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Section A
Answer all guestions in the spaces provided.,

{ SectionB
~ Answer all three questions in the spaces provided, the last question is in the form either/or.

Answer all questions in the spaces provided.

Electronic calculators may be used. You may lose marks if you do not show your working or if
you do not use appropriate units.

The number of marks is given in brackets [ ] at the end of each question or part question.
A copy of the Periodic Table is printed on the last page.
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Error Analysis

DO NOT ATTEMPT THIS PART DURING THE EXAMTEST.

. Mame:

ITISTOBECOMPLETED AFTER THE EXAMITEST, AFTER YOU HAVE DONE
CORRECTIONS FOR YOUR PAPER.
( ) Date:
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Everyone, not just the fastest and most competent, is capable of figh achievement, (3 re, perseverance and crafismanship are what count.

Aj 3 things [ have learnt from this paper.
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2.)
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B) 2 comenon mistakes | made in this paper.
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Preliminary Examination 2022/4Exp/Chemistry 3

Section A
Answer all questions in the spaces provided.
The fotal mark for this section is 50.

A1 The diagram shows part of the Periodic Table.

C F
Si| P S Gl
Ti Fe Cui Zn As Br

Answer the following questions using only the elements shown in the diagram.
Each element can be used once, more than once, or not at all.

|dentify an element that

(a)

(b)

(c)

(d)

(e)

()

is in period 3 and has seven electrons in its outer shell.

................................................................................................. [1]
forms an ion of -3 charge with three fully filled electron shells.
................................................................................................. [1]
can form both positive and negative ions.
................................................................................................. 1]
is a liquid at room temperature.
................................................................................................. (1]
forms an amphoteric oxide.
................................................................................................. [1]

forms an agueous chloride that reacts with aqueous ammonia to give a
reddish-brown precipitate.

[Total: 6]

[Turn over



Preliminary Examination 2022/4Exp/Chemistry 4

A2 Sodium chioride can be found in rock salt, which occurs naturally as white
crystals.

Fig. 2.1 outlines the steps used to determine the percentage of sodium chloride
present in a sample of rock salt of mass 2.5 g.

rock salt weighed

Step 1 dissolved and filtered

A 4
filtrate

Y

residue discarded

Step 2 addition of acidified

silver nitrate and filter
Y

precipitate filtrate discarded

Y

Step 3 rinsed, dried and weighed

A 4
dried precipitate

Fig. 2.1

{a) Write the ionic equation, with state symbols, for the formation of the
precipitate in Step 2.

(b) Explain why the silver nitrate added in Step 2 must be acidified before use.

(c) Suggest another reagent that can be used in Step 2 instead of silver nitrate.
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(d) At the end of the experiment, the mass of the dried precipitate was found
to be 5.74 g. Calculate the percentage of sodium chloride present in this
sample of rock salt.

[2]
(e) Suggest another method to show that the rock salt sample is impure.
................................................................................................ [1]
[Total: 7]

ITurn over
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A3 Fig. 3.1 shows a set-up of a simple cell.

_voltmeter

electrode 1 -~~~

Fig. 3.1

= - glectrode 2

.- agueous sodium sulfate

The results from the simple cell, using the metals tin, cadmium, zinc and copper,
are shown in Table 3.1.

Table 3.1
cell electrode 1 electrode 2 voltage / V
1 copper cadmium 0.74
2 tin copper -0.48
3 copper zinc 1.10

(a) Listthe four metals in order of increasing reactivity.

(b) Hence, deduce the expected voltage for cell 4 shown below.

cell

electrode 1

electrode 2

voltage / V

4

tin

cadmium

o
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(c) With reference to cell 3,

(iy write the half-equations for the reactions faking place at each
electrode.

electrode 1:

giectrode 2:

[2]
(ii) hence, describe the expected observations in the cell after some time.

[Total: 6]

{Turn over
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A4 The Contact Process is an industrial process used to manufacture sulfuric acid.
It is carried out in four stages.

Stage 1:
Stage 2:
Stage 3:

Stage 4:

S(s)+0Oz2(g) — SO2(g)
2502 (s) + Oz (g) = S0s(g) AH =-197 kJ/mol
SOs(g) + H2SO4 (1) ~> H2S207 (1)

H2S207 (1) + H20 (1) » 2H2504 (aq)

(a) Draw an energy profile diagram for the reaction taking place in Stage 2 of
the Contact Process. Label the enthalpy change and activation energy
clearly on your diagram.

(b) In terms of oxidation states, explain whether or not the reaction in
Stage 3 of the Contact process is a redox reaction.
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(c) Write the overall chemical equation for the reactions in Stage 3 and
Stage 4.

(d) Explain why it is important that the product in Stage 1 does not escape into
the atmosphere.

(e) The overall percentage yield for the Contact Process is approximately 30%.
Based on the information provided, suggest why this is so.

[Total: 8]

[Turn over
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A5 Table 5.1 shows the bond energies of some hydrogen halides.

Table 5.1
bond bond energy (kd/mol)
H-F 562
H-CI 431
H-Br 366
H-I 299

(a) Suggest which hydrogen halide will result in the acid with the lowest pH
when dissolved in water. Explain your answer,

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

(b} Predict the bond energy of hydrogen astatide.
[1]
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(c) Hydrogen bromide can be produced by reacting hydrogen and bromine gas

in the following reaction:

Hz (g) + Brz (g) — 2HBr (g)

Table 5.2 shows the bond energies of some bonds.

Table 5.2
bond H-H Br-Br
432 193

bond energy (kd/mol)

(i) Calculate the enthalpy change of this reaction.

[2]

{ii) Hence, state and explain whether this is an exothermic or endothermic

reaction.

[Total: 8]

[Turn over
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A6 Chlorofluorocarbons (CFCs) are widely used in refrigerants, aerosol products and
as solvents. Fig. 6.1 shows some common CFCs and their industrial names.

Cl Ci
| I
Cl—C —Cl Cl—C—F
| |
F F
Freon-11 Freon-12

E ct F

| I
Cl C C = Cl—C—C—F
| l l
o F cl  cl ¢
Freon-113a Freon-112
Fig. 6.1

(a) Interms of mass composition, a CFC is found to consist of 12% carbon, 19%
fluorine, with the remainder being chlorine.

Determine the empirical formula of this CFC and use the information
provided in Fig. 6.1 to identify this CFC.

empirical formula: .........c.cocoee

identity of CFC: ...

[2]
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(b) A student claims that Freon-113a can also be synthesised from ethene.

(c)

Do you agree? Explain your answer.

Freon-113a has a melting point of 14 °C and a boiling point of 46 °C.

(i) Describe the arrangement of Freon-113a particles at room temperature
and pressure.

(ii} Explain briefly how the melting and boiling point of Freon-112 will differ
from Freon-113a.

(d) The use of CFCs has been banned in the world under the Montreal Protocol.

State the reason why this is the case.

[Total: 8]

[Turn over
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A7 Phosphorus exists as several different forms that have different physical
properties. The most common forms are white phosphorus, P4 and red
phosphorus, which is a macromolecule. The structures of white and red

phosphorus are shown below.
/P\ / \ / ’ ’

\P
white phosphorus, P, red phosphorus, P,

(a) Describe one similarity in the structures of white and red phosphorus.

(b} The melting point of white phosphorus, Pa, is 44 °C while the melting point
of red phosphorus, Pn, is 590 °C.

In terms of bonding and structure, explain why red phosphorus has a higher
melting point than white phosphorus.

(c} Red phosphorus is commonly used as the striking surface of matchboxes.

The match head contains potassium chlorate (KCIO3) which is easily ignited
by friction on the striking surface.

State, with sufficient description, the types of bonds that are present in
potassium chlorate.



o=

Preliminary Examination 2022/4Exp/Chemistry 15

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

B8 Contact lenses are used by many people on a daily basis and are made of
polymers. Over decades, contact lenses have been refined by scientists to be

more comfortable for their users. There are two main types of contact lenses —
rigid and soft contact lenses.

Rigid Contact Lens

Rigid contact lenses are made of poly(hydroxyethyl methacrylate), also known
as PHEMA. The structure of PHEMA is shown in Fig. 8.1.

H CH,
]
C C where R is ~%OCZH4OH
| ©
H R
n

Fig. 8.1

PHEMA is a linear polymer because it consists of a long string of carbon-carbon
bonds as shown in Fig. 8.2.

(Drepeat unit of PHEMA

Fig. 8.2

However, users find rigid contact lenses uncomfortable or unhealthy for long term
use as PHEMA causes the eyes to dry out.

[Turn over
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Soft Contact Lens

Soft contact lenses are more commoniy used these days due to their high
oxygen-permeability and water-absorbency. These lenses are based on
hydrogels, which are networks of cross-linked polymer chains that are highly
water-absorbent.

A cross-linked polymer makes use of a cross-linking monomer to link long-
chain polymers such as PHEMA. Fig. 8.3 shows the structure of a cross-linking
monomer. Fig. 8.4 shows how cross-linking monomers link the long-chain linear
polymer, PHEMA, to form a cross-linked polymer.

H— = C NN\ e =¢ — H

repeat units

repeat units of of PHEMA

cross-linking
monomer

References:
https:f/nslc.ws/notm/contacts. htm
hitps:/fwww.compoundchem.com/2015/10/13/contactienses/
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(a)

(b}

(i) Draw the full structural formula of the monomer of PHEMA. All bonds
need to be clearly displayed.

(ii} ldentify any two functional groups present in the monomer.

(ili) Determine if PHEMA is an addition or condensation polymer. Explain
your answer.

A segment of the cross-linked polymer is shown below.

repeat units

repeat unit of " of PHEMA

cross-linking
monomer

Complete the partially drawn structure of this segment in the space below.
You can use Fig. 8.1 and 8.3 to help you.

2]

[Turn over
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(c)

(d)

Use the information given about the properties of soft contact lenses to
predict whether polyethene can be used to make these lenses. Explain your
answer.

In an addition reaction, 77 g of the cross-linking monomer (Mr = 154) is
reacted with excess iodine.

Calculate the mass of iodine required to completely react with the cross-
linking monomer.

(3]
[Total: 12]

£,
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B9 Dieselis a fraction of petroleum which is mainly used as a fuel for diesel-powered
vehicles. Biodiesel is an alternative to petroleum-based diesel using renewable
resources such as oils derived from plants.

Fig. 9.1 shows the average percentage change in exhaust emissions from
vehicles using different mixtures of petroleum-based diesel and bicdiesel.

+20 7 T T T T I ITITTIT
. & +- s Acidic nitrogen
ke oxides
4 (eesmas — Carbon
TR - - -] dioxide
J N : ke
o o i
Average —20 FEEERESRE R
percentage Ny ; :\ =
change in : B » R e :
exhaust : Sy TN
emissions _40 b= FARA RN S~
F T
- 5 " Particulates
60 i . i Carbon
i : monoxide
Hydrocarbons
~80
0 20 40 60 80 100

Percentage of biodiesel in the fuel mixture

Fig. 9.1
(a) (i) With reference to Fig. 9.1, describe how the average percentage
changes in the exhaust emissions of acidic nitrogen oxides and carbon

monoxide vary as the percentage of biodiesel in the fuel mixture
increases.

[Turn over
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(b)

(c}

(i) Hence, state a positive effect to human health by increasing the
percentage of biofuel in the fuel mixture.

Attaining ‘carbon neutrality’ has been the aim of many research agencies
around the world to reduce carbon emissions. ‘Carbon neutrality’ refers to
processes that result in net-zero carbon emissions.

Biodiesel derived from plants is one such alternative that achieves ‘carbon
neufrality’ as plants make use of carbon dioxide during photosynthesis.

Based on the description above, explain how ‘carbon neutrality' is achieved
with the use of biodiesel.

Diesel contains an alkane of 12 carbon atoms, which undergoes catalytic
cracking to form a mixture of two hydrocarbons. One of the products has a
chemical formula of Cals.

(iy Write the equation for the catalytic cracking of diesel.

(ii) Draw the full structural formulae of two isomers of CaHs.

[2]

[Total:8]
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EITHER

B10 Metal X is found in Group Il of the Periodic Table. A student placed 0.30 g of
metal X into two separate conical flasks containing hydrochloric acid of different
volumes and concentrations. The volume of hydrogen gas was measured at
regular intervals at room temperature and pressure.

Table 10.1 shows the volumes and concentrations of hydrochloric acid used in
each experiment, and Fig. 10.2 shows the results obtained.

Table 10.1
concentration
. mass of metal | volume of of HCI used volume of Hz
experiment X used (g) HC! (cm?) (mol/dm?) collected (cm?®)
1 0.30 80 1.0 300
2 0.30 50 2.0 300
volume of
Hz/ cm?®
300 -
graph 1. result from experiment 1
graph 2: result from experiment 2
» time/s
Fig. 10.2
(a) (i) By calculations or otherwise, explain why metal X is the limiting

reagent in the two experiments using the information provided above.

[Turn over
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(ii) Hence, use calculations to determine the identity of metal X.

identityofmetal X ... (3]

(b) Explain, in terms of reacting particles, the difference between the shapes of
the graphs 1 and 2.

(c} (i) Experiment 2 was repeated, with an additional 0.1 g of calcium. The
result is shown in graph 3. Explain the results obtained in this
experiment.

(ii) Experiment 2 was carried out again, this time with an additional 0.1 g
copper. The result is shown in graph 4. Suggest how copper affects
the results obtained in this experiment.

i
\\w/zm)‘
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OR

B10 In an experiment to find out how two pollutant gases, carbon monoxide and sulfur
dioxide affect the rate at which metals corrode, strips of three different metals
were left in contact with each pollutant gas in ‘'moist air'. ‘Moist air' refers to air
with higher levels of humidity or water vapour.

After two weeks, the appearance of each metal strip was recorded as shown in

Table 10.2.
Table 10.2
otal moist air moist air polluted with

m : carbon monoxide sulfur dioxide
aluminium remains shiny remains shiny remains shiny
small patch of black | small patch of black large patches of

copper . . black and blue

and green solid and green solid .
solid

iron small patch of red- small patch of red- large patches of
brown solid brown solid red-brown solid

(a) Explain why sulfur dioxide corrodes the copper and iron more quickly than
carbon monoxide.

(b) Aluminium is a more reactive metal compared to copper and iron. However,

it remains shiny even in the presence of sulfur dioxide. Explain why this
happens.

[Turn over
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(c) (i) State the identity of the red-brown solid on iron.

(ii) Describe and explain how the results for the iron metal would differ if
a piece of magnesium was attached to it in moist air poliuted with
sulfur dioxide.

(d) Itis observed that black and green solids are both observed on the copper
strips in moist air and in moist air polluted with carbon monoxide.

When both solids are added to sulfuric acid, the solids dissolve to form a
blue solution. It is observed that the green solid effervesce in sulfuric acid,
but the black solid does not.

(i) Determine the identities of the black and green solids.

(if) Discuss why similar results are observed for copper in both moist air
and in moist air polluted with carbon monoxide.

[Total: 10]

END OF PAPER
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