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Section A

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

Al (a) Thediagrams can be used to represent the structures of organic compounds
that produce a smell.

A H3C — CH2 — CH=CH>

B H3C — CH2 — CH2 — CH2 — CH:2

|
O—H

C H3C — CH2 — CH2 — CH2 — CH2 — CH:2

|
O—H

D HiC —CH,—CH>—C =0

|
O—H

E H3C — CH2 — CH2 — CH — CHs

|
O—H

F |[HsC —CH=CH— CHs

Use the letters A, B, C, D, E and F to answer the questions.
Each letter may be used once, more than once or not at all.

(i)  Which compounds are isomers?

............................................................................................ [1]
(i)  Suggest one pair of compounds that undergoes a reaction to form an
ester.
............................................................................................ [1]
(iii)  Which compounds can decolourise aqueous bromine?
............................................................................................ [1]
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(iv)  Which compound can react with magnesium to produce a gas that
extinguished a lighted splint with a ‘pop’ sound?

(b) Crude oil produces a range of substances that have many uses.

Which statements about the different fractions of crude oil are true and which

are false?

Put a tick (V) in one box in each row.

true

false

Petroleum is separated by different density into
different fractions.

Alkanes used in diesel fuel have lower boiling
points than those used in motor cars.

The fraction used as feedstock for making plastics
is extracted from higher up the fractionating
column than the fraction used for kerosene
(paraffin).

Each fraction contains a mixture of hydrocarbons.

[2]
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A2 (a) Ethanol can be manufactured by the catalysed addition of steam to ethene.
Ethene is obtained from crude oil. The reaction is reversible and can be
represented with the following flow scheme.

IN —> — — —

ethene j

and _

steam T reaction chamber
optimum conditions:

—————— 300°C, 60 — 70 atm

T I _> phosphoric acid
unreacted catalyst
ethene absorbed on
recycled to top silica pellets
of reaction T\
+— +— gases are
cooled | OUT
— liquid
ethanol and
water

(i) Write a balanced chemical equation for the catalysed addition of
steam to ethene.

........................................................................................... [1]
(i)  Give a reason why the unreacted ethene is recycled.

........................................................................................... [1]
(iii) Itis important that oxygen does not enter the reaction chamber.

Suggest a reason why.

........................................................................................... [1]
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(b) Temperature will affect both the rate of reaction and yield of ethanol produced.

The graph shows the yield of ethanol that is made under different conditions.

10
200°C

250°C

% yield of

Q
ethanol 5 300°C

350°C

450°C

0 20 40 60 80
pressure/atm

(i)  Using information from the graph, state the temperature and pressure
that would give the highest yield of ethanol.

............................................................................................ [1]
(i)  Explain why the optimum conditions for the production of ethanol are
different from your answers in (b)(i).
............................................................................................ [2]
[Total: 6]
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A3 In 2010, the Nobel Prize Physics was awarded for production of graphene from
graphite. Graphene is an allotrope of carbon consisting of a single layer of atoms
arranged in a two-dimensional hexagonal lattice structure.

Fig. 3.1 shows the structure of graphene and Fig. 3.2 shows the structure of
graphite.

carbon atoms

Fig. 3.1 Fig.3.2
(a) Graphene can be prepared from graphite using sticky tape.

Use ideas about bonding and structure in graphite to explain why it is
possible to create graphene by this method.

.................................................................................................... [2]
(b) Some of the properties of graphene include having high electrical

conductivity and strength.

Explain how graphene can conduct electricity and have high strength.

.................................................................................................... [4]
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(c) Graphene is transparent hence it is suitable to overlay a monitor screen and
function as a touchscreen.

Explain why graphene is transparent.

[Total: 7]

A4 Table 4.1 shows results of different tests conducted to compare the properties of
two dibasic acid, sulfuric acid and tartaric acid, of the same concentration.

Table 4.1
test sulfuric acid tartaric acid
Universal Indicator red orange
volume of gas collected 10 s after reacting 14 cm3 6 cm?3
with magnesium
volume of sodium hydroxide required for 22.00 cm? 22.00 cm?
complete neutralisation of 25.0 cm? of acid

@ (@ Explain the difference between a strong acid and a weak acid.

(i)  Use relevant tests and results in Table 4.1 to explain which acid is the
weaker acid.

PRELIM 4E CHEM 2022 6092/02
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(b) The reaction of tartaric acid with aqueous sodium hydroxide can be
represented by the equation below, where the tartrate anion is given the
symbol T.

H2T(aq) + 2NaOH(aq) — NazT(aq) + 2H20())

Calculate the concentration of tartaric acid in mol/dm3, if 0.100 mol/dm? of
sodium hydroxide is used.

[3]
[Total: 7]
A5 Proteins are natural polyamide which can be hydrolysed to determine its
component amino acids. Hydrolysis is the breaking down of the protein into its
constituent monomers, amino acids. Amino acids are organic compounds that
dissolved in water to form colourless solutions.
Below is a representation of a protein molecule of which only the repeating units
are shown.
H il o v Ho H &l\ 0
—N—-—C—-C—N —(|Z—C—N—(|Z—C—
H H
(a) Explain what is meant by a polymer.
.................................................................................................... [1]
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(b) Draw the structural formula of the three amino acids obtained from the
hydrolysis of this protein.

[3]
(c) Suggest how the three amino acids obtained can be identified.
.................................................................................................... [2]
(d) Chlorine is used in the manufacture of chloroethene, C2Hs3Cl. When
chloroethene undergoes polymerisation, poly(chloroethene) is formed.
State two differences between the polymerisation processes used to
manufacture proteins and poly(chloroethene).
.................................................................................................... [2]
[Total:8]

PRELIM 4E CHEM 2022 6092/02



10

A6 Chlorofluorocarbons (CFCs) have been used in large quantities as solvents and
aerosol propellants.

When CFC molecules diffuse into the atmosphere, they destroy the ozone layer
in the stratosphere, which is about 30 kilometres from the Earth’s surface.

One of the most widely used CFCs was CClIzF2 and CHsCCI2F.

(a) CClI2F2can be made from methane via photochemical substitution reaction
with chlorine and fluorine gas.

(i) Draw a “dot and cross” diagram for CCl2F2 molecule.

Show outer electrons only.

[2]
(i)  Explain why the reaction between methane with chlorine and fluorine
to form CCIl2F2 is a substitution reaction and suggest why it is
described as photochemical.
............................................................................................ [2]
(b) CHsCCIzF is made by adding hydrogen fluoride to an unsaturated organic
compound A.
Draw the structural formulae of compound A.
compound A
[1]
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() When CFCs rise to the stratosphere, energy from sunlight breaks C—Cl
bonds in CFCs to produce chlorine atoms. Chlorine atoms cause the
breakdown of ozone in a two-step process.
stepl ClI + O3 > CIO + O2
step2 CIO + O > Cl+ O2

One Cl atom can destroy 100 000 ozone molecules.

Use the equations for step 1 and 2 to explain why.

[Total: 8]

A7 Zinc can be extracted from zinc blende, ZnS, or from calamine, ZnCOs in a two
stage process.

Stage 1:

equation 1 2ZnS(s) + 302(g) = 2Zn0O(s) + 2S02(g)
equation 2 ZnCOs(s) = ZnO(s) + CO2(g)

Stage 2:

equation 3 ZnO(s) + C(s) = Zn(s) + CO(qg)

(@) Gases from the extraction of zinc is collected and treated to prevent
environmental problems.

Describe the environmental problems that could occur if the gases are
released into the atmosphere.

PRELIM 4E CHEM 2022 6092/02



12

(b) Use oxidation states to explain why equation 2 is not a redox reaction.

..................................................................................................... [2]
(c) Zinc obtained from extraction contains impurities, like cadmium, zinc, lead
and iron, and is further purified by fractional distillation.
Table 7.1 shows the boiling point of zinc and the impurities.
Table 7.1
element boiling point/°C
cadmium 766
zinc 907
lead 1749
iron 2862
(i)  Using information from Table 7.1, explain how zinc is separated from
the impurities.
............................................................................................ [2]
(i)  Purified zinc has a lot of uses and one of the uses is rust prevention.
Explain how zinc prevents rust formation.
............................................................................................ [2]

[Total: 8]
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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 Covalent bonds are a result of the sharing of an electron pair between two atoms.

The two atoms are bonded due to the electrostatic forces of attraction between
the nuclei of the atoms and the shared electrons.

Table 8.1 lists the bond energy and bond length of some covalently-bonded

atoms.
Table 8.1
bond bond energy / kJ/mol | bond length / pm
H-H 435 74
H - CI 431 127
H — Br 366 141
H-I 299 161
Cl-Cl 243 198
Br — Br 193 228
I -1 149 267
cC-C 331 154
c=C 590 134
C=C 812 120

Bond energy is a measure of the strength of the bond and the amount of energy
required to break one mole of a particular covalent bond. Bond length is the
distance between the nuclei of two atoms that are covalently bonded to each
other.

Bond length is also affected by the atomic size of atoms. Table 8.2 shows the
atomic size of some atoms.

Table 8.2
element H F Cl Br |
atomic 53 147 175 185 198
radius /pm

PRELIM 4E CHEM 2022 6092/02
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Bond energy is a factor affecting reactivity of a molecule. Reactivity of Group VII
halogens changes down the group. Hydrogen halides are formed when halogens
react with hydrogen.

Table 8.3 shows some information about the reactions of halogens with hydrogen
to form hydrogen halides.

Table 8.3

enthalpy percentage of
change/ hydrogen halide
reaction observation KJ/mol that decompose
at 1000°C / %

reacts explosively in -185 negligible
sunlight but reacts

Hz + Clz — 2HCI slowly in the dark

reacts in sunlight 0.5
and on heating with

H> + Bro — 2HBr platinum

reacts very slowly 26 33
on heating with

Ho+12 = 2HI platinum

(@) Using information from Table 8.1, describe the factors, other than atomic
size of atoms, that affect bond length.

PRELIM 4E CHEM 2022 6092/02
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(c) (i) Using information provided, calculate the enthalpy change of the
reaction between bromine and hydrogen.

[1]
(i) Complete the energy profile diagram for the reaction between bromine
and hydrogen.
Your diagram should include:
e the calculated enthalpy change of reaction from (c)(i)
e the activation energy
energy 4
H2 + Br2
progress of reaction [2]
(d) State and explain three differences in the reaction of iodine with hydrogen
and reaction of chlorine with hydrogen.
.................................................................................................... [4]
(e) Suggest a value for bond length in HF.
.................................................................................................... [1]

[Total: 12]
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B9 In 1904, J.J. Thompson proposed a model of an atom. He called this the ‘plum
pudding’ model with only protons and electrons filling a sphere.

Fig. 9.1 shows a ‘plum pudding’ model of an atom, containing 11 electrons in a
sphere of protons.

PR outline of the sphere
/7 Oo N
/70° 0 OAY
M |
'\.O. O O |
0° Q legend:
vV Y e ey egend:
\\_O_O,’ O protons
Fig. 9.1 e electrons

(@) Describe three ways in which Thompson’s ‘plum pudding’ model differs from
our present idea of the structure of an atom.

(b) One of the experiments that led to the development of the atomic model
involves passing a beam of particles x, y and z between charged plates. The
diagram shows how the beams are affected by the plates.

+ve X
beam of /
particles .

-

From the diagram, what can be deduced about the properties of the particles
X,y and z?

Explain your answer.
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(c) Fig. 9.2 shows a model proposed by a student to show the structure of an
ion formed by the atom in Fig 9.1.

TN +
G OPIN
[ %0%.40,
\\0 pael o ! legend:
\O_O_._ s / O protons
- Fig. 9.2 - e electrons

Explain why the model is not an accurate representation of the structure of
the ion formed.

[Total: 8]

Either
B10 The apparatus shown in Fig. 10.1 was used to study the catalytic effect of certain
substances on the reaction between zinc and dilute sulfuric acid.

rubber tubing  gas syringe

flask

dilute sulfuric acid

possible catalyst
+ zinc

Fig. 10.1

Several experiments were carried out. In each experiment, 1.0 g of zinc powder,
50 cm? of 1.0 mol/dm? sulfuric acid and 0.1 g of a possible catalyst were used. To
start the reaction, the flask was shaken.
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The time taken to collect 50 cm?® of hydrogen and other observations are shown
in Table 10.2.

Table 10.2
experiment possible time to collect 50 cm? other observations
catalyst added of hydrogen /s
1 no catalyst 65
added
2 0.1 gof 10 colourless solution
copper(ll) obtained and a brown
sulfate solid coated the zinc
3 0.1 g of 19 brown solid remained
copper
powder
4 0.1 gof 56 brown solid remained
copper lumps
5 0.1gof 65 colourless solution
sodium sulfate formed

(@) Explain why it was important to carry out experiment 1.

.................................................................................................... [1]
(b) Temperature is a condition that should be kept constant to ensure that the

experiments are fair.

Use ideas about energy and collisions to explain why.

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

PRELIM 4E CHEM 2022 6092/02
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(c) Compare and explain the results obtained from experiment 3 and 4.

[Total: 10]
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Or
B10 A student investigated the electrolysis of aqueous copper(ll) sulfate using the
apparatus shown below.

copper copper
electrode electrode

aqueous

copper(ll)
sulfate

The student carried out three experiments and weighed the copper cathode
before and after electrolysis.

Table 10.3 shows the results of his experiments.

Table 10.3
experiment | current time mass of cathode
number used/ A | taken/s before after electrolysis/
electrolysis/ g g
1 2.0 180 1.24 1.36
2 4.0 180 1.20 1.44
3 2.0 360 1.34 1.58

(@) Construct an ionic equation for the reaction that occur at the anode.

(b) Describe and explain how the factors affect the mass of copper deposited
on the cathode using information from Table 10.3.

PRELIM 4E CHEM 2022 6092/02
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(c) In experiment 2, the student measured the mass of the anode before and
after electrolysis.

The mass of the anode at the start was 1.45 g.

Determine the mass of the anode after electrolysis.

[2]
(d) The student carried out a fourth experiment.

Carbon electrodes are used instead of copper electrodes, with all other
conditions kept the same as experiment 1.

Describe and explain the differences in observations at the electrode(s) and
in the electrolyte.

[Total: 10]
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