oven.

Lead (ll) nitrate and sodium
chloride may be in excess and
present in the filtrate. Therefore,
crystals of sodium nitrate may not
be formed when the solution was
cooled down.

CAO
OWTTE

A2(c)(ii)

The residue should have been
washed to remove any soluble
impurities.

Lead (ll) chloride and sodium
nitrate may decompose in the oven
due to the high temperature.

CAO
OWTTE

Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

A3(a)

BaCOs is less soluble than CaCOs,
and can act as a protective layer.

CAO
OWTTE

A3(b)(i)

2BaCOs3 + 2S02 + O2 —» 2BaS04 +
2C0O2

CAO

A3(b)(ii)

Slow down as reaction consumes
SOo.

Less H2SOs3 formed reduces the
reaction with CaCOs.

or

BaSOs is even less soluble than
BaCOs3 and forms a better
protective layer.

CAO
OWTTE

examguru 2017
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Comments/Instructions/

Q/No. Answer . Marks
Suggestions
Ad(a) Mr=1.125 x 24 = 27 CAO 1
A4(b)(i) | No. of moles of nitrogen atoms in | CAO 1
one mole of X= % x 2=1 OWTTE
" No. of moles of hydrogen atoms in 1
(i) 9
one mole ofX=1—8x2 =1
(iii) | Mass of carbon in one mole of X [Allow ECF] 1
=27-1-14 =12
No. of moles of carbon atoms in one 1
mole of Q = 12/12=1
Molecular formula of X is HCN
(shown).
Ad4(c) Draw covalent bond of HCN. CAO 2
Legend:

x- electron from H atom

* - electron from C atom
x- electron from N atom

examguru 2017
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Q/No. Answer Comments/lns_tructlons/ Marks
Suggestions
Ab5(a) Aluminium CAO 1
AS5(b) Aluminium reacts with oxygen to | CAO 1
form oxide and this protective layer
of oxide prevents Al from reacting
with steam.
A5(c) change to any acid (e.g H2SOs4, | CAO 1
HCI, HNO3)
or
change metal to Mg
Q/No. Answer Comments/lns_tructlons/ Marks
Suggestions
A6(a) Argon: OWTTE
Electronic structure is 2.8.8 or 1
Full octet structure or noble gas
configuration
Argon is unreactive.
Potassium:
Electronic structure is 2.8.8.1 1
Can lose the valence electron
easily.
Potassium is very reactive.
AG6(b) Tellurium and lodine CAO 1
Ab(c) Any one of the following: OWTTE 1
Elements with similar chemical
properties / same number of
valence electrons would not be in
the same Group
No two elements share the same
proton number, but some elements
may share the same mass number
(e.g. Co and Ni)
The Ar of some elements could not
be accurately determined (e.g. Fr,
At)

examguru 2017
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Comments/Instructions/

Q/No. Answer Suggestions Marks
A7(a)(i) | CaO + H20 — Ca(OH): CAO 1
A7(a)(ii) | Powdered CaO has larger surface | OWTTE 1

area.
More effective collisions, rate is 1
faster.
A7(a)(iii) | Acidic> basic condition. CAO 1
OWTTE
The amount of heat given out is the
greatest when acid is added as heat
is given out due to neutralisation of 1
Ca(OH)2 in addition to heat given
out when CaO reacts with water.
A7(b)(i) | measuring the time taken for a fixed | CAO 1
volume of gas produced/ OWTTE
time taken for maximum volume of
gas produced/ time taken for mass
of content to stop dropping/reach
constant
A7(b)(ii) |1,2,3 CAO 1
A7(b)(iii) | Hot CAO 1
A7(b)(iv) | 240 cm3; 8 °C ; between 6-12 sec | CAO 2
2 out of 3 correct 1
Q/No. Answer Comments/lns_tructlons/ Marks
Suggestions
A8(a)(i) | Between 5™ and 6 t"day. CAO 1
A8(a)(ii) | It decreases the production of CAO 1

ethene by the fruits.

examguru 2017
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A8(b)(i)

Correct structures of ethane

H H
| |

H—-C—-C—-H
[ [
H

and ethene

H H

CAO

A8(b)(ii)

Bromine solution is added to both
ethane and ethene separately, the
reddish brown colour remains for
ethane but turns colourless for
ethene.

OWTTE

A8(b)iii)

C-H:

413 x4 = 1652 kJ
Cc=C H-H
610 kJ 432 kJ

Total energy absorbed
= 2694 kJ

c-C

346 x1 = 346 kJ
C-H

413 x6 = 2478 kJ
Total energy released
= 2824kJ

AH 2694-2824

- 130 kJ (shown)
(negative value = exothermic)

OWTTE

[Allow ECF]

examguru 2017
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Section B [30 marks]

Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

B9(a)(i)

Octane has the lowest boiling point
among the fraction hence it is
collected from the top of the column
while hexadecane has the highest
boiling point among the fractions
hence it is collected from the bottom
of the column.

OWTTE

B9(a)(ii)

There is an increase in viscosity
from octane to dodecane to
hexadecane.

As the relative_molecular mass of
the compounds increases, the
intermolecular forces of attraction
also increases. Thus, lots of energy
needed to weaken/overcome
strong forces. Hence, there is
greater resistance for liquid to flow.

Or
Longer molecule will get tangled up.

OWTTE

B9(a)(ii)

Both ethanol and hydrogen are
renewable sources of energy (ie.
ethanol can be obtained from
fermentation of glucose and
hydrogen from cracking of alkane.

OWTTE

BI(b)(i)

electron

CAO

BI(b)(ii)

highest m/z v alue is 60.
Total Mr of (CH3COOH)
=12x3(1)+12+ (16 x2) + 1
=60

Ethanoic acid

CAO

examguru 2017
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B9(b)(iii) | Draw 2-carbon with COOH group CAO
propanoic acid
1T
Vi
H=G~—=G~—€
'l To-H
H
B9(c)(i) | The water should flow in from the OWTTE
bottom of the condenser and out
from the top.
conditions: concentrated sulfuric OWTTE
B9(c)(ii) | acid, warm.

structure:
H H H
N Sy
N—LC H
i *, s
H o=0C
£ ",
H =0
Hi - l_.-"
WG -f-0

examguru 2017
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Comments/Instructions/

Q/No. Answer S . Marks
uggestions

B10(a)(i) | At the cathode, Cu?* ions gains | OWTTE 1
electrons/reduces to form Cu which
is deposited at the cathode. So the
mass of cathode increase.

B10(a)(ii) | When all the Cu?* ions in the | OWTTE 1
solution are discharged at the
cathode, no additional deposit of
copper.

B10(a)(iii) | In Cell X, the anode does not| OWTTE 1
change in mass because the
platinum anode is an
inert/unreactive electrode. It does 1
not dissolve in the electrolyte.
In Cell Y, the copper anode slowly
dissolves in the electrolyte forming
Cu?* by losing electrons.
Hence it decrease in mass.

B10(b)(i) | Carbon is a conductor of electricity. | OWTTE 1
When coated, the flower can act as
an electrode.

B10(b)(ii) | Cathode : flower CAO 1
electrolyte : aqueous silver nitrate
Equations:
Anode: Ag — Ag* + e 1
Cathode: Ag* + e — Ag CAO 1

examguru 2017
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Either

Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

B11(a)(i)

TiO2 + 2Cl2 + 2C - TiCls + 2CO

CAO

B11(a)(ii)

Below potassium but above zinc.

Potassium is able to displace
titanium from titanium chloride but
not zinc.

OWTTE

B11(a)(iii)

Titanium become stronger/harder.
Pure titanium is made up atoms
that are orderly arranged. The
layer of atoms slides past each
other easily when force is applied.
Molybdenum disrupts the orderly
arrangement of titanium and
hence preventing the layers of
atoms from sliding past when a
force is applied.

Or

The melting point of the mixture
will be lower. The melting point of
pure titanium is higher as there is
strong metallic bond between the
positive ions and sea of
delocalized electrons. Adding
impurities like Molybdenum will
lower the melting point of the
mixture.

OWTTE

B11(b)(i)

Raw material A is limestone, which
is added to remove the acidic
impurities.

The calcium oxide then reacts with
the acidic oxide in the
impurities/acidic impurities to form
calcium silicate which is removed
as slag.

OWTTE

B11(b)(ii)

Fe2xO3 +3CO > 2Fe + 3CO2

CAO

B11(b)(iii)

No. The compound with sodium as
the metal is more stable and cannot
be extraction by reduction.

OWTTE

examguru 2017
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Q/No.

Answer

Comments/Instructions/
Suggestions

Marks

B11(a)

T
c—C
| |

H  CONH: n

CAO

B11(b)(i)

Condensation polymerisation

CAO

B11(b)(ii)

Structure of repeating unit

H 0 H 0 H 0
— N—CH—C —N—CH—C —N—CH—C—

CHs CHzOH

B11(c)

In the addition polymerisation of
acrylamide, it involves the breaking
up of the double bond in the
monomers to form a single product
that is the polymer. In the
condensation polymerisation
reaction to form silk protein, water is
also formed besides the silk protein.

OWTTE

B11(d)(i)

Add aqueous sodium hydroxide to
the solution containing ammonium
ions. Warm mixture gently. If a gas
produced turns damp red litmus
paper blue, then ammonium ions
are present.

OWTTE

B11(d)(ii)

Add magnesium/metal carbonate
Rate of bubbling is slower.

Or

Add universal indicator and observe
the colour change from green to
orange/yellow.

OWTTE

examguru 2017
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B11(e)

Structural formula of sodium
acrylate

H COQONa

C2H3COOH (aq) + NaOH (aq) >
C2H3sCOONa (aq) + H20 (1)

CAO

examguru 2017
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w ™
1 A student measured the rate of reaction between calcium carbonate and dilute 3 A special syringe is used o determine how long a gaseous pollutant takes to diffuse
hydrochloric acid. A graph showing the volume of gas produced against time is out of car exhausts.
shown.
valume / cm?® potlutant gas reacts with
chemicals and changes colour
handle
pollutant
gas being
tested
time /s pull pump gas travels through the tube

Which apparatus was used to measure the variables shown on the graph? Which pollutant gas would cause a colour change most rapidly?

A burette and pipette

; A CO B SO )
electronic balance and gas syringe

B C NO, D CHy
C gas syringe and stop waltch
D

i d stop watch
pipelts.an 3 4 The graphs (not drawn to scale) show the heating curves of oxygen and nitrogen
over a period of time.
2  Ethene can be prepared by heating ethanol with excess concentrated sulfuric acid.

Ethene is an insoluble gas that has a lower density than air. emperature / oo:

water 183 O& \ N2

» time / minutes
gas —p -

-196 .
% -210
e -218
gas
syringe
- At what temperature will there be two different phases (states) of matter co-existing
gas - m at the same time, in a mixture of oxygen and nitrogen under room conditions?
gas —» A -180°C B -210°C
1 i C -200°C D -220°C
Which set-ups can be used to collect the ethene produced?
A landll only B M and Il only
C landlllonly D Al of the above
4E/PRELIM/5073/01 [TURN OVER
4E/PRELIM/5073/01
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5

4

The diagram shows the apparatus used to separate hexane, boiling point of 70°C,
and heptane, beiling point of 98°C.

Which graph would be obtained if the temperature al point T was plotted against
the total volurne of distillate collected?

A B
F 3
© 100 O 100
m 90 m a0 |
2 80 2 80
o w©
o 70 g 70—
£ £
5 i 13
S
total volume of total volume of
distillate / cm? distillate / cm?
C D
\ 3
O 1007 0 100
m 90 — m 90 —
2 80— = 80
[ ©
& 70— S 70 —
m. =9
8 8
fotal volume of total volume of
distillate / em? distillate / cm?®
4E/PRELIM/5073/01

5

6 Compound P has the following properties:

melting point E 85°C
boiling point : 130°C
solubility in water high

Which apparatus can be used to separate pure P from a mixture of P and water at
room temperature?

7 Which diagram best represents a mixture of neon and hydrogen bromide?

¢

@
oL

A B c D

§ Fullerene was discovered in 1985. It is a perfect sphere with the chemical formula
Cso. From this information, what can be deduced about the structure of fullerene?

A |t contains only one element.

B Itis acompound of 80 elements.
C  Itis amixture of 60 atoms.

D Itis amixture of 60 elements.

4E/PRELIM/S07 3/01 [TURN OVER
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10

1

12

An element X has two isotopes of 16 and 18. lts relative atomic mass is 16.4.
Which statement correctly states the proportion of isotope-16 in the sample?

A 20%
C 40%

An isotope of element Y has 19 protons and 20 neutrons in its nucleus. Which is

the symbol for the ion of Y?

20
*‘
A 19

20
.
C

B 60%
D 80%

19

The table ke low gives some information about particles S and T.

particle number of number of electronic
protons neutrons configuration
E 9 10 28
T 16 18 28,8
What are particles S and T7
A atoms of metals B ions of metals
C atoms of noble gases D ions of non-metals

Elements X, ¥ and Z have consecutive, increasing proton numbers. If element X is
a noble gas, what is the symbeol for the ion of element Z in its compounds?

A Z* B Z%
c z> D z=
4E/PRELIM/5073/01

13 The diagram shows the structure of an ionic compound.

14

15

N
P

..A..'.i‘\q‘
Bote

D

What is a possible formula for this compound?

A CaF:
C KF

The table below shows some of the physical properties of some unknown
substances V., W, Xand Y.

B SO
D MgO

meltin boilin electrical conductivit lubili
substance no_nz.m uo.:qnmu solid state | liquid m»m“m m_m ﬂwﬁw
v 122 150 poor poor insoluble
w 690 1790 poor good sofuble
X 1510 2489 poor poor insoluble
Y 1453 2730 good good insoluble

Which staterment about the four substances is correct?

A Substance V has a simple molecular structure and it has weak intermolecular
forces of attraction between its molecules,

B Subslance W can conduct electricity because it has free mobile slectrons,

C Substances X and Y are macromolecules.

D Substance Y has & giant molecular structure and it has strong covalent bonds
between its atoms.

Which ferilizer has the highest percentage composition of nitrogen in a formula
unit?

A NHaNO3 B  NaNOs
C  (NH4:PO4 D (NH4)2S04
4E/PRELIM/S073/01 [TURN OVER
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16 Potassium permanganate(Vil} decomposes when gently heated according to the

17

18

equation:
2KMnO.4 = KzMnO4 + MnOz + On

When 1.65 g of a sample of impure potassium permanganate(Vil) crystals is
heated until no more gas evolves, the volume of oxygen gas collected under room
temperature and pressure is 120 cm?®. What is the percentage purity of the crystals
of potassium pemanganate(VIl)?

A 20% B 24% C 48% D 96%
Chlorine gas is a severe irritant to the eyes and respiratory system. The maximum

safe toleration level of chlorine gas is 0.005 mg/idm?®. How many molecules of
chlorine gas are present in 1 dm? of air at this toleration level?

0.005 0.005 1 =

A aaoE X B Joop *7778*10

o 0005 o o 0005 . o
71 1000

When 0.002 mol of a metal V was reacted with an excess dilute acid, 48 em?® of

hydrogen gas given off was measured at room temperature and pressure. Which is
a correct equation for the reaction?

A 2V(s) + 6H*(aq) > 2V*(aq) + 3H2(q)
B 2V(s) + 2H*(ag) > 2V3(aq) + Hy(g)
C V{s) +2H'(aq) > 2v¥(aq) + 2H(y)
D V(s)+2H'(aq) > V*(aq) + Hz(g)

4E/PRELIM/B073/01
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In an experiment, an excess of 0.100 molidm? dilute sulfuric acid was added to
25.0 cm? of 0.100 mol/dm? agueous barium hydroxide.

burette
0.100 molidm? dilute sulfuric acid

ammeter

carbon electrodes

25.0 cm?® of 0.100 mol/dm?
aqueous barium hydroxide

The acid was added from the burette in portions of 5.0 cm? until 40.0 cm? of the
acid was added. After each addition, the solution was stirred and the ammeter
reading was neted. Which graph correctly represents the relationship between the
ammeter reading and the volume of acid added?

A B
< £
= ®
: g
4 [T
& 3
2 E
£ £
1]
o i 3
volume of acid/ em?® volume of acid/ cm
< ¢ < D
[=)] o
E =
e e
113 1]
2 o
] o
o ©
- ? |
E E
o m .
volurne of acid/ cm? volume of acid/ cm?
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Element R reacts with oxygen to form a gas, T. T changes the colour of damp
litmus paper from blue to red. T is used to kill bacteria in the preservation of dried
fruit. Identify R.
A carbon

C chlorine D sulfur

B nitrogen

The mouth ¢ontains 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 pH
acidic acidic
neutral neutral
alkaling alkaline
time /s time /s
pH
acidic acidic B
neutral neutral
alkaline alkaline
time / mr time /s
4E/PRELIM/5073/01
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24
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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 disscived in excess
agqueous ammonia. The same colourless solution gave a white precipitate with
barium nilrate solution. What is the identity of solid Z?

A calcium metal B zinc metal

€ calcium sulfate D zinc sulfate

Dispropotionation is a reaction in which the same element is both oxidised and
reduced. Which reaction is an example of disproportionation?

A 3 Cu+B8HNO;s > 3 Cu{NOs), + 2NO + 4 H,0

B CFk +2 NaOH - NaC/+ NaOC/+ H:0

C FezSOs)+ 2Kl 2 2 FeS04 + 12804 + |2

D 2Pb(NO:)z 2 2PbO+ 4 NO:+ Oz

A solid deposit of element X is formed at the cathode when an aqueous solution
containing ions of X is electrolyzed. Which statement about element X is true?

A [ons of X gain electrons at the cathode.

B lons of X lose electrons at the cathode.

C Xis above hydrogen in the reactivity series.

D X forms negative ions.

4E/PRELIM/5073/01 [TURN OVER
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25 The following apparatus was set up as shown.

salt bridge

concentrated _ o=
sodium chloride  S—om====

solution beaker S beaker T

dilute sodium chioride
solution

If platinum electrodes were used, which diagram shows the pH of the solution in
each beaker at the end of the experiment?

A B
pH pH

W
-
w

pH

4E/PRELIM/5073/01
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26 Elements X and Y are in Group V! of the Periodic Table. X is a liquid at room
temperalure. Y is a solid at room temperature. Which statement(s) is / are correct?

1 Atoms of Y have more protons than atoms of X.
I Molecules of Y have more atoms than molecules of X.
Il Y displaces X from agueous solution of X" ions.

A lonly B tonly
C llony D All of the above

27 The postions of four elements are shown on the outline of part of the Periodic

Table. Eement T has a high melting point and is a good electrical conductor. It
forms chibrides TCl and TCls. Which element is T?

28 Using the apparatus shown, chlorine gas was passed through the tube containing

solid potassium bromide and potassium iodide. After a short time, coloured
substances were seen at P, Q and R.

potassium bromide potassium iodide

direction of ——»

e
chiorine i.
,—.:mm_
atP atQ atR
A green gas violet vapour black solid
B green gas red-brown vapour violet vapour
Cc red-brown vapour violet vapour biack solid
D violet vapour red-brown vapour red-brown vapour
4E/PRELIM/S073/01 [TURN OVER
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29 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:

dFe (s) + 302(g) = 2Fe20:(s) AH =~ 823 kd/mel
Which statement is not true about the reaction above?

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

B The energy level of products is lower than that of the reactants.

O

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

30 If a strip of magnesium is dropped into excess hydrochloric acid, an exothermic
reaction occurs, Why does the rate of this reaction increase during the first few
seconds?

A The mass of magnesium is decreasing.

B The magnesium is acting as a catalyst.

G The solution is becoming hotter.

D The surface area of the magnesium is increasing.

4E/PRELIM/S073/01
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31 Some crystals of sodium carbonate were added to excess sulfuric acid at room
temperature. The volume of carbon dioxide produced was measured over a period
of time. The results are shown in graph Y. The experiment was repeated and

graph Z was oblained.
raph Y
volume of 100 1- i
carbon graph 2
- 5
dioxide / cm 504
0 time / seconds

Which one change was used to obtain the results shown in graph Z7

A A lower temperature was used.
Acid of half the original concentration was used.
Half the mass of sodium carbonate was used.

ooOw

Larger crystals of sodium carbonate were used.

32 A liquid X reacts with solid Y to form a gas. Which two diagrams show suitable
methods for investigating the speed of the reaction?

1 3

stopper cotton wool
X X
4 Y
balance
4
: wA cotton wool
=)
X
Y
A 1and3 B 2and3
C t1and4 D 2and4
4E/PRELIM/5073/01 [TURN OVER
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33  Ammonia is produced by Haber process. Which statement is not correct?

A A catalyst of iron is used.

8 Each hydrogen molecule reacts with three nitrogen molecules to form two
moiecules of ammonia.

C Hydrogen for the process can be obtained by cracking of oil,
D The reaction is reversible.

34 Which statement about the properties of ammonia is correct?
A It decomposes on heating at high temperature to form nitrogen gas and
hydrogen gas.
B It dissolves in water to form an acidic solution.
C ltis formed by heating ammonium salts with sulfuric acid.
D it reacts with alkalis to form salts.

35 A steel works and a chemical works are buill near to a city. The limestone
buildings in the city begin to crumble. Which gas is most likely to cause this
damage?

A carbon monoxide

B nitrogen

C oxygen

D sulfur dioxide

36 For which property of the alkanes does the numericai value decrease as the
number of carbon atoms in the homologous series of alkane molecules increases?
A density
B flammability
C number of isomers
D viscosity

4E/PRELIM/5073/01
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17

The table shows the boiling points of four fractions, P, Q, R and $§, obtained when
crude oilis distilled,

fraction P Q R S
boilingrange / °C 35-75 80-145 150 - 250 greater than
250

How is fraction P different from fraction 87

A Fracion P is more viscous than fraction S.

B Fraclion P is in less demand than fraction S.

C Fraciion P is more flammable than fraction 5.

D Fraclion P contains molecules of larger malecular masses than fraction S.

Liquid limenene can be extracted from oranges. Its structure is shown below.

CH

3

)
w

Which statement about limonene is not correct?

A It can be oxidised into a carboxylic acid directly in the presence of bacteria in
the ar.

B ltis an unsaturated hydrocarbon with alkene functional group.

O

It undergoes hydrogenation in the presence of nickel catalyst to form limonane.

D When it undergoes cracking, the following reaction is possible:
limonene =» CgHg + C3Hg + CH4

4AE/PRELIM/5073/01 [TURN OVER
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Section A
Answer all the questions in this section in the spaces provided.
The total marks for this section is 50.

1 The diagram shows the structures of various compounds.

Using the Ietters A to E, choose the compound that is best described in the
statements below. Each compound may be used once, more than once or not at

all.

(a)

{b)

{c)

{d)

(e)

A compound that is most likely to contribute to acid rain.

i

A compound that is an amphoteric oxide.

A compound that is a product of a substitution reaction of an alkane.

M

A compound, in molten state, that releases a reddish-brown gas at the
anode when electrolysed.

[

A compound that is produced in catalytic converters of cars.

1

4E/PRELIM/5073/02

The flow diagram below shows the decomposition of compound M.

h 4

h 4

screened methyl orange

gas N, brown gas residue P, yellow when hot
which and white when cooled
%A_u_wﬂ“Ma a dissolved in water
splint

colourtess

solution Q

y

colourless
solution

ldentify and name the following unknown substances.

(@ (i) compoundM™
(fi) gasN
{ifi) residue P

{iv) solution Q

(1

{1

(1]

(b) State the type of reaction that occurs between residue P and colourless

solution Q.

4E/PRELIM/S073/02
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4

Chromatography is an important tool for chemical investigation. A mixture of
amino acids was separaled by paper chromatography using two different
solvents; K and L. After treafing with a locating agent, the results are shown

below. The positions of the amino acids on the two chromatograms are labelled amino acid 'spot’ . :
W, Xandy. S i Sou il Rr value in solvent K | Rr value in solvent L

(b) Calculate the Rr value of each amino acid in each solvent and write them in
the fable. Your answers must be given to 2 significant figures.

solvent K solvent L w
cm cm
X
10 10 +— solvent
R T T T T T T P ——— ﬂ_‘ODH
Y
solvent—s *X ‘
front T % (c) The R values of a number of amino acids in the two solvents are listed
below,
amino acid R value in solvent K | Rr value in solvent L.
glutamic acid 0.38 0.30
glysine 0.50 0.26
5 5 tyrosine 0.66 0.45
arginine 0.70 0.20
[ - alanine 0.72 0.38
For each of the amino acids in the mixture, use the table above and the
= -\ chromatography results to either name the amino acid or state that it is not
in the list given.
Y-
w .
§ X
start line —» +—- start line
2
(a) Suggest a reason why a locating agent was used. (2]

4E/PRELIM/5073/02 4E/PRELIM/5073/02 [Turn over
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4 During a thunderstorm, lightning strikes the Eiffel Tower. In lightning, the
temperature can reach 30 000 °C. This causes nitrogen and oxygen in the air to
react, producing nitregen monoxide. This reaction has high activation energy and
is endothermic.

A chemical equation that represents this endothermic reaction is:
Nz + Oz 2 2NO

The energy level diagram for this reaction is given below.

2NO

energy Nz + O2

. reaction
pathway

{a) Explain how the energy level diagram shows that this reaction is
endothermic.

{b) Label activation energy (Ea) and enthalpy change (AH) in the diagram
above.

4E/PRELIM/5Q73/02

7

(c) The table below shows the bond energies.

bond bond energy (kJmol)
N=N 945
N-N 145
N=0O 630
0=0 498

{i) Use the bond energies in the table to calculate the enthalpy change,
AH for this reaction.

AH= . kMol [3]

(ii) In terms of bond forming and bond breaking, exptain why this reaction
is endothermic.

4E/PRELIM/S073/02 [Turn over
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5 Both ethanoic acid and butanoic acid are weak acids that are found in some 6 The graphs below show some properties of Group Vil elements, the halogens.
plants and bacteria. Graph 1 shows the atomic radii and Graph 2 shows the electronegativity of the

Group Vllelements. Electronegativity is 2 measure of the tendency of an atom to
(a) (i) Explain what is meant by weak acid. attract a bonding pair of electrons. It is usually measured on the Pauling scale,

on which the most elecironegative element is given an electronegativity of 4.0.

Graph 1 . Graph 2
5 [1] atomic radi electronegativity
{(nm) ozt
{ii) Describe a simple chemical test to show that butanoic acid is a weak
acid.
- 2] F ¢ Br | FoC B
{(b) Butanoic acid can be converted into an ester by heating it with an alcohol (@) Using your knowledge on atomic structure, state and exptain the trend seen

and a few drops of concentrated sulfuric acid. A sample of the ester I Graphit.

contains 0.18 g of carbon, 0.03 g of hydrogen and 0.08 g of oxygen. The
relative molecular mass of the esteris 116,

(i) Find the empirical formula of this ester. T
{2]

{b) Use the information from Graph 2 to explain the reactivity of the halogens
on gaing down the group.

2]
(2]

{c} Write a balanced chemical equation for the reaction when chlorine gas is
passed through colourless potassium bromide solution.

(ii) Hence, deduce the full structural formula of the ester.

(1

(d) Draw a dot and cross diagram to show the bonding in potassium bromide,
showing only the valence electrons,

(2}
[2]

examguru 2017
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7 Poly{butene) is a polymer made from crude oil in two stages.

(a) The first stage in making poly(butene) is to break down large hydrocarbon
malecules from crude oil into smaller hydrocarbon molecules, as shown
below.

i

(H)

CieHza ——————» CsH1g + C4Hs + 2C2H.

Name the process where poly(butene) is broken down into smaller
hydrocarbon molecules.

Q)

The products contain two types of hydrocarbon with different general
formulae. Name one type of hydrocarbon,

: (1]
(i) Suggest a reason why air cannot be introduced in this reaction.
)
{lv) The labels on the bottles of C4Hs and CsHwo are missing. Describe,
how to distinguish, the two substances.
. (2]
(b) The second stage is to use butene to produce poly(butene).
{i) Draw the structural formula of a butene molecule.
[
(ii) Describe how molecules of butene form poly(butene).
. [2]

4E/PRELIM/5073/02
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8 The set up below shows a test tube containing ethancl being heated.

test holder
test tube, X, . -———ice water
containing .

ethanol ~" 1 distilate Y

heat nﬂﬁ/;ﬂ.”

(a) 5 cm®of acidified potassium manganate is added to test-tube

(i) State the colour change observed in test tube X when acidifted

potassium manganate is added.

{ii) Name the type of reaction taking place in test-tube X when acidified

potassium manganate is added.

(b) Name distitlate Y and draw its full structural formula.

Name: ...........

Full structural farmula:

{c} State two chemical properties of distillate Y.

4E/PRELIM/5073/02
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Section B

Answer all three questions in this section in the spaces provided.
The |ast question is in the form of either/or and only one of the alternatives
should be attempted.

The total marks for this section is 30.

1 Harry carried cut two separate experiments in the taboratory for 3 hours. In each
experiment, he electrolysed 2 dm? of aquecus copper(ll) sulfate containing 0.64 g
of copper(ll) ions. The two salid electrodes were placed the same distance apart
in each experiment. The diagram below shows the results of the two experiments.
After 3 hours, there was no more solid deposited in Experiment 2.

mass of copper

am_uom_ﬁmam g
Experiment 1
0.84 [ "=/ 2 ' Experiment 2
i) u » time / hour

{a) (i) Two different electrodes, carbon electrode and copper electrode were

used in these two experiments. State the electrode used in each
experiment.

Experiment1: ............

Experiment 2; ..........

{1

(i) Using your answer to (ii), explain the shape of the 2 graphs.

(b) Write a balanced chemical equalion, with state symbols, for the reaction
happening at the ancde and cathode for Experiment 1. [2)

Anode:

Cathode: ..........

4E/PRELIM/5073/02

13

{c) Descibe what wouid be observed when Universal indicator was added to
electiolytic cell of Experiment 2 after three hours. Explain your answer,

(2]
(d) The ¢verall equation for Experiment 2 is as follows:
2Cu? (aq) + 40H- (aq) = 2Cu (s} + 2ZH20 () + Oz (g}

Calcufate the volume of oxygen gas produced at the end of three hours.

volume of oxygengas = .....................dm® [2]

4E/PRELIM/5G73/02 [Turn over
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2 A student investigated the reactivity of four metals; iron, copper, zinc and metal X.

He set up three experiments as shown below.

iron zinc — metal X
- $0lution 1 Solution - solution
containing containing containing
agueous agueous aqueous
copper(ll) ions iron(ll) ions zinc(ll} ions
Experiment 1 Expeariment 2 Experiment 3

{a} In Experiment 1, the student sees changes happen to both the iron rod and
the solution.

(i) Describe the changes that the student sees.

(1

(ii) Explain why these changes occur.

(b} The studen! cbserves that a reaction happens in all the three experiments.

{iy Arrange the four metals in increasing order of reactivity.
11

(ii) Explain your reasoning for such an arrangement in (b)(i).

(2]

{iiiy Suggest an identity for metal X.

g

AE/PRELIM/5073/02
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{c) The student decides to investigate the thermal stability of the carbonates of
the four metals. He heats each metal carbonate in a test tube and bubbles
the gas produced inte limewater.

(i} Describe what he would observe in limewater.
("

(i) Describe how he could use the results obtained to place the metal
carbonates in order of thermal stability.

4E/PRELIM/S073/02 [Turn over
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The diagrams below show four monomers, A to D.

{a) Monomer B was formed by reacting CH2CHCOCH with another compound,

16

monomer A

meonomer B
@ Y H COOCH,
/.. ﬁ\ B ¢ = 2 ,
. , N
_._e\ /o: H L
monomer € monomer D
[0} H H
g Pd
: /Z — CH2CHsCH>; — N
HO— € — CHzCHCH; — OH . \\ / T

X. State the conditions of the reaction and the name of compound X.

Conditions: ...........

Compound X: ... .........

{i)

(i)

State the monomer that can be used to produce a polymer by itself via

condensation polymerisation.

State the monomer that will undergo polymerisation without a change in

percentage composition. Explain your answer,

4E/PRELIM/5073/02

(d A student has three solutions containing monomers A to C each, Describe

)

17

(¢} (i) Using two monomers from above, draw a repeat unit of the polymer
formed, which has the same linkages as those found in nylon.

(H) Give a reason why the polymer formed in (¢)(i) should ot be disposed

by burning.

chemical tests the student could do to identify the three solutions.

4E/PRELIM/5073/02
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In the recent years, the build-up of greenhouse gases has been one of the
greatest environmental concerns. The table below compares the effects of some of
these greenhouse gases.

gas heat trapping overall percentage
effectiveness contribution to abundance of
compared to CO;z | increased global gas /dm?®
warming (%)
carbon dioxide 1 50 0.03
methane 30 18 0.00017
ozone (at 2000 14 0.000004
ground level)
CFCs 10000 - 25000 12 0.000004

(@) (i) Draw a dot and cross diagram to show the bonding in CFCh, showing
only the valence electrons.

(2

(ii) State whether CFCh has a high or low boiling point. Explain your
answer, referring to the bonding in CFCh.

(b Describe the trend between the gases’ heat trapping effectiveness and its
) contribution to global warming.

(1

4E/PRELIM/5073/02
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{c) Though CFCs are thousands of times better at absorbing heat than carbon
diexide, their effect on global warming is low compared to carbon dioxide.
Suggest why.

M

(d Flue gases containing acidic gases are produced in power stations as oil and
) coal are burnt to produce electricity. Sulfur dioxide is one such pollutant,

(i) A certain chemical can be lined on the chimneys of power stations to
reduce the amount of sulfur dioxide released. Suggest the name of the
chemical.

(1

(li} Write a balanced chemical equation to represent the raaction that takes
place in {d)(i).

. ; ; [1
{iii) B0 dm* of sulfur dioxide was released from the chimney. Calculate the
mass of the chemical suggested in {d)(i) needed to react.
mass of substance = .......................... g [2]

- END OF PAPER -

4E/PRELIM/5073/02
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ASSUMPTION ENGLISH SCHOOL
Preliminary Examination 2015
Pure Chemistry 5073 = Marking Scherme

1]¢ nHio 211D 31 ]|cC
2 D 12|¢ 22 | B 3218
3 [b 13 | A 23 |8 338
4 |B 14 [ A 24 1A 34 | A
5 A 15 | A 25D 35D
6 [B 16 D 26 | A 36 (8
7 |¢ 17 1B 27| ¢ 37| ¢
B |A 8|0 28 [ € 3B | A
9D 198 29| C 39|¢
io|[s 20| D 0|c 40 | c
PAPER 2

SECTION A: {50 marks

(c)

W: Glutamic acid
X: Not in the list
¥: Arginine

All 3 correct — award 2 marks
2 comect - award 1 mark

2]

(a)

energy is taken in.

[Reject if angwer s in terms of bond breaking of reactants and bond forming of
products]

{b)

energy

_ reaction
¥ pathway

Each correct labelling — 1 mark

[2]

1]{(@]|C [1]
(b} | B i
€} | E i1
(g} | A [1
(o) [ D [1]

2 | (@) [ () [ Zincnitrate [1]

(i) [ Oxygen 1
{1 | Zinc oxide 1
{iv} | Nitric acid 1
{b) | Neutralization [1]
3 [ (a) | Amino acids are colourless, thus a locating agent is required to react with the
amino acids and make it visible/identify it. [11
Stating coleurless is not sufficient!
(b}
uﬂwﬂwomhﬁowﬂ”:n: Ry value in solvent K Ry value in solvant L
w 0.38 0.30
X 0.50 0.82
¥ 0.70 0.20 [2)
All 8 correct— award 2 marks
3/4/5 correct — award 1 mark

(c}

{i) | Energy taken in for bond breaking
=045 + 408
= +1443 kJ

Energy given out for bond forming
= 2{-830)
=-1260 kJ

AH reaction = AH bond breaking + AH bond forming
= 1443 - 1260
= +183 kJ

Deduct 1 mark overall for following:
- AHbond toming OF AHbong wreaking Without signs
- No units

(11

|

(1

{ii) | The ener
than the ener:

absorbed in_bond breaking of N=N and O=0 bonds is greater
released in bond making of N=0O bonds.

cannot write: needed, used, required (too general}
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(a) | () | A weak acid is a substance that dissociatesfionises partially in water 10
release hydrogen ions. [1]
Do not award mark if hydrogen ions are not in answer,
o such thing as dissociate incompletelyl!
(it} | Compare rate of effervescence for metal dissolving in butanoic acid and any
named strong acid and indicating observation for butanoic acid.
When a strip of zinc metal {can be any reactive metal) is dissolved in
butanoic acid, the rate of effervescence / volume of effervescence produced | [1]
wollld be less than that of a strip of zinc metal in hydrochloric acid. [1
Deduct 1 mark if bubbles are used. Strict use of effervescence only.
Simple chemical tosti!!
Eniversal Indicator is not chemical testl
®) | ()
C
mass /g 0.08
mr 16
.of
no. of moles o_.mmuc.oou
- i1
simplest ratio 0.005 1
0.005
empiricial formula; CaHsO [
(ih | Let the molecular formula of the ester be (C3HsO)a
Mr =3n(12) + 6n{1) + 16n
116 =36n + 6n + 160 = 58n
n=2
Molecular formula = CsHq0, 1]
H H H e} H H
I | | il | |
H-C-¢C-C-C-0-¢-C - H
| 1 | | i
M H__H H H Q)

(a) | The atomic radii increase down the group. 1]
As the number of electrons increases, more electron shells are required to 'house' [1
the electrons, thus creating a bigger atom.

(b) | As seen in Graph 2, the electronegativily decreases on going down the group.

The ability of altraction of another efectron from other atom decreases on going | [1]
dow the group.

Hence, the decrease in electronegativity leads to the decrease in reactivity down 1
the group.

Trend and reason must taliy!

Mo mark for just stating electronegativity decreases. READ gquestion. It is
about reactivity!!

(c) | C2 +2 KBr > 2 KC/ + Br; (state symbols not required) [11

(d) | correst number of electrons in cation K* [1]
correct number of electrons in bromide Br [1]

(a) | {} | Cracking 1]
(li) |Alkanes OR Alkenes [1]
{iit} | The hydrocarbons would undergo combustion with oxygen. [11
(v} | Add agueous bromine/bromine solution/bromine water to separate test tubes | [1]

containing butane and butene.
The test tube with butene will decolourise aqueous reddish brown bromine. 1]

(b) | (I} q_ _.__ _._* __._ M

T
H H H Accept allernate struciures (2™ C = 3" C)
(i} { Under a high pressure and high temgperature in the presence of a catalyst, [1]
the carbon carbon doubte bond in butane is broken to form paly(butene). [1]
{a) | (i) | Purple to colourless [1]
(i} | Cxidation [11
{b) | Name: Ethanoic acid [1]
Struetural formula: [1]
H 0
[l

H Iﬁ_“| C—O0H
H
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{c)

[t can react with metal to form sait and hydrogen gas.
It can react with metal carbonates to form salt, carbon dioxide gas and water,

It can react with base to form salt and water.

2. |(a) | {(I) | Blue solution tums green. A pink solid is deposited on the rod. 1]
(il} | The more reactive irgn metal displaces the less reactive copper ions from | [1]
the solution.
The solution turns green due to iron(M) ions. [1
A pink solid is formed due to copper metal.
(b) | (i | Copper, Iron, Zinc, X [
{I} | Experiment 2 shows that zinc is more reactive than iron. [1]
Experiment 3 shows that X Is more reactive than zinc. 1
Thus the reactivity is such: Copper, Iron, Zing, X.
(it} | K/Na/Ca/Mg/Al [
Name or formula can be accepted.
(c) | {i} | A white precipitate will be formed. {1
(I} | The more reactive a metal, the more difficult it is to decompose its [ [1]
carbonate by heat.
Hence the test tuba that forms the least volume of gas in a given time | [1]

contains the metal carbonate of the most reactive metal.
OR

Hence the test tube that takes the longest time for bubbles to stop
forming contains the metal carbonate of the most reactive metal.

It can react with alcohol fo produce sweet smelling liquid (ester).
Any two answers [2]
SECTION B: (30 marks
1. [(a} | () | Experiment1: copper
Experiment 2: carbon 1
Both must be correct to be awarded 1 mark.
(i) | Experiment 1 uses copper anode, reaction continues and copper(ll} ions
are reduced at the cathode as long as the anode is not used up. 1]
Experiment 2 uses an inert electrode, the copper{ll} ions from the
electrolyte is oxdised to form copper at the cathode. 11
When all the copper ions in the electrolyte are discharged, the reaction
stops. This explains why reaction stops when about 0.8g of copper is | [1]
deposited.

(b) | Anode: Cu {s) = Cu® {aqg)+ 2e 11
Cathode: Cu?* (aq) + 2e = Cu (s} 13
State symbols must be given.

{e} | The resulting solution would turn the indicator red. 11
The resulting solution containg H* (hydrogen ions) that causes it to be acidic | [1]
and turn U.). red.

{d} | No. of moles of oxygen
=(0.64 +64) + 2 [1]
=0.005
Volume of oxygen
=0.005 % 24
=012 dm? [1]
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3E | {a)} | Conditions: Warm / Heat with goncentrated sulfuric acid [1]
Compound X: methanal (no formula to be accepted) 1]
(b} | () Menomer C, It
(1) Moromer B contains carbon 1]
needed to undergo addition reaction to form polymers without losing | [1]
small molecules in the polymerisation process.
e | ® 0 0 H H
I T 4 _ (]
- C C—N—CH.-CH,CH; —N -
(in Burning of the polymer results in nitrogen dioxide that causes acid rain | [1]
Production harmful air poliutants to the environment,
Any logical reason related to environmental issues,
Don't write hamful. Give identity of gas and its effect.
(d} | Heat the thrae solutions with acidified potassium dichromate(V1). If orange
polassium dichromate{V1) turns green, the solution contains monomer C. 1]
Add aqueous bromine to the remaining twa solutions.
If reddish brown aqueous bromine decolourises rapidly, the sofution contains | [1]
monomer B.
Add magresium / sodium carbonate to the remaining solution,
H effervescance is observed, the solution contains monomers A. [1]
7

3 J(@ [ {2
Or
correct number of bending electrons — 1mark
Al correct number of non-bonding electrons — 1 mark
{iiy It will have a low boiting point. [1]
Little amount of energy is required 1o overcome the weak |[1]
intermolecular forces of attraction/van der waals' forces between the
molecules.
(b) | The gas with the smaliest heat trapping effectiveness has the greatest [13
contribution towards global warming.
{c} | CFCs are present in the atmosphere at low percentages. [11
@ [m calcium carbanate fimestone  OR  calcium oxideflime 1
() 80; + CaCOs - CaS0; + CO; 1]
OR
S0, + CaC - CaS0;
{ii) No. of moles of SO, = 60 + 24
=25 ]
No. of moles of CaCO,=2.5
Mass of CaCOaneeded = 2.5 x (40 + 12 + 3 x 18)
= 250g {1
OR OR
No. of moles of Ca0 = 2.5
Mass of CaO needed = 2.5 » (40 + 16)
=140g
(1
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1 Study the following statements in a student's notebook.

Register No. | Class

I in a solid, the particles are stationary and held in fixed positions due to strong
forces of attraction.

When a solid is heated, the particles expand and become larger.

Al the melting paint, the particles are able to slide and roll over one another.
When the boiling point is reached, evaporation and boiling start {o take place
and the gas is formed.

Name

Which statement(s) is/are true?

landll

I, Wand Il

I, il il and IV
Il orly

gom»

DATE : 25 Aug 2016

DURATION : 1 hour ; i .
2 A student uses the following apparatus to carry out a series of experiments to compare

READ THESE INSTRUCTIONS FIRST the rate of diffusion between different gases K, L, M and N.

Write in 2B pencil. beaker
Do not use paper clips, glue or carrection fluid.

Write your name, class and register number on the question paper and OTAS sheet in the
spaces provided.

gas A

porous pot

There are forty questions on this paper. Answer all questions. For each question there are gas B

four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in 2B pencil on the OTAS
sheet,

water level Y

Vg
b= watCr

Read the instructions on the OTAS sheet very carefully.

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

. The table below i i
The use of an approved scientific calculator is expected, where appropriate. RURmaNERRthe absamations meds.

35

A copy of the Periodic Table is provided on page 15.

40

This document consists of 15 printed pages.

{Turn over

experiment

gas A

gas B

observation after 5 mins

1
2
3

K
M
L

L
N
N

water level Y rises
water level Y falls
water level Y rises

What is the cormrect order of gas in increasing relative molecular mass?

oow>»

KLMWMN

L.N M
y LN K
CNLK

[Turn over
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The solubility curves for four solids, A, B, C and D, in water are shown below. 6
Which solid is most suitable to be collected by crystallisation from its aqueous salt?

Solubility
(retative units)

D
Temperature {°C)

An ion X2- has p nucleons and g electrons.
What does the nucleus of an atom X contain?

number of protons number of neutrons
g-2 P-q
q-2 p—{a-2)
q+2 p-(q-2)
g+2 g-(p+2)

oo w>

The diagram shows the molecule propyl methanoate.

g Ny
IOOOOOI
III

What is the total number of electrans that are not involved in chemical bonding in the
molecule?

A 8 B 12 C 20 D 28

[Turn cver

Two statements about chiorine are made below.

Statement 1: Chiorine has weak covalent bonds in its simple molecular structure.
Statement 2: Chigrine is soluble in water.

What stalement(s} isfare correct?

(= s

Both statements are correct and statement 1 explains statement 2.

Both siatements are correct but statement 1 does not explain statement 2.
Both statements are incorrect.

Statement 2 is correct but statement 1 is incorrect.

The diagram shows part of the structure of the compound silicon carbide.

.

key

(O =acarbon atom

@ =2 silicon atom

Which set of information about silicon carbide is correct?

empirical formula

when strongly heated in oxygen

Sic
Sic
SiC
SiCz

oOo0om>»

burns, giving a solid residue only
burns, giving a solid residue and a colourless gas
burns, giving a solid residue only

burns, giving a solid residue and a colourless gas

All of the following substances can conduct electricity in the solid state except

aluminium.
graphite.
mercury.

sodium chloride,

oOowm>

[Turn over
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9

10

1"

12

13

4 g of hydrogen is mixed with 16 g of oxygen and the mixture is ignited. What is the 14
mass of reactants left and product formed at the end of the reaction?

mass of hydrogen /g mass of oxygen /g mass of water / g
A 0] 0 20
B 0 8 12
C 2 0 18
D 2 8 20

Which of the following has the same number of atoms as 6 dm? of fluorine gas atr.t.p?

0.5 g of hydrogen gas

8.5 g of ammonia

10 g of argon

23 g of sodium 15

ooo>r

When 200 g of compound X containing carbon, hydrogen, aluminium and oxygen is
heated in excess oxygen, 42.2 g of aluminium oxide is obtained as residue.
What is the percentage by mass of aluminium in the sample?
A 11.2% B 13.5% C 211% D 27.0%
16

The percentage composition by mass of a compound containing carbon, fluorine and
chlorine is as follows:

Carbon : 18.05%

Fluorine ; 28.50% Chlorine : 53.45%

Which of the following could be the molecular formula of this compound?

A CFaCl B CF:Clz C CoFzCl D C.F:Cl

Both hydrochloric acid and ethanoic acid have the same concentration of 1.00 mol/dm?.
Which method(s) is/are suitable to test for their strengths?

! using a pH meter
il measuring their electrical conductivity
1 titration using sodium hydroxide sclution

11 only
land Il
land HI
I, Hand il

oOQOmW>

[Turn over

In a titration experiment, five students each added hydrochloric acid from a burette to
25.0 cm? of aqueous sodium hydroxide in a conical flask.

The volume of hydrochloric acid used by each student is shown in the table below.

student 1 2 3 4 5
252 253 25.3 261 252

volume / em?3

What could be a reason for the result obtained by student 47

The burette had been washed with hydrochleric acid.

The flask had been washed with aguecus sodium hydroxide.
The student had used too much indicator.

The pipette had been washed with agueous sodium hydroxide.

oom>

Which two processes are invoived in the preparation of zinc sulfate crystals from dilute
sulfuric acid and zinc oxide?

neutralisation and filtration
neutralisation and oxidation
precipitation and filtration
precipitation and oxidation

oOowr>

Solid W is gradually added to solution X. The changes in pH are shown on the graph.

pH 4
14
7
0 s >
Mass of solid W/ g
What are W and X?
[ solid W solution X
A insoluble metal oxide nitric acid
B soluble metal oxide hydrochloric acid
C | soluble non-metal oxide agueous ammonia
D | soluble non-metal oxide sodium hydroxide

[Turn over
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17  The scheme shows sorne reactions of sait F.

green crystalline salt F

dissolve in water aqueous

k4 .
ammonia
agueous sait 2

h

blue precipitate

dilute nitric acid,
followed by aqueous
sitver nitrate

eXCass aqueous
ammaonia

b h
white precipitate

dark blue solution

What is the identity of F?

copper{ll) chicride
copper(li) iodide
iron{Il} chloride
iron(il) iodide

o0m»P

18  Using the apparatus shown, chlorine is passed through the tube. After some time,
coloured substances are seen at F, G and H.

sadium bromide sodium iodide

N\ et
e

chlerine —»

gentle heat
What are these coloured substances?
F G H
green gas violet vapour black solid
green gas red brown vapour violet vapour

red brown vapour violet vapour black solid

red brown vapour | red brown vapour

oo w >

viclet vapour

[Turn over

19

20

21

38

The element, selenium (Se), is found in the same group of the Periodic Table as sulfur.
What is the chemical formula of lithium selenide?

A LiSe B LizSe C LiSeQ4 D Li(Se0s):

The table below shows four metals and some of their reactions.

— action of heat on 3<Mw%%%w & mo.:o: & dilute
carbonate heated oxide sulfuric acid on metal
G decompose reduced no reaction
H no reaction no reaction hydrogen evolved
, decompose no reaction hydrogen evolved
J decompose reduced hydrogen evolved

What is the correct order of reactivity for these four metals?

most reactive > least reactive
A H J | G
B H | J G
c | J G H
D ! H G J

Different iypes of steel differ in how much carbon they contain.
Which are the properties of a high carbon stesl(?

soft and brittle

soft end easily shaped
strong and brittle

strong and easily shaped

gom>

{Turn over
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22

23

24

Ethanol reacts with acidified potassium manganate(Vil) to form ethanic acid.
The half-equation for manganate can be written as:

MnOa + 8H* + S5e° - Mn2* + 4Hz0

Which line of information can be deduced?

reducing agent

change in oxidation state of Mn

colour change

ethanol

ethanol
hydrogen ions
hydregen ions

oom>

+7 to +2
+8 to +2
+7 to +2
-1to +2

purple to colourless
no change

purple to colourless
no change

When a mineral is heated strongly to constant mass, a colourless gas is evelved and
forms a white precipitate with limewater. The remaining solid is cooled and added to

hydrochloric acid. Vigorous effervescence is observed.

What is the mineral?

CaCQOa
MgCQ3.CaCOs
Mg({OH)z2.3H:0

oO0m>

NazC03.CaCCa.56H:20

Which processes are endothermic?

Br: - 2Br

1and 2
1and 3
2and 4
Jand 4

anm» Hwen-=

burning fossil fuel
obtaining lime from limestone
reacting hydrogen with oxygen

[Turn over

25

26

27

39

10

The diagram represents the distribution of kinetic energy of reactant particles at two
different temperatures. Assuming that the areas under the two curves are equal, which
statement is correct?

s temperature 1, T,
— temperature 2, T,
number of E, activation cncrgy

particles

» kinctic energy

At T, the activation energy is lower than at Tz.

At T+, the enthalpy change of the reaction is higher than at Ta.

At T2, a greater number of particles have sufficient energy to react.
At T2 the reaction takes a longer time to complete.

oow>

Which quantities of the acid will produce the fastest initial rate of reaction when 4.00 g
of magnesium ribbon is added to itatr.t.p.?

15.0 cm?® of 2.00 mol/dm? nitric acid

20.0 cm? of 1.00 molfdm? hydrochloric acid
20.0 cm? of 1.00 molidm? sulfuric acid
30.0cm? of 2.00 mol/dm?® ethanoic acid

oOm>

Excess zinc was added to 100 cm® of hydrochloric acid, concentration 1 molidm?.
Graph | shows the results obtained from this reaction.

Volume of Y
hydrogen
produced

Time
Graph Il could be obtained by adding excess

magnesium reacting with 100 cm? of 1 mol/dm? hydrochloric acid.
zinc reacting with 100 em? of 1 molf/dm? sulfuric acid.

zinc reacting with 100 cm? of 2 mol/dm? ethanoic acid.

zinc reacting with 100 em? of 2 mol/dm? hydrochloric acid.

oOome

[Turn over
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11

28 In the Haber process, a high vield of ammonia is favoured by conditions of high
pressure and low temperature. However, in practice a high temperature is employed
because at low temperature,

ammonia decomposes back to its original reactant.
the activation energy is too low,

the cafalyst is inactive.

the reaction is too slow.

o0oo»

29 Which pollutant gas is produced by the decomposition of vegetation?

A CH4 B CO C NO D SO:

30 The energy profile for the forward direction of a reversibla reaction is shown.

\__--activalion energy

energy | — -7

progress of reaction

What is the sign of activation energy and the type of enthalpy change for the reverse

reaction?
sign of activation energy enthalpy change
A negative endothermic
B negative exothermic
c positive endothemic
D positive exothermic

Kk Which reaction does not involve either oxidation or reduction?

CHa(g) + 20:(g) = COz(g) + 2H20(g)
Cu?*(aq) + Zn{s) & Cu(s) + Zn?*(aq)
CuQ{s) + H2804(aq) = CuS0a4{aq) + H20(l)
Zn(s) + H2S0«(aq) = ZnSQ4(aq) + Hz(g}

oOm>

[Turn over

32

33

34

35

40

12

Dilute suliuric acid is electrolysed using graphite electrodes.
Which statement is not true?

Hydregen ions gain electrons and are reduced.

The concentration of the acid increases.

The ratio of mass of hydrogen to oxygen gas produced is 1:8.

The same products are obtained when concentrated agueous hydrochioric acid is
electrelysed,

oom>

Which of the following gas(es) can be removed by a catalytic converter?

I carbon monoxide
1l sulfur dioxide
mn nitrogen dioxide

| only

lil only
land Iif

I, lland lil

o0Ow>

In an electolysis experiment, the same amount of charge deposited 32 g of copper
and 13 g of chromium.

VWhat was the charge on the chromium ion?

A 1+ B 2+ C 3+ D 4+

Which statement about fractional distiliation of petroleum is correct?

A Ateach level in the fractionating column, only one compound is collected.

B The higher up the fractionating column, the greater the temperature.

C  The molecules collected at the bottom of the fractionating column are the most
flammable.

D The molecules reaching the top of the fractionating column have the smallest relative
molecular mass.

[Turn over
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36 Four hydracarbons structures are shown,

|

x

I

I
T I—Q—I
I—-? O—xI
Irx—0—zI
:\:—rl)—::

T

Which hydrocarbons are isomers of each other?

1and 2
3and 4
1,2and 3
1. 2and 4

oOom>

37 An ester was produced by the condensation reaction of methanol and butanoic acid.
Which structure represents the ester compound?

B
H W o H H HHHDO H
Lo _
=|m1m|010|mi: HoCC-CC-C-0-C—H
Lo |
H H H H H H H H
c D
0 H H H H H o H H H
L0 _ o
He&-0—C—C—C— C—H === tiC=trC=P
Pl _ _
HoHohoH H H H H
[Turn over

38

39

40

41

14

A polymer has the following structure:

-CH; -CH-CH;-CH-CH,-CH-

_ | |
CHs CH, CH,

What is the monomer?

A butene B hutane C ethene D propene

The diagrams show four monomers.

HN—/—NH,  HOoOC— |}—NH,
HO—Zp—nNH,  HO—__D—OH

How many of these monomers could react with the molecuie below to form a palymer?

HoOC —/\— COOH

A1 B 2 C 3 D 4

The diagram below shows the structural formula of chloromaleic acid.

P

Which statement is true about chloromaleic acid?

Ho-~~

It can undergo a substitution reaction with halogens.

It decolourises bromine solution in the absence of sunlight.

It will react with magnesiurm fo produce & gas that refights a glowing splint.
It will turn litus paper blue.

SOom>

[Turn over
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s w
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L1 L3 L 1
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X | St [ Tnolwa g U I M p | Am | Cm | Bl | or | Es | Pmof oma | Mo | e
Key psakLi T | b | st 7 Foenenns | Amrommm | Cuten | Derbiem | cebevm | ogmmimin | it | e | Sobe | timiane
b Fal 9t 9 ? ] 2 % 27 5 » ) 101 10 3._

The volume of one mole of any gas is 24 dm® al room temperature end pressure {r1.p)
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Section A
Register No. | Class Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

Name

A1 For each of the following statements, select an element from Period 2 of the Periodic
Table that best fits the description given.

(a) Its only oxidation state is 0.

(b) 1tis the strongest oxidising agent.

DATE
DURATION

23 Aug 2016 {c}) Itiorms a pollutant during lightning activity.
1 hour 45 minutes

READ THESE INSTRUCTIONS FIRST

(d) Itforms a compound used to reduce iron(lll) oxide in haematite.
Write your name, class and register number on the work you hand in.
Write in dark blue or black pen.
You may use a 2B pencil for any diagrams or graphs.

1

Do not use paper clips, glue or correction fiuid. [Total: 4 marks)
Section A A2 The bond enthalpy is the energy reguired to break or form a chemical bond. The
Answer all questions. bond enthalpy of some hydrogen halides are shown in the chart below,

: bond enthalpies
Section B bond enthalpies
Answer all three questions in the spaces provided. The last question is in the form of Baid
eitherf/or and only one of the alternatives should be attempted. enthal

(kJ/mol)

Candidates are reminded that ail quantitative answers should include appropriate units.
The use of an approved scientific calculator is expected, where appropriate.

At the end of the examination, fasten ali your wark securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

A copy of the periodic table to found on page 18.

(1]

80

(b) (i} Which hydrogen halide will form the sirongest acid?

This document consists of 19 printedpages. e [

[Turn over [Turn over
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{c)

3

{ii} Explain your answer to (b)(i).

O355SO

()  Hydrogen bromide can be produced by reacting hydrogen gas and
bromine gas according to the following reaction:

Hz(g) + Bra{g) -> 2HBr(g)

Some data on bond energies are shown in the table below.

bond

H-H H-Br

Br-Br

bond energy (kJ/mol)

432 363

193

Calculate the enthalpy change of this reaction.

)

(li} State whether the reaction is exothermic or endathermic, and explain your

choice using ideas about bond breaking and bond forming.

e e

OSSOSO |

(iii} Draw an energy profile diagram for the production of hydrogen bromide.
Your diagram should include the ethalpy change and activation energy of
the energy of the reaction.

[2]
[Total: 9 marks]

[Turn over

A3

4

A student performed three experiments using three metals, iron, manganese and
chromium. In the first experiment, he added the metals separately into dilute sulfuric
acid. In the second experiment, he heated the metals in air. In the last experiment,
he put strips of the metals in metal salt solutions.

Table 3.1shows the results of the first two experiments.

Table 3.1
metal reaction with sulfuric acid reaction with air
iron metal dissolves slowly burns in air to form
with effervescence, a dark brown iren{lll)
pale green solution is oxide
formed
manganese | metal dissolves quickly burns in air with an
with effervescence, a pale | intense white light
pink solution, forming a red solid,
manganese(ll) sulfate, is manganesa(il, Il
formed oxide, MniO4
chromium metal dissolves readily bums in air to form
with effervescence, a grean chromium(lll)
violet solution, oxide, Crz0;
chramium(lll) suifate, is
formed

(a) From the information above, state two properties of iron, manganese and
chromium to show that they are transition metals.

{b) Fig. 3.1 shows strips of manganese and chromium in iron{ll} sulfate and
manganese(ll) sulfate solutions.

beaker A beaker B beaker C
manganese chromium chromium
f f
ron(lh sulfate 50 (1)) suifate manganese(ll)
solution solution sulfate
solution
Fig 31

[Turn over
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(c)

5
State the observations you would expect in Table 3.2,

Table 3.2

beaker A heaker B beaker C

[3]

Chromium ore is processed and purified into chromium(lll} oxide. This is
reacted very exothermically with aluminium to form chromium metal.

Crz0s(s) + 2Al(s) > Alz0a(s) + 2Cr(s}

Chromium metal is used to electroplate other metals like steel because of its
anti-corrosion properties.

(I} Explain, in terms of oxidation states, why the extraction of chromium from
chromium oxide is a redox reaction,

(2]

(i} Explain why using chromium to electroplate steel is more effective than tin-
plating?

(2]

[Total: @ marks)]

[Turn over

6

A4 People with kidney problems are advised against eating caramnola fruit, commenly
known as starfruit, as it contains a significant amount of oxalic acid.
The concentration of oxalic acid is generally between 0.500 mol/dm3 to 1.00 mol/dm?.
The acid concentration in starfruit can be determined by performing an acid-base
titration with sodium hydroxide solution.
(Assume that oxalic acid found in starfruit is dibasic and can be represented by HzA.)

(a) A student suggested that 25.0 cm?® of the oxalic acid from starfruit should be
pipetied into a conical flask and titrated against 0.100 mol/dm?® of sedium
hydroxide sclution.

(i) Based on the information provided, calculate the maximum volume of
sodium hydroxide solution required for complete neutralisation of the oxalic
acid.

(2]

(il) Suggest why the sludent's procedure may not be appropriate using
common laboratory apparatus.

(1
{b) Oxalic acid contains 26.7% carbon and 2.20% hydrogen by mass. The rest is
oxygen.
{) Determine the empirical formula of oxalic acid.
[2]
(ii) The relative molecular mass of oxalic acid is 80.0.
Determine its molecular formula,
(1
[Turn over
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-

(iii) A patient was advised by the doctor to consume not more than 0.05 g of
oxalic acid per day. If a typical serving of starfruit contains 1.10 x 10
moles of oxalic acid, calculate the maximum number of staifruits the
patient can eat a day.

(2]
[Total: 8 marks]

An experiment was conducted to investigate the rate of reaction between calcium
carbonate and dilute hydrochloric acid, by measuring the voiume of gas evolved at
regular time intervals,

(a) 15.0 g of calclum carbonate was reacted with 150 cm® of 2 molldm® of
hydrachloric acid.

(i) Write the chemical equation for the reaction. Hence calculate the volume
of carbon dioxide produced.

13}
(i) Hence, sketch a graph of volume of carbon dioxide gas produced against

time. Label this graph as Graph I Indicate the volume of carbon dioxide
gas produced clearly on the graph,

(2]

[Turn over

8

(iii) In ancther experiment, the same mass of calcium carbonate was reacted

with 150 cm?of 1 mol/dm® hydrechloric acid.

On the same axes as the graph in (a)ii), sketch the graph thal you would

expect to obtain and label this graph as Graph 1,

Indicate the volume of carbon dioxide gas produced clearly on the graph.

{(iv) Explain the differences in the shapes of Graph | and II.

{1

(2]

{b) Other than concentration of acid, give one other factor that would alter the rate

of reaction and explain your reasoning in terms of collision theory.

[Total:

2
10]

AB  Alkynes are hydrocarbons containing carbon-carbon triple bond (C=C). Table 6.1
and Table 6.2 show some properties of the first four members of the alkyne and

alkene homologous series respectively.

Table 6.1 Table 6.2
alkyne melecular | boiling alkene moilecular boiling
formula | point/°C formula | point/*C
ethyne CzHa - B4 ethene CaH4 - 104
propyne CaHa4 -23 propene CaHs -48
butyne CsHs 8 butane CaHs -6
pentyne CsHs 40 pentene CsHie 30
(a) (i} Deduce the general formula of the alkyne homologous series.
[Turn over
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(b)

(c)

(i) Draw the full structural formula of the alkyne with 7 carbon atoms.

(1

(i} Describe the trend of the boiling points as the molecules become larger.

................. 11

(ii)y Do alkenes or alkynes burn with a smokier flame? Explain your answaer.

......................... T T —

(i) A very old organic Chemistry textbook has the following line.

..... in general, the higher the relative molecular
mass of the molecule, the highet the melting and
boiling points of the compound due to the higher
infermolecular forces of atfraction.

Use the data in the table to justify whether the statement is valid.

. 2

By polymerizing a mixture of ethene and propene monomers, a synthelic
rubber, ethylene-propylene, can be made. One possible structure of the polymer
is shown below:

IIlA ethene I w_dvm:mI ethene TI_ _u_dwm_._mT

(i) Propyne can react with a gas to form propene.
Write the chemical formula of the gas used to form propene.

[Turn over

10

(i) Give the full structural formula for the repeating unit in this polymer
structure.

(2]

(iii) When the mixture of ethene and propene polymerises, it is unlikely to form
the regular, repeating pattern. Explain why.

TR R {1]

[Total: 10]

[Turn over
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Section B
Answer all three questions from this section.

The last question is in the form of an either/or and only one of the alternatives should be

B7

attempted.

Iron is preduced in the blast furnace using the ore haematite containing iron{lll)
oxide (melting point 1566°C) as one of the raw materials.

Titanium is produced from the ore rutile containing titanium dioxide (melting point
1843°C) which cannot be reduced by coke and hence requires a different method of
extraction.

Iron TiHanium

Haematite is reacted with coke at
1500°C tn a furpace to produce
melten cast iron.

Rutile is reacted with chlorine at
1000°C  to produce titanium(IV)

; < : chloride.
Mmm_,wﬂoquﬂaommﬁwswaWmmm_mmcmnhzamxmc jJSEE:S chloride is cooled and
collected.

silicon and U:omv_..lo_.cm.

—

Oxygen is blown into molten cast iren
and moiten recycled iron at 1500°C in
a furnace to produce low-carbon
steel.

Low-carbon steel contains iron and
about 0.1% carbon.

Titanium{lVV) chloride is reacted with
magnesium at 1100°C in a sealed
reactor for 3 days.

The sealed reactor contains an
atmosphere of argon.

The reactor is allowed to cool,

The reactor is epened and the titanium
is separated from the other product,
magnesium chloride,

Iron blast furnaces produce about 20 000 tonnes of the metal per hour.
Titanium reactors preduce about 1 tonne of the metal per day.

{a@) Expiain why the production of titanium requires "an atmosphere of argon™?

(2]

[Turn over

12

{(b) The melting point of iron{lll) oxide is higher than the temperature in the blast
fumace, Explain why iron(ill} oxide couid remain in molten state in the blast
fumace.

[

{c} Other than blowing oxygen into molten cast iron, fime (calcium oxide) is also
added in the same furnace during the praduction of low-carbon steel,
Explain the purpose of lime in the furnace.

(1]

(d} There is less titanium than iron in the Earth's crust. Other than titanium's
scarcity, explain why titanium costs much more than iren.

.......... e 2]
(e) Explain why water is used to wash titanium at the iast stage.
(fi Suggest the position of titanium in the Reactivity Series of Metals.
Explain your answer.
(3]

(9) Draw a “dot-and-cross” diagram to illustrate the bonding in magnesium

chlorde.

(2]
[Total: 12 marks]

[Turn over
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Fig 8.1 helow shows an experimental set-up of a simple cell and an eleclrolytic cell.
Both electrodes X and Y are made of graphite. The switch is then closed and
reactions take place in both cells.

Tube X TubeY

1
RN

Aguecus
sodium sulfate

iR ey Aqueous sodium nitrale
sleg IC Ekccirode

Cell 1 Gell.2
Fig. 8.1
(a) Write the ionic equations for the reactions which take place at the electrodes of
Cell 1,
L= Lo L G i1
electrode Y : SR Y e T R (1

(b) Shade the tubes in Fig. 8.2 to show the new levels of sodium sulfate solution
after the switch is closed for a while. Your diagram should represent the
relative volumes of gases collected in tube X and tube Y. Label clearly the
gases collected in each tube.

Agueous
sodium sulfate

Agueous sodium nitrate

o
Electrode X Elcetrode Y

Cell 1 Cell 2

Fig. 8.2
(2]

[Turn over

14
(c) mﬁm_m.m:a explain an observation that can be made in Cell 2 during the
experiment.
OBSBIVBUONT | s rmerssmmmss s sessimsssmmssssmorsmsess. L1
Explanation: ]
{d) Electrode X is then replaced by a copper rod. State an observation and explain
your answer.
Cbservation: (1]
Explanation: .. E— . [
[Total: 8]
[Turn over
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Perfumes usually contain three groups of compounds called the top nofe, the middie
nole and the end note.

(@} Top notes consist of small, fight molecules that evaporate quickly. An example
of a top note compound is styrallyl acetate as shown below:

CH; O

| I

hw —0O —C ~CHj;
H

(i} With reference to the structure of the compound, explain why it is likety
to have a pleasant smell.

S S i T 1]

Draw the structural formuta of the alcohol and carboxylic acid used to
make styrallyl acetate.

[2]

(b} The middle note compounds form vapours less rapidly than the top note

compounds. A typical compeound of the middle note is 2-phenylethanol. The
structure of 2-phenylethano! is shown below:

CHy—CH; —0OH

(i) Describe a chemnical test which would distinguish between the top note
and the middle note compounds.

N -
[Turn over

(if)
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Name and draw the full structural formula of the molecule formed in the
positive test in (b){i).

[2]

(c) The end note compound of a perfume has a long lasting odour which stays
with the user. An example of an end note compound is shown below.

{

(i

-t

1

)

U]

)

Explain why the end note compound is described as unsaturated.

T N - R U

The end note compound undergoes hydrogenation reaction,

State the conditions that are essential for the hydrogenation reaction.
RS TR T i

lodine reacts with unsaturated compounds. The iodine value is a
measure of how unsaturated a compound is. It is based on the mass, in
grams, of iodine that reacts with 100 g of the compound.

If the refative molecular mass of the end note compound is 250,
calculate the iodine value for the end note compound.

(1
[Total: 10 marks]

[Turn over

examguru 2017



B9

OR

The silk of a spider's web is composed of polyamide chains which are mainly made
from the amino acids, glycine, alanine and serine, with smailer amounts of four other

17

amino acids.
| I |
H,N—C—CC.,H :mzi_usoomz Iwzi_usoowx
__, CH, CH,OH
glycine alanine serine

(a)

{b)

Assuming the polyamide is made from repetitive sequences of —glycine—
alanine—serine—, draw the structural formula of the repeat unit.

(2]
The M: of each polyamide chain is about 600 000,
Assuming the polyamide chain is made from equail amounts of the above three
amino acids, calculate the average number of amino acids monomers in each
polyamide chain.

(3

[Turn over
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(c} A student separates the other four amino acids by paper chromatography
using two different solvents. The solvent front of solvent 1 takes five minutes
to reach the end of the chromatogram while the solvent front of solvent 2
takes ten minutes.
Table 9.1 shows the Rr values she obtained for these amino acids.

Table 8.1
amino acid Rrin solvent 1 R in solvent 2
A 0.2 0.5
B 0.0 0.4
Cc 08 0.9
D 0.3 0.4
(i) Which amino acid travels fastest in both solvents?

(i) Suggest how the student can make the colourless amino acids become
visible to the naked eye.

(iii)  The student writes the following statements about the chromatography.

Conclusion: Sclvent 2 gives a better separation than
solvent 1.

Source of error; Duration of chromatography for solvent
2 is fonger than for solvent 1.

Do you agree with the student? Explain your reascning.

S . . . Bl

N~

S

End of Paper S

>

£

[Turn over S
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Answer Scheme

Section A

Ans

moo«acncn#wm-g

ldieliwliwipJlulivlioliwiislielpgiwip-Jlaliellowib Slelivllelialbdlelh disHo-Hedb db-d{oHwileHo i@l db -l w]

Section B
Qn Answers Marks
Al(a) Neon im
(b) Fluorine im
(c) Nitrogen im
(d) Cabon im
A2(a) Down the group, the bond dissociation energy of the hydrogen im
haldes decreases.
bi(i) Hydrogen iodide. im
[{1}] HI has the lowest bond enthalpy energy (ACCEPT: weakest bond), im
thus it is easiest for it to ionize to form H’ ions. im
{eX(i) Enthalpy change: +432 + 193 - 2(363) = -101kJ tm
(i) Exothermic reaction. The energy absorbed to break the H-H bonds | 1m
and Br-Br bonds Is lesser than the energy released to form the H- i
Br bonds.
(iii) Zm
Activation
= Energy, E,
&
H,(g) + Brylg)
m 2 2 Eu_
2HBr(g)
Progress of reaction =
A3(a) They have variable oxidation states. tm
They form coloured compounds. im
by beaker A beaker B beaker C 3m
im per
Green solution Green solufion Ng visible reaction. | | box
turns pink. Grey turns violet. Grey | / Solution remains
deposits formed. deposit formed. | pink.
{c)i} Cr has decreased in oxidation state from +3 in Cr.03to 0 in Cr, im
whilz Al has increased in oxidation state from 0 in Al to +3 in Al:Oa.
Since both reduction and oxidation have taken place, it is a redox
reaction,
(it} Chromium Is more reactive than iron in steel and will provide 2m

sactificial protection for the iron even when the protective layer is

53
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scratched and exposed. However, iron is mare reactive then tin
and will corrade more when layer of tin is scratched and exposed.

Ad(al(i)

HoA += 2NaQH > Zm»b +2H,0

Ca = 1.00 mol/dm?®, Cnson = 0.100 mol/dm?, Va4 = 25.0 cm®

Viaon=2 X 1 X 25/0.%

= 6§00 em?

im

{¥)

The volume of NaOH cannot be placed in the burette as the burette is
usually able fo hold a maximum volume of 50.0cm? only.

im

()]

element

carbon

hydrogen

oxygen

%

26.7

2.20

71.1

Ar

12

1

18

no. of moles

2.225

2.2

4.444

ratio

1.01

1

2.02

to nearest

i

1

2

whole no.

empirical formula = CHO;

2m

(i)

Molecular mass = 90

n= 90/ Mr (CHOZ)

=90/ (12 + 1 +32)

=2

Motecidar formula of oxalic acid = HaC204 / C:H204 / HOOCCOOH

1 mole of oxalic actd =90 g

1.10 X 10* moles of oxalic acid = 1.10 X 10 X 90
=0.0099 g

No of starfruit = 0.05/0.0089

=5.05

=5

The patient can consume a maximum of 5 starfruits a day.

im

1m

Ab{a)
(i}

CaC0, + 2HCI > CaClz + COz + HD

im

moles of OmOOu = mass / molar mass = 15.0/ (40+12+48) = ¢.15 mol

moles HCl = molarity x vol = 0.15 x 2 = 0.30 mol [To demonstrate
limiting reagent)
CaCCz:C02=1:1 {allow ECF)

Vol. of CO_ = 0.15 x 240m’ = 3.60 dm’

1m

im

(iand | yoluma of CO, m for
(iii} produced (dm) axis,
label
with
sl . I graph | units
and
values
1m for
B e graph 0 shape
: of
graph |
and Il
; e 1m for
0 tirme {min} values
of 1.8
Note: Graph |I's gradient must be less steep and it levels off at a and
later time, as compared to Graph . quu
(iv) Graph |l has a less steep gradient than graph | as the hydrochloric im
acid used is of a lower concentration.
Or
Graph | has a steeper gradient than graph JI as the hydrochloric acid
used is of a higher concentration,
However, the volume of carbon dioxide obtained is halved in im
Experiment Il as the number of moles of hydrochloric acid used Is
halved.
Or
However, the volume of carbon dloxide obtained is doubled in
Experiment | as the number of moles of hydrochloric acid used is
twice the amount of Experiment |l
(b) Temperature of acid / particle size of calcium carbonate.
Incraasing the temperature of acid will increase the kinetic energy of | 1m
reacting particles.
This will in furn Increase the frequency of effective collisions and im
hence increasing the rate of reaction.
Or
Degreasing the particle size of calcium carbonate will increase the im
surface area exposed for reacting particles to collide into.
This will in turn increase the frequency of effective collisions and im

hence increasing the rate of reaction.
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expensijve than coke/carbon because it is extracted by
electrolysis.

(e) Toremove soluble magnesium chloride from titanium. 1m
(f) THznium is below magnesium AND above zinc in the reactivily im
series.
Magnesium could displace titanlum from titanium{IV) chloride and
herce magnesiumn is more reactive than titanium. 1m
Titanium dioxide cannot be reduced by coke but iron(lil) oxide can
be reduced by coke.
Therefore, titanium is more reactive as it forms mare stable compound { 1m
than iron.
(@) " 2m
2+ -
(19| 2
B8(a) | 40H(aq) — 2H,0({) + Oa(g) + 48 im
2HYaq) + 28 — Halg) tm
(b) Tube X: oxygen m
Tube Y: hydrogen
Drawing must depict ratic of O:H as 1:2 im
{c) Observation : Size of zinc decreases OR bubbies seen at silver im
electrode
Explanation : zinc, the more reactive metal, ionizes to form zinc ions m
OR
Hydrogen ions accept electrons to form hydrogen gas
{d) Observation: electrolyte will turn biue OR size of copper decreases. im
Explanation : Copper electrode (the ancde) icnizes ta form copper(ll)
ions which is blue, hence electrolyte turns blus OR copper electrode tm

becomes smaller as copper lonizes

Ad(al(i) | CnHan im
(i) .u J_ H I I m
IIOIO o o O CsC-H
I I I I I
[=} )] As the molecules become larger, the beiling points increases. 1im
{ii) Alkynes bum with a smokier flame because they have a higher im
percentage of carbon compared to alkenes.
{iii) Although ethyne (Mr = 26) has a relative molecular mass smaller than | 1m
ethene (Mr = 28), the boiling peint of ethyne is -84 °C whereas the
boiling point of ethene is lower at -104 °C.
The textbook is invalid as alkynes have higher boiling points even tm
though it has smaller relative molecular mass.
{e)1) Hz im
(it} 2m
O
c=Cc —C
R
H H H H
(iii} Some of the ethene or propene may self-polymerise to form m
poly{ethene) or poly({propene).
Section B
B7{a) argon Is used to create an unreactive / im
inert atmosphere as any oxygen would react with / air would oxidise im
magnesium { fitanium,
(9] The presence of Impurities such as silicon dioxide / sand lower the | 1m
meiting point of iron{Ill) oxide and hence iron(lll} oxide could mell at
iower temperatures.
Accept: impurities such as silicon and phosphorus
CR
The energy released from the combustion of carboni/coke results in
more heat / higher tempeorature in the blast furnace for the iron{lll)
oxide to melt.
{c) To react with acidlc impurities such as silicon dioxide and remove | 1m
them as molten slag.
{d} Any two.
1. There are more stages to manufacture titanium thus less efficient
! more energy are needed
2. In one day, blast furnace could produce (24 x 20000 =) 480000 2m
tonnes of metal while the reactors could only produce 1 tonne of
metal and hence the rate of production is slower.
[student must extract the data on the quanfities of metaf preduced to
support the production rate is slower]
3. Blast furnace uses coke/carbon which is abundant and cheaper
than magnesium / Magnesium used in reactor is more

55

examguru 2017



1 mo! of end note reacts with 1 mol of iodine. m
No of mole of end note
= 1001250
= 0.4 mol
No of mole of iodine = 0.4 moi
Mass of iodine
=04 X 2 X127
=101.6 = 102 (3sf)
loding value is 101.6/102.
OR
BY(a 2m
- H O H O H O
|l [ I [
—N-C—C-N~-C—C-N—C—C(C—
H H H CH; H  CH,OH
1m for correct linkage. 1m for everything else.
{b) Mr of repeat unit = 215 1im
Average no. of monomers = 600 000/215 X 3 = 8372.09 = 8372 or 2m
8370 (3 8.1)
Note: If Mr of glycine = 75; Mr of alanine = 89; Mr of serine = 105, and
average no. of monomers = 600 000/269 X 3 = 6681.4 = 6691 or 6690
{3sf), then only 2m.
c im
Use a locating agent. 1m
No, because solvent 2 does not give a better separation than solvent 1 | 1m
as B and D have identical RFf values_hence cannot be distinguished.
Duration of chromalography is also not a source of error, because Rf | 1m
Is a ratlo (of distance travelled by dye to distance travelled by solvent) | 1m

!/ Riis only dependent of solubiiity of component in a specific
solvent./Rf values are not time dependent.

Either
B9(a)(i} | The compound consists of a functional group named ester. im
G Alcohol i
CH;y
I
n_w. —
H
Carboxylic acid
O
li
HO ==C «=CH;
(D)) Add acid fied potassium manganate{V!} solution to each sample of | 1m
top note compound and middle note compound.
if the acidified potassium manganate(VIl) solution turned from purple
to colourless, the sample is middle note, im
If the acidified potassium manganate(Vil) solution remained purple, the
sample s top note.
OR
Add acidifled potassium dichromate(\l) solution to each sample, if
the soiution turned from orange to green, the sample is middle note
or if the solution remained green, the sample is top note.
{ii) 2-phenylethanoic acid - m
1m
Hog
! i}
m. e = OH
H
(eXi The end note consists of carbon-carbon double bond. im
{ii} Temperature of 200°C and the catalyst uged is nickel im
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1. Which of the following is a compound?

fiuorine
lithium
pefroleum
sugar

Com P

2. Three dry test tubes were filled with different gases and placed in a trough of water. The
diagram shows what happens after scme time.

tube 1 tube 2 tube 3

‘I I‘I‘lll.l lllll

. .Wllln water
Which gases could the tubes have contained?
Tube 1 Tube 2 Tube 3
A ammonia carbon dioxide hydrogen
B. ammonia hydrogen carbon dioxide
C.  carbon dioxide ammonia hydrogen
D.  carbon dioxide hydrogen ammonia

3. Substance X has a melling point of -95 °C and a boiling point of 56 °C. A metal tank

contains substance X at 60 °C. The tank is cooled to 0 °C. Four arrangements of particles
in the tank are shown below.

Q [¢]
o o
[+
o o -0
o
o a ° ol ey

1 ] it W

Which diagrams best show the arrangements of particles of X in the tank at 66°C and at
0°C?

at 80 °C at0°C
A, | mn
B. I IV
c. It m
D. 1 v
~
o
(8]
2
S
(@]
Applying Pas! Knowledge to New Situation 2 m
x
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4. A protein undergoes hydrolysis to form sotution C, Chromatography was carried out on

solution C, glycine, serine and alanine.

Solution C

3
Alanine

58
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8. A compound X contains oxygen and one other element. Which one of the following
properties of X indicates most clearly whether the bonds in X are ionic or covalent?

A

B
c
B

X has a high melting point.

X is aimost insoluble in water,

X is a hard solid at room temperature.

X tonducts electricity anly when molten or in agueous solution.

9. The formula of thallium carbonate is TCQO5 and that of sodium chiorite is NaCiG,.

What is the formula of thallium chiorite?

% £3

Glycine

Serine

Which of the following about solution C can be deduced from the chromatogram?

A,

B.
C.
D.

5. From

Solution C centains alanine only.
Solution C contains glycine and serine.
Solution C does not contain serine.
Solution C does not contain glycine.

which mixture can the underined substance be obtained by adding water, stirring

and filtering?

ocomp»

ethanoic acid and water

copper (1) sulfate and sodium chloride
silver nitrate and calcium chioride

zinc carbonate and sodium chloride

6. Which of the following lons contains the largest number of elecirons?

. THCIO;
TICIO,
THCIOS),
. THCIOZ):

Dowp

10. The diagram shows the arrangement of electrons in the outer shells of the atoms in the

compound YZa,

x : electron of element ¥
® : electron of element Z

Which pair of elements could be Y and 2?

A O

B. C/

C. Na*

D AM

7. The electrenic structures of atoms P, Q and R are given below.
P:2.1 286 R: 27
Which are the formulae of the compounds formed between
(i PandQ
(iHQandR?
PandQ Qand R

A, 2.0 QR

B. P QR4

C. PQ QR

D. PQ; QR

Applying Past Knowledge to New Situation

Y 4
A. calciym fluorine
B. aluminium nitrogen
[ phosphorus chlorine
D. sulfur chlorine

11. The elements, sodium and chlorine, in the third period of the Periodic Table show a
gradual change in properties. Which of the following changes is correct?

A. Their melting points increase.

8. Their ability to gain electrons increase.

C. Ther oxides change from acidic to basic.

D. Ther chiorides change from covalent to ionic.
N~
o
Al
>
p—
S
=)}
€

Applying Pasi Knowledge to New Situation 4 m
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12. 25.0 ¢m® sodium hydroxide solution in a conical flask was litrated with 0.1 mol/dm®
hydrochloric acid in a burette. Which of the steps would cause the calculated
concentration of sodium hydroxide to be lower than its true vatue?

There are air bubbles in the burette.

Record the final reading of burette before the indicator changes its colour.

Rinse the burette with distilled water but not with 0.1mol/dm? hydrochtoric acid.
Wash the conical flask with distilled water before sodium hydroxide solution is
pipetted into the flask.

13. On complete combustion, a certain mass of hydrocarbon gave 11.0 g of carbon dioxide
and 9.0 g of water. What could the hydrocarbon ba?

A.

B.
c.
D.

CH.

CaHz
CzHs
C:Hes

14. Which one of the following gases at room temperature and pressure does not occupy
12 dm??

A,
8.
C.
D.

6 g of hellum
16 g of oxygen
14 g nitrogen
9 g of steam

15. A compound Y gave a gas when heated with an excess of aqueous sodium hydroxide.
When no more gas was evolved, the resulting alkaline solution was heated with aluminium
powder and the same gas was given off,

Which of the following was compaund Y?

ocom>»

186

ammonium chioride
sodium nitrate
ammonium nitrate
nitric acid

Which of the following methods can be used to distinguish between solid sodium

carbonate and solid calcium carbonate?

A. Add acidified barium nitrate to the solid.

B. Add acidified agueous silver nitrate to the solid.

€. Heat the soli¢ and test the gaseous product with limewater.

D. Add dilute acid 1o the solid and test the gasecus product with limewater.
Applying Past Knowledge to New Situation 5
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17. The reaction scheme below shows the reactions involving a metal and three of ils
compounds.

Black Gilute sulfuric acid " Blue

Solid Solution
Heal and >n:mocu

sadium
hydrogen carbonale
Heat
Brown Green
Powder Precipitate

What is the metal?

A.
B.
c.
D.

copper
iron
lead
zinc

18. Which of the following is not true of acids?

A

oDow

They turn litmus from blue to red.

Their aqueosus solutions conduct electricity.

They are generally formed by the action of water on the oxides of metals.
They neutralize bases to yield salt and water only.

19. An element forms & hydroxide which dissolves in both acids and alkalis. What is this
element likely to be?

calcium
iron
sodium
zinc

20. Which substance ts not used to prepare magnesium sulfate by reaction of dilute sutfuric

acid?

magnesium carbonate
magnesium chloride
magnesium hydroxide
magnesium oxide

21. Which element is always present with iron in mild steel?

A, gluminium
B. carkon
C. copper
D. tin
Applying Past Knowledge to New Situation 6

59

examguru 2017



BBSS 2016 C Prelim! Sec 4E/Chem 5073 P

22, Hydrogen is produced by reaction of a metal A and a dilute acid. When the same gas was
passed over an oxide of metal B, it reduced the metallic oxide to its metal in the presence
of heat.

Which of the fellowing substances would give these results?

Metal A Acid Oxide of Metal B
zine sulfuric acid calcium oxide

calcium hydrochloric acid lead (Il) oxide
iron sulfuric acid copper (I1) oxide

copper hydrochloric acid zinc oxide

1,2 and 3 are correct
1 and 3 are comrect
2 and 3 are correct
1 and 4 are correct

23. A gas X was passed over a hot solid Y using the apparatus in the diagram below.

limewater

What are gas X and solid Y7

oom»

X Y
carbon dioxide carbon
carbon monoxide copper
carbon dioxide copper (11} oxide
carbon monoxide copper {11} oxide

24. Which of the follewing is an example of a redox reaction?

A,

B.
C.
D.

Mm—‘.in_ 2> mﬂu_cv + 2g

Na*aq + 8 = Nayg

CuOys + Hag) = Cuge + H2Op

CuCOgis) + H1804aq > CuSQupaq + HaOpn + GO0y

25. In which of the fallowing substances does nitroger exhibit its highest oxidation state?

A N
B. NO:
C. NaH.
D. HNOs
Applying Past Knowledge to New Situation 7

o
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26. Which ore of the following substances is present in the exhaust fumes and could
contribute to the formation of acid rain?

A.
B.
C.
D

cartbon

lead (1) oxide
nitogen
nitragen dioxide

27. A solutioncan be decomposed using a powdered catalyst. What would be the effect on
the rate ofthe decomposition and the vofume of gas produced if an equal volume of water
was added to the solution before the reaction began?

oom»

Rate Final valume of gas
decreased increased
unchanged decreased
increased increased
decreased unchanged

28. In the graph below, curve 1 was obtained by the reaction between 50 cm® of 1 mol/dm?
sulfuric acid and excess zinc granules.

Volume of -2
hydrogen
formed

»

Time

Which of the following changes would produce curve 2?

A. Increase temperature by 10 °C.

B. Adding the same amount of zinc powder instead of zinc granules.

€. Using 100 cm® of 1 molidm? sufuric acid instead 50 cm® of 1 molidm? sulfuric acid.

D. Using 100 cm®of 0.75 mol/dm® sutfuric acid instead of 50 cm? of 1 mol/dm? sulfuric acid.
N~
o
N
>
p—
S
o))
£

Applying Past Knowledge to New Situation 8 m
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29. The energy required to break the foliowing bonds are given in the table below.

Bond Energy required to break bond / kJ/mol
F-F 158
H-H 436
H-F 556

Which of the following can be deduced from the information provided above?

Al

onm

The bonds in fluorine molecule is the strongest.

Hydrogen gas is more reactive than fluorine gas.

Hydrogen fluoride molecules are the least stable.

The energy produced when forming 1 mole of hydrogen fluoride from its elements
is 259 kJ.

30. It was found that the heat required to evaporate 7.4 g of ethoxyethane (CzHs)0 was
2.6 kJ while that required to evaporate 4.6 g of ethanol was 3.9 kJ. From this evidence,
which of the following wouid be the most correc! conciusion?

A.

The more carbon atoms there are in a molecule, the maore difficult it is to
evaporate the substance.

The molecules of ethoxyethane are held together more strongly than those of
ethanol.

The molecules of ethanol are bound together more strongly than those of
ethoxyethane.

The atoms in ethoxyethane moiecules are more difficult to break apart than those
in ethanol molecules.

31. During an electrolysis, 5.00 moles of electrons are passed through a moiten aluminium
salt, what is the maximum mass of aluminium formed at the cathode?

A,

B.
C.
D.

16.2 g
270g
450 g
13509

32. The copper heat-reflecting shields of some space rockets are gold plated using
electroplating. Which electrodes and electrolytes will be used to gold-plate the heat

shietds?
Negative electrode  Positive electrode Electrolytes
A. carbon heat shield gold compound
B. heat shield carbon copper compound
c. heat shield gold gold compound
D. gold heat shield copper compound
Applying Past Knowledge to New Situation 9
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33. The following three solutions undergone electrolysis using inert electrodes.
Solution |  concentrated sodium chloride
Solution 1 dilute potassium sulfate
Solution IIF  silver nitrate

Which of the sclution(s} produce oxygen gas at the anode?

A. |only

B. landllonly
G. lland Il only
D. I lland I

34, The diagram below shows a simple cell.

flow of electrans

& WY

wire

Metal X ii..m Metal ¥
-~ dilute sulfuric acid

For which pair of metals would electrons fiow as shown in the diagram?

X Y
A, iron zinc
B. zine copper
c. lead magnesium
D. zing magnesjium

35, Which property is similar for the two organic compounds shown below?

H
P . H-(=H
el — li_ul}mll_m.lz :1.tw.|mrlm -
B I

H-C—~H
H
A. melling point
8. structural formula
C. solubility in methylbenzene ~
D. composition by mass o
9V
2
S
(=)
Applying Past Knowledge to New Situation 10 m
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36. Elhanol is used in some after-shave lotions and deoderants. Which pair of properties
makes it suitable for these uses?

A, ltis flammable and vaporises easily.

B. ltis flammable and mixes easily with water,
C. ltis agood solvent and vaporises easily.

D. ltis colourless and has a low freezing point.

37. What happens when one mole of ethane is mixed in the dark at room temperature with
six moles of chlorine gas?

There is no reaction.

Oniy C2Cls are formed.

C:Cls and HC! are formed.
CHyCH:CI and HCI are formed.

opmp

38. One form of biodegradable polymer used for ‘plastic’ bags has the following structure.

j n—... .w_._u .W
CH C
= /o\ fﬂ:\O/O\OII.O\ O.IOx\
1 f
cH, o &,
What could be the monomer for this polymer?
i i
& ox...m.. COH ¢ n:.L.Tmlo
o H Cf
: |
GHy=C-COM D )
B ¥ L CH—=C—C 0
OH H
39. Which process is used to convert substance R to 57
R Pracess s
A. ester addition polymerisation terylene
B. ethanol neutralisation ethanoic acid
C. amino acids condensation polymerisation protein
D. fats condensation polymerisation  fatty acids and glycerof
Applying Past Knowledge to New Situation 11
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40. Five struclural formulas are shown below,

i Yy y
HGH HCH  H-CoH
O M | | »
¥ SR HL—mtH - -

H i
1 2 3 -
H
:-w-: el
i
:-n_..i..rnlw_-: x-_._ul.ml.sm-:
H h f " * B
H-C-H H-C-H
; ;
4 B
How manyisomers are there?
A2
B. 3
cC. 4
D 5
- End of Paper 1 -
Applying Past Knowledge to New Situation 12
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The Pericdic Table of the Elements

Group
o 1 T nm_j v [ v T v ] v 0
] 1 4
= H He
o
S' Hydrogen Hahum
< 1 2
'a“ 7 3 1 12 14 16 19 20
- Li Be B c N o B He
| Uom | Bargium Boron Cabon | Whogsn | Oxygan | Fluorne Haan
2 |3 4 5 5 7 8 9 10
g 23 24 27 28 # 32 85 40
& M Mg Al Si R s cl Ar
ﬂ(% Scdym | Magnesium / Shicon | Phowp Sulfur Chiorine Argor
el 12 13 14 15 16 17 18
2 ki) 40 45 48 5 52 55 56 59 59 64 85 70 73 15 T 80 84
% K Ca Sc Ti v Cr Mn Fe Ca Ni Cu Zn Ga Ge As Se Br Kr
£ | eotessiom | caicium Titanium um | Chromium | Manganess | lroe Coban Nicked Goppar 2ne Colbuh | Germanwam | Arsaric | Seteniur | Bromirs | Keypton
[/ 5] 20 21 2 23 24 25 26 27 28 2 30 kil 32 33 34 35 36
g 85 88 89 | 93 o6 101 103 108 108 112 115 119 22 128 127 gkl
fae Rb Sr Y Ir Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te 14 Xe
S | Rubigon | Swwowm | Ywium | Zicoawm | Reobium Rhodium | Pafadum | Siver | Cegmim | ygum T Antimorry | Telluum | joding Xencn
37 38 a9 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
133 137 139 178 181 184 186 180 192 195 197 o 204 207 209
Cs Ba La Hf Ta w Re Os 1Ir Pt Al Hg Tl Pt Bi Po At Rn
Cassium Batium | Lanhanum | Hafipm | Tantalum | Tungsiar | Rhenum | Osmium Iridum Platium Cold Mercury Thallum Lead Bmuth Polocdum | Astating Radan
55 56 57 ‘172 73 74 75 76 7 T8 s ae a1 B2 B3 84 85 BS
226 rag
Fr Ra As
Francum | Radium | actnium
ar 48 ] 1]
*58-71 Lanthenoid series
190-103 Actinoid series
140 41 44 150 152 157 159 162 165 167 169 173 175
Ce Pr Nd Pm Sm Eu Gd o Dy Ha Er Tm Yb tu
Cesam swm| N 1 L i Terbium | Dyspe Holmium Erolum Thulum Yiherbhsm Lutelivm
58 59 60 61 62 63 64 &5 66 67 68 69 70 Il
4 a = refalive alomic mass 232 238
S Th Pa 1] Np Pu Am Cm Bk cf Es Fm Md No Lr
Key X X =siomiceymbel Thorium |Protactium| Umium | Netunium | Piorm | Amencim | Curhum Galtornivs | Einsieimr | Fermium Mondsbwsum] Nebatium | Lawranchar,
o Y b = proton (atormic) number | g5 91 92 o3 84 95 9% 57 58 99 100 101 102 103
The volume of one male of any gas is 24dm* at room temperature and pressure (r.tp.).
examguru 2017
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BBSS 2016 O Prelim/ Sec 4E/Chem 5073 P2

Section A [50 marks]
Answer alf questions in this section in the spaces provided.

A diagram of the Periadic Table is shown below.

Using the letters shown in the Pericdic Table,

a. identify the element that forms giant covalent structures.

................................................................................................................ 1]
b. identify the element that does not form compounds.
¢. identify the most reactive non-metal.

1]

d. identify the elements that have the same number of shells.

e D S e I e (1
e. Write the formuta for the nitride of M.

[Total : 5 marks]

Applying Past Knowledge to New Sifuation 2
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A2. Element X is an alkali metal while element Y is a halogen which is yellow-green in colour.
a. When a small piece of X is ptaced in some aquecus copper (II) sulfate solution, it darts
about and dissolves.
Describe two other changes that can be seen.
b.  When an excess of aquéous Y is added to aqueous potassium iodide, a brown solution
and a black solid are obtained.
() Name the brown solution and the black solid.
Browiy BOIGHGN  sommmevmemm s s o e e S R T e :
Black solid swrmrTRsTAT T [2]
(i) Explain the formation of the black solid other than the reddish brown solution.
R S S S B VR vissmmerr 1]
[Total : 5 marks]
A3. Human activities in recent centuries have released additional amounts of heat absorbing
gases to the atmosphere.
Carbon dioxide is a greenhouse gas which has a greenhouse factor of 1. Other gases are
given a greenhouse factor that compares their effect with carbon dioxide. The greenhouse
effect increases as the factor value increases. The table gives some informalion of five
main greenhouse gases.
Contribution to Current rate of
Greenhouse gas m..oqo_.__._ocmm greanhouse effect | increase in the alr
actor i o,
A% 1%
CO. 1 50 0.4
CHq 30 18 1.0
N2O 160 6 0.3
Os 2000 12 1.5
CFCs 10000 14 2.0
a. Name the greenhouse gas that is only produced by human activities.
SO U RURU PN OPRUPRURE [1
b. if equal volumes of each gas at room temperature were filled in separate gas jars and
exposed {o sunlight, which gas jar wili show the highest rise in temperature?
Applying Past Knowledge to New Situation 3

C.

d.

e.

BBSS 2016 O Prelin/ Sec 4E/Chem 5073 P2

Explain why living organisms cannot survive on Earth without the presence of greenhouse
gases in the atmosphere.

Explain why although carbon dioxide has the lowest greenhouse factor among the gases
listed, its contribution towards global warming is the most significant.

[Total : 5 marks]

Ad. X, Y and Zare three different metals. The resuits of two experimants carried out using

the metals or their oxides are recorded below.

Experment X Y z
Adding the metal No observable No observable
to water Fifervestancs change change
Heating the metal No observable No observable
oxide change Meta! praduced change
a. Based on the above information, arrange the three metals in order of increasing reactivity,
starting from least reactive metal.
........... B P K A A S A S S e R s [1]
b. An oxide ¢ ¥ has the formula YO. When 1.08 g of this oxide is healed strongly, it
decomposed completely to give 6¢.0 cm® of oxygen, measured at r.t.p.
() Write 2 balanced chemical equation for the decomposition of oxide of Y.
e E b e e et e et e e e ee e S S S S [1j
(i) Calculate the relative atomic mass of Y.
(3]
[Total ; 5 marks)
Applying Past Knowledge to New Situation 4
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AS. Hydrogen peroxide (H20:) can behave as an oxidising agent and a reducing agent.

a. Complete the table below to show the role of hydrogen peroxide as an oxidising or a
reducing agent.

Reaction of H:0,with acidiflad | Reaction of H;O:with FeS0,

KMnO, solution
Observation Purple solution decolourised Light green solution turned
yellow
Role of Iu°u
(2]
b. Potassium manganate (VIl}, KMnQOa, has the following structure.
O
| K*
o= ﬂs —0-
O
What is the toial number of electrons surrounding the manganese atom?
A A s B S e e e S R R R 1]

¢.  Sulfur dioxide, an air pallutant is detected by bubbling the polluted air through an agueous
solution of potassium manganate (VII). A change in colour from purple to colourless
confirms its presence. The ionic equation is shown below.

550z + 2MnO« + 2H20 > 5S04 + 2ZMn?* + H*

State two characteristics from this reaction which shows that manganese is a transition
metal.

2

[Total : 5 marks)

Applying Past Knowledge to New Situation 5
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A6. Le Chatelier's principle predicts that the highest yield of ammonia in the Haber process
should occur at a high pressure and at a low temperature. In practice, however, these
conditions are not used.

The table below shows the percentage yield of ammonia at different temperatures and

pressures.
Temperature percentage yield of ammonia at equilibrium
1°C 200 atm 300 atm 400 atm
350 24 40 48
450 20 23 30
550 10 12 15

a. Construct a balanced chemical equation for the reaction in Haber process.
e e e e e e e e s e ne e e s eere e e am s e e e, 1]

b. By referring lo the {ahle, state how the increase of pressure affects the percentage yield
of ammonia at equllibriurn.

s R S R T T 1]

c. (i) Explain how the increase in temperature causes the percentage yield of ammonia
to decrease at equilibriurmn,

e R T o e e e e e o e e e e e e e e [1]

(i} From this observation, deduce whether this the formation of ammonia is exothermic
or endethermic.

e e et e et e et e n e en s (2]

[Total : 6 marks]

Applying Past Knowledge to New Situation &
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A7, The set-up below was used to prepara dry hydrogen chioride gas, and investigate its
effect on heated iron filings.

Concentrated
sulfuric acid

Sodium chloride Liquid M
a. Name liquid M.
R B R 0 e s 1]

T A R O T TR [

¢. Explain the following chservations with help of equation(s):

(i) a white precipitate is formed when hydrogen chloride gas is passed through agqueous
silver nitrate.

[Total : 6 marks)

Applying Past Knowledge to New Situation 7
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A8. Study the flow chart below and answer the questions that foilow.

fermentation

Ethanoic acid

Process R
NaOH salution

Dry (Gas T and

Sodium cthanoate Sodium carbonate
NaCH

a. State any two conditions necessary for fermentation of glucose to take place.

B s R B e e s s .

d. How is sodium hydroxide kept dry during the reaction?

1)

e. State another use of ethanol other than as an alcohalic drink
..................... GO PUP P OPOURPTURTURURPRRPRRTITN | ||

f. Another alcohal is butancl. Draw the structure of butan-2-ol.
Q!

[Total : 7 amim_

Applying Past Knowledge to New Situation 8
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AQ. The diagram below shows an experiment in which an eleclric current is being passed
through dilute sulfuric acid and solution P,

Formation
of chiorine

T

P=
—
oo |

/

/

Dilute sulfuric acld

a. After electrolysis for 30 minutes at a constant current, 200 cm® of gas is collected in the
test-tube at elecirode A
{i) Predict the volume of gas at efectrode B.
e e, SO S SRR S R s s e sasseyee [ ]
(i) Why would steel not be a suitable material for electrode B?
b. (i) Identify solution P.
(i} Write half equations for both electrodes C and D,
B R T R T RN S ey (2]
(i) A few drops of Universal indicator solution was added to the slectrolyte close to
electrode D. Universal indicator tumed blue then decolourised. Explain this
obsearvation.
............ J ST S VOTTR TR TOR T PPRPRPPRRRP | ||
[Total : 6 marks]
- End of Section A -
Applying Past Knowledge to New Situation 9
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Section B [30 marks]

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

A precipitation reaction refers to the formation of an insoluble salt when two solutions
containing soluble salts are cornbined. The inscluble salt that is produced is known as the
precipitate, hence the reaction’s name.

Precipitation reactions are used 1o determine the presence of various ions in solution, The
following flow chart shows how different cations can be identified through the formation of

precipitates.
Cation solution v
Add hydrochloric acid
White
P 4 precipitate .._ No precipitate
Add White
indicate Pb? NaQH “| precipitate
is absent solution
Add suifuric acid
White precipitate Add NaF —e
solution ._. ._. - - P
L
_ Ca” and/or Ba® present u Al
Brown White Blue precipitate
Ipitat Eeeen Add NH
_ White precipitate = No precipltate precipitate precipitate Add NHs mc__.._zo_._m
] } T ) solutton
ca™ Ba® Fe* Fe®* precipitate i
2a PR dissolves to form
(if sulfuric acid to form colourless
test is positive) deep blue solution salartlon
)
ﬁ:u.v

hitp/fcommunity. boredofstudies. org/

Barium hydroxite and sodium hydroxide are alkali solutions which can be used in precipitation
reactions. They have the following structures.

-5

|l Ba2* [H-O:

Na* [H-0f

Applying Past Knowledge to New Situation 10
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A student performed a series of experiment involving precipitation reaction.

Experiment 1
0.5 cm’ of sodium hydroxide was added to a test tube containing an unknown salt solution.

The height of the precipitate formed in the test tube was plotted against the volume of sodium
hydroxide added.

hgighi ol the
precipitsie #mm

v volume of sodium hydroxide
selution added ¢/ <nt®

Experiment z

A study of a precipilation reaction between barium hydroxide and dilute sulfuric acid was
cohducted,

The reaction tubes containing different volumes of barium hydroxide, a strong base, and dilute
sulfuric acid is as staled in the table. Precipitation occurs in all the reaction tubés and after 20
minutes, the height of the precipitate in each tube is measured and recorded in the table below.

Reaction tube 1 2 3 4 5 6
Volume of 0.50 mol/dm? of
barium hydroxide used / cm’ 5.0 50 50 28 L 5.0
Volume of 1.0 molfdm’ of dilute
sulfuric acld used / cm® 1.0 15 20 25 3.0 89
Height of precipitate / cm 2.5 3.0 3.5 4.0 4.0

Table 1

Toeach tube, two drops of an indicator are added. The colour change of this indicator is shown
as follows:

pH Colour
<82 colourless
8210 13.0 pink
>13.0 colourless
Table 2
Applying Past Knowledge to New Situation i1
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The electrical conductivity of each reaction tube is recorded. The graph is seen below.

L

Electncal
conductivity

e

1 2 3 4 5 6
Reaction lube number

a. Draw a dol-and-cross diagram to show the bonding in a hydroxide ion.
[2]
b. (i) State he formula of a possible cation in the unknown salt solution in Experiment 1.
T S R SR s e s e e Sem—— (||
{it) Some cations produced white precipitate when sodium hydroxide is added to their
solutions. Describe how these cations can be distinguished from one another.
— R 3|
N~
o
9V
>
p—
S
(=)
£
©
Applying Past Knowledge to New Situation 12 M_A.v
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{iiiy The student added sodium hydroxide into copper (I} sulfate solution. B11.
Complete the diagram to show the variation of the height of the precipitate as the A student investigates the energy released when hydrochloric acid completely neutralises
alkali was gradually added. sodium hydroxide solution. The student uses the apparatus shown in the diagram below.
%{ Hydrochlorio acid
Wlwcaza

Height of precipitate / mm

Thermemator

Volume of alkali added / cm® 1)

) Polystyrare cup
c. (i) Give the name of the precipitate and the other product formed when barium
hydroxide is added fo dilute sulfuric acid in Experiment 2. S oydronio pdilion

....... T ot 3|

The student:

measures 25cm® sodium hydroxide solution into a polystyrene cup

fills a burette with hydrochloric acid

measures the temperature of the sodium hydroxide solution

adds 5 cm® hydrochioric acid to the sadium hydroxide solution in the polystyrene cup
stirs the mixture and measures the highest temperature of the mixture

; . . . . " continues to add 5 cm? portions of hydrochloric acid, stirring and measuring the highest
(il Predict the height of the precipitate in the reaction tube 6 in centimetres {cm). temperature of the mixture after each addition.

Explain your answer.

(il What is the colour formed in Reaction tube 1 and 5 when the indicator is added?
Reactiontuba 1 ... R T T R R S

Reactiontube 5 ............... R S e |

The student has plotted a graph of the results.
A st A B S AT R R The graph line has been incorrectly drawn by including an anomalous resuit.
The graph is shown below.

40
a5
0
. BT I e s A S T A R SRR SR SR »
R R A e T e Tamparalure
................ ofmixtur 20
in °C
-
- 5
. Q i Eil b = i &
[Total : 12 marks] 2 v P 5 7 p
Volume of hydrochiotis acic added I em3 ~
)
(8]
>
p—
S
£
Applying Past Knowledge to New Situation 13 Applying Past Knowledge to New Situation 14 m
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72

a. () Suggestacause forthe anomalous result when 20 cm® of hydrochloric acid is added. B12 Either
T S a. Polyethene is formed from addition polymerisation of many monomers of ethene.
......................................................................................................... -1 {iy Draw the structural formula of polyethens.
{li} Suggest the true value of the temperature of the anomalous point.
Temperature = ..........cccccecviecvein, °C 1
(i) What was the total volume of the mixiure when the maximum temperature was
reached?
Total volume of the mixture = ............ SRR 1 [
(iv) Calculate the overall temperature increase in this experiment.
[1]
[1] (i} Determine the number of H,C=CH: monomeric units, », in one molecule of
polyethene with molar mass of 40 000 g. Hence, how many carbon atoms are present
{v) Use your answers to (a){iii) and (a)(iv} and the equation to calculate the energy in one molecule of polyethene.
released in the reaction. Assume the volume in cm? is equivalent to the mass of
solution in grams.
Equation: @ = mecAT
where: Q = energy released; m = mass of sclution (g); ¢ = 4.2 (] per g per °C);
AT = change in temperature (°C)
NS e
[2]
number of carbon atoms in polymer = ... .. veenn 3]
b. The sludent did the experiment again, starting with 50 cm® of sodium hydroxide solution
instead of 25 cm?.
{iiiy 'Out of sight, out of mind'.
Explain why this would make no difference to the overall temperature increase. Do youagree with this statement when it comes to the disposal of plastic waste?
— T B e 12 . ' sopeannes [2)
[Total : 8 marks]
Applying Past Knowledge to New Situation 15 Applying Past Knowledge to New Situation 16
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b. The structure of a liquid crystal polymer is shown below.

T{CH, )~ 00— H

I
z
Z

(i Explain why the above polymer is produced through addition polymerisation and not
condensation polymerisation.

........................................................................................................... [11
(i) Describe a chemical test to distinguish the monomer of the liquid crystal from an
organic compound with chemical formula CaHao.
........................................................................................................... [2]
c. Dacron is an example of a polymer that is formed by condensation polymerisation.
Below is the structural formula of the two monomers that are used to prepare Dacron.
P 7 i
:olmlnﬂlox HO—C C—0H
H H
Draw the full structural formula of the repeating unit in Dacron.
i1l

[Total : 10 marks]

Applying Past Knowledge to New Situation 17
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B12 Or
The diagram represents a saturated fatty acid molecule.

HHHHHHHHHHHHHHHEHYE o
H-C-C-C-C—C—C—C—C—C—C—C—C—C—C—C—C—C-C7

Wﬂﬂmmmi:mﬁ:mﬂﬁmﬁmm NO-H

a. {i) Give the structure of the functional group that indicates the fatty acid is a
carbowylic acid.

1]

(i) State the structural difference between a saturated fatty acid and a polyunsaturated
fatty acid.

(i) Describe a chemical test to distinguish between a saturated and a polyunsaturated
fatty acid.

b. The diagram represents a soap particle, an ion. it can be considered to consist of two
parls — the head and the long tail.

=mﬂﬁmmﬁ E::;ﬁﬁmm_mu_ﬁ\o
mmIOIO|G|OIOIO|O|OI0IOIG|OIA»IOIGIOIOI 4

T o1 /O N -+

:::mﬁﬁmﬁm:ﬁiix*ﬁmm a
Lony tail Head

{i) Suggest how this soap is made from the fatty acid in (a).

Applying Past Knowledge to New Situation 18
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Bukit Batok Secondary School
Sec 4 Express 2016
Chemistry 5073

PRELIMINARY EXAMINATIONS —- ANSWERS

Paper 1 : Multiple Choice Questions

2 B |3 A
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13

CyHy » CO; +H:0
11.0g 9.0g

no of moles of CO2 = 11 +{12+2(16)] = 0.250mol
no of moles of H;O = 9 + [2{1} + 16] = 0.500mol

0.250mol of CO2 and 0.500mol of HzO are produced
1mol of COz and 2mol of Hz0 are produced

CiH, & CO; + 2H,0

To balance the equation, C.Hy = CH4

CHa = COz + 2H0

{A) no of moles of He = 6 + 4 = 1.50mol
volume of He = 1.50mol x 24dm® = 36dm®
{B) no of moles of O, = 16 + 2(16) = 0.50mol
volume of 0> = 0.50mol x 24dm? = t2dm®
{C) no of moles of N = 14 + 2(14) = 0,50mol
volume of Nz = 0.50mol x 24dm”® = 12dm®
{D) no of moles of staam (H:0) = 9 + [2(1)+16] = 0.50mol
volume of Hz0 = 0.50mol x 24dm’ = 12dm’

25

{A)N2  (BYNOz (C)NzH«e {D)HNOs
0 +q4 -2 -2 +1 +145-2
=2 -2 +1 -2
+1 -2
+1

29

F2 + Hy > 2HF

AHireak = (+158kJ} + (+436kJ)} = +594kJ
DHrorm = 2(-556kJ) = -1112kJ

DHoveran = (+594kJ) + (-1112kJ) = -518kJ

To form 2moles of HF, 518kJ of energy is released
To form 1mole of HF, 518 + 2 = 258kJ of energy is released.

31

AP+ 32 =2 Al
5mol  mass?

3mol of electrons produced 1mol of Al
5mol of electrons produced 5+3 = 1.67mol of Al

Mass of Al = 1.67mol x 27 = 44.9g = 45.09

Paper 2 Section A

1a.
1b.
1e.
1d.
1e.

2a.

2bi.

2hii.

3a.
3b.

3c.

3d.

3e.

4a.
4bi.

4bii.

5a.

5b.

N

R

=]

Q.M RorN,P
MaN: inot nitrate)

Blue precipitate formed.
Effervascence.
No displacement as reaction of aikaii metal is too fast

Brown solution — lodine solution
Black solid - lodine crystals

Excess iodine produced which cannot be dissolved in potassium
chloride solution formed. {sofid 1> will dissolve unless in excess)

Chloraflucrocarbon (NAME!L)
Chiloroftucrocarbon / CFCs

Greenhcuse gases trapped heal to keep Earth warm. Without them,
Earth will be too cold for survival.

Thereis highest volume of carbon dioxide in the atmosphere compared
to the other gases listed.

OR

It contributes the highest percentage to greenhouse effect.

lce caps melts, rise in sea level causes fiooding to law lying lands.
Increase in temperature causes low crops yield.
Increase in temperature causes erratic weather changes.

YeZeX
2Y0 5 2Y + 02

2Y0 3> 2Y + O,
1.08g 80.0cm®

no of moles of Oz = 60.0cm® + 24000cm® = 0.00250mol

1mol of Oz is produced by 2mol of YO
0.00250mol of Oy is produced by 0.00500mol of YO

M- of YO = 1.08g + 0.00500mol = 216
Alomic Mass of Y = 216 - 16 = 200

Reaction of Hy02 with Reaction of H,O, with
acidified KMnO4 FeS0,4 solution

| Role of Hz20p Reducing Agent Cxidising Agent

14

1m
im
m
m
m

im
im

m
m

1m

m

any 1m
im

m

im

m
1m

each 1m
total 2m

m
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5c.

Ba.

6b.

Bci.

6¢ii.

Gd.

8a.

ab.

8.

8d.

Be.

Manganese formed coloured compounds.
Manganese has varied exidation states.

Na(g) + 3Hs(g) == 2NH;(g)

Atsame temperature, yield increases as pressure increases.

As temperature increases, ammonia motecules formed gained heat
energy to break the N-H bonds thus causing the equilibrium to move to
the left, resulting in lower yield / decomposed to N and Ha.
Exothermic

High pressure is not applied as it will make the reaction dangerous and
maintenance of machinery costly.

Low temperature is not used as it will make the reaction too slow.

Concentrated sulfuric acid (as drying agent)

Green solid formed (FeCl.) / white solid formed

2HC! + Fe > FeCk + H;
Hydrogen gas is produced and it is flammable.

Silver chloride, an insoluble solid is formed.
Ag' jaqi + Cf (o) > AGCl s

Ammaoniurn chloride is formed.
HC! + NHa - NH4C/

Use of yeast

Temperature at 37°C

Airtight condition

Siep production when ethanol reaches 15%

Acidified potassium manganate (Vil}

P : ethene
T: methane

As a soivent
As an antiseptic
React with carboxylic acids to form esters

1m
m

eqn tm
ne need
symbols

1im

m

im

im

1m

im

both 1m

bath 1m

Any 2 1m

im

m
1m

any 1m

af.

9ai.

Saii.

gbi.

Sbii.

H H
|1
H—C~C—
|1

H

O—M—T

H

|
lwfI
H HH

100cm?

Oxygen is produced at electrode B which can oxidise iren in steel.
OR

Iron in steei can react with sulfuric acid.

Concentrated copper (ll) chioride

Electrode C : Gu?* g+ 28 2 Cu sy
Electrode D : 2C1 ag) > Claggy+ 28

Presence of hydroxide (OH") ions turned Universal indicator bfug and
presence of chlorine gas (C/:) bleached the indictor.

im

m

im

1m

both 1m
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Paper 2 Section B

10a.

10bi.

10bii.

10biii.

10ci.

10cii.

10ciii.

: KK - ;
: e m
\A *%@ other e-,
%! O Jx bracket,
N 4

share

charge
im

Zr?' [ Pbr AP any 1m

Add excess agqueous ammonia to the respective cation solutions /
white precipitate formed.
The one that dissolved contain Zn* ion. 1m

Add hydroghloric acid lo the respective cation solution,
The one that formed white precipitate contain Pb* ion. 1m

The while precipitate which does not dissolve in excess aqueous
ammonia and the cation solution which does not form white precipitate +1m
when hydrochloric acid is added contains AP" ion.

Height of presipitate f mm
3

Votume of alkali added f em'

Barium sulfate, water both 1m

Tube 1 - colourless / pink

Tube 5 - colourless both 1m
4.0¢cm

Barium hydroxide {alkali) is used up, sulfuric acid is in excess.

Reaction stops. both 1m

. Electrical conductivity decreases from tube 1 to 4 because as more
10civ. : oz 2 2
sulfuric acid is used, more ions are removed to from the pregipitate.

Therz is still some conductivity at the maximum production of
precipitate (tube 4) because of water, a weak electrolyte, is present.

Conductivity increases again from tube 5 to 6 as excess acid is added
will contribute to more ions present for conductivity.

+ addad less than 20cm® of acid
- read/record a lower tfemperature

Nal failure to stir
« heat loss
11ail, 32-33°C
t1aiii. Totalvolume = 25cm® (alkali) + 30cm? (acid) = §5¢m”
11aiv. Overall temperature increase = 38°C ~ 18°C = 20°C

Q = mecAT

Tav. 55 x 4.2 x 20 = 4620J / 4.62kJ (ecf if ail, aiv is wrong)

11b.  H'eg+ OHg — H20p
There is twice volume of alkali, twice as much energy is released
when more O-H bonds (in water molecules) are formed.
But since there is also twice as much water that is produced, energy is
absobed by the water as the water is being heated.

B12 Either

i
e
H H/,

aii. Mr ofethene monomer C;Hs = 2(12) + 4(1) = 28

no of monomers in the polymer, » = 40 000 + 28 = 1429 or 1430

Eachmonomer has 2 carbon atorms
Number of carbon atoms in polymer = 14286 x 2 = 2857

im

m

eny 1m

1m

values
im
ans 1m

optional

im

im
m

im
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o

bi

bii.

812 Or

ai.

ci.

Cii,

Plastic waste are not able to decompose because they are non-
biodegrable, They cannot be broken down by bacleria.

They remain buried in landfills for a long period of time, hence more
land is needed as landfill instead of land being used for more
constructive purposes eg fo grow crops for the population.

There is no amide or ester linkage in the polymer structure.
With the liquid crystal monomer, reddish brown aguecus bromine

decolourised.
With CaH4o, reddish brown aguecus bromine remains.

O Q H H
1] ] (I
- C- C-0~C-C-0-
i1
H H

Saturated fatty acid has C - C bond only whereas polyunsaturated
fatly acid contains C=C

Pelyunsaturated fatty acid contains many C = C bonds in its maolecule.

Add agueous bromine to saturaled fatty acid, aqueous bromine
ramains brown.

Add aguegus bromine to polyunaturated fatty acid, brown aqueots
bromine remains decolourised.

React fatty acid with an alkali eg sodium hydroxide.

The head.

The head has a negative charge on COQ" which can be attracted to
the hydrogen aloms which are the positively charge end of water
molecule.

C17H3:0H

The long chain molecule takes a longer time to break down which can
cause foaming when they are discharged into river and stream.

im

im
im

im

im

m

e im
+ve of
H20 1m

im
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1 A beaker of unknown gas was placed over a perous pet containing hydrogen
chioride as shown.

unknown gas

i

beaker

coloured water

porous pot  hydrogen
chloride

Over a period of time, which unknown gas would cause the water level at X to rise
and then retum to X7

A
B
C
D

argon
hydrogen
nitrogen
oxygen

Caffeine is a white solid that melts at 235 °C.,

A quantity of impure caffeine is found contaminated with sugar. The solubility of
caffeine and sugar in the two solvents are listed in the tabla.

substance solubility in water solubility in propanone
caffeine moderate high
sugar high nil

The folloving steps could be carried out to obtain pure caffeine from a mixiure of
caffeine and sugar.

]

i
1l
v
v

add excess water
filter the mixture

add excess propanane
cool and crystalline
heatthe filtrate

in which order should the steps be carried out?

oO@>

I, I, Vand V
[, I, ¥and IV
I, 1L,V and IV
IE, It IV and V
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The diagram shows the apparatus used to obtain carbon monoxide.

dilute ~ lumps of charcoal carbon
hydrochloric monoxide
acid m ; /

calcium
carbonate Y

What is the main purpose of ¥?

to dry the gas

to prevent water being sucked back on to the hot carbon
to remove carbon dioxide from the gas

to remove hydrogen chioride from the gas

lw i i o

An isotope of element A has 17 protons and 20 neutrons in its nucleus. Which
symbol js correct for the ion of A?

A T ew
17 A

B 37 A+
H.N_P

C 20,
_.N>

D 37,
Hu>

6

A student sets up the following apparatus to separate ethanot (boiling point 78 °C)
and water (boiling point 100 °C).

fractionating
column

mixture of ethanol and water

Which graph correctly shows the relationship between total volume of distillate
plotted against temperature?

A

Volume of distillate/am®

—

Temperature/'C Temperature!"C

Volume of distillate/om?
Volume of distitlate/crm?®

Volurne of distilate/cm®

Temperature/C Tempserature/'C

The table below shows some of the physical properties of substances P, Q, R and
8.

substance melting boiling electrical conductivity | solubiiity in
point/ °C peint/°C | selid state | liquid state water
P 122 550 poor poor insoluble
Q 690 1790 poor good solubie
R 1510 2489 poar poor insoluble
8 1453 2730 good good insoluble

Which of the following statements about the four substances is correct?

A Subslance P is a simple molecular compound with weak covalent bonds.
Substance Q is an ionic compound with mobile electrons in the liquid state.

electostatic forces.

B
C  Subslance R is a macromolecule with immobile electrans held by strong
D

Substance § is a macromolecule with mobile electrons.

80
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7  Element X has n protons and forms fons with a charge of 2-,
Element Y has (n + 3} protons.

Which of the following correctly shows the structure and fermula of a compound
formed between elements X and Y?

A acovalent compound YX:
B  acovalent compotnd Yz2X
C  an ionic compound YXz
D an ionic compound Y2X

8  Brass is an alloy of zinc (30%) and copper (70%). Which of the following correctly
describes the atoms in a sample of molten brass?

copper atoms zinc atoms

A | close together and vibrating close together and vibrating
vigorously vigorously

B | close together and moving at widely spaced and moving at
random random

C | widely spaced and vibrating close together and vibrating
vigorously vigorously

D | widely spaced and vibrating widely spaced and moving at
vigorously random

9  When a 2.31 g sample of oxide of nitrogen was analysed, it was found to contain
0.68 g of nitregen.

What is the empirical formula of the oxide of nitrogen?

A NO
B N0
C NO:
D NzO4

10 Which of the following will produce 1.0 mol of carbon dioxide on complete
combustion?

0.25 mal of ethanol
0.5 mol of ethene

1.0 mol of propane
1.5 mol of graphite

lwiolpg

1

12

13

81

The diagram below shows the atoms of two elements, Q and R.

What is the percentage by mass of element Q in the compound formed between
Q and R?

25.8%
41.8%
59.0%
74.2%

oaow>

CaHsOH + 2[0] 2 CHaCOQH + H:0

The chemical equation shows the reaction of 2.30 g of ethanol mixed with an
excess of aqueous potassium manganate(V1l).

The reaction mixture was then warmed for one hour. The desired organic product
was then collected by distillation. The yield of the product was 60.0%.

What mass of preduct was collected?

1324
1389
1.803
3.20y

o0ar

Which property generally decreases when going across a period of the Periodic
Table from Group | to Group VII?

the acidity of the oxides of the elements

the number of electrons in the valence shell

the reducing power of an element

the tendency of the elements to form negative ions

coor
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14 Three experiments are carried out to determine the reactivity of three unknown

15

16

halogens. The ionic equations of the three experiments are shown below.

Z (aq) + Y2 {ag) 2 no reaction
X {aq) + Z2 (ag) = no reaction
2Y-(aq) + X2 (aq) > 2X {aq) + Yz {aq)

Predict the reactivity of the halogens in decreasing order.
A XY 2

B X
¢ Z
Z,

<N
x < =<

D

The properties of some elements, W, X, Y and Z in Period 3 are shown in the
table below.

element w X Y 4
appearance grey solid yellow solid grey solid yellow green
at room gas
lemperature
reaction with extremely no reaction vigorous slow reaction
cold water violent reaction
reaction
nature of reacts with reacts with reacts with reacts with
oxide acids bases both acids bases
and bases

Which of the following shows the arrangement of these elements in the Periodic
Table in increasing order of group number?

A WXYZ
B WYXZ
C YWXZ
D ZXYW

Which of the fellowing is not a product of the reaction sequence below?

gas
: um
ﬂmM; O uﬂﬂ pump
i 2N copper(ll) oxide
heat heat
A copper
B iron{ll) oxide
C  oxygen
D  water vapour

17 The table shows the results of adding weighed pieces of nickel metal in salt

18

19

solutions of metals W, X, Y and Z.

salt sclution of metal initial mass of nickel / g mass of nickel after 15
min/g
w 6.0 5.0
X 6.0 55
Y 6.0 45
Z 6.0 0.0

Which of he following statements is correct?

A Mel:l W is higher than metal X in the reactivity series.
B Metal Y can displace metal Z from its salt solution.

C  Metal Y is higher than nickel in the reactivity series.

D Z could be nickel(ll) chloride solution.

Three experiments are set up o investigate the sacrificlal protection of iron. The
iron nails are coated with some other metals as shown below.

water 21— iron nail water iron nail water - iron nail

magnesium copper
X Y z

In which test tube(s) will the iron nail rust?

silver

A Xony

B XandY only
C Xand Zonly
D YaniZonly

The water from hot springs near the Ebeko volcano in the Pacific Qcean has a
very low pH.

What does the fow pH indicate about the water from the hot springs?

It has equal concentrations of H* and OH- ians.

It has equal numbers of positive and negative ions.
It has high concentrations of H* ions.

It has no detectable H* or OH- ions.

oOomE
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20 Dilute sulfuric acid was added to the test tubes shown below. Some of them had
no visible reaction while some of them reacted quickly, giving off a gas. However,

21

some of them fizzed at first and then stopped after a short time.

JUUULL

calcium  potassium magnesium zinc lead(i copper
carbonate carbonate ribbon nitrate  carbonate turnings

In which test tubes reaction lasted for a short time only?

testtubes 1 and &
testtubes 1, 2and 5
test tubes 3 and 4
test tubes 2 and 6

oW

When sodium carbonate is dissolved in water, carbonic acid and sodium
hydroxide are formed.

Na=C0a (aq) + 2Hz20 (1) 2 H:COs (aq) + 2NaOH (aq)
Carbonic acid decomposes on standing to form COz gas and H20.

The table below shows the results of tests on the solution of sodium carbonate.
Which results are correct?

pH of solution when sodium reaction of sodium carbonate with
carbonate is dissolved in water calcium nitrate solution
A 3 white precipitate
B 3 no reaction
c 12 white precipitate
D 12 no reaction

22

A 0.331 gsample of solid lead(ll) nitrate is dissolved in water and then added to
125 cm? of 0.100 molidm® sodium iodide solution. Assume there is no change in
volume of the solution, the chemical reaction takes place according to the
following chemical equation.

PBH(NOa)z (aq) + 2Nal (ag) = Pblz (s) + 2NaNQOs (aq)

Which of the diagram below best represents the results after the mixture has

reacted as completely as possibie?
Na*
N2 m
Na* —
g zo....
ZO._.
NOy T

s ——

ZOw.

A B

\ﬂu ™). () mu@
%@% ﬁmﬁv

mv Solid r
mo_._n_ _uc_m \_ Pb{NO3); /

c ()

10
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23 Different indicators change colour over different pH ranges and it is important to

24

choose the correct indicator to obtain an accurate result in a titration.

indicator pH range for the colour
colour change lower pH higher pH
indigo carmine 11.6t0 14.0 blue yellow
methyl red 421063 red yellow
methyl violet 03tc3.0 yellow violet
phenglphthalein 8.21010.0 colourless pink

If aqueous ammonia is added to hydrochloric acid, the following graph is
obtained, which shows the change of pH with the volume of aqueous ammonia

added.

14

12 =
10

8
B
4
2
0

|/

0 10

20

30

volume of aqueous ammonia added in cm3

Which of the indicators below would be the best choice to use in the titration?

A indigo carmine
B methyl red

C  methyl violst

D phenclphthalein

Which statement is true about the Haber Process?

A Increasing the pressure to be above 200 atm will speed up the reaction but

cause yield to be low.

cause the yield

oo w

to be low

Nitrogen is abtained from the cracking of petroleum.

Unreacted gases produced are released into the atmosphere.

Increasing the temperature to above 450 °C will speed up the reaction but

25 The diagrarm shows a reaction scheme.

26

white crystalline sait P

¥

colourless solution

dilute nitric acid and aqueous
barium nitrate

white precipitate

What is the identity of sailt P?

A
B
Cc
0

Separate samples of hydrogen peroxide are added to aqueous potassium iodide
and to aciified potassium manganate(Vil). The iodide ions are oxidised and the

aluminium chloride
lead(ll) sulfate

zine chloride

zine sulfate

aqueous NaGOH

white precipitate

excess aqueous NaQM
¥

colourless solution

manganate(VIl) ions are reduced. What colour changes are seen?

potassium iodide

acidified potassium
manganate(VIl)

oom>

brown to colourless
brown to colourless
colourtess to brown
colourless to brown

colourless to purple
purpie to colourless
colourless to purple
purple to colourless

84
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27 Pieces of apples usually go brown when they are left in air for a few minutes. In

28

29

food processing faclories, it is important to stop this browning. The graph shows
how browning is controlled by the pH of a solution.

mo.l;

E

E 50

g

5 40 |

=]

&

g 30 |

B

£ 20 |

g

.mdo.

= | S VL A RN N S W
e 2 4 6 B

pH of solution

In a laboratory experiment, cut apples are contained in special solutions to stop
browning. Which one of these solutions is the best sclution to prevent browning of
the apples?

A aqueous ammenia
B  ethanol

C nitric acid

D  propanoic acid

The heat-reflecting shields of some space rockets are gold-plated using
electrolysis.

Which electrodes and electrolyte would be used to gold-plate the heat shield?

negative electrode positive electrode electrolyte
A carbon heat shield gold compound
B gold heat shield copper compound
c heat shield carbon copper compound
D heat shield gold gokd compound

In twe separate electrolysis experiments, the same quaniity of electricity
deposited 16 g of copper from copper(ll) nitrate solution and 6 g of titanium. What
was the charge on titanium ion?

1+
2+
3+
4+

ogw>r

13

30 Adilute salution of cobalt(ll) nitrate was electrolysed in the apparatus shown.

i*_+

syringe

platinum foil
graphite rod

cobalt{ll} nitrate solution

During electrolysis, a grey solid formed on the platinum foil and bubbles of gas
appeared around the graphite rod. The gas was collected in the syringe. The gas
collected was able to relight a glowing wooden splint.

Which of the following statements are correct?

1 Cobalt(ll) ions are higher in the electrochemical series than hydrogen ions
and are thus preferentially discharged to form grey cobalt metal.

Il Hydroxide ions are discharged to form oxygen gas which then reacts with
graphite to form carbon dioxide.

Il The solution left behind is nitric acid.

IV After a period of time, hydrogen ions are found at higher concentrations and
are thus discharged to form hydrogen gas at the graphite rod.

A |and IV only
B Ilandlll only
O_.__m:n___o=_<
U

14
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31 The apparatus shown below was used to compare the reactivity of metals P, Q, R
and 8.

filter paper
momxma _.:. metal under test
sodium chloride ~—

solution i;.!f.r

copper block

In each test, the voltmeter reading was recarded in the table shown below.

metal under test | direction of electron flow in voltage recorded / V
external circuit
P P to Cu +0.87
Q CutoQ -1.20
R R to Cu +1.58
] StoCu +0.36

What is the correct order of the metals in decreasing reactivity (most reactive to
least reactive)?

A PQRS
B QSPR
C RPSAQ
D RS QP

32 Which statement is true about the hydrogen-oxygen fuet cell?

Hydrogen gas is oxidised at the negative electrode to form water.
Hydrogen gas is reduced at the negative electrode to form water.
Oxygen gas is oxidised at the negative electrode to form hydroxide ions.
Oxygen gas is reduced at negative electrade to form hydroxide ions.

oOowr

15

86

33 When ammonium chloride is dissolved in water, weak forces of afiractions are

temperature / °C

temperature / °C

.
i

formed between the ions and water molecules. Which graph best represents the
observed temperature change?

A B

temperature / °C

P
:

volume of waler added / cm®

e
L3

volume of water added / cm?

C 4 D

temperature / °C

5 I
» ™

volume of water added / cm?® volume of water added /cm?

PLEASE TURN OVER TO THE NEXT PAGE
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34 In two separate experiments, magnesium carbonate was reacted with an excess
of dilute acid. The following shows the different conditions used in each
experiment, with all other conditions being identical in both experiments.

Experiment I: 0.05 dm? of 1.0 mol/dm? of hydrochloric acid
Experiment II; .05 ¢dm?® of 1.0 mel/dm? of suifuric acid

Which graph correctly represents the results of the two experiments?

B
I
Fm

time/s time /s

-l

time/s time /s

A

volume of gas / cm?®
volume of gas / cm®

voluma of gas / em?
votume of gas / em?

35 The diagram shows the fractional distillation of petroleum.

e Fraction X

gy

heated R s S H

potroleum |_|L|ﬁ .

Which of the following comparisons are correct about fractions X and Y7

— Fraction Y

X burns more easily than Y | X has a lower boiling point
than Y
A yes no
B yes yes
C no no
D no yes

17

38 Poly{ethene) can be manufactured by the process below.

decane

ethene ——— poiy(ethene)

v

cracking

polymerisalion

Which graph shows the change in molecular size during this process?

molecular size

maolecular size

A B

molecular size

start finish start finish

molecular size

start finish start finish

PLEASE TURN OVER TO THE NEXT PAGE
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For Questions 37 and 38, refer to the information below.
Biodiesel can be mixed with petroleum diesel to make a fuel for cars.

The bar chart compares the relative amounts of waste products made when three
different types of diesel fuel burn in a car engine.

100 :

relative amount :
of waste 60 :
products formed !
20 | ;

o < | % : !

carbon dioxide  nitrogen oxides  particulates

Kay: petroieum B20 {20% 8100 (100%

v B el U pidicsen U piodiese

37 From the graph, it can be seen that biodiesel releases carbon dioxide but some

38

scientists claim that biodisel is a carbon neutral fuel.
What is the basis for this argument?

A Biodiesel is not a carbon compound.

B Bicdiesel produces less carbon dioxide when it burns.
C  Plants release carbon dioxide in respiration.

D Plants take up carbon dioxide as they photosynthesise.

Which of the foliowing is one disadvantage of using fuel with a high percentage of
biodiesel ?

It could increase global warming.

It could increase the amount of acid rain,
It is non-hiodegradable.

It is non-renewable.

oo

19

39

40

The reaclion between a carboxylic acid, CxHyCOzH, and an aicohol, GaHznOH,
produces an ester.

How many hydrogen atoms does one molecule of the ester contain?
A y+In

B y+2n+1

C y+2n+2

D y+2n+3

The table shows the results of tests carried out on compound X,

test resuit
aqueous bromine added decolourised
sodium carbonate added colourless gas evolved

Which formula represents compound X?

A B
H H H (o) H O H
Y 4 Lol |
H—C=C—C—C H—C—C—O0—C—0—H
|\ _ |
H O—H H H
c D
H H H H
| | ] |
H—C=C—C—0—H H O H o
! 1 7
H H—C—C—C—C
I I B
H H H 0—H

END OF PAPER
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The Periodic Table of the Elements
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[} =T 5 Sp— SE— Register/Index Number: ............. Class: .....ccc...... Section A (50 marks)
Answer all questions.
Write your answers in the spaces provided.
PRESBYTERIAN HIGH SCHOOL
1 Carbon-14 is an isotope of carbon used to determine the age of organic materials
through a process called carbon dating.

{a) How does a carbon-14 atom differ from a carbon-12 atom?

CHEMISTRY 50732

(b) After undergoing radicactive decay, a sample of carbon contained 80%
Paper 2 of carbon-12 and 20% of carbon-14. Calculate the relative atomic mass

of carbon in this sample.
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{a)

(b)

(c)

Which element in Period 3 has the iowest melting point? Explain, in

terms of structure and bonding, why this element has a low melting
point.

i2]
Which element in Period 3 has the highest melting point? Explain, in
terms of structure and bonding, why this element has a high melting
point.
(2
(i} Draw a 'dot and cross' diagram for the compaound formed between
sodium and sulfur. Show only the valence electrons.
[2]
(i) Explain why, the compound formed between sodium and sulfur,
cannot conduct electricity in the solid state, but able to when itis in
molten or aqueous state.
[Total: 8]

Sodium hypochlorite solution, NaC/Q, commonly known as bleach, is frequently
used as a disinfectant. When heated, sodium hypochlorite decomposes to form
sodium chlorate(V), NaC#O3 and sodium chloride.

(a)

{b)

{c)

Constuct a balanced chemical equation when sodium hypochlorite is
heated.

Explain, in terms of oxidation states, why the above reaction is a redox
reaction.

When sodium hypochlorite dissolves in water, oxygen gas and chiorine
gas are produced.

Explain why oxygen gas is detected first.

[2]
[Tetal 5]

PLEASE TURN OVER TO THE NEXT PAGE
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4

(a) Alkenes can be hydrogenated, under appropriate conditions, to form alkanes.

The energy profile for the hydrogenation of ethene at room temperature and

pressure with substance X is shown in Fig. 4.1.

energy level

On the same axes, the energy profile for the hydrogenation of ethene under

C2zHs and Hz without

substance X

CoHa+Hz+ X 7
-~ temperature and
pressure with
substance X

CzHa + XH2 \
/ CzHe + X

direction of reaction

Fig. 4.1

the same conditions but without substance X is also shown.

{i

State the role of substance X and explain how it affects the rate of
reaction,

On Fig. 4.1, draw arrows to represent the enthalpy change, AH, as
well the activation energy, Es, for the reaction with substance X.

1

PLEASE TURN OVER TO THE NEXT PAGE

CzH4 and H:z at room

(i} Table 4 gives the bond energies of some bonds.

bond bond energy / kJmal’
c-C 350
C=C 600
C-H 410
H-H 440
Table 4

Caiculate the enthalpy change, AH. for the hydrogenation of
ethene.

CzH4 + Ha & CaHs

(iv) Based on your answer in a (iii}, explain in terms of bond breaking
and bond forming whether the hydrogenation of ethene is an
exothermic or endothermic reaction.

(2]

(2)
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(b)

Hydrogenation of alkenes is used to make margarine. Fig. 4.2 shows

how margarine is produced by saturating vegetabie cils which are high
in polyunsaturates,

n{CzHz) + n{Hz) {g) > n(CzHa)

~y S .
/7 ¥
- c=C -~ H &N
(8 Hop oo w»
/ }/2.0 { O\ A
S e oo ® 4 nH, (g) =
polyunsaturate A
..__ H A

B ~
polysaturate @\ C-—C7 N

Fig. 4.2

(iy If a polyunsaturated is shaken with agueous bromine, what would
you expect to observe and expiain why.

(i) Are saturated vegetable oils more or less dense than unsaturated
ones? Explain your answer.
(iiiy Explain whether itis advisable to completely saturale the vegetable
oils.
(1]
[Total:11]

5

94

Duralumin is an alloy of aluminium. it is made from a mixture of aluminium and
copper andwas first used as rigid airship frames.

strength of alloy

I

» percentage of copper

I N B B it

P
1 2 3 4 5 6 7 8
Fig. 5.1

{(a) With reference to Fig. 5.1, state the optimum percentage of copper that
shouldbe added to produce the strongest alloy.

{b) (i} Explain why duralumin is strong enough to be used as airship
frames.

(3]

(i Suggest why this alloy of aluminium, containing copper, is more
pine to corrosion.

(1]
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(i} Explain how the addition of a high-purity aluminium surface layer to (i) Explain why strontum is unable to be extracted from the
the sheets of duralumin helps to overcome the corrosion issue. electrolysis of aqueous strontium bromide.

1
[2] (p) An electrolysis experiment is carried out as shown in Fig. 6.2.
P and Q are copper electrodes while R and S are silver electrodes.
(c) Why is it more costly to extract aluminium from its oxide as compared to
copper of the same mass? it \I)/
¢ I \/
1
[Total: 9} a n
{a) Strontium metal can be obtained by the electrolysis of molten strontium .
bromide, using the apparatus shown in Fig. 6.1.
_ m copper(ll) sulfate solution silver nitrate solution
Fig. 6.2
—= stesl cathods (i} Al which electrode would the mass increase faster? Explain your
answer,
. atmosphere of argon
graphite anode
L~ Mmolten strontium
@
molten strontium (i) P and Q are then replaced with platinum electrodes and gas
bromide _ .- bubbles are observed. Explain why this gas does not appear when
. P and Q are copper electrodes.
heat
Fig. 6.1
(i) Write the half equations for the electrode reactions at the anode
and cathodse.
N~
- 2] S
I3Y
T I .| [Total: 7} o]
>
)
£
9 10 g
()
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The fractional distillation of crude oil yields many fractions. One of the fractions is
paraffin. Butane is an example of an organic motecule found in this fraction. Butane
can undergo cracking to produce hydrogen and a useful small alkene.

(b) The plumber tried using ethancic acid of the same concentration to
remove another sample of rust. However, the results were not as
effective. Explain the results obtained.

(a) Draw a branched-chain isomer of butane.

(1]
[Total: 3]

[
PLEASE TURN OVER TO THE NEXT PAGE
(b} Construct an equation for the above cracking process.

(1]

{c) The Gulf of Mexico oil-spill disaster released large volumes of crude oil
into the sea. Biosurfactants were used to reduce the massive oil-spill
pollution. The use of industrial chemicals to treat hydrocarbon-poliuted
site can lead to further contamination due to by-products formed.
Biosurfactanis can be conveniently produced from yeast and bacteria.

State two advantages of using biosurfactants as compared to industrial
chemicals.

[Total: 4]
Plumbers sometimes use acids to remove the surface layer of rust from sinks.

A plumber uses dilute hydrochloric acid and dilute sulfuric acid of the same
concentration to remove two samples of rust of equal mass.

(a) State and explain which acid would give the plumber a faster rate of
removal of the rust.

11 12
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Section B (30 marks)
Answer three guestions.
Question 11 is in the form of an Either/Or question.
Only one part should be answerad.

The element platinum is an expensive metallic element with protan number 78 and
electronic configuration of 2.8.18.32.17.1.

Platinum melts at 17770 °C and is three times the density of iron. It is very
corrosion resistant as it does not react with air or water and is not affected by
commoen acids even at high temperature.

Platinum can form several compounds. One of which is platinum{ll) chloride, a
brown crystaline solid which is insoluble in water. Another compound is
platinum(IV) chloride, a brown-red powder which dissolves in water to give a red
solution.

The main uses of platinum are summarised in Fig. 9.1.

catalystsin ofl
reflnerles 10%

l.l..'{!.l...l...l.{lr
platlnum

compoundsand .~
drugs 8% -~
L
i
Y\ jewelleryand other
uses17%

LS

catalytic converter
51%

.r/ o
lr.ffrlf .1\\

R P

Fig. 9.1
Source: JGR Briggs Chemistry Insights
Platinum, palladium and rhodium are metals found to exhibit outstanding catalytic

properties which have led to their use in catalytic converters installed in motor
vehicles.

13

Table 9 below illustrates the relative abundance and the annual production of these

three metals.
metal relative abundance in earth crust/ annual production / tonne
pars per million
platinum 0.0083 24
palladium 0.0037 30
rhodium 0.0007 3

Table 9

Source 1: Wikipedia — Abundance of elements in Earth's crust
Source 2: hitp./Mww. stillwaterpalladium.comyhistoryoverview. iifmi

(a)
(b)

(c)

(d)

(e

®

(9)

What percentage of platinum is used as catalysts?

What change would you expect in the pie chart if a cheap substitute
were found to replace platinum in car exhausts? Give a reason to your
answer.

State one property of platinum, other than electrical conductivity, that
explains its use in electrical contacts.

Platinum belongs to the transition metals section in the Periodic Table.
State two properties from the above account which show why platinum
should be placed in this section of the Periodic Table.

Some chemists place platinum in one of the main groups (Group I, Il
etc). Which group do you think platinum should be placed in? Explain
your answer.

(iy Platinum(lV) chioride decomposes upon heating lo produce a
choking gas which bleaches blue litmus paper and another
product.

Write a chernical equation for this decomposition.

(iiy Deduce, with reasoning, the position of platinum in the reactivity
sefies,

Using the information from Table 9, which of the three metals are the
highest and lowest in demand to be used as auto catalyst? Explain your
answers.

[Total:

(1]

(1

(1]

{2]

(2]

(1

[2]
12)

14
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10 The table belew shows a study of a precipitation reaction between dilute sulfuric
acid and aqueous barium hydroxide.

The reaction tubes contained different volumes of barium hydroxide and dilute
sulfuric acid as stated in Table 10. To each tube, two drops of methyl orange
indicator were added. Precipitation occurred in all the reaction tubes and after 20
minutes, the height of the pracipitale in each tube was measured and recorded.

reaction fube 1 2 3 4 5 5]

volume of 0.500 5.0 50 5.0 5.0 5.0 5.0
mol/gm? barium
hydroxide /fem®

volume of 1,00 1.0 1.5 2.0 25 3.0 35

mol/dm? sulfuric

acid /cm?

Height of 25 3.0 35 4.0 4.0

precipitate /cm

Table 10
(a) Construct an ionic equation for the precipitation reaction, [1]
(b) State the observations made in reaction tube 1. [1]
(c) (i} Predict the height of the precipitate in reaction tube 6. [1]
(i) Explain your answer to ¢ {i). [1]

(d) The electrical conductivity of each reaction tube was measured. Sketch
a graph of electrical conductivity (y-axis) against the reaction tube
number (x-axis) for the experiment. [11

(e} A student tried 1o prepare two salts, barium sulfate and soedium nitrate,
using the method described in the paragragh below.

Agqueous barium nitrate was mixed with aqueous sodium sulfate and the
procipitate of barium sulfate was obtained through fittration. The residue
was dried in an oven.

The fiftrate was heated until the solution was saturated. Crystals of
sodium nitrate were formed when the salurated solution was cooled.

{I) State one omission in the preparation of barium sulfate, 1]

(i) Explain why the student couid not obtain pure crystals of sodium
nitrate using the method described above. [1

(ii) Name a suitable method to prepare pure crystals of sodium nitrate.  [1]

[Total: 8]

15

11

EITHER

Methy! cyanopropenoate is an active ingredient in supergiue. Superglue is a very
strong adhesive used to fasten materials like wood together. The struciure is
shown in Fig. 11.1.

P
| |

OuOlOlOi%-I

[

H CN H
Fig. 1.1

Superglue polymerises when exposed to moisture in air. This causes the glue to
set.

{a) State wo functional groups of super glue. in
(b} Suggest the type of polymerisation that superglue undergoes. 1
(c) Draw the repeating unit of the polymer formed. [1]

{d} () Methyl cyanopropencate can be made from an acid and an
alcohol. Draw the structural formulae of both molecules, [2]

{i) The alcohol named in d(i) and an acid chloride can also be used fo
synthesise methyl cyanopropenoate. A by-product of hydregen
chloride gas is produced in this reaction.

Draw the structure of the acid chloride. 1

(e} Kevlaris another polymer that is used for making bulletproof vests, army

helmels and ‘puncture-proof tyres. Kevlar is also used in the protective
clothing worn by firefighters,

Kevlaris made by condensation polymerisation from two different monomers
shownin Fig. 11.2. It forms linkages similar to nylon.

H H OH OH
Il_/__lnmIalﬁ_,._II Ouﬁ_ulomIaIn_qu
Fig. 1.2
(it  Define condensation polymerisation. [2]
(i} Draw the structural formula of the repeat unit of Kevlar, [2]
[Totzl: 10]
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11

OR
Read the following article and answer the questions.

Production of ethanol fuel

fn Brazil, the ethanol is produced from sugar cane. The sugar cane grows quickly
and so can be replaced quickly. The sugar is extracted as a juice by crushing the
sugar cane with rollers. The fibrous part of the cane is dried and used as a fuel to
provide heat for the fractional distillation stage.

After filtering, the juice is allowed to ferment to make a dilute solution of ethanol.

This is then distiled o obtain the alcohol which is used as the fuel. Nowadays,
about 90% of all new cars solid in Brazil use ethanol as & fuel.

e

sugar cane sugar is fermented mixture is  ethanol used a fuel
fermented  fractionally distilled to
give pure ethanocl

(a) Describe how fermentation is carried out in the laboratory. [2]

(b) Explain why the fermentation reaction only takes place within a narrow
temperature range. M

(¢) Brazil has very little crude oil but has pienty of land suitable for growing
sugar cane. Give two advantages of using ethanol as a fuel for cars in

Brazil. 2]

(d) Inorder to get more land, some of the Amazon jungle must be cut down.
Suggest two problems this will cause. i2]

{e) Ethanol preduced by this process becomes sour when exposed to air for
a few days. Briefly expfain how the ethanol solution becomes sour. [2]
(i Name another method used to produce ethanol on a large scale. [1]
[Total: 10]

END OF PAPER
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The Periodic Table of the Elements
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Subject: Chemistry
Level: 4 Express

PRESBYTERIAN HIGH SCHOOI,
SCIENCE DEPARTMENT

Exam: Prelim
Year: 2016

Setter: Miss Cynthia Lim

Section A (50 marks

MARKING SCHEME

(i)

(iv}

b{i)

m

i)

Energy absorbed in bond breaking = + (600 + 4 x 410 + 440)
+ 2680 kJ

Energy released in bond forming = - (350 + 6 x 410)
-2810%J

i

1 mark awarded for energy absorbed and energy released

Enthalpychange = +2680 + (-2810)
=-130kJ

ecf for working

exothermic;

more energy released in forming C-C and C-H bonds in ethane;

than energy absorbed in breaking C=C and C-H bonds in ethene and H-H
bonds inHx

ecf

reddish brown aqueous bromine decolourises / lumns colourless rapidly;
contains carbon-carbon double bonds (C=C}

more dense, saturated vegetable oils have more hydrogen atoms, thus
having a larger molecular mass

not advisable, margarine will be too hard

Qn Scorlng Points Sub- | Total
_ total
1a | Carbon-14 atom has 2 more neutrons than carbon12 atom 1
b | 80/1100x 12+ 20/100 x 14 1
=124 1 3
2a | Argon; 1
Small amount of energy is required to overcome the weak (Van der Waals) 1
forces holding the discrete atoms together
Accept: monatomic atom 8
b | silicon; 1
large amount of energy is required to overcome the strong and numerous 1
covalent bonds between atoms in a giant covalent structure
¢if) | correct number of electrons; 1
correct charges 1
(i) | in solid state, ions are held in fixed positions. thus not mobile; 1
in molten or agueous state, the ions are mobile to act as electrical carriers 1
3a | 3NaCfO - NaClO; + NaC/ 1
b | NaC/O is reduced as oxidation state of C! decreases from +1 in NaC/O to -1 1
in NaCf,
NaC/O is oxidisied as oxidation state of Cl increases from +1 in NaC/O to t
+5 in NaC/O; 5
c Oxygen gas has a smailer molecular mass {M; = 32) than chlorine gas (M= 1
71} 1
thus diffuses faster OR
chlorine gas is very soluble in water;
oxygen gas is less soluble in water
4a(i) | Catalyst; 1
Provides an alternative pathway of lower aclivation energy 1
(i} | Enthalpy change: single arrow pointing from energy leve! of reactants down 11
lo energy level of products 1
Aclivation energy: singe arrow pointing from energy level of reactants up to
peak of curve
23

5a
bii)

(i)
{1ty

4%

Contains atoms of different sizes / copper atoms are of different size;
Disrupt orderly layered arrangement of aluminium atoms;

Layers of aluminium atoms unable to slide over cne another when a force is
applied

Aluminium is more reactive than copper, thus corrade in place of copper

Aluminium coated with a layer of non-porous aluminiurn oxide;
Prevents aluminium to come in contact with oxygen from air

Electrolyss is used 1o extract aluminium from its molten compound, more
expensive as used a lot of electricity;

Copper extracted using reduction of its oxide with carbon, carbon is
cheaper

ga(l)

{t

bii)

Cathode: Sr** (I} + 2e- S Sr (})
Anode: 28r (1} > Brz (g) + 2e-

Strontiumis too reactive to be discharged at the cathode, instead H* ions
are selectvely discharged to form hydrogen gas

S;

Silver is deposited since 1 mol of silver is 108 g

24
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(iy

Copper anode dissolves to form Cu?* ions;
Oxygen gas is produced at platinum electrode since Pt is inert

U]

The height of precipitate has become constant after reaction tube 4. This
shows that reaction is complete/all the hydroxide ions are used up/ barium
hydroxide is the limiting reagent

electrical conductivity

7a | Correct structure
b | CiHig> 2CH. + H; OR 4
CaHio—=> CaHs + Ha
¢ | Biodegradable;
renewable
8a | Sulfuric acid;
Dibasic acid as it dissociates to form 2 mol of H* per acid molecule as
compared to HCI that dissociates to form 1 mol of H* per acid molecule 3
b | Ethanoic acid is a weak acid that partially dissociates / ionizes to produce
fewer H' ions
Section B (36 marks)
9a |51+10=61%
b | Percentage of platinum used as catalytic converter will decrease;
Using platinum will incur high cost as platinum is an expensive metal
c High melting point; corrosion resistant
d | Forms coloured compounds; High melting point; variable oxidation states
(any 2) 12
e |Grouph
Has one valence electron / has one outer shell electron (refer to electronic
configuration)
f{i) | PiCl. -» PtClz + Clz; OR
PtCls » Pt + 2Cl;
(i} | Below copper,;
Does not react with acids just like copper;
Reject: low in reactivity series; does not react with air or water and is not
affectad by common acids even at high temperature
g Highest in demand: palladium;
Highest amount produced though not highest amount left in earth crust:
Lowest in demand: rhodium;
Lowest amount in earth crust thus lowest amount produced
10a | Ba® (aq)+ SO.(aq) » BaSO, (s)
b | Tube 1: Yellow [alkaline — excess Ba(OH).]
cfi) |4.0cm ]
25

d
*  reaction tube
4
@ | Rinse residue with distilied water
{Hy After filtration, besides aqueous sodium nitrate, the filtrate may contain
unreacied agueous barium nitrate and aquegus sodium sulfate. Hence, the
crystal formed may not be pure sadium nitrate.
{1k} titration
11 | EITHER
a Alkene and ester
b Addition polymerisation
c correct repeating unit 10
d{i) | 1 mark each for one correct structure
() | Correct stucture of acid chloride
e(i} | Process by which many monomer molecules join together to form a
macromolecule;
with elimination of small molecules like water
(H) | Shows amide linkage;
Overall correct structure showing continual chain
OR
a yeast is added to sugar/glucose solution;
in the absence of oxygen and at 37°C
b | enzyme produced by yeast will be denatured under too high temperature or
the yeast is sensitive to temperature changes. 10
¢ Ethanol is a cleaner fuel as compared to petrol when burnt;
Ethanol is a renewable resource
d Global warming;
Extinction of animals
26
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ethanol is oxidized by oxygen in the air in the presence of bacteria;
to becormne ethanoic acid which is sour.

addition of steam fo ethene / hydration of ethene

27
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Chong Boon Secondary School
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There are forty questions on this paper. Answer all questions. For each question there are
four possible answers A, B, C and D.
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Answer Sheet.

Read instructions on the Answer Sheet very carefuily,
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The use of an approved scientific calculator is expected, where appropriate.

The total mark for this paper is 40.

For Examiner's Use

40

This docurnent consists of 17 printed pages (including the cover page) and 3 blank pages.

1 Chloroform Is an organic liquid that is used as an industrial solvent in dry-cleaning. It
does not mix with water,

Which apparatus can be used to separate a mixture of chloroform and water?

A B D

c
=

2 Sodium nitrate can be separated from chalk using four processes below.

Which of the following shows the correct order in which the processes should be
used?

A dissalving, evaporation, crystallisation, filtration
B  dissolving, fillration, evaporation, crystallisation
nm_“qmzc_._.némnm__mmmzo:_m<muoﬂm=o=.&wma<_=n
_u

filtration, evaporation, crystallisation, dissolving

3 Four balloons are each filled with a different gas and left under room temperalure for
several days. The four gases used to fill the balloons are carbon monoxide, helium,
hydrogen and nitrogen.

Which balioon will defiate the fastest?
balloon with carbon monoxide

balleen with helium

baloon with hydrogen

o o o >

balloon with nitrogen

CBSS 4E Chem Prelim 2016 5073/01/0/16 2
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4 The melting points of four pure substances, W, X, Y and 2, are given below,

subsiance melting point / °C
W 80
X 82
i 2 85
Z 89

An impure sample of an unknown solid melts overa temperature range of 83 °C to
88 °C.

From the given iE::m.:o_._. we can infer that the unknown solid is most likely to be
A W
B X
c V.
D 2
5§ Anelement K has a nucleen number of 45. The ion, K*, contains 18 electrons.
How many neutrons are there in an atom of K?
A 18
BE 21
c 24
D 45

6 The structure of metals consists of positive ions in a 'sea of mobile electrons'.

Which statement correctly describes what happens o the particles in the metallic
heating element of an electric kettle when the kettle is switched on?

A Electrons move in both directions in the heating efement.

B Electrons move in one direction and the positive ions move in the opposite
direction in the heating element.

C  Electrons move in one direction only in the heating element.

D Positive ions move in one direction only in the heating element.

CBSS 4E Chem Prelim 2016 5073/01/0/16 3

7 Which slatement describes the arrangement of particles of sodium hydroxide in water?

o O m »>»

lons are widely spaced and they move randomly.
lons are widely spaced but they do not mova.
Molecules are closely packed and they move randomly.

Molecules are widely spaced and they move randomly.

8 The table shows somse properties of diamond and graphite.

Which ofthe following gives the correct reason for the property?

property reason
A | diamond culs glass the bonds in glass are stronger than those
in diamond
B | diamond is a hard there are many ionic bonds in diamond
substance
C [ graphite is a lubricant there are weak bonds between graphite
layers
D | graphite conducts graphite contains mobile ions
electricity

9  The diagrams show the struciures of two atoms of the elements L and M respectively.

3p i

an in
e

L M

What is the mass of 1 mole of the compound formed by L and M?

A

B
C
D

11g
12¢g
23g

30g

CBSS 4E Chem Prelim 2016 5073/01/0/16 4
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10 Naphthalene is the main ingredient of mothballs. It contains 93.75% of carbon and
6.25% of hydrogen.

If the relative molecular mass of naphthalene is 128, what is its molecular formula?
A CH

B C:H,
C  CiuHa
D

CioH1o

11 0.20 moles of an element E was combined with an excess of element F and produced
15.6 g of a compound EF;.

What could be the electronic configurations of E and F?

E F
A 2.2 2.8.7
B 24 286
c 2,81 2.8.6
D 2,882 2,7

12 Hydrogen sulfide bums in an excess of oxygen according to the equation below.
2HaS(g) + 30:(g) - 2H.0(g) + 250:(g)

What is the volume of gases produced if 18 dm® of hydrogen suHide are bumnt
completely in an excess of oxygen at room temperature and pressure?

A 18dm?
B 24dm?
C  3sdm?
D 48dm?
CBSS 4E Chem Prelim 2016 5073/01/0/16 5

107

13 When 250 cm” of sodium hydroxide is added to 50.0 cm® of sulfuric acid, neutralisation
OCCUFS. :

Which ofthe following statements is true?
Sodium hydroxide is four times as concentrated as sulfuric acid.
Sodum hydroxide is of the same concentration as sulfuric acid.

Sodium hydroxide is twice as concentrated as sulfuric acid.

g 0 o »

Sulfuric acid is twice as concentrated as sadium hydroxide.

14 A pure hydrocarbon is used in bottled gas and heating.
When 10 cm? of the hydrocarbon is burned in 70 ¢cm® of oxygen, the final gaseous
mixture contains 30 cm® of carbon dioxide and 20 cm® of unreacted oxygen. Al
gaseous volumes are measured under identical conditions,
What is the chemical formula of the hydrocarbon?
A CoHe
B C3Hs
C  CsHs
D

CsHy

15 Which of the following statements about oxides is true?

A Carbon monoxide will react with aqueous sodium hydroxide lo form a salt and
water,

B Copper(If) oxide will react with dilute sulfuric acid to give a blue solution,
C Nitrogen dioxide is a neutral oxide.

D  Zinc oxide dissolves readily in water to form an alkaline solution.

CBSS 4E Chern Prelim 2016 5073/01/0/16 6
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16  Two substances are reacted in a conical flask ptaced on an electronic balance.
The mass of the conical flask and its contents are recorded at regular intervals and the
results are shown in the graph below,

mass/ g

time / min

Which of the following couid be the two substances?

A
B
Cc
D

aqueous sodium hydroxide and aquecus ammonium nitrate
aqueous silver nitrate and dilute hydrochloric acid
calcium carbonate and dilute suifuric acid

dilute nitric acid and magnesium

17 When a student mixed two solutions he recorded the following observations:

‘no effervescence, solution changes colour, no precipitate forms'

The student mus! have mixed

A

B
c
D

dilute nitric acid and lead(Il) carbonate.
sodium hydroxide solution and dilute sulfuric acid.
potassium chloride solution and silver nitrate solution.

warmed dilute hydrochloric acid and iron(ll) oxide.

CBSS 4E Chem Prelim 2016

5073/01/0/186 7

18  Some information on three indicators is given below.

inticator colourin strongly | pH at which colour | colour in strangly
acidic sclution changes alkaline solution
bromocreoso! yellow 4.8 blue
green
methyl rd red 5.2 yellow
thymolphthalein colourless 9.9 blue

What is the colour seen when each indicator is added to pure water?

19

tromocreosol green methyl red thymolphthalein
A biue red colourless
B blue yellow blue
[ blue yellow colourless
D yellow red blue

Separatesamples of hydrogen peroxide are added to agueous polassium iodide and to
iodide ions are oxidised and the

acidified potassium manganate(Vl).
manganate({VIl} ions are reduced.

What arethe colour changes seen?

potassium iodide

acidified potassium
manganate{VIl)

brown to colourfess

orange to green

brown to colourless

purple to colourless

colourless to brown

orange {o green

O O o »

colourtess to brown

purple to colourtess

CBSS 4E Chem Prelim 2016
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20 Which of the following shows the electronic configuration of a strong reducing agent?
A 21

B 28

C 248,86

D

2,87

21 Jarosite has the molecular formula KFea(QH)s(SO4)z.
What is the oxidation state of iron in the mineral?

+2

-2

+3

o O w »

-3
22 Excess zinc is added into a sclution containing magnesium nitrate and copper(ll)
chloride. After the reaction, the mixture is filtered.
Which of the following cations would be present in the filtrate?
A Cu®¥, Mg*
B Gu%, Zn%*
C  Mg*, 2Zn*
b

Mg®, Zn*, Cu®*

23 Which reaction in the blast furnace is an acid-base reaction?

A C+ CO; % 2CO
B C+ 0,2 CO0;
C CaO + Si0: & CaSi0
D Fex0s + 3CO > 2Fe + 3CO:
CBS§ 4E Chem Prelim 2016 5073/01/0/M16 g

24 Which of the following combinations of type of electrode used, electrolyte and products
at the electrode is correct?

type of electrode electrolyle product at the product at the
ancde cathode
A carbon concentrated chlorine hydrogen
hydrochioric acid
B carbon aqueous sulfuric sulfur hydrogen
acid
[ copper aqueous oxygen copper
copper(l} sulfate
D platinum agueous hydrogen copper
copper(ll} sulfate

25 During the electrolysis of an aqueous solution of a cerium salt, 70 g of cerium is
deposited at the cathode by 2 moles of electrons.

What is the formula of the cerium ion?
(A of Ce = 140)

A Ce
B Ce”™
C Ce*
D Ce*

26 The diagam shows the electrolysis of aqueous copper(ll) sulfate using copper
alectrodes.

copper ancde

@ copper cathode
{positive)

| (negative)

copper{ll} sulfate
solution

A B Cc D
4

mass S 32&/ massy

-—

ol

| i
ol M
4] time n lime 0 lime

CBSS 4E Chem Prefim 2016 5073/01/0/16 10
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27 A part of the Periodic Table is shown below. 30 In the cenversion of compound P inte compound R, it was found that the reaction
proceeded by forming compound G, which could be isolated, as an intermediate.
The steps involved are:
Group
I ] il 3 v v Vil 0 P>0 AH = negative
{ a
Period 2 b . ] Q>R AH = positive
3 [

Which of the following statements is correct?

A
B
c
D

Which of the following energy diagrams represents the conversion of compound P into
compound R?

A B
¢ forms an ionic compound with d.

9 = 5 anargy energy
e is a strong oxidising agent.
The metailic character of the Period 2 elements increases from b to d. Q R

The outermost electron shell of an atom ais an octet structure. R

Q

progress of reaction progress of reaction

28 Which of the following changes in the properties of the halogens is not correct?

Q

[ D
chlorine - bromine 2 iodine
A darker in colour energy energy Q
R
- = - P
B decrease in melting point R
P
C decrease in rate of diffusion
D

increase in density

progress of reaction

progress of reaction

29  Rubidium, Rb, is an element in the same group of the Periodic Table as lithium, sodium
and potassium.

Which statement about rubidium is correct?

A ltcan be cul easily,

B Itcan be produced during the electrolysis of aqueous rubidium chioride.

C It forms an insoluble hydroxide.

D It reacts slowly with water at room temperature,
N~
—
o
Al
>
p—
=)
o))
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31 Aliquid X reacts with solid Y to form a gas.

Which two diagrams show suitable methods for investigating the speed of the reaction?

cotlon wool

1and 3
1and 4

2and 3

g o @ »

2and 4

32  Areaction takes place in two stages:

Stage 1
S:0e™{aq) + 2I(aqg) + 2Fe*(ag) > 250.%(ag) + 2l{aq) + 2Fe™{aq)

Stage 2
28047(aq) + 2I{aq) + 2Fe™(aq) > 250.7(aq) + L(aq) + 2Fe®(aqg)

Which ion is the catalyst in the reaction?
Fe**(aq)

I{aq)

S04*(aq)

o O w »

S:0¢"(aq)

CBSS 4E Chem Prelim 2016 5073/01/0/186 13

33  SuMur dioxide and carbon dioxide are gases which affect the atmosphere and the
environment.

In what way do these gases affect the environment?

suffur dioxide carbon dioxide
A acid rain depletion of ozone layer
B acid rain global warming
[+ global warming depletion of ozone layer
D global warming acid rain

34 The following staternents concern the fuel cell.

Hydrogen reacts with oxygen to generate electricity.

_m. The hydrogen is obtained from fracttonal distillation of air.
. The reaction at the negative electrode is

Oug) + 2HO(} + 42 > 40H(aq)

How many statement{s) is/are correct?

A

B
C
D

All three statements are correct.
None of the statements is correct.
Only one statement is correct,

Two statements are correct.

35 Propanal CHy;CH,CHO is a member of a homologous series called the alkanals.

From the chemical formula of propanal, we can conclude that the general formula of
alkanal is

A

B
C
D

CnHzCHO
CaHalCO
CrHzniCHO
CrHzeesCH0H

CBSS 4E Chem Prelim 2016 5073/01/0/16 14
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36 Which of the following compounds do not have any isormers?
butane

A

B chloropropane
C  propanol

D

propensa

37  Linolenic acid, C1sHa0O2, is an unsaturated monocarboxylic acid found in sunflower oll.

Calculate the number of moles of hydrogen gas needed to completely convert 3 moles
of linolenic acid to a saturated compound.

A 3
B 8
cC 9
D 18

38 One substance responsible for the fragrance of roses is 2-phenylethanol.
The structure of the molecule is shown below.

H H
34 1Y
H—C  ¢—C—C—OH
v P
C=C H H
/ N\
H H

Which statemenrt about this molecule is incorrect?

A Itcan be oxidised by acidified potassium manganate{VIl) solution.
B  Itcan decolourise aqueous bromine at room temperature.
C  Itcan underge condensation polymerisation to form a polyester.
D itis an unsaturated molecule.
CBSS 4E Chem Prelim 2016 5073/01/0/16 15
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39 The structure of citric acid is shown below.

40

0 s
]
0 &
C—CH,— G —CH, —
HO~~ ? _ z o/o:

c

How many moles of sodium hydroxide is needed to neutralise one mole of citric acid?
A 1

B 2
c 3
D

The struclure of arginine, an amino acid, is shown below.

A H
N
N H HH R
s 1y
M= G G Om Cm N= €
Nog—
c N=H
255 X
o o-H

N= H

Which of he following statements about arginine is true?
It forms a polymer with the same linkage as terylene.
it forms an addition polymer with other arginine molecules.

It only forms carbon dioxide and water when it undergoes combustion.

g 0 o >

It reacts with magnesium to form hydrogen gas.

End of Paper

CBSS 4E Chem Prelim 2016 5073/01/0/16 16
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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The posiion of six elements in the first four periods of the Periodic Table, represented
by letiers, A, B, C, D, E and F are shown below.

— |

A L L Ief T[] m

Selact from the letters, A to F, the element that best fit the following characteristics.
The elements, A to F, can be used once, more than once or not at all.

(a} A monatomic element.

(b} An eiement which is the sirongest oxidising agenl.

e e ettt T o]

{c}  An ¢lement which can be used as a catalyst in chemical reactions.

{d)  An ¢lement which forms an oxide that reacts with both an acid and a bass.

e ettt e ]

(e) An slement that reacts with E to form a compound which has a high melting
point.

{f)  Anelement which forms coloured compounds.
............ PSR i e £ A S s et

[Total: 61
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A2  Between the 13" and the 19" Century, artists used a green pigment called Verdigris.
They made the pigment by hanging copper foil over boiling vinegar, an aqueous
solution of etvanoic acid.

{a} During the preparation of Verdigris, copper atoms, oxygen molecules and
hydroge n ions combine to form copper(ll) ions and water.
Wirite the ionic equation, with state symbols, for this reaction.

R 2]
{b} Verdigris has the formula [Cu{CH:COZ)zl. CufOH)z.xH0.
It has a relative formula mass of 552.
Calculate the value of x in the formula,
[2]
[Total: 4]

CBSS 4E Chem Prelim 2016 5073/02/0/16 3
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A3 The structures of diamond, graphite and silicon carbide are shown below.

@ = carbon atom
«® {3 = silicon atom

> B |

&3t

graphite

diamond

silicon carbide

{a} Suggest the formula for diamond, graphite and silicon carbide.

(b} Explain why graphite conducts electricity but silicon carbide does not.

CBSS 4E Cham Prelim 2018 5073/02/0/18 4
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Al (c} con carbide has a very high melting point.

Explain in terms of structure and bonding, why
melting point.

con carbide has a very high

SO -

{d} When a 1.20 g sample of graphlite is completely burnt in oxygen, 4.40 g of
carbon dioxide are produced.
What mass of carbon dioxide is made when a 1.20 g sample of diamond is
compietely burnt in oxygen?

[
[Total: 7]

CBSS 4E Chem Preiim 2016 5073/02/0/16 5

A4 Graph 1 shows how the average temperature of the Eanth'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
20
average 18
temperature
al the Earth's 16
suface /°C \ ,
14 \ /
.—N 3 \

ARINILYI N

| V|

150 125 100 75 50 25 O (loday)

time / thousands of years ago

Graph 2

0.040

percentage of
carben dioxide

in the 0.030 f

almosphere ,\/ \
0.025 A
| WA/

[~ Y < /\.
0.015

160 125 100 75 50 25 O (today

0.035

0.020

time / thousands of years ago
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A4 (a)

greenhouse gases will resultin global warming.

(I}  Explain how graphs 1 and 2 support this statement.

{il) Dascribe twwo consequences of global warming.

(i) Draw a ‘dot and cross' diagram for carbon dioxide. Show the outer

electrons cnly.

{b) Chlorofucrocarbons, CFCs, are also greenhouse gases.
Describe how the presence of CFCs in the upper almosphere increases the
amount of ultra-violet light reaching the Earth's surface.

Carbon dioxide is a greenhouse gas. Scientists think that an Increase in the

12]

CBSS 4E Chem Prelim 2016
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and E and ions F?* and G**.

solution containing

white precipitate

F# ians

colourless
solution E

add

ditute

sulfuric acid

A5 The diagam shows some of the properties and reactions of the substances A, 8, C, D

solution containing

A

i

precipitate

disappears
leaving a

colourless
solution

add aqueous
ammonia untit
excess

G* ions
agueous sodium
hydroxide
warm with
ammoniurn
chloride

pgas D; turns
moist red litmus
paper blue

green precipitate
B8

oxygen

reddish brown
precipitate C

(a) Suggest identities for the substances A, B, C, D and E and ions F2* and G**.

B e e b e ae s e e e e e
D U TOPRPT ORI
E .. e e e eeerer e
FB s wsnmseminsans T
GH T

7l

(b) Wrilz a chemical equation for the reaction between aqueocus sodium hydroxide

andammonium chloride.

e e 11

[Total: 8]
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A8 (a) Zinc alloys are widely used in making aircraft parts and racing car engines.

The table shows some incompiete information about a zing alloy that contains the
elements, zinc, magnesium and zirconium.

moles in 400 g of alloy mass of 400 g of alloy
element P Ig
magnesium 0.22 528
zinc
zirconium
(Periad 5 element) 0.044

{i)  Using the information provided, complete the table.

Show your working below.

[2]

{H}  Explain why the zinc alioy is stronger than the pure metaf.

CBSS 4E Chem Prelim 2016

5073/02/CG/16
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A student investigates the temperature changes when three metals, P, @ and R
were added to zinc sulfate solution.

0.4) g of each metal was added fo a test fube containing zinc sulfate solution
and the maximum temperature of the mixture was measured and recorded.

The table shows the results cbtained by the student.

initial temperature maximum temperature
metal 1o 1°G
P 29.0 29.0
Q 30.0 335
R 28.5 345

The student concludes that the order of reactivity of the metals is as follows:

most reactive — .5 |east reactive
Q R P zinc

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

N ||

[Total: 71
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A7 The structures of cyclopropane and cyclobutane are the first two members of the

homologous series cycloalkanes.
The prefix ‘cyclo’ refers to the close rings of carbon atoms.

A7 (c)

Draw the full structural formula of an isomer of cyclopropane.

120

H H
I/ H w m
H—C-—C~H I
He—{_~-—H _ m
I|h_a.] _I.I [Total: 5]
H H H
A8 The table below shows the colours of manganese in different oxidation states.
cyclopropane cyclobutane
. oxidation state of
ion colour manganese
{a) Members of a homologous series have a general formula. NnO. purple
()  Deduce the general formula for the cycloalkanes. Wn?* pink NG
RO S OOTOOPRTOPOIONS € ) MnO4* green
MnO: black
() State one difference in physical property between cyclopropane and
cyclobutane.
{a) Filtin the missing oxidation state of manganese in the table. 1]
T3 R S S s B 0l (b} When solid manganese(ll) nitrate, Mn{NOa)z, is heated, the products are solid
manganese(lV) oxide, MnO,, and a brown gas, NO;,
(b} In the presence of ultraviolet light. cyclopropane reacts with chlorine gas. () Write a balanced chemical equafion, including state symbols, for the
reaction.
Give the full structural formuta of two of the organic products formed when
cyclopropane reacts with chlorine gas in the presence of ultraviolet light. 12
(if) State the observations when manganese(ll) nitrate is heated
1]
{il} Using the change in oxidation state, explain whether manganese in
2l manganese(l) nitrate is oxidised or reduced.
CBSS 4E Chem Prelim 2016 5073/02/0/16 11 CBSS 4E ChemPrelim 2016 5073/02/0/16 12
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Section B
Answer all three questions from this section.

The last question is in the form of an either/or and only one of the alternatives should be

attempted.
The total mark for this section is 30.

89  Theinformation below is about the extraction of zinc.

The method of extraction of zinc has changed as different ores containing
the element has been discovered and as technology has improved.

Extraction Process 1

In the earliest process, calamine {impure zinc carbonate) was healed with
charcoal in earthenware pots. This two-stage process gives a low yield of
zinc.

ZnCOa(s) 2> ZnO(s) + COAg)

Zni{s) + C(s} - Zn{s) + CO(g)

Extractlon Process 2

A new two-stage process was daveloped using zinc sulfide ores. All of the
waste gases from this process were released into the atmosphere.

2ZnS(s) + 30 > 2ZInOfs) + 2S0:Ag)
ZnOfs) + C(s0 - Zn{s}) + CO(g)

Extraction Process 3

This uses the electrolysis of agueous solutions of agueous sofulions of very
pure zinc sulfate. The first step in this process is the same as the first step in
Extraction Process 2. The second step uses sulfuric acid made from the
50z collected in the first step. The third step involves the electrolysis of zinc
sulfate solution, using reactive electrodes, to form pure zinc.

2ZnS(s) + 30.g) > 2Zn0(s) + 250y
Zn0(s) + HzS0u{ag) > ZnS04aq) + H.0(g)
ZnS04aq) - Zn(s)

CBSS 4E Chem Prelim 2016 5073/02/0/16 13

B3 (a} Astudent made the following comment on the extraction of zinc:

“Extraction Process 1 is better than Extraction Process 2 because it produces a
higher yield of pure zinc”.

Assuming that 1 kg of zinc carbonate and zinc sulfide has been used in
Exraction Process 1 and Extraction Process 2, explain, using chemical
calculations, whether the student’'s comment is correct.

(b} Suggest, with reasans, which of the three extraction processes is the most
environmentally friendly. You should considar the effects of the products of the
exiraction processes on man and the environment,

CBSS 4E Chem Prelim 2016 5073/02/0/16 14
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B9 (¢} Zinc suifate solution is electrolysed in Extraction Process 3.

B10 Furami acid is a colourless solid used in food and beverages to provide a fruity
laste.

()  Write an ienic half-equation for the reaction occurring at the anode. The structural formula of furamic acid is shown below.

1 0
I
(i) A factory replaced zinc sulfate solution with molten zinc chloride, H. C H
Explain why this is done, giving your reasoning with relevant ionic half- O.\ /0"0\
equation. ’ \LLO0
H m H
R R R R 0

The fomula of furamic acid can be represented by HO,CCH=CHCO:H.

{a)  Asociution of furamic acid reacts with aqueous sodium hydroxide.

Using the formula, write a balanced chemical equation for the reaction between
furamic acid and aquecus sodium hydroxide.
-12]

{lii} Suggest why molten zinc chloride may not be a good choice to replace

agueous zinc sulfate solution.
{b) On complete combustion, furamic acid forms two products.
; Write the balanced chemical equation for the combustion of furamic acid.
e . ¢ e s e S -1
(d} Zinc metal has a high melting point and thus, it exists as a solid at room {c) (I Describe what is observed when agueous bromine is added to a solution
temperature and pressure.

of furamic acid.
With the aid of a diagram to show the bonding in zinc, explain why zinc has a
very high melting poini.

(i}  Draw the full structural formula of the product farmed in (¢} (I).

il

[Total: 11]

CBSS 4E Chem Prelim 2016 5073/02/0/16
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B10 (d) Furamic acid can undergo addition polymerisation.

(i}  Explain what is meant by the term addition polymerisation.

(i) Draw the full struclural formula of the repeating unit of the polymer
formed.

M

{ili) A sample of the polymer was analysed and found to have an average
relative molecular mass of 11600.
How many carbon atoms are present in an average chain?

12]
{lv) Polymers are widely used today.
State one problem caused by the disposal of polymers.
[Total: 9]

CBSS 4& Chem Prelim 2016 5073/02/0/18 17
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EITHER

B11  Hydrogen-oxygen fuel cells are used to generate electricity.
The overall reaction in a hydrogen-oxygen fuei cell is shown below.

2H:z(g) + Oag) < 2H:0(g)
The rezction is exothermic.

{a) Explain the meaning of the term exothermic.

{b) Explain, in terms of the energy changes associated with bond breaking and
bend forming, why the reaction is exothermic.

..... VOO 7.

{¢) A hydrogen-oxygen fuel cell uses 1500 dm? of hydrogen measured at room
temperature and pressure.
Calculate the volume of oxygen, measured at room temperature and pressure,
used by the fuel ceil.
[one mole of any gas at room temperature and pressure occupies a volume of

24 dm?]
[2]
N~
o
I3
>
5
CBS8S 4E Chem Frelim 2015 5073/02/0/18 18 m
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B11

{d)

{e)

i

The electrode reactions in an oxygen-hydrogen fuel cell are shown below.
Equation 1 O2{g) + 2H0() + 4e > 40H1{aq)
Equation 2 Hig) + 20H(aq) > 2e + 2H0(l)

Explain why the reaction in a fuel cell involves both oxidation and reduction.

State the common sources of hydrogen and oxygen for the fuel cell.

et et et (1]

State one advantage and one disadvantage of using an oxygen-hydrogen fue!
cell.

[Total: 10]

CBSS 4E Chem Prelim 2016 §07302/0/16 19
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OR
B11 (a) Ammoeniais manufactured by the Haber process.
Nz + 3H: = 2NH; AH = -92.4 kJimol

The table below shows how the percentage yield of ammonia at equilibrium
varies with both temperature and pressure.

pressure % yield at % yield at % yleld at % yield at
!/ atm 200 °C 300°C 400 °C 500°C

40 72 34 13 5
100 81 51 25 10
200 86 63 36 18
300 88 69 40 24

{ii Describe how, and explain why, the percentage yield of ammonia at
equilibrium changes with temperature.

(Il Describe how, and explain why, the percentage yield of ammonia at
equilibrium changes with prassure.

(i) Explain how using a catalyst in the Haber process has an economic
advantage.

CBS$S 4E Chem Prelim 2016 5073/02/0/16 0
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B11 (b} Ammonia is used to manufacture nitric acid by a two-stage process.
Stage 1 Ammonia is converted 1o nitrous oxide.
4NHs(g) + 50:(g) 5 4NO{g} + 6H.0(g) A H=-92.4 klimol
Stage 2 Nitrous oxide is converted to nitric acid.
4NO(g) + 2H:0(g) + 304(g) > 4HNOs(aq)
(B Itis possible to find out whether the reaction in Stage 1 has compieted by
following the pH changes during the reaction.
Samples of gas are taken from the reaction vessel at intervals and
bubbled through water to form a solution. The pH of each solution is
measured.
Explain why the measured pH changes during the reaction.
....... R B T S S T e ST 9
() Use the equations in the two stages to construct an overall equation for
the conversion of ammonia 1o nitric acid.
B T R S S S R YR R 1]
[Total : 10]
End of Paper
CBSS 4E Chem Prelim 2015 5073/02/0/16 21
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o The Perlodic Table of the Elements
a Group
e} [ T ] v Vv Vi vil 0
Fe 1 4
3 H Ha
= t 2
B 7 3 T 12 14 16 EF] 0
3 L | Be B ¢ N 0 F Ne
e lithim | bendium Saron emtan | nikegen | coygen | Mucdne [
= s -] 7 2 10
> 23 24 27 2a 3 52 353 49
Na Mg Al Si P s =44 Ar
sodium Q e silzon sultir ahiarine agon
1% 12 13 14 13 18 17, 18
38 40 45 48 &1 52 5 56 59 39 &4 a5 70 73 I 78 80 44
K Ca Se T v Cr Mn Fe Co Ni Cu Zn Ga Ge As Sa Br Kr
polnsglum | chiciem | scandum | tdanium i Tron coball rticiupl GO xine: gemanium| arsnkc | sslecium ] bromine lrypimn
19 20 21 22 23 24 25 28 27 28 29 30 M 32 kx] 34 35 38
g 85 aa a3 21 23 98 - 1 103 108 ) 112 115 119 122 128 127 13t
- Rb Sr Y Zr Nb Mo Fo Ru Rh Pd Ag <d In Sn S Te I Xo
@ Fubifum | sroctum | yitium | zrosnivm | nleblut | malybdanu | sechstuom | nethenlom | vedium paladium shewr emdrium | indlum fin antimary | tedhirtusn iodine XRNON
g 7 38 A8 4G 41 4 m 43 44 45 45 47 43 49 50 51 52 53 a4
Q 133 137 138 178 181 184 186 190 102 188 167 201 204 207 208 - - -
= Cs Ba La HE Ta W Re Os i Pt Au Hyg T Ph Bi Po A Rn
empmium berum | lctheaum | hebsium | tenisfum | angeten | menkm | owmium L poks meecury | Brallum L bismuth | polordum | sstatne Hdort
55 58 57 -|72 73 T4 75 78 77 78 78 80 &1 82 83 84 85 83
Fr Ra Ac
francium o Bctirdurh
87 -3 -
“68-71 Lanthanoid series .
190-1¢3 Actinoid serles
140 141 144 - 150 182 157 158 182 165 187 189 173 175
Ce Pr Nd Pm Sm Eu Gd To Dy He Er ™ Yb Lu
owrfum terbkum Ml arbium Wulirm YoM | Jutetium
58 50 = 80 a1 62 23 84 a5 88 87 88 -] 70 Fal
Key[ 2 & = taiptive atomic mass 252 = 238 - = - = = = - = = = i
X X = miomic symbol Th Pa U Np Pu Am Cm Bk cf Es Fm Md No ir
bs e thorium ursnim curium J farrrium rooalum
proton (atomich rumbet oq {81 ez ies o4 |85 s |97 a8 |e8 w00 | mliez |10
B .
™D
ps
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PAPER 2

2016 4E Prelim Chemistry Answer

SECTION A: STRUCTURED QUESTIONS [50 MARKS]

2 12 c 22 [+ 32
3 13 A 23 C 33
4 14 c 24 A 34
5 15 B 25 p 35
6 18 B 26 D 36
7 17 D 27 B 37
8 18 c 28 B 38
9 19 D 29 A 39

20 A 30 c 40

Question Marking Scheme Marks | Total Marker's comments
A1 | {a) F 1
{b) E 1
{c) B 1
@ & 1 .
(e} AlB 1
) B 1
A2 | (a) 2Cu{s) + Oz(g} + 4H'(aq) —
2Cu**{aq) + 2H,01) 2
correct formulae of reactants and
products [1]
balanced and state symbols [1]
4
{b) Mr of [Cu{CHaCO2)2.Cu(OH), =
462 1]
2
x=90
18
=5 [1]
Al | (a) Diamond ; C 2
Graphite : C
Silicon carbide : SiC
1 mistake — minus 1 m
{b) Graphite has free / delocalized /
mobile electrons [1] 2 7
Silicon carbide does not have free
/ delocalized / mobile electrons [1]
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()

SiC has many strong / covalent
bonds. 1

A large amount of energy is
required to break these bonds. [17]

2016 4E Prelim Chemistry Answer

(d)

440¢

Ad

U]

Graphs show a trend that high
percentage of CO; occurs with
high temperatures.

U]

Melting of polar ice /

rise in sea lavel /
desertification /

decrease in crop vields /
extreme climate changes /
rapid evaporation of water from
Earth's surface causing the CO;
dissolved in the oceans to be
released into the atmosphere,
adding to the greenhouse effect

1 m each answer
any 2 answers

A5

(a)

A = zinc hydroxide § Zn{OH).

B = iron(ll) hydroxide / Fe(OH);
C = iron{Il) hydroxide / Fe{OH)3
D = ammonia / NHs

E = sodium sulfate / Na:50,
F2* = Zn* / zinc ion

G* = Fe? /iron(ll) ion

each answer 1m

(b)

NaOH + NH4Cl -» NaCl + NH;
+ H.O

i

.13 BalatN
& s \
«. 1 i
i ﬁu } MAW ﬂ _‘mu 0
T e

e

All dots only (1 m)
No double bond (0)

AB

{

u

Mass of Zr = 0.044 x 91

4009

"

Mass of zinc = 400-5.28 - 4.00
380.72 g

280.72
65

il

Moles of Zn

6.01 mol

1 mistake minus 1m

(h)

In the prasence of UV radiation,
CFCs decompose to form chlorine
atoms. [¥]

Chlerine atoms react with ozone
molecules in the stratosphere to
form chlorine oxide and oxygen,
lhus destroying the ozone layer.

M

Harmful UV radiation reaches the
Earth through holes in the ozone
layer. [¥2]

n

In an alloy the atoms of the
different metals have different
sizes / regular arrangement of
atoms in the pure metal is
disrupted 11

Atoms of different sizas cannot
slide over each other easily when
a force is applied. 1)

Hence, zinc alloy is strenger than
the pure metal.
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AB

{b)

Order of reactivity should be
R Q zinc P

R produces the highest temp rise;
it should be the mesl reactive. [1]

Q produced a larger temp rise than
P but smaller than R; its reactivity
should be between Rand P, [1]

P did not produce any temp rise /
P did not displace zinc from its
solution;

P should be less reactive than zinc

)

A8

{c)

(a)

MnOs +7
MnQ4% +B6
MnO; +4

All correct

AT

()

(M

D;IMa

n denotes the ne. of carbon atoms
n=345, ..

(b}

(i

Mn{NQs3); (s} —
MnO; (s) + 2NO: (g)

Balanced equation [1]
state symbols W)

(i

bp and mp of cyclopropane is
lower than cyclobutane /

cyclopropane is less viscous than
cyclebutane /

cyclopropane is more flammable
than cyclobutane

(any answer}

(i

Pink Mn{NQ3;); turns black {MnO;)
with brown gas (NO:) evolved

{im

Mn in Mn(NOs)z is oxidised,

as the oxidation state of
manganese increased from +2 in
Mn{NOQ3)2 to +4 in MnO,,

(b)

| cl
4N
Hee — ¢
"
Vs H
1|
cl
zzn\
i z«\ 5 JEF
i |fl.

_:

or ofher chlorine substituted
products

B9

{a)

Pracess 1

Moles of ZnCO5 = 1609

125
= 8.0 mol

Mass of Zn = 8.0 x 65
520¢g [1]

Process 2

Moles of ZnS = 1000

97
= 10.3 mol

MassofZn = 10.3 x 65
= 6605g 1]

Process 1 does not produce a
higher yield than process 2.

1

129

examguru 2017



2016 4E Prelim Chemistry Answer

B9

{b}

Process 3.
(with at least one reason)

S0, is used to make sulfuric acid.
M
No CO is produced, unlike
processes 1 and 2.
CO causes headaches / fatigue
fbreathing difficulties / death /
Reduces ability of haemoglobin to
fransport oxygen

SO, from process 2 may irritate the
eyes/lungs /

Cause breathing difficulties /
infflammatior: of the lungs
(brorchitis) /

Reacts with water in the
atmosphere to form acid rain,
which corrodes buildings and
harms aquatic life and plants

Any answer (1]

Do nat accept : no air pollutant is
released to the environment,

2016 4E Prelim Chemistry Answer

{c)

Anode:
40H{aq) = 2H0() + Oa(g) + 4o

(d)

i
Orderly arrangement of zinc ions
No. of delocalised electrons
propertional to the charge of zinc

Strong electrostatic attraction
between the positively charged
ions and negative electrons  [1]
large amount of energy nesded o
break the strong bonds 1]

{iH

When molten zinc chloride is used,
Zn? is discharged to form molten
zinc. M

Cathode : Zn®'{l} + 2e’ » Zn{))
1

B10

(a)

HO.CCH=CHCO,H + 2NaQH
> ZWOMOOINOIOONZN +
2H.0

(b)

CqHaC4 + 307 = 4CO; + 2HO

{ih)

Al the ancde:
2CIH() = Cl{g) + 2e

The chiorine gas produced reacts
with the carben electredes to form
CCly [1]

or;

A high amount of energy is
required to maintain the molten
zinc chloride, increasing the cost of
praduction of zinc. [1

(c)

{0

Reddish brown aqueous bromina
is decolourised [/ turns colourless

(i)

g M
P

1
Bt o ~C = C=C-0H
[

n

B A
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B10

{d)

)

Addition polymerization occurs
when unsaturated monomers join
together without losing any
molecules or atoms.

Either
B11

{ii)

H-¢ 0

{a)

Reaction that releases heat /
releases energy /

energy given out is greater than
energy absorbed /

reaction mixiure gets hot

any answer [1]

m

vk furamic acid = 116

No. of molecules = 11600
116

=100 [1]

No. oc carben atoms = 100 x 4

400 [1]

)

Bond breaking takes in energy / is
endothermic and bond forming
releases energy / is exothermic

(1

More energy is released from the
formation of O-H bonds in H20
than energy taken in from breaking
H-H bond in Hz and O=0 bond in
Q.. 1]

10

(iv}

Polymers are non-biodegradable
and can cause a build-up of land
waste /

Produce poisonous gases when

burnt /

clog up rivers and drains

(any answer)

{c)

Vol of Oz

1500

2 [

750 dm? 6]

{d)

First equation involves reduction
since electrons are gained /
oxygen is reduced because it
gains electrons / oxygen is
reduced because its oxidation
number decreases from 0 in Oz to
-2in OH-, [1)

Second equation involves
oxidation since electrons are lost /
hydrogen is oxidised because it
loses electrons / hydrogen is
oxidised because its oxidation
number increases from 0in Hy to
+1in H,0. 1]

(e}

Cracking of large alkane molecules
Electrolysis of water /

Reaction between alkanes and
steam

any answer

10

131

examguru 2017



2016 4E Prelim Chemistry Answer

B11

{n

Advantage - directly converis
chemical energy into electrical
energy ! more energy efficient /
makes no pollutants / doesn't

ralease harmful gases / uses a
renawable resource [

Disadvantage - storage preblems
associated with hydrogen or
oxygen / hydrogen explosive /
pressurised tanks needed /
pollution problems on dispesal of
fuel call / pollution problems

while manufacturing fuel cells 1)

2016 4E Prelim Chemistry Answer

OR
B11

{a)

{

The percentage yield of ammonia
decreases with increasing
iemperature. [1]

Forward reaction is exothermic /
Increasing temperature favours
backward reaction. [1]

(1

Percentage of ammonia at
equilibrium increases with
increasing pressure. f1]

Increasing pressure favours the
forward reaclion 1

10

{1y

Calalyst speeds up the reaction /
lowers activation energy.  [1)

Shortens the production or
manufacturing time /

Lowers energy costs / lass energy
is used 1]

)

Ammonla is an alkaline gas, while
oxygen, nitrogen monoxide and
water vapour are neutral gases. [1]

ammeonia gas is gradually used up
and as the products ase neutral,
the pH decreases. [1}

When pH value remains constant
at 7, it indicates that ammonia gas
is used up completely for reaction
and left with all the neutral gases.

)

(i)

NHz + 207 — HNQ; + H:0

i1

12
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= The Periodic Table of the Elements
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]
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x 1 2
g 7 ] £ ) ¥ £ 78 20
= Li Be =] & N O & Ne
= {idum baryilium boron arbon nitrogan. oxygen Myorine neon
2 3 4 5 6 7 8 g 10
2, pi] 24 7 28 3 2 33 40
S Na Mg Al Si P s cl Ar
> sodium  {magnesium i silicon sulfur chlorine aftjont
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K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium | calcium | scandivm | Stanwm | vanadium | chromium (o g iren cobalt nickal copper ane galium |gemaniusm| arsenic | selenium | bromine krypton
a 198 20 21 22 |23 24 25 2% 27 28 29 0 H 32 <] 34 35 36
4 a5 88 89 N 83 96 - Rl 103 106 108 112 115 119 122 128 127 131
3 Rb Sr Y Zr Nb Mo Tc Ru Rn Pd Ag Cd n Sn Sp Te 1 Xe
@ fubidium | strontum | ytrivm | Ziccenium | nfobium | moiybdenu | technetiom | nthenium | rhodium palladum siver | cadmium | ingium tin antmoeny | beturicm jodine xenon
3 a7 38 39 40 41 » m 43 44 45 8 47 43 49 50 51 52 53 54
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o Cs Ba La Hf Ta w Re Cs Ir Pt Au Hg TA Po Bi Po At Rn
;‘ caesium bariur | lanthanum | hafnium | tantalom | tungsten | rhamium osmium midum pratinum gold mercury | thaium lmad bismuth | polonium | astatine Rdan
=S 55 56 57 |72 73 74 5 78 77 73 78 80 81 a2 83 84 85 88
T - —_ .
B Fr Ra Ac
] fancium | radum | actinium
o 87 88 s t
*58-71 Lanthancid series
190-103 Aclinoid series
140 141 144 - 130 152 157 159 152 165 167 169 173 175
Ce Pr Ng Pm 8m Eu Gd Tb Dy Ho Er m Ye } Lu
cerium T i [ A pi il terbium | holrmum erbium thobum | yiterium | hutstium
54 59 m 80 &1 52 63 &4 65 3] a7 B8 69 70 7
& Key| a a = refative atomic mass 232 - 38 - - - - - - - - - - -
5 X X = atomic symbol Th Pa U Np Pu Am cm B¢ Cf Es Fm Md No Lr
= - thorium tniund  uraniom ; litoni . curium wum | einsteinium| fermium i !
= B = protan (atomic) numaer 91 92 93 o4 & % (o7 o8 % L IO - S
b

The volume of one mole of any ges is 24 dm? at room temperature and pressure (rLp.).
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as shown.

chromal ograghy -~
paper

What additional apparatus and/or chemical is/ are required to caiculate the Ry value

of the amino acids present in a mixture?

a ruler

a locating agent

a ruler and a locating agent
neither a ruler nor a locating agent

o0Om>

A mixture containing equal volumes of two miscible liquids is placed in the apparatus
as shown. The miscible liquids are heated until the thermometer first shows a

constant reading.

At which position will there be the highest proportion of liquid with the higher boailing

point?

1 Amino acids are colourless and can be separated and idenlified by chromatography

~-~haaker

.~ solveni
-

oold walef tn

Chemistry / Sec Four Express

- glags cover

134

3 A student sels up the apparatus as shown to collect a sample of clean, dry gas X.

== Ury sampie ol gas X

& o DPyinG ///ﬁf,

7 Ipent e

4 lure of ar Chignde
/ and takivm hydroame

Heat
Predict the identity of gas X and identify a suitable drying agent to be used.

gas X drying agent
A ammonia “calcium oxide
B ammonia concentrated sulfuric acid
c hydrogen chloride calcium oxide
D hydrogen chloride concentrated suifuric acid

4 Which one of the following correctly describes the particles in a dilute sugar solution
af room temperature?

sugar molecules water molecules
A widely separated, moving at random close together, moving at random
B8 widely separated, not moving close together, moving at random
Cc videly separated, not moving widely separated, moving at random
D close together, moving at random widely separated, vibrating slightly

examguru 2017
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5 Afilter tip of a cigarette acts as both a filter and a condenser.

Which of the following cannot be removed, assuming that the filler tip is 100%

efficient?
substance boiling point/ °C
A carbon monoxide -191
B8 nicotine 247
Cc tar 350 to 400
D water 100

8 Anew substance was discovered and a series of experiments were conducted on it.

Which observation suggests that the substance cannot be an element?

A
B
C
D

Electrolysis of the molten substance gave two products.
It dissolved in water to give a colourless solution.

It has a sharp melting point.

When heated in air, it could form two oxides.

7 Deuterium, with chemical symbol D, is an isotope of hydrogen.

Which of the following chemical formula is incorrect?

oomo>

0202
DCOOD
NDs
Caon

8 Anion X2 has a mass number of m and n electrons.

What does the nucleus of an atom X contain?

number of protans number of neutrons
A n-2 m-n
B n-2 m-—{n-2)
c n+2 m-{n-2)
D n+2 m~—{n+2}

CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 50f 17

9 Fibreglass is used as a reinforcing agent in many polymer products. It contains a
mixture of ionic oxides and giant covalent oxides.

Which of the following is not a possible constituent of fibreglass?
Ca0o
Si02

PaCo
Crz0s

oow>

10 In the lattice structure of ionic compounds, coordination number is the number of
nearest neighbour ions of opposite charge. For instance, in sodium chloride, each
sodium ion is surrounded by 6 chloride ions and each chloride ion is surrounded by
six sodium ions. Hence, coordination number of sodium ions and chloride ions is 6.

The table below shows the ions present and the coordination number of the ions in
some ionic compounds,

ions present coordination numbaer of
compaund = - = formula
cation | anion cation anion
sodium chioride Na* cr 6 i3 NaC/
titanium(V) oxide | T~ 0= 6 3 TiOz
P Q R 4 8 ?

What is the formula of compound P?

A QR:2 B Q:R
C QR D Q4R

11 Carbon dioxide is & gas at room conditions while silicon dioxide is a solid because

A carbon-pxygen bonds are not as strong as silicon-oxygen bonds.

B carbon dioxide contains double covalent bods while silicon dioxide contains
single covalent bonds.

C intermolecular forces of aitraction are much weaker than covalent bonds.

D relative molecutar mass of carbon dioxide is less than that of silicon dioxide.

CCHY Preliminary Examinations (2018) Chemistry / Sec Four Express pg 6 of 17
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12 Silicon carbide, SiC, has a structure similar to diamond. Boron nitride, BN has a
sfructure similar to graphite. Bronze is an alloy of copper and tin.

Which statements about SiC, BN and bronze are correct?

1 All atoms are bonded covalently.

2 All have high melting and boiling point.

3 All except bronze are soluble in organic solvent.

4 All except silicon carbide conduct electricity when solid.
A 1and 2 B 2and 3
C 2and 4 D 2,3and 4

13 When 200 g of compound X centaining carbon, hydrogen, aluminium and oxygen is
heated in excess oxygen, 42.2 g of aluminium oxide is obtained as residue.

What is the percentage by mass of aluminium in the sample?

A 1M12% B 13.5%
c 21.1 % D 270%

14 5.0 dm? of sulfur dioxide is reacted with 3.0 dm? of oxygen at room temperature and
pressure to form sulfur trioxide only.
2502 (g) + O2 (g) — 250s (g)
What is the total volume of gas{es} at the end of the reaction?
A 4.0dm? B 5.0 dm?
c 5.6dm? b 6.0 dm?
15 Tin is extracted from its orre cassiterite (containing Sn0z) by reducing it with coal in a
furnace according to the equation shown below.
SnO2 + 2C — Sn +2C0O

What is the percentage purity of tin ore if 600 g of cassiterite on reduction produces

82 g oftin?
82 600 x 100 82 2 151 < 100
— x — enb e —

A 119 151 8 119  &00
119 600 ThE 119 151 i
—_—X—x — X —X

c 82 151 D 82 600

CCHY Preliminary Examinations (2018) Chemistry / Sec Four Express pg 7 of 17
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16 Zinc oxide is produced by heating zinc carbonate. What is the percentage vield of
zinc oxide if 125 g of zinc carbonate produces 75 g of zinc oxide when heated?

A Bxago B 21x100
81 75
¢ 125x ¥x1p0 D 125x 2x100
75 81

17 If 2 g of nitrogen gas contains y atoms, what is the number of atems in 12 g of silicon?

A
C

2y
By

B
D

3y
11y

GCHY Preliminary Exaninations {2016} Chemistry / Sec Four Express pg 8of 17

18 TIn an experiment, 10.0 cm?® of 0.01 mol/dm? copper(ll) sulfate solution was mixed with
5.0 cm? of 0.01 mol/dm? sodium carbonate solution according to the equation below.

CuS04 + NazCOa — NazS04q + CuCOs
What does the reaction vessel contain at the end of the experiment?

A colourless solution only.

A green precipitate and a blue solution.

A green precipitate and a colurless solution.
A white precipitate and a colourless solution.

oo m>»

18 The equation below shows the reaction between a metal F and dilute sulfuric acid.

F (5) + Ha804 (aq) — FS04 (ag) + Hz (g)

Which particles are respensible for the elactrical conducivity in metal F, dilute sulfuric
acid and the salt praduced? '

metal F dilute sulfuric acid salt
A cations cations cations
B cations and electrons cations cations and anions
c cations and electrons cations and anions cations and anions
D cectrons cations and anions cations and anions

20 Powdered cakium carbonate is commonly placed near the chimneys in a coal-

burning power stations. Which waste gas-will not be removed by the powdered

N~
calcium carbonate? S
I3V
A sulfur trioxide B nitrogen dioxide 2
c carbon monoxide D phosphorus(V) oxide nUs
S
©
<
)
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21 The pH of an aqueous solution of hydrochioric acid is 2. What will be the pH of the
acid afier addition of 10 g of sodium chioride?

A1 B 2
c 7 D 9

22 A student would like to prepare a high yield of lead(H) suifate salt.
Which of the following is the best method which the student should adopt?

A Adding excess lead metal to dilute sulfuric acid.

B Adding excess lead metal to dilute nitric acid, filler, followed by adding dilute
sulfuric acid to filtrate.

c Adding excess lead(ll) carbonate to dilute sulfuric acid.

D Adding excess dilute sulfuric acid to lead(ll) hydroxide.

23 The reaction between sodium carbonate and dilute hydrechloric acid happens in two
stages as shown below.

10 30 40
volume of acid added/ocm?3

Stage 1. Sedium carbonate reacis with dilute hydrochloric acid to form sodium
hydrogencarbonate (NaHCQz2) and a neutral salt.

Stage 2. Sodium hydrogencarbonate undergoes a further reaction with hydrochioric
acid.

What is the volume of acid added to form the neutral salt?

A 10 om? B 20 cm?
C 30 cm? D 40 cm?

Chemistry / Sec Four Express pg 9 of 17

24 Which graph below shows the solution farmed when one mole of weak acid, HX, is
dissolved in 1 dm? of water?

> Contenration Mokl
2
Key
[ vefore dissalving
1 b BB sfter dissolving
HX HX H* x
B Concentrrlion {mol/idm’)
2
Key
[ vefore dissclving
- B sfer dissolving
HX HX H* X
C Cibneantenion jowldny
Koy
[T] betore dissolving
o Il ahter dissolving
HX HX H X
D
Concontrabon (mot/dm’)
Key
] befere dissotving
1k I aftsr dissclving
HX HX  H X
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25 Ammonia is produced from Haber Process using a suitable catalyst.
Nz{(g) + 3Hz (g} = 2NH: {g)

The following graph shows the different yields of ammonia at different temperature
and pressure.

100}

Mﬂu..‘ -

Percentage conversivit i arnonia

) 2 i H I :
A0 A0 60 8O0 1000 1200
“Total pressure in atmosphere

Which of the follewing is not true?

A A higher perceniage yield of ammgonia can be obtained at higher pressure.

B A higher percentage yield of ammonia can be obtained at lower temperature.

c At the right conditions of temperature and pressure, all of the hydrogen and
nitrcgen can be converted into ammeonia.

D Some of the ammonia formed will decompose to form hydrogen and nitrogen.

26 During the Haber Process, ammonia that is produced is separated from the reaction
mixture by

passing the gaseous mixture through fused calcium chloride,
dissolving the other two gases.

filtering out the other two gases by passing through cotton wool.
cooling the mixture.

ocOD»

27 During the combustion of coal, a burning matchstick or an ignition source is usually
used.

What is a possible reason for this?

A The reaction is endothemnic, and heat energy must be supplied for burning to
OCCUr.

B Heat energy is used o overcome the energy barrier before the reaction can
proceed.

c To ensure that there are encugh oxygen molecules for a complete reaction.

D Te reduce the enthalpy change so that the reaction can occur.

Chemistry / Sec Four Express pg 11 of 17
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28 The dissolving of potassium lodide is an endothermic process.

Which of the following graphs shows the temperature change that occurs when
potassium iodide is stirred with water until no further change in temperature is
ocbhserved?

A B

temperature/°C temperaturer~y

room \/ ;
»time foam

temperature temperature »lime
C D
temperature/°C temperature/*C
room ; foom _
#time  emperature > time

temperature

29 The same number of moles of a molten chloride of a Group | metal, XC/, and a
molten chleride of a Group || metal, YCh, are separately electrolysed using the same
current for the same period of time.

Which statements about this experiment are correct?

(2

CCHY Preliminary Examinations (2016}

BN

An equal number of moles of X and Y are deposited.

An equal number of moles of X and C#, are formed.

An equal number of moles of Y and Ck are formed.

XClgives off the same volume of chlorine gas as YClz, measured under the
same lemperature and pressure.

1 and 2 only B
2 and 3 only D

1 and 4 only
3 and 4 only

examguru 2017
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30 In an experiment, a copper rod and a zinc rod are placed in a beaker of dilute sulfuric
acid as shown. Effervescence was observed around the zinc rod only.

copper  xinc

P
ends of bath rods touch

dilute yulfuric acid

What happens when the ends of both rods touch each other?

Effervescence observed at both rods.
Effervescence observed around the copper rod only,
Effervescence observed around the zinc rod only.
No effervescence observed around both rods.

cCOom>»

31 The diagram shows apparatus used in an attempt to electroplate a metal ring with

copper.
battery
+ -
bulb
[
metal ing...._ H@ ~] - copper electiode
iyl .- 8queous copper(I)
sulfate (electrolyte)

The experiment did not work.

Which change in the experiment is needed to make it work?

A Add solid copper{ll) sulfate to the elecirolyte.
B Increase the temperature of the electroiyte.
c Replace the copper electrode with a carbon electrode.
D Reverse the connections to the battery,
CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 13 of 17
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32 Which pairs of statements correctly describes the differences between the conduction
of electricity during electrolysis and the conduction of electricity by metals?

conduction during electrolysis conduction by metals
The current is due to the :
1 maovement of both pesitive and Ths edrrentisiite t e

SO trons.
negative ions. movement of elec

2 Charged particles move towards | Charged particles move in one
both electrodes. direction only.
. : It does not result in a chemical
3 It resuits in a chemical change. change.
A 1 only B 1and 2 only
C 2 and 3 only D 1,2and 3

33 Some magnesium blocks are attached to iron pipes to prevent them from rusting.
How does magnesium stop the iron from rusting?

Magnesium reacts in preference to iron.

Magnesium forms an ailoy with the iron.

Magnesium reacts to form a protective coating of magnesium oxide to the iron.
Magnesium stops the oxygen in the water from getting to the iron.

oomx»

34 The diagram betow shows the apparatus used in an experiment to reduce substance
Y with the gas produced in the conical flask.

dilute nitric acid

¥
heat
Which of the following pairs could X and Y be?
X Y

A lead copper(ll) oxide
N~
B copper lead(ll} oxide S
c zine magnesium oxide 9
p—
D magnesium zinc oxide nUs
S
%
CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 14 of 17 ()
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37 A student pedorms two reactions.
35 The diagram below shows a catalytic converter fitted into & car engine that runs on

petrol. It consists of two chambers containing different type of catalysts at work, a Reaction 1 10 g of magnesium ribbon with 1dm? of 2. 0 mol/dm3 dilute hydrochloric
reduction catalyst and an oxidation catalyst.

acid.
Reaction 2 5 g of magnesium powder with 1dm? of 3.0 mol/dm? dilute hydrochioric
acid.
&q_w. . clean In both experiments, the volume of hydrogen produced, V is measured against time, ¢
SRS =t — Al and the resulis are plotted graphically. ]
Which set of graphs is correct?
Chamber X Chamber Y
Dirty exhaust is first passed into chamber X before it is mixed with air and then A B
passed into chamber Y. v v
reaction 2 reaction 1
Which of the following reactions are most likely to occour in the two chambers?
reaction 1
Chamber X Chamber Y
A C+0:= CO:2 2NO - 0Oz2+N: 0
B 2NO2 =+ 202+ Nz 200+ 02~ 2C0O: o U ﬂ
C 2NO » O+ Nz COz» C+0O2
D 2G0 + 02— 2C0O: N2 + 202 2NO2
C D
v v
36 Zirconium, Zr, is a transition metal used in flash bulbs. readion 1 reaction 1
When the filament inside the bulb gets hot, zirconium burns with a white light to form reaction 2 reaction 2
a mixture of zirconiurn({ll) oxide and zirconium(lV) oxide. Zirconium has no reaction
with water or steam.
O e D e
Based on the above information, which statement shows that zirconium is a transition 0 ¢ 0 ¢
metal?
A Zirconium burns with a white light. 38 With the presence of UV light, 1 mole of CiHs reacts with 3 moles of chlorine in a
B The oxides of zirconium are amphoteric. substitution reaction. What is the formula of the organic product in this reaction?
c Zirconium has the oxidation states of +2 and +4 in its oxides.
D Zirconium is unreactive. A CaHzCh B CsHsCls
Cc CaHaCl D CzHsCh
39 Arachidonic acid is one of the most abundant polyunsaturated fatty acids in the brain.
It has a molecular formula of CisH31COOH.
How many C=C double bonds are present in 1 molecule of arachidonic acid?
N~
A 1 B 2 pay
c 3 ) 4 N
2
>
)
£
%
CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 15 of 17 CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 16 0of 17 o



40 In the polymerisation of propene to form poly{propene), there is no change in

A boiling point B

density
C mass D

molecular formula

CCHY Preliminary Examinations (2016) Chemistry / Sec¢ Four Express pg 17 of 17

examguru 2017

141



examguru

examguru 2017 142



%w« < £ W N (3 18D

143

% CHUNG CHENG HIGH SCHOOL visHun) e g
E e g5 g o i
Preliminary Examinations (2016) | e lw_ 2 . . "
Secondary Four Express = 2ut 00§ |Baf [B-§ |12 g -
¥ . ” ORI e, | F, Ymm “ g8
(o] H — 5 m 5 m o) 5 H
andidate s mOw gol @i Bes |19F BES | 28
: o "ol Txal” 8y | Tiz "TEg &
Name Register No. Class — =
] 9 £ E §
> Tzf mof (2t HGE |8g Bng 1 E
CHEMISTRY 5073/02 > LN P P %y |'“58
Paper 2 Section A Date: 24 August 2016 5 £ E ;
b — eE (P c NpE K
Duration; 1 hour 45 min = quG%SmMnGmm1Sum m%m& mm”mmw _&.w
Candidates answer on the Question Paper. ] m - - - E
No Additional Materials are required. = - Bm R MWa = mm{ ..:.,1 m,m m nm.. mm,m _ F
@ 1 | ER [ @ o % %
) E b E E
READ THESE INSTRUCTIONS FIRST = BSE ¥ ]F g ! m
2 SR 8 [RTEg “rig |y
Wiite your name, class and register number in the spaces at the top of this page, o S R ~ g EE
Write in dark blue or black pen. w mCWmmMm7 wmmm =g .c.mm
You are to use a soft pancil for any diagrams or graphs. 2 = <
Do not use paper clips, highlighters, glue, correction fluid or correction tape. m az3 B9 [Ba m 838
5 g dg T dp T 3g 8
Section A (50 marks) m m ~
Answer all questions in the spaces provided. a © 2 um 8 %m §eg B E 1 &
b Rl fg T Fp T 3
1}
B| | |-=t 82F 528 (88E Ef |8
At the end of the paper, fasten ali your work securely together. o ey 8 23 °8 23 8
The number of marks is given in brackets [ ] at the end of each question or part question. A c ok €
A copy of the Periodic Table is printed on page 2. j- g58 1 oF  Egg 32 |8of
= & 2 £Q 3 RS
The use of an approved scientific calculator is expected, where appropriate. 5 -
PRrovedse P PPropris 368 893 333 Shic (18
53 B o &g 2 5
E |cws £ §
5>% 823 [BcE 287 Bed
8 =g Bp 8 =3
€ E I3
$F§ lang  [Bxd g £
LIV EN i i
For Examiner's Use g- + £EgE
gg% B>§ |81 gf |Eg gt
8s g |" x| "ig|ds $is
Section A — - 3 - = B2 Ess
=| |47 |x9) o83 snf (maf |1 e |EE sk
i Se "@el 'R fg | Cg| g (Fd
wof lusd laxd led lmal | o5 [58 el
- o} g 15
8NP {00, PORg| Ty g g g

Setter: Mr Lim Wee Keong

This document consists of 15 printed pages, INCLUDING the cover page.
[Turn over CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg2of15

The volume of one mole of any gas is 24 dm? at room temperature and pressure (r.L.p.).
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Section A (50 marks) 2 Seawater confains many dissolved ions. The table shows the concentration of
some ofthese ions In a typical sample of seawater.
1 Structures of six organic compounds are shown below.
# H ion concentration g/dm3
—tbw o PTTE
-] | - G chloride 19.00
:|Afu|_ —H h_ _r _r 1_,_ __._ sodium 10.56
H H
sulfate 2.65
comrpound A compound B compound C
magnesium 1.26
calcium 0.40
H H H w ! T__ T__ f i
_ ._\, .w Bl :lwlnlnl%lz potassium 0.38
S ; bow b
___ _ﬁ q_. (a) (i) State what you would see if three drops of acidified aqueous silver
nitrate is added to 5 cm?® of seawater.
compourd D compound E compound F
(a) Choose from the above compounds fo answer the following questions,

Each compound can be used once, more than once or none at all. (if) Hence, construct an ionic equation for the reaction in (a)i).

(i} Which compound(s} can react with metal carbonates to produce

T b | {
effervescence?
(b} Caiculate the mass of sulfate ions which can be precipitated when excess
Rt & § | acidified barium nitrate is added to 20 cm? of seawater.
(i) Which compound(s) decolourise(s) aqueous bromine?
{iil) Which compound(s} will undergo hydration and oxidation to form
butanoic acid? :
(b) Expiain whether compound A and compound B are isomers.
1
[Total: 3]

(¢} Draw anisomer of compound D.

0]
[Total: 5]
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Iron from the Blast Fumnace contains carbon as an impurity. To remove the

carbon, oxygen is blown on the meolten iron in a large vessel known as a
converter.

oaygen

}

Fin
oonvarar -—= =~
"~ monen iron with
00 carbon mpurities

(a) The temperature of the molten iron increases as the oxygen Is blown onto
it. Explain why.

{b) Scrap steel is recycled by being added, as a solid, to the molten iron,
before the oxygen blow. The graph shows how the temperature of the
moiten iron changes during the oxygen below.

tamparature

molien ron

© & 40 15 20
* time (minutes)

solid scrap slesl
added

(i} Describe and explain how the solid scrap steel affects the
temperature change during the oxygen blow.

Chemistry / Sec Four Express po 5of15

CCHY Preliminary Examinations {2016)

(i) State a reason why it is important to recycle steal.

(¢} Using ideas about the arrangement of atoms, explain why high carben
steel is preferred over pure iron to be used as cutting tool.

[Totai: 6]

Hydrogen peroxide is a colourless liquid.

An aqueous solution of hydrogen peroxide reacts with the iodide ions in

acidified potassium iodide to form water and icdine according to the eguation
shown below.

HzOz(aq) + 2H*(aq) + 2I{ag) » 2H20() + |z{aq)

(@) (i) Explain, in terms of electrons, whether the icdide ions are acting as
the oxidising agent or reducing agent in this reaction.

{il) Describe the colour change for the above reaction.

Chemistry / Sec Four Express pg 6ot 15

145

examguru 2017



(b) The table shows how the speed of this reaction changes when different
concentrations of aqueous potassium iodide and dilute sulfuric acid are
used. The hydrogen peroxide s always added in excess and the
temperature remains constant.

concentration of .
concentration of :
experiment | ooy e fodide | _dlute sufuric | PREC OLBACION
ol acid in mol/dm?
1 0.1 0.1 0.00017
2 02 2.1 0.00034
3 01 0.2 0.00017
I 03 0.1 0.00051
g 0.1 03 0.00017

“The speed of this reaction is more dependent on the concentration of
agueous potassium iodide than aqueous sulfuric acid.”

Using the information in the table, justify whether you agree with the above

statement.

CCHY Prelirtinary Examinations (2015)

Chemistry / Sec Four Exprass
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{c) The experiment was repeated by varying the temperature of agueous

(d)

CCHY Preliminary Examinations (2016)

polassium iodide, with other variables being kept constant. The results of
the experiment were represented by the graph shown below.

|._s. fs1

Time
0.08 |
0.07 ¢
0.08 \
0.05 7

0.04 pr
0.03 | d

0.02 e
0.0
] g

25 30 35 40 45 50 55 gp 1emperature/° C

Use ideas about collision between particles to explain the trend in the
results.

A siudent thinks that iron{lll) oxide acts as catalyst in this reaction.

Describe what the student should do and what information he should
collsct to test his hypothesis.

[Total: 9]

examguru 2017

Chemistry / Se¢ Four Exprass pg8ofis



5 (a} Carbon dioxide is a greenhouse gas and is given a greenhouse factor of 1. (b) Graph 1 below shows how the average temperature at the Earth's surface

rmay have changed over the last 150 thousand years.
Other gases are given a greenhouse factor that compares their effects

with carbon dioxide. The greenhouse effect increases as the factor value

147

increases. Graph 1
20
Table 1 below gives information about the greenhouse factor and the
compasition of four different gases in the Earth's atmosphere. worage &
i ; temparature al the Earth’s 18 !
percentage of gas strface 7 °C.
gas greenhouse factor in the atmosphere ) \ / \
cO: 1 0.036 \ , \
CH4 30 0.0017 12 . f
NzO 160 3.0x10% HUI 5
CChF 21000 2.8x10® 01— Y p f
) VA
Table 1 Ve Vi N

Using the information above, explain whather scientists should be more
worried about the percentage increase of methane in the Earth's
almosphere as compared to the percentage increase of carbon dioxide.

6
150 125 100 75 50 25 O today)

lime/ thousands of yoars ago

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

Graph 2
percentage of carbon LLES
dioxide in the
afmesphera 0.030

0.025 \/ /\/ A \
0.020 L\ / \/

» TV N
0.015

150 125 100 75 50 25 Ditoday)

time/thousands of years ago

(i) Scientists think that an increase in the amount of carbon dioxide will
result in global warming.

Explain how Graph 1 and 2 support this statement.

CCHY Preliminary Examinations (2016) Chermistry / Sec Four Express pg 9 of 15 CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 10 of 15
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(ii) ‘“Increase in amount of carbon dioxide is not the only factor which
contributes to global warming.”

Using the information from Table 1, Graph 1 and 2, explain how
these information can be used to support the above statement.

e 2)

(i) Describe one possible consequence of global warming.

(iv) Showing only the outer sheil electrons, draw a “dot-and-cross”
diagram to show the bonding present in CCAF,

(2

{v) Explain how the presence of CCAF in the atmosphere contributes to
health problems like skin cancer.

{Total: 10]

CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 11 of 15

Small pieces of a silver coloured metal, X, were added to concentrated nitric
acid. A brown acidic gas, Z. and a colourless solution containing sait ¥ were
formed.

Analysis of 0.0914 mole sample of Z showed it contained 1.28 g of nitrogen and
2.93 g of oxygen,

The small sample of the colourless solution was diluted with water and then
divided into two portions.

To the first portion

Agueous sodium hydroxide was added drop by drop until it was in excess, A
while precipitate, W, was formed that redissolved in the excess aqueous
sodium hydroxide.

To the second portion

Aqueous ammonia was added drop by drop until it was in excess. A white
precipitate, W was formed and remained insoluble in the excess agueous
ammonia.

{a) With the means of chemical calculation, determing the empirical formula of
Z.

(2]
(b) (i) Suggestthe identities of precipitate W.

(i) Construct one possible ionic equation, with state symbois, for the
forming of W from the first portion.

(c} {I) Suggestthe identities of X.
(i) Describe a chemical test to determine the anion present in Y.
Total: 8]
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7  (a) Fourisomers of butanol are shown in the table below.

Isomer 1 2 3 4
CH3CH:CHACH,OH | CHLCH ﬁmzqoxu CH-GH-CHOH GHa
OH CH, CH; L_uln_.:
OH
Name Bitan-1-ol Butan-2-ol 2-methyipropand! | 2-methyl propan-2-ol

(i} Name the organic product when butan-1-of is added to acidified
potassium managante (V).

(iy A student would like to prepare a sweet-smelling compeund X. He
added 2-methyl propanol to a beaker containing aqueous propangic

acid, with warming. Concentrated sulfuric acid was also added to the
mixture.

Show the full structural formula of compound X and name compound
X

1

Name of compound X: ... ]

GCHY Preliminary Exarninations (2018) Chemistry f Sec Four Express pg 13 0f 15
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(b) Lactomer is a trade name of synthetic material that is used to make
surgical stitches. Part of this polymer is shown below.

TN T O O T g 0T eH T g 0 g 0
_ | I I
nIuO O OIuD O

Draw the two possible monomers which are used to form the above
polymer.

monomer 1 monomer 2

(2]

(c) Styrne-butylene rubber is a synthetic rubber. It is made by polymerising a
mixlure of the monomers styrene and butylene.

H H H H
M \Om_._m |
C o H—C—C=C—C—H
H” “H _ |
H H
Styrone butylene

Onepossible structure for the polymer is shown below.

E ccE_msmr styrene _ll butylene T

{I} Styrene is processed by cracking of crude oil in an oil refinery.

Explain why cracking of styrene is an important process in the oil
refinery industry.

CCHY Preliminary Examinations (2016)
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(ii) Draw the displayed formula of the repeat unit in this polymer
structure.

displayed formula of the repeat unit

(1

(iii} When the mixture of styrene and butylene polymerises, the polymer
is unlikely to contain only this regular, repeating pattern. Explain why.

(iv) Describe one difference between the reactions to form styrene-
butylene polymer and lactomer.

[Total:9]

End of Section A
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Electrolysis reactions are the basic feundations of today's modern industry.
There are various elements, chemical compounds and organic compounds that
can only be produced by electrolysis. For example, chlorine and sodium
hydroxide.

Brine is a saturated solution of sadium chloride, containing about 25 % by mass
of sodium chloride. Industrial electrolysis of brine can be carried out in a
diaphragm cefl and a membrane cell.

The diagram below shows how the diaphragm cell works,
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@ Chiorine & Hydrogen
Qproducts nw—_'w c%m
)qﬁ.wvno _ _225393_ _ _nu.ﬁ%na
Saluraled |
brine =
A
: !
Nt p oo 12% Sodium
Nnter hydroxids
Nator > 16% Sodium
H e e By chioride
Anode Cathode

H compartmant compartment
sodium chioride
solution

The principie of the
diaphragm call o anmnw.muﬁ. “
solution

The brine is contained in the anode compartment and the electrode which is
used can either be made up of graphite or titanium. However, graphite is
commonly preferred over titanium.

On the cathode side, the hydroxide ions and hydrogen gas are formed due to
the reduction of water. Due to the difference in the solution lavel between the
anode and the cathode, there will be a gradual flow of sodium chloride from the
anode into the cathode. Howsver, there will not be any backflow of sodium ions
into the anode. If chlorine and sodium hydroxide come into contact, chlorine
tumns into CIO, CIOs and Cf ions.

To ensure that a pure sodium hydroxide can be collected, purification of sodium
chloride out of the sodium hydroxide will have to be carried out. After
purification, the industry is able {o get a solution of 50% of agueous sodium
hydroxide and about 1% of sodium chioride.
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The diagram below shows how the membrane cell works.

Chlorine Mydrogen
gas gas
Biee
o, [Ramem  wicke H,
n:omo cathode

T

I ¥
cly, —TEe
Iv
oH"
OH 3%
H e
il
Na* Na* —— NaOH
ﬁ 3%

Brine
concentrator

FH
=]
I

ion exchange ﬁ
membrasn:

In the membrane cell, the brine is fed to the brine concentrator and current
passing through will result in the aqueous sodium chloride to split into sodium
ions and chloride ions. The sodium ions will flow through the ion exchange
membrane and react with the hydroxide iocns that are produced through the
reduction of water to form aqueous sodiurn hydroxide. Without the ion exchange
membrane, the sodium hydroxide would not be pure because it would contain
chloride ions.

The table shows some information about the two types of cells.

; . quality of NaOH
cell type construction operation of cell produced
Frequent replacement Mus: cmn odif
. . : of diaphragm. evapora 0
diaphragm Relatively simple concentrate from
cell and inexpensive. 12% to 50% and
Speratseal 5.6 to crystallise out
the salt.
Requires high purit ) )
c:.%m. gh punity High purity.
Cheap to
membrane Must be
cell mdom_wwu_éoﬂ and Operates at 3.3 V. evaporated to
Membrane changes mm@oﬂ_ﬂwmw from
every 2 to 3 years, ’ o

CCHY Preliminary Examinations (2016)
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(a)

(b)

(c)

(d)

CCHY Preliminary Examinations (2016}

{y Conslruct a haif ionic equation for the reaction that happens at the
cathode of the diaphragm cell.

() Suggest a reason why graphite is commonly preferred over titanium
to be used as electrode in the diaphragm cell.

When chlorine and sodium hydroxide comes into contact, a
disproportionation reaction happens. Disproportionation happens when
the oxidation state of the same element both increases and decreases in
the reaction.

Use ideas about oxidation state to explain why the reaction of chlorine and
sodium hydroxide is a disproportionation reaction.

(i) Write an equation for the overall reaction that happens in the
membrane cell,

(i} Calculate the volume of hydrogen gas that can be produced from
two tonnes of saturated brine in membrane cell at r.t.p.

(3]

‘Industries should adopt using membrane cell to produce sodium
hydroxide instead of diaphragm cell.”

Using the relevant information, explain one reason why such statement
was made.

Chemistry / Sec Faur Exprass pg 40f12
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(e) A student made the following comment. 2 Many cabonates thermally decompose to form a metal oxide and a gas.
“In school laboratory, | can obtain aquecus sodium hydroxide by just using Six 2.00 g of samples of carbonates are heated strongly until thers is no further
concentrated sodium bromide solution with graphite electrodes.” change in the mass. The table shows the mass of solid remaining at the end of
the heating.

Explain whether you agree with the student,

FaT mass before heating mass after heating
T /g /g
calcium carbonate 2.00 1.12
e ......................:......................»....H._H Oovvm_-h__v OﬂﬂUOﬁmﬂm 200 AN@
[Total:10) iron(il) carbonate 2.00 1.24
magnesium carbonate 2.00 0.95
sodium carbonate 2.00 2.00
zinc carbonate 2.00 1.30

(a) Two students made the following conclusions based on the table above.

Student 1: The thermal stability of the metal carbonate is dependent on
the charge of the metal ion.

Student 2; The more reactive the metal, the more thermal stable the metal
carbonate is.

Which student’s conclusion is correct? Use the information from the table
to support your reasoning.

B T RIS

3]

CCHY Preliminary Examinations (2016} Chemistry / Set Four Express pg Sof 12 CCHY Preliminary Examnations (2016) Chemistry / Sec Four Express pg 6 of 12
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(b}

One of the metal oxides formed from the decomposition of the metal
carbonate can be used to treat excess acidity of soils in agriculture.

U]

(i

(il

(iv)

CCHY Preliminary Examinations (2016)

Using a 'dot-and-cross’ diagram, show the bonding present in this
melal oxide. Only outer-shell electrons need to be shown.

2]

Plants thrive well on fertilisers such as ammonium chloride because
of the nitrogen content.

Explain, with an equation, why it is not advisable for farmers to add
this metal oxide together with ammonium chioride to the soil.

The melten state of this metal oxide is suitable to be used as an
electrolyte to extract the metal.

Explain in terms of structure and bonding, why this metal oxide has
to be in molten state in order to be used as an electrolyte.

Wirite down the halff ionic equations, including state symbols, for the
reaction which takes place at the respective electrodes when this
molten metal oxide is electrolysed using carbon electrodes.

positive
electrode: ..o e[ 1]
negative BleCtrode . ... msnsm s s sssssses 1)
[Total: 10]
Chemistry / Sea Four Exprass pg 7 of 12

Either

3 (a) Electronegativity refers to the ability of an atomn to attract electrons and is
otherwise known as ‘electron attracting' power. The greater the
eleclronegativity value of an atom, the greater ils ability to atlract electrons
and vice versa.

The diagrams below show the electronegativity of Group | and VI
elements.

Electronegativity of Group i Elements

Electronegativity of Group VA Elements
0.38 093 3.98
. 4,
0.82 082 py9 | 3.15 206
3 * i 266
! .10

(i)

CCHY Preliminary Examinations (2016)

Based on the data above, suggest a reason why the electronegativity
for Group Ml elements is generally higher than the electronegativity
for Group | elements.,

Based on the electronegativity of Group VIl elements, suggest and
explain the trend of the oxidising power of Group VIl elements when
moving down the group.

Aqueous chloring is bubbled into a solution of potassium bromide.
Explain, with the use of an ionic equation, what will be observed.

Chemistry / Sec Four Express pgBof12
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The following diagram shows the electronegativity across Period 3 elements Or
with argon {Ar) being excluded.

3 (a) Researchers have been investigating the use of ethanol for replacing

Electonegativity of Perlad 3 Elsments hydrogen as a liquid fuel for space craft Intended for low Earth orbit. Its
- Sib major advantage is that, unlike hydrogen, ethanol can be used as a liquid
3 s . fuel without the need for storage at extremely low temperatures.
25 .19
'y vor 2P The table shows some information about ethanol and hydrogen.
15 - 131
i enthalpy change of
o.w - IEERDE] compound combustion/ kJ per mol
oMo M po@ hydrogen -236
(iv) Describe the general trend of electronegativity across Period 3 ethanol 1367
elements.
(i) Given that the enthalpy change of combustion of hydrogen is
-118 kJ/g, determine which fuel, hydrogen or ethanal, gives a greater
RS PUUOR i I energy output per gram of fuel used. Show your workings clearly,

leaving your final answer to 3 significant figures.
(v} The elecironegativity of the Period 3 elements is dependent on the

number of electron shells the elements have.

Justify whether you agree or disagree with the statement.

(b} Other than efectronegativity, Group ) and VIl elements also show trends in 2]
their melting points.
(i) Explain, in terms of bond breaking and bond making, why is
element melting point / "C combustion of hydrogen an excthermic reaction.
lithium 180
Group | sodium 97 8 o T
potassium 64
eRarine 100 [2]
Group Vil bromine i {iil} in some countries, ethanol is produced from sugars in sugar cane.
iodine 114
; g ; y 5 . | An environmentalist claims that ethanol as a fuel is ‘carbon neutral’
Cm.:_@ the information provided, describe and explain the trend of melting because using it does not add to the amount of carbon dioxide in the
points of Group | and Group Vil elements, atmosphere.

Explain why this is true.

~
—

o

[Total:10] 5

(@]

S

]
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(b} One other use of hydregen is using it as a fuel in the Proton Exchange
membrane {PEM) fuel cell as shown in the diagram below.

LJ External chroult
Excess R
hydregen - —i Waler
Electrade A Electrxie B

2H: (@) - 4H caq) + de” Oz (0} » 4H" (aq) + 4e” .- 2H,O ()

Hydrogen —» —— Oxygen

Proton Exchange Membrane or Poiymer
Electiolyte Membrane; hydrogen ions
moVe across the electiolyty

Proton Exchange Membrane fuel cells use a polymer membrane (a thin
plastic film which is semi permeable) as the electrolyte. Thus, they are
also commonly known as Polymer Electrolyte Membrane (PEM) fuel cells.
(i) Hydrogen ions move across Proton Exchange Membrane.

With reference to a hydrogen icn, expiain why it is considerad as the
“proton” in the Proton Exchange Membrane.

(iiy With reference to the electrodes A and B, state the direction of the
flow of electrons in the external circuit.

(iil) Construct an equation for the overall reaction that occurred in the
Proton Exchange Membrane fuel cell.

CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 11 0of 12

(iv] Complete the energy profile diagram to illustrate the energy changes

for the gverall reaction. Your diagram should include

- The formula of the reactants and the products

- The label for the enthalpy change and the activation energy of
the reaction.

Energy {

v

Progress of Reaction
(2
[Total:10]

End of Section B

CCHY Preliminary Examinations {2016) Chemistry / Sec Four Express pg 12 of 12
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Marking Scheme
Secondary 4 Express Pure Chemistry Prelim 2016

Section A (40 marks)

D@ ~N@DU RN =
OO0 PP D00

o=l

IRER
S

14.C
15.B
16.A
17.8
18.B
19.D
20.C
21.B
22.8
23.B
24 A
25.C
25.D
27.B
28.D
29.D
30.A
31.D
2.0
33.A
34.A
36.8
36.C
37.D
38.D

38.D

40.C
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Marking Scheme
Secondary 4 Pure Chemistry Prelims 2016

Section A Answers

{b)(i}

Bstween 0 to 10min, the solid scrap steel
results in the temperature to increase gently.
After 10 min, the solid scrap steel results in the
temperaturs 1o increase m:m_._w_v.. .
When the solid scrap steel is added to the
molten Fe, it begins to melt for 10 minutes
and the sudden rise of temperaturs is due to

combustion of carbon.

Examiners Report 2004;

Vague answers such as 'ternperalure increases’ did
nat score. The simplest staternent to score two
marks was: '‘temperature Increases slowly at
first then faster’.

(1]

(1

process the data and put down
your understanding of the data.
understanding of temperature rise
has to be mentioned. rej:
temperature change

Many students were not able to
highlight the different in the rate of
temperature rise for the two
partions.

Explanation was also pretty weak.

Q/No | Answer Marks | Remarks/ Markers Comments

1{ai) |C,D 1]

(i) B 1] A fow candidates missundertood
that unsaturation inciudes C=0
and included C and D as their
ANsSwWers,

(id) B ]

(b} Yes. Both compounds have the same 1] general formula is not credited.
molecular formula but different structural link back to the definition for
formula. isomers: same molecular formula

but m_:m«m_..ﬁ structural formula.

(e} ]

2(a){i | White precipitate. 1

)

{#) Ag* + CF - RAgCi [

(b) {2.65/1000) x 20 [1] check table header, concentration
= 0.053g is given in g/dm3

3{a) | The reaction betweean carbon/iron and oxygen | [1] not enough to simply state that 02
is exothermic / heat energy is being released IeACted W viror/ cataastie

nergy 9 ’ reaction can be endothermic if not
stated, Keyword to be mentioned
is exothermic.

(i) Iron Ore is finite / recycling steel is cheaper 1} Any logical answer,
: Rej: steal has finite resource
than extracting iron / reducs environmental .
9 because the keywords: finite
problem arising from extraction of iron. metal resources
Examiners Report 2004:
In giving an advantage of recycling steel, many candidates
gave answery that were too vague for oredit, for example ‘less
pollution’, *less wasde” or 'saves resources’. Better answers
were more specific, for example discussing landfill aren,
saving finile metal resources or finite energy sources.
{c) As carbon atom is of different size compared 2] Tha link to property such as

to iron atoms, the introduction of carbon
atom/ diffarent sized atoms disrupt the
orderly layer of iron atoms.

The layer of atoms in high carbon steel is

hardness has to be mentioned.
3 pt:2m

1-2pt:im

2
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unable to slide over one another easily.
Hence, high carbon steel is harder and more

suitable to be used as a cutting tool compared

Some students mentioned about
steel being strong, however failed
to mentioned it being hard.

()

Higher the temperature, faster the rate of

reaction.

Higher the temperature, more particles have
higher kinetic energy aqual to or greater
than (sufficient) activation energy. Higher
frequency of sffective collisions and hence,

faster rate of reaction.

M

Ml

Many students failed to highlight
the full explanation.

to pure iron.
4(a){i | Reducing agent. [1] Students incorrectly mentioned H
) lodide ions donate electrons hoa TSCluCR: HOWENGR v
’ ignored.

Lose electrons to ....... was
accepted VS lose electrons
(bacause the understanding is
vague whether losing electrons
means iodide ions is oxidised and
thus is the reducing agent.)

{iii) Colourless to brown. [1] original and final colour must be
mentioned.

(b) Do not agree.

Expt 1,2: When concentration of Kt increases
by two times from 0.1 to 0.2 mol/dm?, the
speed of reaction increases by two times from
0.00017 to 0.00034 mol/dm?/s.

Expt 1,3: When concentration of H.S04
increases by two times from 0.1 to 0.2
mol/dim?, the speed of reaction remains

unchanged at 0.00017 mal/dm?/s.

Hence rate of reaction more dependent on

concentration of KI.

{11

W

Data has to be quoted and be
interpreted for the marks to be
awarded.

Many studants lacked clarity in
linking data because it is important
to link back to the experiment that
is referred to as point of reference
compared to just stating all the
experiment data.

1. Carry out two experiments - one with iron
(1) oxide and the other without iron{lll) oxide.
2. All other key variables such as temperature
to be kept constant.

3. Record the time taken for the reaction to be

completed.

0l

(1

i1

Repeat the experimant was
accepted as long as
understanding was shown

5(a)

More worrled about the increase in percentage

of methane.

With 0.00017 % of methane present in the
atmosphere, the greenhouse factor is 30,

which is 30 times than that of carbon dioxide.

With more increase in methane, the impact on
the environment will be at least 30 times

bigger than that of carbon dioxide.

(1]

(1
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{bi)

Graphs are roughly similar / high percentage of
carbon dioxide shows there's high percentage

of average temperature. {quoted from Jun 2006)

)

results in more harmful UV radiation entering
the Earth's surface.

(i)

Other gases such as methane, N,O and CChF
are prasent in the atmosphere. Gas such as
methane has a greenhouse factor of 30 which
imptied that their effects on tha Earth's

average temperature is at least 30 times.

Between 125 to 100 / 100 to 75 thousand

years ago, there was a period of time when
there's a decline In percentage of carbon
dioxide in the atmosphera but the average
temperature of the Earth's surface actually

rise.

0]

]

(i)

melting of polar ice/ rise in sea level/
dssertification/extreme climate changes/ effect
on animal/plant hahitats (quotad from Jun
2006)

(1]

()

Valence electrons of the halogens must be
shown corractly.

2]

No key: minus [1] cverall

Any mistake minus [1]

{v)

Results in depletion of ozone layer which

2]

6(a)
N 0 Working has to be shown.
Number of (1.28/14) {2.83/16)
moles =0.091429 0.183124 [1]
Ratlo (0.091429/0.91429) | (0.18312 (11
=1 =2
Hence empirlcal formula is NO.
b(i} Lead(ll} hydroxide and aluminium hydroxide 1] Both correct [1]
(i} Pb?*(aq) + 20H" (aq) Pb{OH)a(s) f2 (1] egn
[1] state symbols
AP{aq) + 20H-(aq) A{OH)(s)
(b)(©) | Lead / Pk or Alumnium / Al 1] Both cormect [1]
(ii) Add a piece of Af foil to the solution and add 2 | [1] Always to mention rasults of the
to 3 drops of agueous scdium hydroxide. experiment and to provide
Warm. Test tha gas evolved with moist rad evidence to suppart the identity of
litmus paper, the gas
1
Moist red litmus paper tumns blue. 3
7{a)(i | butan-1-oic acid [1] butanoic acid accepted
)
ti) i1
0
2-methyi propyl propancate
(b} 2] [1} for each

5

161

examguru 2017



(e)i)

To match the demand for fractions contatning
smaller and mors useful molecules from

refinery process.

(1

the monomers/ different composition by mass
of menomer

{ii)

(1

{iti]

Both contain C=C which can polymerise at

random.

0]

{iv)

ddition Poi

Double bond/ alkene/ unsaturated / only one
type of monomer

Cnly 1 product obtained
high temperature and pressure

same empiricai formula as monomar / same
composition by mass of monomer

Condensation Polymerisation

2 type monomers / 2 type functional group /
functional greup an each and of member

small molecule , H20, given out

Does not require high temperature and
pressure

Does not have tha same empirical formula as

(1l

Any 1

Section B Answers

7

Q/N | Answer Marks | Remarks/ Markers Comments
0.
1{a){ | 2H0+ 2o 20H+ H, [11 Many candidates failed to extract the
i relevant information from the text which
states that reduction of water happens in
the cathode.
(i) Graphite is cheaper than titanium. OR | [1] Common mistake is "Graphite is inert™.
Graphite is easier to obtain than .:.__m.m:ms__g 1% netaceaplable s Tils
relatively inert too.
titanium To consider 1. cost, 2 safety, 3
enviranment
(b} Oxidation stats of Cl increases from 0 | [t] Candidates need to be mindful that they

inClzto +1in G/Q" / +5in CIOk

Ciy Is oxidised.

have to know how to calculate the
oxidation states. Seme candidates are still
unable to calculate to determine the
correct oxidation states.
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Oxidation state of Cl decreases from 0
in Clzto -1 in CF.

Cl; is reduced.

)]

otherwise, no marks will be
awarded.

(c)(0)

2NaCf+ 2Hz0 ~ Cl+ 2NaOH + H;

{11

Only few candidates manage to get this
correct. Candidates need to be mindful of
extracting relevant data.

(e

Agree.

Bromide ions are discharged in
prefarence tohydroxide ions due to
concentration effect and hydrogen
ions are discharged in preference to
sodium jons. Sodium ions and
hydroxide ions remain behind. OR
The NaOH collected will be

contaminated by the Br- ions.

(1]

Some candidates only mention that
hydrogen and bromine gas are formed
without any details on discharging of the
ions.

(i) Number of moles of NaC/ GCandidates need to be mindful of
y 1 extracting relevant data as most
2 00000, x0:254(28+ 35.5) M candidates failed to read that only 25% of
= 8547.00855 moles brine consists NaCf,
Nurmber of males of He = 4273.5 moles | (1]
Volume of H, (1 Allow ECF from here.
=42735 x 24
= 102 564
=103 000 dm?®
{d) Membrane cell operates at a lower [1] Accepted answers include:

voltage as compared to diaphragm

cell, hence cheaper to operate.

1. lesser eiectricity

2. higher purity higher concentration

3. 2to 3 years of replacemant of
membrane vs frequent replacement

Reject answers:

1. Cheap to construct {uniess
candidates mention that it is due to
lower voltage)

2. Inexpensive = cheap and hence,
elaboration has to be made

2(a)

Student 2 is correct and student 1 is
incorrect.

When the metal ion has a charge of 2+
in carbonate such as caicium
carbonate, the mass loss is 0.70g.
When the metal ion has a charge of 1+
in carbonate such as sodium
carbonate, there Is no mass loss.

However, it was also shown that when
the metal ion has a charge of 2+ in
carbonate such as copper (I
carbonate, the mass loss was 1.05g.

Thus, it cannot be concluded that the
thermal stability is dependent on the
charga of the metal ion.

Sodium being more reactive than
calcium which s more reactive than
copper, shows that there is a greater

(1]

1]

D)

Marks are awarded when candidates talk
about both student 1 and student 2, [2m)]
The last 1m is given when candidates
quote data.

Many candidates had a poor explanation.
Example, “ calcium more reactive than
zinc and hencs, it / calcium is more
tharmal stable..” / “Calcium carbonate is
more reactive than zinc carbonate”.

Candidates need to taks note that thermal
stability is referring to the metal carbonate
and not the metal. Vague explanation or
ambiguous explanation will not score.
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mass loss in metal carbanate which
contains a less reactive metal.

Example: No mass loss for sodium
carbonate but a mass loss of 0.70g for
cafcium carbonate and 1.05g for
copper(li) carbonate.

Hence, student2's conclusion is

correct,

Alternative 1
Student 1 is comrect but student 2 is
incorrect.

Na ion has a charge of +1 and its
carbonate did not decompose.

Other carbonatas in the table consists
metal ions of charge +2 and its
carbonate decompose, as shown by
the decrease in mass loss. Eg: Zinc
carbonate has a decrease in 0.70 g as
zinc carbonate decompaosae to form
zing oxide and carbon dioxide.

This shows that thermatl stability of
metal carbonate is dependent on the
charge of the metal ion.

Calcium more reactive than zing but
calcium carbonate has a higher mass
loss of 0.88 g when being heated as
compared to zinc carbonate with mass
loss of 0.70 g. This shows that more
reactive the metal, the metal carbonate
is not more thermal stable.

Alternative 2

Both students are incorrect.

When the metal ion has a charge of 2+
in carbonate such as calcium
carbanats, the mass loss is 0.70g.
When the melal ion has a charge of 1+
in carbonate such as sodium
carbonate, there is no mass loss.

However, It was also shown that when
tha metal ion has a charge of 2+ in
carbonate such as copper (I}
carbonate, the mass loss was 1.05g.

Thus, it cannct be concluded that the
thermal stability is dependent on the
charge of the metai ion. (Student 1 is
incorrect)

Calcium morereactive than zinc but
calclum carbonate has a higher mass
loss of 0.88 g when being heated as
compared to zn¢ carbonate with mass
lass of 0.70 g. This shows that more
reactive the metal, the metal carbonate
Is not more thermal stable. (Student 2
is incorrect)

{e)() 21 No key: minus [1] overall
{ii) Eqn link to statement
2NH.Cf + CaD  ~ CaCl+ 2NH; + HaO i1
Candidates failed to include balanced
Ammonia is formed and is released to equation. Some candidates faced
12
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the surrounding.
Hence, nitrogen content in the soil is
decreased.

difficulty in writing the correct products.

down the group has lower tendency
to gain electrons.

*Recall, reactive of the halogens
decreases down the group becauss
the attraction power for electron of the
atom decreases down the group as

the atomic size increases.

{ili)

Colourless solution turns reddish-
brown.

Cly + 2Br~ ~ Br; + 2CI-

Chlarine more reactive than bromine
displace bromine from aquecus
potassiurn bromide to form a reddish

brown bromine solution.

|

I

the original colour and the final colour
must be mentioned.

lonic eguation to be supported by
explanation.

Candidates are still facing difficulty in
constructing the correct ionic equation.
Some candidates are unable to write the
correct observation.

{iv)

Across the period, the
electronegativity increases (from 0.93

10 3.16).

0l

Candidates need to pay attention to the
command word of the question -
"describe the trend”, henca data should
be quoted. However, since the trend is
obvious and it was only a 1 mark
question, credit is given to all candidate.

{iif) In molten state, the giant ionic lattice | [1)
of calcium oxide breaks down.
The oppositely charged / Ga?* and 0% | [1]
are no longer held in fixed positions
and move relatively freely to carry the
electric current.
Hence, suitable to be used as
electrolyts.
{iv) | Positive slectrode: 20} - 0.g) + 4e I} With correct state symbols.
Negative sieclrode: Cat() + 2¢ - Ca(h | (1] Candidates have problem with writing the
. : correct state symbols and balancing the
z*o:_w. ﬁu.. avarall wwcﬂﬂuﬂwwm ::Hcm_. equation for the positive electrods. Some
Al placirons mustbe firg ANCE: candidates mention hydroxide ions are
2080 -~ 2Ce + O, discharged.
Elthe | Group VIl elements are non metals 1] No marks are awarded if candidates just
; ) mention about gaining or losing of
r 0
which gain electrons to achieve noble S ——
3{a)( gas configuration while Group |
) | i Marks will be awarded if candidates link
elements are metals which lose gaining/tosing dus to the metallic or non
valence electrons to achieve octat metallic character or the idea of achieving
: : noble gas configuraton.
configuration.
Some candidates did not talk about
Group L
(i) Down the group, the oxidising power | [1]
decreases because the elements
13

{v) Disagree. Across the periad, the [1] change is rejected: diraction of change
number of electron shell remains as 3 g _:nammm\.a.mnammm\_cém_.\,m&m_. ste:
must be specified.
but electronegativity increases.
{b) Down Group 1, melting point of 11 Candidates need to pay attention to the
o command word of the question - “Using
gigmelis decrsases oM 1B Cillo information provided”, hence data should
64°C while down Group VII, melting be quoted.
14
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point increase from -101°C to 114°C.

Down Group |, the metallic bond

becomes weaker. Thus, lesser

energy needed to overcome the bond.

Down Group VI, the intermolecular
forces of attraction becomes stronger
foacausa lhe molecular sizd becoites bigger]. ﬂj:m.
more anergy needed to overcome the

intermoleacular forces of attraction.

(1]

(1]

As the atomic size increases, the valence
slectrons are further away from the
positive metal nucleus, hence the
attraction force becomes weaker and thus
the metallic bond becomes weaker.

*bond is different from force.

eg. no BOND is present betwean
molecules. ONLY forces of attraction are
present before molecules.

Or
3(al

Number of moles of ethanol
= (1/48)
= 0.021739 mol

Enthalpy change of combustion of
ethanol

=0.021739 x -1367

=-29.7kJ/g

Thus, hydrogen gives greater output,

M

M

(1]

Allow ecf

Surprisingly, some candidates do not
know how to solve such question despite
such question has appeared in Q level
many thmes.

Some candidates fafled to cite the units or
forgot the negative sign.

Marks are awarded if students did include
negative sign but clear statement such as

“Energy output”, "Energy released" is
used.

ity

More energy is released during the
formation of bonds in water than the
total energy absorbed during bond

[1]: idea of more energy released than
absorbed

breaking in hydrogen and oxygen.

[1]: reactants & products mentioned /
specific bonds mentioned.

Many candidates forgot that oxygen is
one of the reactants. Some candidates
talked about formation of carbon dioxide.

i)

During photosynthesis, sugar cane 1]
takes in the carbon dioxide. Hence,
carbon dioxide producsd from buming
of fuel will notresult in increase in
amount of carmon dioxide being
added.

This question was generally well
attempted.

(k)i

Hydrogen ionhas one single proton M
in its nucleus but no electrons at all.

No marks are awarded if candidates just
mention because hydrogen ion has +1
charge, like a proton.

Clear explaination is expected from
candidates to mention idea about protons
and elsctrons.

oy
\ / _ activalion energy {1
reactants / ./, ]

/ enthal
(AHis

Progress of 1

(i) AtoB 1 This question was generally well
attempted.

fii} |2H2+0: 2HO0 [ This question was generally well
attempted.

{ivy | Eneroy 121 [1] Formula of reactants and products,

tabel for enthalpy change

[1] showing an exothermic energy profile
diagram with correct axis.

166

examguru 2017



