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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

The structures of four solids, A, B, C and D, are shown below.

A

B

C

D

Use the letters, A, B, C and D, to answer the following questions.
(a)

Which structure best represents aluminium chloride?
……………………………………………………………………………….…...[1]

(b)

Which structure has the weakest forces of attraction?
……………………………………………………………………………….…...[1]

(c)

Which structure best represents a strong oxidising agent?
……………………………………………………………………………….…...[1]

(d)

Which structure/s conduct(s) electricity due to the movement of electrons?
……………………………………………………………………………….…...[1]

(e)

Which structure represents the material used as the anode during
electroplating of aluminium onto drink cans?
……………………………………………………………………………….…...[1]
[Total: 5]
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A2

In the early 19th century, a chemist, Frederich Wöhler, isolated aluminium metal
by reacting potassium with aluminium chloride at high temperature.
(a)

Write an equation to show the isolation of aluminium using potassium.
……………………………………………………………………………….…...[1]

(b)

Explain, in terms of electron transfer, why the reaction is a redox reaction.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(c)

Explain why he used the dangerous and expensive potassium to prepare
aluminium rather than the safe and cheaper copper.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]

(d)

Suggest why it was essential that Frederich Wöhler kept water away from
his reacting chemicals.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]

(e)

The diagram shows the energy levels of the reactants and products for
this reaction.

energy

reactants

products

progress of reaction
Complete the diagram by
•

drawing in the reaction pathway for the reaction,

•

showing clearly the activation energy, Ea,

•

showing the enthalpy change for the reaction, DH.
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(f)

The overall energy change for the reaction is exothermic.
(i)

Explain how the diagram shows this.
……………………………………………………………………………...[1]

(ii)

Explain, in terms of bond breaking and bond making, why this
reaction is exothermic.
………………………………………………………………………………...
………………………………………………………………………………...
………………………………………………………………………………...
……………………………………………………………………………...[2]

(g)

Explain, in terms of reacting particles, why the rate of reaction increased
when the reaction is carried out at a higher temperature.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(h)

A modern scientist recommended performing
experiment in an atmosphere filled with inert argon.

Frederich

Wöhler’s

Explain, in terms of electronic structure, why argon can provide an inert
environment for the reaction.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
[Total: 14]
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A3

Aluminium is extracted using electrolysis in the modern society.
In the extraction of aluminium from aluminium ore, concentrated sodium
hydroxide is used to dissolve aluminium oxide to separate it from the insoluble
metal oxide impurities. The resulting sodium hydroxide and aluminium oxide
solution is heated to high temperature before electrolysed using graphite
electrodes, to form molten aluminium. Carbon dioxide is formed in the process.
Aluminium is an important metal in our life. Besides making drink cans, it has a
wide range of other uses, such as making overhead cables and aircraft bodies.
(a)

Explain why concentrated sodium hydroxide can be used to dissolve
aluminium oxide.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]

(b)

Write equations, with state symbols, for the reactions that happen at each
electrode during the electrolysis of molten aluminium oxide.
at the anode:

at the cathode:

[2]
(c)

Draw a ‘dot-and-cross’ diagram to show the bonding in carbon dioxide.
Show only the valence electrons.

[2]
(d)

Suggest how carbon dioxide is formed during the electrolysis.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
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(e)

State the substance left in the extraction tank after all the aluminium had
been extracted.
……………………………………………………………………………….…...[1]

(f)

Explain why the substance stated in (e) would cause harm if it was
released directly into the environment.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]

(g)

Explain why extraction of aluminium cannot be done using aqueous
aluminium chloride.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(h)

Some drink cans are made from iron electroplated with aluminium.
Aluminium is a more reactive metal than iron. If the aluminium coating is
scratched, would you expect the iron underneath to rust?
Explain your answer.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]

(i)

Suggest a reason why aluminium is used for overhead cables rather than
the cheaper copper.
……………………………………………………………………………….…...[1]

(j)

Aluminium used for making aircraft bodies have to be mixed with a small
amount of copper.
Use ideas about the arrangement of atoms in the mixture to explain why.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(k)

Suggest a reason, other than cost, why it is important to recycle aluminium.
……………………………………………………………………………….…...[1]
[Total: 15]
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A4

Electrolysis is a high cost process. Most of our electricity comes from the
burning of fossil fuels, especially crude oil.
Crude oil can be separated into different fractions, such as kerosene and petrol.
Kerosene contains mostly C12H26 while petrol contains mostly C8H18.
(a)

Describe the process of separating kerosene and petrol by fractional
distillation.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(b)

Kerosene is processed by cracking in an oil refinery.
Explain why cracking of kerosene is an important process in an oil refinery.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(c)

When one molecule of kerosene cracks, it produces one molecule of
petrol and one other product.
Write an equation for this reaction.
……………………………………………………………………………….…...[1]
[Total: 5]
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A5

Hydrogen is an alternative renewable and clean fuel source to generate
electricity. It is the main fuel used in fuel cells.
The table gives some data about two fuels, petrol (C8H18) and hydrogen.

(a)

fuel

melting
point/oC

boiling
point/oC

energy change of combustion
(kJ/mol)

petrol

-60

95

5450

hydrogen

-259

-252

256

Describe how electricity is generated in hydrogen fuel cells.
……………………………………………………………………………….…...[1]

(b)

Calculate the energy output for 1 g of each fuel.

[2]
(c)

Use the values you have calculated and information in the table, suggest
reasons why petrol is a preferred fuel over hydrogen.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(d)

Explain why hydrogen is a clean fuel but petrol is not.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]
[Total: 7]
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A6

Hydrogen is an essential reactant in the Haber process, reacting with nitrogen
to form ammonia gas.
The ammonia gas produced in the Haber process is mainly converted into
fertilisers for agricultural use.
(a)

Name a fertiliser produced from ammonia gas.
……………………………………………………………………………….…...[1]

(b)

Every bag of fertiliser has a label which gives the N : P : K ratio.
The N : P : K ratio shows the ratio by mass of nitrogen, phosphorus and
potassium in the fertiliser. The N : P : K values are always quoted as
whole number.
Calculate the N : P : K ratio for the fertiliser you have named in (a).

[2]
(c)

Explain why liming of soil should never be done after the soil was treated
with ammonium fertilisers.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
[Total: 4]
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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.
B7

Table 7.1 shows some information of the oxides formed by nitrogen.

name of oxide

formula

physical
state at
r.t.p.

oxidation
number of
N

nature of
oxide

nitric oxide
(nitrogen monoxide)

NO

gas

+2

neutral

nitrogen dioxide

NO2

gas

+4

acidic

nitrogen trioxide

NO3

very
unstable

+6

nitrous oxide
(laughing gas)

N2 O

gas

+1

nitrogen sesquioxide

N2O3

liquid or
solid

Dinitrogen tetroxide

N2O4

solid

dinitrogen pentoxide

N2O5

solid

dinitrogen hexoxide

N2O6

very
unstable

acidic
+4

acidic
acidic

+6

acidic

Table 7.1
N2O3 is an interesting oxide as it can exist in different forms.
Two different molecules of N2O3 are shown below.

molecule 1
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Another interesting oxide of nitrogen is dinitrogen pentoxide, N2O5. Gaseous
N2O5, breaks down to form nitrogen dioxide and oxygen. Graph 7.2 below
shows the concentration of the three gases during the reaction.

concentration of gas

AA

B
C
time
Graph 7.2

(a)

Complete Table 7.1 to show to show the oxidation number of nitrogen in
the different oxides and the nature of the oxides.
[2]

(b)

From your answers in (a), what is the relationship between the oxidation
number of nitrogen and the nature of the oxides of nitrogen?
………………………………………………………………………………….......
………………………………………………………………………………….......
…………………………………………………………………………………... [1]

(c)

(i)

Arrange the following substances, N2O3, N2O5 and NO2, in increasing
order of melting points.
……………………………………………………………………………...[1]

(ii)

Suggest a reason why their melting points shows such a trend.
………………………………………………………………………………...
………………………………………………………………………………...
……………………………………………………………………………...[1]
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(d)

Using the information from Table 7.1, explain why oxides of nitrogen pose
a serious cross-border environmental concern.
…………………………………………………………………………………........
…………………………………………………………………………………........
…………………………………………………………………………………........
……………………………………………………………………………….…...[2]

(e)

“Molecule 1 and molecule 2 are isomers of N2O3.”
(i)

Explain why the above statement is correct.
………………………………………………………………………………...
……………………………………………………………………………...[1]

(ii)

Draw another isomer of N2O3.

[1]
(f)

From Graph 7.2, predict whether the reaction is reversible or irreversible.
Explain your reasoning.
…………………………………………………………………………………........
……………………………………………………………………………….…...[1]

(g)

(i)

Write the chemical equation, including state symbols, for the
decomposition of dinitrogen pentoxide.
……………………………………………………………………………...[1]

(ii)

Hence deduce which graph, A, B and C, represents
dinitrogen pentoxide: ……………………
nitrogen dioxide: …………………………
oxygen: …………………………………...

[1]
[Total: 12]
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B8

Steviol glycosides, a natural sweetener, can be extracted from the leaves of the
Stevia plant. Steviol glycosides are stable to heat and dissolve well in water to
form a colourless solution.
You may use SG to refer to steviol glycosides in answering this question.
(a)

Describe how steviol glycosides can be extracted from stevia leaves.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(b)

A student extracted a sample of steviol glycosides.
accidentally contaminated it with some salt.
(i)

He thinks he

The student tests the melting point of his sample of steviol glycosides.
Explain how he can use the result of the test to find out whether his
sample of steviol glycosides contains salt.
………………………………………………………………………………...
………………………………………………………………………………...
……………………………………………………………………………...[2]

The student uses chromatography and a locating agent to produce a
chromatogram.
He uses his own steviol glycosides and pure samples of steviol glycosides
and salt.
The diagram shows his chromatogram.

•
•
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(ii)

Explain why a locating agent needs to be used.
……………………………………………………………………………...[1]

(iii) What information does the chromatogram give about the purity of the
student’s steviol glycosides?
Explain your reasoning.
………………………………………………………………………………...
………………………………………………………………………………...
……………………………………………………………………………...[3]
[Total: 8]
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EITHER
B9

Lactic acid, a-alanine and b-alanine are three naturally occurring acids.
Their formulae are:
lactic acid
a-alanine
b-alanine
(a)

CH3CH(OH)COOH
CH3CH(NH2)COOH
NH2CH2CH2COOH

Explain why these three compounds are considered as weak acid.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(b)

Draw and label the displayed formulae of a-alanine and b-alanine.

[2]
(c)

The same number of mole of a-alanine and b-alanine each burn to
produce the same amount of products.
Do you expect their enthalpy change of combustion to be the same?
Explain your answer.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
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(d)

Draw the structural formulae of two different possible small organic
molecules formed when lactic acid reacts with a-alanine.

[4]
(e)

The three acids can undergo polymerisation with each other.
One possible structure of the polymer formed is shown below.
lactic acid

a-alanine

b-alanine

Explain why when a mixture of the three acids polymerises, the polymer is
unlikely to contain only this regular, repeating pattern.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
[Total: 10]
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OR
B9

1,1-dichloroethene, C2H2Cl2, undergoes polymerisation to form polyvinylidene
chloride (PVDC). The most well-known use of PVDC is as plastic food wrap.
PVDC is non-biodegradable. The only way to dispose of PVDC is to incinerate
it. But incinerating used PVDC causes serious environmental problems.
(a)

Describe one similarity and one difference in structure, between 1,1dichloroethene and polyvinylidene chloride.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(b)

Draw part of the structure of a PVDC polymer, showing three repeating
units.

[1]
(c)

Calculate the number of repeating units in a PVDC polymer if it has a
relative molecular mass of 82450.

[2]
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(d)

Explain why being non-biodegradable is both an advantage and a
disadvantage.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(e)

Incinerating PVDC releases chlorine gas which breaks down into chlorine
atoms at high altitude.
Chlorine atoms catalyse the breakdown of ozone molecules into oxygen.
Explain in terms of energy and particle collisions, how chlorine atoms
catalyse the breakdown of ozone molecules.
………………………………………………………………………………………
………………………………………………………………………………………
……………………………………………………………………………….…...[2]

(f)

Explain why it is important that the ozone layer is not destroyed.
………………………………………………………………………………………
……………………………………………………………………………….…...[1]
[Total: 10]
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