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1 A gaseous mixture of oxygen and carbon dioxide was passed through substance X and
substance Y. Dry oxygen was obtained at the end of the setup.

mixture of mje ==
oxygen and
carbon dioxide

mp Ay
oxygen

substance X substance Y

Which of the following shows the correct identities of substances X and Y?

substance X substance Y
A water concentrated sulfuric acid
B limewater aqueous sodium hydroxide
Cc water aqueous sodium hydroxide
D limewater concentrated sulfuric acid

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

solid solubility in water solubility in ethanol
K soluble insoluble
L insoluble soluble
M insoluble insoluble

The following steps could be carried out to obtain pure K from a mixture K, L and M.

filter

evaporate filtrate to dryness
add water

add ethanol

BWON -

What is the correct order of steps to be carried out?
4,1,2

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

o O W »

4,1,3,2
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3 A mixture containing equal volumes of two miscible liquids is placed in the apparatus shown in
the diagram and heated until the thermometer first shows a steady reading.

At which point, A, B, C or D will there be the highest proportion of the liquid with the higher
beiling point?

water out
thermometer .

fractionating g
column

water in

mixture of
ethanol and
water

4  When pink cobalt(Il) chloride crystals are heated, they form steam and a blue solid.

When water is added to the blue solid, it turns pink and becomes hot.

Which terms describe the pink cobalt(II) chloride crystals and the reactions?

pink cobalt(Il) chloride reactions
A anhydrous reversible
B anhydrous irreversible
Cc hydrated irreversible
D hydrated reversible
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5 The apparatus consists of a porous pot containing a gas X which is then surrounded by a gas Y
in a beaker.

beaker

porous
pot

H ; U-tube containing
an inert liquid

Which of the following pairs of gases would cause an upward movement of the liquid in the U-tube
at the point labelled L.?

gas X gasY
A H2 NHs
B CO; N2
c 02 H2
D NH3 Ne

6 The atmosphere of Venus contains mainly oxygen, argon and nitrogen. The melting and boiling
points of these gases are shown in the table.

gas melting point/ °C | boiling point/ °C
oxygen -219 -183
argon -189 -186
nitrogen -210 -196

What temperature should the sample of air be in order to obtain two of the gases as liquids?

-180°C
-184 °C
-190°C

o o0 w »

-198 °C
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7  Which row gives a possible correct number of neutrons and electrons in an ion of chlorine-357

neutrons electrons
A 18 17
B 17 17
c 18 18
D 17 18

8  An electrical circuit is set up using copper wire.

- copper wire

~lamp

Which process takes place in the copper wire?

A Cations stay in position and electrons move to the positive terminal of the battery.
Cations and electrons move to the negative terminal of the battery.

C Anions move to the positive terminal and cations move to the negative terminal of the
battery.

D Cations stay in position and anions move to the positive terminal of the battery.

9 How many covalent bonds are there in the molecule with the formula CH,CHCH3?

O O w >
o

10
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10  Which of the following aqueous solutions contains the highest number of ions?

1 dm? of 0.1 mol/dm3 Al(NOs)s
1 dm?® of 0.2 mol/dm3H,S0,

1 dm?® of 0.3 mol/dm>®MgCl/>

o O w »

1 dm? of 0.4 mol/dm® HNO;

11 The formula of an oxide of element Y is Y20. 9.4 g of Y20 contains 7.8 g of Y.

How many moles of Y does 7.8 g of the element contain?

A 1.6 B 16 1
—Xx2 — X
16 16 2
c 9.4 D 9.4 1
— X2 — X =
16 16 2

12 Hydrogen reacts with oxygen according to the following equation.

2H(g) + Oz2(g9) — 2H0 ()

What is the total volume of gas left in the mixture when 30 cm?® of hydrogen reacts with 30 cm? of
oxygen? (All volumes measured at room temperature and pressure)

15 cm®
30 cm?

45 cm?

o o0 m »

60 cm?®

13 Tin is extracted from its ore, SnO, by reducing it with coal in a blast fumace.
Sn0O, + 2C > Sn + 2CO

What is the percentage purity of the tin ore if 300 g of SnO; produces 102 g of tin?

A 119 900 0 B 119 900
-7 Rkt — X — x 1009
102 X 151 x 100% 102 151 00%
c 102 151 o D 102 900
— _— — X —— x 1009
119 X 900 x 100% 119 151 %
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14  50.0 cm® of 0.10 mol/dm? of silver nitrate, AgNO3, is added to 150.0 cm?® of 0.05 mol/dm? sodium
iodide, Nal, in a beaker. After the reaction, solid silver iodide settles to the bottom of the beaker.

What are the ions are present in solution?

sodium ions and iodide ions
sodium ions and nitrate ions

sodium ions, nitrate ions and iodide ions

o O ®w >

sodium ions, silver ions and nitrate ions

15 A reversible reaction is represented by the equation shown.

W+Xeoa¥Y+Z
The energy profiles for the reversible reaction under catalysed and uncatalysed conditions are
shown.
Energy / kJ .
50 b uncatalysed reaction

catalysed reaction

#+ Reaction progress

What is the activation energy of the reverse catalysed reaction?

A -40kJ
B -10kJ
C +30kJ
D +40kJ

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




More papers at www.testpapersfree.com

8

16 The table shows the chemical formula of some carbon-containing compounds.

chemical name

chemical formula

sodium carbide
carbon dioxide

iron(II) carbide

carbonate ion

NazC;
CO:

Fe,C

CO32"

Which two compounds contain carbon with the sam

carbon dioxide and carbonate ion
sodium carbide and carbonate ion

carbon dioxide and iron(l) carbide

g 0O w »

sodium carbide and iron(II) carbide

17 Which reaction does not involve oxidation or reduct

Fe** — Fe’ +e-
2H2 + Oz — 2H0

CuO + Hy— Cu + H,0

o O w »

2H*+ CO3* — H.0 + CO;

e oxidation state?

ion?

BP~114

18 Solid calcium carbonate reacts with dilute hydrochloric acid to produce calcium chioride salt,

carbon dioxide gas and water.

Which row shows the correct effect on the rate of the reaction when a factor is changed?

factor changed

effect on rate of reaction

particle size of calcium carbonate increased
concentration of hydrochloric acid increased

pressure of surrounding increased

o O T >

temperature increased

decrease
decrease
increase

decrease
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19 A white solid reacted with both hydrochloric acid and aqueous sodium hydroxide solution
separately.

What could be the identity of the solid?

lithium oxide
calcium oxide

phosphorus oxide

o O w >

zinc oxide

20 Which method(s) is/are suitable to distinguish between 1.00 mol/dm?® of hydrochloric acid and
1.00 mol/dm? of ethanoic acid?

1 using a pH meter
determining the volume of 1.00 mol/dm?® of sodium hydroxide solution used to neutralise
25.0 cm3 of the acids separately

3 measuring the total volume of hydrogen gas formed when excess magnesium is added to
the acids separately

1 only

A

B t1and3only
C 2and3only
D

1,2and 3

21 A saltis prepared by titrating a carbonate with an acid.

What are the solubilities of the carbonate and the salt?

carbonate salt
A soluble insoluble
B insoluble soluble
C soluble soluble
D insoluble insoluble
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22 Dilute sulfuric acid was added to aqueous barium hydroxide until the acid was in excess.

Which graph best represents the variation in the concentration of ions in the solution?

A

>

Concentration of ions present /
mol/ dm?®

Volume of acid added /cm3

>

Concentration of ions present/
mol/ dm?

Volume of acid added /cm?
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23 Using the apparatus shown, chiorine was passed through the tube. After a short time, coloured

substances were at P, Q and R.

potassium bromide

JAIY g sy
B

potassium iodide

J—— i * Q*{.’E ‘ ’;.-: —_—
chiorine ; T ' M ’
gentle heat
Identify the colours expected at P, Q and R.
P Q R
A yellow-green gas reddish brown vapour violet vapour
B reddish brown vapour violet vapour black solid
Cc yellow-green gas violet vapour black solid
D reddish brown vapour black vapour violet vapour

24 The chart shows a property of elements from lithium to neon.

b

property

[iBc B C NOF N
element

Which property of these elements is shown on the chart?

number of electrons used in bonding
relative atomic mass of the element

number of electrons shells in an atom

o O W >

number of valence electrons
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Refer to the information below for questions 25 and 26.

Three experiments were conducted to compare the reactivities of four different metals - copper,
magnesium, metal Y and metal Z.

A deposit was observed on the metal strip for each experiment.

_ copper metal N magnesium melal _ metal Y
™ . / 7 ™ // 7 > ’/ I
Z* (aq) RIS Cul?t {aq)
=4 ions " jons

25 How many metals that were investigated will be able to react with aqueous hydrochloric acid?

A 1
B 2
c 3
D 4

26 If a simple cell was set up between two of the metals above, which pair of electrodes will give the
largest voltmeter reading?

A magnesium and Z
B copperandY
C magnesium and copper

D ZandY

27  Alarge volume of copper(Il) sulfate solution is left in an iron container overnight.

Which statement describes the effect observed in the morning?

Atmospheric oxygen reacts with the copper(II) sulfate and crystals are left behind.
The part of the container in contact with the solution is coated with copper.

The solution evaporates completely and some copper(II) sulfate crystals are left behind.

o O w >»

Some fine iron particles are formed in the solution.
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28 Compound X is heated with carbon using the apparatus shown.

reaction tube
compound X e

and carbon \€\ s B,
B s p—

heat

At~ limewater

A brown solid is formed in the reaction tube and a white precipitate forms in limewater.

What is compound X?

calcium oxide
copper(Il) oxide

magnesium oxide

c O w >

sodium oxide

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

. battery_
-

1 copper electrode

buib

‘:w aqueous copper (Il)
sulfate (electrolyte)
The experiment did not work.

Which change is needed to make the experiment work?

add solid copper(Il) sulfate to the electrolyte
increase the temperature of the electrolyte

replace the copper electrode with a carbon electrode.

o 0 w >

reverse the connections to the battery
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30 A student set up four test tubes to investigate rusting in iron nails.

‘%, a%—- -}74»

water

N e nail nail ol
o, AN ;
galvanised  f=—_- g A boiled
nail Kl anhydrous amp V water
@ calcium 3 cotton ¢y _
: chloride wool nail
tube 1 tube 2 tube 3 tube 4

After leaving the tubes for a week, which tube(s) would show evidence of rusting?

2 only
3 only
1 and 2 only

o O m »

3 and 4 only

31  Which molecule present in car exhaust fumes is not a pollutant?

nitrogen monoxide
sulfur dioxide

carbon dioxide

o O W >»

carbon monoxide

32 A catalytic converter is a device used to reduce the emissions from an internal combustion engine
used in most modern day vehicles. However, they may also have negative impacts on the
environment.

Which of the following describes the negative impact that catalytic convertors cause?

They contribute to poisonous gases in air that cause breathing difficulties.
They emit by-products which lead to the depletion of the ozone.

They increase the amount of carbon particles in the air which leads to smog.

O O w >

They contribute the greenhouse gases which leads to global warming.
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33 The diagram shows a fractionating column used in the separation of petroleum.

/_\ —» refinery gases

- gasoline

I

I

pre-heat =" diesel oil

400G | .,
: - _

T 2

Which row about X, Y and Z are correct?

Y has higher viscosity than X.
Y has higher density compared to Z.

Y has higher average molecular mass compared Z.

o 0o w »

Z has higher flammability compared to X.

34 Which of the following mixtures could not be produced when heptane, C7H1s is cracked?

propene + butane
propane + butene

propane + butane + hydrogen

o O w »

butene + propene + hydrogen
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35 Which pair of compounds are isomers of each other?

o o
A H-G-C-H H-G=G-C-H
H H HHH
H 0 iy
B H*C'%C\ H~C!>-(;J-O-'H
H O-H H H
"
HHH HOH
c 1o o
H-G-G-G-OH  H-G-G-C-i
H HH HHH
oM i
D C=C\ H-?-?-H
H H H H

36 The structural formula of the amino acid, glutamine, is shown.

0 NH,
Il I

H,N— C—CH,— CH,— (I:—COOH
H

Which of the following statements about the amino acid are correct?

1 It undergoes addition polymerisation.
2 It reacts with magnesium to produce hydrogen gas.
3 It forms a polymer with the same linkage as nylon.
4 |t decolourises acidified potassium manganate(VII) solution readily.
A 1and3
B 1and4
C 2and3
D 3and4
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37 The number of C=C bonds in a vegetable oil can be found by reacting the oil with aqueous
bromine.

0.02 moles of vegetable oil was found to react completely with 19.2 g of aqueous bromine.

How many C=C bonds are there in one molecule of vegetable oil?

A 2
B 6
c 8
D 12

38 An organic compound M is known to have the following properties.

1 It does not decolourise bromine solution.

2 It does not react with aqueous sodium hydroxide.

3 It does not produce a sweet-smelling substance when warmed with a mixture of ethanoic
acid and concentrated sulfuric acid.

What could be the chemical formula of compound M?

CH=CHCOOH
CH3CH2CH20H
CH2=CHCOOCH:z3

o O W »

CH3CH2CH2C!

39 Which property does not change when ethene undergoes polymerisation to form poly(ethene)?

boiling point
empirical formula

molecular mass

o O w »

molecular formula
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40 A condensation polymer is made from the two monomers shown.

ot Jrpon wr wo Dron
0

0

What is the repeat unit of the polymer?

{
o fr e
¢

\

C G o0—¢C —
ED i

0 0 J

’\

o e

s} P,

END OF PAPER 1
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Section A

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

A1 Fig. 1.1 shows how the outer shell electrons are arranged in a compound.

Fig. 1.1

(a) Put a tick (V) in one box in each row to show which statement(s) about the compound
is/are true and which is/are false.

true false

It is a saturated hydrocarbon.

It could be ammonia.

It is a halogen compound.

It is an ionic compound. [2]

(b) Draw a similar diagram to show the arrangement of electrons in a molecule of carbon
dioxide, CO..

You only need to show outer shell electrons.

[2]
[Total: 4]
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A2 A small piece of sodium metal is heated until it melts. It is then placed into chlorine gas where
sodium burns quickly with a bright intense flame to form solid sodium chioride.

2Na + Ch = 2 NaCl

(a) Explain, in terms of electron transfer, why the reaction is a redox reaction.

............................................................................................................ [3]

(b) Predict how sodium would react with fluorine. State all the observations and explain your
answer.

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

(c) Calculate the percentage yield of sodium chloride, if 40 g of sodium produces 65 g of
sodium chloride.

percentageyield=.......................... % [2]

[Total: 7]
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A3 Ammonia is produced in the Haber process. The volume of gases in the reaction chamber is
monitored throughout the reaction and the resuits are plotted in the graph shown in Fig. 3.1.

volume of gas / dm3

1 <4

20 . A

100+

80——\

60+ B
40+
20+ c

0 >
progress of reaction

Fig. 3.1

(a) Complete the table below to show the source and method used to obtain hydrogen and
nitrogen for Haber process.

source method

hydrogen gas

nitrogen gas

(2]

(b) Identify the graph (A, B or C) in Fig. 3.1 that represents the following gases in the Haber
process.

NItrogeN & ..o
hydrogen @ ........cooveiviiiiiiiiine

AMMONIA: .. .o, [1]

(c) Suggest a reason why Fig. 3.1 shows that the production of ammonia in the Haber
process is a reversible reaction.

............................................................................................................ 1
[Total: 4]

CCKSRAdeetnesaninglim 22
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A4  Graphene is a 2-dimensional single sheet of carbon atoms arranged in a hexagonal network.
Due to graphene’s physical and chemical properties, it is a promising new advanced material
that has been used in several key applications such as batteries, energy storage, and as
catalyst.

Fig. 4.1 shows the structure of a single sheet of graphene.

| ; t |

C c c C
-~ \C/ \\C/ \C/ ~~

| | |

L L SN

Fig 4.1
(a) Graphene and graphite have similar physical properties.

Give two physical properties of graphene that are similar to graphite. Explain, in terms
of bonding and structure, why these physical properties are similar.

L 10T 0= 1 T/ e

(b} Diamond and graphite have very different physical properties.

State one such physical property and explain why.
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(c¢) A recent development in graphene chemistry is the creation of graphene sponges.
Graphene sponges (shown in Fig. 4.2) are three dimensional foam-like structures that has

high surface area at extremely low density.

A piece of graphene spong placed Micrscpic view of the graphene
on a flower. sponge
Fig. 4.2

Because of its foam-like structure, graphene foam is able to capture gases. One possible
use of graphene sponges is in flue gas desulfurisation in fossil fuel powerpiants.
Traditionally, calcium carbonate is used in the process of flue gas desulfurisation.

(i) Explain why calcium carbonate can be used in flue gas desulfurisation.

(ii) Describe the environmental impact if flue gas is not desulfurised.

..................................................................................................... 11
[Total: 7]

CCKSRatmOnsapiglim'22

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




More papers at www.testpapersfree.com

BP~131

A5 Group | and Group VIl elements show trends in their melting points and boiling points.

slement melti/ngcpoint boilir;g cg)c)in’c
lithium 180 1330
Group | sodium 97.8 890
potassium 64 774
chlorine -101 -35
Group Vil bromine -7 59
iodine 114 184

The trends in melting points and boiling points for elements in Group | differ from
those of Group VII.

Describe the trends down each group.

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

(ii) The melting point and boiling point of sodium is higher than that of chlorine. Use
ideas about bonding to explain why.
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(b) The table shows the densities of chlorine and bromine at room temperature and

pressure.
element density / g/lcm?®
chlorine 0.03
bromine 3.12

A student makes a comment about the densities.
“The difference in molecular mass of chlorine and bromine is not enough to account for
the difference in densities.”

(i) Explain why the student is correct.

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

(c) All the elements in Group VI are diatomic.

Explain the meaning of the term diatomic.

............................................................................................................ 1]
[Total: 9]
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A6 Some information about four elements, P, Q, R and S are shown in Table 6.1.

Table 6.1
Element P Q R S
Density in g/dm?® 2.22 8.9 0.9 7.9
Melting point /°C 3720 1083 64 1538
Atomic radius 77 135 203 126
/om
Charge on the Usually 4— Usually 1+ 1+ Usually 2+
ion(s) and 4+ and 2+ and 3+
Colour of the Black Reddish Silvery Silver Grey
element Brown
Formulae and PCliisa QClis a white | RC/ is a white SChisa
appearance of colourless solid solid greenish white
the chlorides at liquid solid
room QC/; is a blue-
temperature green solid SChis an

orange solid

The four elements can be arranged in decreasing order in the reactivity series as such:

R>P > S > hydrogen > Q

(a) Which of the following, P, Q, R and S§ are transition elements?

Using information from Table 6.1, give two pieces of evidence to support your answer.
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(b) A small piece of element R is placed in cold water that had a few drops of Universal
Indicator added.

Describe what would be observed and write the balanced chemical equation for the
reaction that occurred.

(c) Which of the following, P, Q, R or S is not a metal?
Use evidence from Table 6.1 to support your answer.

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

(d) In the construction industry, elements P and S are found in alloys that are used to make
the support pillars for buildings.

(i) Give the meaning of the term alloy.

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

(i) Draw a labelled diagram showing the arrangement of atoms in an alloy containing
P and S.

(1]

(iii)  With reference to the arrangement of atoms drawn in (d)(ii), explain why alloys
are used in the construction industry rather than the elements.

..................................................................................................... 1
[Total: 10]
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A7 Ethanoic acid is a colourless liquid and organic compound. The global demand for ethanoic
acid is about 6.5 million tons per year. While the common use of ethanoic acid at home is as
the main component of vinegar, 90% of ethanoic acid produced globally is used as a chemical
feedstock to produce ethanoate esters and metal ethanoate salts.

{(a) Describe why ethanoic acid is considered a weak acid.

All metal ethanoate salts are soluble in water. Copper(Il) ethanoate is a dark green crystalline
solid and has been used as fungicides and coloured pigments. Fig. 7.1 shows the chemical
formula of copper(Il) ethanoate.

Cu H-

I-0O-Xx
1

2
Fig. 7.1
Copper(II) ethanoate is commonly prepared industrially using the steps below.
Step 1 — Add an excess of substance X to ethanoic acid in a reaction chamber. Heat reaction
gently. Open the cover of the reaction chamber to ensure that the pressure within the reaction

chamber does not increase due to gas production during the reaction.

Step 2 - When effervescence stops, the reaction mixture is filtered and the filtrate is collected
in another container.

(b) Draw a ‘dot-and-cross’ diagram for the ethanoate ion found in copper(Il) ethanoate.

Show outer electrons only.

2]
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(c) (i) Identify substance X.

(ii) Either evaporation to dryness or crystallisation will produce pure and dry copper(1l)
ethanoate from the solution obtained in Step 2.

Describe an advantage and a disadvantage evaporation to dryness have over
crystallisation.

AGVANTBOE Lottt e e

Methyl ethanoate is a ethanoate ester with a pleasant smell that is similar to nail polish
remover. Commonly used as a solvent, it is highly volatile and flammable.

(d) (i) Deduce and draw the structural formula for methyl ethanoate.

[1]

(i) Explain, in terms of bonding, why copper(Il) ethanoate exists as crystals while
methyl ethanoate exists as a volatile liquid at room temperature.

[Total: 9]

CCKSBauteannesaiiglim'22
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Section B

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

B8 Plastic Recycling

Plastic recycling is the processing of plastic waste into new and useful products. Although
plastic recycling is essential to prevent further harm on our environment, Singapore’s recycling
rate of plastics in 2021 was only 6%. Each plastic polymer has its own unique chemical
structure and properties. In order to ensure the quality and value of the recycled plastic,
plastics of different polymer types have to be sorted out before they can be recycled. The
Resin Identification Code (RIC) was introduced so that plastic item can be labelled for easier
sorting.

Table 8.1 shows the names of the polymers that fall under the 7 different RIC as well as their
proportion in global plastic waste. Plastics usually consist of polymer chains of varying
lengths. Table 8.1 shows the general range of molar masses of the different plastics.

Table 8.1
% of all
RIC polymer name chemical structure mc;l;;'nl:la:ss plastic
waste
A poly(ethylene 8 000 — 18.8
terephthalate) 31000 ‘
PETE o
H H
A high density ¢l 100 000 — 19.8
poly(ethene) . 250 000 '
HDPE H Hj n
A poly(vinyi e 50 000
: chloride) TisT 120 000 53
L - n
_ [ W H
low density Lé-eL 100 000 - 13.9
poly(ethene) ) 250 000 |
LDPE | HH]
[ u CH,
Le- 75 000 -
@ poly(propene) E E 700 000 19.1
n
H R where R represents 100 000 —
poly(styrene) ?‘? -T a hydrocarbon 400 000 5.9
PS H H . branch
Other plastics poly(lactic agid) nylon
(such as CH, O o o
A polycarbonates, o-«::—-é—-- é-ﬂ-é-rf-{‘_‘]—rf - 17.2
OTHER polyamides. L A
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(a) (i) Deduce and draw the structural formula of the monomer(s) of poly(propene).

monomer(s) of poly(propene) [1]

(i) Explain, in terms of bonding and structure, why the melting point of a polymer is
always higher than its monomer(s).

.................................................................................................... [2]
(b) The shortest chain of poly(styrene) consists of 962 repeating units. Elemental analysis
of poly(styrene) found that the polymer contains 92.3% of carbon and 7.7% of hydrogen

by mass.

Calculate and deduce the formula of R in poly(styrene).

formulaof R= ... [3]

CCKSButetnegarglim'22
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Mechanical recycling and depolymerisation

There are two methods that are commonly used to recycle plastics. Mechanical recycling is a
physical method that melts plastics of the same polymer before making them into small pellets
to be used again. Depolymerisation is a chemical method that uses either heat or chemical
reactions to convert the polymers back into its monomers. Since each polymer has its own
unique chemical properties, machinery and methods are specific to one particular plastic.

Fig. 8.1 shows the journey of plastic trash from recycling bin to becoming a new plastic product.

>

/‘\ A Esmﬁngandwashhg]

PETE HDPE

LOPE PP , PETE OTHER
| mechanical recycling E ] chemical depolymerisation I

> ~~

Plastics are first crushed Each polymer type requires
into smali flakes and different conditions for the
washed again. Plastic depolymerisation reaction.

flakes must be of the G

same polymer.
@ Washed plastics are
placed in a reaction
Flakes are heated to 150 - 320 °C vessel containing water at
depending on polymer type. Heat should room temperature.
be sufficient to melt plastic flakes without Concentrated sulfuric acid

causing unwanted degradation. is used as catalyst.
< ~O-LHOLFOLHO-
+ H,O

Melted plastics are
reformed to produce
plastic pellets.

room temperature
concentrated H,SO,

C{):I %O monomers

O
Plastic pellets are Monomers are purified and
transported to plastic - ; transported to plastic

A e AR R AN ER AR A KR AR R R M R W R e AR M A W

producers. Pellets can be
melted and reformed to
form new plastic products.
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(c) A student looks at the data in Table 8.1 and Fig. 8.1 and suggests that mechanical
recycling can only recycle addition polymers while depolymerisation only recycles
condensation polymers.

Do you agree with the student? Use the data to support your answer.

(d) Most recycling companies find that it is more cost-effective to develop mechanical
recycling methods as compared to depolymerisation recycling methods.

By referring to Table 8.1 and/or Fig. 8.1, suggest a reason why this is so.

............................................................................................................ 1
(e) Based on Fig. 8.1, give two reasons why recycling plastic is not entirely environmentally

friendly.

o TR ST TP PPN

2 e e e e eaeeaeeeaseeeeieieateetaeaeeetarneaeeraen ettt

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

(f) Fig. 8.2 shows how poly(lactic acid) is depolymerised to form its monomer.

CH, 0 L CH, O
I 1l depolymerisation I 1
0-C—C > N H-0-C—C-0-H
| J +n H,0 I
H H
n
Fig. 8.2

Is poly(lactic acid) a condensation polymer or addition polymer? Give two evidence from
Fig. 8.2 that supports your answer.

[Totai: 12]

CCKSRAgtetneaninglim'22
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B9 An experiment is carried out to electrolyse dilute aqueous sodium chloride.

7N £y
gasA — _ 41— gasB
platinum 1. _—— platinum cathode
anode

- "/ very dilute aqueous
sodium chloride

(a) (i) Identify all the ions present in the solution.

.................................................................................................... [1]
(i)  Write an ionic equation for each reaction that happens at the anode and cathode.

=TT Yo [ U

For= 11 Lo 1o [ PP 2]
(ili) Describe a simple test and its result that would identify the gas given off at the

anode.

.................................................................................................. [21

(b) After the electrolysis has been running for some time, the solution becomes more

concentrated.

What are the products of the electrolysis when the solution becomes concentrated?
Give your reasoning.

............................................................................................................ [3]
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EITHER

B10 Fig. 10.1 shows the volume of gas produced with time for four experiments 1 to 4 where a
metal carbonate, MCO; is reacted with different concentrations and volumes of hydrochloric
acid.

N

72

60+

volume of gas / cm®

N
time/s 4

Fig. 10.1

(a) Give the identity of the gas produced in the experiments.

............................................................................................................. [1]
(b) With reference to Fig. 10.1, complete the table below.
exr?:r::?:rnt concent:;ll;);m%f acid in volume of acid /em?
0.125 20
0.200 30
0.250
3 0.200
(3]

CCKSRagemnicsartinglim 22
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(¢) M forms an ion with a 2+ charge in the reaction between the metal carbonate and
hydrochloric acid. The mass of MCO3 used in each experiment is 0.375 g.
The chemical equation of the reaction is as shown below.

MCOs; +2HC! > MCL + CO; +H0

(i)  Only experiment 1 has no excess of either reactants at the end of the reaction, while
the rest of the experiments (2, 3, 4) have an excess of metal carbonate MCO:s.

Calculate the number of moles of hydrochloric acid used in experiment 1.

numberofmoles = ..o, mol [1]

(ii) Hence or otherwise, calculate the relative molecular mass of M and identify
metal M.

identity of metal Mis .............ccocoeiiiinnininni [3]

(d) Using ideas on collisions between particles, explain why the speed of reaction in
experiment 2 is faster than experiment 3.

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

.............................................................................................................. [2]
[Total: 10]
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OR
B10 Displacement reactions can be used for the extraction of metals.
In the 19" century, Frederich Wohler obtained aluminium metal by reacting potassium with
aluminium chloride at a high temperature to form potassium chioride and aluminium. Wohler

also observed that the temperature increased during the reaction.

AlIC + 3K = Al +  3KC!/

(a) (i} Write an ionic equation for the reaction.

(ii) Explain, using oxidation states, which substance is reduced.

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

(iii) Determine the mass of aluminium chioride needed to produce 0.81 kg of
aluminium metal.

mass of aluminium chloride ........................... g [2]

CCKSBteinksaninglim'22
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(b) (i) Is the reaction between potassium and aluminium chioride exothermic or
endothermic? Give a reason to support your answer.

................................................................................................. 1]
(ii) Draw the energy profile diagram for this reaction.
Your diagram should include
» labels for the reaction enthalpy change,
« activation energy, and
« formulae of reactants and products.
A
enthalpy’
progress of reaction
(3]

(c) Beryllium is less reactive than potassium and more reactive than aluminium.

Deduce whether Wohler’s technique can be used to obtain beryllium from beryilium
chloride. Suggest one reason why.

......................................................................................................... {11
[Total: 10]

END OF PAPER 2
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Secondary 4E
Chemishry
Preliminary Examination 2022

Mark Scheme

Paper 1 {40 marks)
1 2 3 4 5 6 7 8 g 10
D B A D A D c A C C
" 12 13 14 15 16 17 18 19 20
A A C C o ' b A
21 22 23 24 25 26 27 28 28 30
C B B A B A B B 3] B
H 32 33 34 35 36 ar 38 38 40
C D A C C G B D B 8
A-1,B-10,C-14,D-8
Paper 2
Section A (50 marks)
Alfa) true | calse )
It is & saturated hydrocarben. ~J
it could be ammenia. %
itis a halogen compuund. ¥
¥ iz an icnic comepund. &;5
4pt —2m 3-2pt—1m. 1 -0 "
) 2
... .
S e e
{
 @§ic.3 0
»xx ,35, )
o S e
carhon diéﬁddu, CO,
comect number of sharing electrons in carborn;
comect number of sharing electrons in oxygen;
Total: 4]
Az{a} | Sodium iz oxidized as it loses an electron to form sodium ion, Na® 1
&mmmdme&ma@mmebmwfnmwm&emcr k|
Since oxidation and reduction occurs concurrentiy'simulisnecushyfat the | 1
same time,
Hence if i3 & redox reaction
{b) Sodium will explode into lames/When placed info fluorine gastoforma | 1
white solid of sodium flucride (observation should be more vigorous than
what is given in queslion stem, reject bubble form)
Fluorine is above chicrine in CGroup Vil and hence more reaclive; i
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icy Mole of sodium = 40423 = 1.7391 mol
Mole ratio of Ma: Nall =1:1 1
Mass of sodium chioride produced = 1.7391 X 585 =101.74 g
Yhyield = 65MDM.74 x 10D =6£3.0% i
[Total: 71
Al{a} 2
BOUrce method
hydrogen gas Crude ofl cracking
nifrogen gas fiquid air sFractional
distiliation
{p) | nirogen: A i
hydrogen: B
ammaonia: C , _
fc} reaciants are not luliv reacted even when readion has stopped. 1
, _ [Total: 41
A4(a) | high mefting point or streng {rejea. nard, strength and hardnPss is 3

different}- 1

etrong covilent bonds belwesn carbon steins -2

require a it of gnergy to hreak -3
ekeckrical cenduetar -4

gre carbon atem bonded fo three other carhen atoms/ 3 valence
alecirons in carbon ased in bondig

1ymlense efsciron in each carbon hot|
kil elestmon present -5

€ — 5 painis w»:i@, 4-3pt—2m2pt—s1m 1-0ptwsOm
{reject: mft&ﬁ@pﬁw there iz only one layer in graphene)

{b) hard cannot conduct eleciricity
aB-'fvaiénne electrons used in 1

require a lot of gnergy to break

(if part (a) did not mention)

20274E_PRELIM_Chem

ParfnerinLeaming

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




More papers at www.testpapersfree.com

BP-151

as compared to the weak 1 valence electron in each carbon
intermolecular forces of not involved in
attraction between graphite bonding/delocalised
layers.
mobile electron present

(c) (i)

sulfur dioxide is an acidic oxide and will react with the calcium
carbonate.

(not a marking point but students are reminded that this is not a
neutralisation reaction and calcium carbonate is not a base)

()
(if)

sulfur dioxide causes

e respiratory problems OR
¢ lead to the formation of ‘acid rain’ which harms aquatic life and
corrodes metal and stone structures
ecf if (c)(i) mentions a different pollutant

[Total: 7]

A5
@)

In group I, melting point and boiling point decreases down the group.
in group VII, melting point and boiling point increases down the group.

(a)(ii)

Students need to be clearer with the different bonding present in
different substances. Common mistakes include

1) not knowing the particles found in each siructures (e.g. mistaking
atoms with molecules, atoms with ions).

2) Students must also remember that forces are overcome and bonds
are broken.

Sodium is a metal with strong electrostatic force of atiraction/metallic
bond between the cations and the sea of electrons.

Whereas, chlorine exists as diatomic molecules with weak intermolecular
forces of attraction between the molecules.

Hence, lots of energy required to overcome the strong electrostatic
forces of attraction in sodium. Hence higher melting point.

Little energy needed to overcome weak intermolecular forces of
attraction in chlorine gas. Hence low melting point.

(b)(i)

Students answered this question badly. Many students did not answer
the question which should involve students explaining why the difference
in molecular mass does not account for the difference in density. Many
students instead explain what should account for density without
accounting for the molecular mass.

The molecular mass of chlorine is 71 and the molecular mass of bromine
is 160.

Even though bromine is slightly more than fwice the mass of chlorine,
but the density of bromine is at least a 100 times that of chlorine.

(show the difference in density is much larger than the difference in
molecular mass)

20224E_PRELIM_Chem
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Accept: volume needs to be considered as well (1 m)

(i) Chlorine is a gas and bromine is a fiquid at room temperature. 1

Reject: students mention states without specifying

(c) Question is badly done. While we accepled a range of answers, the
definition of diatomic should be as follows.

Diatomic means molecules with two atoms covalently bonded together. | 1

Accept: students answer must include both concept of two atoms and
being bonded.

[Total: 9]

A6(a) | Studenis must remember that evidence from the data provided should
be given clearly.

Transition elements are Q (1) and $(2)
- variable oxidation states (3) 2
- formed coloured compounds (4)

4pt—>2m,3-2pt—1m

(b) Bubbles of gas produced/gas extinguishes burning splint with pop sound | 1

Colour of water changes from green to dark blue/purple. 1
Remind students that Group | alkali should turn universal indicator purple
2R + 2H,O0 —> 2ROH + Ha 1

{c) P because it forms a chloride that is a liquid at room temperature/low 1

melting point

The chloride is a covalent compound/simple molecule hence Pisanon- |1

metal

OR

P is from Group IV

Q,R,S are from Group | and Il which are all metals

Reject: if students explain that P is a non-metal because the rest are
metals.

OR

P is black in colour

Metals are usually grey/shiny

(d) This question was surprisingly badly done. disappointing

Alloy is a mixture of a metal with another element. 1

(ii)

must be labelled,
P must be smaller than S,

20224E_PRELIM_Chem
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Can only have two sizes of particles
Quantity does not matter.

(i) disruption of the regular arrangement of layers of atoms makes it hard 1
for the layers to slide hence making alloys harder and stronger

[TOTAL:10]
A7(a) dissociates/ionises (reject: dissolves) partially in water forming 1
hydrogen ions and ethanoate ions
(b) Students either forget that atoms form bonds to form a complete 2

valence shell of electrons or they forget that they.age drawing an ion
and forget to inciude the charge

1m for charge, 1m for dot and cross (accept even if symbois for
electrons are the same)

(c)(i) copper carbonate/copper(ll} carbonate (reject: copper oxide as gasis |1
produced)

Students did not read the passage carefully to realise that substance X
has to react with an acid to produce a gas. There are also many
students who wrote names of salts showing their lack of understanding
of acid reactions.

(ii) Many students are unfamiliar with the evaporation to dryness 2
procedure. Many students think that evaporation to dryness does not
need heat.

Some students did not understand the phrasing of the question and
described the advantages of crystallisation over evaporation o

dryness.

advantage disadvantage

- higher yield of solute / - heat sensitive compounds
crystallisation does not will decompose/solute might
crystallise all solute decompose

- faster - impurities in the solution will

- with heat, will be dryer also be obtained

- solute obtained is less pure

20224E_PRELIM_Chem
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(d)(i) H O H 1

| | I

H-C-C-0-C—-H
| |

H H

Students need fo learn the condensation reaction to form esters better.
(ii) copper(ll) ethanoate has strong electrostatic forces of attraction (a) 2
methyl ethanoate has weak intermolecular forces of attraction (b)
more energy required o overcome

All—2m, (@) or(b)—1m

[Total: 9]

Section B (30 marks)

B8(a) |;| |;| ;Iq 1
H-C-C=C-H
|
H

(i) Macromolecule (polymer) has a higher molar mass/relative molecular mass | 1
than the monomer

stronger intermolecular forces between polymer molecules

more energy required to overcome the forces between polymer molecules

(b) Mr of repeating unit - 100 000 / 962 = 103.95 1
element C H
%composition 92.3 7.7
Ar 12 1
mole 92.3/12 = 7.691 7.7/1=77
ratio 1 1
Empirical formula CH 1
Molecular formula of repeating unit
103.95/ 13 = 8 (CeHs) 1

R - CgHs

(c) Disagree, PETE is a condensation polymer so mechanical recycling can 1
recycle condensation polymers.

OR

20224E_PRELIM_Chem
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Agree, PETE and polymers under others are condensation polymers can be

recycled using chemical depolymerisation

(d)

mechanical recycling recycles more types of plastics as compared to
chemical depolymerisation

OR

mechanical recycling recycles a higher percentage of plastic waste as
compared to chemical depolymerisation

- transportation requires fossil fuels to be burnt

- mechanical recycling requires plastic to be heated and that requires

fossil fuels to be burnt to provide the energy

- Chemical depolymerisation requires concentrated sulfuric acid

which will harm the environment when released.

- Washing of the plastic requires water to be used which will deplete

the world’s water supply

(f)

condensation polymerisation

- Monomer has a higher molar mass than the repeating unit
- monomers are joined together by an ester linkage

- when monomers combine to form the polymer, a small molecule of

water is released.

- when polymer is broken down o the monomer, a small molecule of

water is added.
ANY TWO

[Total: 12]

B9
(a)()

Hydrogen, hydroxide, sodium and chioride ion

OR H*, OH- ,Na*, Cr

1

(i)

Anode: 40H- = Oy +2H,0 +4e-
Cathode: 2H* +2¢¢ = H;

(i)

Place a glowing splint at the gas;

Splint relights

(b)

At cathode, hydrogen gas is produced, as sodium ion {reject: sodium)
cannot be discharged.

At anode, chlorine gas is produced.

When solution is concentrated sodium chloride, chloride ions are
preferentially discharged over hydroxide ions.

[Total: 8]

Either

B10
(a)

carbon dioxide
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(b) experiment concentration of acid in volume of acid
mol/dm? lem?
3
4 0.125 20
1 0.200 30
2 0.250 20
3 0.200 25
5 points - 3m,4pt—2m,3-2pt—1m,1pt—-0m
(c) (i) No. of moles of HCI = 0.200 x 0.03 = 0.006 mol 1
(ii)
Mole ratio HCI:MCOsiis 2:1
No. of moles of MCOs = 0.003 1
Molar mass of MCO3 = 0.375/0.003 = 125 g/mol 1
Atomic mass of M = 125 - M; CO3 =125 - 60 =65 1
OR
Mole ratio CO2MCOsis 1:1
No. of moles of MCO3; = 0.003
Molar mass of MCO; = 0.375/0.003 = 125 g/mol
Atomic mass of M = 125 - M, CO3 = 125 - 60 = 65
Hence M is Zinc
(d) When there is an increase of concentration of acid,
There is greater number of reacting particles per unit volume. 1
Hence higher frequency of effective collisions and higher speed of reaction. | 1
[Total: 10]
Or ' l
B10 3K(s) + AP*() — 3K + Alls) 1
(a)(i)
{ii) Aluminium is reduced as its oxidation state of +3 in AP*ions decreased | 2
to 0 in Al atoms
1m — decrease
1m - oxidation states
(iii) M: of AICh = 27 + 3(35.5) = 133.5
From equation, no of moles of A/C/; = no. of moles of A/
= 810/27 = 30 mol 1
Mass of aluminium chloride = 30 x 133.5 = 4000 g 1
Award 1 m if never convert kg to grams.
(b)(i) (i) reaction is exothermic as temperature increased during the reaction. | 1
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(b)(ii)
Energy

activation energy / E;

enthalpy change /
AH = —ye

Progress of reaction

ecf from (c)(i)

1 m ~ correct labels for Ea and enthalpy change 3
1 m — exothermic graph
1 m - correct labels from reactant and products

(c) Yes. Since beryllium is less reactive than potassium, potassium can 1
displace beryllium out beryllium chloride.

Reject: 'IT’ can displace beryilium

[Trtal: 10]
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