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Section A
Answer all questions.

1 Fig 1.1 shows the arrangement of atoms in four substances, W, X, Y and Z.

o O
°© 5 © e po
e 0{2
© Lo, " s
W X Y Z

Fig. 1.1

(a) State and explain, in terms of structure and bonding, which substance is a noble
gas.

.......................................................................................................... [2]
(b) State and explain, in terms of structure and bonding, which substance is carbon

dioxide gas.

.......................................................................................................... [2]
(c) Explain, in terms of structure and bonding, why substance W has high melting

and boiling points.

.......................................................................................................... [2]
(d)  Suggest one similarity between substances, W, X, Y and Z.

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

[Total: 7]
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2 The reaction sequence below shows the formation of lead(ll) sulfate from lead(ll) oxide.

substance Y H2S04(aq)
PbO —— Pb(NO3) ——— > PbSOq4

(@) Lead(ll) oxide is an amphoteric oxide.

Explain what is meant by the term ‘amphoteric oxide’.

.......................................................................................................... [1]
(b) Substance Y reacts with lead(ll) oxide to form lead(ll) nitrate.
Suggest what is substance Y.
.......................................................................................................... [1]
(c) Explain why lead(ll) sulfate cannot be prepared by adding dilute sulfuric acid to
lead(ll) oxide directly.
.......................................................................................................... [2]
[Total: 4]
3 Sodium sufite, Na,SOs is used as a preservative in some foods, such as meat patties
used in burgers. The amount of sodium sulfite in a sample of burger meat can be
determined using manganate(VII) titration. The reaction is shown in the equation.
58032 + 2MnOs + 6H* — 5S04 + 2Mn* + 3H)0
In an experiment, sodium sulfite from 1 kg of meat was acidified with dilute sulfuric acid
and titrated against 0.02 mol/dm?® aqueous potassium(VIl) manganate, KMnOa4. 30 cm?
of MnO4~ was required to reach the end-point.
(@) Calculate the number of moles of MnO,4~ used to react completely with SO32".
Number of moles of MNO4™ = ..., mol [1]
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(b) Calculate the number of moles of sodium sulfite present in 1 kg of meat.

Number of moles of sodium sulfite = ......................... mol [2]

(c) Identify the reducing agent in the reaction. Explain your answer in terms of
oxidation number.

.......................................................................................................... [2]
[Total: 5]
4 Flerovium, symbol Fl is radioactive and has an atomic number of 114. It was first
synthesised in 1998 and is classified as a metal.
To make flerovium, atoms of plutonium (atomic number 94) are bombarded with ions of
element X contained in a beam. The nucleus of one atom of plutonium combines with
the nucleus of one atom of element X. This forms the nucleus of one atom of Flerovium.
(@) Suggest the identity of element X.
.......................................................................................................... [1]
(b) By referring to the Periodic Table on page 19,
0] state the period that Flerovium belongs to;
................................................................................................. [1]
(i)  predict the number of outer electrons in an atom of Flerovium.
................................................................................................. [1]
(c) Two isotopes of Flerovium, FI-286 ad FI-289 are discovered.
Complete the table to show the number of protons, neutrons and electrons in
atoms of the isotopes.
isotope number of protons | number of neutrons | number of electrons
Fl-286
Fl-289
[2]
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(d) Only a few atoms of flerovium have ever been made, and they are only used in
scientific study. It has been suggested that Flerovium is a typical metal.

)] Suggest one physical property of Flerovium.

................................................................................................. [1]
(i)  Suggest one chemical property of flerovium oxide.
................................................................................................. [1]
[Total: 7]
5 The Haber Process is used in the manufacturing of ammonia from nitrogen and
hydrogen. The process can be demonstrated in the laboratory using the set-up shown
in Fig. 5.1.
mixture of nitrogen and hydrogen
iron wool glass tube
%\  —
i : U 1 _k'
syringe T syringe
heat
Fig. 5.1
The mixture of nitrogen and hydrogen is passed back and forth over the hot iron wool
until there is no further reaction.
The equation for the reaction is as shown.
3H2(9) + N2(9) —> 2NHsz(9)
Table 5.1 shows some bond energies, measured in kilojoules per mole.
bond bond energy / kJ/mol
N-H 391
H-H 436
N=N 945
Table 5.1
(&) Suggest why it is important to ensure that no air is present in the apparatus shown
in Fig. 5.1.
.......................................................................................................... [1]
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(b)  Using the bond energies given in Table 5.1, calculate the energy change, AH
involved in the manufacture of ammonia.

Energy change, AH= ........................ kJ [2]

(c) Is the chemical reaction in the Haber Process an exothermic or endothermic
reaction?

Explain your answer in terms of bond-breaking and bond-forming.

.......................................................................................................... [2]
(d) Draw an energy profile diagram to represent the chemical reaction in the Haber
Process.
[3]
(e) The rate of forming ammonia from nitrogen and hydrogen can be increased by
adding iron catalyst as shown in Fig. 5.1.
On the same energy profile diagram in (d), draw the profile of energy level for a
catalysed reaction in the Haber Process. Label it as “catalysed reaction”. [1]
[Total: 9]
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6 Fig. 6.1 shows an experiment that was carried out to investigate the rate of
decomposition of hydrogen peroxide. A catalyst, manganese(lV) oxide, was added to a
conical flask containing 50.0 cm?® of aqueous hydrogen peroxide. The mass of the flask
was measured using an electronic balance. The results were recorded and used to plot
a graph labelled X in Graph 6.1.

The student has three glasses. He picks up the first glass containing colourless solution
X which he said is ‘water’.

cotton wool plug

hydrogen peroxide manganese(lV) oxide
et 2k
/ \ﬁelectronic balance
Fig. 6.1
mass /g
4
X
Y
time/s
Graph 6.1
(@) Write the chemical equation for the decomposition of hydrogen peroxide.
.......................................................................................................... [1]
(b)  Suggest the use of the cotton wool plug.
.......................................................................................................... [1]
(c) InGraph 6.1, graph Y shows the theoretical results expected.
Explain the difference between the actual results, Graph X and the theoretical
results, Graph Y.
.......................................................................................................... [2]
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(d) State one other way in which the rate of decomposition of agueous hydrogen
peroxide can be increased without changing the mass of reactant or catalyst

used.
.......................................................................................................... [1]
(e) Describe what you would do to show that manganese(lV) oxide is acting as a
catalyst in the decomposition of hydrogen peroxide.
.......................................................................................................... [3]
[Total: 8]

7 Fig. 7.1 shows the apparatus used to investigate the relative reactivity of four metals,
W, X, Y and Z. Metal strips W, X, Y and Z and a copper plate were first cleaned with
sandpaper. Strips of these metals were connected in turn with the wet filter paper resting
on the copper plate and the voltmeter reading was recorded in Table 7.1.

\

connecting wire

metal strip

filter paper soaked

with aqueous \ copper plate

sodium chloride

Fig. 7.1
metal direction of electron flow in the external circuit | voltmeter reading / V
W W to Cu +0.85
X Xto Cu +1.45
Y CutoY -0.93
4 Zto Cu +0.49
Table 7.1
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(e)

9

Suggest a reason why the metal strips and copper plate must first be cleaned
with sandpaper.

With reference to Table 7.1, arrange the five metals, W, X, Y, Z and copper in
deceasing order of reactivity.

State how the positions of the metals in the reactivity series affect the magnitude
of voltage.

State and explain any difference in the voltmeter readings if the experiment is
repeated using filter paper soaked with organic solvent methylbenzene.

Xis a metal in Group Il of the Periodic Table.

(i) Describe the observations when metal X is placed in copper(ll) sulfate
solution.

(i)  Write an ionic equation, with state symbols, for the reaction.

[1]

[2]

[1]

[2]

[Total: 10]
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8 Modern vehicles with internal combustion engines are fitted with catalytic converters
that reduce the pollution they produced.

Table 8.1 shows information about the composition of the mixtures of exhaust gases
emitted from two cars, one fitted with a catalytic converter and the other without.

substance in exhaust percentage by volume / %
gases car fitted with catalytic car not fitted with catalytic
converter converter
nitrogen 67.65 67.60
carbon dioxide 12.25 12.00
water vapour 11.10 11.00
oxygen 9.00 9.00
carbon monoxide 0 0.20
oxides of nitrogen 0 0.15
unburnt hydrocarbons 0 0.05
Table 8.1

(@) State how carbon monoxide is formed in the internal combustion engines of cars.

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

(b) Using the information in Table 8.1, suggest with the help of a suitable equation,
how a catalytic converter helps to reduce air pollution from cars.

.......................................................................................................... 3]
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(c) One of the car exhaust gases is a greenhouse gas and contributes to global
warming.

(i)  Name this exhaust gas.

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

(i) State one environmental consequence of climate change due to global
warming.
................................................................................................... [1]

(d)  An environmentalist suggests that planting more trees along the roadside can
improve air quality by changing the percentage of carbon dioxide and oxygen in

air.

(i) Explain how trees along the roadside can change the percentages of carbon
dioxide and oxygen in air.
................................................................................................... [2]

(i) Draw a dot-and-cross diagram to show the bonding in carbon dioxide. Show
only the outer shell electrons.

[2]
[Total: 10]
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9 Styrene is an aromatic hydrocarbon compound. The major uses for styrene are the
manufacture of polystyrene, an important plastic, latex paints and coating, synthetic
rubber and polyesters and styrene-alkyd coatings.

Pure styrene is a colourless, oily and flammable liquid which evaporates easily and has
a sweet smell. Its melting and boiling points are —30.6 °C and 145 °C respectively.

Styrene tends to polymerise spontaneously during storage unless it is treated with
inhibitor chemicals. It is slightly toxic to the nervous system if ingested or inhaled.
Contact with the skin and eyes can cause irritation.

Styrene is a member of a group of chemical compounds broadly categorised as vinyl-
organic compounds. Its structure consists of a vinyl side chain with a double bond
between two carbon atoms substituent on a single benzene ring. The benzene ring,
CeHs, is an aromatic functional group characterised by a ring of six carbon atoms,
bonded by alternating single and double bonds. As a benzene ring has three double
bonds, it is an electron rich molecule with delocalised electrons above and below the
plane of the ring. The presence of the delocalised electrons makes the benzene ring
particularly stable. Hence, a benzene ring resists addition reactions because that would
involve breaking the delocalisation and losing that stability.

The chemical formula of styrene is CgHs but its structural formula, CeHsCH=CH, more
clearly reveals the sources of its commercially useful properties.

~'CH,

structural formula of styrene
Fig. 9.1

Industrial production of styrene from ethylbenzene

Most of the styrene is produced from ethylbenzene, and almost all ethylbenzene
produced worldwide is intended for styrene production. Therefore, the two production
processes are often highly integrated. Ethylbenzene has a boiling point of 136 °C.

Around 80% of styrene is produced by the dehydrogenation of ethylbenzene. This is

achieved using superheated steam of up to 600 °C over an iron(lll) oxide catalyst. The
reaction is highly endothermic and reversible, with a typical yield of 88% to 94%.

CH; ~CH
>+

——
g —

H,

ethylbenzene styrene

Fig 9.2
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The crude ethylbenzene—styrene mixture is’ then purified by distillation using very tall
distillation towers and high return/reflux ratio. At its distillation temperatures, styrene
tends to polymerise. To minimise this problem, early styrene plants added elemental
sulfur to inhibit the polymerisation process.
Laboratory synthesis of styrene
Styrene was first synthesised from the decarboxylation of cinnamic acid.

CeHsCH=CHCOOH — CsHsCH=CH: + CO2

(&) Explain, in terms of structure and bonding, why styrene has a low melting point
of —30.6 °C.

.......................................................................................................... [2]
(b) Draw a dot-and-cross diagram of a benzene ring. Show only the outer electrons.
[2]
(c) Explain the overall enthalpy change in terms of energy change for the production
of styrene from the dehydrogenation of ethylbenzene.
.......................................................................................................... [1]
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(d)  Explain why tall distillation towers are necessary for the separation of styrene and
ethylbenzene from the crude styrene-ethylbenzene mixture.

.......................................................................................................... [1]
(e) What type of polymerisation does styrene undergo to form polystyrene?
Explain your answer.
.......................................................................................................... [2]
()] Draw the structure of polystyrene with three repeating units.
[2]

[Total: 10]

END OF SECTION A
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Section B
Answer one question from this section.

10 Fig. 10.1 shows the apparatus used in the electrolysis of concentrated aqueous
hydrochloric acid.

carbon
electrode X carbon
electrode Y
i
— beaker
gas syringe /

concentrated 5 aqueous
aqueous S potassium
hydrochloric iodide

acid

(@) Write the half equations, with state symbols for the reactions at the electrodes.
Carbon ElECIrOUE X ..o e
CarbON ElECIIOUE Y o [2]

(b) As shown in Fig. 10.1, the gas discharged at electrode Y is bubbled into a beaker
containing aqueous potassium iodide.

With the aid of a chemical equation, describe and explain what you would observe
in the beaker.

[Turn Over
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(c) After the electrolysis was allowed to proceed for some time, it was observed that
a new product was formed at carbon electrode Y.

State the identity of this new product and explain why it is formed.

(d) Another experiment was carried out to electrolyse copper(ll) sulfate solution using
copper electrodes.

Student A commented that the colour intensity of the blue copper(ll) sulfate
solution will remain unchanged throughout the experiment.

Student B commented that the colour intensity of the blue copper(ll) sulfate
solution will start to fade away throughout the experiment.

Which student is correct? Explain your answer with the help of half equations.

.......................................................................................................... 3]

[Total: 10]
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11  The structure of organic compound X is shown below.

O H H
[ . I
H-O-C-C—C=C—N—H
[ I
H H

(@) When compound X is warmed with propanol and concentrated sulfuric acid, a new
organic compound Y is formed.

(1) State one other product that is formed beside compound Y during the

reaction.
.................................................................................................. [1]
(i) State one physical property that is characteristic of compound Y.
.................................................................................................. [1]
(iii)  Draw the structural formula of compound Y.
[2]
(b) Compound X can undergo condensation polymerisation to form a polymer Z.
Draw the polymer with 2 repeating units.
[2]
(c) State the type of linkages that join the repeating units in polymer Z.
........................................................................................................... [1]
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(d) State whether compound X is a saturated or unsaturated compound.

(e) Describe and explain what would be observed when a few drops of aqueous
bromine are added to compound X.

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

END OF PAPER
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