KIASU

ExamPaper. com

2 0 1 8

SECONDARY 4

Express Exam Paper

Pure Chemist

CHIJ Katong Conve

Gan Eng Seng AN

SAl
Al

Hua Yi Secondazy~ |

) SAl

Mayflower «Secondazy

{/|sa1

Temasek/ Secondary V

SAl

Bendemeer Secondary

SA2

Bukit Batok ' Secondary

SA2

Geylang. Methodist

SA2

Jurong ' West Secondary

SA2

Blo o<doulelwnr

Seng. Kang Secondary

SA2

www.KiasuExamPaper.com
1




www.KiasuExamPaper.com
2



Name: ( ) Class:

CHIJ KATONG CONVENT
MID-YEAR EXAMINATIONS 2018

Secondary Four Express

CHEMISTRY 6092/01

Duration: 1 hour

Classes: 406

Additional Materials: Optical Answer Sheet.

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

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

Write your name, class and index number in the spaces provided at the top of this page and
on the Optical Answer Sheet.

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
Answer Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done on the question paper.

A copy of the Data Sheet is printed on page 14.

A copy of the Periodic Table is printed on page 15.

At the end of the examination, hand in:
1. Optical Answer Sheet; and
2. Question paper separately.

This question paper consists of 15 printed pages.
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/01 Sec 4E

1 The diagram represents different arrangement of atoms.

S ool b

%8%8%@%0%85

1 2 4

Bromine melts at -7°C and boils at 59°C. A tank filled with bromine at 30°C (room temperature) is
cooled to -7°C.

Which row best represents the arrangement of bromine particles at -7°C and at 30°C?

-7°C 30°C
A 1 4
B 2 3
C 1 2
D 2 4
2  The diagram shows the cover plate removed from the gas jars containing oxygen and bromine
respectively. After several days, the colour of the gas is the same in both jars.
-— oxygen
glass —wmmm COVeEr plate
jars \
™ +— bromine
Which statement explains this change?
A Equal volumes of oxygen and bromine contain equal numbers of molecules.
B Oxygen and bromine gases have equal densities.
C Oxygen and bromine molecules are in random motion.
D Oxygen and bromine molecules diffuse at the same rate.
3 The properties of two substances are shown in the table.

substance | melting point/ °C | boiling point/ °C | solubility in water
1 18 67 insoluble
2 -95 210 soluble

Which is the best method to separate these two substances at room temperature and pressure?

oOw>»

filtration

paper chromatography
separating funnel
simple distillation
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4

The diagram shows a set-up used to obtain carbon monoxide gas.

~

dilute
hydrochloric
acid

®

calcium
carbonate

lumps of charcoal

What is the purpose of solution S?

OO w>»

carbon

monoxide

~——— water

to remove the presence of carbon dioxide gas

to remove the presence of hydrogen chloride gas
to remove the presence of water vapour
to prevent water from being drawn into the hot charcoal

Which diagram best represents a mixture of neon and hydrogen bromide?

A

B

o

D

RS

e

@
o0

o°
‘o

o

S

o o

O
8

Potassium has 2 major isotopes. They are *K and 'K.

If the relative atomic mass of naturally occurring potassium is 39.14, what are the relative abundance

of ¥*K and 4'K?

39K 41K
A 7% 93%
B 25% 75%
Cc 75% 25%
D 93% 7%

3
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7

The table shows the number of neutrons and electrons in the following four particles.

particle number of number of
neutrons electrons
P 18 8
Q* 12 10
R* 16 10
S 13 11

Which particle is an isotope of P?

A
B
C
D

Q+

R?

S

none of the above

The electronic structure of a compound formed between an element Y and chlorine is shown in
the diagram. Only valence electrons are shown.

®é
s a
[ N ]

L 3 4

XX

Y*as:

® x

cie

[ X 2

What is the chemical formula when sodium combines with element Y?

A
B
Cc
D

The following table shows four elements P, Q, R and S with their proton numbers.

Na,Y
NaY-
NaszY
NasY

elements

Q

R

proton number

8

17

19

Which are the likely formulae of the ionic compound and covalent compound formed from the four
elements?

ionic compound

covalent compound

oo w>»

PR
S2Q
SP
SR

SR
PQ2
PR4
RQ
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/01 Sec 4E

10 Graphane, an allotrope of carbon, has a structure similar to graphite. Graphane, however, has one
hydrogen atom attached to each carbon as shown in the diagram.

O hydrogen atoms

. carbon atoms

\
J

Which set of properties will graphane have?

1 It is soluble in water.

2 It has a high melting point.

3 It has a giant molecular structure.

4 It conducts electricity in the solid state.

A 1and2only
B 2 and 3only
C 1,2and3only
D 1,2,3and4

11 Trioxidane has the formula H,Os.

Which is the most likely structure of trioxidane?

A B
|
H 0 H
H— 0=—0 No” N

|
0
C D

H

5
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12

13

14

15

An element Q has x neutrons and y protons.

Which symbol can be used to represent the ion of Q if it belongs to Group VI?

A e
B Q¥
c X+§Q2_
p Q&

The elements in a group of the Periodic Table show the following trends.

1 The element with the lowest proton number has the lowest reactivity.
2  All the elements in the group form basic oxides.

3 The density of the elements increases down the group.

4  The melting point of the elements decreases down the group.

In which group are the elements found?

A |

B IV
Cc Vi

D Vi

Elements X and Y are in the same period.
Which statement is correct?

A Atoms of X and Y have the same electronic structure.

B Atoms of X and Y have the same number of electrons.

C If Xis a metal, Y must be a non-metal.

D The number of shells containing electrons is the same in atoms X and Y.

Two unlabelled bottles contain colourless solutions. One of which was sodium carbonate solution
and the other was sodium chloride solution.

Which solution when added to a sample from each bottle would most readily identify the bottles?

ammonia
hydrochloric acid
lead(ll) nitrate
sodium hydroxide

oo w>»
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16 Four statements about hydroxide, OH- ions are made.

17

18

19

It reacts with hydrogen ions to form water.

It migrates to the cathode in electrolysis of an aqueous solution.
Its solution gives an alkaline gas when warmed with aqueous ammonium chloride.

°
e It reacts with aqueous iron(lll) sulfate to form a green precipitate.
°
°

How many statement(s) is/ are correct?

A
B
C
D

1 only
2 only
3 only
4 only

In an experiment, 10.0 cm?® of 0.01 mol/dm? copper(ll) sulfate solution was mixed with 5.0 cm? of
0.01 mol/dm? sodium carbonate solution in a flask according to the equation:

CuS0O4 + NaCO3 = Na»S0O4 + CuCOs3

What was observed in the flask at the end of the reaction?

A
B
C
D

a colourless solution only

a green precipitate and a blue solution

a green precipitate and a colourless solution
a white precipitate and a colourless solution

A student would like to prepare a high yield of lead(ll) sulfate salt.

Which is the best method?

oo w>»

Adding excess dilute sulfuric acid to lead(ll) hydroxide.

Adding excess lead(ll) carbonate to dilute sulfuric acid.

Adding excess lead metal to dilute sulfuric acid, filter and collect the residue.

Adding excess lead metal to dilute nitric acid, filter, and followed by adding dilute sulfuric acid
to filtrate.

The statements give some information about metals R, S, T and U.

Carbonate of U does not decompose on heating.

Only oxides of R and T can be reduced by heating with carbon.

R and S react with dilute hydrochloric acid but not with cold water.
T reacts with neither dilute hydrochloric acid nor water.

Which is the correct order of increasing reactivity of the four metals?

A
B
C
D

T<R<S<U
T<S<R<U
U<S<R<T
U<T<R<S

7
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20 Chrysotile is a type of asbestos which is used in buildings for its flame-retarding and insulating
properties. It has the formula Mg3Si2Os(OH)a.

21

22

What is the oxidation state of silicon in this compound?

A
B
Cc
D

+2
-2
+4
4

A sample of flue gas from the power station is bubbled into different solutions and the results are
shown in the table.

solution

observation

acidified potassium manganate (VII)

purple solution turns colourless

acidified potassium iodide

colourless solution turns brown

red litmus solution

turns blue

blue litmus solution

turns red

Which are the possible gases present in the sample?

ooOw>»

sulfur dioxide gas and chlorine gas

chlorine gas, hydrogen gas and carbon monoxide gas

ammonia gas, sulfur dioxide and oxygen gas

ammonia gas, nitrogen monoxide gas and oxygen gas

Solid R is gradually added to aqueous solution S. The changes in pH are shown in the graph below.

A
14

pH 7

What are R and S?

mass of solid R ndded

R

S

OO w>»

insoluble metal oxide
insoluble non-metal oxide
soluble metal oxide

soluble non-metal oxide

hydrochloric acid
sodium hydroxide
hydrochloric acid
sodium hydroxide

www.KiasuEx@mPaper.com
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23

24

25

26

27

Which volume of 1.0 mol/dm?® hydrochloric acid is required to react completely with 1.25 g of zinc
carbonate?

A 10cm?®
B 20cm®
C 100cm?
D 200cmd

An 8 g sample of oxygen atoms contains the same number of atoms as 16 g of element X.

What is X?
A  helium
B sodium
C sulfur
D xenon

When hydrogen peroxide is used as a bleaching agent, it decomposes to form water and oxygen.
2H,0,22H0+0,

When 68 g of hydrogen peroxide decomposes, the volume of oxygen gas collected under room
temperature and pressure is 1200 cm?.

What is the percentage purity of hydrogen peroxide?

A 25%
B 50%
C 100%
D 15.0%

The compound S0- reacts with water to produce sulfuric acid and oxygen only.

What volume of oxygen, measured at room temperature and pressure, is produced when
0.704 g of S207 is reacted?

A 48 cm?®
B 96cm?
C 192cm?
D 384cmd

Which equation does not represent a redox reaction?

3Cly(g) + 2Fe(s) — 2FeCls(s)
Ba?*(aq) + SO4*(aq) — BaS0Oa4(s)
Fe*'(aq) + Mg(s) — Fe(s) + Mg*'(aq)
Zn(s) + 2HCl(aq) — ZnCh(aq) + Hz(g)

OO w>»
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/01 Sec 4E
28  The table shows some bond energies.
bond kJ/ mol
c-C 346
C-H 413
Si—Si 176
Si—H 318
Which statement is correct?
A  Si- Sichains are more stable than C — C chains.
B Si- Sibonds are the least readily broken of those listed.
C Methane, CHj4, is chemically more stable than silane, SiHa.
D 346 kJ is the energy evolved when 1 mole of graphite sublimes.
29 Which is an endothermic process?
A C(s) + Oy(g) — CO2(g)
B HCl(aq) + NaOH (aq) — NaCl(aq) + H2O(/)
C 6CO0y(g) + 6H20(g) — CsH1206(aq) + 602(g)
D HxO(g) — H0O())
30 Which requires the largest number of electrons for complete discharge during electrolysis?
A 4 mol of aluminium ions
B 5 mol of hydroxide ions
C 6 mol of copper(ll) ions
D 7 mol of oxide ions
31 The combustion of methane is an exothermic process.
CHa(g) + 202(g) — CO2(g) + 2H20(g) AH = - 890 kJ/ mol
How much methane should be used to produce 2670 kJ of heat?
A 48¢g
B 64g¢g
C 9%g
D 120g
32 Which statement correctly describes how the ammonia that is produced in the Haber Process is
separated from the reaction mixture?
A By cooling the mixture.
B By dissolving the other two gases.
C By filtering out the other two gases by passing through cotton wool.
D By passing the gaseous mixture through fused calcium chloride.
33  Which statement about the three processes — respiration, combustion and rusting, is correct?

ooOw>»

Nitrogen must be present for the processes to occur.

The mass of reactants is greater than that of the products.
The processes cause a decrease in the oxygen content of the atmosphere.

The processes cause an increase in the carbon dioxide content of the atmosphere.
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/01

Sec 4E

34 Ammonia is manufactured by the Haber Process.

35

36

Which statement is correct?

A At the optimum conditions, the yield of ammonia is 100 %.

B Hydrogen is the reducing agent.
C Increasing the temperature lowers the activation energ
D Nitrogen is oxidised by hydrogen.

y.

A student decides to coat his plastic toy with a layer of copper metal using electrolysis.

The diagram shows his set-up.

1
l

pure

copper ‘ \ (E
aqueous copper(ll) nitrate =~ ————

I plastic toy

(sprayed with a layer

The experiment failed and no copper was deposited on the
Which statement best explains why the experiment failed?

A  The electrolyte used should be aqueous silver nitrate.

of graphite)

plastic toy.

B  The plastic toy should not be submerged in the electrolyte.
C The plastic toy should not be sprayed with a layer of graphite.
D  The pure copper strip should be attached to the positive electrode.

The diagram shows an electrolysis experiment to electroplate nickel with a different metal.

aqueous
copper(ll) sulfate

Which nickel electrode(s) is/ are plated with a metal?

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

ooOw>»

aqueous
__~ sodium chioride

1
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37 The diagram shows the electrolysis of a substance X after a few hours.

38

O || =0

gases — [

—

s

, — .
negative electrode | positive electrode

What substance could X be?

A
B
C
D

copper(ll) sulfate solution
concentrated hydrochloric acid
silver nitrate solution

sodium chloride solution

Copper wire is used to complete an electrical circuit.

_ copper wire

&

lamp

Which statement correctly describes what happens in the copper wire?

A

B
C
D

Electrons move along the wire to the negative terminal and positive ions stay in position.
Electrons move along the wire to the positive terminal and positive ions move to the negative
terminal.

Electrons move along the wire to the positive terminal and positive ions stay in position.
Negative ions move along the wire to the positive terminal while positive ions move to the
negative terminal.

www.KiasuE2mPaper.com [Turn over
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39 In the graph, curve 1 was obtained by observing the decomposition of 100 cm?® of 1.0 mol/dm?
hydrogen peroxide solution, catalysed by manganese(IV) oxide.

2H02 > 2H,O + O,

volume of oxygen

» time

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

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

C using a different catalyst

D using less manganese(lV) oxide

40 In which reaction is the pressure least likely to affect the speed of reaction?

C(s) + CO2(g) — 2CO(q)

N2(g) + 3Hz(g) = 2NHs(9)

250,(g) + Oz(g) — 2505(9)

NaOH(aq) + HCl(aq) —» NaCl(aq) + H20O(/)

oo w>»
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Colours of Some Common Metal Hydroxides

aluminium hydroxide white
calcium hydroxide white
copper(ll) hydroxide light blue
iron(Il) hydroxide green
iron(lll) hydroxide red-brown
lead(ll) hydroxide white
zinc hydroxide white
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CHIJ Katong Convent Mid-Year Exams 2018

Chemistry 6092/02

Sec 4E

Answer all the questions in this section.

Section A [50 marks]

Write your answers in the spaces provided.

1 Fig 1.1 shows the set-up of an experiment. After some time, a ring of yellow powder is seen in the tube.
A, B or C are possible positions at which this ring may be formed.
AB C
\ Z
/ /) //
7 / <

cotton wool soaked in
hydrogen sulfide solution

It is known that hydrogen sulfide gas reacts with sulfur dioxide gas as follows:

Fig 1.1

2H2S8(g) + SO2(g) = 3S(s) + 2H20(g)

(@) Name the yellow powder formed in the tube.

cotton wool soaked in sulfur
dioxide solution

(b) (i) Atwhich position, A, B or C is the ring of yellow powder most likely to be formed?

(ii) Explain your answer to (b)(i).

[Total: 4]
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E

Fig. 2.1 shows the structures of various compounds, A, B, C, D, E and F.

N\
4

Fig. 2.1

(a) Use the letters A to F to answer the following.
Each compound may be used once, more than once or not at all.

(i)  Which compound is most likely to contribute to acid rain?

.................................................................................................................... [1]
(ii)  Which compound is an amphoteric oxide?

.................................................................................................................... [1]
(iii) Which two of these compounds have giant structures?

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

(iv) Which compound when molten, releases a reddish brown gas at the anode during
electrolysis?

[Total: 5]
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Two experiments were carried out to find out the positions of the metals cobalt (Co), gallium (Ga)
and bismuth (Bi) in the reactivity series.

In experiment |, hydrogen gas was passed separately over the heated oxides of the three metals in the
combustion tube. The results are given in Table 3.1.

Table 3.1
metal oxide formula appearance before appearance after heating
heating
cobalt oxide CoO green powder grey powder and a colourless
liquid on the side of the glass tube
gallium oxide Gaz0s3 white powder white powder;
no liquid on glass tube
bismuth oxide Bi2O3 yellow powder grey powder and a colourless
liquid on the side of the glass tube

In experiment 11, pieces of Bi, Ga and Co were added separately to a solution of Pb(NO3).. The
results are given in Table 3.2.

Table 3.2
cobalt gallium bismuth
Grey solid formed on cobalt. Grey solid formed on gallium. | No change in bismuth metal
The solution slowly turned pink. The solution remained or in solution.
colourless.

(@) From the results of both experiments, place Bi, Ga, Co and Pb in the correct order in the reactivity
series.

most reactive

least reactive

[2]
(b) Name the colourless liquid observed when Bi2O3 and CoO are heated in hydrogen.
......................................................................................................................... [1]
(c) State the property hydrogen shows when it reacts with bismuth oxide.
......................................................................................................................... [1]
(d) Write an ionic equation for the reaction between Ga and Pb(NO3)2 solution.
......................................................................................................................... [2]

www.KiasuE4amPaper.com [Turn over
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E
3 (e) Describe what you would observe if a piece of cobalt is placed in aqueous bismuth nitrate.
......................................................................................................................... [2]
[Total: 8]
4 Fig. 4.1 shows some reactions of copper(ll) nitrate, Cu(NO3)-.
i b colourless gas that relights
black solid rown gas a glowing splint
CuO(s) A B
? A T
heat strongly

Cu(NOs): (s) |

Cu(NOs)2 (aq)

reaiy

green precipitate
CuCO3(s)

dissolve in water

warmed with aqueous sodium

hydroxide and aluminium powder

colourless gas
Cc

light blue precipitate
D

Fig. 4.1

(@) When two moles of Cu(NO3); is heated strongly, two moles of CuO, four moles of A and one

mole of B are made.

(i) Identify B.

.................................................................................................................... [1]
(ii)  Write the balanced chemical equation for the reaction when Cu(NO3): is heated.
.................................................................................................................... [2]
(b) Identify
G e [1]
D e 1]
K e e e e [1]
(c) Write the ionic equation for the formation of the light blue precipitate D.
.......................................................................................................................... [1]

[Total: 7]

www.KiasuEx@mPaper.com

22



CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E

5

5 g of hydrogen reacts with 142 g of chlorine to form hydrogen chloride. The reaction is exothermic and
can be represented by the equation shown.

Hz + Cl2 & 2HC/ AH =—-184 kJ/mol

(a) Explain with supporting calculations which reactant is in excess.

(b) Calculate the energy released when 4 g of hydrogen reacts completely with 71 g of chlorine.

You may assume that no other side reaction occurs.

(c) Explain why the reaction is exothermic, in terms of the energy changes that take place during bond
breaking and bond making.

[Total: 7]
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E
6 In an experiment, 20.0 cm? of 0.550 mol/dm? of barium nitrate was added to excess aqueous sodium
sulfate to produce barium sulfate and sodium nitrate.
(a) Calculate the maximum mass of barium sulfate produced.
MassS = ......ccceeuenne. g
(2]
(b) A mass of 1.92 g of dry barium sulfate was obtained.
Calculate the percentage yield of barium sulfate.
percentagevyield = ...................... %
(2]
[Total: 4]
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CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E
7 Fig. 7.1 shows part of the electrolytic cell for an electroplating process.
r
impure copper
— L key
‘: ‘: —— aqueous copper(ll) sulfate
Fig. 7.1
(a) A student wants to electroplate her key with copper.
Complete Fig. 7.1 by drawing in a battery and connecting wires. [1]
(b) Write the half equations for the reactions occurring at the electrodes.
ANOAE s
CathOde 1 [2]
(c) State one use of electroplating.
......................................................................................................................... [1
(d) Table 7.1 shows information about the electroplating process.
Table 7.1
before electroplating | after electroplating
mass of impure copper electrode/ g 150 136.5
mass of key/ g 62 74.6
Calculate the percentage of impurities in the impure copper electrode
percentage yield = ...................... %
(2]
[Total: 6]
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8 (a) Fig. 8.1 shows the set-up of a simple cell which can be used to determine the relative positions of

metals in the reactivity series. The voltage of the cell is measured by a voltmeter.

Results from cells using the metals cadmium, tin, zinc and copper are given in Table 8.1.

voltmeter

ma
W

cadmium ————

electrode

———copper

electrode

..... sulfuric acid

Fig. 8.1

Table 8.1
cell electrode 1 (-) electrode 2 (+) voltage / volts
1 cadmium copper 0.74
2 tin copper 0.48
3 zinc copper 1.10

(i) Explain what is meant by a simple cell?

(a) (ii) Place the four metals in order of increasing reactivity and explain how you used the data in
Table 8.1 to arrive at this order.

leastreactive .........oooeiiiiiii
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8 (b) Cadmium is in the same group of the Periodic Table as zinc. Cadmium carbonate is insoluble in
water and reacts in the same way as zinc carbonate with dilute acids. Cadmium sulfate is soluble
in water.

Describe how you would prepare a pure, dry sample of cadmium carbonate, starting from cadmium
sulfate.

[Total: 9]
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Section B [30 marks]
Answer three questions.

Question 11 is in the form of an Either/ Or question. Only one part should be answered.

Write your answers in the spaces provided.

9 Aspirin is a medicine that is used as a painkiller. It is made from salicylic acid.

(@) A student makes a sample of aspirin. She thinks it contains some impurities.

(i)

(ii)

The student tests the melting point of the sample of aspirin.

Explain how she can use the result of the test to find out whether the sample contains
impurities.

The student uses chromatography to compare the sample of aspirin in (a) with pure
samples of aspirin and salicylic acid.

Fig. 9.1 shows the results of the chromatogram.

< solvent front

o

o [

o o

ffffff Q® @ @ ¢ startline
student’s salicylic pure
sample acid aspirin
Fig. 9.1

Is the student’s sample of aspirin pure? Explain your answer.
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9 (a) (iii) In another chromatography using pure samples of aspirin and salicylic acid, the solvent
was allowed to travel 9 cm from the start line.

Table 9.1 shows the Rf values of pure aspirin and salicylic acid.

Table 9.1
substance aspirin salicylic acid
Ry values 0.56 0.654

Using the information provided in Table 9.1, calculate the distance travelled by aspirin.

distance = .................. cm

(b) The student buys a few packets of aspirin tablets from a store and performs a titration using a
crushed tablet and aqueous sodium hydroxide.
The formula for aspirin can be represented as -— COOH .
The equation for the reaction between aspirin and aqueous sodium hydroxide is shown below.
Bl coot + neor > [Jl-coona + H.0

Table 9.2 shows the results of the student’s titration.

Table 9.2

concentration of aqueous NaOH used 0.10 mol/dm?

volume of aqueous NaOH needed for neutralisation | 15.90 cm®

relative molecular mass of aspirin 180

(i) Calculate the mass of aspirin, in mg, in one tablet. Leave your answer in 3 significant
figures. (1 g = 1000 mg)
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9 (b

(i)

It is known that some aspirin tablets also contain citric acid. The student repeats the titration
using one of these tablets.

Explain why the mass of aspirin calculated in the second titration is different from that in

(b)(i).

[Total: 10]
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10  Anexperiment was carried out involving two separate reactions between 0.18 g of magnesium and two
acids, hydrochloric acid and sulfuric acid. The volume and concentration of both acids used were
20.0 cm?® and 2.00 mol/dm?. The results of reactions A and B are shown on Fig. 10.1.

A third reaction C was carried out using 20.0 cm® and 2.00 mol/dm?® of an acid and a unknown amount
of magnesium ribbon.

— — -
200 R it S = L L
2 i
- . 0_?,4:_“.
volume of gas/ cm® 150 | L I < I U 0 O O .
G E T T
/, L L.l = & 1
100 %
_ ey SEENEE M.
L1 /( 4 ) =i =
50 y o uE 9
2 1] i
0
0 20 40 60 80 100
time/ s

(a) With relevant equations and calculations, explain why the same volume of gas was produced for
reactions A and B.
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10 (b) Determine which reaction, A or B, used sulfuric acid.

Explain your choice.

(c) Inreaction C, identify the acid and calculate the mass of magnesium ribbon that was used.

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

(d) When calcium was used in place of magnesium to react with the 2.00 mol/dm? sulfuric acid, the
reaction stopped very quickly and also produced less gas.

Give reasons for this observation.

...................................................................................................................... 2]
[Total: 10]
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1

Either

Diesel engines can be run with a lean burn air-to-fuel ratio which is larger than that in petrol engine,
This is to ensure the full combustion of soot and to prevent them from giving out unburnt fuel. This then
leads to generation of oxides of nitrogen (NOy), which are harmful pollutants, from the nitrogen and
oxygen in the air.

Introduction to Diesel Exhaust Fluid (DEF)
Diesel exhaust fluid (DEF) is an aqueous urea solution made with 32.5% by mass of urea, (NH2).CO,
and 67.5% by mass of deionised water. It is called AUS 32 (aqueous urea solution).

DEF is used in selective catalytic reduction (SCR) in order to lower the concentration of NO, in the
diesel exhaust emissions from diesel engines. Within the SCR catalyst, the NO, are catalytically
reduced by ammonia into water and nitrogen, which are both harmless. These are then released
through the exhaust.

Diesel Emissions Control System

| Exhaust gaves lawve sngine | [ mwummm\J
- T — PH and NOx noar tero levals.

\

oo [
AN

Particulates (PM) trapped In [ll | DEF Injscted into oxhaust | | NOx reduction In SCR Catalyst |

diesel particulats filter l

Source: http://www.dieselforum.org/about-clean-diesel/what-is-scr

Selective Catalytic Reduction (SCR) systems

SCR catalysts are made from various ceramic materials used as a carrier, such as titanium oxide, and
active catalytic components are usually oxides of base metals such as vanadium, molybdenum and
tungsten.

The two most common designs of SCR catalyst geometry used today are honeycomb and plate. Each
design has different advantages and disadvantages.

plate-type honeycomb-type
pressure drop lower larger
plugging and fouling less susceptible more susceptible
size large and bulky smaller
price expensive relatively cheaper

*Plugging and fouling’ causes the catalyst to be coated with a layer of unwanted material.
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Reduction of oxides of nitrogen (NO,)
DEF from a separate tank is injected into the exhaust pipeline. When it is injected into the hot exhaust
gas stream, the water evaporates and the urea thermally decomposes to form ammonia and isocyanic
acid:

(NH2)2CO(g) — NH3(g) + HNCO(g)
The isocyanic acid hydrolyses to carbon dioxide and ammonia:

HNCO(g) + H20(g) — CO2(g) + NH3(g)

Overall reaction:
(NH2)2CO(g) + H2O(g) — 2NH3(g) + CO2(g)

From this point, ammonia, in the presence of oxygen and a catalyst, will reduce oxides of nitrogen:

1
2NO(g) + 2NH3(g) + Eoz(g) — 2N2(g) + 3H20(g) and

3NO2(g) + 4NHa(g) — gm(g) + 6H20(g)

The overall reduction of nitrogen monoxide by urea is:
2(NH2).CO(g) + 4NO(g) + O2(g) — 4N2(g) + 4H20(g) + 2C0O2(g)
DEF is injected into the exhaust gas at 2-6% of diesel consumption volume.
Storage
It is recommended that DEF be stored in a cool, dry, and well-ventilated area that is out of direct

sunlight.

Adapted from: https://en.wikipedia.org/wiki/Diesel _exhaust fluid
https://en.wikipedia.org/wiki/Selective catalytic reduction

(@) Suggest why the running of diesel engines with a lean burn air-to-fuel ratio leads to the
production of more oxides of nitrogen.

.......................................................................................................................... [1
(b) Suggest why, unlike diesel engines, petrol engines do not require the use of DEF.

.......................................................................................................................... [1
(c) Which type of SCR design, honeycomb or plate, is more suitable to be fitted in cars?

Give a reason for your answer.

.......................................................................................................................... [1
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11 (d)

(e)

(f)

(9)

(h)

State the overall equation for the reduction of nitrogen dioxide (NO3) by urea.

.......................................................................................................................... [1]
(i) What is the maximum volume of DEF vapour that needs to be added to 100 dm?® of diesel
vapour?
................................................................................................................... [1]
(ii)  What is the maximum volume of nitrogen gas that can be formed from the combustion
of 100 dm? of diesel vapour if the DEF injected only contains urea?
................................................................................................................... [1]

State why active catalytic components are usually oxides of metals such as vanadium,
molybdenum and tungsten instead of Group | metals.

............................................................................................................................ [1]
Suggest why DEF should be stored in a cool area that is out of direct sunlight.
............................................................................................................................ [1]
Explain why the use of DEF is not completely environmentally friendly.
.......................................................................................................................... [2]

[Total: 10]
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1

OR

The reaction between nitrogen and hydrogen to form ammonia is a reversible reaction. This means
that when nitrogen and hydrogen react to form ammonia, some ammonia is decomposed back to its
reactants at the same time. The two reactions are shown below:

Forward reaction: N2 + 3H, = 2NHz ~ AH =-92.4 kd/mol
Backward reaction: 2NH3s = N> + 3H

The forward reaction is exothermic.

During the development of Haber process, Fritz Haber conducted a series of experiments to determine
the most cost-effective way to produce ammonia. Table 11.1 shows some of the results. In each case,
the experiment began with the molar ratio of nitrogen to hydrogen 1:3.

Table 1.1
temperature (°C) pressure (atm)
300 400 500
400 48% NH3 55% NH3 61% NH3
500 26% NHs 32% NH3 38% NH3
600 13% NH3 17% NHs 21% NH3

He applied Le Chatelier's principle to the reaction. This principle, in simple terms, states that when a
change is applied to a reaction system, the system will tend to move in a direction that reduces the
change.

For example, when a change such as increased pressure is applied to a mixture of nitrogen and
hydrogen, more ammonia will be formed as there will be fewer number of moles of ammonia than
nitrogen and hydrogen. As a result, the change is reduced. Hence, in this reaction, an increase in
pressure tends to favour the forward reaction as it reduces the pressure on the system. Consequently,
more ammonia is produced.

(a) By referring to the datain Table 11.1, state the physical conditions required to produce the highest
amount of ammonia.

(b) With reference to the kinetic particle theory and relevant number of moles of gases, explain why
the forward reaction of Haber Process reduces pressure.
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11 (c) Ideally, as ammonia is being formed, it should be removed as quickly as possible.
With reference to Le Chatelier's principle and/ or other suitable explanation, suggest why this is
done.

(d) With reference to Le Chatelier's principle and enthalpy change, explain the effect of raising the
temperature on the amount of ammonia produced in the Haber process.

(e) One way to increase the rate of reaction between nitrogen and hydrogen to produce ammonia
is to raise the temperature. Unfortunately, this method increases the rate of decomposition of
ammonia as well.

Suggest another way to increase the rate of reaction between nitrogen and hydrogen in the
Haber process without altering the temperature.

(f) Draw and label the energy profile diagram of the forward reaction of the Haber process.

(2]
[Total: 10]
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Colours of Some Common Metal Hydroxides

aluminium hydroxide white
calcium hydroxide white
copper(ll) hydroxide light blue
iron(Il) hydroxide green
iron(lll) hydroxide red-brown
lead(ll) hydroxide white
zinc hydroxide white
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4E Chemistry MYE 2018 answer scheme

1 B 2 C 3 C 4 A 5 C
6 D 7 B 8 C 9 B 10 B
11 B 12 C 13 A 14 D 15 B
16 B 17 B 18 C 19 A 20 C
21 C 22 A 23 B 24 C 25 B
26 A 27 B 28 C 29 C 30 B
31 A 32 A 33 C 34 B 35 D
36 C 37 D 38 C 39 A 40 D
Section A (50 marks)
Marks/
Qn no Answer Remarks
1(a) sulfur [1]
1(b)(i) Position C [1]
1(b(ii) Hydrogen sulfide (Mr = 34) has a smaller molecular mass compareg [1]
64).
Hence, hydrogen sulfide diffuses faster than sulfur dioxide and [1]
sulfur dioxide at point C.
. &
2(a)(i) | A - ‘s [1]
2(a)(ii) | E W\ AN [1]
2(a)(iii) | Cand E 2N\ \ ) [1]
2(a)(iv) | C 27N NNV . [1]
2(b) CH,Br LN~ 0 [1]
~_ — ) 7N
3(a) Gallium/ Ga \ v A/ N\I) All correct
Cobalt/Co A | \' > N>— S\ -[2],
Lead/ Bt N\ N\ \ N (74NN 2-3
Bismufh4 Bi '\ '\, \u_‘ \ <)) (O7 correct —
A AN B - [1]
3(b) ‘wateqi 7 [1]
3(c) erogé?ﬁsa_amg_agg_ (1]
(Acdept Hydrogen is more reactlve "than Bismuth)
3(d) 2Ga ( s)\+>7;P R (;q] > 1Ga3* (aqg) + 3Pb (s) 2]
s
% mark — c‘arYe’ét fm; ula
% mark — cortetf <tate symbols
1 mark — correct balancing
3(e) Grey solid formed on cobalt. [1]
The solution turned pink. [1]
4(a)(i) Bis O, [1]
4(a)(ii) | 2Cu(NOs); >  2CuO + 4NO, +O0, 2]
Identification of NO2 as a product (1)
Balanced equation
4(b) Cis ammonia [1]
D is copper(ll) hydroxide [1]
X is Any soluble carbonate e.g. sodium carbonate/potassium carbonate/ammonium [1]
carbonate
4(c) Cu?*(aq) + 20H (aq) = Cu(OH)2 (s) [1]
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5(a)

Hydrogen;

Number of moles of H, =5/2 = 2.5 mol
Number of moles of Cl; =142/71 = 2 mol;
Mole ratio is 1: 1, hence hydrogen is in excess

(1]
(1]
(1]

5(b)

Energy released = 184 x 2 = 368 kJ;

(1]

5(c)

Energy taken in to break bonds in hydrogen and chlorine;
is less than;
energy given out to form bonds in hydrogen chloride;

(1]
(1]
(1]

6(a)

Number of moles = 0.020 X20.550 = 0.011 mol
Mass = 0.011 x (137 + 32 +16x4) = 2.563 g

6(b)

(1]
(1]

Percentage yield = (1.92 = 2.563 ) x 100% ‘:JM%
ECF for (a) 4 N\

(1]

7(a)

Must show correct polarit'y.bf'c'ell

(1]

7(b)

Anade: Cufs) > Cu¥(da) 2&

\Cathode? Cu(da)+2e: > Cu(s)

1 ‘ma.r'k for éa&h Eo'rrectly balanced equation with state symbols.

(1]
(1]

7(c)

To'prevent éorrosion/ to improve the appearance of an object

(1]

7(d)

Mass\of’'copper + impurities lost from electrode
=150-136.5
=135g¢

Mass of copper deposited on key
=74.6-62
=126g¢

Mass of impurity
=13.5-12.6
=09g

Percentage of impurities in copper electrode
=2 X 100% = 6.67%

Award 1 mark if students found percentage purity instead of percentage impurity.

0.5

0.5

0.5

0.5

8(a)(i)

device which changes chemical energy [1] into electrical energy; [1]
OR

produces a voltage / potential difference / electricity [1] due to difference in reactivity of

two metals; [1]
OR
produces a voltage / potential difference / electricity [1] by redox reactions [1]
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8(a)(ii) Cu Sn Cd Zn (i.e. all 4 in correct order) [1]
The further apart the metals in the reactivity series, the greater the voltage produced.
Tin-copper pair has the smallest voltage hence tin is just slightly more reactive than [1]
copper.
Zinc-copper pair has the largest voltage hence zinc is the most reactive amongst the 4 [1]
metals.
8(b) 1. Add aqueous cadmium sulfate to agueous sodium carbonate (or any soluble carbonate). [1]
2. Filter the mixture to obtain the precipitate (cadmium carbonate). [1]
3. Wash the residue. [1]
4. Dry the residue (using sheets of filter paper). [1]
Section B (30 marks)
Marks/
Qn no Answer Remarks
9(a)(i) | If his sample is pure, the melting point should be a fixed tempera [1]
If his sample is not pure, the aspirin should melt over a range of [1]
9(a)(ii) | Sample is not pure.
Sample contains two impurities. [1]
The impurities are salicylic acid and an unldentifled/ur*n [1]
9(a)(iii) | 0.56 x 9=5.04 cm \ (1]
9(b)(i) mole ratio of aspirin : NaOH = 1:1 frorﬁ\eq\latlon) [3]
Mass of aspirin = (% 0,10} %2 % 180 = )o )zss g=286m
Award 1m for calculating nurhberJ moﬂ?‘s o[ asplr/n usmg ’M CxV.
Award 1m for calculatmg mass of'asplr/n u,smlg mass = mela.r mass x moles’.
Award 1m for glwng f/nal answer In mg and’3 s f : /’.
‘. \. > = "
9(b)(ii) | Citric z}’usﬂ in i*he\ablé\ts)(ﬁnll aIso ’ce’ach\kl’tﬁ[ beﬁl\e\ﬁtrallsed by sodium [1]
hydrofuc'e during the tl‘(ra\lon \
N Héncq! rﬁore sodium hydromde Weu?d be used / the calculated mass of aspirin [1]
\Mllbleg{gatérthan ‘aftual D
10(a) No. of moles of IVIg 0«18 / 24 0.0075
No. of moles. ofhydr]pE:hIorlc acid = No. of moles of sulfuric acid
=0.02x 2. 00\—-0/04 [1]
Mg + 2 HCI l—)mMgCI +H,
1 mole of Mg reacts with 2 moles of HCl,
hence, magnesium is the limiting reactant and hydrochloric acid is in excess.
Mg +H_SO_ B> MgSO, +H, (1]
1 mole of Mg reacts with 1 mole of HZSO4
hence, magnesium is the limiting reactant and sulfuric acid is in excess.
Since magnesium is the limiting reactant for both reactions, the same volume of [1]
hydrogen is produced.
10(b) Curve A. [1]
This is because curve A has a steeper gradient showing that its reaction is faster. [1]

Reaction between magnesium and sulfuric acid is faster than its reaction with
hydrochloric acid because there are more hydrogen ions per unit volume /
higher concentration of hydrogen ions in sulfuric acid. [1]
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10(c)

The acid used is sulfuric acid because it has the same initial rate of reaction.

Volume of hydrogen = 90 cm3.

No. of moles of hydrogen =0.09 / 24 = 0.003750

No. of moles of magnesium = 0.003750

Therefore, mass of magnesium = 0.003750 x 24

=0.09g

OR

Volume of hydrogen is half that of curve A and magnesium is the limiting
reactant. Hence mass of magnesium =0.18 /2=0.09 g

(1]

(1]

10(d) The reaction stopped very quickly because when calcium reacts with sulfuric acid,
a layer of insoluble calcium sulfate coats over the calcium. [1]
Hence, some calcium remains unreacted, resulting in less hydrogen produced. [1]
11
Either
11(a) Lean burn engines uses more air so more nitrogen gas can burn in oxygen; [1]
11(b) Petrol engines produce less soot; petrol is easier to burn complet [1]
engines produce less oxides of nitrogen;
11(c) Honeycomb type as it is smaller; [1]
s,
11(d) 7 : N\ [1]
2(NH2)2CO +3NO; > 5 N, +4H,0 + 2202.;
11(e)(i) |6 dm? = 5N\ ) ) [1]
11(e)(ii) |12 dm? (L _"Nos=L) & [1]
11(f) They are transition metals; . — .\ ~—— [1]
11(g) To prevent the decqﬁm\e&tmn of"EF ) ) (¢ N\ [1]
11(h) It produces carbon d\oX{de WhICh is’ a greenhousegas \ =~ [1]
excessive amount Ieads to global warmlng whlch‘ reSuIts in meltlng of polar ice [1]
caps; 7T N\ \ | SN
11 OR |' / WA \ < ) '{ (V) o
11(a)  |480 °¢, 500 atm N\ N 1D N\ [1]
11(b) Wheﬁ more ammonlafls formed ‘the. tptal number of moles of gases reduces [1]
since 4, moles. of reactants (mtrogen) produce 2 moles of products (ammonia).
Since.there are fewer. partlc,les per unit volume, pressure is reduced. [1]
11(c) The ch‘&nge)sﬁambhakg,moval'. To reduce this change, there is a tendency to [1]
produce mc(rg/aﬁnmb(’nx
Hence, rem‘qv(ng,a’;ﬁﬁ‘nonla will cause more ammonia to be formed. [1]
Or
The reaction between nitrogen and ammonia is a reversible process. [1]
Thus some of the ammonia produced will be converted back into nitrogen and [1]
hydrogen.
11(d) The reaction is exothermic so heat is produced. [1]
When heat is applied to the system, to reduce this change, the reverse reaction
which is endothermic (cold) will tend to occur to reduce the amount of heat that [1]
is applied.
11(e) use a catalyst (of iron) [1]
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11(f)

Energy

\N2+ H2

""" -

[1] shape
[1] label

e
\ (’\V// F’ms reaction
VISNSE Q)

Q N
ANk
A\ L ,_(A\ N
\\F\\b&fﬁ\(\\g%
b P
\ \\<///(:l =~
NS,
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1  The diagram shows how to obtain pure water from seawater.

Where do water molecules lose energy?

water out

s
water in
seawaler

pure water D

Bunsen flame

Refer to the following to answer questions 2 and 3.
2 In a car engine, petrol vapour is mixed with air and undergoes combustion. When different
amounts of petrol are mixed with air, different amounts of pollutant gases will be formed.

Graph | shows how the production of carbon monoxide (CO), nitrogen oxides (NOx) and
hydrocarbons (HC) is dependent on the ratio of air to petrol.

IR N I S
I \\ | ' e
D NV SN S S/
e NN A { .':I Y
; TN AN
Concentration 3 ; ,:N.Qr
of pollutant P

gases

SN

\i~_.

.
-
-
P

¥

1M 12 13 14 15 16 17
rich Air/fuel ratio lean
— e

Graph |
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Graph Il shows how the engine power and temperature vary with the different ratios of air
to fuel of the fuel mixture.

Ir 12 13 14 15 16 17

) ——— myul;;b_;_ggn_ff‘_ j
F——of e o l h;mxiﬂjl._ .
| ? A\

| »

™rT

11 12 13 14 15 16 17

" rich Air/fuel ratio lean
‘_

v

Graph Il

Which of the following is not true?

A The amount of carbon monoxide decreases as the air to fuel ratio increases.

B The emission of nitrogen oxides increases as temperature of engine increases.

C Increasing the proportion of air in the mixture will increase the amount of
hydrocarbons emitted.

D Increasing the proportion of air in the mixture will increase the level of nitrogen

oxides produced.

3 Which of the following conclusions cannot be drawn based on the information from the
graphs?

A A fuel-rich mixture and low combustion temperature will reduce nitrogen oxide
formation.

B The overall levels of the three pollutants are best reduced by increasing the air-to-
fuel ratio.

C A fuel-lean mixture reduces the carbon monoxide and hydrocarbons but reduces
the engine output.

D A fuel-rich mixture reduces the level of nitrogen oxides emitted but reduces the

engine power output.
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Refer to the following to answer questions 4 and 5.
1-hexene and 1-heptene are two members of the alkene class of hydrocarbons.

A small amount of mixture of 1-hexene and 1-heptene was placed in a boiling tube and
gently heated to boiling in a sand bath using the following setup:

Dropper
X
0
0 9
Copper
metal sponge Vapour
droplets
oo/
° H hept
Boiling T ?)iene— eptene
chips mixture
heat

Droplets were formed and could be seen condensing on the sides of the tube. When the
vapour condensation line reached the level marked X, the hot vapours were very slowly

withdrawn and condensed by using a small dropper.

4  What is the purpose of the copper metal sponge?

A Minimises contact of the mixture with B Prevents the two compounds from
air. escaping.
C Acts as a catalyst to speed up the D  Provides a large surface area for
reaction of the two compounds. repeated vapourisation and
condensation.

5 What process is demonstrated in this experiment?

A Cracking B Combustion
C Addition reaction D Fractional distillation

6  Which of the following does not affect the rate at which a gas spreads throughout a room?

A Boiling point of gas B  Temperature of gas
C Molecular mass of gas D Density
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7 Three elements, X, Y and Z have consecutive increasing atomic numbers.

If element Y is a noble gas, what will be the symbol for the ions formed by elements X and
Z in their compounds?

A X and Z* B X#%andZzZ*
(o4 X*and Z- D X% andZzZ*

8 Potassium ferrate, KoFeOs, has been described as a ‘green oxidising agent’ because the
by-products generated are environmentally-friendly.

What are the ions in this compound?

A K*, FeO4*

B K2*, FeOys

C K*, Fe®*, O*
D Ka*, Fe?*, 0%

9 Peeling onions often causes tearing of the eyes due to the release of a sulfide compound.
Peeling them under running water reduces the problem. Which of the following statements
are true of the sulfide compound?

[. Itis soluble in water

II. It has low boiling point.

[ll. It has small and light ions with weak bonding.

IV. Itis a covalent compound with weak covalent bonds.

A I and Il only B I and IV only
C [, I 'and Il only D I, I'and IV only

10 Element X forms the ion X% with the following structure:
— - 2

X ®

X

* X

A RN BN J

What is the formula of the covalent compound X forms with chlorine?

A XCl/ B XCk
Cc XCl3 D XCl
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12

13

14

15

16

What is the maximum concentration of H* ions in 0.250 mol/dm? of phosphoric(V) acid,
HsPO,?

A 0.125 mol/dm?3 B 0.250 mol/dm?
Cc 0.500 mol/dm?3 D 0.750 mol/dm?

Heating iron in dry chlorine gas results in the formation of an iron(ll) chloride. Experimental
determination gives a reading of 34.5% by mass of iron in the Iron(ll) chloride formed. What
is the charge of the iron in the chloride?

A 2- B 2+
o 3- D 3+

Which of the following results is obtained when 100 cm?® of 0.500 mol/dm? dilute sulfuric
acid is added to 60.0 g of granular solid lead(ll) carbonate?

A No visible reaction. B Colourless solution with
effervescence is produced.
C Colourless solution with white D A colourless solution with white
precipitate precipitate, effervescence and

granular remains.

Which of the following pairs of aqueous reagents is not suitable for preparing insoluble
salts?

Sulfuric acid and calcium chloride
Aluminium chloride and silver nitrate
Barium hydroxide and copper(ll) sulfate
Lithium carbonate and iron(ll) sulfate

oo w>»

A salt has the formula NH4sFe(S0O4)2.12H.0. Excess aqueous sodium hydroxide was added
to an aqueous solution of the salt in a test tube and the mixture was then warmed gently.
Which of the following would not be observed?

A pungent gas was detected.

A green precipitate was formed.

A reddish brown precipitate was obtained.

A piece of moist litmus paper placed at the mouth of the test tube turned blue.

oOw>»

A compound Q formed white precipitate when acidified aqueous silver nitrate is added.
Aqueous ammonia was used to identify the presence of the other ion and there is no
visible change. Identify compound Q.

Calcium chloride
Ammonium nitrate
Calcium nitrate
Zinc chloride

ooOow>»
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17 An aqueous solution of a salt X is placed in a test tube and sodium hydroxide solution is
gradually added. The height of the precipitate in a test tube is plotted against the volume of
sodium hydroxide solution added.

Height of precipitate

Volume of sodium hydroxide
solution added

What could be X?

Aluminium sulfate
Calcium nitrate
Iron(Il) sulfate
Ammonium nitrate

oo w>»

18 The formula for hydrated copper(ll) nitrate is Cu(NO3)2.xH20O. It contains 36.5% water of
crystallisation by mass.

What is the value of x?
A 4 B 5
C 6 D 7

19 Element X is found in Group IV of the Periodic table. Which of the following could not be a
formula for a compound of X?

A XO

B X0,
Cc XOs*
D XO4

20 Which of the following statements best explains why 99.99% copper is used in
manufacturing high quality electrical wires for audio equipment?

A Copper is a good conductor of electricity.

B Copper is a very reactive metal.

C 99.99% copper is less ductile and cannot be stretched easily.
D Copper is of high purity and is able to conduct electric current.
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21 Which of the following statements about Group VIl is false?

A Colours of elements become darker B
down the Group.
C Melting points of elements increase D

down the Group.

Densities of elements increase down
the Group.

Number of valence electrons of
elements increases down the Group.

22

23

Methane gas reacts extremely slowly with air at room temperature. If a piece of warm
platinum is held in a methane-air mixture, methane ignites. Which of the following
statements correctly describes the reaction with platinum?

| The activation energy is low.

] The energy change is greater.

1] The energy of the reactants is lower than expected.
v The rate of reaction is faster.

land Il

land IV

I, Il and IV

I, 1L, 1l and IV

oo w>»

A student investigates the rate of reaction between magnesium and excess sulfuric acid.
The volume of hydrogen given off in the reaction is measured over time.

The graph shows the results of two experiments, R and S.

volume of 'S
hydrogen
given off '

time
Which change in conditions would cause the difference between R and §?

A Catalyst is added into S.

B The acid is more concentrated in R than in S.

C The magnesium is less finely powdered in R than in S.
D The temperature in R is lower than in S.
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24 Which statement is correct for the element of proton number 19?

It is a gas that dissolves in water.

It is a hard metal that is not very reactive with water.
It is a non-metal that burns quickly in air.

It is a soft metal that is highly reactive with water.

oo w>»

25 Statement 1: Alloying iron with other materials to form stainless steel prevents iron from
rusting by excluding oxygen.

Statement 2: Painting, oiling and electroplating are all methods of preventing iron from
rusting.

Which is correct?

Both statements are correct and statement 2 explains statement 1.

Both statements are correct but statement 2 does not explain statement 1.
Statement 1 is correct but statement 2 is incorrect.

Statement 2 is correct but statement 1 is incorrect.

oo w>

26 The reactions shown may occur in the air during a thunder-storm.
N2+ O2 > 2NO
2NO + 02 2 2NO2
NO + O3z > NO; + O2

Which row shows what happens to the reactant molecules in each of these reactions?

Nz NO 03
A oxidised oxidised oxidised
B oxidised oxidised reduced
Cc reduced reduced oxidised
D reduced reduced reduced

27 Iron is extracted from hematite in a blast furnace.

Which reaction contributes most of the heat in the blast furnace as it increases the
temperature to over 1500°C?

calcium carbonate — calcium oxide + carbon dioxide
calcium oxide + silicon dioxide — calcium silicate
carbon + oxygen — carbon dioxide

carbon dioxide + carbon — carbon monoxide

ooOw>»
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28 The diagram shows part of the molecule of a polymer.
H H

L

o

Which diagram shows the monomer from which this polymer could be manufactured?

A B c D
H H H H H H H
I | | \ / |
H—C—H H—C—C—H C—C H—C—C—O0—H
| || / 0\ |
H H H H H H H

29 Slate has a layered structure and is slippery.
Which diagram shows a structure that closely resembles slate?

A B Cc D

30 In separate experiments conducted, a gaseous halogen was bubbled into an aqueous
solution of a halide salt.

The following results were observed.

Halides
Halogen Y- Z
X2 No observable reaction Displaced as Z»
Y, No observable reaction Displaced as Z,
Z; No observable reaction No observable reaction
What is the arrangement of halogens X, Y and Z in Group VII in order of decreasing
reactivity?
A XY, Z
B VY, X Z
cC ZXY
D VY, ZX
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31 Two carbon electrodes are placed on a piece of red litmus paper soaked in concentrated
sodium chloride solution as shown:

|
—

Carbon
electrode

|
Litmus paper soaked in concentrated sodium chloride solution

What are the observations of the litmus paper at the respective electrodes?

Cathode Anode
A Litmus paper is bleached. Litmus paper turns blue.
B Litmus paper turns blue. Litmus paper is bleached.
Cc Litmus paper turns blue. Litmus paper remains red.
D Litmus paper remains red. Litmus paper remains red.

32 Two simple cells were set up as shown:

Dilute
sulfuric Aqueous
acid copper(ll)
sulfate
Copper  Zinc Carbon Carbon
electrode 1 electrode 2

Two substances were discharged at the carbon electrodes. What were these two

substances?

Electrode 1 Electrode 2
A Copper metal Hydrogen gas
B Hydrogen gas Copper metal
C Copper metal Oxygen gas
D Oxygen gas Copper metal
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33 In which circuit does the bulb light?

Key

~(<)— =bulb

34 What are the main gases that escape from the top of the blast furnace in the manufacture
of iron by the blast furnace?

Nitrogen, steam and oxygen

Oxygen, carbon dioxide and steam

Nitrogen, carbon monoxide and carbon dioxide

Carbon monoxide, carbon dioxide and nitrogen monoxide

oo mw>»

35 A molten compound is electrolysed. Two atoms of X are deposited at the negative
electrode at the same time as three atoms of Y are deposited at the positive electrode.

These results show that:

the formula of the compound is ...3... .

How are gaps 1, 2 and 3 correctly completed?

1 2 3
A Metal Non-metal X3Y2
B Metal Non-metal X2Y3
C Non-metal Metal X3Y2
D Non-metal metal X2Y3
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37

38

39

40

13

Zinc reacts with acids to form salts. Which of the following solutions would give the slowest
rate of reaction when reacted with zinc?

0.0500 mol sulfuric acid in 500 cm? of water.
0.0250 mol sulfuric acid in 100 cm?® of water.
0.0500 mol hydrochloric acid in 200 cm?® of water.
0.0250 mol hydrochloric acid in 75 cm?® of water.

oo w>»

Which compound will react with steam, in the presence of catalyst, to produce the alcohol
CH3CH2CH,OH?

A CH3CHCH:2 B CH3CHCHCH3
(9 CH3CH2CH2CH3 D CH3CH2.COOH

Which type of reaction does this equation show?
CsHs + F2 > CsH7F + HF

Hydration
Neutralisation
Addition
Substitution

ooOw>»

An unsaturated hydrocarbon with six carbon atoms contains only three C=C double bonds.
This hydrocarbon is reacted with excess bromine at a room temperature.

What is the formula of the resulting hydrocarbon?

A CsHsBr3 B CsH10Br3

C CsHsBre D CsH14

A hydrocarbon is found to contain about 80% of carbon by mass. What is the hydrocarbon?

A Methane B Ethene
C Propane D Hexene

END OF PAPER
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A1 The table below shows some information about elements A-F. The letters are not the

2

Section A (50 marks)

Answer all the questions in the spaces provided.

chemical symbols of the elements.

Element Colour Melting Boiling Conducts Density /

point/ °C point /°C electricity g/lcm?®
A Dull grey 1415 2898 Yes 2.0300
B Pale yellow -219 -188 No 0.0017
C Orange -7 59 No 3.1000

brown
D Shiny brown 1074 2927 Yes 8.9200
E Shiny grey 1540 2861 Yes 7.8700
F Colourless -157 -153 No 0.0033
(@) (i) State which of the elements A-F are gases at room temperature.

(ii) Give the letter of the element A-F that has the biggest difference between

melting point and boiling point.

(iii) The diagram shows an outline of the Periodic Table.

Element A is found in area Y of the Periodic Table shown above. Explain how

[ L

/

/

X

the information in the table above supports this statement.
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3

(b) Methane reacts violently with fluroine according to the following equation.

CHq4 (g) + 4F2(g) 2> CFa(g) +4HF (g9) AH=-1904 kJ/mol

Mean bond energies are given in the table shown below.

Bond C-H C-F H-F
Mean bond energy 412 484 562
/ kd/mol

A student suggested that one reason for the high reactivity of fluorine is a weak F-F
bond.

Is the student correct? Justify your answer with calculations using the above data. [4]

(c) Write an ionic equation for the reaction between potassium and cold water. [1]

[Total: 9]
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A2 Ammonia is produced during the Haber process. The reaction is summarised in the diagram
below.

Nitrogen, N,
from

the liquid air Reactor Liquid ammonia
450 °C, 200

atm, catalyst B

Gas A, obtained Unreacted
from natural gas
gases
(@) Givethe NAmMeE Of Gas A. ..o e [1
(b) Name the catalyst B and explain why it is used. [2]
(c) The yield of ammonia is only 28% therefore 72% of the gases remain unreacted. [2]
Describe what happens to these unreacted gases and explain why this is important.

(d) The following graph below shows the effect of temperature and pressure on the yield of

ammonia during the Haber process.

80

70 350°C

L 400°C
b0

Percenta_ge (%) 40 450°C

yield 9f Z 500°C

ammonia ; %

20 550 °C

10
G - - -
0 100 200 300 400
Pressure (atmosphere)
Describe how the yield of ammonia varies with temperature and pressure. [2]
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(e) (i) Construct an equation for the production of ammonia in a Haber process. State [1]
symbols are required.

(ii) Explain if the above process is a redox reaction. Use oxidation number in your [2]
explanation.

[Total: 10]
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A3 Sodium thiosulfate solution reacts with dilute hydrochloric acid forming a yellow precipitate.
This reaction was investigated using the equipment below.

—— thermometer

light sensor

~—~_ __ lamp
&
cardboard
tube reaction mixture

5 cm? of dilute hydrochloric acid was added to 10 cm?® of sodium thiosulfate solution at 60 °C
and the light intensity was measured over time. The results are shown on the grid below.

1 T .
| |
: :
-"a-o—-‘ --‘..-- cosssnfocscitesnn
eSS ST FEEEsE
s |
% light i 3
intensity | |\ R TIIRET: IESTITTETI IR PRI
30 -
]
20 f— s s CEE S
10 Sissassass: ,--._.“;-.f.-...---,.:-..--.--.., .........
i |
0 ! :
0 10 20 30 40 50
Time /s
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(a) Explain why the light intensity decreases as the reaction takes place. [2]

(b) Suggest one possible reason why the light intensity does not fall to 0%. [1]

(c) In a separate experiment, 5 cm® of dilute hydrochloric acid was added separately to
10 cm?® of sodium thiosulfate solution at four different temperatures. All other factors
were kept the same. The results are shown on the grid below.

% light
intensity

10+ 4 $
0 |
0 10 20 30 40 50
Time /s

(i) Provide the letter A, B, C or D from the graph shown that represents the reaction [1]
carried out at the highest temperature. Explain your choice.
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(ii) The rate of reaction can be calculated using the formula: [1]
Rate = 1/time

The reaction is considered to be complete when the percentage light intensity
reaches 30%. Calculate the mean rate for experiment B.

(iii) Using collision theory, provide a conclusion you can draw from the above [3]
investigation.

(d) A chemist carried out an experiment to find out the reactivity of the metals. Below
shows the time taken for limewater to form white precipitate for each metal carbonate.

Metal carbonate Time taken to form white precipitate / s
Copper carbonate 10
Magnesium carbonate 40
Zinc carbonate 24
Explain these results in terms of reactivity of the metals. [2]

[Total: 10]
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A4 An alcohol G was known to be one of the following.
HOHOCHCH=CHCHOHOH Alcohol 1
CHsCHzCHzCHzOH Alcohol 2

A sample of 1.20 g of alcohol G was burned in excess oxygen. 1.79 g of carbon dioxide was
formed.

(@) Calculate the mass of carbon present in the sample of alcohol G.

(b) The mass of hydrogen in the sample is 0.0812 g. Assuming that the rest of the sample
is oxygen, calculate the mass of oxygen in the sample.

(c) Use your answers above to find the empirical formula of alcohol G.

(d) State the identity of alcohol G. Explain clearly how you reached this conclusion.
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(e) Describe a chemical test to distinguish between alcohol 1 and alcohol 2. Include [1]
expected results in your answer.

(f) Propene can be converted into an alcohol.

Show the structural equation for the above reaction. [2]

[Total: 8]

A5 (a) Aspirin tablets have important medical uses.
Aspirin (CgHgO4) is made when salicylic acid (C7HsOs3) reacts with ethanoic anhydride.
The equation for this reaction is
C7HsO3 + C4HsO3 > CoHgO4 + CH3COOH

Calculate the maximum mass of aspirin that could be made from 100 g of salicylic [2]
acid.
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(b) (i) In an experiment, a chemist calculated the maximum yield of aspirin is 400 g.
The chemist did the experiment but only made 250 g of aspirin. Calculate the
percentage yield of aspirin for this experiment.

Show clearly how you work out your answer and suggest one possible reason [2]
why the chemist did not have a percentage yield of 100%.

(ii) Suggest how the use of catalyst might reduce costs in the industrial production [1]
of aspirin.

(c) Instant cold packs are used to treat sports injuries.

INSTANT

Cold Pack

One type of cold pack has a plastic bag containing water. Inside the bag is a smaller
bag containing solid ammonium nitrate. The outer bag is squeezed so that the inner
bag bursts.

Explain why the bag becomes cold. [21

[Total: 7]
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A6 The diagram below shows the apparatus used during electrolysis of molten
lead (Il) bromide.

'
% Bulb
Electrode Electrode
A B

Molten lead bromide

(a) Suggest a reason why lead (ll) bromide must be molten in order for electricity to flow.  [1]

(b) Write the half equation for the reaction taking place at the electrode A. [1]
(c) (i) State, in terms of electrons, what happens to the ions at the electrode B. [1]
(ii) Describe an observation you would expect at the electrode B. [2]

(iii)  Electrolysis is allowed to continue for some time before the apparatus is cooled [1]
to room temperature. The bulb remains lit.

Explain this observation.

[Total: 6]

GESS 4EXP Chemistry 6092/02 MYE 2018 CMT

www.KiasuExamPaper.com
72



13

Section B (30 marks)
Answer all three questions. The last question is in the form either/or.

Write your answers in the spaces provided.
B7 The investigation of hydrocarbons
Information 1

From its modest beginning in 1980, the U.S. ethanol industry has grown tremendously in

response to surging domestic use and worldwide demand.

The table below shows two different identified processes to produce ethanol.

Process 1

Process 2

Fermentation of a sugar solution by yeast in
a reaction vessel.

The reaction vessel has to be emptied,
cleaned and refilled every few days.

Reaction of ethene (from crude oil) with
steam in a reactor.

The reaction is only stopped if there is a
fault in the reactor.

The process produces a 15% ethanol | The process produces 100% pure ethanol.

solution in water daily.

Information 2

An advertisement for crisps claimed that they are healthier because they are cooked in certain
oils. A student found the following information about four oils that are used to make crisps.

Rapeseed oil | Sunflower oil Olive oil Corn oil
Saturated fat 6.6 12.0 14.2 14.4
| %
Poly- 29.3 63.3 8.1 51.3
unsaturated
fat/ %
Melting point / +5 -18 -12 -15
°C

One hypothesis is that oils are thought to be healthier if they are:

e Low in saturated fat.
e High in poly-unsaturated fat.

For certain oils and fats such as olive oil, soybean oil, or nut oils, when compared with others,
such as margarine, butter, chicken fat and beef fat (the white stuff found in and around slabs of
meat), the most prominent difference that was discovered was that different oils and fats have
different states of matter at room temperature.

Some oils and fats are liquid at room temperature, and even when kept in the fridge, like olive
oil and soybean oil. By contrast, other fats have higher melting temperatures.
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The melting point of fats is the temperature at which they become liquid. Graph 1 shows the
change in melting point for saturated hydrocarbon.

Graph 1

Melting point of n-alkanes

0
2 3 4 5 6 7 8 C] tlo
50 —

Melting point of
n-alkanes
/°C

=100 — S

130 1

200+

Number of carbon atoms

The melting temperature is the same as freezing temperature; it is the temperature where the
fat changes from a liquid to a solid.

In addition, the effect of the percentage of saturated fats within certain oils on the energy
released from combustion was investigated. It was found out that as the saturation of the
carbon chain increases, the energy released from combustion decreases.

Table 1: Experimental results on the four different oil used

Rapeseed oil | Sunflower oil | Olive oil Corn oil
Energy Trial 1 5.05 3.48 6.55 3.95
released from Trial 2 4.98 3.20 5.98 2.01
combustion Trial 3 4.46 2.98 6.24 3.88
(kJ/g)

Table 2: Hydrocarbon table

Name Chemical formula Heat of combustion (kJ/g)
Methane CH. 55.6

Ethane CoHs 52.0
Propane CsHs 50.0

Butane CsH1o 49.2

Note: Heat of combustion is also known as enthalpy change. It refers to the heat energy
released when a compound undergoes complete combustion with oxygen under a given
condition.
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(a) Using Information 1,

(i) Give one advantage that Process 1 has over Process 2. [1

(ii) State one advantage Process 2 has over Process 1 as a manufacturer of ethanol. [2]

(b) Using Information 2,
(i) Determine which oil should be healthier. [2]

Explain your answer.

(i) These unsaturated oils can be hardened by an addition reaction with hydrogen at [2]
200 °C with nickel catalyst.

A student said that this hardening process would make sunflower oil healthier.

Is this student’s hypothesis correct? Explain your answer.

(iii) Using Table 2, describe and explain the data patterns for series of heat of [2]
combustion on the different alkanes.

(iv) Based on the information given, describe the trend of the melting point of alkanes. [1]

[Total: 10]
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B8 The diagram shows an electrolysis tank used to extract aluminium from aluminium oxide. Pure
aluminium oxide melts at 2055 °C.

()
7 %
. Z r%
Graphite 7 Z Carbon electrode
electrode % 2
é /// Molten mixture of
7 - .
Molten < % aluminium oxide
aluminium Z 7 and cryolite at
S % 900°C
%////////////iw/////////
IV!o!ten Steel tank lined with graphite
aluminium
flows out
90+
80
70
601
50- OEast
40 Bl West
301 ONorth
201
10.;
0+

(a)

(b)

(c)

(d)

1stQtr 2nd Qtr 3rd Qtr 4th Qtr

Cryolite is mixed, as an impurity, with aluminium oxide. State the effect it has on the [2]
melting point of the mixture and explain why mixing cryolite is necessary.

Write half equations for the reactions that take place at the anode and cathode. [2]
Y Yo T = PR
(=1 0T T [,

Draw two arrows on the diagram to indicate the flow of electrons. Clearly label on the [1]
two electrodes.

What is the volume of oxygen produced, under room temperature and pressure when [2]
540 g of aluminium is produced?
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(e) The carbon electrodes are replaced at regular intervals. Explain the need for this. [1]

(f) Draw a clearly labelled diagram to show how a metal object could be electroplated with [2]
copper.

[Total: 10]
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EITHER

B9 Zinc is extracted from an ore called zinc blende, which consists mainly of zinc sulfide, ZnS. The zinc
blende is first crushed to powder and then treated by froth flotation (mineral processing, where it is
used in the extraction of several metals).

Zinc blende reacts with oxygen in the air to produce zinc oxide and a gas which escapes as waste
gas.

(@) (i) Explain why zinc blende is crushed to powder before treatment? [1]

(i) Write a chemical equation for the reaction in (a)(i). [1]

(b) Zinc oxide is converted into zinc. Zinc oxide and coke are fed into a furnace. Hot air is blown
into the bottom of the furnace. Zinc has a melting point of 420 °C and a boiling point of 907 °C.
The temperature inside the furnace is over 1000 °C.

(i) Explain how zinc oxide is converted into zinc. Your answer should include details of [3]
how the heat is produced and equations for all the reactions you describe.

(ii) Give two reasons why the zinc produced inside the furnace is in gaseous state. [2]

(iii) State the name of the physical change for conversion of gaseous zinc into molten [1]
zinc.

(c) Rusting of steel can be prevented by coating the steel with a layer of zinc. [2]

Explain, in terms of electron transfer, why steel does not rust even if the layer of zinc is
scratched and the steel is exposed to air and water.

[Total: 10]
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OR
B9 Petroleum is a source of many important chemicals.

(@) Name two industrial processes which must take place to produce alkenes [2]
from petroleum.

(b) Ethene and propene can both be converted into polymers.
(i) State the type of polymerisation that takes place when ethene forms a polymer.  [1]
(ii) Identify the empirical formula of the polymer formed from ethene. [1]

(iii) Draw two repeat units of the polymer made from propene. [2]

(c) Most of the hydrocarbons obtained from petroleum are alkanes. The alkanes are [2]
homologous series of saturated hydrocarbons with the general formula C.Hzn+2.

Give two characteristics, other than having the same general formula, of members in
the same homologous series.

(d) When one mole of chlorine, Ch, reacts with one mole of propane, a mixture of two [2]
structural isomers is formed in the first step of substitution.

Draw all the structural formulas of the isomers formed when one mole of chlorine
reacts with one mole of propane.

[Total: 10]

END OF PAPER
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1  The diagram shows how to obtain pure water from seawater.

Where do water molecules lose energy?

water out c
B — wau‘!f in
soawater
pure water———
A
Bunsen flame

Y

N\
Refer to the following to answer questions 2:and 3'"
.;" \ A \ \'\ g
2 Ina car engine, petrol vapour. smlxed with air aqd undergoes ¢ stion. When different
amounts of petrol are mixed’ W|th air, dlfferent amoumts of polluta ses will be formed.

™

Graph | shows how-the productlon"T g:aiﬁbon monomde (CO), nitrogen oxides (NOx) and
hydrocarbons (HCQ is dependenton the ratlo of an{ to pqtrol

P N\

\ \' \> N — ( \
:" h BRY oy I‘_ —
: ".. "Ll
Cd)n‘centrafbn I O\ | '-"h 0O, !
Qf polluta 2NN | §
\ .‘,‘fggsdr!% '\!-7"" - :,, . HC .....
% : : -.0: l _
' .":. N,
3 ” \
.: -‘,nf'.ﬂL ...:\ PRPUTNG VN
3 .0“" ’ I’ { \\'~_-
o12 13 14 15 16 17
rich Air/fuel ratio lean
«— —_
Graph |
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Graph Il shows how the engine power and temperature vary with the different ratios of air
to fuel of the fuel mixture.

11 12 ]3 14 15 16 17

PRRTTRTSr Al

” )"’O'i'“ | l"'l.\

| S TR S

Which of the following is not true’?

A The amount of carbofi m’ﬁ&x’ de\delxrease)s aﬁs the air/ratio fuel ratio increases.

B The emission of nitrogen oxides increases as temperature of engine increases.

C Increasing the proportion.of air in the m|xture WI|| increase the amount of
hydrocarbons eTn([ted A / ) §i

D Increasing the proportloh of alr in the mlxture wui increase the level of nitrogen

omd(es\produ\céd, o~ ) )

| | N '. <) (
| J

3 ‘Which of the foIIowmg concIUSJons cannot be drawn based on the information from the

g(aptts’? =

A A fuel r|ch mlxture and Iow combustion temperature will reduce nitrogen oxide

‘formation- | | (v

B The. overall Jevels of the three pollutants are best reduced by increasing the air-to-
fuelratic. ~.-

Cc A fuel-leani mixture reduces the carbon monoxide and hydrocarbons but reduces
the engine output.

D A fuel-rich mixture reduces the level of nitrogen oxides emitted but reduces the

engine power output.
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Refer to the following to answer questions 4 and 5.
1-hexene and 1-heptene are two members of the alkene class of hydrocarbons.

A small amount of mixture of 1-hexene and 1-heptene was placed in a boiling tube and
gently heated to boiling in a sand bath using the following setup:

Dropper
X
Vapou
Copper drople
metal sponge /
@ &
| Yo,
Boiling ~—. Hexene-hep
_chips. | mixture

— " heat

Droplets were form'ed A_é’nd cOuId\‘be seen condensing oh the sides of the tube. When the
vapour condensation line reached the level marked X, the hot vapours were very slowly
withdrawn and condensed by using a small dropper.

4  Whatis-the purpose of the coppérmetal sponge?

A Minimises c;onltéétv,of the mixture with B Prevents the two compounds from
air. . g f WA escaping.
C Adts_ as>a b@taTyst to speed up the D  Provides a large surface area for

reactign of thHe two compounds. repeated vapourisation and
C condensation.

5 What process is demonstrated in this experiment?

A Cracking B Combustion
C Addition reaction D Fractional distillation

6  Which of the following does not affect the rate at which a gas spreads throughout a room?

A Boiling point of gas B  Temperature of gas
C Molecular mass of gas D Density
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7 Three elements, X, Y and Z have consecutive increasing atomic numbers.

If element Y is a noble gas, what will be the symbol for the ions formed by elements X and
Z in their compounds?

A X and Z* B X%andZz*
(o X*and Z D X?*andZ*
8 Potassium ferrate, K:FeOs, has been described as a ‘green oxidising agent’ because the

by-products generated are environmentally-friendly.

What are the ions in this compound?

A K*, FeO4*

B K2*, FeOyq
(o3 K*, Fe®*, O*
D Ky*, Fe?*, 0%

ompound.
statements

B Peeling onions often causes tearing of the eyes due M
|

Peeling them under running water reduces the prob m. ch of the follo
are true of the sulfide compound?

I. ltis soluble in water .~

II. It has low boiling point{ e .

[ll. 1t has small and I|ght\LonsMuthwe k Bonﬂlng A

IV. ltis a covalent compound W|th weak covalent bonds
A landlonly | > ~— < ,|'3'“ | and IV only
C ] Il and\lll or\ly ; S (7.5 <D I, Iland IV only

10 Elérnldanf-x forms m_eidﬁ'xz%w'(fr\m\gjouowing structure:

fex *x°

X

L R BN J

What is the formula of the covalent compound X forms with chlorine?

A XCl/ B XCk
Cc XCl3 D XCl
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What is the maximum concentration of H* ions in 0.25 mol/dm?® of phosphoric(V) acid,
HsPO4? 0.25x3=0.750

A 0.125 mol/dm?3 B 0.250 mol/dm?
C 0.500 mol/dm3 D 0.750 mol/dm?

Heating iron in dry chlorine gas results in the formation of an iron(ll) chloride. Experimental
determination gives a reading of 34.5% by mass of iron in the Iron(ll) chloride formed. What
is the charge of the iron ion in the chloride? 34.5% = 56 / (56+106.5)

A -2 B +2
Cc -3 D +3
Wh|ch of the following results is obtalned when 100 cm?® of 0. l' 3 dilute sulfuric

A No visible reaction. B Colourless soluti
ion with, white
pr M: ~ ce and
| ;

Which of the following pairs -of aqueoué reagents lis not suitab r preparing insoluble
salts? Salts containing group Jmetals are soluble’

Cc Colourless solution with white . D
precipitate ' s
. granular remains.

Sulfuric acid-and calcium-chloride | 0N\

A
B Aluminium| chloride and silver nitrate \"<7)"
C Barium hydroX|de and copper(ll) sulfate > baﬁum sulfate and copper(ll) hydroxide
D Lithium carbonate and iron(ll) sulfate" ~-_/=» Lithium sulfate and iron(ll)
‘ ‘ v VS carbonate

Asalt héé the-farmufa NHaFéeSCL;)'g.‘I 2H,0. Excess aqueous sodium hydroxide was added
to an aqueous-solution of the salt in a test tube and the mixture was then warmed gently.
Which df the foIIowir‘lg would not be observed? Fe = +3 ( reddish brown iron ion)

A A<p<(n)@f9nt gaswas detected.

B A greén precipitate was formed.

C A reddish brown precipitate was obtained.

D A piece of moist litmus paper placed at the mouth of the test tube turned blue.

A compound Q formed white precipitate when acidified aqueous silver nitrate is added.
Aqueous ammonia was used to identify the presence of the other ion and there is no
visible change. Identify compound Q.

Calcium chloride
Ammonium nitrate
Calcium nitrate
Zinc chloride

OO w>»
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B An aqueous solution of a salt X is placed in a test tube and sodium hydroxide solution is

gradually added. The height of the precipitate in a test tube is plotted against the volume of
sodium hydroxide solution added.

Height of precipitate

What could be X?

Aluminium sulfate (soluble salt, Al is soluble in excg$
Calcium nitrate

Iron(ll) sulfate '
Ammonium nitrate X 4)

L g
: ,'

18 The formula for hydrated copper II) r’utr’ate is CB(NQa )2 tzO It c
crystallisation by mass.

oo w>»

tains 36.5% water of

What is the value of x? ( ‘ NG S A
A 4 \__— ) B A\
c 6 OO . . P ()™

19 Element/X is found in Group IV of-the Perlodlc table Which of the following could not be a
formu]a for a ZsompOLXnd of X? << ) (W,

) A [ & XO yo N \ 20
B. { xez 3 v
cA\ oz (1970~

N GO

20 Which of the following statements best explains why 99.99% copper is used in
manufacturing high quality electrical wires for audio equipment?

A Copper is a good conductor of electricity.

B Copper is a very reactive metal.

Cc 99.99% copper is less ductile and cannot be stretched easily.
D Copper is of high purity and is able to conduct electric current.

GESS 4EXP Chemistry 6092/1 Mid-Year 2018 CMT
www.KiasuExamPaper.com

88



21

23

Which of the following statements about Group VIl is false?

A Colours of elements become darker B Densities of elements increase down
down the Group. the Group.

C Melting points of elements increase D Number of valence electrons of
down the Group. elements increases down the Group.

Methane gas reacts extremely slowly with air at room temperature. If a piece of warm
platinum is held in a methane-air mixture, methane ignites. Which of the following
statements correctly describes the reaction with platinum?

| The activation energy is low.
Il The energy change is greater.
1 The energy of the reactants is lower than expected.

v The rate of reaction is faster.
A land Il
B I and IV
C LllandIV /
D I, 11, llland IV : o /

T N\

NN 'o

A student investigates the rat'e:'bf "reéction betwéeﬁ magnesium excess sulfuric acid.

The volume of hydrogen given off in the reaction-is measured oveRtime.

The graph shows the-results of two experiments, Rand 'S,
\ N > ' e </ ',‘ v

¥

[N\ = 77AN T —
| \ N\ \volume of {2/ &
‘ hiydrogen b/,
gnenolt |-/
! 1 \// ‘. > g
T time

A
)

Which changéjrfconditions would cause the difference between R and S?

Catalyst is added into S.

The acid is more concentrated in R than in S.

The magnesium is less finely powdered in R than in S.
The temperature in R is lower than in S.

ooOm>»
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24 \Which statement is correct for the element of proton number 19?7

It is a gas that dissolves in water.

It is a hard metal that is not very reactive with water.
It is a non-metal that burns quickly in air.

It is a soft metal that is highly reactive with water.

oo w>»

25 Statement 1: Alloying iron with other materials to form stainless steel prevents iron from
rusting by excluding oxygen.

preventing iron from

Statement 2: Painting, oiling and electroplating are all methods of
rusting.

Which is correct?

Both statements are correct and statement 2 explains, sta t

Both statements are correct but statement 2 does |
Statement 1 is correct but statement 2 is incorreet. .
Statement 2 is correct but statement1his ing) &

o
Yo

oo w>»

26 The reactions shown may occur-in.the air during a tﬁ‘under—storm.
2NO' + 05> 2N92 |
_.NO #0035 NG, + 0,

Which row shows what h_appenstd fhe reactant molecules in each of these reactions?

- N2 %3 ' NO O3
A ~oxidised, oxidised oxidised
B oxidised " oxidised reduced
C reduced- reduced oxidised
D reduced reduced reduced

27 Iron is extracted from hematite in a blast furnace.

Which reaction contributes most of the heat in the blast furnace as it increases the
temperature to over 1500°C?

calcium carbonate — calcium oxide + carbon dioxide
calcium oxide + silicon dioxide — calcium silicate
carbon + oxygen — carbon dioxide

carbon dioxide + carbon — carbon monoxide

oo w>»
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28 The diagram shows part of the molecule of a polymer.

A B (o] D
H H H H H
H é H H é (IZ H \C:C/ —0O—H
| || /N
H H H H H
29 Slate has a layered structure and is slippery. ., "

Which diagram shows a structg;e-tné't\chQely rééerﬂbles slate? U
; 3 5

e

» 1)/ x‘“ e
30 In separate experlrh_enj’sr.conducted, a gaseous halogen was bubbled into an aqueous
solution of a’halidesalt:

The foIIowihgré,sﬂ'I{s were observed.

Halides
Halogen Y zZ
X2 No observable reaction Displaced as Z»
Y, No observable reaction Displaced as Z,
Z; No observable reaction No observable reaction
What is the arrangement of halogens X, Y and Z in Group VII in order of decreasing
reactivity?
A XY, Z
B Y, X Z
cC ZXY
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D VY,ZX
31 Two carbon electrodes are placed on a piece of red litmus paper soaked in concentrated

sodium chloride solution as shown:

Carbon
electrode

Litmus paper

What are the observations of the litmus paper at the ? e

Cathode
A Litmus paper is bleached. N\ ', L pape
B Litmus paper turns blue.. 'Ut us p. i :
C Litmus paper turns blue, NN Litmus paper remains red.
D Litmus paper remains¥ed, . \ | Litmusp remains red.
32 Two simple cells were set up)\asshﬁvVn\.l ) ( 'l' ) _
\ N X : i ‘ "'/ ' ‘ E

Aqueous
copper(1l)
sulfate
Copper  Zinc Carbon Carbon
electrode 1 electrode 2

Two substances were discharged at the carbon electrodes. What were these two

substances?

Electrode 1 Electrode 2
A Copper metal Hydrogen gas
B Hydrogen gas Copper metal
C Copper metal Oxygen gas
D Oxygen gas Copper metal
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12

B8 n which circuit does the bulb light?

34

35

oo w>

of iron by the blast/fmnace'? — ) ,l

Nitrogen, sfea\(n‘@nd\oxygem = C ‘:f"h"")"';"
ﬁxygen carbon dioxide and steam . . .-
|

" Nitrogen; carb ogemono&dg amj'qé@);ﬁ ‘dioxide
| Carbon monom

\J

carbon dIOXIde and nitrogen monoxide

LN\ b

A molten compound is electrolysed Two atoms of X are deposited at the negative
electrode at the Saw tlme ‘as three atoms of Y are deposited at the positive electrode.

These reéuﬁsxhomy thaf

Xisa..1.. /
Yisa...2...;

the formula of the compound is ...3... .

How are gaps 1, 2 and 3 correctly completed?

1 2 3
A Metal Non-metal X3Y2
B Metal Non-metal XoY3
C Non-metal Metal XsY2
D Non-metal metal X2Y3
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36

37

38

13

Zinc reacts with acids to form salts. Which of the following solutions would give the slowest
rate of reaction when reacted with zinc?

0.0500 mol sulfuric acid in 500 cm? of water.
0.0250 mol sulfuric acid in 100 cm? of water.
0.0500 mol hydrochloric acid in 200 cm? of water.
0.0250 mol hydrochloric acid in 75 cm? of water.

oo mw>»

Which compound will react with steam, in the presence of catalyst, to produce the alcohol
CH3CH>CH,0H?

A CH3CHCH:> B CH3CHCHCH3
Cc CH3CH2CH2CH3 D CH3CH2COO

Which type of reaction does this equation show?

CsHs + F2 > CsH7F%

Hydration P
Neutralisation R
Addition

Substitution

o0 w>»

[ 1 . 7 D

An unsaturated hydrocarbon with six cérbbnétioms Cbh'_ljéjns only three C=C double bonds.
This hydrocarbon is reacted with-excess Bromine é?/,a’ foom temperature.

What is the' formula of ‘thé resulting hydroc.%rbon?'m
A “‘C HeBrz« . | l‘l‘ N\ . &F B CsH10Br3
\C' '4 iHBBrG \ N\ _f ,-.. D C6H14

A hydrocarbon is fognvd j‘lfovco‘ntain about 80% of carbon by mass. What is the hydrocarbon?

A Méthane | B Ethene
c Propatie D Hexene

END OF PAPER
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The volume of one mole of any gas is 24 dm’ at room temperature and pressure (r.tp.).
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When iodine crystals were heated in a test tube, the iodine sublimed. How did the
movement of the iodine particles change?

A particles slide over one another - particles move freely

B particles slide over one another - particles vibrate about fixed positions
Cc particles vibrate about fixed positions = particles move freely

D particles vibrate about fixed positions - particles slide over one another

A beaker of nitrogen is inverted over a porous pot containing carbon monoxide as
shown.

baakat ——v”

nitrogen —4+

carbon monoxide
porous pot l

e wator

N/

The water level does not change.

Which statement is correct?

A Both gases are diatomic.

B Nitrogen is an unreactive gas.

Cc The gas particles are too large to pass through the porous pot.
D The two gases have the same relative molecular mass.

In which of the following do both gases change the colour of damp red litmus paper?

A ammonia and chlorine

B ammonia and sulfur dioxide

C carbon dioxide and chlorine

D carbon dioxide and sulfur dioxide

A solid can be purified by crystallisation from its aqueous solution.

Which of the following properties does the solid have?

A It dissolves in cold water, but not in hot water.
B It is equally soluble in hot and cold water.
Cc It is more soluble in hot water than in cold water.
D It is very soluble in cold water.
2018 4E Pure Chem MYE P1 Hua Yi Secondary School
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5

The table shows some information about the solubilities of three solids.

solid solubility in water solubility in propanol
P insoluble soluble
Q soluble insoluble
R insoluble insoluble

The following operations could be carried out to obtain pure P from a mixture of

P, Qand R.
1 evaporate filtrate to dryness
2 add propanol
3 filter
4 add water
5 collect residue

In what order should the operations be carried out?

A 2,3,4,5,1
B 2,3, 50nly
C 4,1, 2,3 only
D 2,3, 1only

An element E forms a negative ion, EZ, with the electronic structure 2,8,8.

What is the proton number of E?

A 16
B 17
(o 18
D 20

Which statements correctly describes the properties of mixtures of iron and sulfur, and

the compound iron(ll) sulfide, FeS?

mixtures of iron and sulfur

compound iron(ll) sulfide

1 iron and sulfur mix without
chemically reacting

2 the ratio of iron to sulfur in mixture
can vary

3 the mixtures do not have the
properties of iron or sulfur

iron and sulfur combine in a chemical
reaction to form iron(ll) sulfide

the ratio of iron to sulfur in
iron(ll) sulfide is always the same

iron(ll) sulfide has the properties of
iron and sulfur

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

2018 4E Pure Chem MYE P1

Hua Yi Secondary School
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8 Deuterium (chemical symbol D) is an isotope of hydrogen. An atom of deuterium
contains one neutron.

Which of the following statements is not true?

A An atom of deuterium is heavier than an atom of hydrogen.

B An atom of deuterium has a relative atomic mass of 1.

C An atom of deuterium has one valence electron.

D The formula of the compound formed between deuterium and oxygen is D»O.

9 The diagram shows the structural formula of propyl methanoate.

9 wuy

HCOCCCH
HHH

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

A 8

B 14
Cc 20
D 28

10 The table shows four elements W, X, Y and Z with their atomic numbers.

element W X Y Z

atomic number 6 8 11 17

What are the likely formulae of ionic compound and covalent compound formed from the
four elements?

formula of ionic compound formula of covalent compound
A W X YZ
B Y2X WX,
C YW WZ4
D YZ ZX
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11 Which particles are responsible for the conduction of electricity through metals?

oo w>»

electrons only
electrons and positive ions
negative ions only
negative ions and positive ions

12 The table shows some of the physical properties of P, Q, R and S.

. o electrical conductivity S
melting boiling solubility in
substance . .
point / °C point / °C solid liquid water
P 122 550 poor poor insoluble
Q 690 1790 poor good soluble
R 1510 2489 poor poor insoluble
S 1453 2730 good good insoluble

Which of the following statements about the four substances is correct?

A P is a simple molecular compound held by weak covalent bonds.

B Qs anionic compound with mobile electrons in the liquid state.

C R is a macromolecule held by strong electrostatic forces of attraction between ions.
D S has a giant lattice structure with mobile electrons.

13 The melting points of magnesium oxide and calcium oxide are given below.

metal oxide melting point/ °C
magnesium oxide 2852
calcium oxide 2572

The charge of the calcium ion is higher than that of the magnesium ion.
The charge of the magnesium ion is higher than that of the calcium ion.
The radius of the calcium ion is smaller than that of the magnesium ion.
The radius of the magnesium ion is smaller than that of the calcium ion.

oOw>»
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14 Element L and M form a compound which has a structure shown below.

15

16

& ® 9.
o o TV

e
RS0

Based on the structure shown above, deduce the chemical formula of the compound formed
between element L and M.

A LM
B L:M
C LM
D LM

When sugar, C12H22011, (M, = 342) is fermented using yeast, the following reaction
takes place.

C12H2011(s) + H2O(/) » 4C,HsOH(aq)+ 4CO2(g)
1kg of sugar is completely fermented.

Which expression shows the volume of carbon dioxide produced?

A 342x4x24 dmd B 1000 x 24 dm?
1000 342 x 4
C 342x24dm? D 1000 x4 x24 dm?®
1000 x 4 342

A sample of nitrogen gas contains the same number of atoms as found in 4.00 g of
methane gas.

What is the mass of the sample of nitrogen gas?

A 7.009g
B 1409
C 17.5¢g
D 3509
2018 4E Pure Chem MYE P1 Hua Yi Secondary School
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18

19

In an experiment carried out at room conditions, 1.0 dm? of carbon dioxide was collected
when an excess of dilute hydrochloric acid was added to 5.0 g of calcium carbonate.

CaCOs(s) + 2HCl(aq) > CaCly(aq) + COx(g) + H20())

What is the percentage yield of carbon dioxide gas?

A 4.16%
B 12.0%
C 41.6%
D 83.3%

What is the total volume of gas, measured at room temperature and pressure, that remains if
20 cm? of sulfur dioxide reacts with 20 cm?® of oxygen to form sulfur trioxide?

2S0; (g) + O2(g) = 2S0s(9)

10 cm®
20 cm?®
30 cm?®
60 cm?®

oo w>»

An excess sample of an alloy, containing two metals, was dissolved in dilute sulfuric acid.
Aqueous sodium hydroxide was then added to the solution. A precipitate was formed.

An excess of the alkali caused the mass of the precipitate to decrease leaving a dirty green
solid and a colourless solution.

What were the two metals present in the alloy?

A calcium and zinc
B  copper andiron

C  copper and lead
D iron and zinc

20 Which equation shows the most suitable reaction for the production of lead(ll) sulfate in the
school laboratory with good yield?
A  Pb+HSO4 > PbSOy4
B Pb(OH)2 + H2SO4 > PbSO4 + 2H50
C  Pb(NO3)2 + H2SO4 > PbSO4 + 2HNO3
D PbCO3; + H,SO4 - PbSO4 + CO, + H,O
2018 4E Pure Chem MYE P1 Hua Yi Secondary School
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21 In a qualitative analysis, reagent M is gradually added to a salt solution N followed by the
addition of a dilute acid. The graph below shows how the mass of the precipitate formed
changes with the reagents added.

A
mass of
precipitate /g
A > volume of reagents
T added to N /cm?
addition of dilute acid
addition of M

Which of the following set of anions would produce the given results?

reagents (M and acid) added anion(s) in N

add silver nitrate,
followed by dilute nitric acid

add silver nitrate,
followed by dilute nitric acid

Cl, COs*

add aqueous barium nitrate,
followed by dilute hydrochloric acid

add aqueous barium nitrate,
followed by dilute hydrochloric acid

Cl, COs*

CO32'

22 Solid W is gradually added to solution X. The changes in pH are shown on the graph.

pH A
14
7
0 >
mass of solid W/ g
What are W and X?
solution X solid W
A nitric acid insoluble metal oxide
B hydrochloric acid soluble metal oxide
Cc agueous ammonia soluble non-metal oxide
D sodium hydroxide soluble non-metal oxide
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24

25

26

In which of the reactions is the underlined substance acting as a reducing agent?

Cly + 2FeCl> — 2FeCls
2HC!/ + MgO — MgC/, + H.0
H, + CuO — Cu + H,0
ZnO + CO — Zn + CO,

ooOw>

Disproportionation is a reaction in which the same element is both oxidised and
reduced.

Which reaction is an example of disproportionation?

A Cl, + H,O — HCIO + HCI/

B 2Pb(N03)2 — 2PbO + 4NO; + O,

o Cu + 2H,S0O4 —» CuSO4 + 2H,0 + SO
D Cu + 4HNO; — Cu(NO3)z + 2H,0 + 2NO

Acidified potassium manganate(VIl) can be used to detect the presence of ethanol vapour in
the breath of a person who has consumed alcohol.

filter paper dipped in
potassium manganate(VIl solution

S~

A colour change of the filter paper is observed.
Which of the following conclusion about ethanol is observed?

A ltis areducing agent because it reduces the oxidation state of the manganese.
B It is an alkali because the final colour is purple.

Cc It is an oxidising agent because the manganese atoms gain oxygen atoms.

D It is neutralised by acidified potassium manganate(VIl) solution.

Which of the following substances could be used to reduce atmospheric pollution caused by
flue gases?

A ammonium carbonate and ammonium sulfate
B ammonium sulfate and calcium carbonate
C calcium carbonate and calcium oxide
D calcium oxide and ammonium sulfate
2018 4E Pure Chem MYE P1 Hua Yi Secondary School
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27 The equation for a particular reaction is shown below.

2Agl + light > 2Ag + I

Why is this an endothermic reaction?

A Energy is required to vaporise iodine.

B It involves the formation of covalent | — | bonds.

C It involves the transfer of electrons from iodide ions to silver ions.
D Light energy is absorbed when the reaction takes place.

28 The energy profile diagram is that for the Haber process.

Nz + 3H; = 2NH; AH =-92kJ

energy

E

Y

What does the energy change E; - E+ represent?

A activation energy of the forward reaction
B activation energy of the reverse reaction
C enthalpy change of the forward reaction
D enthalpy change of the reverse reaction

29 Caesium is an element in the same group of the Periodic Table as lithium, sodium and
potassium.

Which statements about caesium are likely to be false?

| It reacts explosively with cold water.

Il It forms a soluble carbonate salt.

[l It forms a carbonate with a formula of CsCOs.

IV It can be extracted via electrolysis of concentrated aqueous CsCl.

A land Il
B I and Il
C Il'and Il
D Il and IV
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31
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11

Using the apparatus shown, chlorine is passed through the tube. After a short time, coloured
substances are seen at P, Q and R.

potassium bromide potassium jodide
P Q R
. —
) l Iz ] % S g 4 2 [: ]
chlorine —» ‘ & —
r T T N
gentle heat

What are these coloured substances?

P Q R
A reddish-brown vapour violet vapour black solid
B reddish-brown vapour reddish-brown vapour reddish-brown vapour
C green gas violet vapour black solid
D green gas reddish-brown vapour reddish-brown liquid

The table below gives some information about element Y.

density / g/cm?® 6.2
melting point / °C 1280
YO (white)
formulae of oxides
Y203 (brown)
chemical properties reacts readily with O, or C/

Which of the following statements about element Y is likely to be correct?

A Itis a metal in Group Ill.

B It is a transition metal.

C It is an alkali metal.

D It forms oxides that are amphoteric in nature.

A new element, Hb, placed in Group VIl of the Periodic Table, has a higher relative atomic
mass than astatine.

Which statement about element Hb is not correct?

A Hb atom gains electrons less readily than a chlorine atom.
B Hb displaces astatine out from aqueous potassium astatide.
C Hb has a higher boiling point than bromine.
D Hb is a less powerful oxidizing agent than iodine.
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33 Which diagram correctly shows the conditions necessary for rusting of iron and also the
metal that can be used to prevent rusting by sacrificial protection?

A 8

0, only Q. only

- copper [—_‘]’ — Magnesium

iron iran

oty ({0 W 8 7 o i e O+ HLO

copper - - _1—+ - |-~ magnesium
o —— =

Iron - - . iran

34 Scrap iron is often recycled.
Which reason for recycling is not correct?
A ltreduces the amount of pollution at the site of the ore extraction.
B It reduces the amount of waste taken to landfill sites.
Cc It reduces the need to collect the scrap iron.
D It saves natural resources.

35 Which diagram below shows the structure of an alloy?

o
LR )
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36 Ammonia is produced by Haber process as shown in the diagram.

"

H, + Ny condenser

reactor

catalyst

Which one of the following processes separates ammonia from the reaction mixture?

A  cooling the gaseous mixture

B  distillation of the gaseous mixture

C filtering out the other two gases

D passing the gaseous mixture through fused calcium oxide

37 Which solution(s) would produce hydrogen gas at the cathode upon electrolysis?

1 dilute nitric acid
2 aqueous potassium hydroxide
3 aqueous sodium chloride
A 1 only
B 1and 2
C 2and3
D all of the above
38 The table shows the energy released by complete combustion of some compounds used as
fuels.
compound M; AH (kJ/mol)
methane 16 -880
ethanol 46 -1380
propane 44 -2200
heptane 100 -4800

Which fuel produces the least energy when 1 g of the compound is completely burned?

A methane

B ethanol
C propane
D heptane
2018 4E Pure Chem MYE P1 Hua Yi Secondary School
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39 A thermometer is placed in warm water and the temperature is measured as shown.

_~themmometer

When a solid is dissolved in the water, an exothermic change takes place. The temperature
changes by 5°C.

What is the final temperature?

38.0 °C
38.5°C
48.0 °C
48.5°C

ooOow>

40 In which reaction is the pressure not likely to affect the rate of reaction?

A 3H2(g) + N2 (g) 2 2NH3 (g9)
B CuO (s) + H2 (g) = Cu (s) + H20 (1)
C Fez03(s)+3CO (g) = 2Fe (s) + 3CO; (g)
D H>S04 (aq) + 2NaOH (aq) = Na2SO4 (aq) + 2H-0 (1)
End of Paper
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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 compounds are used in manufacturing chemicals for agriculture.

KsPOy4
H,S04
NHs
Ca(OH)2

m O O W >

NH4NO3

Use the letters A, B, C, D and E to answer the following questions.

(a)

(b)

(c)

(d)

Which solid compound is added to increase the pH of soil?

........................................................................................................... 1]
Two raw materials are used to make a compound.

e One of the raw materials is made by cracking petroleum.

e The other raw material is obtained by fractional distillation of air.
Which compound is manufactured from these two raw materials?
........................................................................................................... [1]
Which two compounds can be reacted together to form an ammonium salt?
................................................ AN M
NPK fertilisers are solid fertilisers that contain compounds of nitrogen, phosphorus and
potassium.
Which two compounds could be mixed to produce an NPK fertiliser?
................................................ AN 1]

[Total: 4]
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A2 Spinach is an edible plant that has a deep green colour. The following chromatogram is
obtained when water-acetone mixture is added to a drop of spinach extract in the centre of a
piece of filter paper.

carotene

chlorophyll a

chlorophyll b

(a) State the property which allows the components of the spinach extract to be separated
using chromatography.

............................................................................................................ [1]
(b) The experiment was repeated using a typical chromatography paper as shown below.
®
Draw and label the expected positions of the components of spinach extract on the
chromatogram. [2]
(c) State one experimental procedure that should be followed to obtain a good separation
of the components.
............................................................................................................ (1]
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4

(d) Suggest why a water-acetone mixture is used as the solvent, instead of just a pure water
or pure acetone solvent.

[Total: 5]
A3 One of the ways to reduce air pollution is to curb the number of vehicles on the road.

(@) Name two air pollutants produced by motor vehicles.

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

(b) Catalytic converters are fitted in cars to reduce the amount of air pollutants emitted by
motor vehicles. In the catalytic converter, nitrogen monoxide and carbon monoxide
react together to form harmless products.

(i) Write a chemical equation to show how air pollutants are removed by catalytic
converters.
............................................................................................................ [1]

(ii) Explain why catalytic converters do not solve all the environmental problems
caused by motor vehicles.
............................................................................................................ [2]

[Total: 5]
A4 The reaction below is an example of a redox reaction.
....... I(ag) + ......H%(aq) + ......H202(aq) > ......I12(aq) + ......H20(l)
(a) Balance the equation by inserting numbers (if necessary) on the dotted lines provided. [1]
(b) Identify the oxidising agent in this reaction. Explain your answer using oxidation states.
..................................................................................................................... 2l
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(c)

5

What colour change will be seen when this reaction is carried out?

[Total: 4]

A5 The table shows some data about the different components of air.

components melting point / °C boiling point/°C
argon - 189 - 186
carbon dioxide -78 -78
krypton - 157 - 153
neon — 249 — 246
nitrogen ~210 - 196
oxygen -219 - 183
water vapour 0 100

(a) State the percentage by volume of nitrogen and oxygen in air.
NItrOgeN.....ovviiieieeeee, (0)4Y/¢ =] IR [2]
(b) Air is a source of nitrogen, oxygen and the noble gases. These are obtained by the
fractional distillation of liquid air. Before air is liquefied, carbon dioxide and water are
removed.
(i)  Suggest why air is dried before it is liquefied.
............................................................................................................ [1]
(ii)  At- 200 °C, liquid air is fractionally distilled by allowing it to warm up gradually.
List the order of the fractions (elements) obtained, starting from the first fraction
.............................................................................................................. [1]
[Total: 4]
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A6 In Experiment I, a sample of magnesium carbonate is heated in a test-tube using a hot plate
at 300 °C. The total volume of carbon dioxide formed is measured every 10 seconds.

The graph shows his results.

volume of
carbon
dioxide/ cm?

%

time /s

(@) Suggest why there is no significant increase in the volume of carbon dioxide when
magnesium carbonate is first heated.

..................................................................................................................... [1]
(b) In Experiment Il, the same mass of magnesium carbonate is heated in a test-tube using

a hot plate at a higher temperature of 500 °C.

Sketch a curve on the graph above to show the results for this experiment.

Explain your answer.

..................................................................................................................... [3]
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(c) Ron wishes to investigate how the thermal stability of metal carbonates is related to the
position of their metal in the reactivity series.

To ensure a fair experiment, he repeated Experiment | using different metal carbonates,
while keeping all other variables constant.

The table below shows the results of the experiment after the first 60 seconds.

metal carbonate total volume of gas collected/ cm?®
X,CO, 0
YCO, 0
CaCO, 2
FeCO, 7
ZnCO, 5
(i) Write a balanced equation, with state symbols, for the thermal decomposition of
FeCOs.
.............................................................................................................. [2]
(i)  Explain why X2CO3 and YCO, do not decompose.
.............................................................................................................. (2]
(iii) A solution containing 0.002 mol of sulfuric acid is titrated with a solution containing
9.2 g/dm®of X,COs. The volume of X,CO3 solution needed to exactly neutralise
the acid is 23.2 cm?®.
1 mole of sulfuric acid reacts with 1 mole of X2COs.
Calculate the relative atomic mass, Ar, of X and suggest its identity.
Arof X=
identity of X .....ccvvevieiieeieenns (3]
[Total:11]

www.KiasuExamPaper.com
Sec 4E Chemistry P2 Mid-Year Exam 2018 Hua Yi Secondary School

128



A7 The reaction between magnesium and steam is an exothermic reaction.

(a) Write a balanced equation, with state symbols, to represent the reaction between
magnesium and steam.

..................................................................................................................... [2]
(b) The energy output of the reaction between magnesium and steam can be shown using
an energy profile diagram.
Draw an energy profile diagram for the reaction.
Your diagram should include names of the reactants and products, labels for the
reaction enthalpy change and activation energy.
A
2
>
>
(]
c
(O]
progress of reaction
(3]
(c) Explain, using ideas about bond breaking and bond making, why the overall reaction is
exothermic.
..................................................................................................................... [2]
[Total: 7]
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A8 Molten lead(ll) bromide was electrolysed using carbon electrodes.

(@) (i) Write the ionic equation for the reaction at the cathode.

.............................................................................................................. [
(ii)  Write the ionic equation for the reaction at the anode.
.............................................................................................................. [
(iii) State the observation at the cathode during the electrolysis.
.............................................................................................................. [1]
(b) The setup shows the electrolysis of concentrated sodium chloride solution.
30V
| | | |
| |
| Q
] graphite
electrode]
—— concentrated sodium
chloride solution with
universal indicator
(i) Describe the observations at the electrodes of P and Q.
EleCtrOde P oo
Electrode Qi . ...o i
.............................................................................................................. [4]
www.KiasuExamPaper.com
Sec 4E Chemistry P2 Mid-Year Exam 2018 Hua Yi Secondary School

130



10

(ii) How does the pH of the electrolyte change as the electrolysis proceeds?
Explain your answer.

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

(iii) Suggest why iron is not suitable to be used as an electrode for this experiment.
.............................................................................................................. [1]
[Total:10]
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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.

B9 This information is about the elements in Period 2 of the Periodic Table.

4000 —
3000
O 2000
=
£
o
Q1000 -
o
£
£
0 | N N
T T T T T T T T
Li Be B C N 0 F Ne
elements
element electrical conductivity
(at room temperature and pressure)
Li good
Be good
B poor
C good
N does not conduct
0 does not conduct
F does not conduct
Ne does not conduct
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(@) (i) Use the information to describe the trends in melting point and electrical
conductivity across Period 2.

(ii) How does the data show that the first four elements in Period 2 are solids at
room temperature and pressure?

(b) (i) Does the electrical conductivity of carbon fit the general pattern across the
period? Justify your answer.

(ii) There are two forms of carbon: diamond and graphite.
Which form of carbon does the data refer to?

Explain your answer with reference to the structure of the substance you have
chosen.
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(c) Draw a sketch graph to show how atomic number changes across the period.

(1]
(d) An element in Period 3 has the following properties.
melting point/ °C 98
conductivity good
Use the information given in the question to suggest the element that this data is most
likely to refer to.
Explain your answer.
.................................................................................................................. [2]

[Total: 10]
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B10 Different experiments were set up to investigate the reactions of sulfuric acid.

25.0 cm® of 0.10 mol/dm® sulfuric acid was transferred to a conical flask and sodium
hydroxide was added from a burette.

After each addition of sodium hydroxide, the pH of the solution was recorded using a pH
probe attached to a data logger.

The display from the data logger shows the results below. The pH curve has two endpoints,
which resulted because H,SO4 undergoes two stages of ionisation in water to produce
hydrogen sulfate ions, and sulfate ions respectively.

14-
131 g

9] <«—— second endpoint

pH 7

37 <+— first endpoint

___’_4———4—’/

0 I J T T T 1
5 10 15 20 25 30

volume of sodium hydroxide added / cm’

(@) (i) Sulfuric acid ionises in water in two stages. In stage |, it ionises to produce
HSO4" ions.
H2S04 (aq) — HSO4 (aq) + H* (aq)
Write an equation to show the second stage of ionisation of HSO4™ in water.
........................................................................................................... (1]
(ii) State the chemical formula and name of the salt formed at the first endpoint.
chemical formula ... ...
chemical NAME ... [2]
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(iii) H2SO4 is completely neutralised when the second endpoint is reached.

Use the information from the pH curve to calculate the concentration of sodium
hydroxide used in the experiment.

(3]
(b) Describe how you would show that iron(ll) sulfate rather than iron(lll) sulfate is formed
when iron is dissolved in dilute sulfuric acid.
.................................................................................................................. [2]
(c) In an experiment, hydrated iron(ll) sulfate was gently heated to constant mass, leaving
behind anhydrous iron(ll) sulfate.
The following table shows the results obtained.
mass of hydrated salt at the start 2789
mass of anhydrous salt at the end 15.2g
Use the results to work out the empirical formula of the hydrated iron(ll) sulfate used in
this experiment.
(2]
[Total: 10]
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Either

B11 Aqueous sodium thiosulfate, Na>S,0s3, reacts with dilute hydrochloric acid. The reaction
was used in an experiment to determine the effects of varying concentration and
temperature on the speed of the reaction.
The equation for the reaction is:

Na,S,03 (aq) + 2HC/ (ag) — 2NaC/ (aq) + S (s) + SOz (g) + H20 (1)

N

add dilute acid
and start timing

thiosulfate l
solution | a cross drawn
on paper

=\ /

time how long it takes for the cross to disappear

A cloudy suspension of sulfur forms and covers the cross (X) slowly. When the cross
completely disappears from top view, the time taken is recorded.

The table below shows the results obtained in different experiments using 10 cm® of acid
and 10 cm? of 1 mol/dm3 aqueous sodium thiosulfate.

experiment | concentration of | temperature /°C | time taken /s 1/time / s™
acid / mol/dm?
A 0.15 20 65
B 0.10 30 45
(o 0.10 20 85
D 0.05 30 55
E 0.05 20 105
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(a) (i) Complete the table by calculating the values of 1/time for each experiment. [1]
Leave your answers to 3 significant figures.

(ii) Explain the significance of 1/ time.

........................................................................................................... [2]
(b) Which of the experiments (A to E) are suitable to be used to show the effect of
concentration on the speed of the reaction? Explain your answer.
.................................................................................................................. [2]
(c) Explain, using the collision theory, the effect of concentration on the speed of the
reaction.
(2]

(d) In trying to explain the effect of temperature on the speed of the reaction, a student
said, “The higher the temperature, the faster is the speed of the reaction. This is
because at a higher temperature, the activation energy of the reaction is lowered.

Thus, more effective collisions can occur.”

Is the student correct? Justify your answer.

(3]

[Total: 10]
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B11

Natural gas is a mixture of hydrocarbon compounds formed from the remains of dead

18

plants and animals over a long period of time. It is often found together with other
fossil fuels such as crude oil.

An example of components of natural gas is shown in the table.

percentage boiling point liquid
name formula composition / gcp density
0, 3
1 % / glem
methane CHg4 70 - 162 0.423
ethane C2Hs 10 -89 0.546
propane CsHs 10 -42 0.493
others
(carbon dioxide, i 10 i i
hydrogen sulfide,
etc.)

Adapted from: www.naturalgas.org

Natural gas that is extracted from the ground must be purified before it can be used. A
simplified diagram showing the process of purification is given in the diagram below. The
first step is to cool the mixture and remove water and other dense components like crude oil.
The raw gas is then sent to a series of scrubbers, compressors and coolers. Finally, the gas
is either compressed or liquefied, and then exported.

Gas

Cooler

Compressor

Separator Scrubber

»

Crude oil for export

Waste water

Compressed natural gas (CNG) is compressed to 200 to 250 times atmospheric pressure,
such that it occupies about 1% of the volume it would otherwise have occupied, and stored
in high-pressure tanks. Liquefied natural gas (LNG) is cooled to about -170°C, where it
occupies about 1/600™ of the volume it would otherwise have occupied, and stored in
special insulated tanks.
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(@) (i) Whatis the main component of natural gas?

........................................................................................................... [1]
(ii) Draw a dot and cross diagram to show the bonding of one molecule of the main

component of natural gas stated in (a) (i).

You only need to show the outer shell electrons.

[2]

(ili) Explain, using ideas about bonding and structure, why natural gas is volatile.

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

(b) Name a piece of apparatus found in the school laboratory which functions on the

similar principle as the separator shown in the diagram.
.................................................................................................................. [1]
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() (i) The diagram shows the arrangement of particles in natural gas at room
temperature and pressure. Draw similar diagrams to show the arrangement of
the same number of particles in liquefied natural gas (LNG) and compressed
natural gas (CNG).

O 0o 0
5 O
A O

LNG CNG

(2]

(ii) Using the information given, suggest one advantage of using liquefied natural
gas (LNG) over compressed natural gas (CNG).

[Total: 10]

End of Paper
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4E Chemistry Paper 2 2018
Mark scheme

A1
(@ |D [1]
(b) |C [1]
(c) Band C [1]
(d |AandE [1]
Total: 4
A2
(a) The components have different solubilities in the solvent. [1]
(b) 3 components [1] [2]
correct distance (relative height):
e chlorophyllb—-0.8t0 1 cm
e chlorophylla—1.0to 1.2 cm
e carotene — 1.8t0 2.1 cm [1]
(c) |e The chromatography should be allowed to run until the solvent [1]
reaches the top of the filter paper/
e The drop of extract spotted on the filter paper should be as's
e Cover with a lid to ensure consistent acetone/water co
e Use alonger chromatography paper.
N\ '
NB: Do not award: solvent level should be below startlng W startli
be drawn in pencil
(d) Spinach extract consists of subst/ér}cés\tl'fat ake éqlublﬁ,/ ghly in aceton ter 11
mixture. . C
: o ", NN\ Total: 5
A3 \‘ < / / '. $ .
(a) carbon monoxide, mtrogemoxudes sulfur d|0X|de unbum*( hydrocarbons [2]
(No chemical fofqila) |\ "~ ™ AN\
Any two angWers. \{\1]\each ANV NN
(b) @) |2c0 }+ 2NO 2602 +\Nz N [1]
(ii) Ea on dio mdeﬂ mk pt] is produced by the reactions in the catalytic [2]
converters and itis a g@ﬁmusé gas [1 mk pt] that causes global warming.
[1 mk p] AU/nN
3 mk pts~ [2) '._ (“r
1- 2mkp(s H’] 1=
A Total:5
A4 NS
@@ |2 2 (1) >0 2 [1]
(b) H20; is the oxidizing agent. [1
It oxidizes |- to I, which increases in oxidation number from -1 (IF) to 0 (I2). [1]
(c) Colourless solution turns_yellow/ brown. [1]
Total:4
A5
(a) Nitrogen — 78% [1] [2]
Oxygen — 21% [1]
(b) (i) | At low temperature (for fractional distillation of liquefied air), water is a solid [1]. | [1]

{Hence, it would block the flow of liquid air through the pumps and pipes.}

(ii) | (distilled first) Nitrogen , Argon, Oxygen, Krypton.

[1]
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NB: 0 M if students include Ne or compounds.

Total:4

A6

(a)

Not much magnesium carbonate has achieved activation energy required. [1]

Accept:
The flame is not hot enough to decompose much magnesium carbonate.

Note: Many students’ responses reflect a poor understanding of the question The
question involves decomposition and hence responses that revolve around rate of
effective collision is invalid as there’s no collision of reactants involve here. Other
responses which are inaccurate include ‘There wasn’t enough energy to overcome
the activation energy’.

[1]

wolume ol
carbon
dicxicle

lem?

\ time’s

Correct graph [1] . N N bl

At higher temberéture, rate df reaEtionv-inE;rea‘ses‘because more zinc carbonate
particles hgve sufficient energy to overcome the activation energy. [1]

Volume of carbon-dioxide stays constant as it is dependent on the number of
moles/ mass of zine-carbonate which-did not change. [1]

[3]

(c)

() | FeCO3(e) 3 Fe0/(8) +C0:(9)

; \
Correct statelsymbols — 1M
Correct formula — 1M

(2]

(i) | Xand'Y are highly reactive metals [1], thus forming highly stable metal

carbonates [1] that do not decompose on heating

(2]

(iii) | Mass of XoCO3 used = 9.2 x 0.0232 = 0.2134 g [1]
M of XoCO3 = 0.2134/0.002 = 106.72

Arof X=(106.72-12-16x3)/2=23.4[1] (3s.f)
Arof X =234
identity of X sodium [1]

[3]

Total: 11

A7

(@)

Mg (s) + H.O (g) > MgO (s) + H2 (9)

[2]
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1M for all accurate formula
1M for all accurate state symbols

Mg + H20

energy (kJ)

progreséof reaction
. Cd‘rrect shape[1] |

o " Labels<(Ea, AH): direetions mus»r be both correct [1]
¢ Reactants and preducts (correct indicators of reactants and products) [1]

[3]

Heat energy released for bondforming in 1 mole of magnesium oxide and 1 mole
of hydrogen'is grqatért thari heat absorbed for bond breaking in 1 mole of water
and 1 molecof magnesium.

[11- underline&ﬁhfases i.e. where the bonds are broken and formed;
[1] - bold words i.e. connecting energy released/gained to bond forming/breaking

Note: This question involves the overcoming of ionic bonds and the phrasing proves
to be difficult for students. Students who gave responses such as Mg-O will be
marked down as this is a denotation for covalent bond.

2]

Total: 7

A8

(@)

(i) | Pb¥ () +2e — Pb())

(1]

(ii) | 2Br(I) — Bra(g) + 2e

(1]

(1]

(iii) | Shiny, silvery globule was found at the bottom of the beaker.
(i) | P: Green Universal indicator turned blue/violet. [1] /bubbling / effervescence
of pale green gas [1] [max 2]

Q: Green Universal indicator turned red. [1] / bubbling / effervescence of
colourless gas [1]

[4]

(i) | pH will increase. [1] Hydrogen ions preferentially discharged at cathode results
in decreasing concentration of hydrogen ions / concentration of hydroxide ions

[2]
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higher than that of hydrogen ions. [1]

NB: reject if students write gas instead of ions are discharged.

(iii)

Chlorine gas formed at anode will oxidise iron anode away/
hydrogen ions at cathode will react iron cathode away

Reject: chloride ions will react with iron. [Reaction of chloride ions with iron is slow]

NB: reject if students write gas instead of ions are discharged.

(1]

Total: 10

B9

(a)

The electrical conductivity is high for the first elements in i

for the last four elements. Boron is the exception as it j th

elements in the period, yet it has poor electrical cgn ’ :
"\ ¥

NB: \\ "o

X Wrong: merely restating the table mfo‘t:matlon in senténce form,

for example, "lithium, berylllum and carbon are good cpnductors boron or and the
other elements do not conduct. | v .\ .

| { o

\ Right: answers that identified_a genera‘ltrei du "the conductlwty is high for the first
elements in the per1od and is low for the last four elements and ’then highlighted the
exception 'except for bbron or eXCept for carborL N

[2]

(ii)

They have hlgh méltlng pomts that are above room temperature

/

[1]

(i)

No. Electrlcal conductlwty generally decreases across Period 2. [1] (specific

ment]or} ofa tréqd) 3 -..\-._. ‘

f

How’ever carbon isa good electrleal conductor despite the preceding element,
boren, belng apoor oonductor and the following element, nitrogen, being a
non- (\,on‘ductor j1ﬂ| (0~

NB: Only\a\qs//trfat b}esents the idea of a general pattern will be accepted.

[2]

(ii)

Graphite. [no\rﬁarks]

Graphite has a giant molecular structure consisting of layers of carbon atoms.
Each carbon atom is covalently bonded to three other carbon atoms.

This leaves each carbon atom with one valence electron not involved in
bonding. [1] This electron becomes delocalised and can move freely along the
layers of carbon atoms, [1] thus conducting electricity.

NB: Reject if students write each atom is bonded to 3 other electrons. Concept
must be entirely correct.

[2]
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(C) Atomic
number
3

i Be B € N f‘-/

Meriod 2 clcmmh

NB: reject if axes are/uplabé}edx : :‘ /

[1]

Sodium. [no mark] (
A relatively low melting ‘point (compared—to other metals) [1] and good electrical
conductivity are properties oT'Group I/alkali metals. [1-]. )

[2]

= ) Total: 10
B1IO | | ] Y
(@) _4.() | |/HSO4- (aqﬁé iR (aq)/SO 3 (aqT [1]
o (D)) | 'NaHSO4 [{1] - [2]
N Y sodlum hydrogensulfate [ ]
(i No. of mol 55 = 3]
"XZXO]%DWM
=0:0025 mol [1]
H2S04 + 2NaOH-> Na,SO, + 2H,0
From equation,
1 mol H2S04 : 2 mol NaOH
0.0025 mol H2S04:0.005 mol NaOH [1]
Concentration of NaOH
= 0.005/(20.0/1000)
= 0.250 mol/dm?® [1]
(b) Add 2 to 3 drops, and then, excess of NaOH solution [1]. [1]
If a dirty green precipitate that is insoluble in excess NaOH is formed, iron (ll) sulfate | [1]
is formed. [1]
(c) (2]
compound FeSO, H,O
mass/g 15.2 27.8-15.2
=12.6
no. of moles | 15.2/152 12.6/18
= 0.1 mol = 0.7 mol
simplest 0.1/01=1 [07/0.1=7
ratio
Empirical formula is FeS04.7H20.
1m for simplest ratio
1m empirical formula
Total:10
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B11 | EITHER
(@ | [1]
1/time/ (1/s)
0.0154
0.0222
0.0118
0.0182
0.00952
(ii) | 1/ time provides information about the speed of reaction. [1] [2]
The longer the time taken, the slower is the speed of the reaction. / The shorter
the time taken, the faster is the speed of the reaction. [1]
(b) The results of experiments A, C and E can be used. / The results of experiments B 2]
and D can be used. [1] >
These experiments were conducted using different concentrations of acid & tth
temperature was kept constant. [1] . -
(c) The higher the concentration, the faster is the speed of the re ; A
No marks awarded. . //
With a higher concentration, there are more reactant part‘ges mdjf Iol me.
Thus, there are more collisions between reactant particles. This result hi
frequency of effective collisions occ;m&mg M1
(d) The student is not correct. The activation energy of the reaction is not [oWered with [3]
higher temperature. [1] =
Must mention what is wkorig with thestudent”s explanatien. :
At higher temperatures, reactant particles possess greater amount of kinetic energy.
Thus, they are able:move \mdre quickdy: [1])and collidetinto one another more
frequently./ |
This results in-a higher freguency df(effestive collisions occurring. [1]
‘ ) Total:10
B11 | OR
(@) | (i) | Methane \ [1]
(i) N 1 (2]

(iii) | « Natural gas is a mixture of covalent compounds which have a simple
molecular structure.
e There are weak intermolecular/ van der Waals forces of attraction between

the molecules, [1]
e hence little energy must be supplied to overcome these forces of attraction,
and natural gas has a low boiling point, which makes it volatile. [1]

(2]

Separating funnel

(1]

(i) | LNG (liquid state) [1]

[2]
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CNG (gaseous state, but closer together than original diagram) [1]

O
o “0o
o o

/"" - v: ) )
((_ "/ «
(i) | Data quoted: " ) T NN [2]
. ‘\.\ Compared 'to‘tﬁ_e/prigina-l"yolqr}m‘ef natural gas, LNG occupies 1/600t"
) x(O\jB’Z,%‘gf\ﬂ;Le origi&?jyb{trm(d, which is 100 times/ significantly less
/[ [N\ thanCNG; which occupies'1% of the original volume. [1]
[ | *Student, must quote the data of both CNG and LNG
| L | Impfication” 05
N ® \Hence/ A\ \ W
\ || " o, LNGuis\ikely to be easier to transport than CNG, [1] OR
]"ld‘ @Nhé same volume, LNG contains more natural gas than CNG
o~ {HJOR
| o ~7LNG is safer to use than CNG because CNG is compressed but
A /' LNG is not, hence if a pressurised CNG cylinder is damaged, the
danger of an explosion is much greater [1]
1m for comparison of volume/ evidence
1m for stating implication
Accept any reasonable implication of the difference in volume
[Total:10]
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Name Reg. No  Class

stio, MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL

.
s
* v MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
- d MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
- / MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL

s MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL

J o MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
f MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL
MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL MAYFLOWER SECONDARY SCHOOL

CHEMISTRY 6092/01

Paper 1 Multiple Choice [40 Marks]

SEMESTRAL ASSESSMENT ONE

May 2018

Additional Materials
Approved Calculator 1 hour
OTAS answer sheet
Soft clean eraser
Soft pencil (type B or HB is recommended)

INSTRUCTIONS TO CANDIDATES:

Do not start reading the questions 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 OTAS provided.

INFORMATION FOR CANDIDATES

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

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

Read the instructions on the OTAS very carefully.

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

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

A copy of the Periodic Table can be found on page 22.

This question paper consists of 22 printed pages.

Setter: Mr Mohamad Gaddafi Annuar Vetter: Mdm Jarina
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Paper 1 (40 marks)
Answer all questions. For each question there are four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the OTAS

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

Gas supply
of X > 1
2 —»
l/ Drying agent
3 —>

I Water
.- /

4—’=ﬂj | ]

-

J\

l |

Which of the following order can be used to collect a pure dry sample of gas X?

OO w>
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The reaction between aqueous iron(Il) sulfate and aqueous sodium hydroxide is
shown below.

FeSO4 (aq) + 2NaOH (aq) » Fe(OH)z2(s) + Na2S04 (aq)
pale green colourless dirty green colourless

Which method could be used to separate the products?

crystallization
distillation
filtration
separatory funnel

o0 w>

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

100 cme
of carhan
dioxide

100 cm3
of oxygan

100 cmd
of methana

Which statements are correct?

—_

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

2 The number of molecules in the 3 balloons is different.
3 The mass of gases in the 3 balloons is different.

A 1and2only

B 1and 3 only

C 2and3only

D 1,2and3

[Turn Over
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4

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

A

temperature / °C ) )
#» time / minutes

-183
~196 |
210 |-
—218

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

-180 °C
-195°C
-200 °C
-210°C

o0 w>

Which of the following diagrams shows a pure hydrogen gas?

o> & 8(’008

O

®
Lot S L )
© e |Q

www.KiasuExamPaper.com

156



An element X has two isotopes of 16 and 18. Its relative atomic mass is 16.4.
Which statement correctly states the proportion of isotope-16 in the sample?

A 20 %
B 40 %
C 60%
D 80 %

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

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

Z*
i
z%
z3*

o0 w>

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

A C2H4

B CO2

C CHsOH
D N2

Substance X has the following properties:

e melting point above 500°C
e insoluble in water
e conducts electricity only when molten.

What would substance X be?

A aluminium oxide
B copper

C graphite

D sodium chloride

[Turn Over
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11

12

1.97 g of an unknown metal carbonate, MCO3, reacts completely with 50.0 cm? of
0.400 mol/dm? hydrochloric acid.

What is the relative atomic mass of M?

A 35.0
B 945
Cc 137
D 150

A metal Y forms a sulfate salt with the formula, YSO4 while a non-metal Z forms
an ammonium salt with the formula, (NH4)3Z.

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

YZ
YsZ
YZ3
Ys3Z2

o0 w>

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

/— S~
o ."" Y -
Vi N - ‘*\\
[ S A i \ O~ \
I [/ ) \. 2NN\
f ] / \
(21 (2) )% 0<|:‘;‘.)6
v\ o Y \ \\_/ J
\ "/ / W A
\ " > < / Ne-
. ‘.’</ = 2
o
atom P atom Q

What is the type of chemical bonding and the mass of one mole of compound
formed between these two elements?

mass of one mole of
type of bonding compound
/g
A covalent bonding 70
B covalent bonding 113
C ionic bonding 43
D ionic bonding 102
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14

Water gas colourless solution

Ozone, a gas found in stratosphere, helps to filter the harmful ultraviolet rays from
the sun. CFCs from aerosol sprays can cause the ozone layer to decompose as
follows:

203 (g) — 302 (g)

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

A 2 mol of ozone produce 9 x10%3 oxygen molecules.
B 24 dm? of ozone produce 24 dm3 of oxygen.

C 48 dm? of ozone produces 32 g of oxygen.

D 48 g of ozone produce 48 g of oxygen.

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

compound of element X

excess aqueous HNO3

aqueous NaOH

A

white precipitate which dissolves in
excess aqueous NaOH

What could the compound of element X have been?

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

oo w>

[Turn Over

www.KiasuExamPaper.com

159



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

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

A 0.005

6><1023><
B 0005 1 . .o
1000 71

C 0005 . o
71

D 0.005 -, &, 10%

1000

71

The equation for the reduction of iron ore in the blast furnace is shown below.
Fe203 (s) + 3CO(g) = 2Fe (/) + 3CO2(g)

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

What is the percentage yield of this reduction?

17.5 %
54 %
50 %
70 %

o0 mw>»

Which of the following reactions is NOT a redox reaction?

A KI + Br2 > KBr+12

B CuO + H2S04 - CuSOs4+ H20
C Mg+ 2HC/ > MgClL + Hz

D N2 +3H2 - 2NHs
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18 Two solutions were mixed in a beaker and the mass of the beaker and contents
was then recorded at various times. The graph shows the results.
A

A

Mass of
beaker and
contents / g

» Time/s
What could the two solutions be?

A aqueous ammonia and aqueous iron(ll) nitrate
dilute hydrochloric acid and aqueous potassium hydroxide

B
C dilute nitric acid and solid copper(ll) carbonate
D dilute sulfuric acid and aqueous barium nitrate

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

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

pH pH
acid acid
neutral neutral
alkali alkali
time time
A B
pH pH
acid acid
neutral neutral
alkali alkali
time time
C D
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21

22

11

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

What is the identity of solid Z?

calcium metal
zinc metal
calcium chloride
zinc sulfate

oo w>

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

If ethanol vapour is present, orange potassium dichromate(VI) spot will turn green.
What does this suggest about the property of ethanol?

Ethanol acts as an indicator.
Ethanol acts as a drying agent.
Ethanol is a reducing agent.
Ethanol is an oxidising agent.

o0 mw>»

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

N

N

Electrical
conductivity

Amount of substance alpha
added

What could substance alpha be?
A potassium
B potassium iodide solution

C potassium manganate(VII) solution
D potassium nitrate solution

[Turn Over
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23  Consider the following set-up.

iron nail

petri dish metal strip X

rust indicator

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

Some statements concerning the experiment are given below.

()  If X'is copper, the iron nail will not corrode readily.
(I If X'is iron, the iron nail will not corrode readily.
(1IN If X is silver, a blue colour is observed around the iron nail.

Which of the following statements is/are correct?
A () only
B (lll) only

C () and (ll) only
D (I) and (lll) only

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

What is the formula of the cerium ion?

A Ce*

B Ce*
C Ce*
D Ce*
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25 The diagram shows the circuit for electrolysing silver bromide and potassium
chloride to produce the metal.

niin

container for container for
silver bromide potassium chloride

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

silver bromide potassium chloride
A| concentrated solution molten
B dilute solution concentrated solution
C molten molten
D molten molten

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

What property could not be predicted in this way?

the formula of its oxide

the nature of its oxide

the number of isotopes it has

the number of electron shells of its atom

o0 mw>»
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In the apparatus shown, gas P is passed over solid Q.

Q
P 74 | 2
1 72
i
heat

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

P Q
A carbon monoxide copper (Il) oxide
B carbon monoxide lead (ll) oxide
C hydrogen iron (ll1) oxide
D hydrogen zinc oxide

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

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

insoluble in water and aqueous sodium hydroxide but
dissolves readily in nitric acid

changes acidified potassium manganate(VII) from purple to
colourless

oxide of Y:

oxide of Z:
Based on the statements above, arrange X, Y and Z in order of decreasing atomic
number in the Periodic Table.

XY, Z

o0 w>
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15

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

4Fe (s) + 302(g) > 2Fe203 (s) AH = — 823 kJ/mol

Which statement is not true about the reaction above?

A

OoOw

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

The energy level of products is lower than that of the reactants.

The energy level of reactants is lower than that of the products.

The temperature of the reaction mixture increases.

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

The steps involve were:

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

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

A

“ < 4

> o=,

S s

@ [

= <

o (7

LP
Q R
5 R
.- Q e
progress of mncﬁon' progress of reaction

>0 D >.u

o

3 ¥

& 5

P
R
Q
P
R Q
prograss of reac:'»on' progress of reactlon'
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16

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

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

_—~ thermometer

temperature change is 4.5 °C.

What would be the temperature reading immediately after the reaction?

A

B
C
D

38.0 °C
38.5°C
47.0°C
47.5°C

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

2H202 (aq) > O2(g) + 2H20(!)

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

ooOow>»

The total volume of gas produced at the end of the reaction.

The amount of hydrogen peroxide left over at the end of the reaction.

The initial gradient of a graph of total volume of gas produced against time.
The time needed to produce a particular volume of gas.

www.KiasuExamPaper.com

168



17

33 In the graph below, curve 1 was obtained when 25.0 cm® of 1.0 mol/dm? of dilute
hydrochloric acid is reacted with an excess of magnesium ribbons at 30 °C.

volume of hydrogen / cm?®
A

curve 2

curve 1

» time / min

Which of the following changes would result in curve 2?

ooOw>

adding a catalyst to the reaction

heating the acid to a higher temperature

using 25.0 cm? of 2.0 mol/dm? of dilute hydrochloric acid
using finely powdered magnesium metal of the same mass

[Turn Over
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The percentage of ammonia obtained at equilibrium in the Haber Process is
plotted against pressure for two temperatures, 400 °C and 500 °C.

Which of the following correctly represents the two graphs obtained?

%NH; at equilibrium

%NH; at equilibrium

o
o
J

(=]

400°C.~"
’l

/7
/ 500°C

10 20
pressure /10’ kPa
C

407 500 °C

%NH, at equilibrium
S

O 1 L
10 20
pressure /10’ kPa
B
5 40
E N
= 500 °C
s %
S 20- .
= Mg,
oo °
% 400 °C
o 0 20
pressure /10" kPa
D

Which statement about the properties of ammonia is correct?

A

ooOow
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It decomposes on heating at high temperature to form nitrogen gas and
hydrogen gas.

It dissolves in water to form an acidic solution.

It is formed by heating ammonium salts with sulfuric acid.

It reacts with alkalis to form salts.
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37

19

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

fraction w X Y Z
boiling point greater than
°C 35-75 80 — 145 150 — 250 250

Which statement regarding the fractions is true ?

OO w>»

Which of the following statements about air are true?

oo w>

Fraction W is more flammable than fraction Y.
Fraction W is more viscous than fraction Z

The density of fraction X is greater than that of fraction Z.
The molecules in X have a longer chain length than those in fraction Z.

|

]
1]
v

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

I and lll only
I, I and Il only

and IV only

all of the above
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39

20

Which structure is not an isomer of the structure shown?

A CH,—CH,—CH—CH,

CH,

C CH,—CH,—CH,—CH,
CH,
D CH,—CH—CH,—CH,

CH,

Some unsaturated compounds contain more than one carbon-carbon double
bond. An example is the compound with the formula C21Hze.

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

A 3

ooOow
© O
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40 A chemist carried out a cracking reaction on a hydrocarbon, X and obtained two
products, Y and Z.

SRR Lol
X—)H—(ll—CIZ—(|2—(|3—H+ H—(IZ—C:(|3
H H H H H
Y Z
The chemist then wrote the following statements in his notebook.
(1) A molecule of X has 7 carbon atoms.
(2) Y is unsaturated.
(8) Z will decolourise bromine water.
Which statement(s) is/are correct?
A (3)only
B (1)and (2)
C (1)and(3)
D (1), (2)and (3)
- --End of Paper 1 - - -
[Turn Over
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A1

A2

Section A [50 Marks]

Answer ALL questions in the spaces provided.

Name the following chemical processes.

reaction

name of process

SiO2 + 2NaOH — Naz2SiO3 + H20

(ii)

H2S04 + CaCl2 — 2HC/ + CaSO04

(iif)

Fe? —» Fe¥ + e

(iv)

MgBr2 + F2 — MgF2 + Br2

(v)

CuCO3 — CuO + CO2

(3]
[Total: 5 marks]

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

Table 2.1
Substance | Melting point/°C Electrical Uses
conductivity

Carbon Above 3000 Poor Cutting tools,
allotrope A drill bits

Carbon Above 3000 Good Lubricant
allotrope B

Silicon 1414 Good Semiconductors

in electronics
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(@) Carbon tends to form covalent compounds.
By drawing the dot-and-cross diagram of a carbon compound of your

choice, describe how a covalent bond is formed. You only need to show
valence electrons.

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

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

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

[Total: 6 marks]

[Turn Over
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A3

Table 3.1 shows the results of some of the chemical reactions of four unknown

metals.
Table 3.1
Metals Thermal decomposition of metal Reaction of
carbonates metal with
cold water
A Greenish-blue solid turns black. White No reaction
precipitate formed when gas produced is
being passed through limewater
B White solid remains. No gas was Very vigorous
produced. reaction
C White solid turns yellow, turns back to No reaction
white after when cooled. White precipitate
formed when gas produced is being
passed through limewater
D White solid remains white. White Little bubbles
precipitate formed when gas produced is | formed on the
being passed through limewater surface of the
metal.
(@) Arrange the metals in ascending order of their chemical reactivity.
................................................................................................. [1]
(b) Metal A and D are placed into two separate beakers of iron(Ill) sulfate
solution. Describe the observations you will see in each beaker.
.................................................................................................. [3]
(c) Pure iron can be extracted using the Blast furnace in the presence of carbon

monoxide.

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

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

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

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

[Total: 8 marks]

[Turn Over
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A4

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

In Experiment 1 (conducted at 25 °C), he used 5 g of zinc granules and 30 cm? of
0.5 mol/dm3 dilute hydrochloric acid.

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

Experiment 2: 5 g of zinc powder and 30 cm? of 0.5 mol/dm? of HC/, 25 °C
Experiment 3: 5 g of zinc granules and y cm3 of z mol/dm?3 of HC/, 25 °C

Fig 4.1 shows the volume of gas produced over time.

Volume 4
of gas/
cm?3 Experiment 1
Experiment 3
Time / minutes
Fig 4.1
(a) Complete the diagram below with the appropriate apparatus used in the
experiment.
“ae

[1]
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A5

(b)

(c)

(d)

(e)

Write a balanced equation for the reaction between zinc and dilute
hydrochloric acid.

On Fig 4.1 sketch and label the graph for Experiment 2.
(1]

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

(2]
The student repeated the experiment at 50 °C. Explain in terms of energy

and particle collisions how an increase in temperature increases the rate of
a reaction.

[Total: 8 marks]

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

number of

name carbon atoms formula
propanone 3 CH3COCHs
butanone 4 C2HsCOCHs
pentanone 5 C3H7COCHs

[Turn Over
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A6

(a)

(b)

(c)

(d)

Deduce the name and formula of the ketone that contains 6 carbon atoms.

NAME ..o
formula ...

(2]
From (a), deduce the general formula for ketones.
.................................................................................................. [1]
The oxygen atom in a ketone forms a double bond with a carbon atom.
Draw the full structural formula of butanone.

(1]

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

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

[Total: 6 marks]

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

(a)

(b)

Explain why the ozone layer is important to us.

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

(d)

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

2CI+ 03 2> C20 + O2
Explain, in terms of oxidation states which element is oxidised.

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

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

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

[Total: 6 marks]

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

(a)

fuel enthalpy change of combustion (kJ/mol)
ethanol -1370
hydrogen - 256
octane - 5510

combustion of ethanol: C2HsOH + 302 2 2C0O2 + 3H20

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

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

2CsgH1s + 2502 - 16CO2 + 18H20

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

(2]

(c)  Explain why the combustion of hydrogen is considered a ‘cleaner’ alternative
as compared to octane and ethanol.

[Total: 6 marks]

A8 The diagram below shows how petroleum can be refined.
A~

N
5o o >

A By

crude ol ——e-
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(@) Briefly describe how fractions can be separated through the fractional
distillation of crude oil.

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

fractional
stage A

@ distillation | long-chain [ shortchain
P alkanes alkenes

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

(i) A long chain alkane, C12Hz26, undergoes Stage A to form ethene,
butane and an unsaturated compound Z.

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

(1]

[Total: 5 marks]
---End of Section A---

[Turn Over
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Section B [30 Marks]

Answer all questions. Question B11 has a choice of section to answer. Write your
answers on the spaces provided.

B9 Fig 9.1 shows the set-up for the electrolysis of a chloride solution containing two
metal ions, copper(ll) and iron(ll).

chloride solution
containing copper(Il) and
tron{Il) ions |*

N\ — =~
Fig 9.1

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

Table 9.2
stage observations
A vyellowish-green gas is observed at one of the
stage 1 — after 10 electrodes while a brown solid is deposited at the
mins other electrode.

There was no visible change to the electrolyte.

The same observations in stage 1 at the anode and
stage 2 — after 1 hour | cathode.

The electrolyte became pale green.

Colourless gases are both evolved at the anode

stage 3 — after 2 and cathode.
hours The pale green of the electrolyte becomes more
visible.
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(@ (i) Write the equations for the reactions taking place at the respective
electrodes in stage 1.

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

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

(2]

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

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

State and explain the result of the test.

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

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

[Total: 10 marks]
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B10 Graph 1 shows how the average temperature of the Earth’s surface may have
changed over the last 150 thousand years.

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

Graph 1
20
18— —
gverage
temperature at the Earth's 18
surface / "C I \
14 I \ at
12 (‘
HNACH
v V \" \/
6
150 125 100 75 60 25 0 (today)
time/thousands of years ago
Graph 2
0.040
percentage of carbon 08 /
dioxide in the 0.030

atmospheare
[
0.025 )
il /\/\Vﬂ

i\
0.015

150 125 100 75 60 25 O (loday)

time/thousands of years ago

[Turn Over
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(@) Describe and explain the relationship between graph 1 and graph 2.

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

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

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

proportion nitrogen
mode of of air monoxide carbon monoxide
operation present in emissions / emissions / ppm
fuel mixture ppm
idling engine high 14 2000
Accelerating high 3700 1000
engine
idling engine low 10 8000
accelerating low 1000 5000
engine

(i) Suggest why

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

(2) the concentration of carbon monoxide is low when the proportion
of air present in the fuel mixture is high.
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(i) Catalytic converters help reduce pollution by converting pollutants to
non-polluting products.

The equation shows a typical reaction in a catalytic converter.
NO + CO —

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

[Total: 10 marks]

EITHER

B11 (a) Citric acid is a white crystalline powder with formula CsH7OsCOOH
Two samples of 0.1 mol/dm? citric acid was prepared, one in water and the
other in propanol. It was noticed that when the acid dissolved in water, the
solution felt cold.

Dissociation of citric acid in water: CsH70sCOOH - CsH7OsCOO" + H*

A piece of magnesium ribbon was added to each of the two solutions. The
results are summarised in Table 11.1

Table 11.1
solution action on magnesium ribbon
citric acid in water slow but steady formation of gas bubbles
citric acid in propanol no reaction

(i) What type of energy change takes place when citric acid was
dissolved in water?
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(ii)  Explain the observations for the reaction between a solution of citric
acid in water and magnesium.

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

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

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

aluminium strip aluminium strip aluminium strip
rubbed with rubbed with

|_1/ sandpaper sandpaper
1
[

Experiment 1 Experiment 2 Experiment 3
Fig 11.2

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

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

[Total: 10 marks]

OR

B11 (a) The information in Fig 11.3 is about the elements in Period 3 of the Periodic

Table.

8

Meiting point /°C
2
oS

s B 8

Na Mg Al Si P s Cl Al
400 Eiement
Fig 11.3

(i) Describe the general trends in melting point across Period 3.
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(ii) How does the data show that the first four elements in Period 3 are
solids at room temperature and pressure?

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

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

(1]

Fluorine, chlorine, bromine and iodine are halogens found in Group VII of
the Periodic Table. Table 11.4 lists the bond lengths and average bond
energies of the halogens.

Table 11.4

covalent bond | bond length/ nm average bond energy (kJ/mol)
(1nm = 10°m)

F-F 0.142 158
Ci-Cl 0.199 242
Br—Br 0.228 193

-1 0.267 151

[Turn Over
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Describe the general relationship between bond length and the
average bond energy within Group VII molecules.

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

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

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

[Total: 10 marks]

---End of Section B---

---End of Paper 2---
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TEMASEK SECONDARY SCHOOL
Mid-Year Examination 2018
Secondary 4 Express

CHEMISTRY 6092/01

Paper 1 1 hour

Question Booklet
Additional Material: OTAS

READ THESE INSTRUCTIONS FIRST

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

Write your name, index number and class on the OTAS.

Write in soft pencil.

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

You are not required to hand in this booklet at the end of the examination.

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 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 on this booklet.

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

This document consists of 18 printed pages.
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1 The diagram shows the apparatus used for the slow reaction between liquid F (boiling
point 57°C) and liquid G (boiling point 80°C).
LJ

P -

cold water — = = [

A N Fand G

heat
What is the purpose of the condenser? e

A to enable F and G to mix more efficiently
B to prevent the mixture from getting too hot
C to allow the product to escape as fast as it is formed
D to prevent F and G from escaping before the reaction is complete
2 A liquid mixture of 50% ethanol and 50% water was distilled in the apparatus shown below.
The boiling point of ethanol is 78°C and that of water is 100°C. As the mixture was heated

the temperature shown by the thermometer initially rose but then remained constant at
78°C for some time.

X =

2 \
‘I
\N 7 %
N 2|
electric heater J e

Which of the following statements about percentage of ethanol in the vapours shown at
points X, Y and Z, when the temperature is at a constant 78°C, is true?

A The percentage of ethanol in the vapour at X is equal to 50%.
B The percentages of ethanol in the vapour increase in order at positions X, Y and Z.

C The percentages of ethanol in the vapour at Y and Z are equal but greater than at
X.

D The percentages of ethanol in the vapour at X, Y and Z are equal but greater than
50%.
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A sample of herbal tea containing two water- soluble vitamins was analysed during
chromatography with water as a solvent. When the solvent front reached the position
indicated, the chromatogram was placed under ultra-violet light. The following
chromatogram was obtained.

..._solvent
front
vitamin B12 . e \
6 ‘ :3.8cm
i2.2cm ,
® Y Y._..start line
herbal tea

Given that the Rr value of vitamin B12 is 0.34, determine the R value of vitamin Be.
A 0.20 B 0.50 C 0.56 D 0.73
The following diagram shows a set up.

Which pair of gases would cause a fall in the water level at the right side of the U
shaped tube?

large beaker

A
B

7
porous pot

A

> 2
U-shaped tube H
- water

_/

gas A gas B
A Nitrogen dioxide Chlorine
B Carbon Monoxide Nitrogen
C Oxygen Neon
D Fluorine Argon
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Bromine melts at -7°C and boils at 59°C. A tank filled with bromine at 30°C is cooled to -
7°C.

Which diagram below best represents the arrangement of bromine particles at -7°C and

at 30°C?
R 0 O
eSS SO 0O b e

O o O
1 2 3 4
-7°C 30°C

A 2 4

B 1 3

C 2 3

D 1 2

Fires are categorized into four different classes according to the type of fuel involved.
The table below shows the various classes of fire.

class fuel/heat Source example
1 ordinarily combustible solids like wood and
coal on fire

2 flammable liquids petrol, oil on fire

3 flammable gases natural gas, carbon
monoxide on fire

4 combustible metals sodium or potassium

on fire

In a selection test, a potential firefighter is required to match four substances according
to their class of fire.

Which of the following has been incorrectly matched?
(Assume room temperature and pressure).

melting point/°C | boiling point/°C class of fire
A 98 883 4
B -184 -164 3
Cc -117 78 1
D 5 80 2
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The table gives data about three different particles.

particle nucleon number of number of number of
number protons neutrons electrons
Xe 131 54 T 54
Se* 79 U 45 36
Be?* 9 4 5 V

What are the correct values of T, U and V?

T u \Y
A 54 36 4
B 54 34 2
Cc 77 36 4
D 77 34 2

The table shows details of the particles present in the following 4 atoms or ions.

atoms/ ions number of neutrons number of electrons
J 17 18
K 16 16
L2+ 20 18
M 20 17

Which of the following atoms is an isotope of J?

A

K

B L

C M

D None of the above

A table listing the atomic numbers of 4 elements P, Q, R and S is given below.

element

P

Q

R

S

atomic Number

5

12

15

18

Using the above information only, it can be deduced that

A

B

one atom of Q is heavier than one atom of R.

the number of neutrons in one atom of R is more than that in one atom of Q.

R can be converted into Q by removing three electrons from each atom of R.

Q has a higher tendency to lose electrons than R.
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10 The formulae of the ions of some elements are shown below:
P> 0% C  Na* Ca*
Which of the following statements about these ions is correct?
A All have stable noble gas configuration.
B  All have the same number of electron shells.
C All have the same number of neutrons in their nuclei.

D All have more electrons than protons.

11 Solid iodine readily forms iodine vapour when heated.

What can be deduced about the nature of the particles in these two states of iodine?

solid vapour
A atomic ionic
B atomic molecular
C molecular atomic
D molecular molecular

12  Which of the following diagrams represents a mixture of elements?

A
o ©
@)

(@)
O oo
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13

14

A sample of a white crystalline substance is heated in the absence of oxygen. It melts
sharply at 120°C, but on further heating, gives off smoky fumes and a black solid
remains.

From this information, we may deduce that the white crystalline substance is

A an element which combusted to form two products.
B  a mixture of substances which combined chemically.
C acompound which combusted to form two products.

D acompound which decomposed to form simpler substances.

The diagram below shows the bonding between P and Q in the covalent molecule,
PQo.

@3 (&) L@

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

P Q
A 2.6 2.8.6
B 24 2.8.7
Cc 26 2.8.7
D 2.8 2.8.8
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15 The equation below shows the reaction between a metal E and dilute sulfuric acid.
E (s) + H2SO4 (aq) — ESOu4 (aq) + H2 (9)

A test on electrical conductivity showed that both the reagents and the resulting
solution are good conductors of electricity.

Which particles are responsible for the electrical conductivity in metal E, sulfuric acid

and ESO4?

Metal E Sulfuric acid ESO4 (aq)
A Electrons Cations Cations and anions
B Electrons Cations and anions Cations and anions
C Cations Electrons Anions
D Cations and anions Cations Electrons

16 Graphane has a similar structure to graphite, except that, it has an additional hydrogen
atom attached to each carbon as shown in the diagram.

O hydrogen atom
@ carbon atom

-’

Which set of properties will graphane have?

1 | It has a high melting and boiling point.
2 | It has a giant molecular structure.
3 | It conducts electricity in the solid state.

A 1and 2 B 1and3

C 2and3 D 1,2and3
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17 A solution contains 12.60 g/dm? of the acid H3ZO:s.

25.0 cm? of this solution reacted with an equal volume of 0.100 mol/dm?® NaOH as
shown in the equation.

NaOH + H3Z0O3z — NaH2Z03 + H20
What is element Z?

A arsenic B nitrogen

C silicon D sulfur

18 A sample of insecticide DDT, C14HoCls, was found to contain 0.120 g of carbon.
What mass of chlorine was present in the sample?

A 0.127g B 02539

C 0994g D 101g

19 Nitrogen(ll) oxide and chlorine react according to the equation shown below.
2NO2(g) + Cl2(g) — 2NOCI(g) AH =-38 kJ
The activation energy for the forward reaction is 62 kJ.

What is activation energy for the reverse reaction?

A -62kJ B 24kJ

C 38kJ D 100kJ
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10

20 The conversion of graphite to diamond has an only small value for enthalpy change as
shown.

C (graphite) — C (diamond) AH =+2.1 kJ/mol
However, the production of synthetic diamonds using this reaction is very difficult.

Which statement helps to explain this?

A Diamond has a larger number of covalent bonds than graphite.
B  Only exothermic reactions can occur readily.
C The activation energy of the reaction is large.
D The reaction between diamond and graphite is reversible.
21  Ammonium chloride dissolves in water according to the equation shown below.
NH4Cl (s) — NH4Cl (aq) AH = +15.0 kd/mol

When 0.2 moles of ammonium chloride dissolves in 50.0 cm?3 of water,

the concentration of the solution is 4.0 mol/dm3.
the energy level of NH4Cl increases.

the heat liberated is 3.0 kJ.

the temperature of the solution falls.

Alw|N| =~

Which one of the following statements are correct?

A 1,2and 3 B 1,2and4
C 1,3and 4 D 2,3and4

22 Disproportionation is a reaction in which the same element is both oxidised and
reduced.

Which reaction is an example of disproportionation?
A 3Cu + 8HNO3 — 3Cu(NOs3)2 + 2NO + 4H20

B 2KOH + H2S04 — K2S04 + 2H20

C 2NO2 + H20 — HNOs + HNOz2
D

2Pb(NOs)2 — 2PbO + 4NO2 + O2
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23

24

25

11

The equation below is one of the reactions which occur in catalytic converters.
2CsH1g(g) + 50NO(g) >16CO2(g) + 25N2(g) + 18H20(g)

Which statement is correct?

A  Carbon dioxide is formed by the reduction of carbon containing compounds.

B Nitrogen is produced by the oxidation of nitrogen monoxide.

C Nitrogen monoxide is a reducing agent.

D CsHisis a reducing agent.

Acidified potassium manganate(VIl) can be used to detect the presence of ethanol
vapour in the breath of a person who has consumed alcohol.

filter paper dipped in acidified
potassium manganate (VII)
solution

A colour change is observed. This shows that ethanol is

A areducing agent because it reduces the oxidation state of the manganese ions.
B an alkali because the final colour is purple.

C an oxidising agent because the manganese atoms gain oxygen atoms.

D neutralised by acidified potassium manganate(VIl) solution.

In which of the following pairs is the oxidation number of chromium more than that of
manganese?

A K2CrO4 KMnO4
B CrCls MnOz2
C Cr2(SOu4)3 MnSOq4
D KaCr207 MnO4
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26

27

28

12

Which one of the following elements burns in excess oxygen to form a neutral oxide?
A  carbon B  sulfur

C calcium D hydrogen

The following steps were carried out to prepare magnesium chloride.

I | Add excess magnesium carbonate to hydrochloric acid.
Il | Heat the solution until it is saturated.
Il | Filter , wash and dry the crystals.

Which of the following steps should be taken to ensure that the procedure is successful
in order to obtain the pure salt?

A Filter to get rid of the excess magnesium carbonate before carrying out step Il
B Addexcess hydrochloric acid instead of magnesium carbonate in step I.

C Evaporate the solution to dryness in step Il
D

The crystals should not be washed in step IlI.

Ammonia is produced by Haber process as shown in the diagram.

—]

Hz + N2 = condenser

reactor

catalyst

Which one of the following processes separates ammonia from the reaction mixture?
A  cooling the gaseous mixture

B distillation of the gaseous mixture

C filtering out the other gases by passing through the condenser

D

pass the gaseous mixture through fused calcium oxide

No part of the paper is to be reproduced without the approval of the Principal of Temasek Secondary School.

www.KiasuExamPaper.com
220



13

29 When heated, nitrogen and hydrogen react according to the equation:

Nz + 3H2 &= 2NHs
The graph below shows the number of moles of ammonia produced from 1 mole of

nitrogen at different temperatures and pressures.

moles of ammonia

produced/ mol A
5 b 200 °C no catalyst
no catalyst
1 +— 400 °C
I I pressure / atm
500 1000

Which one of the following statements may be deduced from this information?

1 | At 500 atm pressure, the number of moles of ammonia produced is
greater at 200 °C than at 400 °C.

2 | Anincrease of pressure increases the number of moles of ammonia
produced both at 200 °C and at 400 °C.

3 | At 500 atm pressure and 300 °C, the number of moles of ammonia

produced is likely to be greater than one.

A 1, 2, and 3 are correct B 2 and 3 only are correct

C 1 and 2 only are correct D 1 onlyis correct
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30 The graph shows the variation of a physical property with proton number for the

31

32

14

elements from sodium to chlorine in the Periodic Table.

physical 4
property

»

Na | Mg | AL | Si | P | S | Cl~ proton number

What is the physical property that varies?
A  atomic radius B electrical conductivity
C  melting point D density

An element R forms compounds with the following chemical formulae:
MgR H2R CR2 Li2R

In which group of the Periodic Table would element R be placed?

A Groupll B GrouplV
C GroupV D Group VI

Transition metals are often used as catalysts in industries.

Which of the following is not an example of a transition metal acting as a catalyst?
A  platinum in catalytic converters

B ironin Haber Process

C aluminium in catalytic cracking

D nickel in making of margarine
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15

33 Gaseous chlorine was passed through the following apparatus. The apparatus was
continuously heated and the observations were recorded below.

chlorine gas in —#=== H—M. to pump

il

cotton wool plug

potassium
bromide

gel beads containing blue
litmus solution

\ 2l 3

potassium iodide

Which of the following observations would be made at regions 1, 2 and 37

region 1 region 2 region 3
A red-brown gas black solid violet gas
B violet gas red-brown gas black solid
C yellow-green gas red-brown gas violet gas
D yellow-green gas violet gas brown gas

34 The diagram shows the positions of elements L, M, Q, R and T in the Periodic Table.
These letters are not the chemical symbols of the elements.

L

M Q

Which statement about the properties of these elements is correct?

A M reacts more vigorously with water than does L.
B Q,RandT are all metals.
C T is more reactive than R.

D T exists as diatomic molecules.
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35

36

16

Which of the following combinations below correctly states how the increase in the

percentage of carbon in steel affects its properties?

strength

malleability

melting point

brittleness

o0 w>»
«—|>>>

|| «|—>

|||«

|||«

Key:
T =increase

1 = decrease

The positions of three metals X, Y and Z are indicated in the reactivity series below.

Most reactive potassium

37

X
sodium
zinc

Y

iron

Least reactive Z

How are the metals obtained from their ores?

electrolysis reduction with found uncombined
carbon
A X Y Z
B X Z Y
Cc Y X Z
D Z X Y

The table shows a list of metal carbonates and the time taken for a fixed volume of

carbon dioxide to be collected upon heating a fixed mass of each metal carbonate.

metal carbonate time taken / min
WCO3 0.5
XCOs3 2
Y2COs 10
ZCOs3 5

Using the results shown, arrange the order of the metals in order of increasing reactivity.
A W ZXY B W,XZY
cC Y, X,ZW D Y,Z X W
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17

38 The diagram shows an experiment to determine the percentage of oxygen in air.

belljar _ (O\\

lit candle

w

A
e

o D
. PN

<

\ ’
b — ~1 | -
} - 3
| | — | S—
: @,

39 Acid rain contains sulfuric acid and can cause lakes to become acidic. Acidic lakes may
be treated with powdered limestone, impure CaCOs, to neutralize the acidity forming
calcium sulfate. If large lumps of limestone are used, instead of powder, the reaction
starts but soon stops, leaving most of the limestone unreacted.

Which statement explains why the reaction starts but soon stop?

A Limestone only contains small amounts of calcium carbonate.

B  The acid reacts with calcium sulfate instead of the calcium carbonate.
C Powdered limestone is more reactive that lumps of limestone.

D Alayer of insoluble calcium sulfate forms on the surface of the lumps.

40 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

UV light
END OF PAPER 1
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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 table below shows some information about substances A to F.
substances melting boiling conducts electricity | dissolves in

point/°C point/°C when solid water

A Turns directly from solid No slightly

to gas

B 1583 2862 Yes No

C 1873 2230 No No

D -114 78 No Yes

E 0 100 No -

F -97 40 No No

Using the information provided, suggest the best separation technique to separate the
following mixture.

(@) AandB

(b) CandD

(c) Dand E

(d) EandF
(4]

A2 This question is about ammonia.

(@) Describe briefly how you would prepare ammonia using an ammonium salt.

........................................................................................................ 1
(b) Explain why it is not advisable to dry ammonia using concentrated sulfuric acid.

........................................................................................................ 1
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(c)

(d)

(e)

(f)

(9)

Suggest a suitable substance to dry ammonia.

When dry ammonia is passed over heated sodium, hydrogen and solid sodamide
(NaNH2) are formed.

Suggest why ammonia must be dried before reacting with sodium?

Construct the equation for the reaction between sodium and ammonia. Include state
symbols.

If 240 cm? of hydrogen were formed at room temperature and pressure, calculate
the mass of sodamide obtained.

[2]
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A3 A student placed a crystal of silver nitrate and a crystal of potassium iodide in a dish of
water.

After an hour she observed that the crystals had disappeared and a yellow precipitate
had appeared near the middle of the dish.

dish of water

\
yellow
__ precipitate
crystal of silver - crystal of
nitrate potassium
iodide
at the start after an hour

Use your knowledge of the kinetic particle theory and reactions between ions to explain
these observations.
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A4 The graph below shows the percent abundance (%) and relative masses of three naturally
occurring isotopes of element Z.

-
S04 FEEEYRSaY B
o T T T T T Ty 1
40 4 " = N i 2 EHITE T NN AL
L1 ERUERMEEEE . | W
percent R eS ER Rt f=Eis
abundance/% UMD EIS N I I S0 0 RIS EE TR
a4 i HE
p/(} SHGSENENGE SHNEN SN K DY SEEHEEESES SES RGN DR KEGNSE BE e
1040 l !
N iEaiiSicad e EREaHI isagasins] HESE HES) HEESHE
20 85 0o

relative isotopic mass

(a) Define the term ‘isotopes’.

(b) Using the graph, calculate the relative atomic mass of element Z.

(2]
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(c) (i) Zhas a melting point of 777°C and a boiling point of 1382°C.

A solid sample of Z was heated from room temperature to 1500°C. There was
a larger increase in volume at the boiling point than at the melting point.

Explain, in terms of arrangement and movement of the particle, why there was
a larger increase in volume at the boiling point.

(ii) Complete the graph below to show changes in volume of solid sample Z
against temperature. Label all temperatures clearly.

Volume/cm:"‘
N

o5 » Temperature/°C

[1]
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A5 The labels of eight substances below had fallen off from their containers.

Zn(s)

Naz2COs(aq)

HCl(aq)

BaCOs(s)

CuSO0s4(aq)

NaOH(aq)

H2S04(aq)

NH4Cl(aq)

A qualitative analysis was conducted in an attempt to identify the eight substances.

substance 1 substance 2 substance 3 substance 4
Soluble salt Effervescence | Effervescence | Effervescence
formed by
substance 5 titrating seen. seen. seen.
Soluble salt Soluble salt Soluble salt
substances 1
&5 formed. formed. formed.
Blue _ Green No visible Pink solid
substance 6 precipitate insoluble salt .
observation. formed.
formed. formed.
Soluble salt
Effervescence | Effervescence | Effervescence
formed by
substance 7 titrating seen. seen. seen.
Soluble salt Insoluble salt Soluble salt
substances 1
&7 formed. formed. formed.
Alkaline gas No visible No visible No visible
substance 8 . . .
formed. observation. observation. observation.

Identify substances 1 to 8.

Substance 1

Substance 2

Substance 3

Substance 4

Substance 5

Substance 6

Substance 7

Substance 8

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
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A6 Hydrazine, N2H4, is commonly used as a liquid rocket fuel. It reacts with oxygen in the
equation shown below.

NoHs + O2 — N2 + 2H20

(a) Suggest why the combustion of hydrazine has negligible adverse environmental
impact.

..................................................................................................... [1]
(b) Do the reactants or products have stronger bonds? Explain your answer.
........................................................................................................ [3]
(c) Sketch a labeled energy profile diagram for the above reaction.
[2]
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(d) 10 g of hydrazine was burnt in 50 dm? of air.

(i) Did the hydrazine undergo complete combustion? Show your working.

[3]

(i) Given that 194 kJ of energy was involved in the burning of 10g of hydrazine,
calculate the enthalpy change in kJ/ mol for the reaction of hydrazine with
oxygen.

[2]
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A7

10

The reactivity of some metals can be compared using the data in the table below.

reaction with observations
metals displacement reactions water and during reaction
steam with steam
Mercury does not displace any of | Has no reaction Silvery metal
mercury : remains
the metals. with steam
unchanged.
Reacts slowly G lid t
magnesium | Mg + Zn(NO3)2 — Mg(NOz)2 + Zn | with cold water. rey\;ﬁrl(e urns
Burns in steam. '
Has no reaction
. . . with water. Silvery solid
nickel Ni + Hg(NO3)2 — Ni(NOs)2 + Hg Reacts slowly tumns green.
with steam.
Has no reaction
with waterl Grey solid turns
zinc Zn + Ni(NO3)2 — Zn(NOs)2 + Ni ' yellow when
Reacts slowly hot
with steam. '

(a) Using the data from the table, arrange the metals in increasing order of reducing
ability.

(b) (i)

Solution containing nickel(ll) ions are green.

State what you would expect to observe when magnesium is added to nickel(ll)
nitrate solution.
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11

(c) Steam was passed through the apparatus set up below.

excess
excess steam Tube A Tube B hydrogen

:'*::" | \M‘\/ ]lt}-_ElL \? L3 | N | = (j

zinc powder

heat heat nickel(ll) oxide

powder

(i) Write an equation for the reaction that occurred in Tube A.

(ii) Given that nickel lies between iron and lead in the reactivity series, what would
you observe in Tube B?

Explain your answer.

END OF SECTION A
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Section B
Answer three questions from this section.
Question B10 is in the form of either/or and only one of the alternatives
should be attempted.
Write your answers in the spaces provided.

The table below shows some physical properties and common oxidation states of the
Period 4 metals.

chemical . . —
name of density melting common oxidation
element symbols of (g/cm?) point (°C) state(s)
element
potassium K 0.9 64 +1
calcium Ca 1.5 842 +2
scandium Sc 3.0 1541 +3
titanium Ti 4.5 1660 +2,+3,+4
vanadium V 6.1 1917 +2,+3,+4,+5
chromium Cr 7.9 1857 +2,+3,+4,+5,+6
manganese Mn 7.2 1244 +2,+3,+4,+5,+6,+7
iron Fe 7.9 1537 +2,+3,+4,+6
cobalt Co 8.7 1494 +2,+3,+4
nickel Ni 8.9 1455 +2,+3,+4
copper Cu 8.9 1084 +1,+2

(a) Quoting data from the table above, state two ways the main group metals,
potassium and calcium differ in their physical properties from the transition metals,
titanium to copper.
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(b) State two differences that can be observed when the metals potassium and iron
are added to dilute hydrochloric acid respectively.

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

(c) Describe the general pattern for the oxidation states exhibited by the transition
metals from titanium to copper.

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

(d) Explain why the main group metals, potassium and calcium have only one oxidation
state of +1 and +2 respectively.

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

(e) Manganese(ll) nitrate decomposes upon strong heating to form manganese(lV)
oxide and nitrogen dioxide gas.

Explain, with the aid of an equation, whether the decomposition of manganese
nitrate is a redox reaction in terms of oxidation state.
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(f) The pie chart below shows how oxides of nitrogen, NOx production is contributed
by the different activities.

industrial agriculture 2%
processes 3%

energy production
and distribution 21%

non-road
transport 7%

energy use in
industry 13%
road transport
40% )
energy use in
commercial institutions
and households 14%

(i) Describe how oxides of nitrogen are formed in car engines.

(ii) Based on the statistics given in the chart, suggest one way to drastically
reduce NOx emissions.

(iii) Describe an impact of NOx emissions on the environment.

[Total: 12 marks]
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B9 Silicon dioxide, also known as silica, is a chemical compound that is an oxide of silicon.
Silica, in the form of sand is used as the main ingredient in sand casting for the
manufacture of various metallic components in engineering.

A diagram of a silicon dioxide is shown below.

(a) State one similarity and one difference between the structure of silicon dioxide and
structure of diamond.

(b) Both diamond and silicon dioxide are poor electrical conductors.
State the name of another form of carbon which can conduct electricity.

How is this form of carbon different in structure from silicon dioxide which allows it
to conduct electricity?
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(c) Soda-lime glass is made by heating a mixture of calcium carbonate, sodium
carbonate and sand in a furnace to a high temperature.

Other glasses contain compounds called silicates. The structures of soda-lime
glass and silicate are shown in Fig. 9

¢ C
Bl Sl & - =
o & (o) 5 ] ©. ) ) ,h 5 i
w ¥ & =g e st e
0 (s (%) “‘__'. Nt (o)) - a -
g -0 -
i) =) g. ()-F = 3 = (g Eb
o G} (=) o, o) o) QB &
e ﬁ,“ Q N +
o ' ® @
) o) b= o ol
(+)
L ) LR e
o 0 ) i (. (i o Dz ="To
- - = o D o 0
' 1 T ™ R i
@ 0; 0 ; D] D
b- 1 &) S
2 o) 107 0l ol
] zg' Xg’!
silicate soda- lime glass

Fig.9
(i) State one structural difference between soda-lime glass and silicate.

(ii) Is soda-lime able to conduct electricity? Explain your answer.

[Total: 8 marks]
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B10 Either

Read the information below about the oxides of elements in Period 3 of the Periodic Table.

Elements and their oxides
The table below show the properties of the oxides formed by elements in Period 3.

melting point of

boiling point of

element formula of oxide oxide/°C oxide/°C
Na Na20 1132 1950
Mg MgO 2852 3600
Al Al2O3 2072 2977
Si SiO2 1600 2230
P P4Os 24 173
P4010 340 360
S SOz -72 -10
SOs 17 45
Cl Cl20 -121 2
Cl207 -92 82

(a) Describe the pattern for the ratio of each metallic element to oxygen across period
3. Include ratios in your answer.

(b) Account for the melting and boiling points of the oxides formed by elements in
Period 3 in terms of structure and bonding.
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(c) Suggest a reason for the difference in the melting and boiling points between the
two oxides of sulfur.

(d) The table below shows the variation of atomic and ionic radius across Period 3.

element atomic simple ion ionic number of electron
radius/nm radius/nm shells 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) Complete the table above to show the number of shells of electrons in the
ions of period 3 elements.

[1]

(ii)  Use the information from the table to explain the difference between the radii
of anions and cations in the same period.

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

[Total: 10 marks]
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B10 OR

Read the information below about the chlorides of elements in Period 3 of the Periodic Table.

Elements and their chlorides

The formulae and chemical properties of the chlorides of the elements change across Period

3.

The chlorides behave differently when they are added to water. Some the chlorides dissolve
in water to form a solution. Some hydrolyse when they are added to water. This means that

they react chemically with water to produce new products.

formula ~- < effect of adding .
metal / : bonding in . products of adding
element of main . chloride to ;
non-metal chloride chloride water chloride to water
Na metal NaCl fonic dissolves NaCl(aq)
Mg metal MgCl, ionic dissolves MgCl,(aq)
Complex mixture of
Al metal AlCL, covalent hydrolyses products including
HCl(aq)
, : SiO,(s)
Si non-metal SiCl, covalent hydrolyses HC {aq)
H,PO,4(aq)
P non-metal PCL, covalent hydrolyses HCl(aq)
complex mixture of
S non-metal S,Cl, covalent hydrolyses products including
HClaq)
HCIO(aq)
Cl non-metal Cl, covalent hydrolyses HCl(aq)

The chlorides have a different formulae and the ratio of the element to chlorine changes
across Period 3. Some examples are shown in the table below.

No part of the paper is to be reproduced without the approval of the Principal of Temasek Secondary School.
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NaCl 1:1
MgCl, 1:2
AICL, 1:3
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10

(a) Describe the pattern for the ratio of each element to chlorine across period 3.
Include ratios in your answer.

..................................................................................................... 2]
(b) (i) Which chloride forms a precipitate when it is added to water?
.............................................................................................. [1]
(ii)  Write a balanced equation for the reaction of phosphorus (lIl) chloride with
water.
.............................................................................................. [1]
(c) Two students talk about the data.
Student 1: ‘I think that whether or not the chloride hydrolyses is linked to
the metal or non-metal character of the element.
Student 2: ‘I think that whether or not the chloride hydrolyses is linked to
the bonding of the chloride.’
Does the information in the table support the ideas of the students?
Explain your reasoning.
..................................................................................................... [3]
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(d) Another student performs an experiment to test whether some other chlorides
dissolve or hydrolyse when they are added to water.

He adds each chloride to water and tests the pH of the mixture.

Explain how the result of a pH test shows whether or not a chloride has hydrolysed.

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

(e) Suggest areason why argon is not included in the table of information about Period
3 chlorides.

..................................................................................................... [1]
[Total: 10 marks]

END OF SECTION B
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Sec 4E Chemistry 6092
Mid Year Examination 2018
Mark Scheme

Paper 1
1 D 1 D 21 B 31 D
2 B 12 D 22 C 32 C
3 A 13 D 23 D 33 C
4 C 14 C 24 A 34 A
5 C 15 C 25 C 35 C
6 C 16 A 26 D 36 A
7 D 17 A 27 A 37 B
8 C 18 A 28 A 38 C
9 D 19 D 29 A D
10 A 20 C 30 C
Paper 2 Section A //
N\ /
A1 (a) Sublimation \\\ %2, / [1]
(b)  Filtration \/\\ \ \ % ™ [1]
(c) Fractional dIStI||atI0n/ [1]
(d)  Using separating fr.gxm \ )/ 0 [1]
A2 (a) Heating of ammon saﬂ/mfh} )\\ [1]
(b)  Ammonia & Eu IR ne\gg‘s/ wul rea\s /be neutralized by [1]
con@fe}\trate formmq‘a
\ e \// ) ’_’ \ /
(/2 /C cium, oX(d fﬁ\sed caﬁ‘c?unﬁ chhnﬁ [1]
s 7 \ \

N\
(d\) \ S@gea%‘nf@act M(g&{@UsJQ with water to form sodium hydroxide and [1]
ydro

\\ \
0as,/\\\ v

(// \a\v
w s~th é;ga eous mixture through water / collect by displacement 2]
vater [1

\ ,

o As é’mmoma is very soluble in water, it will be absorbed by the water.
Only hydrogen will be collected as it is insoluble in water. [1]

(f) 2NHs3 (g) + 2Na (s) —» H2 (g) + 2NaNH:2(s) [2]

[1] for balanced equation
[1] for correct state symbols

(g) No of moles of hydrogen
= 0.24/ 24
=0.0100 [1]
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Mole ratio of H2 : NaNH2
1 : 2
0.0100 : 0.0200

Mass of sodamide
0.0200 x ( 23+14+ 2)
0.780 g [1]

[2]

A3 Crystal of silver nitrate and potassium iodide dissolve in the dish of water [1] and form

ions which diffuse from a region of higher concentration at the 2 spots to a region of

lower concentration at the middle of the dish [1].

Silver ions and iodide ions react to form insoluble silver iodide [1] whiehyi

all dlreqtmﬁ brandomlv 1]

colour
A4 (a) Isotopes are atoms of the same element with same ‘;Ir
different number of neutrons.
(b) /
Arof Z = (10 x 86) + (7 x 87) +(83 x 88\) ';
100 ( A
= 87.7(3sf) [1] __
/ N \
"' / \\/ N \ s ‘-___ g /
(c) (i) There was a ch‘a\nge’/n,stat ??omfl’q
The parfictes moved faster ir
and we\e\%ga\Ceg ftertTierardart/. I’“qéépﬁces between particles. [1]
” N\
(ii) | \ <)) (¢ ~ V)
M\ / j \ "-\\‘-';\,./
- PN\

NN Vqur?\eLém3 N\ N

\ J "} J S
\ \ j". ‘/lu"./.l '\'\
. ~ | WY
N\ ) " 4 o
v/]/(j/ ‘-\ \\7\_/
/ —
\‘ <\'/ /) l
¢ AL
\\_ N
\

25
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A5

A6

The vertical line at 1382 must be longer than that at 777.

All the 3 values (777, 1382 and 1500) must be indicated clearly.

Substance 1
Substance 2
Substance 3
Substance 4
Substance 5
Substance 6
Substance 7

Substance 8

NaOH / sodium hydroxide
Na2COs / sodium carbonate
BaCOs / barium carbonate
Zn/ zinc

HCI / hydrochloric acid
CuSO4 / copper(ll) sulfate
H2S04 / dilute sulfuric acid

NH4Cl / ammonium chloride

(@)  The only products of the combustion are nitrogen and water vapour

which are components of clean air.

(b) e The products have stronger bonds. [ no marks]

[1] for idea that ener&y abs(ed‘ unngbond(bfeaklng is less than

energy r?lé‘as\ed released dyring bon WQ\;;
[1] correct rela@Lon\Qf substanc“es in bon\el\bfe ing and bond

fomng \ '~\/> N _KL))

o’ 7 “~ > e {7 \‘. \ -
WA\

Frogress of raaction

[1] for correct energy profile
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[1] for labeled axes, reactants, products, activation energy & AH

(d) (i) No of moles of hydrazine
=10/ (14x2 + 4)
= 0.313 [1]

Volume of oxygen in air
=21% x 50
= 10.5dm?

No. of moles of oxygen
10.5/24
0.438 [1]

Mole ratio of O2 : N2Ha4
17 : 1
0.438 : 0.438

Since 0.438 moles of N2H4\is r

1] for balanced ionic equation
[1] for state symbols

() (i) 2Zn+H20-—-2Zn0O +H:2 [1]
(i)  Silvery solid is formed. [1] [2]

Nickel(ll) oxide has been reduced to grey solid nickel by
hydrogen [1]
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Paper 2 Section B

B8 (a) The density of main group metals, potassium and calcium, are lower (0.9 g/cm3
and 1.5 g/cm? respectively) than the transition metals (ranges from 4.5 g/cm? to
8.9 g/cm3) or vice versa. [1m with quoted data from table]

The melting points of the main group metals, potassium and calcium, (64°C and
842 °C) are lower than that of the transition metals (1084 °C and above/ranges
from 1084 °C to 1917 °C) [1m with quoted data from table]

(b) e For potassium, the solution remains colourless but for iron, the solution
changes from colourless to green.

e Potassium took a shorter time to disappear tha

Mn(NOs3)z2 is reduced to NO2 as the oxidation state of nitrogen decreases from
+5 to +4. [1]

Since oxidation and reduction occurs simultaneously, this a redox reaction.
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(f)

B9 (a)

(b)

(c)

(i)

(ii)

(iii)

r
Both has a giant tetrahedral arranqgmxtl

There are strong covalent m in both sHmUiox f : .
Silicon dioxide is m o qelq'/abtoms covalently bonded together

whereas di

(1]

(1]

Under high temperature, the nitrogen and oxygen in the air of car engine
reacts to form oxides of nitrogen.

The largest contributor of 40% to the production of NOx is road
transport. Hence we can,

e Fit catalytic converters in the exhaust pipes of cars
e Reduce vehicular activity by encouraging greener transportation
activities such as public transport and cycling
Any 1

NOx dissolve in rain water and react with oxygen to form acid rain which
leads to:
e weathering of limestone buildings and metal
e causing soil to be acidic and leaches n fom soil, resulting

e water being acidic and destroying at

Any one impact. //

and diamond

nd is € up of nI car s covalently bonded together.
e

@

Each carkho i ite uses onIy 3 out of its 4 valence electrons for

e delocalized electron form each carbon atom

which_is Tree to m&/ \0 rry electric charges whereas

e}ayenﬁre(eéggctrons in silicon dioxide to carry electric charges. [1]
>

(i)

silicate soda-lime glass

Has regular arrangement of | Has irregular arrangement
atoms/ arranged in of atoms /ions
hexagonal rings

Absence of ions Presence of calcium/
sodium ions

All the oxygen atoms are Some oxygen atoms are
each covalently bonded to | covalently bonded to only
2 silicon atoms one silicon atom
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Contains covalent bonds Contains covalent and
ionic bonds

Any one difference

(i) It is not able to conduct electricity in the solid state but is able to
conduct electricity in the molten state. [1] [Reject aqueous state]

In the solid state, the calcium and sodium ions are in fixed positions and
are not free to move to conduct electricity.[1]

In the molten state, the ions are free to move to conduct electricity. [1]

B10 Either

(@) The ratio of each metallic element to oxygen acros

(b) Naz20, MgO and Al203 has a giant ionic lattig

between the oppositely charged ior?s.

boiling point. %‘\ E

SiO2 has a giant mo@tru tuxe. L e

overcome the stron \d € en«(ﬁ’e silicon and oxygen atoms. [1]
Thus it has gh m n b |I|ng poj )“

OX|d of P mplé(\ ar structure. Small amount of
eper ne d ,temye ome Ahe wWeak/intermolecular forces of

tiract n e k an der é}a\f'Bétween molecules. [1] Thus they have a

o ey ﬁ@

ot rel&qt %p and b.p minus 1m

(c) has aiﬂq(ﬁé@ Iting and boiling point compared to SO2 because it has a
rei‘atnvr\molecular mass [1]
Th iptermolecular forces of attraction is stronger. More energy is needed
to ov eit. [1]

(d (i) 222
3:3:3

(ii)  The radii of anions are generally larger than that of cations
+ quoted evidence from table eg average radii of cation vs anions [1]

as anions consist of 1 more electron shells [1] compared to cations.

Thus radii of anions are generally larger.
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B10 OR
(a)

(b)

(c)

(e)

(ii)  Argon has a stable electronic configuration/stable octet configuration
and thus do not gain or lose electrons to form ions/ chemically
unreactive/inert [1] and will not affect the radius.

Across period 3, the ratio of each element to chlorine d om 1:1 in NaCl
to 1:4 in SiCls respectively [1]
and then increased from 1:3 to 1:1 in PCl3s to S2Cl

(i) Silicon tetrachloride or silicon(}V) chl
(i) PCls+ 3H20-> HsPOs
The information supports the'i nt 1%

as covalen lorides formed_from
aluminium to sulfur 6 chlorides like those of sodium

and magnesidinonly E@sﬁ/ﬁ O)\Q

)
The i mat&tlppé @ as chlorides of both metals like

aluthinlumand, nop<me ér)omﬁﬂ sulfur hydrolyse. [1]

the table, if a chloride has hydrolysed, dilute

The information sup

Arg@a fn a stable electronic configuration of 8 electrons in the
outermost I/ stable octet configuration.

Hence,\t/i{chemicallv unreactive/inert and will not react with chlorine to form a
chloride.
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