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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
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4  The following apparatus is commonly used to oxidise ethanol to ethanoic acid.

S—p water out

condenser

waterin —» =]

ethanel 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
A\
A\
I N relative .
? molecular mass I relative
70 72 74 7 maolecular mass
70 72 74
‘ c D
relative relative
abundance abundance
A\ A
| N relative | N 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®
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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 —— -

aqueous sodium agueous
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.

350°C

% conversion
to ammonia

450°C

550°C

0 100 200 300 400
pressure (atm)

Which of the following is not true?

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%.

oo w>»

21  You are given the information below:

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
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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.

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

C  The number of bonds broken is greater than the number of bonds formed.
D 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
Il Cl, > 2CI

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

A landll

B I IllandIV
C lland IV

D I,Mland IV
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25 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
F 3
it BRI Ry e et
N e -
~ e
~ - T
~ -
™ -
. -
-
KA
’ ™.
c.’ T
I' ‘."‘....
’. -n.-_‘-- D
;
y

» time / min

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

reduction?

A ammonium
B chloride

C nitrate

D sulfate

27 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

28 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?

A 30cm’
B 60cm®
C 180cm’
D 240cm’

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

A B c D
O, W O, W
CUH HZn Zn Mg Pbﬂ DCu Pbﬂ HMg
sodium chioride distilled water dilute sugar
solution hydrochloric acid soluticn

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?

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.

oo w>»

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

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.

ooOow>»
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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

[ L ‘\ Q—-ﬁ- product A
e 4

gl || pmp e
ydh 3 .T‘: e —» product C

) x "' L }
furnace ©

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

C I, land i

D All of the above
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36 Poly(ethene) can be manufactured by the processes below.

decane Cfack"lg__, 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 molecular
size size
' - -
start finish start finish

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

A CH3COOC;Hs
B C,HsCOOCHj3
C CH3COOCH;
D CyHsCOOC:Hs

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?

H H H
\ ! \
C—C=H O H H
// ! \ i I
. - C—C—C—O0-H
H-C V.
H o b H
] v
H\ ,H
H H H H o) H H 0
| ] | / \ : : /
H"O_?_?_?_N\ c—C=C—C
H H H H / \
O (o}
A Llland
B LIllandIV
C llandlll
D All of the above
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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 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]
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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
S —

L s

— ==

(@) 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
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() 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]
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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.

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.

cury Thabium Lead Bisnwth Polonium Astatine Radon
8l 82 43 #

278

position of nihonium $ Nh
in Pericdic Table Nihonium

113

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

%Bi + [7Zn — ['Nh+ particle X

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

Preliminary Examination 4E5N Chemistry 2016 5073/2
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(b) 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.

(c) 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]
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A4 An oxyacid is an acid that contains an oxygen atom bonded to a hydrogen atom and
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]

(b) (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.

(c) Hypochlorous acid (HOC/) can be made from dichlorine monoxide gas (C/0O). 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]
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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.

volume of hydrogen
gas collected
(cm?)

experiment 2

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]
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A7 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.

(a) 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
W
//’f N ‘\\Re
Ta/ \
3000} T ¥
/ ~
J i . R_!'] \'\
/' #Nb Ar
Hf : Tc \
Cr ""\
Z -~ RhY, \ Pt
2000 <~ VN \
Ti~~ \\\ F‘_e—_‘ Pd \
” S
.'\ /',’ Co NI\\‘\
Mn \f’_\‘.‘\cu
‘.‘H.Au
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
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(i) across the periods.

(b) How does the information show that the transition metals in Period 4 are solids at
room temperature and pressure?

(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
(€ (Cu) (Au) (Fe) (Ag)
chromium nitrate solution - x x x x
copper(ll) nitrate solution \ - x N x
gold nitrate solution v \ - \ N
iron(lll) 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
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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) dOWn 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.

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
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(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. [3]
[total: 10]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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B10 The table below shows some information regarding three polymers — Kodel®,

polyglycine and Teflon®.

name structure
O O H H
Kodel® H O H ‘ O ‘
C C O (‘3 T—O
H H A
H I-|| O
polyglycine IL—C C}
[
|
Teflon® r("; C —I
L

(a)

(b)

Preliminary Examination 4E5N Chemistry 2016 5073/2

Draw and name the linkage found in polyglycine.

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

[2]

[2]
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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]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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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
o RH
methoxy ethane CH30C,Hs H-t;J—O—t;J—(;J—H
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
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(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]

Preliminary Examination 4E5N Chemistry 2016 5073/2
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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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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

energy
NH{ag}+ NO {aq}

e

progress of reaction
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A3 (a) 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.

(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.

A4 (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

R Cl cf 7
" s

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

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

A5 (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;

5

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

x1

(c) number of mole of HC/ used

(d) Refer to the diagram below for marking scheme

L)

experiment 4

volume of hydrogen

expernment 1
gas collected =

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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A6 (ai) Electrode W diminishes in size. OR

Electrode X is coated with a layer of pinkish brown / brown deposit.
OR Electrode X increases in size.

(aii) 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.

(bi) From green to violet

(bii) 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.

A7 (a) 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.

(b) limestone
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(c) Weak acid refers to a substance that partially dissociates to form

hydrogen ions when dissolved in water.
(d) 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.

(ei) The high temperature due to the volcanoes around Iceland causes the

speed of reaction / conversion to increase.

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

conversion may not be achievable.

Paper 1 Section B [30 marks]

Section B

B8 (ai) 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.

(aii) 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.

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

(ci) Cr, Fe, Cu, Ag, Au

(cii) Cu(s) + 2Ag*(aq) > Cu®*(aq) + 2Ag(s)

(di) across the period: decreases
(dii) down the period: decreases
(e) cobalt
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B9 (a) P4Os¢

(b) 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.

(c) 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.

(d)

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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B10 Either

(a) Name of linkage: amide

Draw structure of linkage as shown below.

|C|) H
C N
(b) Draw the monomers as shown below.
ﬁ ﬁ H H
H—O—C C—O0O—H HO(|:—<:>— ‘ —O0—H
| |
H H

(c) Draw the monomer as shown below.

F F
|
T
F F

(di) CgaF4+ Cl, > CoF4Cly

(dii) 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.

(e) 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.

B10 OR
(ai) methoxy butane

Draw the structure as shown below.

(aii) Draw the isomers as shown below.

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

I-O-IT
1
1
I—(;'.'J—I
I

I-O0-O-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.

ammonium

gas to be collected

sulfate
crystals

i
|1
drying
agent

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

Drying agent

Gas collection method

Anhydrous calcium chloride

Water displacement

Concentrated sulfuric acid

Downward delivery

Anhydrous calcium chloride

Upward delivery

oo m>»

Concentrated sulfuric acid

Upward delivery

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).

o=~

mixture of ‘

Xand¥Y ‘

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.

At P and at 70°C
At P and at 535°C
At Qand at 70°C
At Q and at 535°C

OO m >

3
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4

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 — -
T

. rotate™

® clockwise

' 90° *

i ® @

é original ® ]

T locationof X——{ _____®_®
—(’\,_

X |
| 1 - -

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 A

D

e
|

Temperature {°C}

Which substance is the most suitable to be collected by crystallization from its hot saturated
aqueous solution?

4
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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

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

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

initial water level

X— =

i

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

- —porous pot

inverted beaksr

water

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 >

Substance | Melting point/ °C | Boiling point/ °C
Argon -189 -186
Nitrogen -210 -196
Oxygen -218 -183

5
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6

Which of the following pairs consists of two mixtures?

Petrol and air

Sugar and bronze

Steel and hydrogen chloride
Petroleum and sulfur dioxide

OO mw >

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 mw >

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 >

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 >

6
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12 Study the molecule below:
Z Y
I I
I—W=W—W— X —W—7Z
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 Il 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

Il 0—0pn o \'
O Oi@"

carbon

% § g ?‘g );éc-\ 3 S atom
O 0

carbon
atom

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

[l only

I and Ill only

I, Iand IV only
I, I, and Il only

OO m >

7

Need a home tutor? Visit us at www.championtutcﬁ.”t:om



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, Il'and 1l 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 mw >

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 >

8

Need a home tutor? Visit us at www.championtutcﬁfbom



9

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

19

20

at the end of the reaction.

OO m >

40.0%
62.5%
80.0%
83.3%

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

A
B
C

D

Reactivity increases down the group.
Melting point decreases down the group.
All Group | metals can react with cold water and the resultant solution turns red litmus

paper blue.

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

Which graph correctly describes a trend down Group VII?

A colour
intensity

C boiliag
point

F Y B
T T -
Ci, Br, |,
4 D
T T -
GCi, Br |

strengthof &

intermolecular
forces of
attraction

oxidising A
power

9
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22

23

10

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

vapour X

LY

gently heated up JH “{
X\

with a Bunsen flame

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

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 >

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

No visible change.

Pale yellow solution turns brown.
Pale green solution turns brown.
Pale yellow solution turns pale green.

OO m >

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

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

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

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

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.

14 14
12J~ T 112
104 : 10
¥ 3 T8 u
6l - 6
4 | ; 4
0 f 0

0 10 20 300 40 50 60
Volume of 0.1 mol/dm? NaQOH added

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

OO m >

Methyl orange only

Bromothymol blue only

Bromothymol blue and phenolphthalein only

Methyl orange, bromothymol blue and phenolphthalein

11

Need a home tutor? Visit us at www.championtutc§§:om



26

27

28

29

12

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 >

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 mw >

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

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 &
ofgas | e

12
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30 Which gases can be removed by factories using moist calcium carbonate?

NO, NO,, SO,
HCI, NO, CH,4
CO, NO,, CH4
HCI, NO,, SO,

OO mw >

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.

gasX_ [T saja¥ -

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

13
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33 Three metals were added into three aqueous salts as shown.

metal R metal

agueous salt
of metal P

agueous salt
of metal R

metal P displaced ne reaction
metal P

aqueous salt
of metat O

metal Q 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 — nitragen

+— boiled water — boiled water

— fron strip partially
coated with paint

—iron strip partially
coated with plastic

Test-tube W Test-tube ¥

b

—— air air

— tap water tap water

iron strip partially
coated with zing

— iron strip partially
coated with lead

Test-tube X Test-tube 2

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

A Xonly
B Zonly
C XandZonly
D WandXonly

14
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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?

A —@‘ B _@ﬁ

Cu Cu Zn

-HC/(ag) —+— CuS0 (aq)

C ’”'""h D A1

Cu
L P Helag) = —Hetag

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?

A _ ﬁlli B ‘—III}—]

C Ci
|| CuClZ.(conc] H,S0,(aq)

pial] oy o
Ag & Pt Pt
AgNO.(aq)

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

- NaBr(conc)

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.

OO m >

15
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38 The structures of molecules X and Y are shown below.

H H
H H H H H \C/ H
| [ ] N N
H—(C—C—C—C—~C—(C—H / / \
R NN
N\ >

H H

Molecule X MoleculeY

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

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.

OO m >

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

40

H H H H H 0 H H OH H
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
H H H H H H H
Substance X Substance ¥

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

Adding copper metal

Aqueous sodium carbonate

Bromine under ultraviolet light

Warm acidified potassium manganate(VIl) solution

OO m >

The diagram below shows an organic molecule.

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

None
One
Two
Three

OO mw >

End of Paper 1
16
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Answers to Section A: Circle the most appropriate answer to each question.

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

17
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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:

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: [1]
(i) A mixture of Xand Y: [1]
(iii) A mixture of Y and Z: [1]
(iv) A mixture of W, X and water: [2]
1.
2.
3
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(b) Chromatography is used by ‘Horse Racing Forensic Laboratory’ to test for the
presence of illegal drugs in racehorses.

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)

- ) = e sttt —}

1

Pl

345 ¢

Calculate the Rf value of winstrol?

solvent front

Spot Pescription

- wintstrol

demorphin

urine sample horse A
urine sample horse B
urine sample horse C
urine sample horse D

A |Wwiaal -

start line

[1]

Will the R¢ 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

chromatogram?

light, when used to analyse the [1]

[9 Marks]

4
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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.

(a)

(b)

(c)

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

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

(i)

(ii)

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.

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

5
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(d) Describe the procedures required to obtain pure, dry silicon(lV) oxide from a mixture [3]
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, [2]
describe the trend in strength within the carboxylic acid homologous series.

6
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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.

Valume of
Hz/ dm®

12 —

» Timejs

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

(i) On the same diagram, sketch a graph of the reaction when propanoic acid is [2]
used. Label this graph as A.

(ii) On the same diagram, sketch another graph of the reaction using nitric acid. [2]
Label this graph as B.

(iiif) On the same diagram, sketch another graph of the reaction using oxalic acid. [2]
Label this graph as C.

(iv) Another student carried out the experiment with magnesium and oxalic acid [2]
dissolved in methylbenzene. Write down the observation. Explain your answer.

[12 Marks]

7
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A4 a The flow chart below shows a series of chemical tests involving substances A to E.

Give the chemical formula of substances A to E. [5]
A: B:

D: E:

Write down the ionic equation for the formation of precipitate C.

[1]

[6 Marks]

A5 a 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.

8
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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
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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

T A T
’ I)elcaarilt,l' :‘Jf Changes in Lns{.fmm seas
._l !a}n t sz— Lind use and oceans
rebpll;(;“m Photosynthesis - Buming fossil -
40? fuel.s'
" ;' % | Changes in 20 —
‘ ‘3 s dnd u SOUtion 1n seas
31‘; é‘ f \ {(\\ 5 = | and oceans
? LT; 337
Ve S0
xm-% <

~

(@) (i) Sources of carbon dioxide contributors are not only limited to the features shown [1]
above. Suggest another source of carbon dioxide emission which is not
included in the carbon cycle diagram.

(i) 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 [2]
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) [1]
trap and store carbon.

11
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(b) 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 [2]
being acidified.

(ii) The burning of fossil fuels such as coal also releases another gas that [1]
contributes to ocean acidification. Name this gas.

(iiif) What chemical can be used by factories to remove the gas in (b)(ii)? [1]

(iv) Write the chemical equation for the reaction in (b)(iii). [1]

(c) Many marine organisms produce calcium carbonate structures and use them as aform [1]
of shelter. Suggest how ocean acidification will affect these organisms.

[10 Marks]

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

e

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

Yield of amonia (%)

0 100 200 300 400

Pressure (atmospheres)

(@) From the graph, describe the relationship between temperature, pressure and the yield [2]
of ammonia.

(b) (i) Calculate the enthalpy change for the Haber process using the bond energies [2]

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

13
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(i) From the answer in b(i), explain why the reaction is exothermic or endothermic in [2]
terms of bond breaking and bond formation.

(c) (i) State the conditions commonly used by industries to carry out the Haber process. [1]

(ii) With the aid of a labelled energy profile diagram, explain how a catalyst affects [3]
the rate reaction in the Haber process.

[10 Marks]

14
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EITHER

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.

Pure
Copper p— Copper

Aqueous silver
nitrate solution

(@) (i) The student failed to extract copper from the impure copper. State two changes [2]
that have to be made to the set up above for the purification process to be carried
out properly.

(ii) If the anode in the student’s set-up is changed to graphite, what will be [2]
observed at the anode and what happens to the pH of the electrolyte after some
time?

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):

0, (air)
Il |

Electrolyte Electrolyte

_ HY -
co, {mmm — > H,0
(=) (+)
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. [2]

(ii) If 4.00 moles of electrons flow through the electrical appliance, what is the [2]
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 [2]
of using hydrogen instead of ethanol in a fuel cell.

[10 Marks]

16

Need a home tutor? Visit us at www.championtutcﬁQ:om



17

OR

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

(@) () 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
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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) Identify and draw the full structural formulae of compounds P, Q, and R. [3]
P: Q:
R:
18
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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
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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,

c 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 = CgH 1,06 + 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),, CaCOs,

biv | CaCO;+ SO, » CaSO; + CO,

OR

CaO + SO, » CaS0;

OR

CaCO3z+ H,SO; » CaS0O; + CO, + H,O
OR

Ca(OH), + SO, » CaSO;+ H,O

c Acids can react with/corrode/remove/destroy the carbonate structures
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B8 | a 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 |ai | Switch the polarity of the battery OR swap the positions of the electrodes
Eit Change the electrolyte to aqueous copper(ll) nitrate/chloride/sulfate
her

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®

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

Hydrogen gas needs to be liquefied

B9 | ai 4 mol
OR

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)
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OR
aqueous sodium carbonate

is added to retinoic acid.

bi

T

|
ITrT— o0 — I

|

t— T

I

t— I

R:

H—C

bii

Hydrogen gas or H,

biii

Acidified
Aqueous potassium manganate(VII)

biv

Propyl propanoate

bv

CH3;CH,NH,
OR
C,HsNH,
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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?

A B

J, K, L, M and 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?

ooOw>
o h O
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3. A mixture containing equal volumes of hexane (boiling point, 68°C) and heptane
(boiling point, 98°C) is separated using the apparatus shown below.

e |

thermometar ——

mixture
of liquids T

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

4. 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>»
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5. 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

6. 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
aP
u fy"’—/

i

Temperatuse (*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.
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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*
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10.

1.

12.

Which of the following diagrams correctly represent a mixture of element(s) and

compound(s)?
A B
C D

o0

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 KMnOa

remains colourless

changes from purple to colourless

remains colourless

changes from colourless to purple

changes from colourless to brown

changes from purple to colourless

o0 w>»

changes from brown to colourless

changes from colourless to purple

Ethanoyl chloride has the following structure.

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

ooOw>»

10
14
16
26
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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.

17.

18.

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

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.

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?

A WON -

addition of dilute hydrochloric acid
addition of aqueous sodium sulfate
addition of aqueous potassium iodide
addition of aqueous sodium hydroxide

ooOw>

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

20.

21.

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>

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>»

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,

23.

24,

The formula of a nitride of element X is XsN2.
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

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>

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

—fi —

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 C D
lead(II) potassium silver
nitrate 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
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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.

3
Mducts

y 3

energy E, AH

reactanis

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
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30.

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
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31. Alittle 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
X
K_H

» Time/min

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

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.

ooOw>

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

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

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

Which statement is correct?

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.

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

A

proportion
of carbon

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

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

-——— aqueous 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
column f?“’ A
il i
i == B
T i=—~C

petroleum L ge~-D

|

U“ ,_)J _I'_'\_I'_'l_lr_l_|:_" E

furnace —-j

Iy My M=y
)
L:+G

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.

i H i f i
H-C-H H-C-H H-C-H H-C-H H-C-H

y Y R T | w o
H-E-H  HCoH H-C———C—H H-C C-H H-C—=—C—C-H  H-C—~—C—=C-H

LT T T T T
H-(’:_.¢_(I:-H H_(I:-H H-flj—H H—(I:—H H-(l?-H H-(ll-H

H H H H H H H H

1 2 3 a 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
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39.

40.

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

Long chain
Hydrocarbons

heat with

Substance P used as a
rocket fuel

Substance Q used to

catalyst

substance P

ooOw>

ethanol

ethanol
hydrogen
hydrogen

make plastics

/|

other products

substance Q
ethane
ethene
ethane
ethene

Part of a polyester chain is shown below:

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

H—

7 i
|
O— C— — C—O—H
H— O— — O—H
7
H—Q— C— — O—H
—O—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)
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(a)

(b)

(c)

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

A Seawater

K,HPO, (0.3 mol/dm?)

MgSO, (0.3 mol/dm?)

MgS0,{0.T mol/dm?)
¢ K,HPO, (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.

Page 4 of 14

Need a home tutor? Visit us at Www.championtuﬂ)}.Q:om



(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
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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]
Page 7 of 14

Need a home tutor? Visit us at www.championtuﬂ)}%om



(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 v CHoCHy ©
. |l

O——HC——CH£L—— 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.
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(b) Acrylamide hydrolyses to form acrylic acid. The structural formula of acrylic
acid is shown below.

H\
H/

_H
C—C
“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

Need a home tutor? Visit us at www.championtuﬂ)}.fbom



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

(c)

a chloride solution of D.

........................................................................................ [2]

(if) Use the information in the table to explain why these changes occur.
....................................................................................... [2]

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.

[3]
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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.

X and water

—

clean gas (mainly carbon

purification H dioxide and air)

chamber '\f

flue gas /=
E,, J

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 -
Page 12 of 14
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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

Concentration/moldm™

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
e I
° |
S | I
£ I
= I
Ke) |
© I
= l Reacta!n_ts
(O] I
Q I
[
o |
O |
0 Equilibri >
quitibriim 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

Fy
Concentration of H:

Concentration of Np

Concentration of NH; E 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.

Page 3 of 12
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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.

Page 5 of 12
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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
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(iii) Suggest why there is no value stated for the ionic radius of argon.

Either

[Total: 10]

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]

Page 7 of 12
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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
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.

(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.

Page 9 of 12

Need a home tutor? Visit us at WWW.championtuﬂr?r.700m




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

(d) 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 CuSOq4; 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]

(b) Use powdered sulfur. [1]

There are larger surface area for the particles to collide on, [1]
thus frequency of effective collision increase. [1]
OR
Increase the pressure. [1]
There will be more particles per unit area, thus frequency [1]
of effective collision increase. [1]
OR
Increase the temperature. [1]
The particles move faster and more particles have energy | [1]
greater or equal to the activation enerqy, thus frequency [1]

of effective collision increase.

/

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

[1]
[1]

A3 | (a) As the concentration increases, the volume of hydrogen
produced increases. [1]
(b) | (i) | Cathode: 2H* (aq) + 2e = H2(g) [1]
Anode: 40H" (aq) = 2H20 (/) + O2 (g) + 4e [1]
(i) | Mol of Hz2 produced = 0.02/24 = 0.0008333 mol [1]
Mol of e = 0.0008333*2 = 0.001667 mol [1]
Mol of O2 = 0.001667/4 = 0.0004167 mol
Vol of O2 = 0.0004167*24 = 0.0100 dm? or 10.0cm? [1]
Can accept (18 to 20 cm?)
Ans: 9.00cm? to 10.0 cm?3
(c) | (i) | Vol of H2 = 0 cm? (horizontal line) [1]
(i) | Distilled water contains very few ions/no mobile ions and | [1]
thus is a poor conductor of electricity.
Hence, no electrolysis occur and thus no hydrogen gas is [1]
produced. /No discharge of H* ions.
1
A4 | (a) Substitution [1]

e

2]

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

[1]
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H cONH, Jn "
(ii) [1]
CH ] !,, i,)
H-0- C C C-0-H
u—! H
[1]
C H (H 3 H O
HO- c —’~c C-0-H
H f
(iii) | By products such as water is produced during condensation | [1]
polymerisation, but there is only one product in addition
polymerisation.
Condensation polymer is made up of monomers containing | [1]
2 functional groups (-COOH and -OH group) while addition
polymer is made up of monomer with 1 functional group
(C=C).
(b) | (i) | The aqueous bromine changes from reddish brown to [1]
colourless.
(il nH [1]
e H A
c=C  F br-Br S5 H-C-¢-C
N L\ Br  lr
0-H
A6 | (a) Copper(ll) carbonate [1]

CuCOs + 2HCI & CuCl2 + H20 + CO2

[1]
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(b) | (i) | Reddish brown solid formed. [1]
Colour of solution changes from blue to colourless. [1]

(i) | Since B can react with acid but not D, B is more reactive than | [1]
D.
Thus B can displace D from its aqueous solution, forming | [1]
D which is a reddish brown solid and a chloride solution of B.

(c¢) | (i) | NaOH + HCI > NaCl + H20 [1]
Mol of NaOH = 10/1000*1 = 0.01 mol
Mol of HCI = 0.01 mol [1]
Mol of HCI added initially = 30/1000*1 = 0.03 mol
Mol of HCI that react with CuCOs3 = 0.03 — 0.01 = 0.02mol [1]
(i) | Mol of CuO =0.02/2 =0.01 mol [1]
Mass of CuO =0.01*80=0.8g [1]
% purity = 0.8/3*100 = 26.7% [1]
A7 (a) | CaCOs/ calcium carbonate [1]
CaCOs3 + SO2 > CaSO0s3 + CO2 [1]
(b) | NO will be oxidised by oxygen in the air to form nitrogen [1]
dioxide.

Nitrogen dioxide will then react with oxygen and water in the [1]
air to form nitric acid which causes acid rain.

(c) | Calcium carbonate is very much less soluble, with a solubility | [1]
of 6.17 x 10-* g/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 | [1]
acidity on soil/surface in contact/ cannot penetrate soil to
neutralise acid deeper down [1].

Section B

B8 | (a) For irreversible reactions, concentration of reactants [1]
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 [1]
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.
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OR
For reversible reaction, products are constantly converted
back to reactants as reactants react to form product.

(b)

(i)

Fy
Concentration of H:

Concentration of Np

Concentration of NH; &

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) SO3 has a higher melting and boiling point compared to SO2 | [1]
because it has a relative molecular mass/ larger surface
area/more electrons.

Thus the intermolecular forces of attraction is stronger. [1]
More energy is needed to overcome it.

() | () |2:2;2; [1]
3;3;3 [1]

(i) | anions consist of 1 more electron shells compared to [1]
cations, thus radius of cations are generally smaller.

(iii) | Argon has a stable electronic configuration and thus do [1]
not form ions.

B10 | (a) Ca(OH)2 (aq) + H2S04(sq) > CaSO0Oa4(s) + 2H20(1) [2]
(E)
(b) Test tube 1: yellow [1]
Test tube 5:red
(c) 4cm [11
Mol of calcium hydroxide = 0.5*0.005 = 0.0025mol [1]
Mol of sulfuric acid = 1*0.0035 = 0.0035 mol
Since mol ratio of calcium hydroxide: sulphuric acid = 1:1, [1]

Calcium hydroxide is the limiting reagent.

(d) | () Electrical [1]

conductivity/uScm-!
A

» test tube number

(i) | The electrical conductivity decreases from test tube 1 and [1]
reaches 0O at test tube 4 because CaSQs is being
precipitated out and thus ions decreases.

[1]

Need a home tutor? Visit us at www.championtutb?’rzcom



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

[1]
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.
B10 | (a) The particles changes from vibrate about fixed position to | [1]
(or) moving freely throughout the liquid.

The particles changes from pack closely together in an [1]

orderly arrangement to slightly further apart in
disorderly arrangement.

(b) No, It is a strong acid as it dissociate completely in water | [1]
and not due to it having high concentration of hydrogen ions.

(c) | (i) | Acid can react with Fe203 which is a basic oxide to give [1]
soluble salt and water. [1]
(i) | Attach a more reactive metal such as zinc to the [1]
underground pipes. It will corrode in place of iron, thus [1]
protecting iron from rusting.
(d) Advantages:

- Sulfamic acid will corrode the metals that it is cleaning to | [1]
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 [1]
bleach to produce Cl2 which is toxic.
Disadvantage:

- Itis 2.5 times more expensive than HCI. [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?

oo mw>»

Carbon
bezker —
e dickide
Porous
pot E
] 1Y
___ water

Chlorine
Oxygen
Nitrogen dioxide
Sulfur dioxide

3
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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

|

Li Be B C M 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
X
Y U ' final position of dye
y

.'//f__,.., original spot of dye

:Z: : ___________________ ariginal 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 [and 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.

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

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

A -180°C
B -185°C
C -187°C
D -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?

XCl4
XClz
XCl

X2Cl

oo m>»

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?

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.

oo m>»

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

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

OO w>»
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16 The table below shows the properties of some elements, W, X, Y and Z in Period 3.

w X Y V4
Appearance
at room Silvery grey Yellow solid Silvery 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?

A W XY, Z
B WY, XZ
CcC YW, X Z
D Z XYW

17 Three experiments are carried out to determine the reactivity of three unknown halogens.
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) > 2X " (aq) + Yz(aq)

Predict the reactivity of the halogens in decreasing order.

XY, Z
X, Z,Y
Z,Y, X
Z, XY

oo w>»
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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; —feat_s5 cuo + CO,

CuO +SnO —— > Cu + SnO;

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?

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>»

11

Need a home tutor? Visit us at www.championtuﬂb"r?com



23 Calcium carbonate reacts with dilute hydrochloric acid as shown:

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

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

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>»

Total volume of gas produced
(measured at r.ip.)

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?

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.

oo mw>»

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

LS

50 uncatalysed reaction

40 catalysed reaction

30
20
10

» Feaction progress
What is the activation energy of the reverse reaction that is catalysed?

-40kJ
-10kJ
+30kJ
+40kJ

OO mw>»
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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
|

+ & I - ~
® | ®
moist ﬁlter)ﬁ, 'l
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

Need a home tutor? Visit us at www.championtuﬂbﬁ%om



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

battery
+ | -

||----I

bulb

metal ring copper electrode

_:.,ﬁ aqueous copper(Il)
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?

AU V Cu w
B U Cu \Y w
cC WYV Cu U
D W Cu Vv u

31 The diagram shows an electrolysis circuit. At which electrode is hydrogen formed?

k-]
||'I

Aqueous sodium
chloride

Aqueous silver
nitrate

16
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32 In an electrochemical cell shown below, which arrow indicates the spontaneous electron
flow?

>
|

salt bridge

B

|

:Ek

\

24 AgNOs -

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

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
A Acid rain Depletion of the ozone Global warming
layer
B Depletion of the ozone Acid rain Global warming
layer
c Depletion of the ozone Global warming Acid rain
layer
D Global warming Depletion of the ozone Acid rain
layer
18
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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
water vapour

% by volume of % by volume of
nitrogen monoxide carbon dioxide

Car without 11.00
catalytic converter 67.60 12.00
Car with catalytic 23,60 3035 41.10

converter

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 =

Q ) o]
+ | I l _
H,;N—CH—C—N—CH— C—N—CH— C—N—CH,— C0,
| Ho R H
CH, CH,SH CH,OH
19
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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.

T
-

Which of the following structures is the organic compound R most likely to be?

-

.

H
|
e
H Br

Ir— ﬁ —XI

A

]
Br :I:_T C_(l: Br
H H H
B
I!l-l H
c c c l:
| |
H H
C
H H H
I [
H——T—T:C—T—H
H H H
D H H
| | ]
T::T—C:l’l_:
H 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
and filter
A 4
Add excess sodium
residue hydroxide to filtrate
and filter
A 4
Precipitate B
residue

(a)

(b)

\4

Mixture of precipitate C
and precipitate D

ammonia and fil

A 4

filtrate

\4

Colourless solution

Add excess aqueous

ter

A 4

A

y

Precipitate E

It is known that solution A contains 1 anion. Suggest the identity of this anion. Give

a reason for your answer.

Solution F

Identity Of @nion & ... .o

REASON & o

Describe a test to confirm the anion you named in part (a).

[2]

For
Examiner’s
Use
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(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 & ...

For
Examiner’s
Use
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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

(a) Which graph represents the results for hydrochloric acid? Explain your answer in
terms of particle collision.
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(b)

(c)

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]

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.

(@)
(b)

(c)

symbol number of number of number of
protons electrons neutrons
2105 . )
2UAL | e | e
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]

For
Examiner’s
Use
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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.oooiiiinl, [3]

(e) 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]
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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

e

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]

Need a home tutor? Visit us at www.championtuﬂﬁ‘i:om



(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.

For
Examiner’s
Use

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.

ammeter

beaker

copper electrode C2

copper electrode C1

Cell A

(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.

aqueous copper(ll)
sulfate

—

——— beaker

platinum electrode P2

platinum electrode P1

aqueous copper(ll)
sulfate

CellB

Change(s), if any

Change(s), if any

Electrode C1

Electrode P1

Electrode C2

Electrode P2

Electrolyte
(Cell A)

Electrolyte
(Cell B)

[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.

N2Hs () + 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.

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]

(b) Suggest a reason why oxygen is the most abundant element in the earth’s crust.

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

(c) 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) Briefly describe one advantage and one disadvantage of recycling metals.

AQVaAN G & oo

...................................................................................................... 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 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.

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 ...... and Solid ......

Metal carbonates : Solid ...... and Solid ...... [1

[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.

Hydrogen Storage Tank

Glores hydrogen gas
compressed al extramely
high pressure:

Power Control Unit

Governs the: flow of
electricty

| High-Output Battery

"/ Stores energy generated

Electric Mator Fuel Cell Stack from regenerative braking

) . and provides supplemental
Propels the vehicld much more Conwverts hydrogan gas power to the elgeinic molar
quietly; smaothly; and and moygen into
efficiently than an internal electricity to power the
combustion gngine and alectric mater
regquires fess maintenance

The diagram below shows the hydrogen-oxygen fuel cell used in such a car.

external circuit

hydrogen in ————

-— OxXygen in

| elactrolyte

| positive slectrode

negative 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) — 4HO(l) + 4e
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(@) Write the overall equation for the reaction in the fuel cell.

........................................................................................................ [1]
(b) Briefly explain why the use of fuel cells does not cause pollution at the point of use.

........................................................................................................ [1]
(c) Suggest why the use of fuel cells may still generate pollution.

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

(d) Manufacturers claim that hydrogen is a renewable fuel. Do you agree? Explain
your answer.

........................................................................................................ [1]
(e) Give a source of oxygen.

........................................................................................................ [1]
(f)  Suggest why the hydrogen and oxygen must be kept apart.

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

(g) 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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(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 =TT
Z"‘%—
S bz Water out
N “'|—"

e r

= Tube X

__’—:—_7“—— Styrene +
— —/ kerosene
Heat

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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DATA SHEET
The Periodic Table of the Elements

Group
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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

and filter

\ 4

Add excess sodium
residue hydroxide to filtrate
and filter
A 4
Precipitate B
residue filtrate
\4 \4
Mixture of precipitate C Colourless solution

and precipitate D

Add excess aqueous
ammonia and filter

A 4

A 4 \4
Precipitate E Solution F

(a) Itis known that solution A contains 1 anion. Suggest the identity of this anion. Give
a reason for your answer.

Identity of anion : Nitrate 1m

Reason : All nitrates are soluble 1m [2]

(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
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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

For
Examiner’s
Use
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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.

(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

For
Examiner’s
Use
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(b)

(c)

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.

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.

(@)
(b)

(c)

symbol number of number of number of
protons electrons neutrons
ZaAL oo 85 i | e 85 i [ e 125
PRAL | 85 ] L85 ] L 126
Complete the table above. All correct 1m (1]

What are isotopes?

Atoms of same element with same number of protons but different number

of neutrons 1m

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

Draw the ‘dot-and-cross’ diagram for an astatine molecule, showing only the outer
shell electrons.

I,/ \\\ I// \\\

! \ Correct number
8 At 8 At 8 of electrons and
| k 1 pair of shared
N / electrons 1m

00 00

[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
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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

e

Conical flask

Acetylsalicylic acid
solution

The results were as follows :

For
Examiner’s
Use

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

taken.

All the acetylsalicylic acid is dissolved in the water regardless of its volume 1m

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

(b) Explain why it is not important to know the volume of the aspirin solution originally

No of moles of NaOH = (23.0/1000) x 0.01 = 0.00023
Hence, no of moles of acid present = 0.00023 1m

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

(c) Calculate the number of moles of sodium hydroxide solution added. Hence,
calculate the percentage of acetylsalicylic acid in the aspirin tablet.

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]
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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

|

CellA

aqueous copper(ll)
sulfate

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]

[Total: 5]

For
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Use

Need a home tutor? Visit us at www.championtutb?ﬁ:om



For
Examiner’s
Use

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.

N2Hs () + 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.

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]

(b) 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]

(c) 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]

Need a home tutor? Visit us at www.championtuﬂﬁﬁ:om



(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.

Hydrogen Storage Tank

Glores hydrogen gas
compressed al extramely
high pressure:

Power Control Unit

Governs the: flow of
electricty

| High-Output Battery

"/ Stores energy generated

Electric Mator Fuel Cell Stack from regenerative braking

) . and provides supplemental
Propels the vehicld much more Conwverts hydrogan gas power to the elgeinic molar
quietly; smaothly; and and moygen into
efficiently than an internal electricity to power the
combustion gngine and alectric mater
regquires fess maintenance

The diagram below shows the hydrogen-oxygen fuel cell used in such a car.

external circuit

hydrogen in ————

-— OxXygen in

| elactrolyte

| positive slectrode

negative 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) — 4HO(l) + 4e
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(@) Write the overall equation for the reaction in the fuel cell.

2H, (@) + Op(@) — 2H,O() 1m [1]

(b) 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

(c) 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

(d) 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]

(e) Give a source of oxygen.

oxygen from the air/fractional distillation of liquid air 1m [

(f)  Suggest why the hydrogen and oxygen must be kept apart.

Hydrogen and oxygen can react explosively if a spark is present 1m

(g) 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 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?
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
H. />
H \/C\H H
Cc=C
/ \
H H

(e) Draw the structures of the other 2 isomers of butene.

H H
I
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.

=TT T
H CHs3H CHsH CH;
—C—C—C—C—C—C— or -(f;_([%__(:;_(';ié_éf
[ R N CH3 H CHy 1 CHy h
H H H H H H
Tl T
or -G G G [ G Gc— ]
| | I | I | 1m [1]
H CH H GCH, 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 =7
Z"’%—
S bz Water out
N “'|—"
e r
=[] Tube X
__’—:—_7“—— Styrene +
— —/ kerosene

Heat

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
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(b) Draw the structural formula of polystyrene formed, showing 3 repeating units.

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
\ / 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 Reddish brown bromine Addition reaction takes place to form

bromine decolourised 1m colourless products 1m

AQUEOUS Acid reacts with carbonates to form
A9 Effervescence 1m carbon dioxide gas which appear as

sodium carbonate| =—————————
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.

H H QO H H
[ T I |
-—C=—C—C—0O0—C—C—0—

|
H o H

1m

[1]
[Total 10]
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DATA SHEET
The Periodic Table of the Elements

Group
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The volume of one mole of any gas is 24 dm® at room temperature and pressure (r.t.p.).

Need a home tutor? Visit us at www.championtutb??com



Candidate’s Name : Class Register No.

TANJONG KATONG GIRLS’ SCHOOL
PRELIMINARY EXAMINATION 2016
SECONDARY FOUR

5073 CHEMISTRY
Friday 16 September 2016 1h

Additional Materials:  Optical Answer Sheet (OAS)
Soft clean eraser
Soft pencil (type B or HB recommended)

INSTRUCTIONS TO CANDIDATES

Do not open this booklet until you are told to do so.

Write in soft pencil.

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

Write your name, class and index number on the optical answer sheet in the spaces
provided.

There are forty questions on this paper. Answer all questions.

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

Each correct answer will score one mark. A mark will not be deducted for a wrong
answer.

Any rough working should be done in this booklet.

A copy of the Periodic Table is printed on page 18.

Setter(s) : Mrs Lee-Ng Suan Ching

This Question Paper consists of 18 printed pages, including this page.

1 TKGS/Chemistry P1/Prelim Exam 2016

Need a home tutor? Visit us at www.championtut@%om



1 The diagram below shows the apparatus used for collecting a sample of gas in
the laboratory.

//; 11 Bee-hive

| \ shelf

Which set of gases can be collected using this method?

water

A ammonia and chlorine
B hydrogen chloride and hydrogen
C carbon monoxide and nitrogen
D  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 All silver atoms have a relative atomic mass of 108.
B  Atoms of '97Ag are more abundant than those of '%%Ag.
C Both '"97Ag and '%°Ag atoms form positive ion with the same charge.
D

Both 97Ag and '°°Ag atoms have the same number of neutrons.
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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.

[ | —
[Tr= wnlvrnl s
- T
'-T Spot Desc_ription
, 1 Caffeine
!ﬂ 2 Cortisone
/ 3 Urine sample of horse W
1 4 Urine sample of horse X
F 5 Urine sample of horse Y
6 Urine sample of horse Z

i

Fﬂ S =

A It
.;:1 ’ .

Which of the following analysis is correct?

Im
-

2

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.
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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.

o’

Gas | Timels & gas

CO 132

Cl2 211 =2 graduated tube
CHa 100 =

Oz 141

"l r!:
Iy

water

What will be the time taken for nitrogen gas to diffuse from this apparatus?

A 66
B 72
Cc 100
D 132

6  Which statement explains why sodium chloride, NaCl has a lower melting point
than magnesium oxide, MgO?

A  Sodium chloride is covalent but magnesium oxide is ionic.

B Sodium is more reactive than magnesium.

C  The melting point of sodium is lower than that of magnesium.
D

The forces of attraction between Na* and CI ~ is weaker than that between
Mg?* and O*~
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Which one of the following represents the most likely structural formula for the
covalent compound disulfur dichloride, S2Cl27?

A S—CICI-S

B S CI—S—<CCli

C CI=5—S=CI

D CI—S—S—Ci

Carbon nanotubes have been made by scientists in recent years. The structure

is shown below.

e Ccarbon 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 cm3 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 CH4

B C2Hs
C CsHs
D CeHs
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11

12

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 %

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.

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
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14

15

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

When citric acid CsHsO7 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.

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

Need a home tutor? Visit us at www.championtu%(?f’t;om



16 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

17  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

18 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
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20

21

22

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  usingiron 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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24

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?

i :5_" Dilute sulfuric

4 Boiled water
3 acid

3[7— Iron nail

Iron nail
Oil layer Tap water
. Iron nail
Boiled water
Copper
Iron nail

26 Manganese(lV) oxide (MnOz2) acts as a catalyst in the following reaction.
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  Experiments 1 and 5
B Experiments 1 and 3
C Experiments 2 and 4
D

Experiments 3 and 6
1 TKGS/Chemistry P1/Prelim Exam 2016
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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 4 v

oxygen
/ )
X

(em®)

Y

time (min)

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.
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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?
L
] L}
Carbon Carbon
elactrode electrode
Fiiter paper soaked‘v X
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  magnesium 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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31

32

In the hydrogen fuel cell, hydrogen and oxygen gas flow into the anode and
cathode respectively.

= hydrogen

‘ \
[ water «—— | . ——— water

I c‘.".",'

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 > QCl2 + H2
R + ZnO > RO + Zn
Q + ZnO > QO + Zn
Q + R(NOs3)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.
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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?

e

4

Energy

g
_E-H

Reactants

(4p]
.~

(PR

Progress of
reaction

|

Products

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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37

38

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 CH3CH2CH2NH:2
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.
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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?

H HH H
\Cf \C/ -
N TN TN o7

/N /N
H HH H

17

H H H H
| | [
H-C—C—0O—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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Marking Scheme
Name of Setter/s: Siti Munira Bte Haidad Ali

Name of Assessment: Chemistry 5073 Prelim 2016 Duration: 1 h 45 min

No. of Papers: P2 Date of Sep: 14 Sep 2016
Legend: CAO Correct answer only

OWTTE Other words to that effect

ECF Error carried forward

Section A [50 marks]

Q/No. Answer Comn;ents/lns_tructions/ Marks
uggestions
A1(a) Chlorine/ CAO 1
Any Group | elements/calcium
or
alkaline
acidic
A1(b) compound CAO 1
alloy/mixture
A1(c) amphoteric CAO 1
acidic
or
silicon
Lead/aluminium/zinc
A1(d) | nine CAO 1
ten
or
electrons
protons
Q/No. Answer Comments/lns_tructionsl Marks
Suggestions
A2(a) A: Fe3* CAO 1
B: I CAO 1
C: Fe? CAO 1
A2(b)(i) | NH4NOs3 CAO 1
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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
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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= g 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
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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)
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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.
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A8(b)(i)

Correct structures of ethane

H H
I |

H-C-C-H
1 I
H H

and ethene

H H

CAO 1

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 1

A8(b)iii)

C—-H:

413 x4 = 1652 kJ
C=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)

Or

AH = EBs-EBF
= (610+432)-(346+2(413))
=-130 kJ

OWTTE

[Allow ECF] 1
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Section B [30 marks]

Q/No. Answer Comments/lns_tructlons/ Marks
Suggestions

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 | OWTTE 1
from octane to dodecane to
hexadecane.

As the relative_molecular mass of 1
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.

B9(a)(iii) | Both ethanol and hydrogen are OWTTE 1
renewable sources of energy (ie.
ethanol can be obtained from
fermentation of glucose and
hydrogen from cracking of alkane.

B9(b)(i) | electron CAO 1

BO(b)(ii) | highest m/z v alue is 60. CAO
Total Mr of (CH3COOH)
=12x3(1)+12+ (16 x2) +1 1
=60 1
Ethanoic acid
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B9(b)(iii) | Draw 2-carbon with COOH group CAO 1
propanoic acid
L0
4
H-C-C-C
'l To-H
H H
B9(c)(i) | The water should flow in from the OWTTE 1
bottom of the condenser and out
from the top.
conditions: concentrated sulfuric OWTTE 1
B9(c)(ii) | acid, warm.

structure:
H H H
N Sy
N—LC H
i *, s
H o=0C
£ ",
H =0
H H l_.-"
H-C-t-0
HOH
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Q/No. Answer Commsentsllns_tructions/ 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
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Either

Comments/Instructions/

Q/No. Answer . Marks
Suggestions
B11(a)(i) | TiO2 + 2Cl2 +2C > TiCla + 2CO | CAO 1
B11(a)(ii) | Below potassium but above zinc. | OWTTE 1

Potassium is able to displace
titanium from titanium chloride but

not zinc.

B11(a)(iii) | Titanium become stronger/harder. | OWTTE 1
Pure titanium is made up atoms
that are orderly arranged. The 1
layer of atoms slides past each
other easily when force is applied. 1

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.

B11(b)(i) | Raw material A is limestone, which | OWTTE 1
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 1
as slag.
B11(b)(ii) | Fe203 + 3CO > 2Fe + 3CO2 CAO 1
B11(b)(iii) | No. The compound with sodium as | OWTTE 1
the metal is more stable and cannot
be extraction by reduction. 1

Page 10 of 12
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Q/No.

Answer

Comments/Instructions/
\ Marks
Suggestions

B11(a)

T
c—C
| |
H  CONH: n

CAO 1

B11(b)(i)

Condensation polymerisation

CAO 1

B11(b)(ii)

Structure of repeating unit

H o H 0 H 0
| i - I
—H—CHa—C —N_ch_c —N—Cl.H—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 1

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 1

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 1

Page 11 of 12

Need a home tutor? Visit us at www.championtul%’ﬂcom



B11(e)

Structural formula of sodium
acrylate

H\ /CDDNa
AN
H H

C2H3COOH (aq) + NaOH (aq) >
C2H3sCOONa (aq) + H20 (1)

CAO 1
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1

A student measured the rate of reaction between calcium carbonate and dilute

hydrachlaric acid. A graph showing the volume of gas produced against time is

shown.

A
volume / cm?

> time /s

Which appargetus was used to measure the variables shawn on the graph?

buretie and pipette

electronic balanca and gas syringe
gas syringe and stop watch
pipatte and stop watch

on@m>P

Ethene cen be prepared by heating ethanol with excess concentrated sulfuric acid,
Ethene Is an insoluble gas thal has a jower density than air.

syninge

VWhich set-ups can be used lo collect the etheng praduced?

A landll only B |l and Il only
G iend Il only D Al of the above

4E/PRELIM/EDT7 3/01

A speciel syringe is used io determine how long a gaseous pollutant fakes to diffuse
aut of car exhausts.

potlutant gas reacts with

chemicals and changes colour
handle 9

. _ pollutant
el 4 gas being
Mﬂ/ tested

—-—— P —

pull pump gas lravels through the tube

.

Which pollutant gas wauld causa a colour change most rapidly?

A CO B SO
C NO: D CHq

The graphs {not drawn to scale) show the healing curves of oxygen and nitrogen
aver a patiod of lime.

»

emperaiure / °C . ;
+ time / minutes

-183
—196 -}-
210 ...
~218 -

Al what temperature will there be bwo different phases (stales) of matter go-existing
at the same time, in a mixture of oxygen and nitrogen under room conditionz?

A -180°C B -210°C
C -200%C D -220°C
4E/PRELIMVS073/Q1 [TURN OVER
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The diagram shows the anparatus used to separate hexane, boiling point of 70°C,
and heptane,

Which graph would be obtained if the temperature at peint T was plotted against
the total wvalurme of distilate collected?

temparature / °C

temperature / °C

boiling point of 98°C,

4

A

103 H
a0
80
70
total volume of
distillate / cm?

|

L

fotal volume of
distillate / om?

C

100
g0
80
70

temperature / *C

temperature / °C

4E/PRELINYS073/01

B

]

100 —
8 —
80
70 —

———e—f.
total volume of
distillate / ¢m?

D
3
100 -
@—U —
80
70 -
—

total volume of
distillale / cm?

6

Compound P has the follawing prapertles:

melting paint : a5 C
boiling point : 130°C
s0Mubility in water - high

Which apparatus can be used to separate pure P from a mixture of P and water at
roem temperature?

Which disgram best represents a mixture of neon and hydrogen hromide?

q ® ®
.d@u% @.qm@wﬁo

Fuilerene was discovered in 1885. |t is a perfect sphere with the chemical farmula
Cen. From this information, what can be deduced abou! the structure of fullerene?
A It contains only one element,

8 ltis acompound of 60 elements.

C It is amixture of B0 atoms.

D ltis amixture of 60 slements.

4E/PRELIMIS07 3/01 [TURN OVER
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10

11

12

An alemend X has two isctopes of 16 and 18, its relative atomic mass is 16.4.
Which statement correctly states the proportion of Isotope-16 in the sampla?

A 20% B B0%
C 40% D B0%

An isotope of elermerd Y has 19 pretens and 20 nautrons in its nucleus. Which is
the symbal for the ion of ¥?

20 a3
Ve ¥+

A g B 49

20 39
¥ v-

C g D 49

The lable be low gives some information about particles 5 and T.

particle number of numbar of glectronic |
. protons neutrons | _configuration
> 9 10 28
T 18 18 288 |

What are particles § and T?

A atoms of metals B icns of matals

C atoms of noble gases D ions of non-metals

Elements X. Y and Z have consecutive, increasing proton numbers. If element X is
a nable gas, what is the symba! for the ion of element 2 in its compounds?

A Zr B Z**
C Nn.r D Nm,

4E/PRELIM/SO7/01

13  The diagam shows the structure of an ionic compound.

14

16

What is 2 possible farmula far this compound?

A CaFz B S0
C KF L MzO

The table below shows some of the physical properties of some unknown
subslances V. W, X and Y.

qUbstance melting boiling m_,mQ:om | conductivity _ solubility

paint*C point/"C solid state | liquid state | in water

_ v 122 150 poor poor insoluble
LW 680 | 4790 poor gaad soluble |

: X 1510 2489 poor poor mnsoiuble

[ Y 1453 2730 good good insoluble

Which ststermnent about the four substances is correct?

A Substance V has a simple molecular structure and it has weak intermalecelar
forces of attraction between its molecules.

B Substnce W can conduct ebectricity because it has free mobile slectrons,
Subsiances X and Y are macromalecules.

Ly ]

D Subsince Y has a giant melecular structure and it has strong covalent bonds
between its atoms.

VWhich fetilizer has the highest percentage composition of nitrogen in a fermuia
unit?

A NHND3 B NaNQa
C (NHPQs D (NH4)2504
4E/PRELIM/SO?3/01 [TURN OVER
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16  Potassium permanganala(VIl decomposes whan gently heated according to the

17

18

equation:
2KMRO4 3 KaMnOs + MnO;z + O3

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 coilectad under room
temperature and pressure is 120 cm. What is the percentage purity of the crystals
of potassium permanganate(VIl)?

A 20% B 24% C 48% D 9%
Chlarine gas is a severe irtant to the eyes and respiratory system. The maximum

safe toleration level of chiorine gas is 0.005 mg/dm® How many molecules of
chlorine gas are present in 1 dm® of air at this toleration level?

0.005 0.005 1
A Faom T B oge “777 810

0.008 2 0.005 Py
6x10 X7 1x6x1

C e D Jogg *TTEx10

When 0.002 mol of a metal V was reactad with an excess dilute acid, 48 cm? of

hydrogen gas given off was measured al room temperature and pressure. Which is
a correc! equation for the reaction?

A 2Vis) + 6H%(aq) > 2V*(ag) + 3H,(q)
2W(s) + 2H'(aq) » 2V**(an) + Hx(g)

B
G V(s)+2H'{aq) > 2¥*{aq) + ZH(g)
D

V{s) + 2H'(aq} > V*{ag) + Hzg)

AEFPRELIM/SQ73/01

1€ In an experiment, an excess of 0.100 mol/dm? dilule sulfuric acid was added to

25.0 cm’ of .100 mal/idm? aqueous bariurn hydroxide.

™

buretle
A 0.100 molidm? dilute sulfuric acid

- —— ammeter

carhon electrodes

25.0 em? of 0.100 malidm?
aquects barum hydroxide

The ecid was addad from the burette in portions of 5.0 tm? until 40.0 cm? of the
acid was added. After each addition, the solution was stirred and the amrmeter

reading was noted, Which graph correctly represents the relationship between the
ammeter ieading and the volume of acid added?

< A < B

-~ =

g =

B 8

g ©

- 5

E

£ . : :
volume of acidf crm? volurme of acid/ em?

< ¢ < D

=] T

5 £

m a

m m

o @

o &

3 AN 2

E E

5 5
volurne of acidf cm? volume of acid/ cm?

4E/PRELIM/S07 3101 [TURN OVER
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20

21

10

Element R reacts with oxygen lo form a gas, T. T changes the colour of damp
iitmus paper fram blus to red. T is usad to kill bacteria in the preservation of dried
fruit. [dentify R.

A carbon B nitrogen
C chlorine D sulfur

The mouth contains saliva which is & weak alkali. When sweets containing sugar
are eaten, hactaria in the moulh change the sugar into acids. Which graph best
shows how the acidity in the mouth changes during and after the aating of sweetls?

pH pH
acidic A . acklic
neufral | _____ Ry AR neutral
alkaline alkaline
tirme / m” time /s

pH

acidic acidic

neutral neutral

alkafina alkaline

time /s time /s

4E/PRELIM/SQ73/01

22

23

24

11

Soiid £ was dissolved in dilute sulfuric acid to give a colouriess solution and a gas
that combusts with a blue flame. When aqueous ammonia solution was added (o
the colowless solution, a white precipitate was obtained, which disscived in excess
aqueous ammuaniz. The same coloudess solulion gave a white preclpitate with
harium nitrate solution. What is tha identity of solid Z?

A calcium metal B zinc metel

€ calcium sulfate D zinc sulfate

Dispropotionation is a reaction (n which the same element Is both axidised and
reduced. Which reaction is an example of dispreportionation?

3 Cur 8 HNOz = 3 CuiNGa)s + 2NC + 4 H:0

Cfiz +2 NaOH -3 NaCi + NaQCt + HzC

Fez{S0)s + 2KI > 2 FeS04+ KoSQs + [z

2Pb{(NC3); 2 2FbO + 4 NQz + O3

oaOm>r

A solid daposit of element X is farmed at the cathade when an aquaaus 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 calhode.

G X is above hydrogen in the reactivity series.

b X forms negative ions.

4EfPRELIM/S073/01 [TURN OVER

Need a home tutor? Visit us at www.championtutor%om



12

25 The fallowing apparatus was set up as shown.

If platinum electrodes were used, which diagram shows the pH of the solution in

solutian

beeker 8

~salt bridga

P

each beaker at the end of the experiment?

pH

A

solution

pH

-

- diluta sedivm chloride

ol —

w

4E/PRELIM/S073/01
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26 Elemenls X and ¥ are in Group VIl of the Periodic Table. X is a liquid at room
temparature. ¥ is a solit at room temperature. Which slatement{s) iz / are cormect?

I Atoms of ¥ have more protons than atoms of X,

1l Motecules of Y have more atoms than molacules of X

Il Y displaces X from agueous solutlan of X- jons.

A lonk
C ltonly

B ilonly

D All of the above

27 The postions of four elements are shown on the outlire of part of the Pericdic
Table. Eement T has a high melting point and is a good electrical conductar, It
forms chlrides TCk and TCls. Which element is T7

N

AB

28 Using tha apparatus shown, chlorine gas was passed through the tube cantaining
salid polassium bromide and potassium iodide. ARer a short time, colourad
substancas were seen at P, Q and R.

potassium bromide

directia” of ——»

potassium iodide

chioring
atP atQ atR
A green gas violet vapour black solid
B green gas red-brown vapour violet vepour
C red-brown vapour violet vapour back salid
D violet vapour red-brown vapour red-brown vapour

4E/PREL|M/5073/01
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29 A hand warmer bag purchased by skiers consists of powdered iron, water, salt and
sawdust. When the bag is shakan, it becomsas hot because the following reaction

OCCUrs:
4Fe is) + 302 (g) & 2Fez0a(s) AH =~ 823 kJimol
Which statement is not true about the reaction above?

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

B The energy level of products is lower than that of tha reactants.

g}

The energy level of reactants is [ower than that of the products.
D The temparatune of the reaction mixture increases.

30 If & strip of magnesium is dropped into excess hydrochloric acid, an exothermic
reaction pccurs. Why does the rate of this reaction increase during the first few
seconds?

A The mass of magnesium is decreasing.

B The magnesium is ecting as a catalyst.

C The solution is becoming hotter.

D Tha surface area of the magnesium is increasing.

AE/PRELIMISOT3/01
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31 Some crstals of sodium carbonate were added to excess sulfuric acid ai room
lemperature. The valume of carbon diexide produced was measured over s period
of tima. The results are shown In graph Y. The experiment was repeated and

graph Z was obtained,
raph ¥
volurma of 100 + orap
carbon oraph Z
= 2 .
dicxide / cm 50+
0 3> time / seconds

Which one change was used to cbtain the results shown in graph Z7

A Alower temperature was used,

B Acld of half the original concentration was used.
G Half the mass of sodium carbonate was used.
D Larger crystals of sodium carbonate were used.

32 A ligukd X reacts with salid ¥ to form a gas. Which two diagrams show suitable
methods for investigating the speed of the reaction?

3
HHL/| cotton wool
/

balance balance

2 4

HE-...... Stopper T cotion wool
/ ﬁil _

e =

b}

A 1and3 B 2and3
C tTand4 D 2and4
4E/PRELIM/SDT3/01 [TURN OVER
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33  Ammania is produced by Haber process. Which statement i not corract?

35

36

A A catalyst of iron is used.

8 Each hydrogen molecule reacts with threa nitrogen mafecules to form two

moiecules of ammeonia.
C Hydrogen for the process can be obtained by cracking of oii,
D The reaction is reversible.

Which staternent about the properties of ammania is correct?

A It decomposes on heating at high temparature 1o form nitrogen gas and
hydrogen gas.

B It dissolves in water to form an acidic salution.

0

It is formed by haating ammonium salts with sulfuric acid.
O It reacts with alkalis to form salts.

A steel works and a chemical works ara built near to a city. The limestona
buildings in the’ city hagin te crumble. Which gas is most likely to cause this
damapga?

A carbon manoxide

B nitrogen
oeﬁém:
U

sulfur dioxide

For which property of the elkanes does the mumerical value decrease as the
number of carbon atoms in the homologous series of alkane mofecules Increases?

A density

flamrmatbility

a
C  number of isarmers
D

viscosity

AE/PRELIM/S073/01

37 The table shows the boiling paints of four fractions, P, @, R and 8, obtained when

is

17

crude pil s distilled.

fraction P I a R " s
bollingrange /°C | 35-75 | 80-145 150-250 | greater than
250

How is fraction P different from fraction 57

A Fracion P is mor viscous than fraction .

B Fradion P is in less demand than fraction .

C  Fraclion P is more flammable than fractian S.

D Fraction P contains molecules of larger molecular masses than fraction S,

Liquid limonene can be extracted from oranges. Its structure is shown below.

CH,
.
1%\ J,,a_uz

HC. _CH,
n_u:
C

\Y

ev” e

S 3

Which staternent about limonena is not correct?

A It ear be oxidised into a carboxylic acid directly in the presence of bacteria in
the air.

B Itis an unsaturaled hydrocarbon with alkene functional group.

It undergoes hydrogenation in the prasence of nickel catalys! to form limonane.

D Wher it undergoss cracking. the foliowing reaction is possible:
limonane = CgHs + CaHs + CH4

Ly]

4E/PRELIM/SC73/01 [TURN DVER
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Section A 2 The flow giagram below shows the decompeosition of compound M.
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 campaunds.

¥ ¥

gas N, E residue P, yellow when hot
which i led

\szu\m_.: zmwﬁm_w J

m1 s and white when cac
v ~%| ralighted a . _
@.m/ glowing dissolved in water
s 5(\ splint
calourfass e
A B salution Gt
__ﬂ _ﬂ screened methyl orange <
m —_— : colouress
Oﬁ lj;fo O O O Br—C—C—"fr red solution
|
H H
c D E tdentify and name the following unknown substances.
Using the letters A to E, choose the compound that is best described in the (@) {iy compoundM™ ket e e ma e et e e e s e e e
staternanis balow. Each compound may be used once, more than once or not at
all.
{ii' gasN T e e e b e e e e an e
(a) A compound that is most likely to contribute to acid rain.
{iy residue P L e e e e e e e e
.- R . R . . [1]
{b) A cempound that iz an amphoteric oxide. {iv) solulionQ L e RS EE s ae e s e e ane e e e aas
........................ e e e e e e [1] (b) State the type of reaction that occurs between residue P and colourless
salution Q.
{¢) A compound that is & product of a substitution reaction of an alkare,
..................................................................................................... M
{d] A compound, in molten state, that relsases a reddish-brown gas at the
anode when electrolysed.
(@) Acompound that is preduced in catalytic converters of cars.

4E/PRELIM/5073/02 4E/PRELIM/SG73/02 [Turn over
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3 Chrematography is an impartant tool for chemical investigation. A mixture of

amino acids was separated by paper chromatography using two different
solvents, K and L. Afler treating with a locating agent, tha rasults are shown

(b) Calculate the Rrvalue of each amino acid in each solvent and write them in
the table. Your answers musl be given to 2 significant figures.

below. The postions of the amino acids on the two chromatograms are labelled ino acid * '
W, X and 4_u e M_”:.._..ﬂwomsm_%om_wwqﬂ: R: value in solvent K | R: value In solvent L
solvent K solvent L w
cm B
X
+— solvent
- frant
Y
2l
salvent—e» .
front [c) The Rr values of a number of amino acids in the two solvents are listed
below,
___aminoacid Ry valuein solvent K | Rr value In solventL. '
| glufamic acid 0.38 0.30
giysine 0.50 0z
kyrasine 0.66 0.45
arginine 0.70 0.20
| alanine 0.72 ) 0.38
For cach of the amino acids in the mixture, use the table above and the
chromatography results to either name the aming aeld or state that it is not
in thelist given.
W L e, e e e et
X - .
start line dy— . start line
. {2}
{a) Suggest a reasan why a focating agent was used.

AE/PRELIM/SG7 3102
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4 During a thunderstorm, lightning strikes the Eiffel Tower. In lightning, the {c) The Bble below shows the bond energies.
temperature can raach 30 000 °C. This causes nitragen and oxygen in the air {o
react, producing nitrogen monoxide. This reaction has high activation enargy and

is erdotharmic bond bond energy (kJimol)
. N=N 545
A chemical equation that represents this endethermic reaction is; N--N 145
N=0D 630
Nz + 0z 2 2NO . 0=0 . 488
The energy ievel diagram for this reaction is given below. {i} Use the bond energies in the table to calculate the enthalpy change,

&H for this reaction.

ZNGQ
enargy Mz + Oz \

]

., reaction
pathway

AH= ... kdmol [3]

{a) Explain how the energy level dlagram shows that this reaction is

endolhemmic. " .
{ii} In terms of bond fonming and bond breaking, explain why this reaction

is andothaemic.

{b) Label activation energy (Es) and enthalpy change (AH) in the diagram
abave. [2] TR OPRURPOTPRPIPPRN & )

4E/PRELIM/S073/02 4E/PRELIM/SOT3/02 [Turn over
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§ Baoth athanoic acid and butanoic acid are weak acids that are found in some 6 The graphs below show some properties of Group Vil alements, the halogens.

plants and bacteria. Graph 1 shows the atomic radii and Graph 2 shows the electronegativity of the

Group V1l elements. Electronegativity is 2 measure of the tendency of an atam to

(a) () Explainwhatis meant by weak acid. attract a bonding pair of electrons. It is usually measured on the Pauling scale,
on which the mest electronegative slement is given an electronegativity of 4 0.

Graph1 . Graph 2
e e e e e s e [1] atomic radi electronagativity
(nm) fabe .
{ii} Describe a simple chemical test lo show that butanoic acid is a weak
acid.
e e e e et e ens e e [2] F o Br | F G B
{b) Butanoic acid can be converted into an ester by haating it with an alcohol (@) Using your knowledge on atomic structure, state and exptain the trend seen
and a few drops of cancentrated sulfuric acid. A sample of the ester in Graph 1.
contains 0.18 g of carbon, 0.03 g of hydrogen and 0.08 g of oxygen. The
relative molecular mass of the ester Is 115, .
(i) Find the empirical formuia of this ester.

{b) Use tw infarmation from Graph 2 lo explain tha reactivity of the halogens
an going down the group.

o
(2] (c} Wite a balanced chemical equation for lhe reaction when chloring gas is
passed through colaurless potassium bromide solution.
{ii} Hence, daduce the full structural formula of the ester.
. . e 1]
{d) Draw a dot and cross diagram to shaw the bonding In potassium bromide,
showing only the valance elecirons.
2
12]

4E/PRELIM/GOTI/02 4E/PRELIM/S073/02 [Turn over

Need a home tutor? Visit us at www.championtuto%om



10 "
7 Poly{butene) is a palymer made from crude oif in two stages. 8 The set up below shows a test tube containing ethanol being heated.
{a} The first stage in making poly(hutene) is to break down large hydracarbon
malecules from crude oil into smaller hydrocarbon molecules, as shown
below. test holder
CreHzs ——————» CaHe + CaHz + 2C:H4
tesl tube, X, ———ice water

{l Name the process where poly(butene) is broken down into smaller confaining

hydrocarbon molecules. sthanol q - 5+ distillate ¥
\ "
=

()  The products contain two types of hydrocarbon with different general
f . f hyd rban.
armulze. Name one typs of hydracarbon (a) 5cm?of acidified potassium manganate is added to tast-tube X.

. e . . ) . 1]
{i}y State _Em colour change observed in test tube X when acidified

i) Suggest a reason why air cannol be infroduced in this reaction. potassium manganate is added.

{lv) The labels on the bolttes of C4He and C4Heo are missing. Describe, {ii) Nams the fype of reactian taking place in testtube X when acidifled
how to distinguish, the two substances. potassium manganate is added.
P U P 4 (b) Name distiliate Y and draw its full structural formula.

(b} The second stage is to use butene to produce poly(butsne). 130 P I

{l}  Draw the struclural formula of a butene molecule. Full stuctural farmula:

] 1]

i (n] ibe h acul f but farm poly{butene).
(iiy  Describs how molecules of butene farm poly( ) {c) State wo chemical properties of dislillate Y.

4E/PRELIM/S073/02 4E/PRELIM/30G73/02 [Turn avar
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Sectlion B

Answer all three questions in this saction in the spaces provided.
The last questian is in the form of either/or and only ane of the alternatives
should be atlempted.

The total marks for this section is 30.

Harry carried cut two separala experiments in the laboratory for 3 haurs. In sach
experimant, he elecirolysed 2 dm? of agueous copper(H) sulfate containing 0.64 g
of copper(ll) ions. The two solid electrodes were placed the same distance apart
in each expariment. The diagram below shows the results of the twa experiments.
After 3 hours, there was nc more solid depasited in Experiment 2.

mass of copper
depos _nm_,.mn, g

Experiment 1

0B84~ Experiment 2

5 3 » time / hour

{a) () Two different electredes, carbon electrode and copper elactrode were
used in tese two expenmants. State the electrode used in each
axperirnent.

Expardmentd: ...

Experiment 2: ..., 1]

(i) Using your answer o {ii), explain the shape of the 2 graphs,

(b} Write a balanced chemical equation. with state symbols, for the reaction
happening at the anode and cathode for Experimant 1. [2]

Annde:

Cathode: ... ......

4E/PRELIM/S07 3/02
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(d)

13

Describe what would be observed when Universal indicator was added to
electolylic cell of Experiment 2 after three hours. Explain your answer,

The gverall aguation for Experiment 2 is as follows:
2Cu? (aq) + 40H- {aq) = 2Cu (s} + 2H:0 {f} + O. ()

Calcuiate the volume of oxygen gas produced at the end of three hours.

volume of oxygengas=................. dm® [2]

4E/PRELIMSGT3/02 [Turn over
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2 A student investigated the reactivity of faur metals; iron, copper, zinc and metal X.
He set up three experiments as shown below.

irgn —— zinG —— metal X
i__-solution . - solution — . solutien
4\\8_..8_:5@ containing containing
agueocus agueous aqueous
copperll} ions iron(ll) inns zinc(ll} ions
Experiment 1 Exparimant 2 Experimant 3

fa) In Experiment 1, the student sees changes happen to hoth the iran rod and
the salution.

(i) Describe the changas that the studant sees.

(i} Explain why these changes cceur.

(b} The student pbserves that a reaction happans in all the three experiments.

{i}y Arrange the four metals in incraasing order of reactivity.

{if) Explain your reasoning for such an arrangement in (b)({).

{iH) Suggest an identity for matal X.

4E/PRELIM/SQ73/02
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{c} The studenl dacides te investigate the thermal stability of the carbonates of
the four metals. He heats each metal carbonate in a test tube and bubblas
tha gas produced inlo limewater.

{i} Describe what he would observe in limewater.

(ii) Describe how he could use the results coblained to place the malal
carbanales in arder of thermal stability.

AE/PRELIMISOT3/02 [Turn over
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1 Either

The diagrams below show four monomers, A ta D.

mapomer A monomer B
o W S \b Ho_ _ €00,
: LQV c Se=c/
\ .
HO T ///o: _ H H
monomer G monomer D
0] H H
. . e
| M — UHCH-CH: N
HO—=C - CHCHCH; —OH | 7 Ny

{a) Monomer B was formed by reacting CHz2CHCOOH with another compound,
X. State the conditions of the reaction and the name of compound X,

Conditions: ... ..

Compound X: ... e

(b ([} 3tale Ihe monomer that can be used to produce a polymer by itself via
3 condensation polymerisation.

{ii) Slate the monomer that will underga palymerisation without a change in
percanlage composition. Explain your answer,

4E{PRELIN/5073/02

"
(1

(1]

17

(¢} (i} Using two menomers from abave, traw a repeat unit of the polymer

formed, which has the same linkages as those found in nylan,

(1]
{H) Give a reason why the polymar formed in (e)(i) should not be disposed
by burning.
e ST - Ml

A student has three solutions containing monomers A to C each. Describe
chemcal tests the student could do fa idantify the three solutions.

4E/PRELIM/S073/02 [Turn over
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In the recent years, the build-up of greenhouse gases has been one of the
greatest envircnmantal concerns. The tahle below compares the effects of some of
these greenhouse gases.

gas heat trapping overall percentage
affactivanass contribution to abundance of
compared to GOz | increased global ges / dm?
warming (%)
carbon dioxide 1 &0 Q.03
methane 30 18 .00017
ozone (at 2000 T4 0.000004
ground leval)
CFCs © 10000 -~ 25000 12 0.C00004

(@) (i) Draw a dot and cross diagram to show the banding in CFCh, showing
only the valence electrons.

{ilj State whether CFCf has a high or low boiling point, Explain your
answer, referring to the bonding in CFCh.

{b Descrine tha trand betwaaen tha gasas’ heat frapping effactivaness and its
y  centribution to global warming.

4E/PRELIM/S073/02

19

{6) Though CFCs are thousands of times betler at absorbing heat than carban
dioxide, their effect on global wamming is low compared to carbon dioxide.
Suggest why.

(d Flue gasaes containing acidic gases are produced in power stations as oil and
) coal are burnt to produce eleclricity. Sulfur dioxide is one such pollutant.

(iy A certain chemical can be lined on the chimneys of power stations to
reduce tha amount of sulfur dioxide released. Suggest the name of the
chemical.

(i) Write a balanced chemical equation to represent the reaction that takes
place in (d){i).

{ili} 30 dm? of sulfur dioxide was ralpased from the chimney. Calculate the
nass of the chemical suggested in {d)(i) needed lo react.

mass of substance = ...........ccceeeo o eea @ 2]

- END OF PAPER -
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ASSUMPTION ENGLISH SCHOOL
Preliminary Examination 2015
Pure Chamistry 5073 = Marking Stheme

1[c 1o 211D 3¢
2 (b 12 ]c 22 |8 2|8
3 |b 3] A 23 |8 338
48 15| A 24 | A 34 |4

5 | A 115 2% b 3 D

& (B 16 | D 26 | A 36 | B

7 ¢ 17 [ 27 ¢ ] 37 ¢

B8 |A B D 28 | € 3B 1A

9 ip 19 |8 IR
08 20 | b 30 ¢ a0 ¢
PAPER 2

SECTION A: {50 marks'

1 [{@iC 1
{b) (B 1]
fc} |E 1]
@) A e . [1]
{6} [ D L1
2 (@ [() [ Zinc nitrate 1]
_ | [Ali) | Oxygen i 1
() | Zinc cxide 1
{iv) | Nitric acid 1
{b} | Neutralization 1
3 | (2) | Amino acids ame colourless, thus a locating agent is reguired to react with the
aminp ackls and il vigible/| ify il [11
Stating colpuriess is not sufficiant!
oy . .
u!w_”._wonsmu”nn“_ﬂ“_”g on Ry value In solvent K Ry value In solvent L
W .38 .30
2 0.50 0.82
Y oo 0.70 0.20 [2]
All 6 correct— award 2 marks
3/4/5 corracl — awarg 1 mark

i (e}

W: Glutamic acid
A: Not in the list
¥Y: Aminine

All 3 correct — award 2 marks
2 correct — award 1 mark

(s

[2]

The energy lavei of the products is Pigher than thet of tne reaclanis, showing thal
anergy is taken in.

[Reject if answer is in tarms of bond breaking of reactants and bond forming of
products]

(b}

anergy

__ raaction
. . pathway

Each correct labelling — 1 mark

ic)

)

Energy taken in for bond breaking

= 945 + 498
= +1443 kJ

Sneryy given oyt for bond forming

= 2(-830)
= 1260 kJ

AH reaclion = AH band braaking + AH bond forming

= 1443 — 1260
=+183 kJ

Deduct 1 mark averal) for faliowing:
- AHbend oyming O AHbond breaking Withoul signs

- No units

M

Ml

(11

(ii)

The en

sorbed In bond breaking of N=N and O=0 bonds is grealer

than the gneray rgleased in bond making of N=0 bonds.

cannot wrile: needed, used, required ({teo genaral}
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{a) | () | A weak acid is a substance thal di
Da nol award mark if ydrogen ions are not in answer,
Ho such thing as dissociate incompletelyl!
(i | Comnpare rata of effervescence for melal dissolving in butengic acid and any
named strong acld and indicating pbservation for butanpic acid.
When a sirip of zinc metal {can be any reaclive mela) is dissolved in
butanqic acid, the rate of effervescence / volume of effervescence produced | [1]
would be .ess than hal of a strip of zing metal in hydrochicric acid. 1
Deduct 1 mark if bubbles are used. Strict use of effarvescence anly.
Simple- chemical tosti!]
Universal Indicator is not chemical tesl!
®) | .
| < H o _]
rnass /g 0.18 0.03 008
mr 12 1 16
.of X
no. of moles o._muo_o_m c_c.wu_u_ow n.ouuc_ccm
12 | 16 I
simplest ratio E[m 0.03 6 Q.05 _
0.005 0.005 0005~ |
empiricial formula: CaHs O [1
(1) | Lel tha maiecular formula of the ester be (CaHuO)a
Mr =3ni(12) ~ 6n{1) + 16n
116 =36n+ Gn + 16n = 58n
nsd
Molecular formula = CgH150; )
H H H o] H H
} | | il I 1
H-CC-~-C-¢C-£-0-¢ - C - H
| i | | [
H H  H H_ H [

[& * (a) | Tha atamic radi incraase down Ihe group. - [
Ag the number of electrong increases, more alactron shells are required to 'house’ [1
the electrons, thus creating a bigger atom.

{b} | As seen in Graph 2, the slactranegativily decreaseg on going down the group.
The ability of altraction of angther efectron from [1]
down the group.
Henca, the dacraase in electronegalivily leads to the decrease in reactivi 1]
the group.
Trend and reason must taliy!
| No mark for just stating electronagativity decreases. READ question, It is
about reacthvity!!
(e) | Gz +2 KBr 3 2 KC/ + Brz (stale symbols nol reguired) ’ [1]
{d) | corres! number of elsctrons in catlion K° 1
cerrect numbar of elactrons in bromide Br [11

7 T4a} | () T Cracking M
iy | Alkanes OR Alkenes 101
thi} | The hydrocarbons would undarge combustion with oxygen. [1
(v} | Add aquesus bromingfromine solulion/Gromine water (o saparate tes! tubes | [1]

: conlaining butane and bulene.
Tha last tube with butene will decolowise agqueous reddish brown bramine. 11
)| (D _m_ _ﬂ _ﬂ __¢ ] m
IO
H H H Accept alternata structures (2™ C = 3 ()
(Y | Under a high pressura and Zn.._. temperatura in the presence of a cadalyst, M1
the carbon carbon double pond in butans is breken ta form poly(butene). 1]
B [{a) [ () Purple to colourless - 1
(M _, Dxidation 1]
(b} | Name: Ethaneic acid M
Structwral formula: U]
R C
[l
H— ﬁ_"| {—QH
H
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{c

—

[t Gan react with matal to form salt and hydregen gas.
It can react wilth metal carbonates to form salt, carbon dioxide gas and waler,
It can reacl with base o form salt and water,

[¢ can react with alcohol to produce sweet smalling liquid (esler).

2. 1 {a) [{y [ Blue solution tums green. & pink sclid is deposiled on the rod. 1]
(i) | The maore raactive iron metal displaces the less reactive ggpper ions from _”.:. .
the salution.
| The solution turns green due Lo iron{ll) ions. 1
A pink solid is formed due to copper metal.
(b} | (i} | Copper, Iron, Zinc, X - 1]
{ih | Experiment Z shows that zinc is mcra raactiva than iron, 1
Experiment 2 shows thet X s more reaclive than zinc. [1]
Thus the reactivity is such: Copper. Iron, Zing, X,
(i} | KiNalCamigiAl ’ 4]
Name or formula can be accepted.
(6) T(h ~ Awnite precipitate will be formed. ]
() | The more reactive a melal, the more difficult 1t Is ta decompase its | [1]
carbanate by heat.
Hence the test tube that forms the leasl voluma of gas in a given time | [1]

contains the melal carbonzte of tha most reactive metal.
OR

Hence the test whe that takes the Jongest time for bubbles to slop
forming contains the metal carbonale of the most reactiva metal.

Any wo answers [2]
SECTION B: (30 marks
1. | (@) [ () ]| Experiment1: capper o
Experiment 2: carbon (W]
Both must be correc! lo be awarded 1 mark.
T 7 tim) [Expariment 1 uses copper anode, readlion continues and copper{ll} ions
are reduced at Iha cathoda as long as the anade is not used up. 1]
Experiment 2 uses an inerl slectrade, tha copper{ll} ians fram tha
elecirolyte is oxdised lo form copper &t the cathode. 1]
When all tha copper ions in the elechiclyte are discharged. the reactlon
stops. This explains why reaction slops when about 0.6g of copper is | [1]
| deposited.
(b} | Ancde: Cu (s) > Cu® {ag) + 28 B 11 :
Cathode: Cu?* (ag) + 28 & Cu (s} 13|
State symbols must be given.

"l {e} | The resulting solution weuid lurn the indicator red. Tl]
The resulting sclution containg H* (hydrogan ians) that causes it la be acidic | [1]
and turn U.1. red.

" {dy | Na. of moles of oxygen
={0.64 +64)+ 2 [1]
= 0005
Volume of oxygen
= 0.005 x 24
a.12 dm? ]
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3E | {a) | Condilions: Warm / Heat with concenlral 1]
Compaund X: methanal (no formula 10 be accepled) : 1]
(b} T4 Monomer G. [
(1 Moromer B contalns carbon carbon double bonds (G = C) bonos | [1]
reedad to undergo addition reaction o form polymers without losing | [1]
small molecutes in the palymerisation process.
) | M O a H H
I I _ I
—-C O C—N — CH:CHyCHy —N &
T (in Burring of the polymer resulls in nitrogen dioxide that causes acid rain | [1]
Fraduclicn harmful ar pollulants to the environment.
Any logical reason relaled to envirenmental issuas.
Den’'t write hamful. Glve Identity of gas and its effect.
(d} | Heat the thrae solutions with acidified potassium a_n333.m~2<;. If arange
polassium dichromalaVl) fuens green, the solution contains monomer €. 1
Add anueous biomine to the remaining two solutions.
It redd:sh brawn agqueous bromine decoloutises rapidly, the satution contains | [1]
moncmerB.
Add magresium / sodium carbonate to the remaining solution.
If effervescence is observed, the solution contains monomers A. [1]
7

3 | (@ {21
Qar A
\ur
cr u c ﬁ
ir\nvﬂu
LZ\W correct number of bonding electrons — 1mark
correct number of non-banding electrons - 1 mark
1IN It will have a low boiting point. [1]
Lite amount of energy is required to owercome the weak ' [1]
intarmatecular forces of atlractfon/iven der waals' forcas betwaen the
i molecules
(b} | The gae wilh the smallest heal irapping effectivenass has the greatesi [1}
cortribution lowards global warming.
{c) | CFCs are present in the atmosphere at low percentages. [1]
(61 [ ) calcium carbonete limestone OR caleium oxidellime 2]
m 50z + CaCO; > CaS0s + CO; ) 4]
OR
S50 + Ca0 3 CaS0;
(i) TNo. of moles of 80a= 60 + 24
=24 M
i
I
No. of moles of CaC0, =2 5
Mass of CaCOs needed = 2.5 » (40 + 12 + 3 » 18)
= 2509 {1l
OR OR
" Mo. of moles of Ca0 = 2.5
Mass of CaO neaded = 2.5 x (40 + 16)
=140g
) [
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1 Study the following statements in a student's notebook,

_ Register No. " Class

Name | in a solid, the mm;_o_mm are stationary and held in fixed positions due to strong

: . o forces of attraction.

I When a solid is healed, lhe particles expand and become larger,

1| At the melting paint, the particles are able to slide and roll over one another.

I\ When the boiling point is reached, evaporation and boiling start lo teke place
and the gas is formed.

Which statament(s) isfara true?

landll

I, Wand N

[. I, il and IV
Il only

ooo»r

DATE : 25 Aug 2016
DURATION ¢ 1 hoor

2 A student uses the following apparatus to carry out a series of expenments to compare

READ THESE INSTRUCTIONS FIRST the rate of diffusion between diffarent gases K, L, M and N.

Write in 2B pencil. beaker
Do not use paper clips, glue or corraction fluid.

Write your name, ¢lass and register number on the question paper and OTAS sheet in the
spaces provided.

Eus A

porous pul

There are forty questions on this paper. Answer all questions. For each question lhere are gas B

four possible answers A, B, € and D
Choose the one you consider correct and record your choice in 2B pencil on the OTAS
sheet,

water level Y

Fd
et WALCT

Read the instructions on the OTAS sheet very carefully.

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

The use of an approved scientific calculator is expected, where appropriate. The table balow summarises the observations made.

Need a home tutor? Visit us at www.championtuto?rrbom

A copy of the Periodic Table is provided on page 15,

40

This document consists of 15 printed pages.

{Turn over

experiment
1
Z

3

gas A

nas B

observation after 5 mins

K
M
L

L
N
N

water level Y rises
water ievel Y falls
water level Y rises

What is the correct order of gas in increasing relative molecular mass?

-

oom:
EEXRX
Zr !

mrEER
AEAEZ
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The solubility curves for four solids, A, B, C and D, in walar are shown below.
Which solid is mest suitable te be collecled by crystallisation from its aguecus salt?

Solubility
(refative units)

Cc

D
Temperature {°C)

An ign X2~ has p nucleans and q elactrons.
Wihat doas the nudlaus of an atom X contagin?

o nurnber of protons | nurmber of neutrans
A g-2 p-q

a8 q-2 p-i{q-2)

c q+2 p-i{g—-2}

D q+2 q-{p+2

The diagram shows the molecule propyl methancals.

0 M

Il

H=C~0-C—G—C—H
HHH

What is the total number of electrons that are not involved in chemical bonding in the
molecule?

A 8 B 12 C 20 D 28

[Turn over

Two statements about chiorine are made below.

Statement 1: Chiorine has weak cevalent bonds in its simple molecular structure.
Statement 2; Chicrine is soluble in water.

What staiemeni(s) is/are carract?

Both stalaments are correct and statement 1 explains stalemant 2.

Bolh stalements are correct but statement 1 does not explain statemant 2.
Both stalements are incorract.

Statzment 2 is correct but statemant 1 is incorrect.

oo

The diagiam shows part of the structure of the compound siticon carbide.

kiry
() =acarbon atom

@ =asilicon atom

Which sel of information about silicon cerbide is comect?

empirical farmula when wqc:m.._w heated in oxygen
A Sic burns, giving a solid residue only
B $ic burns, giving a solid residue and a colourless gas
c SiC burns, giving a solid residue only
D SiCz burns, giving a solid residue and a colourless gas

All of the following substances can conduct elactricity In the solid state except

aluminium.
grapite.
TNEroury.

sodivm chloride.

oome

[Turn over
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5 &
4 g of hydrogen is mixed with 16 g of oxygen and the mixture is ignited. What is the 14 Ir a titralion experimant, five students each added hydrochloric acid from a burette to
mass of reactants left and preduct formed al the end af the reaclion? 25.0 cm? of aquecus sodium hydroxide in a conical flask.
mass of hydrogen / g mass of oxygen /g  mass of waler/ g The valume of hydrachioric acid used by sach studant is shown in the table below.
A c 0 20 .
student 1 p 3 4 5
B a 8 12 j 3 i . oo -
c 5 o 18 volume fem< 252 25.3 25.3 261 252
D 2 g 20 What could be a reason for the result obtained by student 47
A The burette had been washed with hydrochleric acid.
Which of the following has the same number of atomz as 6 dm? of fluorine gas at r ¢ p? B  Tha flask had baen washed with agqueous sodium hydroxide,
€  The student had used too much indicator.
A 0.5 g of hydragan gas D The pipette had been washed with aquecus sodium hydroxide.
B 8.5 g of ammenia
C 10gofargon
D 23 gof sodium 15 Which two processes are involved in the preparation of zinc sulfate crysta s from dilute

sulfuric acd and zinc oxide?

neutralisation and filtration
neutralisation and oxidation
precipitation and filtration
precipitation and oxidation

Vhen 200 g of compound X cantaining earbon, hydrogen, aluminium and oxygen is
heated in excess oxygen, 42.2 g of aluminium oxide is obtained as residue.
Whalt is the parcantage by mass of aluminium in the sampia®?

oocm>

A 11.2% B 13.5% C 211% D 27.0%

16 Solid W is graduaily added lo solution X. The changes in pH are shown on the graph.
Tha percentaga composition by mass of a compound cantaining carbon. fluarine and

chlgrine is as follows; pH &
Garbon  18.05% Fluorine : 28.30% Chlorine : 53.45% 14
Which of the faollowing could be the molecular formula of this cormpound? 7
A CFiCI B CF:Ciz C CiFCl D CaFCl N —_—

Both hydrochloric acid and ethancic acid have the same concentration of 1.00 malidm?, Mass of solid W/ g

Which method(s) is/are suitakle to test far their strengths? VWhat are W and X7

| usirg a pH meter - n

il measuring their electrical conductivity mo:n.s... o solution X

i titration using sodium hydroxide solution A | insoluble metal oxide nitric acid

A Il only B solubla metal oxide hydrochloric acid
B landll C | soiuble non-metal oxide aguecus ammenia
C landHl D | saluble non-metal oxide sodium hydroxide
D I, Hand Y

[Turn aver [Turn over
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18

The scheme shows some reactions of salt F.

grean ¢rystalline saltF

dissolve in water aqueous
h .
amimonig —
agecus salt »  blue precipitate
dilute nitric acid, @XCass aqueous
followed by aquzous ammania
silver nitrate + <

dark blue solution

white precipitate #

What is the identity of F?

capper{ll} chloride
copoar(li} iodide
ran{ll) chicride
iran(i} iodide

oo r

Using the apparaius shown, chiorine is passed through the tube. After soma time.

eolaured substances are seen at F, G and H.

sodium iodide

sodium bromide

chioring —w» .
g

gentle heat
What are these colowred substances?
F G H
A green gas violet vapour black solid
B green gas red brown vapour viclet vapour
C | red brown vapour violet vapour black solid
G violal vapour red brown vapour | red brown vapour

[Turn over

19

20

2

The element, selenium (Se), is found In the same group of the Periodic Talle as sulfur.

What is tre chemical formula of lithium selenide?

A Lise B Li2Se C LiSel D LiSe04):

The table below shows four metals and some of their reactions.

metal action of heat on 3chmmnwm__o n aclion E dilute _
carbonale haated oxide sulfuric acid on melal
G decompose reduced no reaction
H no reaction ng reaction hydrogan evolved
_ decompase na reaction hydrogen evalved
i . decompose reduced hydrogen evolved

What is the correct order of reactivity for these four melals?

most reacltive < leasl] &m.o.a__m
A H J | G
B H | J G
c | J G H
o H G J

Different iypes of steel differ in how much carbon they contain.
Which arg the properties of a high carbon stesl?

soft and brittle

s0ft and easily shaped
strang and brittle

strorg and easily shaped

oow>

[Turn over
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q 10
22 Ethanol reacts with acidified potassium manganate(Vll} to form sthaneic acid. 25 The diagram represenis the distribution of kinetic energy of reactant particles at two
The half-aquation for manganate can be written as: different temperatures. Assuming that the areas under the two curves are equal, which

stalement is correct?
MnOa + 8H* + S& & Mn?" + 4H:0

- gomaperature 1, T,
— temperature 2, T,

Which lina of information can be deduced?

__._--_->FI

reducing agant | change in oxidation state of Mn colour change _E_Mwﬂ_on E, activation energy
panicles
A ethanol +7 to +2 purple to colourless .
B ethanol +8 10 +2 na change S —
f P kinetic encrgy
C | hydrogen ions +7 1o +2 purpie to calourless E,
0| hydregen _m.am -1t0 +2 o __nhochanga Al T1, the activation enargy is fower than at Tz

At Tv, the enthalpy change of the reaction is higher than at Te.
At T2, a grealar number of particies have sufficient energy to react.
At Tz, the reaction takes a longer time to complete.

onoom>P

231  When a mineral is heated strongly to constant mass, a colourless gas is evolved and
forms a white precipitate with limewater. The remaining solid is coolad and added to

hydrochloric acid. Vigorous effervescence is cbserved.
26 Which quentities of tha acid will produce the fastest inilial rate of reaction when 4.00 g

What is the mineral? of magnesium ribbon is added lo itat r.tp.?

A CaCOn A 15.0cem? of 2.00 molidm? nitric acig

B MgCCalaCO: B 20.0om? of 1.00 melidm? hydrochlaric acid
€ Mg{OH)2.3H:0 € 20.0cm? of 1.00 molidm? sulfuric acid

D Nax00;Cal01.5H:0 D 300cm?®of 2.00 malidm?® ethanoic acid

24  Which processes are andotharmic? 27  Exgess zinc was added la 100 cm® of hydrochlaric acid, concentration 1 mokidm?®,
Graph | shows the results obtained from this reaction.,
Br: = 2Br
burning fossil fuel
obtairing lime from limestone
reacting hydrogen with oxygen Valume of u
hydrogen
“__ M”mw produced !

2and 4
3and4

b

TOm>er k-

Time
Graph |l could be abtained by adding excess

magnesium reacting with 100 cm? of 1 molidm® hydrochloric acid.
zinc rzacting with 100 am?® of 1 malidm? sulfuric acid.

zinc rzacting with 100 em3 of 2 molidm? ethanoic ackl.

zinc raacting with 100 cm? of 2 mal/dm? hydrochiorie acid.

oom2x

{Turn over [Turn over
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32  Dilute suliuric acid is electrolysed using graphite electrodas.
28 In the Haber process, a high yield of ammonia is favoured by conditions of high Which statement is not trus?
pressure and low temperature. However, in practice a high temperature is employad

because al iow temperaturs, Hydogen ions gain electrans and are reduced.

The zoncentration of the acid increases.

ammonia decamposes back to its original reactant. The "atio of mass of hydrogen to oxygen gas produced is 1:8.

the aclivalion energy is toa low, The same products are obtained when concentrated agusous hydrochloric acid is
the catalyst is inactive. elactolysed,

the reaclicn is toc slow.

onme
oo

33 Which of the following gas(es) can be removed by a catalytic converter?
28 Which pollutant gas is produced by the decomposition of vegetation?

! carbon monoxide
A CHq B CO < NO D SO0a 1 sulfur dioxide
m nitrogen dioxide
30  The ehergy profile for the forward direction of a revarsible reaction is shown, I only
Il only
land I
1 1 and 1)

90w

Ao activation energy

34 In an electolysis experiment, the same amount of charge deposited 32 g of copper

energy and 13 g of chromium.

VWhat was the charge on the chromium ion?

A 1+ B 2+ C 3+ D 4+

progress of reaction

What is the sign of activation energy and the lype of enthalpy change for the reverse 35 Which statement about fractianal distillation of petroleum is correct?

reaction? A Ateach level in the fractionating column. only one compound is coliected.
- — B The higher up the fractionating column, the greater the termperature.

sign of activation energy enthalpy change ¢ The molecules coliscted at the bottom of the fractionating column are the most

A negative endotharmic flammzble. _ o .
. _ D The molacules reaching the top of the fractionating column have the smallest relative

B "egative exothermic molecular mass,
c posifive endathermic
D positive exothermic

31 Which reaction does not involve either oxidation or reduction?

CHa(g) + ZO2(g) = COAq) + 2H=0(8)
Cu'{ag) + Znis) = Cu(s) + Zn?*{ang)
CuDf{s) + H2504(aq) ) CuSOsfaq) + HaO{)
Zn(s} + Hi30a{ag) = Zn304{ag) + Hz{q)

oom>»

[Turn over [Turn over
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36 Four hydrocarbons structures are shown.

| g
H :I,_uI: He—C— GG —H
:.i_uli.ﬁ_u|x ___ ___
Ii.n_uII H _._I.m...._._
\ H
1 2
H H H H H H
[ |1 ) 1
nan T
H—C—C—H H H o
|| Hom G H
H H _
H
3 4

Which hydrocarbons are Isomers of each other?

1and 2
3and 4
1,2and 3
1,2and 4

ocomr»

37 An ester was produced by the candensation reaction of methana! and butancic acld.
Which structure represents the ester compound?

A B
R A L lrn
HoC—C~C—0—C—H HoCm G- C-C0-CH
H H H H H H H H
c D
0 H H H H H O H H H
He0—C—Cmg - ton HeG=0=Cm GG bl
Pohon B howh

[Turn over

14

38 A poiymer has the following slructure;
-CH~CH-~CH;-CH—-CH; -=CH -

_ | ~
CH, CHs CH;

What is tha monomar?

A butens B butane C ethene D propene

J9 The diagrams show four monocmers.

HN—Z—NH,  HOOC— J—NH,

HO—&)— NH, HO—C_ >—OH

How many of thase monomers could react with the molecuie below to form a polymer?

HOOC —/ \— COCH

A1 B 2 c 3 D 4

40 The diagram below shows the structural formula of chloromalaic acid.

o
—  C—=CH—
_._O\\ ¢ /OI

Which statement is true about chloromaleic acid?

A It canundergo a substitution reaction with halogens.

E It dacolourisas bromina solution in the absence of sunlight.

C  Itwill react with magnesium {0 produce a gas that relights a glowing splint.
D it will turn litmus paper blue, :

[Turn ovar
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Section A
Register No. | Class Angswer all questions in this section in the spacas pravided.
The total mark for this section is 50.

AT For each of the following statements, select an element from Period 2 of the Periodic
Table lhat best fits the description given.

(a) Its only oxidalion state is 0.

I

{b) tilis the strongest oxidising agent.

[

23 Aug 2016 {c} Itforms a pollulant during lightalng activity.
1 hour 45 minutes

DATE
DURATION

E

READ THESE INSTRUCTICNS FIRST

{) Itforms a compound used to reduce iron(lll) oxide in haemalite.
Write your name, class and reglster number on tha work you hand in.
WWrile in dark blue or black pen.
You may use a 2B pencil for any dlagrame or graphs.

)

Do nct use paper clips, glue or correction fluid. [Total, 4 marks]
Section A A2 The bond enthaipy is the energy required to break or form a chemical hond. The
Answer all guestions. bond enthalpy of some hydrogen halides are shown in the chart below,
Section B
Answer all three guestions in the spaces pravided. The last guestion is in the form of bond
sitharfor and only one of the alternatives should be attempted. enthal

{kJimoi)

Candidates are reminded thal all quantitative answers should include appropriate units.
The use of an approved scientific calculator is expected. where appropriate.

At the end of the examination, fasten all your work securely together.
The numker 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 19.

HF " HCl

(a) Desctibe the trend shown by the chart.

[b) (i) Vihich hydragen halide will form the slrongest acid?

()

[

This document consists of 19 printed pages. S ——

[Turn over [Turn over
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{if} Explain your enswer to (b){i}.

() Hydrogen bromide can be produced by reacting hydrogen gas and
bromine gas according to the following reaction:

Hz(g} + Bra{g) -+ 2HBr(g)

Some dala on bond energies are shown in the table below.

bond HH H-Br Br-Br
band energy {kJimol) 432 363 193

Calculate the enthalpy change of this reaction,

(1]

(i} State whether the reaction is exothermic or endothermic, and explain vour
choice using ideas aboul bund breaking and bond farming.

[€]

(i) Draw an energy profile diagram for the preduction of hydrogen bromide.
Your diagram should include the ethalpy change and activation energy of
the energy of the reaction.

(4]
[Total: 9 marks)

[Turn over

Al

4

A student performed three experments using three matals, iron, manganese and
chromiumn. In the first experiment, he added the metals separately into diluta sulfuric
acid. In the second experiment, he heated the matals in air. In the last experiment,
he put sirips of the metals in metal salt solutions.

Table 3.1 shows the results of the first two experiments.

Table 3.1

matal

reaclion with sulfuric acid

reaction with air

iron

metal dissolves slowly
with effervescanca, 3
pale green solution is
formed

manganase

burns in air ta form
dark brown ircn{ll1}
oxide

metal dissolves quickly
with effervescence, a pale
pink solution,
manganase(ll) sulfate, is
formed

burns in air with an
intense white light
forming a red salid,
manganesa(il 11l
oxide, MnaOs

chromium

metal dissolves readily
with effervascance, a
viclet solution,
chromlum{IN) suifate, is
. formed

buims in air to form
green chromium{tl
oxide, Cra0s

{a} From the information above, state two properties of iron, manganese and

chromium to shaw that they are transition metals.

(<]

(b} Fig. 3.1 shows strips of manganese and chromium in iran{ll) sulfate and
manganess(ll) sulfate solutions.

beaker A beaker B beaker C
manganese chiramium chromium
L4 )

ironfil) sulfate

salulion

I
iron{ll} suifate
solution

Flg 3.1

manganeseilf
sulfate
solution

[Turn over
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(c)

5
Sltate the chservations you wauid expectin Table 3.2.

Tahle 3.2

beaker A boaker B begker G

[2]

Chromium ore is precessed and purlfied into chromium(lil) oxide. This is
reacted very exolhermically with gluminium to form chromium metal.

Cr203(s) + 2Al(s) & AlQafs) + 2C1{s}

Chromiurmn meatal is used o alectraplate other melals like steel becavse of its
anti—corrosion properties,

(1}  Expiain, in terms of oxidation states, why the extraction of chromium from
chrormium oodde is a redox reacticn.

(2]

[ii} Explain why using chromium to electroplate steel is more effective than tin-
plating?

(2]

[Total: 9 marks]

[Tusn over

G

Peopte wih kidney prablems are advised against sating caramnola frult, cammonly
known as slarfruit, as it contgins a significant amount of oxalic acid.

The concentration of oxalic acid is generally batween 0.500 mol/dm? to 1.060 mokdm?,
The acid concentration in starfruit can be determined by performing an acid-base
titratian with sodium hydroxide solution.

{Assume that oxaiic acid found in starfruit is dibasic and can be reprasentad by HzA)

(a)

(b)

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 rmoldm® of sodium
hydrexide salution.

(I} Based on the informatlon provided, caleulate the maximum volume of

sodium hydroxide sciution reguired for complete neutralisation of the axalic
acid.

(2

{il)] Supgest why the student's procedurs may not be appropriate using
commaon laboratory apparatus.

{1

Ouxalic acid contains 26.7% carbon and 2.20% hydrogen by mass. The rest is
axygen.

{i} Determine the empirical formula of oxalic acid.

[2]

{ii} The relative molecular mass of oxalic acid iz 90.0.
Determine its molecular formula,

(1

[Tum 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
moies of oxalic acid, calculate the maximum number of stafruits the
patient can eat a day.

(2]
[Fotal: 8 marks]

Anexperiment was conducted to investigata the rate of reaction betwean calcium
carbenate ard dilute hydrochlonic acid, by measering the voiume of gas evoived al
regular time intervals.

{a) 150 g of calcum carbonate was reacted wilh 150 cm?® of 2 moldm?® of
hydrachloric acid.

(I} Writa the chemical aguation for Iha reaction. Henca calculate the volume
of carbon dioxide produced.

13

(i} Henze, skelch a graph of volume of carbon dioxlde gas produced against
time. Label this graph as Graph [ Indicate the volume of carbon dioxide
gas preduced clearly on the graph.

Ab

(2]

[Turn over

{il)

(iv)

In ancther experimant, the same mass of calcium carbonate was reacled
with 150 cm? of 1 mol/dm? hydrochlaric acid.

On the sarme axés as the graph in (aj}{ii), sketch lhe graph that you would
axpect to obtain and label this graph as Graph 1.

Indicate the volume of carbon dicxide gas produced clearly an the graph.

[

Explain the differences in the shapes of Graph I and I

(2]

(b} Other than concentration of acid, give one cthar factor that would alter the rate
of reaction and explain your reasoning in terms of collision theory.

2]

[Total: 10]

Alkynes ame hydrocarbons containing carbon-carbon triple bond (C=G). Table 6.1

and Table 6.2 show some properties of the first four members of the akyne and
alkene homologous series raspectively.
Table 6.1 Table 6.2
alkyne  molecular | boiling alksne | moiacular | boling
formula | paint/°C farmula | point/°C
| ethyne CaHz -84 etheng CsHa - 104
propyne CaHa -23 _propene CaHs -48
butyne CeHs Li] butane CaHa -8
pENtYNE CsHa 40 pentene CeHig Ao

{a) () Deduce the general farmuia of the alkyne homolegous serigs.

1

[Turn over
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(b)

(c)

9 10
{if) Draw the full structural formula of the alkyne with 7 carbon atoms. {iiy Give the full structural formula for the repeating unit in this polymer
structura.
LK
(i} Describe the trend of the boiling points as the molecules become farger.
(2]
1" )
’ (iit} When the mixture of ethene and propene polymerises, it is unlikely to form
{(iiy Do alkeres or alkynes burn with a smokier flame? Explain your answer, the ragular. rapealing pattern. Explain why.
(i) A very old organic Chemistry textbaak has the following line. [Total: 10]
...in general, the higher the ralative molecuiar
mass of the molecule, the higher the meiting and
boiling points of the compound dua lo the higher
fnfermalecular forces of altraction.
Use the data in the table to justify whether the statement is valid.

By polymerizing a mixture of ethene and propeng monomars, a synthelic
rubber, ethylere-propylena, can be made. Ona passible structurs of the palymar
is shown below,

_ ..
- AA elhene I propene T ethene I nqoﬂ_m_._m_l

{i Propyne can react with a gas to form propene.
Write the chemical formula of the gas used to form propene.

Q|

[Turn over [Turn over
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Saction B
Answer all three questions from this section.

The last question Is in the farm of an eitherfor and only one of the alternatives should be

B?

attempted.

lron Is preduced in tne blast furnace using the ore haematite containing tron{lil)
oxide {melting point 1568°C) as one of the rew materials.

Titanium is produced from the ors rutile containing titanium dioxide (melting point
1843°C) which cannel be reduced by coke and hence requires a different method of
extraciion.

Iran Titanium

silicon and m:cmmzoﬂ:m.
| i

Haemalite is teacted with coke at Rutie is reacted with chiorine at

1500°C m a furnace to produce 1000°C  to  produce  titanium(IV)
molten cast iron. chlofide

Cast iron confains won, about 4% ] , .
carbon and some impurities such as Mﬁ_u”_wha_“r_._m_.mﬁg chloride is cooled and

Oxygen is blown into melten casl iron
and moiten recycled iron at 1500°C iIn
a furnace to produce low-carban
sleel.

Lew-carbon steel containe iron and
aboul 0.1% c¢arbon.

Titanium(IV) chloride is reacted with
magresivm at 1100°C in a sealed
reactar for 3 days.

The sealed reaclor conteins an
atmosphere of argon.

The reacter is aliowed to cool.

The reactor is apened and the titanium
is saparated from the other product,
magnasium chlorida.

lron blast furnaces produce acout 20 000 tonnes of the metal per hour.
Titanium reactass produce about 1 torne of the metal per day.

{@) Explain why the production of titanium requires “an atmosphere of argon™?

(2]

[Furn over

12
(b} The melting point of iron{lll) oxide is higher than the temperature in the biast

furnace. Explain why tron{ill) cxide could remain in molten stats in the biast
fumace.

"

{c) ©Othe than blowing oxygen into molten cast iran, fime (calcium oxide) is zlso
added in the same furnace during the production of low-carban steel,
Explin the purpose of lime in the furnace.

(1

{d} There is less tilanium than iron in the Earh's crust. Other than litanium's
scarcity, explain why titanium costs much more than iron.

[2]

(e) Explzin why water is used to wash fitanium at the last slage.

(F}  Suggest tha positicn of litanium in the Reactivity Series of Metals,
Explzin your answer,

{g) Draw a “dot-and-cross™ diagram to illustrate the bonding in magnesium
chloride,

(2]
[Total: 12 marks]

[Turn over
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sodium sulfate

13

Fig 8.1 below shows an experimental set-up of a simple cell and an electrolytic cell.
Beth electrodas X and Y are made of graphite. The swilch is ther closed and
raactions take place in both calls.

Tube X Tube Y

LN e B B
L

AQuesus

Aquaous sofium nitrala

anﬂﬂ_n X Ileerode Y
Cell 1 Cell 2

Fig. 8.1

Write the ionic equatians for the reactions which talke place at the electrodes of
Cel 1.

(i
[

electrode X :

electrode Y :

Shade the tubes in Fig. 8.2 to show the naw lavels of sodium sulfate solution
after the switch is closed for a while. Your diagram should represent the
relative volumes of gases collested in tube X and tuba Y. Labsel clearly the
gases collacled in each tube.

Aguenus
sodium sutfate

Aguepus sodium nitrate

Lleetrode X Cletirode Y
cell 1 Cell 2
Fig. 8.2

(2]

[Tum over

14

State and explein an observation that can be made in Cell 2 during the
expeiment.

Observation: [1]

Explanation: m

Elect'ode X is then replaced by & copper rod. State an observation and explain
YOur answar.

Observation: S A
BXDINGNON: e e e By
{Total: 8]
[Furn over
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Either

Perfumes usualy contain three groups of compounds called the tof note, the middle
note and the end note.

(a}

(b)

Top notas consist of small, fight malecules that evaparate quickly. An example
of a top note compound is styrallyl acetate as shown below:

CH;s O

| {

n_u|O —C =—=CH;
H

(i} With reference to the structure of the compound, explain why it is likely
to have a pleasant smell.

(1]

{ii)  Draw the structural formula of the alcohol and carhoxylic acld used to
make styrallyl acetate.

[2]

The rniddle note compounds form vapcurs less rapidly than the top nole
comoounds. A typical compeund of the middle note is 2-phenylethancl. The
structura of 2-phanylethanol is shown below:

CHy;~CH;—0OH

(i Describe a chemical test which would distinguish betwaen the tap note
and the middle note compaunds.

2]
[Turn over

164

(i) Name and draw the full structural farmula of the melecule formed in
positiva test in (hXi).

(c) Tha end nete compound of a perfume has a long lasting edour which stays
with the user. An example of an end note compound is shown below.

(I} The end note compound undargoes hydrogenation reaction.
State the conditions that are essential for the hydrogenation reaction.

the

12]

[

1

(i) lodine reacts with unsaturated compounds. The fodine 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 compaund.

If the refative molecular mass of the end nate compounc is 25(,

calcuiate the indine value for the end note compound.

L)

[Total: 10 marks]

[Turn ovar
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OR

The silk of a spider's web is composed of polyamide chains which are mainly made
from the amino acids, glycine. alanine and senng, with smailer amounts of four other

amino acids,
| | |
H,N—C—COH :_MszToo.,NI Iwz;_,_usooux
___ CH, CH,OH
glyeine alanine sering

{b)

Assuming the polyamide is made from repelilive sequences of —glycine—

alanine-serine—, draw the strucltural formuta of the repeat unit.

The M. of each palyamide chain is about 600 000.

(2]

Assuming the polyamide chain is made frem equal amounts of the above three
amina acids, ¢calculate the average number of amina acids monomers in each

polyamide chain.

(3]

[Turn over

18

(c} A student separates the olher four amino acids by paper chromatography
using two different solvents. The solvenl front of selvent 1 takes five minutes
to reach the end of the chromatogram while the solvent front of solvent 2
takes len minutes.
Tatle 8.1 shows the Ry values she obtained for these amino acids.

)

{in

Table 8.1
amino acid Ry in solvent 1 Rrin solvent 2
A 02 05
. B 0.0 04
c 08 0.9
D 0.3 _ 04 )

Which amino acid travels fastest in both solvants?

(1]

Suggest how the student can make the colourdess amino acids become
visible to the naked eye.

)

The student writes the following statements about the chromatography.

Conclusion: Soivent 2 gives a belter separation than
solvant 1.

Source of error: Duration of chromatography for soivent
2 is longer than for soivent 1.

Do you agree with the student? Explain your reasaning.

(3]

End of Papar

[Turn over
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Answer Schema

Section A

Ans

@|oo]~lo|m »lwrf=|©

CU:DUU}DUC'J'UO:O.‘DUJ’OEDL‘DUJ’OUJEUO}U}BJ-UJO))-O:DWODUJ}WD

Section B
Cn | Answars Marks |
A{a)  TNem 1m _
| (8 Fluxine . 1m )
{c) _ Nitrogen m
{d) Carbon m
AZ(a) | Down the group, the bond dissociaion energy of the hydrogen m
haldes decreases. o
_{b)D_ _| Hydrogen icdide, 1m
{liy H! has the lowast bond enthalpy energy (ACCEPT: waakest Bond), fm
thus it is saslest for It to lonlza to form H' lons. 1m
3](] Enthalpy change: +432 + 193 - 2(363) = -101kJ im
{ii}) Exothermic reaction. The energy absorbed to bregk the H-H bonds | Im
and Br-Br bonds |s lesser than the energy released to form the H- tm
Er bonds,
(iii) 2m
Activatiaon
x Energy, E,
o
& | Hylg}+Brofg) “
&
. 2HBr{y)
Progre ss of reaction =
Ald{a)  They have variable oxidation states. tm
They form coloured compounds. ‘m._|
o) ' baaker A beaker B beaker C im
1m per
Green solution Green solulion No visible reaction. || box
turns pink. Grey turns violet. (3rey | f Solution remains
deposits formed. deposit foemed. | pink.
i) Cr has decreased in oxidation state from +3 in CrzDa to @ in Cr, 2m
whilz Al has increased in oxidation state fram 0 in Al 1o +3 in Alz0,.
Since both reduction and oxidation have taken place, it is a redox
. _|reecon, . i
{ii) Chromium Is more reactive than Iron in steel and will provida im
gacrificial protection for the Iron even when the protectiva layer Is
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scratched and expoaed. However, iron Is mors reactive then tin
and will corrode more when layer of tin is scratcked and exposed.

Ad{a){)) | HoA += 2NaOH - NaxA +2H.0
Ca = 1.00 molfdm®, Cracr = 0.100 molidm®, Va = 25.0 cm’® 1m
Vimen =2 X 1 X25/0.1
=si0emt tm
{#) The volume of NaOH cannct b2 placed in he burette as the burette is | 1m
usually able to hald a maximum volume of 50.0cm” anly.
[{A1{]] element carbon hydrogen | oxygen 2m
| % 26,7 220 F714
Ar 12 1 15
na. of moles 22258 2.2 4 444
ratio 1.09 1 [ 2.02
to nearest 1 1 ]
| whala ne. S I
empirical formula = CHO»
(H Molecular rrass = 90 im
n = 80/ M {CHO)
=90/ {12 + 1 +32)
=2
Molecuiar formula of oxalic acid = HaC204 § C2H204  HOOCCOOH
(iiiy K rmgle of oxalic acid = 80 g
1.10 X 10° moles of oxalic acid = 1.10 X 10~ X 90 m
=0.0099 g
No of starfruil = 0.05/0.0089
=58.05
=5 m
The palient can consume a maximurn of 5 starfruits a day.
AGf{a) |CaCO;+ 2HCI > CaCl + CO; + Hy0 im
(i}
moles of OmOOu = mass f molar mass = 15.0 f (40+12+48) = 3.15 mol m
moles HCl = molarity x vol = 0.15 x 2 = (.30 mal To demonstrate
limiting reagent)
m

CaCOs: COz=1:1 {allow ECF}

Vol. of GO_= 0.15 x 240m’ = 3.60 dm’

volurma of CO, 1m for
produced (dm] axts,
fabel
wilh
8 L e graph | unils
gnd
values
1m for
1B graph H shape
of
graph |
and Il
. . 1m for
a tirrer |min} values
af 1.8
Nots: Graph II's gradient must be less steep and il lavels off al a and
|ater time, as compared to Graph | w_mu
m
{iv} Graph il has a less steep gradient than graph | as the hydrochloric im
atit usaed is of a lower concentration.
or
Granh | has a steeper gradiant than graph I} as the hydrochlonic acid
useéd is of a higher concentratlon,
! However, the volume of carbon dioxide obtained ia halved in im
Experiment [l as the number of moles of hydrochloric ackd used Is
halved.
Qr
However, the volume of carbon dloxide obtained is doubled in
. Experiment | as the number of moles of hydrochlgric acid used is
- twlte the amount of Experiment Il
{b) Temperature of acid / parlicle size of caicium carbonata. N
increasing the temperature of acid will Increase the kinetic energy of | 1m
reatting particles.
This will in turn Increase the frequency of effective collislons and im
hence Increasing the rate of reaction.
Or
Degeasing the parlicle size of calcium carbonate will increase the im
suriace area expaosed for reacting particles lo collide into.
This wilf in turn increase the frequency of effective collisicns and im

herce increasing the rate of reaction,
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AB{ali}

m

(ii)

HR AN NN
HHHHH

H H ~_._ H _u
-C=C-H

m

|  expensive than coke/carbon because it is extracted by
electrolysis.

D

Asg the molecules bacome larger, the boiling points increases.

i)

Alkyneas burn with a smokier flame becausa they hava a higher
percentage of carbon comparad Lo alkenes.

m
im

iy

Although ethyne (Mr = 26} has a relative molecular mass smaller than
ethene [Mr = 28), the toiling poinl of ethyne is -84 °C whereas the
boiling point of elhene is lower at -104 "C.

The texthook is invalid as alkynes have higher boiling points aven
though it has smaller relative maolecular mass.

m

(c)(i)

Ha

im

{iK)

p L T
T . {7 e

i
H H

2m

(i}

Some of lhe ethene or propene may self-polymerise o form
prly{ethene] or pulyiprupeny).

m

Sectiorn B

“BTia)

argon is used to create an unreactive /
inart atmospherg as any oxygen would react with [ air would oxidise
magnesium £ titanium.

m
im

(b}

The presence of Impurities such as silican dioxide [ sand lawar tha
mealting point of ironilil) oxlde ard hence iron(ill} oxide coukd mell at
iower temperalures.

Accep!: impuriies such as sificon and phesphorus

CR

The energy released from the combustion of carbonicoke resulis in
mare heat / higher temperature in the blasl furnace for the iron{lll)
oxide to melt.

(g  Toremove soluble magnegium chloride from titanium. im
{f} Thenlum ke bslow magnesium AND above zine in the reactivity m
sanes
Magnecium could displace titanium from titanivm{IV) chloride and
hence magnesium is more reactive than titanium. m
Titanium dioxide cannot be reduced by coke but iron{lil) oxide can
bereduced by coke.
Therefore, titanium is more reactive as il forms mare slable compound { 1M
than irgn.
(@ - 2m
L
BA{a) | 4CH(ag) —» 2H,O() + Cafg) + 4e im
2H'laq) + 2a — Ha(g) _ 1im
[(+]] Tube X: oxygen im
Tube Y: hydrogen
Drawing must depict retic of O:H as 1.2 ) ) im
{c} " Obsarvation : Siza of zinc decreases OR bubbies seen at slver im
alattrode
Explanaticn : zinc, the more raactlve matal, ionlzas to farm #inc ions & 1m
 OR
. _Hydrogen jons accept alectrons to form hydrogen pas
{d) Obsarvation: alectralyte will turn blue OR size of copper decreasas. im
Exp anation : Coppar electrade (the ancde) ienizes to form capper(Il}
fons which ig blua, henhca alectralyts turns blue OR copper electrada 1m

bacomes smaller as coppar lonizas

{c)

To react with acldic Impurltes such as silicon dioxide and remove
them as moltan slag.

(d)

Any two.

1. There are more stages ta manufacture titanium thus less efficient
{ more energy ara needed

2. In one day. blast furnace could produce (24 x 20000 =) 430000
tonnas of matal while the reactors couid only produce 1 tonne of
matal and hence Ihe rate of production is slower.

[student must axtract the dala on the quantities of metal produced o

suppor the production rate is slower]

3. Blast fumace uses coka/carbon which is abundant and cheaper
than magnesium / Magnesium usad in reactor is mora

2m
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[ Either

i B9(a)()

The compound consists of a funetional group named ester.

(i}

CH)

im

Alcohoi

CH5

I
A._;...I.UI
H

Carboxylic acid

8)
I
HO wlC wee CHy

2m

Add acidifled potassium manganate{Vi} solution to each sampte of
top note campound and middie note compound,

if the ackdifled potasslum manganatefVil) solution turned from purple
to colaurless, tha sample is middle note,

If the acidified potassium manganate{Vll} solution remained purple, lhe
sample is tap note.

OR

Add acidified potassium dichromate{Vl) solution to each semple, if
the soiution turned from orange to green, the sample is mikidle nola
or if the solution remained green, the semple is top note.

fif)

m

Z2-phenylethanoic acid
H oo

! 1]
Ori -

H

im

“m

[ iy 1 mol of end note reacts with 1 mol of iodine. im
Mo of mola of end note
= 100/250
= 0.4 mol
Mo of mole of indine = 0.4 mol
Mags of indine
=04 X 2 X127
=101.6 = 102 {3sf)
lodine value is 101.6/102. . i
OR )
B3(a 2m
@ H O H O H O
I [ |1
—N-C—C-N-—L—C=-N-—— (-
H H H CH; H  CH;OH

o 1m for correct linkage. 1m for everything else.

{b) Mr of repeat unit = 215 im
Average no. of monomers = 600 000/215 X 3 = 8372.09 = B372 or 2m
B370(1=.1)

Note: If Mr of glycine = 75, Mr of alanine = 89; Mr of serine = 165, and
average no. of monomers = 600 000/269 X 3 = 8691.4 = 6691 or 6690
{3sf), then-only 2m. N

i) © N 1m

(i} Use a Jocating agenl. im

(dly No, because solvent 2 does not give a better separztion than sclvent 1 | 1m
as B and D have identical RF values_hence cannot be distinguished,
Dwration of chromalography is aise not a source of error, because RT | im
ia a ratlo (of distance fravelled by dye to distance travelled by solvent) | Im

(e}

The end note consists of carbon-Garbon dauble bond.

i

Temperature of 200°C and the catalyst used is nickel

| 1m

im

/ Rfis only dependent of solubiiity of component in a specific
sohent/Rf values are not time depandant.
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BBSS 2016 O Prelimv Sec 4E/Chem 5073 P

1. VWhich of the following is a compound?

flugrine
lithiLim
paroleum
supar

oomp

2. Three dry test tubes ware fillad with different gases and placed in a trough of waler. The
diagram shows what happens after some lime.

tube i tubel tube?

Y R T iy woter
Tl ot S
Which gases could the lubes have contained?
Tube 1 Tube 2 Tube 3
A. ammaonia carbon dioxide hydrogen
B. ammonia hydrogen carbon dioxide
G, carbon dioxide ammonia hydrogen
D.  carbon dioxida hydrogen ammaonia

3. Substance X has a meling point of -85 °C and a beiling point of 56 °C A metal tank
conlains substance X at 60 °C. The tank is coaled to 0 °C. Four arrangements of parlicles
in tha tank are shown balaw.

o a
o ©°
&
o a o]
o
¢ | |q o od’of =0
o

1 il )

Which diagrams best show the arrangaments of particles of X In the tank at 60°C and at
°CT?

at 80 “C ato°c
| 1]
| v
It 1
1l \%

gcampE

Applying Past Knowiedge to Newr Situation 2
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4. A profain undergoes hydralysis to form solution G. Ghromatography was carried out on

BBSS 2018 O Prelimi Sor 4E/Chem 5073 P1

solution C, glyeine, aaring and alanine.

¢ L
]
4 ¥
L
e ——i 2 *
Sedution € Alanine Glydine S%rine

Which af the fallowing atout solution C can ba deduced fram the chromatogram?

A. Schation T contsins alanine only.

B. Soldion C conlains glycine and serine,
G. Solikion C does not conlain serine.

D, Sclation T does not cantain glycine.

From which mhdure can the underined substance be obtained by adding water, slirring
and fittering?

A. sathanclc acld and watar
B. copoer () sulfate and sodivm chloride

C. silver nifrate and calclum chiorida
D. zinc carbonate and sodlum chicride

Which of th e Tolipwing ions contains the largast number of elactrons?

A O
. Cf
Na*
. AP

onm

The &lecirenic sTuclures of atoms P. Q and R are given below.
P21 Q:286 R 27

Which are the farmulaa of the compounds formad betwaean
(i P and Q
([iHQ and R?

fandQ Qand R
PG QR
P20 QR:
PQ QR
PG QR

gOompe

Apphpng Pust Snowiedge te New Situation 3

BBSS 2016 Q Prefim/ Sec 4E/Chem: 5073 P1

A compound X contains oxygen and one other elernent. Which one of the following
properties of X indicates most clearly whether the bonds in X are ionic or covalant?

A. X has a high melting pcint.

B. Xisalmostinsoluble in water.

C. Xisahard solid at room lemperature.

D. X tonducts electricity anly when muaiten or in agueous solulion.

The: formiula of lhallium carbanate is T/zCOa and that of sodium chicrite is NaG#iC,.
WWhat is the formuda of thalllum chiorite?

A, TiCIC:
B. TR,

C. TS0
D. T#CiOa)s

The diagram shows the arrangement of efecirons in Ihe outer shells of the atoms in the
compound ¥Zs.

x : electron of element ¥
#: clectron of element 2

Which pair ¢f elements couid be ¥ and Z?

Y 4
A, calcium fluorine
B. aluminium nitrogen
C. phosphgrus chlorine
D. subfur ) chigring

11. The elemenls, sodium and chlorine, in the third perlod of the Periadic Table show a

gradual change in properties. Which of the following changes is correct?

A, Ther melting points increase.

B. Their ability to gain electrons increase.

C. Their oxides shange from acidic to basic.

D. Thelr chiorides ehange from covalent lo ionic.

Applying Pasi Knowledye to New Situation 4
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12. 250 cm?® sodium hydroxide solution in a conical flask was \trated with 0.1 malfdm®

14

15.

16.

hydrechloric acid in a buratla. Which of the steps would cause the calkculaled
concentration of sodium hydroxide to ba lowar than its true value?

A. There are air bubbles in {he burette.

B. Record the final reading of buratiz before the indicator changes its colour.

€. Rinse the burette with distilled walar hut not with 0. 1mal/dm? hydrochlaric acid.

D. Wash the conical fiask with distillad watar before sodium hydroxide solulion is
pipetiad inla the flask.

. On complela combustion, a certgin mass ol hydrocarbon gave 11.0 g of carbon dioxide

and 9.0 g of water. What could the hydrocarkon be?

A. CH.

B. C:H:
C. GiHa
D. CoHs

Which one of the following gases al room lamperature and pressure does not occupy
12 dm’?

A, 6§ of helium
8. 16 g of oxygen
C. 14 gnitrogan
D. 9gofsteam

A compound Y gave a gas when heated wilh an excess of agueous sodium hydroxide.
When no mare gas was avolvad, thae rasulting alkaline solulion was heeted wilh aluminium
povider and tha sama pas was given off.

Which of the following was compaund Y?

. ammonium chiotlde
. sodium nitrata

. ammontum nitrata

. nitric acid

DO m»

Which of the following rethods can be used to distinguish betwean solid sodlum
carbonate and solid calcium carbonale?

A. Add acidified barium nitiale to lhe sold.

B. Add acidiied aguecus silver nitrate to the salld.

C. Heatthe solid and test the paseous product with limewater,

D. Add dilute acid to the salid and test the gaseous product wilh linewater,

Applying Past Knowledge to New Situation 5

BASS 2016 O Prefim/ Sec 4E/Chem 5073 Py

17. The reachon scheme below shows the reactions involving a metel end three of its

compounds.
Black Dilute swlfurc acid N Blua
Solid Salutlon
Heat and Aqueous
sadium
hydragan warbonale
Heal
b
Brown Green
Powder Frecipiate

Whal is the metal?

A, copper
B. ion
C. lead
D. zinc

18, Which of the following is not true of acids?

. They turn itmus from tlua to rad.

Their aqueous selutions conduct electricity.

They are generally formed by the action of water on the oxides of metals,
. They neulralize bases to yield salt and waler only.

DOm>»

19. An elemert forms a hydmoxide which dissolves in both acids and alkelts. What is this

alement likgly lo be?

A, calcum
B. ircn
G, sodum
D, zinc

20, Which subslance is not used to prepare magnesium sulfale by reaction of dilute sulfuric

acid?

. magnesium carbonate
magreslum chloride
magnesium hydraxide
mamesium oxide

Cow>

21. Which elenient is always present wilh iron in mild steel?

A, aluminium
B. carton
GC. copper
D. tin
Applying Pasi Knowledge te New Situation 6
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22. Hydrogen is praduced by reaction of a metal A and a dilute acid. When the same gas was
passed avar an oxlde of metal B, it reduced the metallic oxide to its metal in the presence
of haat.

Which of the follawing substances would give these results?

2o

ocom P>

Metal A Acid Oxide of Metal B
InG sulfuric acid calcium oxige

calciumn hydrochloric acid lead {Il) oxide
iron sulfuric acid copper (1] oxide

copper hydrochloric acid zing oxide

1,2 and 3 are corract
1 and 3 are comact
2 and 3 are cormracl
1 and 4 are correcl

23, A gas X was passed over a hot solid Y using the apparalus in tha diagram below.

Whal are gas X and solid ¥?

DO P

X Y
carbon dioxide carban
carbon menoxids copper
carbon digxide copper (1} oxide
carbon menoxide copper (11} oxide

24, Which of the folfewirg is an exarngple of a redox reaction?

A,
B.
C.
0.

2Br gy 2 Brag; + 22

zm.v_-..:. +e > Zm“a“_

CulDyy + Hagy 2 Cugmt Ivo__qv

CuCOai + H:SOuaq 2 CUSOuuq + HaOiy + COug

25, In which of the fallowing subsiances doas nifrogen axhlbil iz highast oxidatian state?

A, Nz
B. NO-
€. NzH.
D. HNQOa
Applifing Past Knowledge to New Situation 7
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28, Which ore of the follawing substances is present in the exhaust fumes ard could
contribute to tha formalian of acid rain?

=N I

cabon

lgad (1) oxide
nitrogen
nitmgen dicxida

27. A solutioncan be dacomposed using a powdared catalyst. ¥Whal would be the effect on
the rate ot lhe decompaosltion and tha vofurna of gas produced if an equal volume of water
was added {o the solullan before Ihe reaclion began?

A
B
c
D

Rate Final velume of gas
decreased increased
unchanged decreased
incregsed increased
decreased vnchanged

28. In the graph below. cuive 1 was obtained by the reaction betwaen 50 cm?® af 1 mol/dm*
sulfuric acid and excess zinG granules.

volume of ——
hydrcgen
formed

-

Time

Which of the following changes would prodtice curva 27?

CORR

Increasa temperature by 10 °C.
Adding the sama amount of zine powder inslead of zinc granules.
Using 100 cm® of 1 mol/dm? sufuric acid instead 50 cm® of 1 molidm sulfuric acid,

Using 100 cm?of 0.75 mol/dm® subfuric acld instead of 50 em? of 1 malfdm?* sulfuric aid,

Applying Pust Knowledge to New Situation 8
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29, The energy required 1o break the foflowing bonds are givan in the tabla balow. 33, The following three solutions undergone electiolysis using inert electrodes.
[ Bond Energy required to break bond f kJimaol Solution | concentrated sodium chloride
T F_F 158 Solution |l dilute potassium sulfate
HoH s 236 . Solution Il silver nilrate
H-F 556 ¥vhich of the solulion{s} produce oxygen gas at the enode?
Which ofthe following can be deduced from the information pravided abova? A. lonly
. 1t 1l o
A.  The bonds in fluoring molacule is the strongest. M “_Mhn m ”_.ﬂm
B. Hydrogen gas is more reactive than fluorine gas. c. L1l and Al
C. Hydrogen fluoride moletulas are the least stable. T
o. _._._Hmmmm:xm.__.uw produced when forming 1 mole of hydrogen flueride from its elements 34, The diagran balow shows a simpla cel:.
[ .

Hnw of electrans

mo___..zmmmu::n53:6:oﬁqmn::mnqumtim_mw..“ao_m§ox<m_:m:mAnuzmrosmm \\ ../¢
2.5 kl whila that required to evaporate 4.8 g of ethanol was 3.9 kJ. From this evidance,
which of the fallowing would be the most correct corclusion?

A. The more carbon atoms there are in a molecula, tha mora difficult it is lo wire
evaporate the substance.
B. The molecules of elhoxyathane are held together more strongly than those of

ethanol.
C. The malacules of ethancl are bound logether more strongly than those of Metal X .Ir!m Metal ¥
sthoxyelhane. = dilute sulfuric acld

0. The atoms in sthoxyathana molecules are more difficull lo break apart than those

in ethanal melecutes.
For which palr of metals would elecirons fiow g5 shown in the diggram?

31. During an alsctrolysis, 5.00 meoles of eleclrons are passed through a motten aluminlum

salt, what Is the macimum mass of aluminium farmed at the cathode? X Y
A, iron 2inc
A 162¢g B. zine capper
B. 2709 C. lead magnesium
c. 450¢ o. zinG magnesjum
0. 1350g

35. \Which progarty ks similar for tha hwo organic compounds shown below?

32. The coppar heatrefiecling shields of some space rockets are gold plated using
electroplating. Which elecirodes and elecirolytes will be used to gold-plale the heat " M "

hiefds?
shields ) :’lm...lm IM M m_]_._ I!.lﬂl.%ll.m a—

Negative electrode  Positive electrade Electrolytes K i3 N A
A carbon heat shield gold compound ..W
B. heat shiald zarbon copper compound : A
C. heat shield ooid gold compound
D. gold haat shield copper campaund A. malling point
B. sirudural formula
C. solubility in methylbenzers
0. compositian by masa

Applying Past Knowledge to New Situation 9 Appliang Pust Xnoudedye W New Situation 10
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36. Elhanal Is used in some after-shave lolions and deodarants. Which pair of prapertias
makes it suitable for these usas?

A, ltis flammable and vaporises easily.

B. ltis flammabde and mixes gasily with water,
C. Misagood solvernt and vaporises easily.

D. Nlscolourlese and has a fow freezing point.

37. VWhat happens whan one male of ethane is mixed in the dark at room temperature with
six males of chlorine gas?

There is no reaction.

Only C;Cly are formed.

C:Cls and HCl are formed.
CH«CHCl and HCl are formed.

OpppR

38. Dne form of biodegradabla polymar usad for ‘plastic’ bags has the following structure.

R ? CH, o
CH { ]

What could be the monomer lor this golymer?

I .

H
i
. 1
A Ch M: COH < n_.rl.._ulolo
wob
5 q
B oz.smsno& ©  ay-t—co
! OH H
39. Which process is used to convart substance R to §7
R Pracess s
A. esler addition patymerisation tarylana
B. ethano: neutralisalion athanaic acid
C. amino agids condensation polymarisaticn protein
0. fats condensalion polymerisation  fatly acids and glycerof
Applying Fast Knowladge to New Situution 11

BRSS 2016 O Prelimy Sec 4E4CHem 5072 P1

40. Five struckral formuias arg shown below,

i e
. HE-H  HC-H H-C-H
W _ I w
=A_¢.z wlp MGt :-ﬁ -
H
__'nrlmlrw.x :._W-x HeG-H M
YR s B H h
1 2 a -
B-C-H :.M..:
P | y
H-Goe€—C-H  Hel——foa oM
LI h _ v
H-C-H H-C-H
y ;
4 B
How many Isoimars are there?
A 2
B. 3
C. 4
D. &
-End of Paper 1 -

Applying Fast Snowiedge to New Situation i2
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Tha Periodic Table of the Elements

Group
[T [ m . W ] Vv [ v . vi @
3 4
M M
Hydrgan Hafum
1 2
7 3 1" 12 14 16 18 20
Li =L] B c N o] F Na
Lithtam Bardium Soron = Wirogen Crygan Fluoring Haca
3 1 5 B 7 8 ) 19
3 24 w 28 » a2 %5 40
Ma Mg Al Bl P 5 [o]] Ar
Scdum | Magnesium o | Pros s Cniome Argan
Ikl 12 13 14 15 1€ 17 13
3z 40 43 48 =l 52 55 ! 85 53 ] 64 -] ] 73 75 ki &0 34
K Ca Sc Ti v or Mn ' Fe Co Ni Cu In Ga Ge As Ea Aar Kr
Priassbm | Cakdiim Titanium i Chorium | Mangwess Iroa: Cabadl Mo Coppar Znc Gatum | Germarwm | Arsans | Selenivr. | Bomes | Kopton
K] 0 21 2 23 24 25 2% 27 25 29 30 31 32 33 4 35 3B
85 33 &8 a1 93 23 101 103 108 108 112 115 113 23 128 127 131
Rb ar Y Zr Ne e Te Ru Rh Pd | A Cd In Sn b Te I Xe
Rubidien | Shoriurr “irwn © Zicoteon | Reolhum i Tachnet R : Rhodum | Palacier Fiow Candmaum sy am Ty Anlmiry | Tellurwrn lerdiit Hamon
a 38 9 40 1 43 4 Tl 45 45 4 48 i 50 51 52 53 54
13 13T 139 178 1’1 134 186 1350 92 195 187 wm 4 o7 208
Cs Ba La Hf Ta W Re Os Ir Pt LY He T FE . Bl P Al Rn
Cmesiunnt Barum | larthanum | Hamium | Tankkm | Tungstes | Rhenum Chymim Iribum Pleimum Gioki Memry Thouin Laad Biarasth Boiosium | Ascone Radon
55 55 57 "7z 73 74 15 76 77 78 79 ay 41 B2 63 7 38 85 2
226 zr : @
Fr RE LY §
Fmachm Fadiom sedniLim =
ar i o4 1 o]
*56-71 Lanthanoid series El
190103 Actinoid seres o B ]
140 41 4 150 152 157 153 162 | 165 167 159 173 175 g
Ce Pr Nd Pm am Eu Gd Tb Dy  Ha Er Tm b Lu -
Cerem - ium | Prommech i E : Tabam | 3y Hamium | Evlem | Thulum | Yhephm | Lullios g
58 59 50 61 82 52 B4 65 65 &7 83 59 70 H g
P R 22 236 ]
gremeaememe® | om | opa | U | o | Pu | Am | em | me | of | Es | Em | ma | mo | L 2
Key X X & atorie symboi Tiohum |Piotaciiom| Urnium | Mepurior | Piorium | Amediciem | Carium Caltornbum | Eirahwicium | Formmum  hariploviom| Kobatum. |4 o
. b = proton (2hamic) rumber | gy 1] 92 93 34 9 S a7 48 9% 100 101 102 €3 *

The volume of one mola of any gas is 24cm” at room temperabure and presaume {rip).
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BBSS 2018 O Prelim{ Sec dE/Chem 5073 P2

Section A [60 marks]
Answar alt queslions in this section in the spaces provided.

A1, A diagram of the Periodic Tabde is shown below,

Using Ihe letters shown in the Pericdic Table,
a. idenlify the slemant that forms giant covalent structuras.

b. identify the element thal does not form compounds.
c. idenlify the most reactive non-metal.

d. identify Ihe elements thal have the same number of shells,

e.  Wrile the formula for the mitride of M.

[Total : 5 marks]

Applying Past Knowledge to New Situation 2
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A2, Elemont X is an alkali metal while element ¥ is a halogen which s yallow-graan in colour,

a.  When a small piece of X is placed in some agueous copper (1)) sulfate solution, it darts
about and dissolves.

Describe two vlher changss that can be seen.

b, When an excess of aqueous Y is added to aquecus potassium iodida. 3 brown solulion
and a black sold are oblainad.

{i) Mame the brown solufion and the black solld.
Brown solULBR .o e
Black sohd OO PR URPRPRRUPRIPSRR - |

(1} Explain the formation of the black solid cther than the reddish brown solution.

[Tolal : 5 marks]

A3. Human activilies in recent cenfuries have released additional amounts of heat absorbing

gases lo the atmosphere,

Carbon divxide is a greenhouse gas which has a greenhousa factor of 1. Other gases are
given @ greenhouse factor that compares their effect with carban dioxide. The greenhouse
effect increases as the factor value increasses. The table glvas same informalion of five
main greenhouse gases.

mBn_.__._o..Haw Cantributlon to Current rate of
Greenhouse gas factor greenhouse affect  increase in the ale

A%, 1%

COo: 1 S0 . 04 |
CHq 30 18 1.0
N 180 G 03
Oy 2000 12 1.5
CFCs 10000 14 2.0

a. Name the greenhouse gas thalis only producad by human aclivilies.

b. if equal volumes of each gas at room temperature were filled in separate gas jars and
exposed o sunlight, which gas jar will show the highest rise in temperature?

Applying Mast Knowledge o New Situation 3
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. Explainwihy living organlsms cannot survive on Earth without the presence of greenhouse
gases in lke atmosphere.

d. Explain why allhough carbon diaxida has the lowest greenhouse factor among the gases
listed, its contribulion towards global warming is the most significant.

e e e —— [1]
[Total . 5 marks)

A4, X. Y and Zare lhree different matals. Tha rasuits of two experiments carried out using
the metals or their oxides are recorded below.

| Expesmant P _ Y z
Adding tve metal Ng abservable No observable
to water Effervescence change change
Heating the metal Mo observable No observable
oxide change Matai produced change

a. Based on tte above informalion, arrange the three metais in ordar of increasing reactivity,
slaring from leest reactive melal.

b. An oxide o ¥ has the formula YO. When 1.08 g of this oxide is healad strongly. it
decomposed completely lo give 63.0 cm® of oxygen, measured at rip.

{i) Write abalanced chemical equation for the decampasition of oxide af Y.

Calculete the relative atlomic mass of Y,

(3l
[Total : 5 marks]

Applying Pust Knowiedge to New Situation 4
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AS. Hydrogen peroxida (H202) can behave as an oxldising agent and & reducing agent.

a. Complete the 1able below ta show the role of hydrogen peroxide as an oxidising or a
reducing agent.

Reactlon of H;0; with acidifled | Rerction of H.Qzwith FeSQ,

KMnO, golution
. ) Lighl green solution turned
Obsarvation Purple sclution decolourised
yellow
Rele of IHOu
(2
b. Potassium manganate (Vil},, KMnQOa4, has the following struclure,
0
I K
O=—=Mn—=0-
0
‘What ls the total number of electrons surrounding the mangarese atom?
e e et e ettt eeeiee AN EE e raL e A e e n e s e eaae (1]

e Sulfur dinxide. an air pallulant is detectad by bubbling the polluted air through an agueous
sclulion of potassium manganata (VIl). A change in colour from purple to colourless
confirms its presence. The ionic aquation is shown below.

550z + ZMpQq + 2H0 & 55047 + 2Mn?" + H’

State two characleristics from this reaction which shows that manganese is a transition
matal.

|
[Totai : S marks)

Applying Past Knowledge te New Sttuution 5
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A6. Le Chatelier's principle predicts that the highest yield of ammonia in the Haber process
should occur al a high pressure and at a low temperature. In practice, however, thesa
conditions are not used.

The labie telow shows the percentage yield of ammonia at different temperatures and

pressures.
+.m:¢|umﬂdﬂ=.a T .|vmﬁm:._mum.&m_n of ammenia al equilibrium _
/°c 200 atm 300 atm | 400 atm .m

350 24 40 : 48

450 20 23 30

550 10 12 15

b. By refermring to the table, state how the Increase of prassura affects the percentage yield
of ammonia at equilibrium.

c. (i) Explain how the increase in lemperature causes the percentage yield of ammania
to decrease al equilibrium.

P A

(iiy From this cbservation, deduce whether this the formation of ammeonia is exathermic
or endothermic.

[Tertal @ B marks]

Applying Pust Knowledge to New Situation &
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A?. The setup below was used to prepare dry hydragen chloride ges, and investigate ils A8. Study the flow chart balow and znswer (he queslions that follgw,
effoct on hasted ion filings. Q

Canzentrated
stilFurke acld Tuhe B

iron filings

Ehanoic acid
Process &

NaQlK salition

FEthane

ory Gas T and
Sedfum ethanvate  ——»—— Sodiurn carbonate
- " NaCH

Sodium chioride e

State any twa conditions necessary for fermentation of glucose to lake place.
a.  Name liguid M.

b. (} Vwhat will ba ohserved in tube B,

SO OO OO UPTPPRRRRURROU | || b. Stale one eagent that can be used to carry out process S.

(iy Write an eguation for the reaction that oczurs in tube B, T e e []

...,..:.....:...:.....:...._..__,:....._..............,...,..,........1.:...,.......:................:_ c Woﬂ—‘-ﬂmmmmTW_’a.ﬁm—m —._wn__dnmﬁwosm. _Qmama.—jmmmmﬁmn
(iily Why is the gas from 1ube B burnt? P N
B LT T T T

=

How is sodium hydraxide kepl dry during the reaction?

c.  Explain lhe following observations with help of equation(s): e e e e e st s eereee e [1]

{i) a white precipilate is formed whan hydrogen chioride gas is passed through agueous

e. Stale another use aof athana! olher than as an alcoholic drink.
silver nitrate.

0] . Another alcohol is butancl. Draw the structure of butan-2-ol.
1
[Total : 8 marks) : [

[Total : 7 marks)

Applying Fast Knowledge to New Situation 7 Applying Past Knowledoge to New Sifualion 8
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AD. The diagram below shows an experimant in which an etectric current is being pessed
through dilute sulfuric acid and solution P.

Dilute sulwric add

a  After elacirolysis for 30 minutes st a constant current, 200 cm’ of gas is callected tn the
test-tuba at elecirode A,

{0 Predict the volume of gas al electrode B.

(i) Why would steel not be a suitable material for electrode B?
b (i) Identify solutior P.
(iy WWrite half equations for both electrodes C and D.

(i) A few drops of Universal indicalor solulion was added 1o the electrolyte close to
electrcde D. Universal indicator turned blue then decolourised. Explain this
observation.

[Total . 6 marks]

- Eng of Seclion A -

Applying Past Enowiedge to New Situation 9

attermpled.

B10.

BBES 2018 C Frelim/ Sac 4E/Chem 5073 P2

Sactian B [30 marks]

Answer all threa questions from this section.
The last question is in tha form of eitherfor and enly one of tha alternatives should be

A precipitetion resction refers 1o the formalion of an inscluble salt when two solutions
conlaining solucle salts are cornbined. The inscluble salt that is produced is known as the
precipilate, hence the rzaction’s name.

Frecipitation reactions are used 1o determing the presence of various ians in solution. The
following flow chart shows how different calions can be identified through the farmalion of

precipilates.
Cation solutton v
e Add hydrochleric acld
e e White
— P pracipitate Na precipitate - ———
1 U Add L white
flter indicata Pb* NailH precipitate
) is absant solution
Filtrata _
Add suifurkc acid
¥
White precipitste Add NaF 20
solution -+ - Phe
S | [ a
Ca™ andfor Ba™ present .
e Hrown white Blue precipltate
e Ipitate green e Add NH
_ White predpitate _ No precigltate _ precipi precipltate Add HH; colution
I 1 T ) soluztton
” - - " dinit Frecipitate
f Ca _ Bo _ Fe ﬁ — Fe 7 _ predpitate dissalves to form
e == {1f sultfurle acid ta form calourless
test is pasitive) deep blue solution selutlon
.F‘ T
cu . ld

Hip.Yoounmonity horedefsiudies omd

Barium hydroxide and sodium hydroxide are alkali sclulions which can ba used in pracipitation
reactions. Thay have the following struciures.

| Ba2r H-0f

-0

Na* [H-Qf

Applying Pust Knowledge to New Situation

w

Need a home tutor? Visit us at www.championtutcﬁ?com



BBSS 2016 O Prelim/ Sac 4E/Chem 5073 P2

A studenl performed a series of experiment involving precipitation raactian.

Expertment 1

0.5 om’ of sodium hydraside was added to 2 test tube containing an unknown salt solution.
The height of the precipitate farmed in the last tube was plotted agzinst the valume of sodium
hydroxide added.

heighd ol Bren
peacipitala Lrm

a.
V't walyma of 2odium by ide
solutian added ¢ rar
arment ¥
A study of a precipitatior reachon between berium hydroxtde and dilute sulfuric acid was
conducled.
The reaction lubes containing different volumes of barium hydroxida, a sirong Base, and dilule
sulfuric acid is as staled ir the tabla. Precipitation occurs in all the reaction tubas and afler 20
minutes, the hefghtof the precipitate in each tube is measured and recorded in the table balow.
Reacticn tube [ 1 z 3 4 1 s 6
T ) b.
Voiums of 0.50 mol/dm?® of
barium hydroxide used J cm? 50 50 50 5.0 50 5.0
Yolume of 1.0 moltdm?® of dlluts
sulfuric acld used / cm? o _ 15 1 20 25 30 35
Height of precipitate / cm 25 | 30 35 | 40 [ 40
Table 1
Toeach tuba, tvo drops of an indicater are added. The colour change of this indicator is shown
as follows:
pH B " Colour ]
< 8.2 colourless
8210 13.0 pink
-
> 430 colourless |
Table 2

HB3S 2018 O Prelim/ Sec 4E/Chemn 5073 P2

The electrical conductivity of each reactian tube is recorded. The graph is seen bafow.

F S

Elecircal
comhustivity

-
1 2 3 4 5 4 i
IZessotion lube nemiber

Draw a do-and-cross diggram to show 1he bonding m a hydroxida ion.

2
(i} State the formulz of a possible cation in lhe unknown salt solutlan in Experiment 1.

(I Seme cations produced white precipilate when sodium hydroxide is added 1o their
salutions. Describe how these cations can be distinguished from one another.

Applying Past Knewledgs to New Siftiation i1 Applying Past Xnotledge to New Situation 12
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{iiiy The student addad sodium hydroxide into copper {il} sulfale solution.
Complste the diagram to show the variation of the height of the precipitale as the
alkali was gradually added.

-

Height of precipitate / mm .,

y

Volume of alkali added / cm?® 1]

t. {i) Give tha nama of the precipilate and the other product formed when barium
hydraxide Is addad to dilule sulfuric acid in Experlment 2.

(i} What is tha eolour lormed in Reaction tube 1 and 5 whian the indicator is added?
[ T-T (Lo T I 0¥ L+ I oS

Raactianm tuBa 5 weviveriveriee e e semranmrrnes camemmibrenime e nanim e eannsinssnnene [1]

{iiiy Predict the hatght of the precipitale in the reaction lube 6 in centimelres {cm).
Explain your Answer.

{iv} Using tha conductivity graph given, explain fully the shape of the graph.

[Totai : 12 marks]

Applying Past Knowiedie to New Situation 12
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B11.
A student Invasligates the anergy releasad when hydrochloric acld complelely neulrallses
sodium hydroxice solutian. The studeni usas the apparatus shown in the diagram balow.

-+ Hyrtnoahlonn ankd

—Bumlie

oo o et o]

Tharmemator

Putystyrure cup

Sodium hyd roldee aslutian

Tha studant:

+ maasuras 25em? sadium hydraside solution Into a polystyrane cup

« fills @ burettewilh hydrochlosic acid

« measures the lemperature of the sodium hydroxide solution

« adds 5§ cm® hydrochloric acid ta Ihe sadium hydroxide solution in the polystyrene cug

» siirs the mixture and measures the highest temperature of the mixture

« cantinues toadd 5§ em? porlians of hydrochlorc acid, sliring ang measuring the highest
lamperalure of tha mixture after each additicn.

The studeni has plotted a graph of the results,
Tha graph line has been incorrectly drawn by including an angmaious rasull.
Tha graph is shown below.

A0y
35
a0l
25
Tompera.e
of mlun 20
n°C
151.
17
s
0 | o EiE i
0 10 20 el 50
Valuma of hydrochions acic added it em?
Appling Past Knowledge to New Situation 14
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a. () Suggest a cause far the anamalaus result when 20 cm® of hydrochloric acid is added.

{Il) Suppest the true value of the lemperabure of the anomalous paint.

Temperature = .........ccoc.ccmiiiinnn °C {11
(iiy What was the total volume of the mixiure when the maximum temperature was

reached?

Total volume of the MK = ..o vssirsee e CC 1]
(k) Cabeulate the averall temperature increase in this experiment.

]
(v} Usa your answers 1o {aMiii) and (a){iv} and the equation to calculate ihe anarpy
released in the reaction. Assume Ihe velume in cm? is equivalent to the mass of
solution in grams.
Equation: @ = mcAT

where: O = erergy refeased; m = mass of solution (g); c = 4.2 (J par g per °C);
AT = change in terperature {°C)

12]

b. The sludent did the axperiment again, starting with 50 cm® of sodium hydroxide solution
instead of 25 cm®.

Explain why this woukd make no diffarence to tha overall temperature increase.

[Tatal : 8 marks]

Applying Past Knowledge to New Situation 15

BBSS 2018 O Prelin/ Sec 46/Chem 8073 P2

B12 Either

a. Polyethene is formed from addition polymerisation of many monomers of ethene.

{)  Craw he structural formula of polyethena.

|
(i} Determine the number of H:C=CH; monomaric unils, », in vre molecule of

pelyethene with moiar mass &f 40 000 9. Hence, how many carbon gloms are presant
in une molecu’e of polyethane.

HE i
aumber of carbon atoms in polymer = ............... ... [3]

{fii} O of sight, out of mind'.
Do youagrae with this stalement when il comes o the disposal of plasiic waste?

Applifing Past Knowledge te New Siluation 16
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b.  The structure of a liguid crystal palymer is shown below.

{i Explain why the ebcve polymer is produced through addition polymerisation and nat
condensation polymerisation,

{il) Describe & chemical lest to distinguish Ihe monamer of the liquid crystal from an
arganic cempound with chemical fomula CaHag.

c.  Dacronis an axampia of a polymer thal is formed by condensation polymerisation.
Below is the structural Farmula of the twa manomars that are used to prepare Dacron.

H
_ Q

o_ —OH Iol,__@rmlo:
H

Draw the full structural formula of the repeating unit in Dacron.

P
0
:::*’-"—:

(4}
[Total : 10 marks]

Applying Past Knowledge (o New Situation 17
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B12 Cr
The diagram represents s saturated falty acid melecule.

E:Eﬂmﬁmﬂmﬁmﬂzuﬁ:: \O
H-C— Gln.u ﬂl_ -C—C—-C-C-CC-C—C—C- OIOIG..O

ChnRAAMNA AN ARG A A RAn OH

a. (i) Give hha structure of the funclional group thal indicates the fatty ackd s a
tarboylic Acid.

(1]

(i) Slata the structurat diffarence betwean a saturated fatty acid and a polyunsaturaied
falty aci.

(i) Describe a chemical test lo disfinguish between a saturated and a polyunsaturated
fatly acid.

b. The diagram represents a soap particle, an ion. it can be considered to consist of two
parts — the haad and the long tail.

HEHHHHHHHHHHHHHHHH (9]

[ P
IiﬂlnnnIﬁlnlﬁ.!nIniﬂlﬁlﬁlﬂlnlniﬁ.lﬁlﬁjo\
AR AR A NoT N —+
::ﬁﬁ:i:mmxiimmmmm a
Long tafl Head
{i) Suggest how this soap is made from the fatty acid in (3).
Applying Pust Knowledge ta New Sifuation 18
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Buklt Batok Sacondary School
Sac 4 Exprass 2016
Chemistry 5073

PRELIMINARY EXAMINATIONS - ANSWERS

Paper1 : Multiple Chalce Questions

1

DJ2 B i3 A
11B|12B [13 A

=y

21

B|22¢C |23 D

M Cl32¢C 33c¢C

€ I | fa
F S
@a|»a
&5
Qg ao
AL AR
[a1R=l12]] ]
L)
=3}~ ~
P|0| M@
Ll Pt — | O
o | oo

b di=llgll=]
02| Py =20}
Li=] L=l

Ojoom

13

CiHy » CO, +H:O
11.0¢ 8.0g

no of moles of G0 = 11 +{12+2(18)]) = 0.250mol
no of moles of H:Q = 8 + [2{1) + 16] = 0.500moI

0.250mal of COz and 0.500mal of H.Q are produced
1maol of €02 and 2mpl of H-0 are produced

C.H, > GO, + 2H,0

To halanca the aquation, C.H, = CHa

CHa = CCp + 2H0

14

{A) no of moles of He = 6 + 4 = 1.50mol
volume of He = 1,50mal x 24dm? = 36dm®
{B) no of moles of O; = 16 + 2(16} = 0.50mo
volume of Os = G.50mol x 24dm’ = 12dm®
{C) no of males of Nz = 14 + 2(14) = 0.50mol
volume af Nz= 0.50mol x 24dm® = 12din®
{D) no of moles of steam {HQ) = B + [2(1)+16] = 0.50mol
volume of HO = 0.50mol x 24dm’ = 12dm®

25

AYN:  (B)NO: [C]N:Hse (D) HNO,
o +q -2 247 +1 +5.2
-2 2 1 -2
+ -2
+1

29

31

Fz + H; = ZHF

AHprea ® (+158kJ} + (+438k) = +594kJ
AHrorm = 2{-556kJ) =-1112kJ

A bgyerar = (+594kJ) + -1112kJ) = -5318kJ

To form 2moles of HF, 518kJ of energy is released

To farm 1moie of HF, 518 + 2 = 250k of energy is released.

AR + 38 2 Al
Smof mass?

3mal of electrons produced 1mol of Af
smol of electrons preduced 5+3 = 1.67mol of Al

Mass of A1 = 1.67mcl x 27 = 44 8g = 45.0g

Paper 2 Sectjo
1a. N
1b. R
1c. P
1d. Q. MRarN, P
1a. MaNz inot nitrafe)
2a. Blua precipltala formed.
Effarvascenca.
No displacermen! gs reaction of aikefi metal fs toa fas!
2bl. Brown zoluticn — lodine solubion
Black solid - lodine crysfals
obii Excess iodine produced which cannot be dissalved in patassium
* chiorice sclution formed. {sofid f» will dissoive uless in excess)
Ja. Chlorcfluorccarbon (NAMEI)
3b. Chlarcfiuorccarbon / CFCs
3¢ Greenhouse gases frapped heat to keep Earlh wamm. Withaut them,
’ Earth wifl be lao cold for survival.
34 Therais highest volume of carbon dioxide in the aimosphere comparad
: ta the other gases listad.
OR
It contibules the highest parcentaga to greenhouse effect.
3e. lce caps melts, rise in 5ea lavel causas flonding to low lylng lands.
Increase in temperature causes low Grops yield,
Increase in temperature causes erratic waather changes.
4a. Y=Z<X
4bi, 2Y0 3 2Y + Oy
4abii.  2YO 3+ 2Y + O
1.08g 50.0em?
no of moles of O = 60,0¢m® + 24000cm® = 0.0250moi
fmol of O is produced by 2Zmol of YO
0.00250mwl of O; is peoduced by 0.00500mol of YO
M. of YO = 1.08g + 0.00500mel = 216
Atomic Mass of ¥ =216 - 16 = 200
- _ Reactlon of HyO; with | Reactian of H20p with
5a. acidified KMnO, FeS04 solution
Role of Hz0; | Reduging Agent Oxidising Agent
Ay, 14

im

m
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m

m
m
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1m
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m
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each 1m
Irstal 2m
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5c.

5b.

S,

Geit.

Gd.

Ta.

Thi.

7hii.

Thiil.

Tci.

Jchi,

§a.

8b.

8c.

Bd.

Be.

Manganese formed coloured compounds.
Manganess has varied oxidation states.

Nz(g) + 3H,(g) == 2NHMy(g)

Alsame temperature, yield increases as pressure increases.

As temperzglure increases, ammania molecules formed gained heat
energy o break the N-H bands thus causing the equiliblium to move to
the lefl, resulbng in lower yleld / dacomposed to N3 and Mo,
Exathermic

High pressure Is not applied as it will make tha reactlan dangerous and
maintenance of machinery costly.

Low temperature is not used as it will make the reacton lna slow,

Concantrated suilfuric scid {as drying agent)

Green solid formed (FeCl;) f white salid formed
ZHCI + Fa > Fella+ H;
Hydropen gas is produced and it is flaminabla.

Silver chloride, an insoluble solid is formed.
Ad' faq + CF (o) > AGCH i)

Ammanium chloride is formed.
HG + NHy = NHJCf

Use of yeast

Temperature at 37°C

Airtight cand|tian

Stop production whan elthanol reaches 15%

Acidified potassium manganata (Vi)

P zthene
T . methane

Use of calcium oxide

As a soivent
As an antiseptic
React with carboxylic acids fo form esters

m
im

agn im
no reed
symbols

m

m

im
Tm

im

bodh 1m

both 1m

Any 2 1m

im

im
m

any 1m

&

2ai.

Yaii.

abi.

&bii.

Bhiij.

H H

I ]
s

H H

I
I
]

H
|
OHH

100om?

Oxygen s produced al electrade B which can oxidise irpn in steel.
OR

Iren in steel can react with sulfuric acid.

Concentraled copper {li) chioride

Electode C : Cu® i + 28 3 Gl
Electode D : 2CF jaq) > Clygy + 28

Prasance of hydroxide (OH') ions turned Universal Indicatar biug and
presence of chlaring gas (Ci) bleached the indiclor.

1m

im
m

both 1m
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Papar 2 Section B

_ ,xx 1
L_.\\ % H A othar é-,
10a. Jx{ © C bracket
/f - \.\ charge

e

10bi.

10bii.

10iii.

10ei.

10cii.

10ciii.

shara
im

Im

Zn? I P r AR any 1m

Add gxcess aqusnus ammonia to the respeclive cafion solulions f
white pracipitata formed.
The one that disso'ved contain Zn?” ion. 1m

Add hydrochloric acid lo the respective cation solution.
The one that formed white precipitate contain: Pb ion. m

The while precipilate which does not dissolve in excess aquecus
ammonia and the calion solution which does not form white precipitale +1m
when hydrochloric acid is added contains AP ion.

HHghE of predipitate ! mm
3

i

>
Yolsme of alkali added [ em’

Berium sulfate, water bath 1m

Tube 1 - ca'ourless / pink

Tube § - colouriass both 1m
4 0cm

Barium hydraxide (alkzah) is used up, sulfuric acid is in excess.

Reaction stops. bolh 1m

Electical conductivity decreases from lube 1 to 4 because Bs more

10civ. . " ; "
sulfuic acid is used, more ions are removed to from the precipilate.

There is still some conductivity al the maximum production of
precisitate (lube 4} because of water, a weak eleclrolyle, is present.

Conguctivity increases again from fube 5 to 6 as excess acid is added
will contribute to rmore jons present for conductivity.

» added less than 20cm® of acid

- readrecord a lower temperature
« lailure 1o sl

= hea [oss

11ai,

Mail.  32-33°C

11aiii.  Tatalvolume = 25um® (alkali) + 30am’ (acid) = §5cm”

11giv. Ovenall temparature increage = 38°C - 18°C = 20°C

Q mcAT

Ttav. 55 x 4.2 x 20 = 46204 / 4.52kJ (ecl I uif, aiv is wrong)

11b. Hrfgq+ OH pogy — H20Op
Thars Is twica valume of alkall, bwice as much anergy is relaased
whenmore O-H bonds (in watar molecules) are formed.

But snce there is alsa lwice as much water that is produced, energy is
absabed by the water as lhe water is being healed.

B12 Either

o
ai. n_ulﬁ_u
H H/,

aii. Mr of ethene monomer C:Hy = 2(12) + 4(1) = 28
na cf monomers in the polymer, » = 40 000 + 28 = 1429 or 1439

Eachmonomer has 2 carbon atams
Mumbter of carban atoms in polymer = 14286 x 2 = 2857

im

tm

im

any 1m

im

valugs
m
ans 1m

opticnel

m

im

im

m
m

im
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s Plastic waste ere not able to decompose because they are non-

' biodegrable. They cannc! be broken down by bactaria.
They reman buried in landfilis for a Iong period of time, hence mare
land is neaded as landfill instzad of land being used or more
consiructive purposes ag fo grow crops for the poputation.

bi There is ne amide or ester linkage in the polymer structure.

bi WWith the liquid crystal monamer, reddish brown ggueous bromine
) decolourised.
With CaHse, reddish brawn aqueous bromine remains.

4] O H H

[F} n | I |

e . o.@nx?n:nlo.
Lo
H W

120y

\.O
#
ai, — <

~o—ii

Salurated fatty acid has C - C bond only whereas polyunsaturated

all. fatty acid contains C = C

Pdlyunsaturated fatty acid contains many C = C bonds in its molacula.

ail Add agueous bromine to saturaled fatly acid, ggueous bromine

: ramains bicwm.
Add aguegus bromine 10 polyunaturated fally acid. brown agueous
broming rertains decalourised.

bi. Resct fatly actd with an alkali eg sodium hydroxide.,

bii. The head.
The haad has a nagative charge on COO which can be altracted to
tha hydrogen aloms which are the positively charge end of water
molacula.

ci. CaH:0H

The long chain molecula lakes a longer Hme to break down which can

ot cause foem ng when they are dlscharged into river and stream.

im
im

im

im
1m
-ve 1m
+ve of

HzO *m

im
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2016 SECONDARY FOUR EXPRESS
PRELIMINARY EXAMINATION

INSTRUCTIONS TC CANDIDATES:
DO NOT OPEN THIS QUESTION PARER UNTIL YOU ARE TOLD TO DO S0.

Write in soft pencil.

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

Write your name, class and reqgistar number on the Answer Sheet in the spaces
provided.

Thera are forty queslions on this paper. Answer all guestions, For each question
thera are four possible answers, A, B, Cand D.

Choose the one you consider comsct and record your choice in soft pencil on the
saparate Answer Sheet.

Each comecl answer will score one mark., A mark will not be deductsd for a wrong
answer,
Any rough working stould be done in this booklet.

A copy of the Periodic Table is printed on page 21.

Setter: Miss Cynthia Lim

This question paper consisis of 21 printed pages {Including this cover page) and 1 blank page.

1 A beaker of unknown gas was placed over a porous pot conlairing hydrogen
chioride as showm.

unknown gas

'

beaker

coloured water

porous pel  hydrogen
chloride

Over a period of lime, which unknown gas woukd cause the water level at X to rise
and then raturn to X7

A argo

B  hydrogen
C nilrogen
D oxygen

2  Caffeine is a while solid that melts at 235 °C.

A guantity of impure caffeine is found contaminated with sugar. The solubility of
caffeine and sugar in the lwo solvents are listad in the tahle.

substance solubility in water solubility in propanene
caffeine modarate high
sugar high nil T

Tha foliowing steps could be carried out lo ablain pure caffeine from a mixture of
caffeine and sugar.

f add excess waler

I Ailterthe misture

(Il add excass propangne
IV coaland crystalline

Y healthe filtrate

In which order should the steps be carried out?

A LI, Mand v
B LIlLYand IV
C I, I, and v
oA and V

Need a home tutor? Visit us at www.championtuto7r9com



3 The diagram shows the apparatus used to oblain carbon monoxide. S Asluden sets up the following apparalus tu separate ethano! {boiling point 78 °C)
and water (boiling point 10D °C}).
dilute kemps of charcoal carbon
hydrechloric m . monaxide
acid w g £
¢
fractionating
column

What is the man purpose of ¥Y?

to dry the gas

ta prevent water being sucked back on 1o tha hot carbon
to rermove carbon dioxide from the gas

to remove hydrogen chloride fram the gas

oo ml

Which graph comectly shows the relationship between tatal volume of distillate

i o _ platted against temperature?
4 An isotope of ¢element A has 17 prolons and 20 neulrans in its nucleus. Which

Need a home tutor? Visit us at www.championtutfﬁ‘%om

symbal is corract for the ion of A? 3m A ..m B .m c :m 0
A ofw i
17 i 3 & o
= B - il
B 37 as B @ =} A
178 p 5 2 £
g . 2 . 2 » 3 .
¢ WW A > Teinperatures G Temperature!'C = Temparatures G = Temperatura™C
D 37 A G  The table below shows some of the physical properties of substances P, Q, R and
17 5.
substance T melting bailing elactrical conductivity | solubility in
point/ °C point/°C | solid slate [ liquid state water
P 122 550 Roor poor insoiuble
Q 690 1780 poor good soluble
R _ 1510 2438 poor poor inscluble
5 1453 2730 | good good insoluble |

Which of the following statements aboul the four substances is correct?

A

B
c
]

Substance P is a simple malecular compound with weak covalent bonds.
Subslance Q is an ionic compound with mobile alectrons in the liquid state.
Subslance R is a macromalecule with immobile electrons held by strong
alectiostatic forces.
Substance S is a macromolecule with mobile eleclrons,



10

Element X has n pratens and forms ians with a charge of 2-,
Element Y has (n + 3} protons.

VWhich of the following comectly shows the structure and fermula of a compound
formed between elements X and Y7

A acovalent compound ¥X;
B acovalent compound ¥aX
C  an ionic compound YXz
D an ionic compourd YzX

Brass is an alloy of zinc (30%) and copper (70%). Which of the following carractly
dascribes the atoms in a sample of molten brass?

copper atoms zinc atoms

A | clesa togather and vibrating close logether and vibrating
vigorausly vigarously

B | clcsa togather and moving at widely spaced and moving at
random random

C | widely spaced and vibrating close together and vibraling
vigorously vigarausly

D | widaly spaced and vibrating widely spaced and maving at
vigorously random

Whan a 2.31 g sampie of oxide of nitrogen was analysad, it was found to contain
0.68 g of nitrogan.

Whnatis the empirical formuia of tha oxide of nitrogen?

A NO
B N:OQ
C NO:
D MN2Oa

Which of the fallowing will produce 1.0 mol of carbon dioxide on complete
combustion?

A 0.25 mol of ethanal
B 0.5 mol of ethene

C 1.0 maol of propane
D 1.5 mol of graphile

11

12

13

The diagram below shows the atoms of two elements, G and R,

-
o ) ol

What is th= percenlage by mass of element Q in the compound formed batween
Q and R?

25.8%
41.8%
58.0%
74.2%

oOowm>r>

CoHsOH + 2[0] & CHaCOOH + Hz0

The chemical equation shows the reaction of 2.30 g of ethanol mixed with an
axcess of aqueous patassium manganataf\Vil).

The reaction mixture was then warmed for one haur. The dasired organic product
was then collecied by distillation. The yietd of the product was 60.0%.

What mass of producl was collected?

1,323
1389
1809
3209

jw Rl b

Which property generally decreases when going across a period of the Periodic
Table from Group 1 to Group V11?7

the acidity of the oxides of the alemants

the number of elzctrons in the valence shell

the raducing power of an alement

the tendency of lhe efements to form negative ions

COm»

Need a home tutor? Visit us at www.championtutfﬁ‘]com



14 Thraa expefiments are carried oul 1o determine the reactivity of three unknown

15

16

halogens. The ionic equations of the three experiments are shown below.

Z' (aq) + Yz (aq) = no reaclion
X-{aq) + Zz (aq) = no reaction
2Y-(aq) + X2 {ag} > 2X {aq) + Y2 {aq)

Predict the reactivity of the halogens in decreasing order
A XY2
B XZY
cC ZXY
D zvX
The properties of some alemaents, W, X, ¥ and Z in Period 3 are shown in the
lable belonw.
[ element W X A Fi
appearance grey solid yellow solid grey salid yellow green
atroom | ges
lemperaturg R
reaction with extremely no reaction vigarous slow reaction
cold water vialsnt reaction
| reaction "
nature of reacts with reacts with reacts with raacts with
oxide acids bases both acids bases
and bases
Which of the following shows the arrangement of these elemenls in the Periodic
Table in increasing order of group number?
A WX YZ
B WYXZ
C YWZXZ
0 ZX YW
Which of the Fellowing is not a product of the reaction sequence belaw?
gas
— : um
steam i CooT PP
2N o £\ copper(ll) axide
heal heat
A coppar
B iron(ll) oxide
C  oxygen
D  water vapour

17 The table shows the results of adding weighed pisces of nickel metal in salt

18

19

solutions of metals W, X, Y and Z.

salt edution of metal initial mess of nickel / g mass of nickel after 15
- min/g
w 6.0 5.0
X . 8.0 5.5 |
¥ i . 8.0 4.5
F3 60 . 0.0

Which of e following statements is comect?

A Metas W is highar than metal X in the reactivily series,
B Metal Y can displace rivetal Z from its salt solution.

C  Meta ¥ is higher than nickel in the reactivity series.

D Zcould be nickel(ll} chloride solution.

Three experiments are set up lo investigats 1ha sacrificial protection of iran. The
iron nails are coated with some other melals as shown below.

water - ronnail  water .- iron nail water

magnesium

copper

X Y z
In which test tuba(s) will the iron nail rust?

A Xonly

B XandY only
C XandZonly
D ¥anrd Zonly

The waler from hot springs near the Ebeko volcana in the Pacific Ocean has a
very low pH.

What does the low pH indicate about the water from the hot springs?

It has equal concentrations of H* and OH- igns.

It has equal numbers of positive and negative ions.
It has high cancentrations of H* ions.

It has no detectable H* or CH- ions.

jm pRes ]
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20 Dilute sulfuric acid was added to the ltest tubes shown below. Some of them had 22 A 0.331 gsample of sclid lead(Il} nitrate is dissolved in walar and then added to
na visible reaction while some of them reacted quickly, giving off a gas. However, 125 cm® & 0.100 mol/dm® sodium iodide solution. Assume there is no change in
some of them fizzed at first and then stopped after a short time. <o__..3.m of the salution, the chemical reaclion takes place accocrding to the

1 2 3 4 5 8 following chemical equation.
ﬁ PB(NCz)z (2q) + 2Nal {ag) - Pblz (s) + ZNaNO: (aqg)
1
Which of ihe diagram below best represents the results afler the mixture has
reacted as completely as possibie?
\ \
7 - T \\\ x.rz., \\ Na* //
calcium  polassium magnesium  zinc lead{ll) copper _ \\zw, _ ST H NOy V \L
carbonate carhonate  ribhon nitrate  carbonate  turnings " ) x\_ ™ ﬂ/ Na /_ . \\ Zn
. Py - -
R ) - T ¥
In which test tubes reacticn lasted for a short time only? e N T — 7~ zou
i N 7 Nos )
A ftesttubes 1 and & _ Pbe | H\\ NOy & ﬂ ’ u N ,/f -
B festtubes 1, 2and 5 o | Vi Nl AN
C  testtubes 3and 4 . N TN NOs
D festlubes 2and 6 P N N N S A T
H NG: /w H\ I / \ ! TN A

21 When sodium carbonate is dissolved in water, carbonic acid and sodium S A ./ R Solid Pbl "

hydroxide are forred - - . TR J
A B

NazCOs (an) + 2H20 (1) & H:CO: (ag) + 2NaOH (aq)

Carbonic acid decomposes on standing to form GOz gas and H20.

The table below shows the results of tests on the solution of sodium carbonate.
Which results ars correct?

pH of solution when sodium reaction of sodium carbonate with
carbonate is dissolved in waler ~__calcium nitrate solution
A 3 white precipitate
B 3 ne reaction
c 12 white precipitats
D 12 ne reaction i
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23 Different tndicators change colour over different pH ranges and it is important to 25 The diagiam shows a reaction schema.
choose the corract indicator te obtain an accurate result in a titration.
indicater pH range for the colour — while crystalline sait P
. colour change lowar pH ! higher pH N

indigo carmine 11.6ta 14.0 blue yellow 4 Water
methyi red 421063 . red ysllaw Jlourless solution
methy! violet 0.3tc 3.0 _ yeliow violet _ carourie :

phenalphthalgin 8.2t 10.0 colourless . pink

dilute nitric acid and aqueous

) bari i aquegus NaOH
If aqueous ammonia is added to hydrochlorls acid, the following graph is arm nitrate d
Mwmm..hu..ma. which shaws the change of pH with the volume of agueous ammonia white precipitate __ white pracipitate
14 - — £xcess aqueous NaOH
12 . colourless solutian
10 _ _.
[ ] What is the identity of sait P?
g
A aluminium chloride
g B lead(ll} sulfate
‘ ¢ zinc chloride
4 | S D zine sultate
2 \ ‘ 26 Separate samples of hydrogen peroxide are added to aqueous potessium icdide
ot and to acidified potassium manganate(Vil). The ivdida ions are oxidised and the
¢ manganatz(Vll) ions are reducad. What colour changes are seen?
0 10 20 30 . _
volume of aqueous ammania added in cm? potassium iodide acidified polassium i
_ manganate(Vil)
A brown to colouriess colouress to purple
Which of the indicators below would be the bast chaice to use in the titration? B brown to colourless purpie lo colourless
G colourless to brown colourless to purple
A indige carmine D colourless to brown purple to colourless

B methyl rad
C  methyl violat
D phenclphthalein

24 Which statemeni 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.

B Increasing the temperature to above 450 °C will speed up the reaction but
Gause the yield 1o be low

€ Nitregen is obtained from tha cracking of petroleum.

D Unreacted gases produced are released into the atmoaphere.

11 12
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27

28

29

Pieces of apples usually go brown whan they are left in air for 2 few minutes. In
food processing facleries, it is important to stop this browning. The graph shows
how browming is controlled by the pH of a solution.

&0

=4

mmc..

&

mﬁu_n

&

mwo_l

mmo‘

g 0r

= S N TR R R S U
¢ 2 4 B B

pH af solution

In a laboralory experiment, cut apples are contained In special solulions to stap
browsiing. Which ona of thesa solutions is the best sclution to prevent browning of
the apples?

A aguegus emmonia
B  ethanol

C  nitric acid

D  propanoic acid

The heat-reflecting shislds of some space rockets are gold-plated using
electrolysis.

VWhich alectrades and electrolyte would be used 1o gold-plate the haal shiald?

regative elecirode positive electrode electrofyte
A carbon heat shield gold eocmpound
B gotd haat shield copper cempound
G heat shield carbon copper compotind
D heat shigld gokd gold compound

In twoe separata elactrolysis experiments,
deposited 16 g of copper from copper(ll) nitrate solution and 6 g of titanium, VWhat
was the charge on titanium ion?

oo

1+
2+
3+
4+

the same quantity of electricity

30 A dilute sdution of cobalt{ll) nitrate was electrolysed in the apparatus shown.
| +

syringe

plalinum foil —
graphite rod

cobaltfll} nitrate solution

Curing slactrolysis, a grey sclid farmed 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 o relight a glawing woodan splint.

Which of tha following statements are correct?

| Cobalt{ll} ions are higher in the electrochemical series than hydrogen icns
and are thus preferentially discharged to form grey cobalt metal.

I Hydroxlde ians are discharged to form oxygen gas which then reacts wilh
graphite to form carbon dioxide.

P The solution lefl behind is nitric acid.

N AMtera period of time, hydrogen ions are found at higher concentrations and
are ttus discharged to form hydrogen gas at the graphita rod.

| and IV only
Il 'and 11l only
nd |1l only
, Il and IV

14
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31 The apparatus shown below was used to compare the reactivity of metals P, @, R 33 When anmonium chioride is dissolved in water, weak forces of atiractions ara

and 5. formed between the ions and water malecules. Which graph best represents the
observed lemperature changa?

A B
F 3 F 3
filter paper %) e
soaked in 3 g
sodium chloride E 2
solution 2 g
g E
-m S m
coppsr block » -
volume of waler added / o volume of water addad / om?
In each test, the voltmeter reading was recorded in the table shown below, s c N b
metal under test | direction of electron flow in voltage recarded / V e &
| externa! circuit . ® P
P PloCuy +0.87 g 2
Q Cuto@ -1.20 ¥ g
R RioCu ! +1.58 5 E
8 S to Cu _ +0.36 #
What is the correct arder of the metals in decreasing reactivity (mast reaclive ta volume of water aded / cm? velume of water adred / am?
least reactive)?
A PQRS
B QS5 PR
C RPSAQ
o RSQP

PLEASE TURN OVER 7O THE NEXT PAGE
32 Which statement is frue about the hydrogen-axygen fuel cell?

Hydragen gas is oxidised at the negative electrode to form water.
Hydregen gas is reduced at the negative electrode to form water.
Oxygen gas is oxidised at the negative slectrode to form hydraxide ions.
Oxygen gas is reduced at negative electrode to form hydroxide ions.

uoer

15 18
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34 In two separale experiments, magnesium carbonate was reacted with an excess
of dilute acid. The following shows the differant conditions used in each
axpenment, with all other conditions being identical in both experiments.

Experirment I: 0.05 dm? of 1.0 molidm? of hydrochloric acid
Experiment II; 8,05 dm? of 1.0 mal/dm? of sulfuric acid

Which graph corecily represents the results of the two experimenls?

A
5 _ —— §
a g
o 1l =
‘B 5
L ] [}
E E
2 =
g g
lime/s
- n u— Lyl
£ 1 — B
> .
g g
@ k.
: _ :
5 g
e » 8
timef s time /8

35 The diagram shows the fraclional distillation of petrolaum.

«~p  Fraction X

. ____yzm —  FraclionY

heated
pailroleun

Which of the following comparisons are correct about fractions X and Y7

T ] X bumns more easily than ¥ | X has a lower boiling point
o than Y
A yes no
B yes yes
c no no
D no yes

17

36 Poly(ethena) can ba manufacturad by the process below.

decare

) _ —
saging "|_°Vere_ ] potcbeno

polymerisalion

Which graph shows tha changa in molecular size during this process?

molecutar size

molecutar size

A B

T

starl finish starl finish

molecular siza

molecular size

start finish slart firish

PLEASE TURN OVER TO THE NEXT PAGE

18
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Far Questions 37 and 38, refer to the information below.
Bicdlesel can be mixed with petroleun diesel lo make a fuel for cars,

The bar chart comparas the ralative amounts of waste products made when three
different types of diesel fuel bum in a car engina.

100 O
80 : .
relative amaount : :
of waste 60 ...
products formed :
40 |- B8
20 | .u
carbon dioxide  nitrogen oxides  particulates
Kay: petroleum B20 (20% 8100 {(100%
y B U fioiosel) L Giodiesel

37 From the graph, it can be seen that biodiesel releases carbon diexide but some

scientisis claim that biodisel is a carbon neutral fuel.
Vv¢hat is the basis for this argument?

A Biodissel is nota carbon compound.

B  Bicdiesel produces less carbon dioxide when it burns.
C  Plants release carbon dioxide in respiration.

D Plants take up carbon diaxide as they pholosynthesise.

38  Which of the foliowing i= one disadvantage of using fuel with a high percentage of

biodiesel?

It ceuld increase global warming,

It could increase the amaunt of acid rain.
It is non-bicdegradable.

It Is non-renewabie.

oowk

19

39 The reacion between a carboxylic acid, CxH,COzH, and an alcohol, CaHzneOH,
produces an aster.

How marny hydrogen atoms does one mokecule of the ester contain?
A y+In

B y+In+1

C y+in+2

D y+In+3]

40  The table shows the results of tasts carried out on compound X,

‘\ ’ test resuit _
. Bgueous broming added decolourised
— sodium carbonate added

colourless gas evolved

Which formula represents compaund X7?

A B
H H H 0 H O H
| 4 L |
H—C=C—C—C H-~G—C—0—C—0—H
AN _ |
c D
H H H H
I _
H—C=—=0C—{—0—H H O H (o)
| | [ 1 7
H H—C—C—C—CC
A R BN
H H H O—H

END OF PAPER

20
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Subject: Chemistry
Lavel: 4 Express
Satter: Miss Cynthia Lim
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SCIENCE DEPARTMENT
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2016 SECCNDARY FOUR EXPRESS
PRELIMINARY EXAMINATION

INSTRUCTIONS TC CANDIDATES

Wile your class. register number and name on all the work yau hand in.
Wrile in dark biue or black pen
Co nol use: carrection fluid.

Section A
Answer all questions.
Wrile your answers in the spaces provided on the gusstion paper.

Section B
Answer all questions.
Write your answers in the spaces provided on the question paper.

You are advised 1o spend no longer than one hour on Seclion A and no
langer than 45 minutes or Section 8.

Al the end of the examination. fasken all your work securely togather,
The number of marks is given in brackels [ ] al the end of each question
ar part guestion.

A copy of the Periodic Table is printed on page 22,

Setter: Miss Cynthia Lim

For mxm_._._._ _._m_..m .cwm

Sectian A

Seclion B

Total

This question paper consists of 22 printed pages (including this cover page) and 0 blank page.

Saction A (50 marks)
Answer all quastions.
Write your answers in the spaces provided.

1 Carbon-14 is an isotope of carbon used to delemmine the age of organic materials
through a process called carbon dating.

(a) How doas a carbon-14 atom differ from a carbon-12 atom?

............................................................................................................... (1]
(k) After uadergoing radivactive decay, a sample of carbon conlained 80%
of carbon-12 and 20% of carbon-14. Caleulate the relalive atomic mass
of carban in this sample.
2
{Total: 3]

2 Fig. 2 shows the variation in the melting peint of the elements in Pericd 3.

1600 7

1400
1200
1000
800
800

melting point / °C
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(@) Which element in Period 3 has the lowest melling point? Explain, in
termis of slructure and bonding, why this element has a low melting
point.

{b} Which element in Pericd 3 has the highest melting point? Explain, in
terms of structure and bonding, why this element has a high melting

point.

(cy (i) Drawa dot and cross' diagram for the compound formad betwaen
sodium and sulfur. Show only the valence elestrons.

(i) Explain why, the compound formed between sodium and sulfur,
cannat conduct eleciricity in the solid state, but able to when it is in
molten or agueous state.

[2]

2]

[Total: 8]

Sodium hypochlerite solution, NaCiO, commonly known as bleach, is frequently
used as a disinfectant. When heated, sodium hygochlorite dacompases to form
sodium chlorate(V), NaC#0a and sodium chioride.

(@)

(o)

(c}

Constiuct a balanced chamical aguation when sodium hypochlorite is
heated.

Explain, in terms of oxidalion states, why the above reaction is a redox
reacticn.

When sadium hypochlarite dissolves in water, oxygen gas and chlorine
gas arg produced,

Explain why oxygen gas is detected first.

[Total 5]

PLEASE TURN OVER TO THE NEXT PAGE

Need a home tutor? Visit us at www.championtutoc?.?com



4

(a)

energy laval

Alkenes can be hydrogenated, under appropriate conditions, to form alkanas.

Tha enargy profile for the hydrogenation of elhene at room temperature and
oressure with substance X is shown in Fig. 4.1.

rN

e CzHas and Hz without
= substanca X

C2H4 and H:z at room
temperature and
pressure with

N substance X

CoMa+ XHz N
/ CoHe+ X

CaHa+Hz + X

direclion of reaction
Fig. 4.1

On the same axes, the energy profile for the hydrogenation of ethene under
the same conditicns but without substance X is also shown.

{iy State the rale of substance X and explain how it affects the rate of
reaction.

(i) ©OnFig. 4.1, draw arrows to represent lhe enthalpy change, AH, as
wall the activation energy, Ea, for the reaction with substance X.

1

PLEASE TURN QVER TQ THE NEXT PAGE

{iily Table 4 gives the bond energies of soma bonds.

bond bond energy / kJmol* |

c-C 350 )

C=C aou

CH i 410

H-H 440 ]
Table 4

Caiculate the enthalpy change, AH. for the hydrogenation of
ethene.

CaHa + He > CaHe

(iv) Based on your answer in a (ill}, explain in terms of bond breaking
ard bond fomming whether the hydrogenation of sthene is an
exothermic or endctharmic reaction.

R R R R L L I P T P P

(2

(@)
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(by Hydrogenation of alkenes is used to make margarine. Fig. 4.2 shows S Duralumin & an alloy of aluminium. it is made from a mixture of aluminium and
haw margarine is produced by saturating vegelable oils which are high copper andwas first used as rigid airship frames.
in polyunsaturates.
n(CzHz) + n{Hz) tg) > N(CaHa) slrength of alicy
T A
b A
___...LI / O.\
C=C. H EARN
-~ H G
o | MW
! nﬁ.O f O\ .
S ¢ 4 nH, (g) —
polyunsaturale sy
H
1 \mx x.,./
- Ay - /
.\O 1 x_.‘...,/ / __.‘ri .,y./ \O/
H g .\G./ Y G W » percentage of copper
palysaturate 4 ‘\n,.IO f.«. R R R addad
4 ,_x 1 2 3 4 5 6 7 8
Fig. 4.2 Fig. 51
{h If a pelyunsaturaled is shaken with agueous bromine, what would {a) With reference to Fig. 5.1. state the optimum percentage of copper that
yau expect to observe and explain why. shouldbe added to produce the strongest alloy.
e e T e e e e e e e e 1]
U VUTURUNUPUPRUPURIU ) | {by (i} Explain why duralumin is strong enough 10 be used as airship
frames.
(i) Are saturated vegetable oils more or less dense than unsaturated
ones? Explain your answer.
{iily Explain whether it is advisable to completely saturale the vegetable
oils.
‘ {1 Suggest why this alloy of aluminium, containing copper, is more
D It I prohe 1o corrosion.
[Total: 11] TR . I e
. USRS UU SR f1]
7 8
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(c)

(@

{ily Explain how the addition of a high-purity aluminium surface layer to (il Explain why strontium is unable to be extracted from the
the shests of durelumnin helps to overcome the corrosion issua. electrolysis of aqueous stranlivm bromide.

S VPSP (b) An electrolysis experiment is carried out as shown in Fig. 6.2,
P and @ are copper eleclrodes while R and S are silver electrodes.
Why Is it more costly to extract aluminium from its oxide as compared to

copper of the same mass? i1 .\H/
f AN _
e ettt et e e e p o 7 s
. [2] ! _
[Total: G} » N
Strantium metal can be obtained by the electrolysis of molien strontium * H
tromide, usirg the apparatus shown in Fig. 6.1, _
_ ﬂ copper(ll) sulfata solution silver nitrale solulion
Fig. 6.2
—« stes] cathode (i} Al which electrode would the mass increase faster? Explain your
answer,
) atmasphere of argon B PPN e
grapiite anode
~ molten strontium

(i) P and Q are than replaced with platinum electrodes and gas
bromce 3 bubbles are observed. Explain why this gas does not appear when
. Pand Q are copper eiactrodes.

N
heat T
Fig. 6.1 . . . .
(i} Vrite the half equations for the eleclrade reactions at the anode
and cathode,
e e e e e e e e 2] [Total: 7]
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7

The fractional distiflation of crude gii yields many fractions. One of the fractions is (b} The plumber tried using elhancic acid of the same concentration fo
paraffin. Butane is an example of 2n arganic motecule found in this fraction. Butane remove another sample of rust. However, the results were not as
can underga eracking to praduce hydrogen and a useful small alkene. effectiva. 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.

(¢} The Gulf of Mexico oil-spill disaster relsased large volumes of crude oil
into the sea. Biosurfactants were used to reduce the massive oilspill
pallution. The use of industriai chemicals ta treat hydrocarbon-polluted
site can lead to further contamination due to by-products formed.
Biosurfactants can ba conveniently produced from yeast and bacleria.

State two advantages of using hiosurfactants as compared to industrial
chemicals,

1]
[Total: 4]
Plumbers sometimes use acids to ramove the surface layer of rust from sinks.

A ptumber uses dilute hydrochloric acid and dilute sulfuric acid of lhe same
concantration to remove two samples of rust of equal mass.

(@) State and explain which acid would give the plumber a faster rate of
removal of the rust.

11
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The elemen? platinum is an expensive melallic element with praton number 78 and

Section B (30 marks)
Answer three questions.

Question 1% is in the form of an Either/Or question.

Oniy one part shauld be answarad.

electronic configuration of 2.8.18.32.17.1.

Platinum melis at 17770 °C and is three times the density of iron. It is very
corrasion resistant as it doas nof react with air or water and is not afected by

common acids even at high temperature.

Platinum can form several compounds. One of which is platinum{ll) chleride, a
brown crystaline =olid which is inscluble in waler., Anclher compound is
platinumilV) chloride, a brown-red powder which dissolves in water to give a red

solution.

The rmain uses of platinum are summarised in Fig. 9.1.

Plalinum, palladium and rhodium are metals found to exhibit outstanding catalytic
properties which have led to their use in catalyic converters installed in motor

vehiclas.

-
-

Q.Mﬁ:auh contacly

3%

catalystsin oll

refineries 10°%
T —— /
platinum T

naiﬂnc:nwnzn \\\.\ ‘
drugs 8%

-~

v jewellery and othe
uses 17%

catalyflc converter
4%

-
L

-

R E—

Fig. 9.1

Source; JOR Briggs Chemistry Insights

13

Table 9 below illuslrates the refative abundance and the annual preductian of thesa

lhree metals.
metal relative abundance in aarth crust / annual production / lonng
parls per millian !
platinum 0.0083 24
pallagium | 0.Q037 30
thodium ___b.coo7 . 3 ]

Table 9

Source 1: Wikipedia - Abundance of efemenis in Earth's crust
Source 2. hifpAwww. stifwalerpatladium. comy/historyovarview. himi

(a} VWhat percentage of platinum is used as catalysts?

()

(c}

(c)

(=)

(a)

What change would you expect in the pie chart if a cheap substilute
wera found to replace piatinum in car exhausts? Giva a reason to your
answer.

Stale one property of platinum, other than electrical conductivity, that
aexplains its use in electrical contacs.

Platinum belongs to the tranailion 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.

Soma chemisls place platinum in one of the main groups (Group |1, Il
ate]. Which group de you think platinum should be placed in? Explain
YOUr answar.

()  Plelinum({lV) chioride decompoeses upon heating o produce a
choking gas which bleaches blue litmus paper and another
product,

Wite a chernical egualion for this decompositian.

(i) Deduce, with reasoning, the position of platinum in the reactivity
series,

Using the information from Tatle 9, which of the three melals are the
highest and lowest in demand to be used as auto catalyst? Explain your
BNSWENS.

(1]

(1]

i

12

(2

(1

[2]

[2]

[Total: 12]

14
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10 The table belcw shows a study of a precipitation reaction between dilute sulfuric
acid and aqueous barium hydroxide.

The reaction tubes contained different volumes of barium hydroxida and dilute
sulfuric acid as staled in Table 10. To each tube. twe drops of methyl crange
indicator were added. Precipitation occurred in all the reaction fubes and after 20
minutes, the haight of the precipitate in each tube was measured and recorded.

reaction tube 1 Pl 3 4 5 6

volume af D.500 50 54 50 5.0 5.0 .0

mokdm®* barium

hydroxide femn?® i )

volurme of 1,00 1.0 1.5 20 2.8 3.0 35

molfdm® sulfu-ic

acid Jjcm? )

Height of 2.5 3o 35 40 4.0

precipilate /om N

Tabla 10
() Construct an ionic equalion far the preclpitation raaction, (1]
(b} Stale the ohearvations made in reactian tube 1. [1]
(€} (1 Pradict the haight of the precipitate in reaction tube 6. [11
(i)  Explain your answer to ¢ {i). [1]

(d) The electiical conductivity of each reaction tube was measured. Sketch
a graph of glectrical conductivity (y-axis) against the reaction tube
numbaer (x-axis) for the experiment. M

(e} A student Iried ta prepare two salls, barium sulfale and sodium nirate,
using the methed described in the paragragh below.

Agqueous barium nitrale wes mixad with agueous sodium sulfate and the
precipitate of harium sulfate was oblained thraugh filtration. The rasidue
was Jdred in an oven.

Tha fillrats was heated unlil the soluffon was saturaled. Crystals of
sedium nifrate ware fonined when he setirated sofution was cooled.

{i} Slate one cmission in the preparation of barium sulfats. [1]

(i) Explain why the student could not obtain pure crystals of sodium
nitrate using the method described above, [

(iiy Name a suitable method to prepare pure crystals of sodium nitrate.  [1]

{Total: 8]

15
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EITHER

Methy! cyawopropenoate is an aclive ingrediant in superglue. Superglue is a very
strong adresiva used to faslen materials like wood together. The struclure s

shown in Fig. 11.1.

!
I %
OuﬁlO|O|ﬁ_u-I

_
H OCN H

Fig. 11.1

Superglue polymarises when sxposed to moisture in air. This causes the glue to

set.

(a)
(&)
()
{d)

(e}

State two functional groups of super glue. i
Suggest Ine type of palymerisation that superglue undergoes. [1]
Draw the rapeating unit of the polymer formed. 1}

{i) Methyl cyanopropenocate can be made from an acid and an
dcohol. Draw the structural farmulaa of both molecules. [2]

(i)  The mlcohal named in d{i) and an acid chlorida can also be used fo
synthesise methyl cyanopropencate, A by-product of hydragen
chloride gas is produced in this reaction.

[raw the structure of tha acid chloride. [1]
Keviar is anolher polymer that is used for making bulletproof vests, army
helmess and 'puncture-proof tyres, Kevlar is also usad in the protective
clothing worn by firefighters,

Kevlaris mada by condensation polymerisation from two different monomers
shownin Fig. 11.2, It forms linkages similar to nylon,

H H OH mVI
Tﬁ,_Tn.,;_:L_,T: oum_uuomzﬁouo
Fig. 11.2
(it  Define condensation polymerisation. 21
(i} Draw the structural farmula of the repeat unit of Kevlar, [2]
{Total: 10]

16
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OR
Read the following article and answer the guestions.

Production of ethanol fuel

fn Brazil, tha ethanol is produced from sugar cane. The sugar cane grows quickly
and s0 can be replaced quickly. The sugar is extracted as a juice by crushing the
sugar cane with rollers. The fbrous part of the cane is dried and ussed as a fusl 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 to oblain the alcohol which is used as the fuel. Nowadays,
about 90% of all new cars solid in Brazil use ethanol as a fusl,

sugar cane sugar is fermented mixture is  ethanol used a fusl
ferrented  fractionally distilled to
give pure ethancl
{a) Describe how fermentation is carried oul in the laboratory. 2]

{b) Explain why the fermentation reaction only takes place within a narrgw
ternperature range. 1

(¢) Brazil has very [ltle crude oil but has pianty of land suitabla for growing
sugar cane. Give two advantages of using ethanol as a fuel for cars in

Brazil. 2]

{(d) In order ta gat mare land, some of the Amazon jungle must be cut down.
Suggest two problema this will cause. i2]

(e) Ethanol produced by this process becomes sour when exposed to air for
a few days. Briefly explain how the ¢thangl solution becomes sour. [2]
{i Name another method used to produce ethancl on a lage scale. 1]
{Total:10]

END OF PAPER
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The Paricdic Table of the Elements
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Subject: Ghemistry
Level: 4 Express

PRESBYTERIAN HIGH SCHOOL
SCIENCE DEFARTMENT

Ex&im: Prelim
Year: 2016

Setter: Misx Cynthia Lim

MARKING 3CHEME

(liiy

(Iv}

bii}

Energy absorbed in bond braaking = + {500 + 4 X 410 + 440)
+ 2680 kJ

Energy released in bond forming = - (350 + & x 410)
=.2810%J

1 mark awarded for energy abserbed and energy released

Enthalpychange = +2680 + (-2810)
=-130 kJ

ecf for working

exathermic;

more endrgy released in forming C-C and C-H bands in ethane;

than enengy absorbed in breaking C=C and C-H bonds in ethene and H-H
bonds in Hx

ecf

- reddish brown agueous bromine decolourisas / lums colouriess rapidty;
. contains carban-carbon doubla bonds {C=C)

Section A (50 marks)
Qn Scoring Folnts Sub-| Toial
) o _ total
1a | Carbon-14 giom has 2 mora nautrans than carbon12 atom 1
b 80100 x 12 + 20/100 x 14 i
=124 1 3
2a | Argon; 1
! Small amaounl of energy is required 1o overcome the waak (Van der \Waals) 1
forces holding the discrete aloms fogether
Accept: monatomic atom 8
b siticon; 1
large arnaurit of energy is required to overcoma the sirong and numerous 1
covalant bonds between atoms in a giant covalent slruciure
cif} | correct number of electrons: 1
correct charges 1
{ii) |insolld state, ions are held in fixed positions. 1hus not mobile; 1
in malien ar agueous siate, the jons are mebile 1o act as electrical carriars 1
3a | 3NaC/O 3> NaCiO; + NaC/ ’ 1
b | NaCfQ is reduced as oxidation state of Ct decreases from +1 in NaClO to -1 1
inNaCl;
NaC/O is oxidisiad as oxidation stale uf f increases from +1 in NaGiO to 1
+5 in NaCiD, 5
[+ Dxygen gas has a smaller molecular mass (M- = 32) than chiorine gas (M, = 1
i 1
thus diffuses faster OR
chlorine gas is very solubie in water;
axygen gas is less solubla in water
4a(i) | Catalyst; 1
Provides an alternative pathway of lewer activation energy ! 1
{il} | Enthalpy change: single arrow painting fram energy level of reactanls down _ 11
lo energy level of producls 1
Activation energy: singe arrcw pointing fram anergy level of raactanis up to
peak of curve _ o
23

m_._sﬂ is deposited since 1 mol of silver is 108 g

{I} | more dense, saturated vegetable olls have mare hydrogen atams, thus
having alarger molecular mass
{Hi} | not advisable, marganne will ba loo hard
Sa [24% ]
b(l) | Contains aloms of different sizas / copper atoms are of differen| size;
Disrupl orderly layered arrangemani of aluminism atoms;
Layers ofaluminium atoms unable (0 slide over one another when a Jorce is
applied 3
(il | Aluminium is more reactive than copper. thus corrade in place of copper
(i} | Aluminium coaled with a layer of non-poreus aluminium oxide:
Prevents aluminium lo come in conlact with oxygen from air
¢ . Flectrolys's is used to extract aluminium from its moilen compound, more
expensive as used a ot of elaciriclty,
Copper ertrected using raducttan of its oxide with carbon, carbon is
cheaper
6a(l) | Cathode: 5" (I} + 28- 3 Sr () ’ B
Anode; 2Er (I} - Brz (g) + 2e-
() | Strontiumis too reactiva to be discharged at the cathode, instead H* ions 7
are selecively discharged to form hydrogen gas
bi} 8;
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(iny

Copper anode dissolves to form Cu?* ions;
Oxygen gas is produced at platinum electroda since P1is inert

7a

Correct siructure

Ob—l_._ul.v Nﬁ..n._l_. + IN Om
CyHip— CsHa + H>

Ricdegradable,
renewable

Sulfunc acid;
Libasic acid as it dissociales to farm 2 mol of H' per acid molecule as
compared lo MG thal dissociales to form 1 mpl of H* par acid molecule

Ethanvic acid is a weak acid that partially dissociates / fonizes to produce
fewer H' ions

Sectlon B {30 marka)

9a

i)

51+ 10=61%

Percenlaga of platinum used as calalytic converter will decrease;
Using platinum will Incur high cost as platinum is an expensive meatal

High meiting point; carresion resistant

Forms colourad compounds; High melting point; varable oxidalion states
{any 2)

Group b,
Has ana valanca electron f has one auter shall eleciron {refer to electronic
configuration)

PGl » PICE + Clz OR
PGl > P+ 2C);

Below copper;
Doss not raact with acids just like copper;

Reject: low in reactivily saries; does nat react with air or water and is not
affected by comman acids even at high temperalure

Highest in demand: palladium;

Highest amaunt pradusced though not highest amoun leit in earth crust;
Lowast In damand: rhodium;

Lowest amount in earth crusi thus lawest amount produced

10a

- i)

Ba™ (ag)+ SC. (aq) - BaSC. (5}
Tube 1: Yellow Jalkaline - excess Ba{OH)]

4.0cm

12

25

(i

e(i)

(i

{ili)
1

dil)
]
a(i)

(i

The height of precipitate has becoma constant after reaction tube 4, This
shows that reaction is complele/all the hydroxida ions are used up/ barium
hydroxide is the limiting r

elacirical conductivity

L

. reaction iube

Rinse rasidue with distilied water
Afler fillration, besides agqueous sodium nilrate, the fiftrate may contain

nregcled agusous barlum nitrate and agueous sodiym syifate, Hence, the
crystal formed may not be pure sodium nitrate.

litration

EITHER
Alksna and ester

Addition palymerisation

correct redealing unil

1 mark each for one correct struclure

Carrect siructure of acid chioride

Procass by which many monomer molecules jnin togelher to farm a
macromalecula;

with eliminalion of smail molecules like water

Shows amide linkage;
Overail correct sfructura showing continual chain

10

OR

yeast is added to sugarfglucose solution;
in the absence of oxygen and al 37°C

enzyme produced by yeast will be denatured under too high temperature or
Ihe yeast & sansitiva lo temperature changes.

" Ethanol is a cleaner fuel as compared lo petrol when burnt:

Ethanol is a renewahle resource

Global warming;
Extinetion of animals

10

26
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ethanol is oxldized by oxygen in the air in Ihe presence of bacteria;
o become ethanoic acid which is sour,

addition of stearn fo ethene f hydration of ethere

27
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1 Chloraform s an arganic liquid thal is used as en industrial solvant in dry-cleaning. It
does nat mix with water,

Vhich apparatus can be used to seperate a mixtura of chloroform and water?

A 8 c D

2 Sodium nitrate can be separated from chalk using four processes below.

Which of the jollowing shows tha comreet order in which the processes shoukl te
used?

A dissclving, evaparallon, crystallisation, filtration

dissciving, filtralion, evaporation, crystallisation

[+]

liltration, crystallisation, evaporation, dissoiving

=]

filtration, evaporation, crysiallisation, dissotving

3 Four balloons are each filled with a differant gas and left under room temperattre for
several days, The four gases usad lo fill tha balloons are carbon monoxide, helium,
hydrogen and nitrogen.

Which balloon will deflate the fastest?
A balloon with carbon monoxide

B balloon with helium

C  balloon with hydregen

D balloon with nilragen

CB33 4E Chem Prelim 2016 5073H01/0I16 2
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4 The melling points of faur pure substances, W, X, ¥ and Z, are piven below, 7 Which slatement dascribes the arrangoment of parlicles of sadium hydroxide in walar?
[ eubstance melting point/ °C A lons arg widely spaced and they move randomly.
r“ - MW‘ B lons are widely spaced but they do nol mova.
Y 85 T C  Molaculas are closely packed and {hey move randomly.
z 89 — D Malacules are widely spaced and they mova randomly.

An Impura sample of an unknown solid melts over a temperalure range of 83 °C {o
88 °C.

. . . § 8 Tha labk shows some properties of diamend and graphits.
From the given information, we can infar that the unknown salid is most likely to be

Which of the fallowing gives the correct reasen for the property?

AW .
property reason .
B X A | diamond cuis glass the bands in glass are stronger than those
i in diamond o
< v B | dlamond is a hard there are many ionic bonds in diamond
z substanca
D G | graphlia i & lubricant there ars weak bonds between graphite
layers o L o
D | graphile conducts graphile conlains mobils ions
5  Anslemant K has a nucleon numbier of 45, The ion, K*', contains 18 electrons. elactrichty
How many neutrons are there in an atom of K7
A 18 8  Tha diagmms show the siructures of twa atorns of the slements L and M respectively.

. @) &

Jp p

c = (2) (0))

0D 45 / /N,.a\x
L M

8  The slructure of melals consists of positive ions in a 'saa of mabiie electrons'. What is tre mass of 1 mole of tha compound formed by L and M?

Which staterment correctly describes what happens to the particlas in the metallic

heating elemenl of an eleckric keltle when the ketlle is switched an? A g
A Electrons move in bolh direclions in the heating element, B 129
B  Electrans move in one direction and the posifive ions move in ihe opposite ¢ 239

directian in the heating element. D 30g

C  Elactrans move in one direction anly in the heating element.

O Positive ions move in ane diraction only in the hesting slement,

GBESS 4E Chem Prelim 20116 5073/01/0M6 3 CBSS 4E Chem Zrallm 2046 SO73M01/Qf16 4
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10 Naphthalene s the main ingredient of mothballs. It contains 93.75% of carbon and

11

6.25% of hydrogen.

If the relalive molecular mass of naphihalane is 128, what is its molecular formula?
A CH

B CH.
C  GuHs
D

CigHe

0.20 moles of an element E was combined with ap excess of elemenl F and produced
15.6 g of a compound EF2.

¥Vhat could be the electranic configurations of E and F?

- E F
A 22 87
E 24 28,8
c 2.8.1 286
5] 2382 27 ]

Hydrogen sulfide burns in an excess of oxygen according to the equation below.
2H:5(g) + 306 > 2H:0tq) + 250:(g)

What is the volume of gases produced if 18 dm® of hydrogen suHide are bumnt
completely in en excess of oxygan at room temperalure and pressure?

A 18dm’
B 24dm?
nmmqau
u

48 dm’*

CESS 4E Ghem Prelim 2016

SO7INTIONE S

13 When 250 cm?® of sodium hydroxlde is added to 50.0 cm® of sulfusic acid, neutralisation

14

15

0CCUrs.

Which ofthe following stataments is trua?

Sedium hydroxlda is four times as concenlrated as sulfuric acid.
Sodum hydroxide |5 of the same concentration as sulfuric acid.

Sodum hydroxide is twice as cancentrated as sulfuric acig.

o O O »

Sulfuric acid is twice as concentratad as sadium hydroxide.

A pure hydrocarbon is used in boltied gas and heafing.

When 10 em”® of the hydrocerbon is burned In 70 em® of axygen, the final gaseous
mbdure contains 30 cm® of carbon dioxide and 20 cm® of unreacted oxygen. Al
gasacue volumes are measured under identical condltions.

VWhat Is the chemical formula of the hydrocarben?

A CoHs

B C:Hs

C  CaHe

D CiHy

Vhich of he following statements about oxides is true?

A Carben monexide will react with aqueous sodium hydroxide to form a salt and
waler,

B Copper(Il} oxide will raaci with diiute sulfuric acid to give a blue sofution.
C  Nitrogen dioxide is a neutral oxide.

D Zinc oxide dissolves readily in water to form an alkaline solution.

CBS33 4E Chamn Prelim 2016
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16  Two substances are reacted In 2 conizal flask ptaced on an eleclrenic balance.
The mess of the conical flask and its contents are recorded at regular intervals and the
results are gshovm in tha graph balaw,

mass/ g ‘—

tirme £ min

Which of the following couid be the two substances?

A

E
c
D

aguecus spdivm hydroxide and aquecus ammonium nitrate
gqueous sllver nHrate and dilute hydrochloric acid
calcium carbonate and diluta suifurle acld

dilule nitric gcid and magnesium

17 When a student mixed two solutions he recorded the follawing observations:

‘'no effervescence, solution changes colour. no pracipitate forms'

The studem mus! have mixed

a

B
c
D

dilute nitric acid and lead{ll} carbonate.
sodivm hydroxide solution and dilute sulfuric acid.
potassium chiorfde solution and siiver nitrate salution.

warmed dilute hydrochloric acid and iran(ll} oxide.

CB35 4E Chemn Prelim 20168

S0T040ME 7

18 Some infbommation on three indicalors is given baiow.

inicator colourin strangly | pH at which colour | colaur in strongly
. acidic solutlon changes alkafine solution
bromociaosn! yellow 4.8 blua
green
mathyl ed red 52 yellow
thymolpithalein colouriass ' 99 blue

Whal ig the colour seen whan each indicator is added to pure water?

kromocreosal green metiyl red thymolphthalein |
A bfug red colourless
B blue yellow h blus
[ bive yellow ™ colourass |
D vellaw red I 7 bue

18 Separatzsamples of hydiogen peroxide are added to aqueous poltassium iodides and to
acidified potassium manganale(Vll). The iodide ions are oddised and the

manganae(Vl} ions are reduced.

Whal arethe colour changes seen?

polassiun iodide

acidified potassium
manganate(Vl)

brown te colouriess

orange to green

brawn to colovrless

purple to calaurlass

colouress o brown

arange tc green

Q9 8 @ P

colourtess to brown

purpie 1o colourlass

CBSS 4E Cham Prelim 2016
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20 Which of the fallowing shows the electronic configuration of a strong reducing agent?
A 21
B 28
C 28,6

b 287

21 Jgrosite has the molecular formula KFex(OH&(SO4)z.
What is the oxidatian stala of iran in the mineral?

A 42

B -2

C +3

b .3

22 Excess zinc is added into a solution ¢ontaining magnesium nitrata and copper(ll)
chloride. Aftar the reaction, the mixture is filtered.
Which of the fallowing calions would ba present in the filtrate?

Cu®, Mg®*

CuZ, Zn¥

—Sm.«._- . Nﬂu._

o 0 o >

?._ﬂu;. 2, Gu?

23 Which reaction in the blast furmace is an acid-base raeaclion?

A C+ C0; 9 2C0O
B C+ 0= CO
C {ad + [5i0: =+ GaSio,
O  F&Os + 3C0 2 2Fe + 3C0;
CBSS 4E Chem Prelim 2018 5073/31/016 §

24 wvhich oftha following combinations of type of elecrode used. alacirolyle and products
al the glectrode |s comrect?

type of electrode efectrolyle product at the product at the
anode calhode
A carbon conceniratad chlorine hydrogen
hydrochloric acid
B carbon aguaous sulfunc sulfur hydrogen
acid
c cappar aguenus axygen copper
copper(l) sulfate
o platinum aqueous hydrogan ' copper
i copper(ll) sulfate . _

25  During Iha electralysis of an aqueous solution of & cerium salt, 70 g of cerlum is
deposited at the cathode by 2 moles of electrans.

What is the formula of the cerium ion?
(A of Ce = 140)

A Ce'
B rCe”
C  Ce"
D Ce*

26 The diagam shows the electrolyeis of agueous copper(ll) sulfate using copper
electrades,

copper anode

copper cathode
(positive) P

- (negalive}

copper{li} sulfate
solulion

A B c D
)
[

LR CE

I

Miiks MEaGS

o_... B | SN | |~ —

o time D time o fime

CBSES 4E Chem Prefim 2016 5073/01/0M16 10
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27 A part of the Feriodic Tablo is shown belaw.

Group
I ] HI v v vl Vil 0
L N ]
Period 2 ) N ¢ o
3 | 1 e

Which of the following stalements is coirect?

A

B
c
D

¢ forms an ionic compound with d.
&8 a slrong oxidising agent.
The metallic character of the Period 2 elements increases from bto d.

The autermast edectron shell of an atom a is an oclet shructura,

2%  Which of the fallowing changas in tha properties of the halogens is not correct?

chioring = broming = iodine

darkerincolour

" decrease in melting point

decrease n rate of diffusion

Q9 O m »

increase in density

29  Rubidium, Rb

and potassium.

Which slatement abaut rubidium is caorrect?

. is an element in the same group of the Pericdic Table as lithium, sadium

A ltcenbe cut easily.
B Itcan be produced during ths electrolysis of aqueous rubidium chigride.
C W forrms an insoluble hydroxida.
D lireacts slowly with weler al room temperature.
CBSS dE Chem Prefim 2016 5073/0110¢16 11

30 In the conversion of compound P Into compound R, it was found that the reaction
proceeded by forming compound Q. which cauld ba isalated, as an intermediate .
The steps involved are:
P2>a A H = negative
Q3R AH = positive

Which of the following anergy diagrams represenls the conversion gf compound P infa

compoumd R?
A ]
energy energy
Q R
w
progreas of reaction progress of reactlor
c D
energy energy Q
R
P
R
P
Q

progress of reaction pregress of raaclian

CBSS 4E Cham Pralim 2016 0730116 12
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31 Adiquid X reacts with solid ¥ to form a gas. 33 Sulfur dioxide and carbon dioxide are gases which affect the atmosphere ang tha
environmenk.
Ywhich two diagrams show suitable methods far Investigating the spead of lhe regction?

In what way do these gases affact the environment?

_ sulfur dioxide carbon dioxide ]
A acid rain depletion of ozons laysr
B acid rain global warming
[ plobal warming depletion of ozane layer
| D gichal wamming i acid raln
3 ] «H 34 The following stalements concern the fuel cell
- - aloppar |3 cotlan wool
/ ,rIILJ].]i..}lg l. Hydrogen reacts wilh oxygen to generale elaciriclty.
i

1. Tha raaclion at the negative alectrode is
O2{g) + 2HO{} + de = 40 (ag)

=TT : _ _ ; .

_h\ J . Tha hydrogen is oblained from fractional distillation of air.
——= x

E ﬁ'. ¥

How many stetement{s} isfare corract?

A All tree statements are corracl.
A 1and3

B No the statements is corract.
B fTandd4 e of BN
C 2anda C  Oniyone statemsnt is corract.

D Two stalemenls are comact.
D Zzands4

35 Propanal CHaCH,CHO is a mamber of a hamalogous series called the alkanals.

32  Areaction takes place in two slages: From the chemical farmula of propanal, we can conciude that the general formule of

alkanal is
Stage 1 .
8:00%{aq) + 2I{aq) + 2Fe™(ag) > 280.%(aq) + 2l(aq) + 2Fe™(aq) A CiHaCHO
Stage 2

Y n 0
25047(an) + 2l(aq) + 2Fe(ag) > 250.%(aq) + l(aqy) + 2Fe™{aq) CaflalC

B

€ CoHzwiCHO
Which ion is the catalyst in the reaction? o
D

CoHa#1CGH20H
Fe*(ag) 1 GHy

I{aqg)
804" {aq)
5:0¢% (a0}

o 0O m »

CBSS5 4E Cham Prelim 2018 SOV3/01/0016 13 CBSS 4E Chem Prelim 2018 50730106 14
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36 Which of the following compoeunds do not have any isomears?
butane
chloropropanse

propangl

g O o »

propene

37 Linelenic acid, Ci:HacO-. is an unsaturated monocarboxylic acid found in sunflower oil.

Calculate the numker of moles of hydrogen gas neadad to completely conver! 3 moles

of linolenic acid 1o a saturalad compound.
A 3
B 6
c 9
D 18

38  One substance responsible for the fragrance of roses is 2-phenylethanol,
Tha structure of the molacute is shown below.

I— O—-I

Sory

Which stalemert about this molecule is incorrect?

& [tcan ba axidised by acidified polassium manganate(Vl) solution.
8  Itcan decolourise aquaous bromine at room temperature.
€ Hcan undergo condensation palymarisation ‘o form a polyester.
D Wis gn unsafurated malecule.
CESS 4E Chem Pralim 2016 567 3M011C/16 16

39 The strudure of citrdc acid Is shown balow,

o T
O
S . &
C—OCH,—C—CH,~
HO-” ? _ ? O;...Oi

C

How many moles of sadium hydroxide is needed to neutraiise one mole of citric acld?
A 1

B 2
¢ 3
D 4

40 The struclure of arginine. an amino acld, is shown below.

2 I I H H
L s ¢
_.Tnzo o tmtim g
S -

) o/ |
o]

H
a-—H

H-—-H

Which of he following staternents aboul arginina is frue?
It forms a polymer with lhe same linkaga as terylena.
It foms an addilion polymer with olher arginine molecules.

It only forms carbon dioxide and water when it undergoes combustion.

g 0 m P

It reacts with magnesium lo form iydrogen gas.

End of Paper

CBSS 4E Chem Prelim 2016 50T3/01/0116 15
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The Periodlc Table of the Elsmants
Group _
[ T 1 v VT Vi { v Q
1 4
H He
e zmhrn
T $ 11 iz a 5 ] 4]
Li Be B o] N o] F Ne
ttinan trpliirm oo clrte rirogen oxypen L. anon
3 £ 5 I | a hl+]
24 ar FI at 3= 355 40
Na My Al 5l P s =4 Ar
ot S| jpri ficon  [phesgh wir | cheons | amen
14 12 1 14 15 18 +7 18
k] 40 45 | ap a1 33 55 & 53 EES - BS 70 Lk 5 EE] . 4] 24
K Ca S¢ Ti v Cr Mn Fe Co MNi Cu Zn Ga Ge Ag S0 Er Kr
poulbum | oelcium | acandiom | Easkem ron il nichas oppT T pormaciir | wrmmnke | sslerdum | besrine Irymion
19 x xi Fri 23 a4 |25 F- . Fil ] F) [ 3D kj) a2 k] k] 35 36
a5 a8 . # B3 (] - hLn 103 102 1098 172 s "y 1z 128 127 131
(] Sr ¥ Zr No Mo Te Ru Rh Pd Ag Cq n Sn S Te 1 Xa
rucldum | sbortium Vi | Taoonium | kot | retybceog | Technstiue fatenom | sedum Bt ot cadbum [ ichym n atimory | wlorkum Y TR
37 k] 13 40 41 o m 43 a4 a5 49 4r 48 4B 0 1 = 53 &4
133 137 136 175 2 T84 1883 16860 7] 185 167 | M 204 207 200 - - -
Ca Ba La Hf Ta W e Os ir [} Au Hg T4 Pb B Pa At Rn
MM [ BDarwm | mathaaim | hafmum | Bokdem | owogetee | eseeken ridhum | pladnum okl MUY [ e Imarf Dwnoth | polorden | metiine mden
55 L] 57 =172 L) 74 TE 78 i 7a ™ 80 31 B3 43 a4 85 L)
Fr Ha Ac
funchem | mgum | sctnigm
a7 an w T
*58-71 Lanthanoid series .
T90=-102 Actinold sedes —
140 141 s - 150 1 187 155 152 185 167 188 174 175
Ca Pr Md Pm Sm Eu Gd T Dy Ha Er Tm Yb L
- Y 7 ahs nrbum - [y | ofiem | ymlmein | cuetom
- 58 B &1 o &3 ] ] - 57 ] i3] T ki
Key[ & | m= wisth atomic mans ™z | - 238 = = - - = = = = - =1 -
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The volume of one mole of any gas it 24 dm* at room temperature and
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Answer all questions in this section in the spaces provided.
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A1 The poslion of six elements in the first four periods of the Petiodic Table, represonted
by letters A, B, C, D, E and F are shown below.

— -

A LTl T ], ¢

Selact from the letters, A to F, Lhe element that best fit the fallowing characteristics.
The elemants, A to F, can be used once, more than cnca or not at ail.

{a} A monatomic element.

(b} An element which is tha strongest oxidising agenl.

{e} Anelement which can be used as a cataiyst in chamical reactions.

{d)  An¢clement which forme an oxide that reacts with both en acid and a base.

(8) An element that reacts with E to form a compound which has a high melling
PO,
{f}  An glemenl which forms coloured compounds.
[Total: 6}
CBSS 4E Chern Predim 2018 507 302/0M5 2
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A2 Between the 13" and the 19" Century, arlists used a green pigment called Verdigris.
They made the pigment by hanging copper foil over boiling vinegar, an aqueous
solutfon of ethanoic acid.

{a} During the preparation of Vardigris, copper atoms, oxygen molecules and

hydrege nions comkine te form copper(il} lons and water.
Wiite the ionic equation, with state symbaols. for this reaction.

{b}  Verdigris has the formula [Cu(CH.CO: ). Cu(OH)z. xH:0.
it has a relative formula mass of 552.
Caltulate the valug ol x in the formula,

2]
[Total: 4]

CB5S 4E Cham Pralim 2018 SOT0Z0ME 3

A3  The structures of diamand, graphite and silicon carbide are shown below.

& = carbo alom

oSN {3 = silicon atom
e
e
o
o - g
diamond graphite
W Ho
. 1
|
silicon carbide
ta)  Suggesl the formula for diamond, graphite and sificon carbide.

{B)  Expain why graphite conducts electridty but silicon carbide does not.

CBS5S 4E Chem *relim 2018 BD73/02/0M8 4
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A3 (e} Silicon carbida has a very high melting point,

Explain in tems of structure and bonding, why silicon carbide has a very high
melting point.

{d} When a 120 g sample of graphlte iz completely bunl in oxygen, 440 g of
carbon dioxide are produced.
What mass of carbon dioxide is made when a 1.20 g sample of diamond is
compietaly burnt In oxygen?

[
[Total: 7]

GBES 4E Chem Frafim 2016 S073/02¢W 18 5

Ad  Graph 1 shows how the everage tamparalure of the Earlh's surface may have changed
aver the kst 150 thousand years.

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

Graph 1
X 1
average 18 |
temperature
at the Earth's 16
surface / °C
14 ‘ ,’ \
12 ﬁ i
1 H Y </ " \
A
|~ i N
o 1
150 125 100 768 A0 28 O (today)
firme / thousands of years ago
Graph 2
{1040 —_
percantage of
cerbon dioxide D635
n the 0030 f

almosphere 4.,/ \

0.025
SMTAN LAYV
D015

150 125 100 75 50 25 O(keday

time / thousands of years aga

CESS 4E Chern Frafim 2018 507302/0M16 8
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Ad {(a) Carbon dioxide is a8 greenhouse gas. Scienligts think that an incraase in the

greenhouse gases will resultin global warming.

{ly  Explain how graphs 1 and 2 support this stalement.

{ii) Cascribe o consequences of global warming.

(i) Craw a 'dot and cross’ diagram for carbon dioxide. Show the outer
electmans only.

2

{b)  Chlorofusrocarbons, CFCs, are also greenhouse gases.
Describe how the presence of CFCs in the upper almosphere incrasses tha
amaount of ultra-vialet light reaching the Earth's surfaca.

: 2]

(Total: 7]

CBSS 4E Chem Prelm 2016 L0702 16 7

A5 The diagam shows some of the properties and reactions of the subslances A B, G, D
and E and ions F#* and G2,

colourless,
solution E
A
add ditute
sukfuric acid
solution containing solution containing
F* ions G* ions
white precipltate agueous sodium .| green precipitata
A - hydroxide 7 B
I add aqueous warm with atmospheric
ammonia unli} ammenium oxygen
eXCOsS chioride
v . L
precipilate gas D; tlums reddish brown
disappears moist red litmus precipitats C
leaving a paper blug
colcuriess -
soution

{a} Suggest identilies for the subslances A, B, G, D and E and ions F>* and G¥*.

c . cee
G B

gl

{B) Wri a chemical equation for 1he reaction belween equeous sodium hydroxide

andammaonium chloride.

e e e e e e L u YR AR ak e g et e ee ot e e sim e e aaa e rann e nnn 1)

[Total: 8)
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AB {a} Zinc alloys ara widsly used in making aircrafl parts and racing car engines.

The table shows some incomplete infarmation about a zing alloy that conlains the
elemenls, zinc, magnesium and zircanium,

elamenl

males in 400 g of alloy
{mol

mass of 400 g of atloy
‘g

magnesium

0.22

5.28

AG

(b) A studenl investigates the temperature changes when three melals, P, @ and R
weie added to zinc suifata solution,

0.40 g of each metal was added fo a test lube containing zinc sulfate solution
anc the maximum temperatura of the mixture was measured and recorded.

The lable shows he resulls obtainad by the student.

zine

zircanium
{Pericd 5 elemeant) 0.044

{h  Using the information provided, complete the table.

Show your working below,

2]

{H}  Explain why the zinc alloy s stronger than the pure metat.

CBS5 4E Chem Frelim 2018

SOTI0RIOME g

i initial lamperature magimurm temparature |
metal 190 150
P 29.0 29.0
Q 30.0 35
R 28.5 345

Thastudent concludes thal the order of reactivity of the matals Is as follaws:

most reaclive ——. » [eas! reaclive
Q R P zing

Do you agree wilh the studant's conclusian? Explain your reasaoning.

[Totak: 7]

CESS 4E Chem Prelim 2016
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A7 The struciuras of cyclopropane and cyclobutane are the first two members of the AT (¢] Draw lhe lull siructural formula of an isomer of cyclopropane.
homologaus sarlas cycloalkanes.
The prefix ‘cyels refars te the close rings of carbon atoms.

H, H H H
H m m H [
He Y -H |
I|~_u[ —H [Total: 5]
H H H
AR The fable below shows the colours of manganase in diffarant cxidation states.
cycloprapane cyclabutane B
. oxidation slate of
ion colour MANGANESE
(m) Membars of a hemologous series have a general formula, NG purple I
{1} Deduce iha general formula for tha cyeloalkanas. o pink \ -+m L
DSOS TO OO OSSO PUURTRRTOUROR £ | MO green
MnQ; black
(I} Stals one difference in physical property between cyclopropane and T
cyclobutane.
{a} Fillin the missing oxidation state of manganese in the table, [1]
B e[ 1] (b} When salid manganese(ll) nitrate, MN{NOs}z, is healed, the products are solid
manganese(iV) oxide, MnO2, and a brown gas, NQ,,
{b} Inthe prasanca of ultraviolat light. cyciapropans reacts with chlorine gas. {i) Write a balanced chemical eguation, including state symbols, for the
reaction.
Give the full struclural formula of two of the organic products formed when € "
cyclopropane reacis with chlerine gas in the presence of uitraviotat light. et et e e eneer e e e 2]

(if} Slate tha ocbservations when manganese(ll) nitrate is heated

(i) Using the change In oxidation stale, explain whether manganese in
menganeaze(ll) nitrate is oxidised or reducad,

[2]

[Total: 6]

CBSS 4E Chem Frellm 2016 SITAOHNONE 11 CBES 4E ChemPreilm 2015 507 102/0F 16 12
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Sectlon B
Answer all three guestions from thls section.

The last quesben is in the {form of an sithar/or and anly ane of the alternatives should be

atternpted.
Tha total mark for this section is 30,

B9  Theinformation balow Is aboul the exiraction of zing.

The mathod of extraction of zinc has changed as different ores containing
he alament has been discovered and as technology has improved.

Extraction Fro

In the earlies| process, calaming {impure zinc carbonate) was healad with
charcoal in earthenware pols. This bwo-stage process gives a low yield of
zinc.

ZnCOs(s) = ZnOis) + COup)
Znd{s) + Cis} > Zn(s) + COlg)

Extrpction Process 2

A new lwo-slage process was developed using zine sulfide ores. All of the
wasle gases from {his process were released Into the atmosphere.

2Zn3{8) + 30:(g) > 2ZnO(s) + 250:(g)
ZnO(sy + C(s0 » Znfs}) + CQig)

Extraction Process 3

This usas tha alactrolysis of aqueous solutions of agueous sofutions af very
pure zinc sulfate. The firef step in this procass is the same as the frst step in
Extractian Process 2. Tha second slep uses sulfuric acid made from Ihe
502 collected in tha first slap. The third step involves the elecirolysis of zing
sulfate soiuticn, using reactive electrodes, to form pire zine

2ZnS(s) + 30{0) @ 2Zn0O(s) + 2504g)
Zn0fa) + H2SOu{ag) > ZnSOqfam) + H.O(Q)
ZnS04ag) » Zn{s}

CBSS 4E Chearm Prelirn 2018 070N 13

B9

(a)

(b)

Astudent made the following commaent on the extraction of zing:

“Extraction Process 1 is better than Extraction Process 2 because it produces a
higher yield of pure zinc™.

Assuming thal 1 kg of zinc carbonate and zinc silfide has been used in

Exraction Process 1 and Extraclion Process 2. explain, using chemical
calcukations, whether the student's comment is corract.

Suagest, with reasons, which of the three extraction procasses is fhe most
environmentally friendly. You should consider the effects of tha praducls of the
exiraction processes on man and the environmant.

CBESS 4E Cham Prelim 2016 5073020116 14
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=53] (e}  Zing sulfate sokulion is electrolysed in Extraction Process 2.
{ll  \rite an ionic half-equation for the reaction cocurring at tha ancda.
{1l A factory replaced zinc sulfate solulion with moltan zinc chloride.

Explain why this |5 done, giving your reasaning with relevanl ionic half-
ecLafion.

{lii Supgest why maiten zinc chloride may nol be & good choice to replace
aqueous zing sulfate solution.

(1]

(d} Zinc metal has a high melting point and thus, it exists as a solid at room
temperature and pressure,
With the aid of a diagram to show the bonding in zinc. explain why zinc has a
very high melting point.

[Totak 11]
CBS5 4E Chem Prelim 2018 507370210416 5

B1t  Furamiz aci is a colourless solid used in food and beverages to provide a fruity
tasta.

The stuclural formula of furamic acid is shown below.

(8]
H !
J.C\m‘.f ‘IIIH.\I O
-~ AL
1 ¢ TH
I
0

The farnula of furemic acid can be reprasented by HCCCH=CGHCOM.

{a)  Asolution of furamic acid raacts with aqueous sodium hydroxide.
Using the formula, wrile a balancad chemical equation for the reaction between
lramic ackd and aquecus sodium hydroxida.

{b) Oncomplete combustion. furamic acid forms bwo products.
Wirite the balanced chemical equation for the combuslion of furamic acid.

(e} (I Describe whel is abserved whan aqueous bromine is added to a solution
of furamic acid.

(i)  Draw the full structural formula of the product formed in (¢} {1).

i1

CBES 48 ChemPrelim 2018 S07ARZ0NE i
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B1d {d) Furamic acid can underge addition polymerisation,

(i}  Explain what is meant by the term addition polymerisation.

(1) Draw the full structural formula of the repeating unit of the polvmer
formed.

]

i) £ sample of the polymer was analysed and found to have an average
relative molecular mass of 11800,
How many carbon atems are present in 8n average chein?

2]

{Iv) Folymers are widaly used today.
State one problem caused by the disposal of polymers.

[Total: 9]

CBESS 4E Chem Prelm 2216 8073/02/0/16 17

EITHER

B11 Hydrogan-oxygen fual cells are used 1o generate electricily.
The overall reaction in a hydrogen-oxygen fuel cell is shown beiow.

2Hz(a) + Odg) 2 2H:O(g)
The reaction is exatharmic.

{a)  Explain the meaning of the term exothemic.

{h) Explain, in terms of the energy changes associated with bond breaking and
bond forming, why tha raaction is exolhermic.

1) A hydrogen-oxygen fuel ceill usas 1500 gm? of hydrogen measurad at room
tamperatura and pressurg.
Calculate the volume of oxygen, measursd at room temperature and pressura,
used by the fuel cell.
fona mele of any gas al room temperalure and pressure occuples a voume of
24 dm? ]

(2]

CBSE 4E Chem Srelim 2016 50708 18
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B11 (d} The electrode reactions in an oxygen-hydrogen fuel cell are shown below.

Equatich 1 OsAqy + 2H:O) + 48 > 40H{ay)

Equatan 2 Hz{g) + 20HT(aq) 3 2& + 2HO)

Explain why the reaction in & fuel cell involves both cxldation and reduction.

e} Slate the common sourcas of hydrogen and oxygen for the fuel cell.

{f}  Stata ona advantage and cne disadvantage of using an oxygen-hydrogen fuel
cell.

[Total: 10]

CEBESS 4E Chem Prelim 2016

SO7M02/0MG

Ammonla is manufactured by the Haber process.
N + 3H; —  2NH; AH = -92.4 kJima!

Tha table below shows how the percentage yield of ammenia al squilibrium
varias with bolh lemperature ang pressure,

pressurg % yield at %yleldat | Y%yieldal @ % yieid at
f atm 200°C 300°C 400 °C 500°C

40 72 34 13 5
100 81 51 25 T
200 _ 85 63 36 1
300 88 69 40 24

{ii  Pescrice how, and explain why, the percentage yield of ammonia at
equitibrium changes with lemparature.

b Describe how, and explain why, the percenlage yield of emumonia at
equflibrium changes with prassure,

; s . 12

(i) Explain how using & catalyst in the Habar process has an accromic
advantage.

CBSS 4E Cham Prafim 2018 5073020416 m
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B11 (k) Ammeonia is usad lo manufacture nitric acid by a two-stage process. BLANK PAGE
Stage 1 Ammonia is converled to nitrous oxlda.
aNHa{g) + 50:(5) > 4NO(g) + GHx0(m A H=-92.4 kJimol

Stage 2  Nilrous oxide is converied 1o nitric acid.
4NO{g) + 2H;0(g) + 30a4(g) 3 4HNOxaq)

iy Itis possible lo find out whethar the reaction in Stage 1 has compleled by
following the pH changes during the reaction.
Samples of ges are taken from the reaction vessal at intervals and
bubbled through water fo form a solutlon. Tha pH of each solution is
measured.
Exptain why the measured pH changes during tha raaction.

...... O |

(M) Use the equations in tha twa stages 1o constnict an averall eguation for
the conversion of ammonia fo nilre acid.

[Total ;: 10]

End of Papar
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The volume of one mole of any gas is 24 dm’ et room temperature and
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2016 4E Prelim Chemistry Answor 2016 4E Prelim Chemislry Answer mum
>
c
PAPER 2 9o
[o%
1 C 11 3] 21 [ S [+ SECTION A: STRUCTURED QUESTIONS [50 MARKS] m
E
2 B |12 ¢ 2] ¢ 52 A Cuestlon Marking Scheme | Marks | Total | Marker's comments W
=
3 13 . . ©
c A 23 C k] a a1 ) F 1 %
>
4 D 14 [+ 21 A | M ¢ | ) =
{b) E 1 =
§| € |58 ] D | ®» T e
{c) B 1 I 5
5 g 16 B 26 ") 36 D 0}
@ c 3 § 1§
7 A 17 D 27 B 37 C .nna
. e A/B i 3
8 [+ 18 [ 28 B as vl (= %
pzd
g & || o 2| A | @ | B \ B 1
1w G | 20 A W ¢ ET 3} A2 | (a) 2Cufs) + Oa(g} + 4H'(aq) — |
_ 2Cu®(ag) + 2Ha0(1) 2
|
correct farmulaa of reactants and
products 1
bafanced and state symbols [1]
4
b} Mr of [Cu{CHaC O2)2]: CulOH), =
462 1]
2
x=00
18
=5 [N
Al | {a) Diamond ; C 2
Graphite . C
Silicon carbide ; SiC
1 mistake - minus 1 m
{b} Graphile has free / delocalized /
mobile electrons 11] 2 7
Silicon carbide does not have free
fdelocalized / mobile electrons [1]




2016 4E Frelim Chemisiry Answer

(c)

SiC has many strong I covalent 2 _

bonds. 4]

A large amount of anergy is
required 10 break these bonds. [17)

2016 4E Prelim Chemistry Answer

(d)

(a)

LU

‘Graphs show a trend that high 1

4.40 g 1

percentagse of CO; occurs with
high temperalures.

(i

Malting of palar Ica !
rise in saa level /
desartifizcation / 2
decraase In crop yields /
extrama climale changes / I
rapid avaporation of water fram
Earih's surfate causing tha C0;
dissolvad In tha aceans to be
reieased into the atmosphers,
adding to tha greenhousa sffact

1 m each anzwer
any 2 answers

i

All dots only (1 m)
No double bond {O)

]

In1he presence of UV radiation,
CFCs decomposa to form chloring
atamns. [%] 2

Chloring atoms react with ozone
malecliles in tha stratosphers to
form chlering oxlde and oxygen,
lhus deslroying the ozanea layar.
111

Harmful UV radlatlon reachas the
Earth through hales in the ozone
l&yer, [v]

A5 [{a) |

A = zinc hydroxide { Zn{OH); T
B = iron{ll) hydroxide / Fe(OH):
G = ironfl) hydroxida ! Fa{QH};
D = ammonla f NHy

E = sodium sulfate / Na:SO,
F?* = Zn®" / zinc ion

G* = Fe® {iron{ll} ion

each answer 1m

(b)

NaOH + NH.Cl > NaCl +NH: . d
+ H:0

AB | (a)

Mass of Zr = 0.044 x 91
=400g 2

Mass of zinc = 400 - 5.28 —4.00
= 380.729

3%0.72
85

ir

Moles of Zn

5.01 mal

1 mistake minws 1m

(i

| sizes {reguiar arrengement of

In an alley the atoms of the
different metals heve different 2

atoms in the pure metal is
disrupted 1]

Atoms ol different sizes cannot :
slide over each other easily when
a force is applied. L))

Hence, zine alloy is stronger than
the pure metal.
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QOrder of reaclivity should be
R Q zinc P

R produces the highest temp rigg;
it should be the most reactive. [1]

 produced a ferger femp rise than
P but smaller than R; i{s reaclivity
should be between Rand P.  [1]

P did not produce any lemp rise /
P did nol displace zinc from its

P should be less reective Lhan zing
i

2016 AE Prelim Chemistry Answer

Ag

(al

H
!

|
-Cm e €= it

MnOQ.
MnQ.#
MOz

All correct

oM

7 1
+6
+4

n denotes the no. of carbon atoms

‘bpand mp of cyclopropana is

|owar than cydabitana /

cyclopropane Is less viscous than

cyclopropang is mora flammable

6] |

m

Tm

Mn{NO3); (s} — F]

Balancad aquation [1]

slata symh

MnO; (s) + 2NO: (g)

ols [13

Fink Mn{NQ3); tums black (MrO;) 1

wilh brown

gas (NO;) evolved

an

Mt in Mn{NC:): is ox|dised, 1

as the oxid

manganese increased from +2 In 1

Mn{NO:]. t

A6 | {b)
solution;

AT f(a)| () CiHz
n=345...

i)
cyclcbutane /
than cyclobutans
(any answer)
(b}

:; Lol
C
/ 2
H rn\l ¢
%
J i
"
o cl
.;\n
Ay
R e ¢!

m

or other chiorina subsiitutad
praducts

(a}

Process 1

Moles cf ZnCOs = 1008 2

Mass of Zn

Process 2

Moles of ZnS = 1000

Mass of Zn

Process 1 does not produce a
higher yiald than process 2.

plicn state of

0 +4 in MnO,,

125

= §.0 mol

= 80 x 55
=520g 1]

a7
= 10.3 mol !

10.3 x 65
6695 g i

1"
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B3

{b} |

Process 5.

(with at least one reason)

S0, is used lo make sulfuric acid,

{1
No CO is produced, unlike
processes | and 2.
CO causes headaches / fatigue
Mreathing difficulties / death /
Reduces ability of haemgaglobin to
transport oxygen

S0, from process 2 may imitale the
eyes Jlungs /

Cause breathing difficultios /
infammation of the lungs
{bionchitis) /

Reacts with waler in the
atmosphere to form acid rain,
which corrodes buildings and
harms aquatic life and plants

Ary answer 1]

Ca nat accept : no air pollutant is
relzasad to the environment,

(c)

(L}

Ancde;
40H(aq) = 2H0(} + Ox{g) + 48

2016 4E Prelim Chemislry Answar

I

Orderty arrangemen| of zing ions

propartional to he charge of zinc

between the posilivety charged

ions and negalive electrons  [1]
large amounl of energy needed o
break the strong bonds [1]

(ié)

When malten zinc chlorids is used,
Zn'' is discharged to form moiten
zinc. 1]

Cathode : Zn'() + 2e & 2n{l}
(1

HOLCHaCHCOH + 2ZNaOH

GCaHaQy + 307 = 400, + 2H:0

{m)

Al the anade:
200y 2 Chig) ~ 2¢

The chiorine gas produeced regcts
with the carbon electrodes to form
GCly 11

Or,

A high amount of anargy is
required to maintain the molten
zing chloride, increasing the cost of
pradugtion of zinc. [1]

BS | {d}
No. of delocalised eleclrons
Strong electrosialic atiraclion
B10 | {a)
- Ka0:CCH=CHCONa +
2H.0
(b)
| M

Reddish brown aqueous bromina
is decolourised [ turns colourlazs

a

H

=o

3

H
|
C— it

H-f = <67
| 1
B A
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Bl

{d)

in

Addition polymarization ocours
when unsaturated manomers join
logether without lasing any
melecules or aloms.

2016 4AE Pretim Chemistry Answer

ERther
B11

i}

i)

¥ o»

LAt

! 1
1=t Ca

i ]
-4 e

(a}

Reaclion that releases heat /
releases energy /

energy given oul Is graatar than
energy absorbed /

reactton mixture gets hol

ary answer [11 i

M, furamic acid = 116

No. of maleculas = 11800

116
= {00 1
MNo. ot carbon atoms = 100 x 4

= 400 [1]

(iv}

L)

8ond braaking takas in energy / is
endethermic and bond forming
reieasas enargy / is exolhermic

(1

More energy s releaserd from the
formalicn of O-H bonds in HQ
than energy taken in from breaking
H-H bond in H; and O=0 band in
Q.. m

10

Polymers are noh-bisdegradable
and can causa a build-up of land
wasta /

Produce polsonous gases when
burnt

clog up rivers and drains

(any answrer)

[

Vol of Oz = 1500

Z Ml
= 750 dm? i1l

Need a home tutor? Visit us at www.championtutb:?jbom

(d)

First equation involves reduction
since electrons are gained ¢
oxygen is reducad bacause it
gains electrons [ oxygen Is
reduced because its oxidalion
number decreases from 0in O to

-2 in OH-, Hl

Second squation involves
oxldafion since elaclrons ara lost /
hydrogen is oxidised because it
loses alectrons f hydrogen is
oxidised because lis axidation
number increases fram 0in H; to
+1in H:Q, M

{e)

Cracklng of large alkane molecules
Electrofysis of water #

Reaction batwean alkanes and
steam

any answar

10
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B11

Advantage = diracly converls
chemical enargy Into slectrical
Bnergy ! more anergy afficlant /
makes no pollutanis / doesn't

release harmful gasas / ueas a
renawable resourca [N

Disadvantapa — siorape prablems
assoclalad with hydrogan or
axygen ! hydrogen explosive /
pregsurised lanks needed /
pellution problems on disposal of
fuel cadl / pallution problems

while manufacturing fuel cells  [1]

2016 4E Pralim Chemistry Answer

OR
B11

{a}

‘The parcantage yieid of ammania

decreases with increasing
lemperature, 1

Forward reaction is exottwrmic f
Incraasing temperature favours
backward reaction. [1]

(

Parcantags of ammonia at
egullbrium Increasas with
Increasing prassure. [

increasing pressurae favours the
forward reactlon (11

10

i

Catalyst speeds up the reaclion /
lowers activation anergy.  [1)

Shortens the production or
manufacturing lime /

Lowers anargy cosls / lass energy
is used 11

(b)

a

Ammania is an alkaling gas, while
oxygen, nitrogen menoxide end
waler vapour are neubral gases. [1]

ammania gas is gracually used up
and a& tha praducts are neutral,
iha pH decreases. [1}

When pH value remains canslant
al 7, it Indicatas thal ammonia gas
is uzad up complalaly for reaction
and keft with all the nautral gases.
(1

W

NHa+ 202 v HMOH + H:D

il

12
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1 Amino acids are cslourless and can be separated and identified by chromatography
as shown.

N,

!..rn.
|

chiomatograghy -
faper

VVhat additional apparatus and/or chemlzal s/ are required to calculate the Rrvalue
of the aming acids presentin a mixture?

a ruler

a locating agent

a ruler and a locating agent
neithar a rular nor a locating agent

oom»

2 A mixture cantalning equal velumes of two miscible liquids is placed in the apparalus
as shown. The miscihle liquids are heated until the thermometer first shows a
constant reading.

At which position will there be the highesl proportion of liquid with the higher boiling
paint?

A

CZHY Prellminary Examinaticns (2016) Chemistry ¢ Sac Four Express py 3af 17

3 A sludent sels up the apparatus as shown to collect a sample of clean, dry gas X,

_ Drving RS
i apent
A
i/
) Midyre of
Cd ann LAk am hpde e

P

N

\x - Ury sampie pf gas X

Chlorae

Predict the identity of gas X and idantify a suitable drying agent {o be used.

gas X drying agent
A ammaonia “calcium oxide
B ammonia cencentrated sulfuric acid
c hydrogen chloride calclum oxide
b :Eﬂomm: chloride cancentrated suifuric acld

4 Which one of the following correclly describes the particles in a dilute sugar solution

at reom temperature?

sugar molacules

water molecules

widely separated, moving at random

widely separated, not moving

‘closa togather, moving at random

close together, moving at random

widely separated, not moving

widely separa nma‘._u_..o.,___nm at random

O| 0| o

ciose together, moving at random

CGHY Praliminary Examinations {2016)

widely wmvm..mﬁn. vibratirg slightly

Chemistry ! Sec Four Express padof 17
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6 Afilter tip of a cigaretle acls as both a filter and a condanser, 9 Fibreglass is used as a reinforcing agent in many polymer products. it contains a

mixture of jonic oxides and giant covalent oxides.
Which of the following cannot be removed, assuming that the filter tip is 100%

efficisnt? Which of the following is not a possible constituent of fibreglass?
substance _ boiling pointf "C A, Cal
A carbon monowide | -191 B SiO
A : c P40
8 nicoting 247 v} Crz0s
c tar 350 to 400D
D water 100 ’ 10 In the iatlce structure of ionic compounds, coordinalion number is the number of

— neerest neighbaur fons of opposile charge. For instance. in sodium chlorida, each
sodium ion is surrounded by 8 chloride ions and each chloride ion is surrounded by

8 Anew substance was discovered and a series of experiments wers conducted on It six sodium ions. Hence, coardination number of sodium ions and chlorida ians is 6.
Which cbservation suggests that the substance cannot be an slement? The table belcw shows the ions present and the coordination numbar of the ions in
same ionic compounds.
A Electrolysis of the molten substance gave two products.

; ; i ‘| ions present | coordination number of
B It dissolved in s.w_m.- to give a colourlass solution. comgound _ . <o . tormula
c It has a sharp melting paint. cation | anion cation anian
D ¥When heated in eir, it could formn two oxidas. sodum chionide Na" or R 3 NacT
o — - . oy T -
7 Deuterium, with chemical symbol D, is an isotops of hydrogan. tanun(Vigede | T0 | O G ? Tt
P Q R 4 a 7

Which of the following chemical formula is incomect? -
What is the fornula of cempaund P?

A 0203
B  DCOOD A QR B QR
C  NDs ¢ QR D QR
D  CaOD

_ 11 Carbon dioxide is a gas at reom conditions while silicon dioxide is a solid because
B Anion X has a mass numbar of m and n electrans.

A carbon-oxygen bonds are not 28 strang as silicon-oxygen bonds.

What does the nucleus of an atom X contain? B carbon diexide contains double covelent bods while silicon dioxide contains

) mber of prok number of nautrons singla covalent bonds.
nu P Qwans c intermolzculiar forces of altraclion are much weaker than covalent bonds.
A n-2 m-n o D relative molacular mass of carben dioxide is less than that of silicon dioxide.
B n-2 m-{n-2)
C n+2 m-{n-2;
| D _ n+2 m-—(n+2;

*CHY Prefiminary Examinalions {2015 Chemistry / Bec Four Express pg 5ol 17 CCHY Praliminary Examnations (2015} Chemfstry / Sec Four Exprass pg B of 17
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12 Silicor: carbide, SiC, has = structure similar lo diamond. Baron nitride, BN has a
slructure similar to graphite. Bronze is an alloy of sopper and tin,

Vithich statements about SiC, BN and bronze are correct?

1 All atorns are bonded covaiently.

2 All have high melting and boiling point.

3 Allexcept bronze are soluble in organic sclvent.

4 All except silicon carbide conduct elecricity when solid,
A 1and 2 B 2and 3
4 Zand & D 2,3and 4

13 Vihen 200 g ¢f compound X containing carbon, hydragen, aluminium and oxygen is
heated in excess oxygen, 42.2 g of aluminium oxide is abtained as residue.

Wha: is the percentage by mass of aluminium in the sampa?
A M2% B 13.56 %
c 21.1 % 3] 27.0%
14 50 dm? of sulfur dlaxide is ‘eacted with 3.0 dm* of oxygen at room temperature and
pressure to femm sulfur trioxide only.
2502 (g) + Oz (g) — 2503 ()
Whal is the total veluma of gas(es} at the and af tha reaction?
A 4.0dm? 2] 5.0dm?®
c 55dm? b 4.0 dm?
15 Tin is extracted from its orre cassiterite (containing SnOz) by reducing it with coal in a
furnace according to the equation shown below.
Sn0; + 2C - Sn +2C0

What is the percentage purily of tin ore if 800 g of cassiterite on reduction produces
82 g of tin?

22 x 604 100 82 X 151 X 100
—_——x — L —

A 119 153 g 119 600
H.:...x 800 100 L_.Hm. HmH 100
—_—x X

c 82 151 D ‘87 mmm

Chemistry / Sec Four Expreas pg 7 of 17
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16 Zinc oxide is produced by heating zinc carbonate. Whal is tha perceniage yield of
zinc oxide if 125 g ¢f zin¢ carbonate produces 75 g of Zinc oxide when heated?

A Bxa B .ﬂioo
31
c auxlis D cmxlioo

17 If 2 g of nitrogen gas containg y atoms, what is the number of atams in 12 g of sificon?
A 2y B Iy
c By D 11y
18 In an experiment, 0.0 cm?® of 0.01 molldm? eoppar(ll) sulfate solution was mixed wilh
5.0 cm® of 0.01 melfdm? sodlum carbonate solution according to the equalion belaw.
CUSCa + NazC0s — Naz304 + CuCOs

What does the reactlon vessel contain at the end of the experiment?

A colourless solution only.

A green precipilate and a blus solution.

A green precipitate and a colurless solution,
A whita precipitate and a colourless solution.

onmx»

19 The equation below shows the reaction between a melal F and dilute sulfuric acid.
F {3) + H2804 (an) — FS0a (aq) + Hz (g)

Which particles are respensible for the elactrical conducivity in metal _u dilute sulfuric
acid and the salt producad?

metal F dilute sulfuric acid salt
A cations . calions nm:o:m
B cations and electrons cations om__M:m and m_:o:w
0. nmﬁ._o ns and electrons catiens and anions calions and anions .
D glectrons cations and anions calicns and anions

20 Powdered calium carbonate is commonly placed near the chimneys in a coal-
buming power stations. Which waste gas-will not be removad by the powdarad
calcium carbonate?

A sulfur trioxide B nitrogen dioxide
c carbon nancxide D phosphorus{V} oxide

Chamistry / Sec Four Express po 8ol 17
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21 The pH of an aqueous solution of hydrochlaric acid is 2. What will be the pH of the 24 Which graph below shows the solution formed when one mole of weak ack, HX, is
acid after addition of 10 g of sodium chioride? dissolved in 1 dm® of water?
A 1 B 2 A Coiemczi-an (e
c 7 D g ¢
Kay
. ] before disgolving
22 A student would like to prepare a high vield of laad(ll) sulfate salt. A BB sfer dissolving
Which of the following is the best melthod which the student should adopt?
A Adding excess lead metal to dilule sulfuric acid.
B Adding excess lead metat lo dilute nitric acid, filter, followed by adding dilute HX ’ Hx e X
sulfuric acid to filtrate,
Cc Adding axcess lead(ll) carbonate to dilute sulfuric acid. B Conembwiion ‘malfa
D Adding excess dilte sulfuric acid to lead{l) hydroxide .
Koy
23 The reaction between sedium carbonate and dilute hydrochloric acid happens in two [ vefore disaciving
stages as shown below. 1 r--z M etfter dissciving
HX HX W %

b

Kay
[] befara dissoiving

' . I soter dissatving

.
voluma of acid added/cm? 5
Coicendiatios molidm
Stage 1. Sodium carhonate reacts with dilute hydrochleric acid ta form sodium 2.
hydrogencarbonate (NaHCOa) and a neutral salt, Koy
[[] bedore dissolving
wm_ﬂ_m_m 2: Sodium hydrogencarbonate undergoes a further reaction with hydrochioric ik M atter disaciving
What is the valume of acid added to form the neutral sait?
A 10 om?® B  20cm? HX HXoHe x

C 30 cm? D 40 ¢m?

ZCHY Preliminary Examinalions (20°€) Chemlstry / Sec Four Express pg 8 of 17 COHY Preliminary Examinations {2016) Chemistry ¢ Sec Four Express pp it of 47
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25 Ammonia is produced from Haber Process using a suiteble catalyst.
Na{g) + 3H2 (g} = 2NH: {g)

The fcliowing graph shows the different yields of ammonia at different temperature

and pressure.

o S T S T o
o O, _ LA S -
o r .
& H 111
W MHUJ o - H w .
3 [

= i
5 o suifie:
E a4 Lo
i i A

# L
..._uu i — A r
i T . i
% . . " “ -
" i | :

0 20 M0 60 RN MO0 1200
Tatal pressuee in atmosphers

Which of the following is not true?

A A higher percentage yield of ammania can be obteined at higher pressura.

B A higher percentage yiedd of ammonia can be obtained at lower temperature.

c At tha right condifions of temperature and pressure, all of the hydrogen and
nilrogen can be converted inle ammonia.

8] Soma af the ammenia formed will dacompose lo 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 chlaride.
dissolving the ather two gases.

filtaring out the other two gases by passing through cotlon woal.
cocling the mixture.

oc0Oom>»

27 During the combuston of coal, a burning matchstick or an ignition source is usually
used.

What is a possible reason for this?

A The reaction is endothemmic, and heat energy must be supplied for burning to
OCCur.

8 Heat energy is used to overcome the energy barrier before the reaction can
proceed.

c To ensure that there are encugh oxygen malecules for a complete reaclion.

D Ta reduce the enthalpy change so that the reaction can occur,

CCHY Pretiminary Examinations (2016) Chemistry / Sec Four Express pg 11 af 17

28 The dissolving of potassium icdide is an endothermic procaess.
Which of the follbwing graphs shows the temperature change that ococurs when

potassium iodide is stirred with water unlil no further change in temperature is
obsarved?

A B
termperature/"C temparaiureC

faom > room
tamperatus —/ \ rlime  persture — _ntima

c D
temperatureG femperature/°C
foom ) room L
temperature »time termperalure » titme

29 The same numbar of males of a molten chloride of a Group | metal, XC/, and a
molten chloride of a Group I metal, YCis, are separately slectrolysed using Ihe same
current for the same perfod of time.

Which statemenls about this experiment are correct?

An equal number of moles of X and Y are deposited.

An equal number of moles of X and Ck are formed.

An equal number of moles of Y and Ck are formed.

XC/gives off the same volume of chlarine gas as YCL, measured under the
same 2mperature and pressure.

Bora B =

A 1 and 2 only B 1 and 4 enly
c 2 and 3 only D 3 and 4 only

GCHY Praliminary Exaninations (2016} Chamisiry f Sec Four Expresa pg 12 of 17
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30 In an axperiment, a copper rod and a zinc rod are placed in & beaker of dilute suuric
acid as shown. Effervescence was observed around the zinc rod only.

’ Ccopper  Einu

R N
_a_zm.a of terlh vods Z.CW.T.\!\{
e.vm%. e dilute suliuric acid .r/‘.ra

What happans when the ends of both rods touch sach othar?

Effervescence observed at both rods.
Effervescance obsarved around the copper rod enly,
Effervescance observed around the zinc rod only.
No effarvescence observaed around bolh rods.

ocom»

31 The diagram shows apparatus used in an atempt to electroplate a metal ring with
copper.

baitery

- -

_.-..

rreled g - - c@ .A=v ..|co_ucoqm_mﬁ_.oam

S —-aqueous copper(Il}
sulfaie {slacirolyla)

bulb

The experiment did not work.
Which change in the expariment is neaded 1o make | work?

Add solid copper(il) sulfate to the electrolyte.

Increase the temparature of the electrolyte.

Replaca the copper electrode with a carbon electrode.
Reverse the connections to the battery.

onore

Chemizstry ¢ Sec Four Exprass pg 13 of 17

32 Which pairs of stataments cerrectly describes the differences betwesn the conduction
of elactricity during electrelysis and tha conduction of electricity by melals?

f | conduction during alectrolysis ‘conduction by metals
' The current is due to the .
iy The current is dus to the
1 movernent of both pesitive and
_ hegslive ions. movement of electrons.
2 Charged particies move towards | Charged particles move in one
bath electrodes. direction only.
) . It does not resultin a chemical
3 Itresuits in a chamical change. B change.
A 1 anly E 1 and 2 only
Y 2 and 3 only D 1, 2and 3

33 Some magnesium blocks are attached ta iron pipes to prevent them fram rusting.
How does magnesium slop the iron fram rusting?

Magnesium reacts in preference to iron,

Magnesium forms an alloy with the iron.

Magnesium reacts lo form a protectiva coating of magnesium oxide to the iron.
Magnesium stops lha axygan In the water from getting to the iran.

on0mx

34 The diagram below shows the apparatus used in an experiment to reduce substance
Y with the gas produced in the conical flask.

N

dituta riteic acid A

Which of the foliowing pairs eould X and Y be?

X Y
lead copper(ll) mxﬁm
capper *oma:a oxide
. zinc maghesium oxide
magnesium zZinc oxide

oojm(e

CCHY Preliminary Examinations (2016) Chemisiry ! Sec Four Exprass pg 14 of 17
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35 The diagram below shows a catalytic converter fitted into a car engine that runs on
petrol. It consists of two chambers containing different type of catalysts at work, a

37 A student pedorms two reactions.

Reaction 1 10 g of magnesium ribbon with fdm? of 2. 0 movdm? dilute hydrochloric

reduction calalyst and an oxidation catalyst. acid.
Reaction 2 5 g of magnesium powder with 1dm® of 3.0 molidm3dilute hydrochloric
acid.
diry el clean In both experments, the volume of hydrogen produced, V is measured against time, ¢
Sxhaust W —> cxhaust and the resuls are plotted graphically. i
T e Which set of graphs is correct?
Chambar X Chambar ¥
Dirty exhausl is first passed into chamber X before it is mixed with air and then A B
passed into chamber Y. V 4 v
reactian 2 reaction 1
Which of the following reactions are most likaly to azcur in the two chambers?
_ . i reaction 1 reaction 2
. Chamber X Chamber ¥
A C+0:~ GCOC: ZNCG - Oz+ Nz 9 g
) 2NOz+ 202+ Nz 2C0 + 0> 2C0: 0 y 0 i
C 2NO = Oz +N: COx» C+0p
D 200 + Oz~ 2CG0: Nz + 20 = 2NOs
- e C b
v v
36 Zirconium, Zr, is a kansition metal used In flash bulbs, reagioel reaction 1
When the filament inside the bulb gats hot, zirconium burns with a white light to form reaction 2 T eaction ?
a mixture of Zirconium(lly oxide and zirconium({/V) oxide. Zirconium has no reaclion
with water or steam.
D - D e
Based on the above information, which statement shows that zirconium is a transition 0 : o I
metal?
A Zirconium hurns with a white light. 38 With the presence of UV light, 1 mole of CaHe reacts with 3 moles of chlorine in a
B The cxides of zitcanium are amphoteric. subslitution 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.
n] Zircanium & unreactive. A C3HzCk B CaHaCl
c CaHJ Gl C CaHsCla

CCHY Preliminary Examinations (2016) Chemislry | Sec Four Express pg 15o0f 17
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3% Arachidonic agid is one of the most abundant palyunsaturated fatty acids in the brain.
It hzs a molecular formula of CiaHCOQOH.

How many C=C double bonds are present in 1 molecule of arachidonic acid?

A 1 2] 2
C 3 D 4

Chemistry / Sec Four Expresa pg 16 of 17
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40 In the polymarisation of propens to form poly(prapene), there is no change in

A koiling point B density
C mass D molecular formula

SCHY Preliminary Examinations (2016) Chemisliy ! Sec Four Express pg 17 ef 17
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Section A (50 marks) 2 Seawater contains many dissolved ions. The table shows the concentration of

some ofthese ions in a typical sample of seawater.
1  Siructurss of six arganic compounds are shown below.

# H ion | concentration g/dm3
b b Ty {1 e
_ W Hb %._u"n z|w| — o chlaride ._m.o.o. ]
:lﬁ|_ " ___ _*_ H ,__ _r sadium 10.56
H H -
sulfate 2.65
eorrpound A xmpoant A compound C
megnesium 1.26
calcium 0.40
ﬁ_u_ w_¢ 4 H H ;
H H H .
| m m Q—-r—cr :ln[,_" n__lgw|_._ polassium o.mm.. ]
e ] o
e b o (@ (i) Slate whal you would see if three drops of acidified aquecus silver
nitrate is added to 5 cm? of seawater.
corpourd [ ctanpound E compeunid F
(a) Choose from the above compounds to answer the following questions. )
Each compound can be used once, mare than once or none at all. (i} Hence, construct en ionic equaticn for the reaction in {a)(i).
(i) Which compoundis} can react with matal carbonates to produce P UD S SRPRP | )

effervescanca?

(b} Cakulate the mass of sulfate ions which can be precipitated when excess
e e e e e e e e e ae et e e & acidified barium nitrate is added to 20 ¢m® of seawater.

{ii)  Which compound(s) decolourise(s) agueous bromine?

{iii) Which compound(s) will underge hydration and oxidation to form
butaroic acid? :

{b} Explain whether compaund A and compound B are isomers.

1]
[Total: 3]

{c} Draw anisomer of compound D.

(1}
[Tolal: 5]
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3 iron from tha Biast Furnace contains carbon as an impurity. To remova the
carben, oxygen is blown on the mcltan iron in a large vessel known as a

converter.
Ry
i
i
Comvaror -—T -
T prtan o with
- R 1rpunties

(a) The ternperatura 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, fo the malten iren,
before the oxygen blow. The graph shows how the temperature of the
muoiten iron changes during the oxygen below.

tampanahire

raqlten irn

T T

C 5 W 5
“ line {rifudas)

&0l scrap lest
adidad

(i) Descrbe and explain how the solid scrap steel affects the
tampearature change during the oxygen blow.

ZCHY Pretmnary Examinations (2016) Chemistry / Sec Four Express po 5af 15

(i) State s reason why it is important to recycla steel.

{c) Using ideas about the arrangement of aloms, explain why high carben

steel is preferred aver pure iton lo be used as cutting toof.

[Tatal: B]

4  Hydrogen peroxide is a colaurless iiquid.

An aquepds solution of hydrogen peroxide reacls with the iodide lons in
acidified potassium icdide to form water and iodine according lo the equation
shawn bealow.

(@)

Hz(a(ag) + 2H*(aq) + 2Hag) »  2H:0(f) + 2(aq)

{i) Explain, in terms of electrons, whether the iodide ions ara acting as
the oxidising agent or reducing agent In this reaction.

(i) Describe tha colaur change for the abave reaclion,

CCHY Preliminary Examinations (2016) Chemistry / Sec Four Express pg 6 of 15
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(b} The table shows how the speed of this reaction changes when different
concantrations of agueous potassium iodide and dilute sulfuric acid ara
used. The hydrogen peroxide i always added in excess and the

termperaturs remains constant.

[ concentration of o
cancehtration of .
experiment c.mwm“._.._ﬂm_:ﬁa_ de | dilute sulfuric mu‘_w:mm,_m_ﬂ_h_.w:mm”g
D e acid in motdn® :
1 0.4 X 0.00017
] 0.2 0.1 0.00034
3 T 0.1 0.2 0.00017
4 03 01 0.00051
5 0.1 0.3 0.00017

“The speed of this reaction is more dependent on the concentration of
agqueous potassium icdide than aquecus sulfuric acid.”

Using ths information in the table, justify whether you agree with the abova

staterment.

CCHY Prehnmtnary Examinations (20 5)

Chemistry f Sac Faur Exprass

pg7of 15

{c) The experiment was repeated by varying the temperature of agueous

(d}

CCHY Praliminary Examinations {2016)

potassium iodide, with other variables being kept constant. The results of
the experiment were represented by the graph shown below.

1
Time

0.08 .
0.07

0.08 \.

.05 Ve

0.04 | -~

003 | -

0.02 —
0.1
ol . . ., _ n
25 30 35 40 45 50 55 gp Temperature! C

is!

Us¢ ideas aboul collision between particles to explain tha trend in the
rasilts,

A student thinks that iron{|ll} oxide acts as catalyst in this reaction,

Describe what the student should do and what information he shouid
coliect to last his hypothesis.

[Total: 9

Chemistry / Se¢ Four Express pp Bof 18
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& {a} Carbon dioxide is a greenhouse gas and is given a greenhouse factor of 1.

Other gases are given a greenhouse factor that compares their effects
with carbon dioxide. The greenhouse effect increases as the facior value
increases.

Table 1 below gives information about the greenhouse factor and tha
compasition of four different gases in the Eartir's atmosphera.

gas greenhouse factor ﬁmﬂﬂﬁummﬂﬁswﬂw 7

o 1 00% |

“CH: 30 0.0017

N:O 160 30 x10+

CChF 21000 28x 108 |
Tahle 1

Using the information above, explain whether scientists should ba more
wortlad about the percentage increase of methane in the Earth's
atmosphere as comparead to the percentage increase of carbon dioxide.

YCHY Praliminary Examinabions (2013) Chepnistry / Sac Four Exprass pp 2of 15

{b) Graph 1 below shaws how the average temperature at the Earlh's surface
may have changed over the last 150 thousand years.

Graph 1
20 _
1&
mvarage
‘enperalure ol the Earths 18
striace / 40 \T_ \
|
14 1
12 \ J . _\
TNV 1
10 f—J LN " |
f vV 1] f
_ i)
. LA N
\\ _ ..-_ /.__
G

150 125 100 75 40 95 0 dudayl

time thousands of yaars ago

Graph 2 below shows how the percentaga of carbon dioxide in the
atmosphere may have changed over the last 150 thousend years.

Graph 2
0.040
parcantane of carbon D03 .
divxiie in the
amasphera 00730 n _\
Y /
0.025 \_ }
‘ I\ WA /L
OUMQ - . ___\_‘ (__u ..Q“_
0015 |-

|
50125 W 75 A0 25 O (fedav)

iime/thousands of years aga

(i) Scienlists think thal an increase in the amount of carbon dioxide will
result in global warming.

Explain how Graph 1 and 2 support this statement.

CCHY Pralimmary Examrations (2016) Chernisiry ! Sec Four Exprass M 10 of 15
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{iv)

(v)

CCHY Prelimirary Examinations (2016)

"Increase in amount of carbon dioxide is not the only faclar which
contributes to global warming.”

Using the information from Tabla 1, Graph 1 and 2, explain how
these information can be used to support the above statemsent.

Describe one possible consequenca of global warming.

Showing only the ouler sheil electrons, draw a "dot-and-cross”
diagram to show the bonding present in CChF.

(2)

Explain how the presence of CCiF in the atmosphera contributes to
health problems like skin cancer.

{Total: 10)
Chemistry ¢ Sec Four Expresa pg 1 of 16

CCHY Preliminary Examinations [2016)

Smali pieces of a silver coloured metal, X, were added to concentrated nitric
acid. A brown acidic gas, Z, and a colourless solution containing salt ¥ wers
formed.

Analysis of 0.0914 mole sampie of Z showed it contained 1.28 g of nilragen and
2.93 g of oxygen.

The smiall sample of tha colpuriess solution was Ciluted with waler and then
divided into two portions,

To the first portion

Aguseous sadium hydroxide was added drop by drop until it was in excess. A

white precipitate, W, was formed that redissolved in the excess agueous
sodivm hydroxide.

To the second portion

Aqueous ammonia was added drap by drop until il was in excess. A while
precipitate, W was formed and remained insoluble in the excess agueous
ammaonia.

{a) With the means of chemical calculation, determine the empirical formula of
4

2]

(b} (I} Suggest the idenlities of precipitale W.

(i) Construct one possible ionic equation, with state symbols, for the
forming of W fram the first portion,

(c} (i} Suggestthe identities of X,
e e [1]
(i) Describe a chemical test lo determine the anion present in ¥.
[Tolal: 8]

Chem|siry f Sec Four Express pg i2-of 15
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7 (a} Four isomers of butanol are shown in the tzble hefow.

isomer 1 2 3 4
CHZCHCHACH DN CHsCHzGH-CH: | CHy-GH-CHAOH M
OH CH, CHy -C-CH,
oH
___._a_.__o Bistan- 1 Buten-2-of 2-methyiproganasl | 2-methyl propan-2-ol
(i) Name the organic product when bulan-1-of is added o acidified
potassium managante (V).
....................... S S DROUEUPUUURURPURPRRPORY | |
(i} A student would like to prepare a sweset-smalling compound X. He

added 2-methyl propanel to a beaker containing aqueous propanoic
acid, with warming. Concentrated sulfuric acid was also added to the
mixture

Show the full structural fermula of compound X and name compound
X

(1

+SHY Praliminary Examinations (2016)

Name of compound X: ..............

Chemistry ¢ Sec Four Exprass pg 130l 15

(b} Lactomer is a lrade name of synthetic material that is used to make
surgical stitshes. Part of this polymer is shown below.

zi “_uI..ef_n_u |Ofr01u| Ml O|JA_”I..||mj Qo CH m L
CHy, © O CH, O o

Draw the two possible monomers which are used to form the above
palymer.

monomer 1 monomer 2

(2

(c) Styiene-butylena rubber is a synthetic rubber, It is made by palymerising a
mixiure of the monomers styrene and butylane.

H H H H
Hy +CeHs [
c=C H—C—C=C—C—H
H+ “H _ I
H H
Styrane butylene

Onepassible structure for the polymer is shown balow.

|_ ﬂfm.:m _\_ butylene I styrane _I.l butylene T

(i} Styrene is processed by cracking of crude oil in an oil rafinary.

Explain why cracking of styrene is an important procass in the oil
refinery industry,

CCHY Pralimirary Exemnations {201\ Chemislry / Sac Four Exproas pg 14 cf 15
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(i) Oraw Iho displayed formula of the repeat unit in this polymer
structure.

displayed formula of the repeat unit

"

{iii) V¥vhan the mixture of styrene and butylene polymerises, the polymer
is untikely lo contain anly this regular, repealing pattern. Explain why,

(iv) Describe one difference between the reactions to form styrens-
butylene polymer and lactomer.

[Totalkg]

End of Section A
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No Additional Materials are required.

Section B (30 marks)

Electrolysis reactions are the basic foundations of today's modem industry.
There are various elemants, chemical compounds and organic compounds that
can only be produced by eleclrolysis. For example, chloripe and sodium
hydroxide.

Brine is & saturated solutton of sodium chloride, containing about 25 % by mass
of sodium chioride. Industrial electrolysis of brine ¢an be carded odt in &
diaphragm cel’ and a mambrane cell.

The diagram below shows how the diaphragm cell works,

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number in the spaces at the top of this page.
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Answer all three questions in the spaces provided.
The tast question is in the form aithar/ar,

At the end of the paper, fasten all your work securely together.
The number of marks Is given in brackets [ | at the end of each qusstion or part guestion.
A copy of the Periodic Table 15 printed on paga 2 of Section A,

The use of an appreved scientific calcuiator is expacted, where appropriate.
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& Chilorine S Hydrogen
O oroducis u_uﬁw c%m
)_._oao_ _ _a_,uurn.ui os_":unm

) _ )
sy, T
f ﬂ_A. oy :
M et B oo
, joe 2 i jpgDosi

-

Anodn Cathode
semparfment compariment
SRR TUURTRIRTON e s i
solution
The principle of the
diaphragm cell & 5% Bodium
hydroxside

aclutlon

The brine is contained in the anode compartment and the elactrode 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 jons and hydrogen gas are formed due to
the reduction of water. Due to the difference in the solution lavel batween the
anode and the cathode, there will be a gradual flaw of sadium chloride from the
anode inlo tha cathede. Howevar, there will not be any backflow of sodium ions
Inte the anade. If chlorine and sodium hydroxide come into contact, chloring
ums into CiQ-, CDs and C lons.,

Ta ensure that a pure sadium hydroxide can be collected, purification of sodium
chloride out of the sodium hydroxide wil have to e camied out After
purffication, the industry is able to gel a sclution of 50% of aqueous sodium
hydroxide and about 1% of sedium chioride.

CCHY Preliminary Examinaticns (2016) Chamietry ¢ $ac Four Express pg 20f12
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The diagram below shows how the membrane cell works.

Chiorine HMydrogen
gas gas
b
a, | woekan Kikal H,
anode cathode
LT
szt o, .
1
| _ 1
: i ¢
; Naft
i a '
i 1
T
Brina
concentrator H
Ty pure

wiker

In the membrane cell, the brine is fad to tha brine concentrator and current
passing through wlil result in the aqueous sodium chloride to split into sadium
ions and chloride icns. The sodium iens will flow thraugh the ion exchange
rmembrane ard react with the hydroxide ions that are produced through the
reduction of waler to form agqueous sadium hydraxide. Without the ion exchange
membrane the ssdlum hydroxide would not be pure because it would contain
chloride ions.

The table shows some information about the two typss of cells.

. . quality of NaCH
cell iype nozm_aﬂ_o_..| operation of cell produced
Frequent replacement Must cm_ ad ¢
. . . of diaphragm. evapora 2
diaphragm Relatively simple concentrate from
cell and inexpensive. 12% to 50% and
Operates at 3.8 V. to cryslallise out
the salt.
Reguires high purity e
brine. High purity.
Cheap to
membrane Must be
| cell Nomﬂ“_ﬁ_Enﬂ and Operates at33 Vv, | evaporated to
Membrane changes mwﬂ_ﬁ_nﬂmwﬂ fram
every 2 to 3 years, _ _
_
CCHY Preliminary Examinatiors (2016) Chemistry / Sec Four Express rgiof 12

(a)

(b)

(c)

(d)

CCHY Preliminary Examinations (2016}

() Construct a haif ionic equation for the reaction that happens at the
cathode of the diaphragm call.

(i} Sugpgest a reason why graphite is commonly preferred over ttanium
ta be used as eleclrode in the diaphragm cell

When chlorine and sodium hydroxide comes into contact, a
disproportionation reaction happens. Disproportionation happens when
the oxidation slate of the same elemant both increases and decreases in
{he raaction.

Uss Ideas about oxidation state to explain why the reaction of chiorire and
sodium hydroxida is a disproportionation reaction.

(i} Write an equation for the overall reaction that happens in the
membrane cell,

(I} Calculate the volume of hydrogan gas thal can be produced from
twe tonnes of saturated brine in membrane cell at r.t.p.

(3]

“Incustries should adopt using membrane cell to produce sodium
hydioxide inslead of diaphragm cell.”

Using the relevant information, explain one reason why such statemant
was made.

Chemistry ¢ Sac Faur Exprass ppdoi12
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(e) A student mada the fallowing comment. 2 Many cabonates thermally decompose to form & metal oxide and a gas.
“In scheal labaratory, 1 can obtzin aqueous sodium hydroxide by just using Six 2.009 of samples of carbonates are heated strongly until there is no further
concentrated sodium bromide solution with graphite slectrodes.” change in the mass. The table shows the mass of solid remaining at the end of
the heating.

Explain whether you agrae with the studani.

carbonale mass before healing | mass after heating
caicium carbonale 200 1.12
..........._..._.....:.....I.........I...,:..............:.:.........I.,........I.I,,..—._H GOUEDA__y.ﬂmﬂUOHEHQ 200 129
[Total:10] iron{ll) carbonate 2.00 1.24
magnasium carbonate 2.00 0.95
sedium carbonate 200 ’ 2.00
_ zinc carbonate 200 1.30 ’

(@) Twostudents made the following conclusions based on the table above.

Student 1. The thermal stahility of lhe metal carbonale is dependent on
the charge of tha metal ion,

Student 2: The more reaclive the metal, the more thermal stable the metal
carbonate is.

Which student’s conclusion is correct? Usea the information from the table
10 support your reasoning.

SCHY Praliminary Examinations (2018) Chemistry / Sec Four Express pg 5ol 12 CCHY Praliminary Exarnnations (2016) Chemistry / Sec Four Exprass pgHOf 12
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(b) One of the matal oxides formed from the decomposition of the metal
carbonate can be used lo treat excess acidity of soils in agricullure.

() Using a ‘dot-and-cross’ diagram, show the bonding present in this
metal oxide. Only outer-shell electrons need to ba shown,

[2]

(i1} Plants thrive well on ferilisers such as ammoniwn chloride because
of the nitragen content.

Explain, with an equation, why it is not advisable for farmers to add
this metal oxide together with ammaonium chioride to the soil,

(il The mollen state of this melal oxide is sultable to be used as an
electrolyte le axtract the metal.

Explain in tarms af structure and baonding. why this metal oxide has
to ba In molten state in order to be used as an electralyts.

{iv) Wirite down the half ionic equations, including state symbaols, for the
reaction which takes place at the respective slsclrodes when this
moilen metal oxide is electralysed using carbon elecirodes.

posiive
electrede: . e e[ 1]
negative electrede: ... L. 1]
[Total: 10]
CCHY Praliminary Examinations [2016) Chemistry / Sec Four Exprass pg 7 af 12

Either

3 (@) Electronegalivity rafers to the abiiity of an atom to attract electrons and is
otterwise known as ‘electron altracting’ power. Tha greater fhe
electronegativity value of an atom, the greater its ability to attract electrons
and vica versa,

The diagrams below show the electronegativity of Group | end VI

elemnents.
; Elactranegetiiity of Group VW Elsmants
0.98 .54
1 2903 “la
042 082 39 € % U,
! 3 288
! ; 1.20
o5 2
: | 1
|
a - .- : . _ i1 - ——yem -
1t Ms x [ s M i F d Br 1 At

(I} Based on lhe data above, suggest a reason why the elactronagativity
for Group VIl elements is generally higher than the electronegativity
for Group | elemenis,

(i) Based on the eleclronegalivity of Group VIl elaments, suggest and

explain tha trend of the oxidlsing power of Group VIl elements when
moving down the group.

(i) Adquesus chlorine is bubbled into a sclulion of potassium bromide.
Explain, with the usa of an ionic equation, what will be observed.

CCHY Prefiminary Exaninations (2016) Chamistry / Sec Four Express By 8of12
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The follewing diagram shaws the eisctronegativity across Period 3 elements Or
with argon (Ar) being excluded. .
3 (a) Resaearchers have been investigating the use of ethanol for replacing

e hydrogen as a liquid fuel For space craft intended for low Earth orbit. lts
€ ivlty of Parjad 3 £l
a5 eeenegRinty " 33.“5 major advantage is that, unlike hydrogen, ethanol can be used as a liquid
. - fuel without the need far storage at extremely low temperatures.
3 .19
2 141 M2 . The table shows sama information about ethanol and hycrogen.
Ls 131 :
11 _ enthalpy change of
o.w - _______ - IENENI] compound combustion/ kJ per mol
e M MR hydrogen 2236
{iv) U_mwn:cm the general trend of electronegativity across Peried 3 ethanal 4367
elements.
{) Given that the enthalpy change of combustion of hydrogen is
-118 kJ/g, detarmine which fuel, hydrogen or ethanol, gives a greater
PO OPUOR I | | energy cutpul per gram of fuel used. Show your workings clearly,

leaving your final answer to 3 significanl figures.
(v} The electronagativity of the Period 3 elements is dependent on the
number of electron shalls the slameants have.

Justify whether you agres or disagree with the statement.
(b} Othar than elactronegativity, Groug | and Vil elements also show trends in i2]

their melting goints.
{I} Explain, in terms of bond breaking and bond making, why is

_ _ element malling point/ "G combustion of hydragen an exctharmic reaclion.
; lithium 180
OHDEU_ sodiurm a7 8 B e E L L E e b e e e s e et e e ek e e e ean e e e e me e m e
| 7 potassium 64
Fehlotne "1 e (2]
Groug VI Jﬂoo%_.__.ﬁm _ A.Ma R (i} in some countrigs, sthanal is produced fram sugars in sugar cane,

An environmentalist claims that ethanol as a fuel is ‘carbon neutral
because using it does not add to the amount of carbon dioxide in the
atmosphers.

Using the infarmation pravided, describe and explain the trend of melting
points of Group | and Group Vil elemenis.

Nt a4 B AR 4 e = i s e e e e e ks e ke e s e ime e i et i e e am e e mxn_m__._ E_.-w‘ :-__m -m —_-_._Q

R I T I

[Total: 10}

ACHY Preliminary Examinations (2016) Chemistry / S82 Four Express pg 9 of 12 CCHY Preliminary Examinations (2015) Chemistry / Sec Four Exprass pg 10cf 12
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(b) Ore giher use of hydrogen is using it as a fuel in the Proton Exchange {lv] Complete the energy profile diagram to ilustrate the energy changes
membrane (PEM) fuel cell as shown in tha diagram balow. for the overall reaction. Your diagram shoul includs
- The formula of the reactants and the products
External cheuit - The label for the enthalpy change and the activation enargy of
the raactlon.
Excass .
J%E.SQ:T —_— Waler m:mav_ F
Elactrode A Electrods B

IH;ig) . - 4H"(aql + de” Orip)+ 4K faq)= 4&" - O

Hydrogan .5 s CRrygan

Proten Exchange Membrane o Polymer
Etectrolyi® Memnbrase. hipdiugen jons
ROVE 3CTOSS The eleciiotyte

Froton Exchange Membrane fual cells use a palymer membrane {a thin Progress of Raaction

plastic Fim which is semi permeable) as the electrolyte. Thus, they are

also commenly known as Polymer Clactrolyts Mambrane (PEM) fuel cells. (2]
(i) Hydrogen ions move across Proton Exchangs Membrane. [Total.10)

With referenca to a hydrogen ion, expiain why it is considered as the
"praten” in the Proton Exchange Membrane,

OV OTOPRUOTRTURRPORURUOTOR ) End of Section B

{iiy With reference to the electrodes A and B, stale the diraction of Lhe
flow of electrons in the external circuit.

(iil) Construct an equation for the overall reaction that occurred in the
Froten Exchanga Membrane fuel cell.

CCHY Preliminary Examirations (2016} Ghemistty ! Sec Four Express pg 110of 12 CGHY Praliminary Examingtions {2915} Chemiatry f Sec Four Exprass po 12 ef 12
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Marking Scheme
Secondary 4 Pure Chemistry Prelims 2616

Section A Answers

is exathertic / heat energy is being released.

G/No | Answer Marks | Remarks/ Markers Gommenty |
1@y [cp A
1] B 1] A few candidates missundertood
thal unsaturalicn inciudes C=0
and included C and D as their
_ ANSVETS.
my | B (1]

H|E Yes. Bath campounas have the same [1] gereral formula is not credited. |
molecular formula but diferent structural link back to the definition for
formula, isamers: same molscuiar formula

but different structural farmula.
] [1] -
2(a){i | Whita precipitate. M

]

fil [ Ag+Cr - pget 1]

b} {2.65/1000) x 20 1] [ eheck table haader, concentration
=0.053g is given in g/dm3

3(a) | The reaction betwean carbon/iren and oxygan | [1] not anough to simpiy state that 02

reacter with iron/carbon as the
reaction can be andathemiic if nat
stated, Keyword to be mentioned
is exotharmic,

()i} | Between 0 to10min, the solig scrap steel 1 uammmm the dalta ard put down
. . oltr understanding of the data.
resLt , ¥ ; .
s in the tomperature to increase gantly understanding of tamperature rise
Atter 10 min, the solid scrap steel results in the has to be mentioned. raf:
' temperature change
H i .
smperature o increase sharply. Many students were not abie 1o
highlight the different in tha rata of
Whan the solkd scrap steel is added to the (1l _mﬂ__umqu_.m rise for th two
partions,
moltan Fa, it begins to malt for 10 minutss
and tha sudden rise of tormperature is due to Explanation was alsc pretty weak.
combustion of carbon.
Examinars Report 2004:
Vague answers such as 'lermperatura Increases’ aid
not score. The simplest statement 1o scare two
marks was: temperature Increases slowly at
first then faster’,
{1 Iron Ore is finita / recycling steal is chaapar 1] . Any logical answer.
, . Rej: steel has finite resaurce,
than extracting iron / reduce anvironmental bacause the kaywords: finite
problam arising lrom sxtractlon of iron. metal resources
Craminers Report 2004
In gresny an advantege of recyeling sleel, inamy vandidates
geve angwers that were too vague for eredit, for example 'less
pailution”, less waie” of 'saves resources’. Better answers
were more specific, for example discussing landfill ares,
saving finitt melal esaurces of finie energy sources.
4] As carbon atom is of different size compared 2] Tha link to property such as

1o iron atormsg, the intraduction of carben
atom/ different slzed atoms disrupt the

arderly layer of ircn atoms.

The layer of alomns in high carhan steel is

. hardness has tg be mentioned.

3 pt: 2m

t-2pt1m

2
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unable to slide over one another gasily.
Hence, high carbon steel is hardet and mora

suitable to be usad as a cutting tool compared

Soma students mantionad about
stes| balng strong, howaver failed
to mentioned it being hard,

[

Students incomectly mentioned H
was raduced. Howevar, it was
igrorad.

Lose elactrons to ....... was
accepled VS lose alactrons
(pecause the understanding is
vague whether losing electrans
means iodide ions s oxidised and
thus is the reducing agent.)

to pure iron.
4(a}(t | Reducing apeant.
) lodids lone danate elsctrons.
{iiy Colourless to brgwn,
1+)) Do not agrae.

Expt 1,2: When concantratian of K! increases
by two times from 0.1 t3 0.2 mol/dm?®, the
spaad of reaction increases by two timss from
0.00017 ta 0.00034 mol/dmi/s.

Expt 1,3: Whan concentration of H.S0.
inereases by two times from 0.1 te 0.2
mol'dm?, the speed of reaction remains
unchanged at 0.00017 mcl/dm¥/s.

Hence rate of reaction more depandant on

concentration of KI.

1a

]

{1

)

ariginal and final calour Mmust be
megntioned.

Data has o be quoted and be

“interpreted for the marks to be
" awardad.

Many students lacked clarlty in
linking data because it is important
ta link back to the expsariment that
is referrad to as paint of refarsnca
cempared to just stating all the
expeariment data,

)

i)

Higher the terperature, faster the rate of

reaclion.

tighar the temperature, more particies have
highsr kinatlec ensrgy equal to or greater
than (sufficfent} activation energy. Higher
fraquancy of effactive collislons and hance,

faster rate of action.

1

M

Many students fafted 1o highlight
the full expianation.

1. Carry out two experiments — one with Iron
{lifh oxicle and ‘he othar withaut ironilll) oxide.
2. All other key variables such as temperature
ta be kapt corstant.

3. Record thetime taken for Ihe reaction to ba
complated.

g

Rapeat the mx_uo_._,_.:_w? was
accapted as iong as
undarstanding was shown

Sla)

More worried about the increase In parcentage

of methane.

With 0.00017 % of methane prasent in the
atmosphars, the greenhouse factor is 30,

which is 30 times than that of carbon dioxide.

With more incieaze in methans, the impact on

the environmet will be at least 30 times

bigger than thal of carbon dioxide.

1]

|
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[ {bi)

Graphs ara raughly similar / high percertaga of
carbon dioxide shows thers's high parcantage
of average temperature, fguoted from Jun 2006)

]

resulls in mora harmful UV radiation entering _
the Earth's surface.

iy

i)

Other gases such as msthane, N.C and CGhLF
are presant in the atmosphera. Gas such as
methane has a greenhouse factor of 30 which
implied that thelr effects on the Earth's

average tarmperature is at lsast 30 tmas.

Batwaen 125 to 100 7 100 to 75 thousand

years ago, thers was a period of tme when
thare's a decfine in percentage of carbon
dioxide in the atmesphere but the average
temperature of the Earth's surface actuatly

rise.

(1

11

melting of polar ice/ rise in sea level/
desertificalion/sxtreme climate changes/ effect
on animal/plant habitals fquoted from Jun
2006)

]

Valemoe electrons of the halogens must be
shown correctly

Ma key: minus [1] overall

Ary mistaka minus [1j

{v)

Results In depletion of ozone layer which

]

G{a) . _
N o] Working has to be shown,
Number of (1.28/14) [2.93/16)
miolss - 00914290 0.183124 M1
Ratio (0.081428/0.81428) | (D.18312 )i
Hence empirlcal formula is NO.
bii} | Lead(ll) hydraxide and aluminium hydroxide ] Both correst (1]
{i} Pb™(aq} + 204 (aq) PL{OH)x(s) ) [1] egn
[1] state symbols
Ar+fagq) + I0H (ad) AfOH)(s)
() | Lead / Pb or Alumnium 7 Al 1] Both carrect [1]
in Add a piece of A foil o the solution and add 2 | [1] Always loc mentlon resulte of the
to 3 dreps of aqueous sodium hydroxide. experiment and fo provida
Warm. Test the gas evalvad with moist rad avidence to suppor! the identity of
litmus papar, tha pas
1
- Maist red litmus paper lurns blue. M
(@) | butan-1-aic agid ] " butaneic acid acceptad
)
(i1} {1
(]
2-meihyi propyl propancate
() _ 2] [17 for each

b
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{e)(l} _ To match the demand for fractions containing

smaller and more vseful molecules from

refinery process.

)

iif)

i

{iii)

Both contaln G=C which san polymerisa at

random.

itten Pai raaction

Double bond/ alkene/ unsaturated / anly oha -

type of monamer
Cniy 1 product cbtained
high famperafire and prassurs

same empiricai farmulia 28 monomear / sama
composition by mass of monomer

Condensalion Polymerisation

2 type manomers / 2 type functional group /
functional group on each end of membear

small molecule , H2Q, given out

Doss nat rsquire  high temperature and
pressurg

Does not have the same empirical formula as

Y

-

Ayl

the monomers/ different compnsition by mass
of monomear

Section B Answers

QM

Answer ’ Marks

1{al

Remarks/ Markers Gomments

2H,0+ 28 20H+ H; ]

Many candidates faled to axtract tha
relevant information from the text which
slates that reduction of water happens in
the cathode.

U]

Graphite is cheaper than titanium. OR | [1]
Graphite is easiar to obtain than

titanium

T

(b)

Common mistaks is "Graphite is inen”.
Thiz answer is not accaptabla as Tils
relatively inert too.

To consider 1. cost, 2 safety, 3
snviranment

Oxidation stats of Gl increases from 0 | [1]
in Clzto ¥1in GG/ +8in CiQix

CF is oxidised.

Candidates nead ta be mingful that they
have to know how to calculate the
oxidation states. Some candidates are still
unable to caleulats to determine the
correct oxidation states.
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Oxidation stale of Cl decreases rom 0
it Clito -1 in CH.
Cl is raduced.

]

otherwise, no marks will ba
awarded,

(e

2NaGi+ 2H:0 ~ Ciz+ 2NaOH + H;

(11

Only few candidates manage to @& this
cormact. Candidates nesd to ba mindful of
extracting relevant data.

fe)

Agree,

Bromide lans are discharged in
preference to hydraxids ions due to
concentration effect and hydrogen
ions are discharged In praference to
sodium jons. Sedium lons and
hydroxida ions remain behind. GR
The NaOH collscted will be

cantaminated by the Br- lons.

Some candidates only mentlon that
hydrogan and bromine gas are formed
withaut any details an discharging of the
lonE.

voltage as compared to diaphragm

c2ll, hence cheapar o oparate.

in Number of males of NaCf Candidates nead to be mindful of
= 1 axtracting relevant data as most
2000000 x0.25/(23 + 355) Y candidatas failed lo read that only 25% of
= 8547 00855 molas brine consists NaCf.
turnber of males of H; = 4273.5 moles | [1]
Volume of Ha 1 Allow ECF fram hare.
=4273.5 x 24
= 102 564
=103000 dm?
{d) hembrane safl operates at a lower [1] Accepted answers include:

1. lesser aiectricity

2. highar purity higher concentration

3. 2103 years of replacement of
memirane vs frequent raplacement

Reject answers:

1. Cheap to construct {uniess
candidates mantion that it is due o
lower voltage)

2. Inaxpensive = cheap and hance,

elaborat'on has to be made

2(a)

Sludent 2 is correct and student 1 is
incarrect,

When the metal ion has a charge of 2+
in carbonate such as calcium
carbonate, the mass lass is 0.70g.
When the metal ion has a charge of 14
In carbanate such as sodiom
carbonate, thera |s no mass logs.

However, 1t wes alsc shown thal when
the metal ion has a charge of 2+ in
carbonate such as copper (l)
carbonate, the mass loss was 1.05g.

Thus, it canno: be concludad that the
tharmal slability is dependent an the
charge of the matal ian.

Sodium heing more reactive than
calcium which is more reactive than

copper, shows that there is a greater

il

1]

M

Marks are awarded when candidates talk
abourt both student 1 and student 2, |2m]
The tast 1m is given whan candidates
qunts data.

Many candidates had a pocr expianation.
Exampla, “ calcium mare reactive than

.Zing and hence, it / calclum is maore

tharmal stable..” / “Calcium carbanate is
more reactive than zinc carbonate”,

Candidates need to taka note that thermal
stability is referring to the metal carbanate
and nat the metal. Vague explanation or
ambiguous explanatlon will nat score.

n
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mass loss in matal carbanats which
contains & less reactive matal.

Example: No mass loss for sodium
carbonate but a mass loas of 0.70g for
catelum carbonate and 1.05g for
copper{li carbonate.

Hence, student 2's conclusion is

correct,

Altarnative 1
Student 1 is comrect but student 2 Is
incorrect,

Na ion has a charge of +1 and its
carbonats did nol decomposs.

Cther carbonates in the table consists
mastal lons of charge +2 and Its
carbonete decompose, as shown by
the decreasa in mass oes. Eg: Zing
carbonate has & decrease in 0.70 g as
_ zinc carbenate decompasa ta farm
zing gxide and carbon dioxide.

This shows that thermal stability of
metal carbonate is dependent on the
charge of the metal ion.

Calcium mere reactive than zinc but
calcium carbonale has a higher mass
loss of 0.88 g when bseing heated as
campared to zirc carbonala with mass
loss of D.70 g. This shows that mare
regotive the medal, the metal carbonate
is not more therma statle.
Ajternative 2

Both students are incorrect.

When the mefal ion has a charge of 2+
in carbonate such as calelum
carbonate, th: mass loss is 0.70g.
When the meal ion has a charge of 1+
in carhonata such as sodium
carbonate, there is no mass ioss.

However, it was alsc shown that whean
tha metal ion has a charge of 2+ in
carbanate such as coppar {Il}
carbanats, the mass loss was 1.05q.

Thusg, it cannat be concluded that the
thermal stability \s dependent on the
charge of the melal ion. (Student 1 is
incorrect)

Calcium morereactive than zine but
calclum carbonate has a higher mass
loas of 0.88 gwhan being heated as
comparad to Zin¢ carbonale with mass
lass af 0.70'g. This shows thal more
reactive the metal, the metal carbonate
is not meore thermel stable. (Student 2
is incorrect)

(b))

[2)

Na key: minus [1] overall

(i}

ZNHLGF + Cab - Call+ 2NH; + HO

Ammonia is formed and is releasod to

(1]

12

 Eqn link ta statement

Gandidates failed to includs balancad
aquation. Some candidates faced
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| down the group has lower tendency
to gain electrons.

*Recall, reactive of the halagens
decrezses down the group becausa
tha attraction power far electron af the
alom decreases down the group as

the atomic size incraases.

M

(i)

Colourless aolition turns reddish-

! brown,

i Ciz + 2Br~ - Bry + 20

Chilaring more reactive than bromine
displace bromine from aquecus
potassiem bromida la form a reddish

brown bromine ealutian.

)

1)

the original colour and the final colaur
must be mentioned.

lonic equation to be supported by
axplanation.

Candidates ars slill facing difficulty in
consiructing the correct ionic equation,
Some candidates are unable to write the
corract observation.

(iv)

Across the perod, the
glactronagativity increases (frem 0,93
to 3.16).

)

Candidates need to pay attention to the
command waord of the question -
"describa the trend”, hance data should
be quated. However, since the trend is
obvicus and it was only a 1 mark
quastion, credit is given to ali candidate.

the surraunding. difficulty in writing the cormect prod usts. |
Hence, nitragen contant In the sail is
decreased.
|m__= In molten state, the glant fonic kattica | [1) .
of calzim oxick breaks down.
The oppasitely charged / Ga® and 0% [ [1]
are no longer held In fixad pasitions
and move relativaly freely to carry the
electric curant.
Hence, sultabla tz ha usead as
electrolyte.
{iv) Posltive elactrorie: MO».S. - Oufen) + do 1} With correct state symbaols.
Negative slectrada: Ca¥¢) + 2a - Ca(y | (1] Candidates hava problem with writing the
. correct state symbeols and balancing the
: 1 . o
Mowﬂhm.w”,hm_h..m__%%ﬂ“?ﬁw:%%uﬂ equation for the positive electrods, Some
’ ’ candidatas mentlon hydroxide ions arg
2040 - 20 + G, discharged.
Eltha | Group VIl elements ara non metais 1] No marks are awarded if candidates just .
r s . mention about gaining or fosing of
which galn elactrona to achieve nobla alactrans.
3a) gas configuration while Group |
] _ t Is which | Marks will be awarded if candidates link
slements are metals which lose gaining/losing due to the metallle ar non
valence slactrans to achieve octat metallic charactor or the idea of achieving
' . noble gas configuraton.
configuratior.
Some candidates did not talk about
. _Group .
{ii) Down the group, the oxidising power | [1]
ﬁ decreases becausa the elements
13

{v} Disagree. Acrugs the periad, the [1] change is rejected: direction of change
number of electron shall ramalns as 4 a.g. increase/decreass/lowerslarger etc,
must be speclflsd.
but electronegativity increases.
b} Down Group !, melting paint of ] Candidates rneed to pay attention to the

slements decraases from 180°C to

84°C white dowin Group VI, melting

command word of the question - "Using
information provided”, hence data should
be quated.
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paint increasa from -101°C to 114°C.

Down Group |, the metallic bond
becomes weaker. Thus, lesser

energy needed to overcome tha bond.

Cawn Group VI, ths intermaolecular
lerens of attraction becomes stronger
hesmLn Iha mroieciier sina bacormes biggerd, THUS,
more energy needeod 10 overcome lhe

intarmolecular forces of atlraction.

1]

(1]

As the atomic size increases, the valence
electrons ara furthar away from the
positive metal nuclaus, hence the
attraclion force becomes weaker and thus
lha metaliic bond becomes weaker.

‘bond is different from force.

eg. no BOMND is present betwean
molecules. ONLY forces of attraction are
prasent bafore maolecules.

Nurnber of moles ol sthanal
= (4/48)
= 0.02173% mol

Enthalpy change of combustion of
sthanol

=0.021739 x -1367

= - 28.7kJ/g

Thus, hydrogen gives graater output.

ni

(M

(1

Allow ecf

Surprisingly. some candidates da not
know how to solve such guestion despite
such rjuestion has appeared in © lovel
many thmes,

Some candidates failed to cite the units or
forgot the negative sign.

Marks are awarded if students did include
negative sign but ¢lear statement such as
“Energy output”, "Energy reisasad" is
uged.

Mora anargy is releasad during the
formation of bunds in watar than the
total energy absorbad during bond

: [1] idea of more m.:mat relgased than

ahsorhed

breaking in inydrogen and cxygen.

[1]: reactants & products mentioned /
specific bonds menticned.

Many candidates forgot that oxygan is
one of the reactants. Some candidates
lalked about formatian of carbon dioxide.

(i)

Curing photosynthesls, sugar cane i1]
takes in the carbon dicxide. Hance,
carbon dioxids producad from buming
of fual will not result in incraasa in
amount of caben dioxide being
added.

(i)

This question was generally walt
attempted.

1“&8@@:.6: nas one single protan m
in it nucleus but no electrons at all.

(i
fili)

AtoB

m

2H: + 0,  2HO 1]

(iv}

No marks are awarded if candidates Just
mention becausa hydrogen ion has +1
charge, like a proton.

Clear explaination is expecied from
candidates to mention idea about protons
and elsctrons.

This question was genserally wall
_attempted.

This guestion was generally wel!
attsmpted.

Energy - 12
O
SOy |
VAN _ auiivation energy (¢

ﬁg.___,\.,
enthal
/ i s

% produets

Frogress of 1

[1] Formula of reactants and oroducts,
label for enthalpy change

[1] showing an exothermic energy profile
diagram with correct exis,
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