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Hydrogen chloride, HC, is very scluble in water, whereas chlorine, Cl», is only slightly

soluble in water. Both gases can be dried using concentrated sulfuric acid.

Which diagram represents the correct method of obtaining dry chlorine from damp
_chlotine containing a small amount of hydrogen chloride?

A -.damp Cl,
. and HC/
e
concentrated water
sulfuric acid
c damp Ch

and HC/

water concentrated
sulfuric acid

2  Aliquid is required to dry a piece of wet copper foil. The liquid must have two properties.

B damp CL
and HC/

concentrated water
sulfuric acid

water concentrated
sulfuric acid

1 able to evaporate quickly in air, and

2 miscible in water

Which one of the'l'iquids below would be most suitable for this purpose?

boiling point /“C

solubility in water

36
56
" 98
290

OO wr

insoluble
very soluble
very soluble

inscluble

Applying Past Knowledge to New Situation
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3 Two experiments, experiment 1 and 2, are set up to demonstrate the diffusion of gases,

What would happen to the water levels at P and Q in both experiments?

Oxygen —p =———— Hydrogen—
— :\
Beaker Beaker —
HQ
Porous tube Porous tube
containing ~ | containing
helium helium
Experiment 1 Experiment 2
Experiment 1 Experiment 2
A P is higher than Q P and Q remain the same
B P is higher than Q Q is higher than P
Cc P and Q remain the same P and Q remain the same
D P and Q remain the same P is higher than Q

4 A paper chromatogram of two compounds A and B is shown in the diagram below:

Solventfrom““—"*‘"'"'“”'“'"""‘"'““"'"'“"‘-\

Compound A @7 - mror i pr o e

>z

Compound B @t - >‘)’

Start line - . L T S

Which statement regarding the paper chromatogram must be correct?

Compound A has a lower R; value than compound B.
Compound A is less soluble in the solvent than compound B.

The Ry value of A is % .

o 0o m>r

The solvent level is placed above the starting line.

Applying Past Knowledge to New Situation 3
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5 Two reactions were allowed to take place as shown by the equations below :
Equation I: AgNOs(aq) + KCl(ag) —» AgCl(s) '+ KNOs(aq)
Equation il : Pb(NO3)2(aq) + 2NaOH(aq) —>. Pb(OH)z(s) + 2NaNOs(aq)

The products shown in both equatlons | and Il were mixed tegether.
Which of the following method is the best separatlon to obtain a sample of silver
chloride from the mixture? £y

Add aqueous ammonia to thé'mikture filter to obtain the residue of silver
chloride.

Add excess dilute sulfuric acid to. the mlxture and filter the residue to obtain
silver chloride.

Decant off the agueous Iayer and heat the residue to obtain the silver chloride.
Filter the mixture and add excess dilute nitric acid to the residue. Filter to cbtain
the silver chloride.

oo W P

6 A solid mixture contains an ionic salt, X, and a covalent organic compound, Y.
Two students suggest methods of separating the mixture as shown.

shake with
water
Xand¥Y
method 2

/ k’\ ---—'—.'—'*h /

shake with ._ "‘“’3‘. ‘ I
ethanol t"—:‘”' :
XandY

Which methods of separation are likely to work?

method 1 method 2
A \ v
B v X
c X |
D X X
Applying Past Knowledge to New Situation 4
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.7 Cl-35 and C/- 37 are two isotopes of chlorine.

Which statements are correct?

1 Both isotopes have the same mass number.

2 Both isotopes have the same electronic configuration,
3 Both isotopes have the same physical properties.

4 Both isotopes have the same chemical properties.

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

gow>»

8  Carbon disulfide is a simple covalent compound used in manufacturing polymers and
fibres.

A student made the following statements:

Carbon disulfide has a low boiling point.

Carbon disulfide has good electrical conductivity when molten.
Carbon disulfide is very soluble in water.

Carbon disulfide is a crystalline solid at room temperature,

How many statement(s) is/are correct about the compound?

A 1 B 2 c 3 D 4
9 What is the total number of shared pair electrons in a propene molecule?
A s B 9 c 10 D 11

10 Which one of the following sets of solid elements includes a giant metallic structure, a
macromolecular structure and a simple molecular structure?

A Al Mg Si
B Al Si S
C c Si Sn
D Si P S

11 Bones contain a complex mixture of calcium salts, proteins and other material. When
a piece of bone is strongly heated in a current of air, the only residue is calcium oxide.
From a sample of 50.0 g of bone, 14.0 g of calcium oxide was obtained.

What is the percentage by mass of calcium in the bone?

A 10.0% B 14.0% C 20.0% D 28.0%

Applying Past Knowledge to New Situation 5
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12 Which volume of 1.0 mol/dm?® hydrochloric acid is required to react E:ompletely with
1.25 g of zinc carbonate? y
A 10cm? B 20cm?® C 100cm* . D 200cm?

13 5.0 cm? of gaseous hydrocarbon reacted with excess oxygen to forrﬁ 30.0 cm? of carbon
dioxide and 15.0 cm?® of water vapour. R

What is the formula of the hydrocarbon?
A CHq B CzHs4 C CsHe - D CeHe
14 An aqueous solution of sulfuric acid has a concentration of 1.0 mol / dm? -

Different volumes of the acid are added to different volumes of agueous sodium
hydroxide.

temperature/°C

0 10 20 30 40 50 volume of H.S04/cm?®
50 40 30 20 10 0 volume of NaOH 7/ cm®

What is the concentration of the aqueous sodium hydroxide?

A 0.6 mol/dm?

B 0.75mol/dm?
C 1.5mol/dm?
D

3.0 mol/ dm?

15 A student writes down four statements about two gases, hydrogen chloride and carbon
monoxide.

« One mole of each gas has the same mass.
» One mole of each gas occupies the same volume at room temperature and
pressure.

¢« One mole of each gas has the same number of atoms.
» One mole of each gas has the same number of molecules.

How many of these statements is/are correct?

A1 B 2 Cc3 D 4

Applying Past Knowledge to New Situation 6
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16 Which substance has exactly the same number of atoms as 1 g of hydrogen gas?

oo o>

1 g of helium gas atr.t.p

24 dm? of oxygen gas at r.t.p
127 g of solid iodine

12000 cm?3 of neon gas

17 Astatine is at the b‘ottdrn‘of-'Group VIl in the Pericdic Table.

Which row describes the properties of astatine?

colour

state reaction with aqueous sodium iodide
A black liquid iodine displaced
B black solid no reaction
Cc black solid iodine displaced
D brown liquid no reaction

18

ich method is used to prepare copper(ll) chloride?

precipitating the salt by adding copper(ll) carbonate to aqueous ammonium

chloride

titrating copper(ll) hydroxide with dilute hydrochoric acid
warming copper(ll) oxide with dilute hydrochloric acid

Wh

A adding copper to dilute hydrochoric acid at room temperature
B

C

D

19 In a quantitative analysis, reagent M is gradually added to a salt solution N (that
contains either 1 or 2 different anions), followed by the addition of a dilute acid. The
graph below shows how the mass of precipitate formed changes with the reagents

added.

Mass of 1

ppl/g

.

Volume of
» reagents added to

!

N/cm®

Addition of Addition of dilute acid
reagent M

Which of the following combinations would produce the given results?

anion(s) in N reagents (M and acid) added
A COs? add aqueous silver nitrate, followed by dilute nitric acid
B Cl-, COs% add aqueous barium chloride, followed by dilute hydrochloric acid
c S04%, CO5% add aqueous silver nitrate, followed by dilute hydrochloric acid
D | S0.% COs* add aqueous barium chloride, followed by dilute hydrochloric acid

Applying Past Knowledge to New Situation
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20 When sodium hydroxide solution is added to a solution containing potassium chloride
and copper(ll) nitrate, which of the following ions will decrease most in concentration?

A Cu? B K C NOsy D Ci-

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

graph below.
14
pH 7
0 -
mass of solid R added
What are R and S?
R S
A insoluble metal oxide hydrochloric acid
B insoluble non-metal oxide sodium hydroxide
c soluble metal oxide hydrochloric acid
D soluble non-metal oxide sodium hydroxide

22 A new indicator has just been produced in the laboratory. It changes colour
according to the table below:

pH colour

0-3 red
35-5 green
5-14 purple

Which of the following substances can be distinguished using the new indicator?

A agueous ammonia and potassium hydroxide
B aqueous hydrogen chloride and carbon dioxide
C aqueous sodium nitrate and sodium hydroxide
D water and aqueous sodium chloride
Applying Past Knowledge to New Situation 8
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23 The diagram compares the amount of carbon in two steels, P and Q.

A

amount
of carbon

BBSS 2017 O Prelim/ Sec 4E/Chem 5073 P1

Which two diagrams correctly compare the strength and Britt!eness of P and Q7

A A
strength
P Q
A
B
strength
P Q
C A
strength
p Q
D A
strength
p Q

Applying Past Knowledge to New Situation

A

brittleness

brittleness

brittleness

brittleness
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24 An experiment is set up as shown.

copper(II) oxide
Vi
hydrogen —~ W = — water
heat

A student recorded these inferences.

1 Hydrogen is a reducing agent.

2 Hydrogen gains oxygen to form water.

3 Copper(ll) oxide loses oxygen to form copper metal.
4 Copper(ll) oxide gains hydrogen and is reduced.

Which of these inferences are correct?

A 1and3only
B 1,2and3only
C 1,2and4only
D 2and4only

25 The experiment shown in the diagram was set up.
Which tube shows the highest increase in water level after a month?

tube A  tube B tube C tube D

, T i g 1
nitrogen — —— hydrogen oxygen

- air ——
trough ' f

water

26 Which equation does not represent a redox reaction?

A CuSO4+Zn - Cu+ ZnS0O4
B 2H, + O3 - 2H:0
C HzS +Clz > 2HC/I+S
D NHs + HC/ = NH4C/
Applying Past Knowledge to New Situation 10

108
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27 The equation below shows the reaction of iron(lll) sulfate with potassium iodide.

Fex(S04)s + 2KI > 2FeSO, + I, + product X

Which statement about the reaction is not correct?

OO m>

At the end of the reaction, the solution appears brown.
Formula of product X is K2SO..

lodine is reduced in the reaction.

The oxidation state of iron decreases from +3 to +2.

28 In the Haber process, nitrogen and hydrogen react to form ammonia.

What is the source of hydrogen?

OO w>

air
limestone
crude oil
sulfuric acid

29 In which process is energy released?

A
B
c
D

dissolving ammonium nitrate in water
electrolysis of water

forming a chlorine molecule from two chlorine atoms
photosynthesis

30 Which of the following can be deduced from the equation below?

2H20,(l) - 2H,0()) + Ox(g)  AH = -ve

o O w>r

Addition of a catalyst speeds up the reaction.

Heat is taken in during the reaction.

The volume of oxygen produced from 200 cm? of aqueous hydrogen
peroxide is 100 cm?®.

When completely decomposed, 17g of hydrogen peroxide forms 9g of water
and 8g of oxygen.

31 If the pressure on the reactants in a gaseous reaction is decreased, which of the
following is true?

concentration rate of reaction
A decreases increases
B decreases decreases
C increases increases
D no effect decreases
Applying Past Knowledge to New Situation 11

109
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32 Two experiments on the reaction between zinc and sulfuric acid are carried out and their
results are given in the graph below.

A
volume of
X
hydrogen gas
Y
time’

If 10 g of zinc granules reacts with 0.50 dm? of 1 mol/dm? sulfuric acid to produce
graph X, which of the following could give rise to graph Y?

A 5 gzinc granules in 0.500 dm?3 of 1 mol/dm? sulfuric acid
B 5 gzinc granules in 0.500 dm? of 2 mol/dm? sulfuric acid
C 10 gzinc granules in 0.250 dm?® of 2 mol/dm? sulfuric acid
D 10 gzinc granules in 0.125 dm?® of 2 mol/dm® sulfuric acid

33 Which set-up would produce the greatest reading on the voltmeter?

A O, B O;

Cu Mg — ']':3:"r":f-— Zn
aqueous T distilled water
sodium chloride

BP-110
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c N\ D V)
cu —H P Mg "‘*‘ﬂl'"_ Pb
g = dilute iy % glucose solution
y hydrochloric acid : e
Applying Past Knowledge to New Situation 12
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34  In an experiment, rods of copper and zinc are dipped into dilute sulfuric acid with their
top ends touching.

Hydrogen bubbles collect around the copper rod.

zinc rod copper rod

hydrogen bubbles

dilute sulfuric acid

Which statement about the experiment is correct?

oQow>

Copper reacts with the acid.

Electrons flow from zinc to copper.
The zinc becomes coated with copper.
The copper becomes smaller.

35 The following three solutions were electrolyzed using inert electrodes.

solution 1 concentrated sodium chloride
solution 2  dilute sulfuric acid
sclutien 3  silver nitrate

Which of the solution(s) produce oxygen gas at the anode?

ToOm>

1 only

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

36 Which statement applies to all three of the compounds ethane, ethene and ethanol?

A
B

C
D

One mole of each compound contains the same number of hydrogen atoms.

One molecule of each compound contains the same number of carbon
atoms.

They are obtained from crude oil.
They are all liquids at room temperature.

37 Which of these acids is polyunsaturated?

o0OwX>

Applying Past Knowledge to New Situation

linolenic acid;  CH3(CH,CH=CH)3 (CH2);CO,H
oleic acid; CH3(CH2)7CH=CH(CH,); CO;H
paimitic acid;  CHs(CH3)14CO2H
stearic acid, CH3(CH2)1CO2H

13
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38 Liql.;id limonene may be extracted from oranges. The structure of limonene is shown
below.

How many moles of hydrogen gas would react completely with one mole of limonene to
make it saturated?

A 1 B 2 c 3 D 4

39 Four structural formulae are shown below.

P Q
F N
H—C—H H—C—H H’?“H H—?*H
. A N
H—?——?—-?wH H—C—H H
|
H H H H
R S
H
|
H—C—H T H—C—H
|
H—C C—H

Which of the formulae represent the same compound?

A P,QandR
B P,QandS
C QandR
D Qand$S
Applying Past Knowledge to New Situation 14
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40 Aspirin is a drug which is used as a general pain killer. The structural formula of aspirin
is shown below.

| Pe
4
H C C
S
(I.*l', \? O—H
o
/ §7
H \C/\O H
| e L
H /C ] H
2 H

Which of the following statements about aspirin is false?

Its aqueous solution reacts with sodium carbonate.

It decolourised aqueous bromine.

It is formed from an alcohol and a carboxylic acid.

It turns purple acidified aqueous potassium manganate (VI1) colourless.

OO w>

End of Paper 1

Applying Past Knowledge to New Situation 15
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Section A [60 marks]
Answer all questions in this section in the spaces provided.

A1 The diagram below shows a simplified version of the Periodic Table.

\'—q——‘
transition metals

Use the information below to place the elements in their correct position in the Periodic
Table above. (The letters do not represent the chemical symbols of the elements.)

(a) P has an electronic configuration of 2, 2.

(b) Q has only two electrons.

(c) Ris a non-metal that forms a strong acid with Group VIl elements.

(d) S forms an ion, S*, with an electronic configuration of 2, 8, 8.
' [Total: 4]

Applying Past Knowledge to New Situation 2
116
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A2 Elements W, X, Y and Z are all in the same period but in different groups of the Periodic
Table.

W reacts with oxygen to form W0, a strongly basic oxide.

X reacts with oxygen to form XO», an acidic oxide and a gas at room temperature.
The oxide of Y is Y203, which can react with both an acid and a base.

Z produces an ion Z;,

Use the information given to .a'_h_sw;ér the following questions:

(a) Place X, Y, Wand Z to their respective groups in the Periodic Table.

...[2]
(b) Write the formulae for the sulfate and hydride of W.

1]

(c) What type of bonding is present in the oxide XO,? Give a reason for your answer.

.[2]
(d) Write the formula for the compound formed between Y and Z.
o e
(e) Write the equation for the reaction that occurs when element W reacts with
oxygen, Include state symbols.
...[2]
[Total: 8]

Applying Past Knowledge to New Situation 3
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A3 Until 1985 chemists believed that there were only two allotropes of carbon. In 1985 a
third allotrope, buckminsterfullerene, was identified. The diagram shows the structure
of a molecule of buckminsterfullerene. Each circle represents one carbon atom.

The molecule has 60 carbon atoms covalently bonded together, to give a structure with
a shape similar to a modern football.

(a) Name the other two allotropes of carbon.

..[1]
(b) (i) Suggest the formula of buckminsterfullerene.
[1]
(ii) Calculate the number of moles of buckminsterfullerene in 3600 g of the
substance.
(2]

(iii) Suggest, in terms of structure and bonding, why buckminsterfullerene might be
expected to vapourise at a much lower temperature than the other allotropes of
carbon named in (a) (ii).

...{3]
[Total: 7]

Applying Past Knowledge to New Situation 4
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A4 An investigation was carried out into the energy changes that-occur when different
metals were added to copper(ll) sulfate solution. 3 cm?® of copper(|l) sulfate solution
was added to each of six test tubes and the temperature of each solution was taken.
An equal mass of metal was added to each test tube, the contents stirred and the
temperature of the mixtures noted after one minute. -

metal added initial temperature of | temperature of mixture | temperature rise / °C
copper(ll) sulfate after 1 min/°C - .
solution / °C s
magnesium ribbon 20.0 29.0
magnesium powder 20.5 56.0 -
zinc granules 18.0 25.0
zinc powder 21.0 41.0
iron granules 18.5 20.0
iron powder 19.5 34.5

(a) Complete the table by writing down the temperature rise for each metal added. [1]

(b) What common observation, apart from temperature changes, would be made when
each metal is added to copper(ll) sulfate solution?

1]

(c) State three conclusions that you can draw from all the results to these experiments.
Explain how you arrived at each conclusion.

..[6]

Applying Past Knowledge to New Situation 5
119
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(d) (i) Draw an energy profile diagram for any of the reactions that occurred between
each metal and copper(ll) sulfate solution.

Your diagram should include
« the formulae of the reactants and products.
» alabel for the reaction enthalpy change, AH and
» alabel for the activation energy, Ea

[3]
(ii) Each of the reaction was repeated in the presence of a catalyst.

What effect does the catalyst have on the activation energy and the enthalpy
change?

[
[Total: 12]

Applying Past Knowledge to New Situation 6
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A student buys and tests some tablets that contain aspirin, COOH.
He performs a titration experiment using a crushed tablet and 0.10 mol/dm? of aqueous
sodium hydroxide to determine the mass of aspirin contains in one tablet.

His results show that the volume of aqueous sodium hydroxide needed for
neutralisation is 16.70 cm?®. The relative molecular mass of aspirin is 180.

(a) With the help of an equation for the reaction between aspirin and aqueous sodium . .

hydroxide, determine the mass of aspirin contains in one tablet. Show all working.

(3]

(b) Some tablets that contain aspirin also contain citric acid.
The student does another titration using one of these tablets.

Explain why the mass of aspirin you calculate from his titration results is incorrect.

..[2]
[Total: 5]

Applying Past Knowledge to New Situation
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A6 Potassium chromate is soluble in water, forming a yellow solution. When aqueous
silver nitrate is added to aqueous potassium chromate, a red precipitate of silver
chromate is formed.

(a) (i) Name anather compound that reacts with aqueous silver nitrate to form a yellow
precipitate.

1]

(i) Write the ionic equation for the reaction in (a) (i).

1]

(b) An experiment was carried out in which various volumes of aqueous silver nitrate
were added to the same veolume of aqueous potassium chromate. The mixtures
were stirred and allowed to stand. The results are shown below.

3

U

Scm?

3cm? 4cm

lcm 2cm

» volume of silver nitrate added

Identify the appearance of A, B and C in the diagrams.

..[3]
[Total: 5]

Applying Past Knowledge to New Situation 8
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A7  When compound A (C;HsQ), an alcohol, was heated with acidified potassium
manganate (VII), an organic compound B was formed. When a mixture of A and B was
heated in the presence of a catalyst, a sweet smelling liquid C (C4Hs02) was obtained.

(a) Describe the observation when compound A is heated with acidified potassium
manganate (Vil).

1]
(b) (i) Draw the structural equation for the reaction that occurs between A and B.
Identify compound A, B and C and write their respective names next to their
structural formula in the equation.
(3]

(i) State the conditions required for the reaction in (b) (i).
1]

(c) Compound A can be used as a car fuel.
In some countries it is produced from the sugars in sugar cane.

(i) Name the process used to produce compound A from sugar.
-1

(i) Suggest why most of the compound A is not produced by the process named in

(c) (i).
1)

Applying Past Knowledge to New Situation 9
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(iii) An environmentalist makes a comment about using compound A as a fuel.

Cpmpbtjrid A as a fuel is ‘carbon neutral’ because using it does not add to
the amount of carbon dioxide in the atmosphere.

Do you agrée'with the comment? Explain your reasoning.

..[2]
[Total:9]
End of Section A
Applying Past Knowledge to New Situation 10
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Section B [30 marks]
Answer all three questions from this section.
The last question is in the form of either/or and only one of the alternatives should be attempted,

B8 There are a range of atmospheric pollution problems currently threatening the Earth's
general environment. The increased use of fossil fuels has a negative effect on the
health of the environment in terms of air and water pollution.

Of all the fossil fuels, coal is the least expensive for its energy content. However,
burning coal in electric power plants is a major source of carbon dioxide emissions. It
also releases substantial amounts of methane. The U.S. Environmental Protection
Agency's Clean Power Plan, as well as the low cost of nhatural gas, is leading older coal
plants to close and reducing interest in new coal plants. Alternative sources of energy
used as fuels are thus constantly sought after to meet the increasing demands of
human activities.

Figure A below shows the changes in the type of fuel used between 1990 and 2002.

1980 2002

Gas 1% Qil 7%

Nuclear 22%
Nuclear 19% Gas 40%
Hydro 1%

Hydro and

Other fuels 2% - Other fuels 2%

Imports 2%
Imports 4%
EL Coal 32%
Coal 67% Ol 3% =
Figure A

Applying Past Knowledge to New Situation 11

3y

BP-125



BP-126

BBSS 2017 O Prelim/ Sec 4E/Chem 5073 P2

Air pollution is caused by solid particies and poisonous gases in the air. These

substances are called air pollutants which tnc!ude carbon monoxide and unburnt
hydrocarbons.

Figure B shows the relationship between the a1r fuel ratio and the production of air
poliutants by the vehicle engines.

lh

Polhutant
concentreton

1221 141 161 18:1 200 2241 24q1

Low air content High air content

-

Air: fuel ratio

Figure B

(a) Using information provided, give two main changes in the fype of fuel used over 12
years from 1990 to 2002. Suggest an explanation for these changes.

Applying Past Knowledge to New Situation 12
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{(b) Using the information from Figure B, describe and explain the trend for the carbon

- . monoxide curve.

-[3]

(c) Estimate the optimum air : fuel ratic to minimise pollution by carbon monoxide and

unburnt hydrocarbons.

1]

(d) (i) Name another air pollutant not mentioned in the graphs which is also produced by
the vehicle engines.

1]
(i) Name the device fitted in cars which is used to remove both the emissions of
carbon monoxide and the pollutant you named in (d) (i) from the car engine.
Write an equation for this reaction.
[Total: 10]
Applying Past Knowledge to New Situation 13
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B9 A student carries out a series of experiments. In each experiment, he electfolyses,

aqueous copper(ll) sulfate solution using the apparatus shown.

ammeter to
measure current

copper anode

|
ll

copper cathode

aqueous copper(ll) sulfate

He uses the same concentration of aqueous copper(ll) sulfate each time, but changes
the current he passes through the solution, He runs each electrolysis for 10 minutes.
The student weighs the negative electrode before and after each experiment and works

out the mass of copper deposited.

The table shows the results of his experiments.

experiment time / mins current / Amps mass of copper deposited /g
1 10 1.0 0.21
2 10 2.0 0.40
3 10 3.0 0.58
4 10 4.0 0.81

Applying Past Knowledge to New Situation
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(a) Use data from the table to plot a graph to show the relationsh

p between current and

mass of copper deposited.

(3]

Draw a straight line of best fit, ‘taikii'\g into account all of your plotted points.
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(b) Describe the relationship that your graph shows.

o 5
(c) The student carries out another experiment. He passes an electric current of 6.0 A
through a solution of copper(ll) sulfate for 5 minutes.

Use your graph and the information above to predict the mass of copper that would
form in the experiment.

el ]
(d) Atthe end of the electrolysis, the student removes a sample of the electrolyte and

puts it in a test tube. He then adds aqueous ammonia dropwise to the sample until
there is no more further change. Describe and explain what the student sees.

...[2]
(e) The student carries out another electrolysis using aqueous silver nitrate and silver
electrodes. His results are shown in the table.

electrolyte time / mins current / Amps
agueous silver nitrate 10 4.0

mass of silver deposited / g |
2.7

(i) Write an ionic half equation for the reaction that happens at the cathode.

(1]
(if) Carry out calculations to compare the difference in the number of moles of copper
and the number of moles of silver that are formed when a current of 4.0 A is used

for 10 minutes. Suggest an explanation for the difference in the number of moles
of each metal formed.

[2]
[Total: 10]
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EITHER

B10 Inthe early 1970s, a polymer known as Kevlar was invented by Stephanie Kwolek, an
American chemist. Kevlar fibre is used for making bulletproof vests, army helmets and
‘puncture-proof’ tyres. Keviar fibre is also used in the protective clothing-worn by
firefighters. '

Kevlar is made by condensation polymerisation from tvvb,differént.i_‘honamers -
1,4-benzenedicarboxylic acid and 1,4-diaminobenzene. - T 70

The structural formulae of these monomers are shown belbw.

0 0 H.o  H
f I | . |
HO = C = CH, = C - OH H=N=-CH,~N-H
1,4-benzenedicarboxylic acid 1,4-diaminobenzene

(a) (i) Draw the structural formula of the organic compound formed when
1,4 benzenedicarboxylic acid is reacted with an excess of sodium carbonate.,

(1]

(ii) Write the formula of the gas produced in reaction (a) (i) and describe a simple
laboratory test to confirm the identity of the gas produced.

.[2]

(b) Explain what is meant by condensation polymerisation.

1]

Applying Past Knowledge to New Situation 17
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{c) (i) Draw the structural formula of one repeat unit of Kevlar.

(1]
(if) Suggest two possible gases produced on the combustion of Kevlar.

.-[1]

(d) Suggest the name of a synthetic polymer that has the same functional group as
Kevlar. Give a reason for your choice.

...[2]

(e) Sea fishing nets used to be made from natural fibres. Many nets are now made
from synthetic fibres. Suggest one advantage, other than strength, and one
disadvantage of using synthetic fibres named in (d) rather than natural fibres to
make sea fishing nets.

b2
[Total: 10]
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OR

B10 Superglue is a very strong adhesive used to fasten materials, such as wood, together.
The active ingredient in superglue is methyl cyanopropenoate, commonly known as
methyl cyanoacrylate. The structure of methyl cyanopropenoate is shown below.

0]
]
CH2=(1)—C—O—CH3
CN
methyl cyanopropencate

Superglue polymerises when exposed to moisture in the air. This causes the glue to
set.

(a) Draw the structural formulae of the two functional groups present in methyl
cyanopropenoate. Name the two functional groups.

(2]

(b) What type of polymerisation does methyl cyanopropenoate undergo when it
forms superglue?

1

(c) Draw the structural formula of the polymer formed, showing two repeat units.

(]

(d) Other than superglue, suggest another name for the polymer formed in (c).

Applying Past Knowledge to New Situation 19
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(e) Name two possible gases that are produced when the polymer formed in (c) is burnt

in excess oxygen.

sl 1]

(f) (i) A sample of methyl cyanopropenoate is shaken with bromine water.
Describe what you would observe.

b
(i) What type of reaction has occurred in (f) (i)?
o 5 |
(iii) Write the formula of the organic product formed in (f) (i).
Hence calculate the mass of one mole of the organic product formed
[2]
[Total: 10]
- End of Paper 2 -
Applying Past Knowledge to New Situation 20
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Bukit Batok Secondary School
Sec 4 Express 2017
Chemistry 5073

PRELIMINARY EXAMINATIONS — ANSWERS

Paper 1 : Multiple Choice Questions

1 €2 B |3 B[4 c 5D A7 DIg8 A g B 10 B

11CJ12B (13D |14 D [15C [16C [17B |18 D |19 D 20 A

21 A|22B |23 A [24B [25D [26D [27C [28¢C |29 ¢C 30 D

31 B[32B [33A [34B |35D |3 B |37 A |38B |39 ¢ 40 D

5 D | By filtration, lead(ll) hydroxide and silver chloride are obtained as residue.

To remove lead(ll) hydroxide, add excess nitric acid. Neutralisation takes place
between lead(ll) hydroxide and nitric acid to form lead(ll) nitrate solution. Silver
chloride remains as precipitate. By filtration, silver chloride i§ obtained as residue.

11 | C | Mass of Cain CaO = (Ar of Ca / Mr of Ca0) x mass of Ca0}=(40 / 56)x14 =10g
% by mass of Ca = (10/50) x 100 =20.0 %.

12 | C | No of moles of ZnCO3 = 1.25/125 = 0.01 mol
2HCl+ ZnCO3 — ZnCl, + CO, + H.0
No of moles of HCI = 2 x no of moles of ZnCOs =2/%.0.01 = 0.02
Vol of HCI = mol / conc = 0.02 / 1.0 = 0.02 dm?3 = 20"cm?

13 | D CxHy + O, — 6CO, + 3H,0
S5cm® - 30¢cm? 15 cm®
From the equation, the hydrocarbon has 6 carbon atomisand 6 hydrogen atoms.

15 | C | Only statement 1 is wrong as mass of one mole of HCl is 36.5 g and one mole of
CQOis 28 g.

16 | C | No of moles of H; = % = 0.5 mol
One molecule of Hz has 2 atoms.

No of moles of I, = 127/254 = 0.5 mol. = no. of moles of hydrogen gas.
Each molecule of I, also has 2 atoms. Hence iodine has the same no. of atoms as
hydrogen.

19 | D | Barium chloride reacts with sulfate ions and carbonate ions to form insoluble
barium sulfate and insoluble barium carbonate. This causes the mass of ppt to
increase. When an acid is added, it reacts with barium carbonate but not barium
sulfate. Hence the mass of ppt decreases with the removal of insoluble barium
carbonate.

20 | A | Copper(ll) nitrate reacts with sodium hydroxide to form insoluble copper(Il)
hydroxide, thus decreasing the concentration of copper(ll) ions.

21 | A | Sis an acid as it has a pH less than 7. The metal oxide is inscluble as it does not
increase the pH after neutralisation has taken place. If it is soluble, by adding
excess of it, pH should show > 7.

24 |[B|Hs + CuDO — Cu + H,0

25 | D | Rusting of iron uses up oxygen in the test tube. Water enters the tube to occupy
the space left vacant by O,.

26 | D | Neutralisation is not a redox reaction as there is no change in oxidation state of all
the elements in the reactants.

28 | C | One source of H; is from the cracking of alkane which is obtained from the
fractional distillation of crude oil.

31 | B | A decrease in pressure causes a decrease in the no of particles per unit volume
which corresponds to a decrease in conc. This reduces the frequency of effective
collision between the reactants, hence the decrease in rate of rxn.

OO0l ST/ BBSS /2017 1
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32 |B

No. of moles of zinc = 10/65 = 0.154 mol.

No. of moles of sulfuric acid = 0.5 mol.

Zn + HySO4 — H; + ZnSOs

Mole ratio of Zn : H2SOs = 1:1

Hence zinc is the limiting reactant.

To produce half the volume of gas, mass of zinc is reduced by half.
As Y is faster than X, concentration of acid in Y is higher than X

33 |A

The further apart the metals in the reactivity series; the greater the voltmeter
reading. As glucose solution is not an electrolyte, D'is not an option.

34 | B

In a simple cell, electrons flow from a more reactive metal (Zn) to a less reactive
metal (Cu). As zinc loses electrons to form zinc ions, it becomes smaller.

37 |A

Polyunsaturated means the cpd consists of many C=C bonds.
Oleic acid consists of only one C=C bond. Stearic acid & palmitic acid do not have
any C=C bond.

Paper 2

Section

A ( 50 marks)

A1l

———— ——

Total 4

A2a

X = Group:Vl, Y = Group llil, W-Group |, Z — Group VII 2
[4Y —2m, 3¥-2Y - 1m, - Om] '
[reject X = Gp IV as carbon is in different period from Y, Wand Z]

W,S04 and WH [reject HW] . 1
[both answer must be correct to score 1m]

covalent bonding [1] 2
As XO; forms an acidic oxide, X must be a non-metal. Covalent bond is formed
between non-metallic elements, Or Covalent compound has a low boiling point
as it exists as a gas at room temperature. [1]

YZs

[y &1 =

4W (s) + Oz2(g) — 2W:20(s)
[1m for balanced equation; 1m for correct state symbols]

Total

Ala

diamond and graphite [both answers must be correct to score1 m]

bi

Ceo

N|=|—|00

Mr= 12 x60 =720 [1]
no. of moles of bunkminsterfullerene = mass/Mr
= 3600/720
=5 mol [1] [allow e.cf. frombi]

iii

Diamond and graphite are both giant molecular structure  whereas | 3
buckminsterfullerene has a simple molecular structure. [1]

00lsc/

BBSS /2017 2

BP-138



-More energy is required to break the strong covalent bonds between the

.intermolecular forces of attraction between the simple buckminsterfullerene

carbon atoms throughout the giant structure [1] than overcoming the weak

molecules. [1]
. Total

Ad a

9.0, 35.5, 6.0, 20.0, 1.5, 15.0 [1] [All answers must be to 1 d.p.]

-| A pinkish brown solid would be seen / would form on each metal.

[Reject: Blue solution turns colourless as iron(ll) sulfate solution is pale green]

‘| Any three of the following:

(i) All the three metals are more reactive than copper, [1]. They all displace
copper from copper(ll) sulfate solution as shown by the temperature rise in
‘each reaction. [1]

(i) The reactions are exothermic [1] as there is an increase in temperature for
each reaction. [1]

(iii) Powdering the metals produces a faster reaction, [1] The temperature
increases during the first minute is greater for each powdered metal. [1]

(iv) The reactivity of the metals in order of increasing reactivity,is : iron < zing <
magnesium. [1] )

The temperature rise is greatest for magnesium and least fortiron? [1]

di

A

reagtants

//’A\

energy \ o

W T

v \ products

Y

progress of reaction

¢« 1im for correct Ea

¢ 1m for correct AH

» 1mfor correct shape of graph and labelling of formulae of reactants and
products.

Note: Formulae of reactants and products depend on the reaction of
metal used.

dii

Activation energy decreases and enthalpy change is unchanged.
[both answers must be correct to score 1 m]

]

Total

A5 a

equation ;

No. of mole of NaOH = conc x vol
=0.10 x 0.0167
= 0.00167 mol
From the equation, 1 mole of sodium hydroxide reacts with 1 mole of aspirin.

No. of mole of aspirin = 0.00167 mol [1]

OO0IS5C/BBSS /2017
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Mass of aspirin = mol x Mr
= 0.00167 x 180
=0.3006 g
=0.301 g (3s.f)[1]
[accept 301 mg]

b | Citric acid also reacts with aqueous sodium hydroxide. The volume of aqueous | 2
sodium hydroxide used is higher than expected. [1] Hence the calculated mass|.
of aspirin would be higher than the actual mass. [1] N
Total. B
ABai | Potassium iodide / sodium iodide . 1
aii Ag*(aq) + |- (aq) — Agl (s) 1
b A - yellow solution [potassium chromate solution] 3
B —red precipitate [silver chromate precipitate]
C —colourless solution [silver nitrate colourless] .
Total 5
A7a Purple potassium manganate(VIl) is decolourised / turns colourless. 1
bi Compound A is ethanol, B is ethanoic acid and C is ethyl ethanoate. [2] 3
[3Y - 2m; 2¥ ~ 1m; 1V — Om]
g o H H Hi0 ‘H H
| L B g (I 1 i I [
H‘C"C‘E‘_O“-H + ﬁ:.'{)'(ll‘-(ll" = H- ?*C 0:'(13 C}i H
1 e p e BUPPL L Y civaaat
H H H H H H
ethanoic acid ethanol ethyl ethanoate
* H-0-H
Structural equation -1m
[minus 1m if no label of A, B or C for each compound but correct naming of
each structural compound]
bii Add concentrated sulfuric acid as a catalyst and heat the mixture. 1
ci Fermentation 1
cii The process is very slow./ The yield is very low. 1
ciii The amount of carbon dioxide emitted during the combustion of ethanol [1] is | 2
balanced by the taking in of carbon dioxide by sugar cane during
photosynthesis [1]. As there is no net gain in carbon dioxide, the
environmentalist is correct.
Total 9
Section B (30 marks)
B8a In 1990, solid fuel like coal was the most common type of fuel used because | 3
usage of coal dropped by 2 times (67% in 1990 to 32% in 2002) [1]
In 2002, usage of gaseous fuel increased because usage increased by 39%
(1% in 1990 and 40% in 2002) [1]
Reason:Burning of coal produces more carbon dioxide and methane than
gas fuels. These are greenhouse gases which can contribute to global
warming.
b « High concentration of carbon monoxide at air : fuel ratio of 12:1 due to low | 3

level of oxygen present, leading to higher tendency of incomplete
combustion.[1]

» Concentration of carbon monoxide decreased sharply from air : fuel ratio of
12:1to 14:1 and decreased gradually after air fuel ratio of 14.1. [1]

00l SC / BBSS / 2017
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* As air content increased to 24:1, greater amount of oxygen is available for
complete combustion, thus- decreasing the concentration of carbon
monoxide. [1]

15:1 (accept range between 14: 1 to 16: 1)

c 1
di__| Oxides of nitrogen / nitrogen-dioxide / nitrogen monoxide [1] 1
dii | Use of catalytic converter [1] 2
2NO + 2CO > "N + -2C0O[1]
Ry L Total 10
B9a Correct axes labelled with units [1] 3
Correct plotting of all points [1)
Draw best-fit line through origin [1]
b Mass of copper formed increases proportionally to the increase in current. 1
c Student extrapolates the graph to show a mass of 1.2g obtained when a | 1
current of 6.0 A is used. )
In 10 mins, 1.2 g of copper is produced.
In § mins, 0.6 g of copper is produced. [1]
d A blue precipitate is formed which dissolves in excess aqueous ammonia to | 2
form a dark blue solution. [1]
There is no change in the electrolyte. / There is copper(ll) ions present in the
solution. [1]
ei Ag'aq) + e > Ag(s) 1
eii no. of moles of copper = 0.81 /64 = 0.0127 mol (3sf) 2
no. of moles of silver = 2.7 / 108 = 0.0250 mol
[1 m for both correct moles of copper and silver]
Cu?*(aq) + 2e- > Cu(s) .
From the calculation, no. of moles of copper is about half that of the no. of
moles of silver. Each copper(ll) ion needs two electrons to form a copper atom
whereas each silver ion needs one electron to form a silver atom. [1]
[explanation — 1m]
Total 10
1
EITHER
B10ai ?I) TIJ
NaO —C—CgHs—C— ONa
aii | COz [1] : 2
Bubble the gas through limewater. White precipitate formed indicates the
presence of carbon dioxide gas. [1]
b Condensation polymerisation is a process whereby monomers with different | 1
functional groups are joined together to form a large molecule with the removal
of small molecules such as water.
ci 1
O 0
I I
—N—CgHs—N—-C—CeH,—C—
| I
H H
cii Any two of the following: [both gases must be correct to score 1m] 1
carbon dioxide, carbon monoxide, nitrogen dioxide, water vapour
d Nylon. [1] 2

00! SC/BBSS /2017
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Both nylon and Kevlar contains amide linkages. [1]
& Advantage: It is durable / light / waterproof [1] 2
Disadvantage: Any one of the following [1]
It is non-biodegradable as It cannot be decomposed naturally by the bacteria in
the soil. /
It can remain buried in landfills for a long period of time which means more
lands are needed for landfill sites. /
It can cause water pollution as it may clog up rivers and drains which might
become breeding ground for mosquitoes / when thrown into sea, it can
endanger marine animals. /
It can cause air pollution when burnt as it produces toxic gas like carbon
monoxide.
Total 10
OR 2
B10a 0
| | i
-C=C- )
carbon-carbon double bond ester
b Addition polymerisation 1
c 1
H OCOCH, H OCOCH
s ) 3 1 R
C C C C
I | | i
H CN H CN
d Poly(methyl cyanopropenoate) 1
e Any two of the fellowing gases: 1
Carbon dioxide, water vapour, nitrogen dioxide
[both gases must be correct to score 1m]
fi Reddish brown agueous bromine turns colourless. 1
fii | Addition reaction / addition of bromine / bromination 1
fiii | CH2BrCBrCNCOOCH; [1] 2
Mass of one mole = (12x 5) +5+ (80x 2) + 14 + (16 x 2)
=271g[1]
Total 10
The End
00I1SC / BBSS /2017 6
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