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Select oxides from the list in Table 1.1 to answer the following questions.

Section A
Answer all the questions in the spaces provided.
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The total mark for this section is 70.

You may use each oxide once, more than once or not at all.

Table 1.1

calcium oxide

carbon monoxide

copper(Il) oxide

nitrogen monoxide

nitrogen dioxide silicon dioxide sulfur dioxide zinc oxide
(@) Which is an acidic oxide with a giant molecular structure?
........................................................................................................................... [1]
(b) Which oxide reacts only with acids but not bases?
........................................................................................................................... [1]
(c) Which oxide reacts with both acids and alkalis?
........................................................................................................................... [1]
[Total: 3]
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An unknown solution A contains a mixture of two salts. A series of chemical tests was carried out and
the observations were recorded as shown in Fig. 2.1.

(@)

(b)

unknown solution A

add sodium
hydroxide solution warm the
mixture add dilute
v add a piece of ?cl)tllrclivzgldt;y
dirty-green Al foil and warm Y silver nitrate
precipitate B the mixture gas D tuned uti
insoluble in_ » moist red litmus solution
excess NaOH (aq) paper blue
after leaving
for some time ’
Y white precipitate E

reddish-brown
precipitate C

Fig. 2.1

Suggest the identity of substances B, C, D and E.

0] B o
(i) Corrrr
() Do
(V) E
[4]
Suggest two possible salts that are present in the unknown solution A.
......................................................... AN .. [2]
[Total: 6]
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3 Table 3.1 shows the formulae and melting points of hydrides formed from two elements in Period 3.

Table 3.1

formula of element | Group number | formula of hydride | melting point of hydride / °C

Mg 2 MgH: 327

Al 13 AlH3 150

(@) Fig. 3.2 shows the arrangement of electrons in aluminium hydride.

Legend:
x: electron for A/
@®: electron for H

Fig. 3.2
(i) Identify the type of bonding present in aluminium hydride. Explain your answer.

(ii)  Explain why the arrangement of electrons in aluminium hydride is unusual.
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(b) Magnesium has a different type of bonding present compared to aluminium hydride.

) Draw a ‘dot-and-cross’ diagram to show the bonding in magnesium hydride. Show outer
electrons only.

[2]

(ii)  Explain, in terms of structure and bonding, why the melting point of magnesium hydride is
much higher than that of aluminium hydride.

[Total: 8]
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Chalcopyrite, CuFeS,, is a copper ore containing both the copper(II) and iron(II) ions. Copper is
extracted from chalcopyrite by first heating it with silicon dioxide in air to form copper(I) sulfide.

2CuFeS; + 2SiO; + 40, — Cu,S + 2FeSiOs + 3S0;
The copper(I) sulfide is converted to copper by blasting it with hot air.
CuzS + Oz - 2Cu + SO
The copper formed is called blister copper. It is brittle and 96.0% pure.

(@) The extraction of copper from chalcopyrite can pose large environmental problem if it is not properly
controlled. ldentify which substance may be a pollutant and describe the problems it can cause.

........................................................................................................................... [2]
(b) Fig. 4.1 shows the cross-section of a tank used for the purification of copper metal.
+
tank
blister copper
aqueous electrolyte pure copper plate
Fig. 4.1
i) Suggest a suitable electrolyte for the purification process.
......................................................................................................................................... [1]
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(i)  Write the ionic half equations, with state symbols, for the reaction that takes place at the
copper plate and blister copper respectively during the purification.

COPPEE PlALE: e ———————————

o] K5 (=] g ol o] o] o= oo TP PP PPPPPPPPPPRR 2]

(iii)  Explain why the electrolyte for this reaction may be used continuously without changing or
replacing.

(c) 2.00tonnes of blister copper is obtained during an extraction of copper from chalcopyrite. Calculate
the mass of chalcopyrite used in the reaction. [1 tonne = 1000 kg]

[2]

(d) Zinc can be added to blister copper in a 1:9 ratio to make bronze, an alloy of copper. Bronze is a
very hard and strong material. It also has relatively good electrical conductivity.

0] Explain why bronze is harder and stronger than blister copper.

(i)  Give areason why bronze is a good electrical conductor.

[Total: 12]
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Three experiments were carried out to investigate the speed of reaction between acids and excess zinc.
Table 5.1 shows the quantity of the reagents used and the time needed to collect 30 cm? of hydrogen
evolved in each of the experiments.

Table 5.1
: amount of reactants used .
experiment : : time taken /s
acid zinc
1 25 cm?® of 0.5 mol/dm? H,SO4 2.0 g, powdered 20
2 25 cm? of 0.5 mol/dm?3 HCI 2.0 g, powdered 32
3 25 c¢cm?® of 0.5 mol/dm? HCI 2.0 g, granulated 46

(a) Use ideas about collisions between particles to explain why the time taken for

0] experiment 2 was longer than that in experiment 1,

(i)  experiment 3 was longer than that in experiment 2.

(b) () Calculate the maximum volume of hydrogen gas produced in experiment 1 under room
temperature and pressure. Include a chemical equation to support your answer.

[3]
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(i)  Fig. 5.2 shows the graph of volume of hydrogen produced against time for experiment 2.

volume of hydrogen gas / cm?
A

experiment 2

>
>

time taken / s

Fig. 5.2

Sketch and label on Fig. 5.2 the graphs of volume of hydrogen produced against time for
experiments 1 and 3. [2]

(c) A little copper(ll) oxide catalyst is added to the contents in experiment 1 at the beginning of the
experiment.

Explain how time required to collect 30 cm? of hydrogen will be affected.

[Total: 10]
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In the Haber process, hydrogen and nitrogen react reversibly in the presence of finely divided iron at
suitable pressure and temperature to form ammonia. The equation for the reaction is shown.

N2 (g) + 3H2 (9) = 2NHs (g)

Table 6.1 shows the percentage of ammonia in the equilibrium mixture at 250 atm pressure and various
temperatures.

Table 6.1
temperature / °C | percentage yield of ammonia
1000 negligible
550 20
200 88

(a) State the source of nitrogen used in the Haber process.

........................................................................................................................... [1]
(b) In practice, a temperature of 450 °C is chosen as the operating temperature.
Suggest a reason why the following temperatures are not used.
(i) temperature greater than 450 °C
........................................................................................................................................... [1]
(i) temperature lower than 450 °C
........................................................................................................................................... [1]

10
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(c) The ammonia produced from the Haber Process is used in the manufacture of ammonium
fertilisers. A farmer added some ammonium fertilisers to his crops to improve the growth. This was
done after the addition of excess calcium oxide to neutralise the acidic soil.

Explain why the crops were still unlikely to grow well after both chemicals had been added.

(d) Nitrogen reacts with hydrogen to form another product, hydrazine (N.H.). Hydrazine is often used
as a rocket fuel. Fig. 6.2 shows the structural formula of hydrazine.

I—z—T
I
I—z—T

Fig. 6.2

The reaction between hydrazine and iodine can be represented by the equation below.

N2Ha4(g) + 212(g) — N2(g) + 4HI (9)

Table 6.3 shows the average bond energies, measured in kd/mol.

Table 6.3
bond bond energy in kd/mol bond bond energy in kd/mol
N—-N 170 H-1I 161
N-H 391 N=N 945
I-1 151 H-H 436

11
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(i) Calculate the enthalpy change for the complete reaction of one mole of hydrazine with iodine.

[2]
(i) In Fig. 6.4, draw an energy profile diagram for the reaction between hydrazine and iodine.

Your diagram should include
¢ the formulae of the reactants and products of the reaction,
¢ labels for the enthalpy change and activation energy of the reaction.

energy

A

»

progress of reaction

Fig. 6.4 [3]

[Total: 10]
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Table 7.1 summarises the formulae and chemical properties of the chlorides of the elements across
Period 2. The chlorides behave differently when they are added to water. Some of the chlorides dissolve
to form a solution. Some hydrolyse when they are added to water. This means that they react chemically
with water to produce new products.

Table 7.1
metal / formu!a of bonding in | effect of adding products of adding
element main . . .
non-metal . chloride | chloride to water chloride to water
chloride
Li metal LiCl ionic dissolves LiCl(aq)
complex mixture of
Be metal BeCl; covalent hydrolyses products including
Be(OH)(s), HCl(aq)
B non-metal BCls; covalent hydrolyses H3BOs(aq), HCl(aq)
C non-metal CCl, covalent immiscible -
N non-metal NCl3 covalent hydrolyses NHzs(aq), HCIO(aq)
@) non-metal OCl; covalent hydrolyses HCIO(aq)
F non-metal FCI covalent hydrolyses HF(aq), HCl(aq)

(a) Describe the pattern for the ratio of each element to chlorine across Period 2. Include ratios in your
answer.

(b) ()

Identify the chloride which forms a precipitate when it is added to water.

(i) Write a balanced chemical equation, with state symbols, for the reaction between gaseous
nitrogen trichloride, NCls, and water.

13
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(c) Using ideas about oxidation states, deduce and explain whether the reaction between boron
trichloride, BClz, and water is a redox reaction.

(d) Two students talk about the data in Table 7.1.

Student 1: “I think that whether the chloride hydrolyses in water is linked to the metal or non-metal
character of the element.”

Student 2: “| think that all covalent compounds hydrolyse in water.”

Does the information in the table support the ideas of the students? Explain your reasoning.

(e) Carbon tetrachloride, CCls, was added into water. It was found to be immiscible with water.

Suggest a method of separation that can be used to obtain CCl, from water.

[Total: 11]

14



PRSS_2024_S4E_PRELIM_CHEM_ 6092_P2

With large scale industrialisation and increasing demand for transportation of people and goods, the
quality of air changes over the decades. The quality of air affects how people live and breathe, and can
change from day to day or even hour to hour. In some countries, the quality of air may reach unhealthy
or hazardous level, which poses health risks and causes deaths.

In the United States, documentation of the various air pollutants has been made over the decades by
the Environmental Protection Agency (EPA) to monitor the quality of air. Fig. 8.1 shows the annual
emission of some air pollutants in the United States over a period of 15 years.

Annual Emission of Some Air Pollutants in the United States
120000

100000 =g

80000 1

60000 - T i - T - carbon monoxide

40000 -

total emission / 1000 tonnes

20000 e S B B B e
ﬁa‘?‘“"‘—ﬁ.— S A oxides of nitrogen
—f—

0 e T ettty sulfur dioXide

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
year of data recorded

Source: Data obtained from United States Environmental Protection Agency
Fig. 8.1
To control the harmful emission of such air pollutants, EPA traces the sources of each pollutant. Fig.

8.2, Fig. 8.3 and Fig. 8.4 show the main sources of carbon monoxide, oxides of nitrogen and sulfur
dioxide respectively.

15
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Sources of Carbon Monoxide

power station (10.5%)

industrial processes (5.6%)

waste disposal
& recycling (5.5%)

vehicles (78.4%)

Fig. 8.2

Sources of Oxides of Nitrogen

power station (27.2%)

industrial processes (12.6%)

vehicles

waste disposal
(59.1%)

& recycling (1.1%)

Fig. 8.3

Sources of Sulfur Dioxide

waste disposal
& recycling
(1.4%)

vehicles (1.9%)

power station(77.29%)

industrial processes
(19.5%)

Fig. 8.4

16
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(@) (i) With reference to Fig. 8.1, describe the trend in the annual emission of air pollutants in the
United States over the last 15 years.

(ii) Identify the air pollutant which poses the greatest threat to the United States. Explain the effect
of this pollutant on the environment.

(b) Scientists believe that emission from vehicles is the main source for all air pollutants.

Do you agree? Explain your answer using evidence from Fig. 8.2 to Fig. 8.4.

17
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(c) To comply with the stricter regulation of exhaust emissions set by the EPA, all vehicles must be
fitted with catalytic converters to reduce the emission of harmful gases. In fact, it is illegal to drive
a vehicle without a catalytic converter fitted on the exhaust pipe.

The catalytic converter removes pollutant gases like carbon monoxide and nitrogen monoxide by
oxidation and reduction. The amount of air in the pollutant gases thats enter the catalytic converter
affects the reactions in the converter. Fig. 8.5 shows the percentage of carbon monoxide and
nitrogen monoxide that the catalytic converter successfully removes.

0)

(i)

percentage

successfully

removed by
converter

A

B e

~

carbon monoxide

>
amount of air in pollutant gases

Fig. 8.5

18

Write a balanced chemical equation to show how carbon monoxide and nitrogen monoxide
react together in the catalytic converter.

Describe and explain how increased amounts of air affect the removal of carbon monoxide
and nitrogen monoxide.
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(itf) “Apart from reacting with each other in the catalytic converter, carbon monoxide and nitrogen
monoxide can also react with other substances.”

Suggest how the graph in Fig. 8.5 shows that the above statement is true.

[Total: 10]

19
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Section B
Answer one question from this section.
The total mark for this section is 10.

Butene is an unsaturated hydrocarbon formed from the catalytic cracking of the diesel and lubricating
oil fractions. It is an important petrochemical feedstock for other synthetic materials such as plastics
and rubber. The structure of butene is shown in Fig. 9.1.

’ H H H

Nd L
e |
H H

Fig. 9.1

(a) Explain why butene is described as unsaturated.

............................................................................................................................ [1]
(b) Describe what happens during cracking of petroleum fractions.
............................................................................................................................ [1]
(c) The hydration of butene produces two alcohols which are isomers.
(i) State the conditions required for the reaction.
................................................................................................................... [2]
(i) Draw the full structural formula of the two isomers.
[2]

20
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(d) The structure of 1,3,5-hexatriene is shown in Fig. 9.2.

H H H H H H
PR P N
Fig. 9.2
When 20.0 kg of 1,3,5-hexatriene is hydrogenated, 21.0 kg of the product was formed.

(i) Show, by calculation, that the product formed is still unsaturated.

[2]

(i) The labels on two beakers have dropped off. One beaker contains 50 cm® of 1,3,5-hexatriene
while the other beaker contains 50 cm? of the product in (d)(i).

Describe a simple experiment to identify the chemicals in each beaker.

[Total: 10]
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10  Polymers are macromolecules which are made up of many small molecules bonded together. The two
main types of polymers that can form are addition polymers and condensation polymers.

(a) Poly(ethene) is formed from addition polymerisation of many monomers of ethene. It is a type of
non-biodegradable plastic.

(i) Draw the structural formula of poly(ethene).

[1]

(ii) Calculate the number of H,C=CH, monomer units, n, in one molecule of poly(ethene) with
molar mass of 40,000 g.

Hence, determine the number of carbon atoms present in the molecule of poly(ethene).

[3]

(iii) Describe two methods of recycling plastics to reduce the pollution problems caused by the
disposal of non-biodegradable plastics.

22
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(b) The structure of a liquid crystal polymer is shown in Fig. 10.1.

CH,—CH
|
0=cC N
|
O—(CHy)4—0— CH=N CN

Fig. 10.1

(i) Explain why the above polymer is produced through addition polymerisation and not
condensation polymerisation.

(i) Describe a chemical test to distinguish the monomer of the liquid crystal from an organic
compound with chemical formula C4Hao.

(c) Dacron is an example of a polymer that is formed by condensation polymerisation. Fig. 10.2 show
the structural formula of the two monomers used to prepare Dacron.

H H o
|

HO—C—C—OH Ho—g Q—OH
]
H H

Fig. 10.2

Draw the full structural formula of the repeating unit in Dacron.

[1]
[Total: 10]
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