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Answer all the questions in the spaces provided.
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Section A (50 marks)

A1 The table shows some information for five different substances.

substance | melting point/ °C | boiling point/ °C ss\lll;i)::?ln electrical conductivity
A 114 78 o cannot conduct in any
state
conducts in both
B 801 1465 yes molten and aqueous
states
C 98 882 no conducts in both solid
and molten states
D -78 -33 yes conducts only in
aqueous states
E 1538 2862 o conducts in both solid
and molten states

(@) Use the letters A to E to answer the following questions.

Each letter can be used once, more than once or not at all.

(i) Which substance is a liquid at 30 °C?
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(b) Describe how the movement and arrangement of the particles in substance C will change
when it is heated from 97 °C to 99 °C.

(c) (i) Substance D is found to be hydrogen chloride.

Draw a ‘dot-and-cross’ diagram to show the bonding of hydrogen chloride. You
should show only the electrons on the outermost shell.

[2]
(ii) Suggest a reason why hydrogen chloride can conduct electricity in aqueous state.

[1]

[Total: 10]
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A2 The diagram below shows how various properties of an iron alloy change with increasing
percentage (by mass) of carbon in the alloy.
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Fig. 2.1 — Properties of Iron Alloys

Data source: https://www.sciencedirect.com/topics/chemistry/carbon-steel

(@) Tensile strength is the minimum amount of force that needs to be applied to a material
to cause it to fracture.

Describe how the tensile strength of iron alloys change with percentage of carbon.

(b) Explain why the hardness of the iron alloy increases as the percentage of carbon in
the alloy increases.
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(¢) The crude molten iron (also known as pig iron) from the Blast Furnace contains 4 to
5% carbon by mass.

Explain why pig iron contains such a high proportion of carbon.

(d) Using information from Fig. 2.1, explain why pig iron is usually treated to reduce the
carbon content to around 1% before it can be used by the industry.

[Total: 8]
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A3 A student conducted the following tests on metal carbonate Q.

metal - .
carbonate Q —— » solidR + gas S
add
. add
dilute
HNO; Ca(OH).
- add yellow w;:ite
solution T aqueous K » precipitate precipitate
U Vv
(@) Name the following solids:
SOIid R: ------------------------------------------------------------------------------------
yellow precipitate U | et sessesssssseessssssesesssssseas
white precipitate V: [3]

(b) Describe what would be observed when aqueous sodium hydroxide is added to
solution T dropwise, and then in excess.

[Total: 4]
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A4 Calcium hydroxide and ammonium sulfate are chemicals commonly used in the
agricultural industry.

(a) State a use of calcium hydroxide and ammonium sulfate in agriculture.

(b) When it rains, the calcium hydroxide and ammonium sulfate in the soil react to
produce a white solid.

(i) Write the chemical equation for this reaction, including state symbols.

(ii) Use the equation in (b)(i) to explain why calcium hydroxide and ammonium
sulfate should not be added to the soil at the same time.

(c) Concentrated sulfuric acid is sprayed in a tank of ammonia gas to produce
ammonium sulfate powder.

(i) What type of reaction is this? [1]

(ii) One of the steps in the production of sulfuric acid is the oxidation of sulfur
dioxide to sulfur trioxide with V205 as a catalyst:

400-450 °C, 1-2 atm
2S02(g) + O2(9)

2S0s (9)

V205 catalyst

State two similarities and two differences between the production of sulfur
trioxide and the Haber Process.

similarity 1:

similarity 2:

difference 1 : ---------------------------------------------------------------------------------------------------------

difference 2:

[Total: 10]
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A5 The two tables show the data of the atomic radii and 1%t ionisation energy of the atoms of Group
I and Group VII elements.

1%t ionisation energy is the energy that is required to remove the first electron from its gaseous
atom to form an ion.

Group I
atom atomic radius / pm 1% ionisation energy / kJ per mol
lithium 167 526
sodium 190 504
potassium 243 425
rubidium 265 410
Group VII
atom atomic radius / pm 1% ionisation energy / kJ per mol
fluorine 42 1690
chlorine 79 1260
bromine 94 1150
iodine 115 1020

(@) (i) Using the data from the two tables, suggest why there is a decrease in the 1%
ionisation energy down the group.

(ii) Using the knowledge of atomic structure, suggest a reason why Group 0 elements
have very high 1% ionisation energy.
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(b) Group VII elements exist as diatomic molecules and they react readily with other salt
solutions containing halide ions.

(i) State two physical trends of Group VII elements.

(ii) Fluorine gas is bubbled through a solution containing sodium bromide. After some
time, the solution turns reddish-brown.

Explain the observation, supporting your answer with a balanced chemical
equation.

[Total: 10]
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A6  The reaction of iron(III) sulfate with potassium iodide is a redox reaction.
Fex(S04)s + 2KI > 2FeSOs + 1> + product X
(@) Give the formula and name of product X.

formula

name (2]

(b) Atthe end of the reaction, the solution appears brown.
Explain why.

(c) When molten potassium iodide is electrolysed, the product at the anode also appears
brown.

Predict the observation at the cathode and explain the reaction that takes place.

(d) (i) Complete the table to show the oxidation states of iron and iodine in the redox

reaction.
element oxidation state in reactants oxidation state in products

iron

iodine

[2]
(i)  Which element is reduced in the reaction?

Use ideas about electron transfer to explain your answer.

Fefeaeefeeresresreseeseeseeseeseeseesseseeseeseeseesseseeseiseesiessisiessesieseessesesssessessessissessesssssssssssssssssessesses [1]

[Total: 8]
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Section B
Answer all three questions from this section.

The last question is in the form either/or and only one of the alternatives should be
attempted.

Preparation of Useful Cobalt Compounds

1. The Difficulty of Cobalt Extraction

Cobalt is a metal used in many devices in modern living. However, extracting cobalt is
extremely difficult and costly.

In nature, cobalt metal is obtained from ores such as carrollite (Co2Cu2S4) and cobaltite
(CoAsS), which are found in rocks that mostly contain haematite and silicon dioxide. As a
result, rocks from a cobalt mine often have only 0.4% cobalt by mass.

Besides the low concentration of cobalt in rocks, cobalt has similar reactivity as iron and

nickel. This makes it very difficult to separate cobalt from iron and nickel, causing the cost of
cobalt to remain relatively high.

2. Cobalt(ll) chloride — a test for water

Cobalt(ll) chloride can be synthesized from cobalt metal and chlorine gas.

Blue, crystalline cobalt(ll) chloride is a very quick test for the presence of water (moisture) in
the air. This colour change enables food manufacturers to determine if water has entered the
packaging of dry foodstuffs. If beads of silica gel beads coated with cobalt(ll) chloride turn
pink, it shows that water has entered the packaging and the food should not be eaten.

CoCl, + 6HO0 > CoCl+6H0
blue pink
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3. Lithium cobalt oxide (LCO) in portable batteries

Cobalt is also a key component in lithium-ion batteries. LCO is used as the cathode in these
batteries, with coke or graphite as the anode.

discharge
e S
L= e

©
/]

cathode Li* conducting anode

Source: https://lithium-news.com/2018/03/08/lithium-cobalt-and-vanadium/

In the lithium-ion battery, lithium ions move from the LCO electrode to the graphite electrode
when discharging, and back to the LCO electrode when re-charging.

The mass of the elements in each of the electrodes in a lithium-ion battery used in a battery-

powered vehicle are measured for a new battery, an “empty” battery and a “recharged”
battery, and are shown in Table 7.1.

Table 7.1: Mass of elements in the electrodes of a lithium-ion battery

mass of elements in mass of elements in
LCO electrode (kg) graphite electrode (kg) |
lithium cobalt oxygen lithium carbon
new battery 3.1 50.5 274 2.9 30.0
“empty” 6.0 50.5 274 0.0 30.0
battery
“recharged” 3.1 50.5 27.4 2.9 30.0
battery

Source: https:/www.sciencedirect.com/topics/chemical-engineering/cobalt

One important feature of the LCO electrode is that the recharged battery is chemically
identical to a new battery. This means that the battery can be discharged and charged
hundreds of times.
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Complete the table to show how cobalt(ll) chloride can be prepared in the laboratory,
and suggest one disadvantage of each method.

method 1 method 2

reactants cobalt; chlorine gas

disadvantage

3]

Briefly explain why cobalt(ll) chloride cannot be prepared by mixing cobalt(ll) carbonate
with sodium chloride

Calculate the empirical formulae of the LCO electrodes in the new battery and the
‘empty” battery.

empirical formula of LCO in new battery

empirical formula of LCO in “empty” battery [3]

The “new” battery contains a mixture of cobalt ions of two different charges.
Using your answer from part (c), deduce the possible charges of the cobalt ions in the

‘new” battery.

charges of cobalt ions [1]
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(e) Estimate the minimum mass of rock that needs to be dug from the cobalt mine to
obtain sufficient cobalt for a new battery.

mass of rock [1]

(f) “Extraction of metals is preferred over recycling metals.”

Discuss whether this statement is true for cobalt.

[Total: 12]
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B8 The graphs below show approximately how the emissions of unburnt hydrocarbons, oxides
of nitrogen and carbon monoxide vary with speed of motor vehicles. Emission is measured
in g/km, but note that the scale of carbon monoxide emissions is ten times more than the
other two pollutant gases.
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hydrocarbons

?
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(@) Describe how oxides of nitrogen and carbon monoxide form in the engines of motor
vehicles.

(b) Describe and explain how the average speed of vehicles affects the amount of
emissions in the two graphs.
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(c) One way to reduce the emissions of oxides of nitrogen and carbon monoxide is to use
a catalytic converter.

With the aid of an equation, explain how this can be achieved as a redox reaction.

[3]

[Total: 8]
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B9 Four different experiments are carried out using excess calcium carbonate and 100 cm?® of 1.0
mol/dm?® hydrochloric acid. The surface area of the calcium carbonate and the temperature of

the acid are different for each experiment as shown in the table.

experiment particle size of calcium temperature of acid / °C
carbonate
I lumps 30
! powder 30
[l powder 40
\V) lumps 40

(@) Sketch and label on the same axes two graphs that show how temperature can affect
the rate of the reaction.

A

v

(2]

(b) State and explain, using the collision theory, which two experiments can be used to show
the effect of particle size on the speed of reaction.
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(c) Difference in concentrations can also affect the speed of the above chemical reaction.
Describe a suitable experiment that you can carry out to illustrate this. Include all relevant
apparatus and chemicals and how you can process your data to draw a conclusion. You
may include a diagram of the experimental set-up.
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OR
B9 The diagrams show four different macromolecules.

macromolecule A macromolecule B

macromolecule C macromolecule D

(@) From the diagrams, describe one similarity and one difference between macromolecule
A and macromolecule D.
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(b) All the four macromolecules are found to have very high melting points.

Explain the reason.

............................................................................................................................................. [2]
(c) Macromolecules B and C have similar structures.
(i) Suggest a possible use for the two macromolecules.
................................................................................................................................... (1]
(ii) Explain your reason.
................................................................................................................................... [2]
(d) State and explain the electrical conductivity of macromolecule A.
[3]

[Total: 10]

END OF PAPER
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