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

A1 Use the list of substances to answer the questions. You may use them either once or more

than once.
zinc sulfur francium iron
carbon dioxide ozone silicon dioxide copper
sodium magnesium astatine sulfuric acid
(@) Which substance is an air pollutant?

(b)

(c)

(d)

(e)

()

(9)

............................................................................................................ [1]
Which substance is used as a catalyst in the Haber process?
............................................................................................................ [1]
Which substance is used for galvanising?
............................................................................................................ [1]
Which substance will form a carbonate that will not decompose on heating?
............................................................................................................ [1]
Which substance is a good conductor of electricity when in aqueous state and contains
covalent bonds?
............................................................................................................ [1]
Which element is the least reactive non-metal?
............................................................................................................ [1]
Which substance when reacted with carbon produces a reducing agent?
............................................................................................................ [1]

[Total: 7]
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A2 The table below shows some properties of gases in dry air.

(a)

(b)

4E Chemistry P2 Preliminary Examination 2020

gas in dry air dirgi7ri't1¥1 melti/ngcpoint boiIirllgcpoint p;ar:'ca?pﬁ/goe
nitrogen 1.2506 -210 - 196 78.08
oxygen 1.4290 -219 -183 20.95
carbon dioxide 1.977 - 57 - 57 0.033
helium 0.1785 - 272 - 269 0.00052
neon 0.8999 - 249 - 246 0.0019
argon 1.7837 - 189 - 186 0.934
krypton 3.74 - 157 - 153 0.00011
xenon 5.86 -112 -108 0.0000087

In 1895, Lord Rayleigh isolated nitrogen from dry air by passing the dry air through
chemical reagents that remove oxygen and carbon dioxide. He then discovered that
nitrogen from dry air had a different density to pure nitrogen produced from chemical
reactions. He concluded that nitrogen extracted from dry air was mixed with another gas.
The density of nitrogen extracted from dry air was higher than the density of pure nitrogen.

Explain Lord Rayleigh’s observations and experimental results with reference to the data
in the table.

Minimising air pollution is essential for health and for the environment. In an effort to do
that, low sulfur fuels are being introduced. Ordinary diesel contains 500 ppm (parts per
million) of sulfur but low sulfur diesel contains less than 50 ppm.

Explain why this is an advantage to the environment. You may include any relevant
chemical reactions.

[2]

[Total: 5]
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A3 Different elements with various characteristics are categorised in the Periodic Table.

(@) The table shows some properties of four Group VIl elements, fluorine, chlorine, bromine
and iodine found in a very old record book. Some of the information for these elements

cannot be found and they are not arranged according to their position in the group of the
modern Periodic Table.

element boiling point/ °C reaction with hydrogen
X 185 reacts if heated strongly
fluorine -218 explosive reaction in dim light
bromine 59 Y
Y4 -34 explosive reaction in sunlight

(i) Suggest the identity of X and Z. Explain your answer using the information from
the table and your knowledge about Group VII periodic trends.

(ii)  Write a chemical equation to show a halogen displacement reaction of chlorine with
a suitable potassium halide.

(b) The transition elements are in the centre block of the Periodic Table.

(i) Give one characteristic property of transition elements.

4E Chemistry P2 Preliminary Examination 2020 Hua Yi Secondary School



(ii) Transition elements act as catalysts to increase the rate of industrial processes.
Catalysts are expensive to buy but they are able to reduce costs in the long run.
Give two reasons to explain why catalysts can help to reduce costs in the long run.

[Total: 7]

A4  The table shows the percentage of ammonia formed at different temperatures and pressures
in the Haber process.

ammonia formed (%)
pressure/ atm temperature / °C

100 200 300 400 500

10 88.2 50.7 14.7 3.9 1.2

25 91.7 63.6 274 8.7 29

50 94.5 74.0 39.5 15.3 5.6

100 96.7 81.7 52.5 25.2 10.6

200 98.4 89.0 66.7 38.8 18.3

400 994 94.6 79.7 55.4 31.9
1000 99.9 98.3 92.6 79.8 57.5

Use the information in the table to answer the following questions.

(@) Describe how the percentage of ammonia formed changes with temperature and
pressure.

(b) (i) State the temperature and pressure that will produce the highest percentage of
ammonia formed.
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(ii) Explain why these conditions are not used commercially in the industries.

[Total: 5]

4E Chemistry P2 Preliminary Examination 2020 Hua Yi Secondary School



A5 The concentration of potassium manganate(VII) can be determined through redox titration.

(a) Excess aqueous potassium iodide was first added to 25.0 cm?® of the potassium
manganate (VII) of unknown concentration.

2MnOy4 + 10I- + 16H* — 2Mn?* + 5|, + 8H20

(i) Identify the oxidising agent in the above reaction. Explain your answer in terms of
oxidation states.

(ii)  Suggest how to ensure that excess potassium iodide was added.

(b) The iodine produced is titrated with aqueous sodium thiosulfate. Starch is being used as
an indicator to detect the presence of I, as the starch-iodine complex product has a dark
blue colour.

o + 282032'—) 84062' +2[

26.0 cm?® of 0.0500 mol/dm? of sodium thiosulfate was used to reach the endpoint of the
titration.

(i) Using ideas about oxidation state, explain why the titration between iodine and
sodium thiosulfate is a redox reaction.

(ii) Describe the observation at the endpoint of the titration.
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(iii)  Calculate the concentration (in mol/dm?) of the potassium manganate(VII) solution
used.

[3]

[Total: 9]
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A6 The diagram shows a series of reactions of the two salts in a mixture.

mixture of two solids

dissolved in excess
water; filter

1

| green solid K | | green solution L |
excess aqueous
excess

aqueous warm HC/ aqueous NaOH, Al
mmonia ammonia powder
dark blue | colourless gas M | green vand warm
solution bubble into precipitate P colourless gas O,

aqueous left standi turns moist red
Ca(OH)z l L9  itmus paper blue.

white reddish-brown

precipitate N precipitate Q

(a) Identify the following compounds:
green solid K
green solution L
white precipitate N
colourless gas O
reddish brown precipitate Q ... [2]

(b) Explain in terms of electron transfer, if P has been oxidised or reduced in the formation
of reddish - brown precipitate Q.
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(d) If the cation in solid K is Pb?*, explain why hydrochloric acid cannot be added to produce
the same observations.

[2]

[Total: 7]

A7 Hydrazine is often used as a rocket fuel as it can be stored conveniently as a liquid and further
heated to its gaseous state. It reacts with oxygen to form pure gaseous products.

N2H4 (g) + O2 (g) =2 N2 (g) + 2H20 (g) AH = - 622 kJ/mol
(@) (i) What is ‘enthalpy change’?

............................................................................................................. 1
(ii) Explain what the AH in the reaction between hydrazine and oxygen represents.

............................................................................................................. 1
(iii) Suggest why this reaction is not harmful to the environment.

............................................................................................................. [1

(b) Complete and label the energy profile diagram by showing clearly the enthalpy change
and activation energy for the reaction of hydrazine and oxygen.
A
enthalpy
NzHa (g) + O2 (g)
progress of reaction [3]
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(c) The bond energies of some bonds are shown below:

bond bond energy (kJ/mol)
N-H 390
N=N 945
N-N 163
F-F 158
H-F 565

The reaction between hydrazine (N2H4) and fluorine can be represented as follows:

N2oHs + 2F2 &> N2 + 4HF

(i) Use the bond energies given in the table to calculate the enthalpy change for the
complete reaction of one mole of gaseous hydrazine and fluorine.

[2]

(ii)  Using information from 7(a) to (c)(i), evaluate whether the reaction of hydrazine
with fluorine or oxygen will be a more efficient rocket fuel.

4E Chemistry P2 Preliminary Examination 2020

[Total: 10]
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Section B
Answer all three the questions in this section in the spaces provided.
The last question is in the form of an either / or and only one of the alternatives should be
attempted.

Collision Theory of Molecular Interaction

Max Trautz in 1916 and William Lewis proposed the Collision theory independently in 1918.
The collision theory provides an understanding on how particles interact to cause a reaction
and the formation of new products. It depicts a qualitative explanation of chemical reactions
and the rates at which they occur. For a reaction to occur and product particles formed,
successful effective collisions must take place. This can only happen if all three conditions, in
how the reacting particles interact, are fulfilled.

In an elementary Chemistry textbook, it was stated that the reacting particles must possess two
conditions in order for effective collisions to occur. However, in an advanced Chemistry
textbook, it is mentioned that a third condition must also be fulfilled in order for the reacting
particles to form product particles. It is further explained that not every collision that fulfils the
two condition will lead to a reaction. The third condition of ‘steric requirement’, must also be
attained by the reacting particles for a reaction to occur.

The diagrammatic illustrations of the third condition that reacting particles must have are as

shown.
‘e *®

collision 1 collision 2

X F X
collision 3 g collision 4

R

w _— no reaction

PO — @O

CO, formed

4E Chemistry P2 Preliminary Examination 2020 Hua Yi Secondary School
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Energies of Reacting Particles and The Maxwell-Boltzmann distribution

During a reaction, all reacting particles vibrate and move with different amount of energy. At
any given temperature, the kinetic energies of all the reacting particles in a substance vary
largely. The kinetic energy of any particle of the same mass, is directly proportional to the
molecular speed it is travelling at.

The Maxwell — Boltzmann distribution is a statistical representation of a probability distribution
for describing the speeds of various particles within a stationary confined space at a specific
temperature. Graph 1 illustrates this concept, where the y-axis is defined as the number of
molecules at a given speed and the x-axis defined as the molecular speed of the particles. The
activation energy shows the amount of molecules that possess sufficient energy required for a
reaction to occur.

Graph 1

number of molecules at
a given speed/ x x 10"

A
5
4

3 4 activation
energy

0 T T I T T —> molecular speed/
20 40 60 80 100 120 cm/s

A group of scientists conducted experiments A to D, to find out how various factors affect the
speed of the reaction. Substance Y forms a cloudy suspension when added to water. Over
time, Y breaks down to form a homogeneous solution. Table 1 shows the results for all four
experiments with equal samples of Y used for each experiment.

Table 1
experiment contents temperature/°C | time taken/s
A Y + 20 cm? distilled water 30.0 91
B Y + 20 cm3 distilled water + Z 30.0 72
C Y + 20 cm? distilled water + Z 60.0 16
D Y + 20 cm? distilled water 60.0 50
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(@) Using your knowledge of the Collision Theory, state the two conditions that reacting
particles must have in order for effective collisions to take place.

........................................................................................................... [2]
(b) (i) With reference to the diagrammatic illustrations, suggest what could be the third
condition of ‘steric requirement’ that reacting particles must have for effective
collisions to take place.
............................................................................................................. [1]

(ii) Use the diagrammatic illustrations provided to explain your reasoning for b(i).

............................................................................................................. [1]
(c) Use the information from Graph 1 to answer this part of the question.

(i) Describe how the number of molecules at a given speed changes with the
molecular speed.
............................................................................................................. [2]

(ii)  Suggest the molecular speed of majority of the molecules.
............................................................................................................. [1]

(d) (i) Using your knowledge of the collision theory, explain how the change made in
experiment D has caused a faster rate of reaction as compared to experiment A.
............................................................................................................. [1]

(ii) Graph 1 was drawn using the conditions in experiment A.

Sketch another graph on Graph 1 to show the probability distribution for the
reacting particles if the conditions in experiment D was used instead.
Label your sketch on Graph 1 clearly as d(ii). [1]
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(e) (i) Suggest the role of substance Z.

............................................................................................................. 1
(ii)  With reference to one pair of experiments in Table 1, explain your answer for e(i).
............................................................................................................. 11
(iii) Assuming that Graph 1 was drawn for experiment A at a given temperature of 30°C
and with reference to the data shown for experiment B in Table 1, indicate on
Graph 1 provided below, the change on the graph you would make if it was made
for experiment B.
number of molecules at
a given speed/ x x 10"
A
5 —
4 _
3 4 activation
energy
2
1 -
: molecular
0 T T T T T —> speed/
20 40 60 80 100 120 cm/s
[1]
[Total: 12]
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B9 Ironis extracted from a metal ore in a blast furnace.

(a)

(c)

TF raw materials

- » waste gases

—> | hotair
outlet for slag «——=
outlet for molten iron

State the raw materials that are added into the blast furnace.

...................................................................................................................... [1]
(b) Write equations for the following reactions occurring in the blast furnace:

(i) the formation of molten iron; and
............................................................................................................. [1]

(ii)  the formation of slag.
............................................................................................................. [1]

Some extracted iron was placed in a blue nitrate solution. A few days later, a solid coating

appeared on the surface of the iron. The coated iron was found to be able to conduct

electricity.

(i) Write the chemical equation, without state symbols, for the formation of the solid
coating on the iron.
............................................................................................................. [1]

(ii)  Suggest if this solid could be extracted from its ore in a blast furnace as well.

Explain your reasoning.
............................................................................................................. [2]
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(d) Iron in the form of steel is often used in the construction of ships due to its requirement of
a material with a high level of strength and stability.

Exposed zinc blocks are attached to the steel hulls of ships as shown below to prevent
the hull from rusting.

exposed zinc steel hull

A student commented that “the zinc prevents the steel hull from rusting by forming a
protective barrier around the steel hull”.

Explain how zinc prevents the steel hull from rusting and why the student is inaccurate in
his comment.

[Total: 8]
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EITHER

B10 The diagram shows a setup of the electrolysis of copper(Il) nitrate solution using a graphite

electrode and a copper electrode.

aqueous
copper(II)
nitrate

graphite copper

(a) State the observation at the graphite electrode and write down the half equation for the
reaction that takes place.

(b) Describe and explain any colour change in the solution after the electrolysis has taken
place for some time.

4E Chemistry P2 Preliminary Examination 2020 Hua Yi Secondary School
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(c) If the positions of the electrodes were swopped, will the observations be different from
what was described in (a) and (b)? Explain your answer.

(d) Explain why graphite and copper can be used as electrodes in the electrolysis setup.

[Total: 10]
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OR

B10 (a) The diagram shows a simple cell that can be used to generate electricity.

|7 electrode 2

copper— (zinc)

electrode

T aqueous copper (II)
sulfate

(i) Write an ionic equation for the reaction between zinc and aqueous copper(ll)
sulfate.

(ii) Draw an arrow on Fig. 10.2 to show the direction of the flow of electrons in the wire. [1]

(iii) The voltage of the cell was measured when the following metals were used as
electrode 2.

copper iron silver zinc
Complete Table 1 by listing the metals in the correct order.

Table 1

meter reading / V metal

+1.10

+0.78

0.00

(iv) When metal M was used as electrode 2, it produced a higher voltage than +1.10 V.

Suggest the identity of metal M.
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(b) Mortar is a building material used to hold bricks and stonework in position. It is a much
older building material as compared to cement and has often been used since the Roman
times. Mortar is made by mixing calcium hydroxide (slaked lime), sand and water into a
paste. Mortar thickens and hardens over many years on standing in air. This is due to
two processes:

e The water evaporates.
¢ The slaked lime reacts with carbon dioxide in the air to form calcium carbonate.

Ca(OH)y(s) + COx(g) > CaCOs(s) + H0())

(i) Suggest why the reaction of calcium hydroxide with carbon dioxide is a slow
process.

(ii)  Use your answer to part b(i) to help you answer this question.
An archaeologist found two pieces of mortar. One very old piece was found from a
Roman mansion built about 300 AD. The other piece was from a modern cottage
built in 1995. State what the archaeologist could test for to prove that one of the

pieces of mortar was much older than the other piece and give the results he would
expect.
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(iii) Calcium carbonate decomposes on heating to form calcium oxide (lime). Some
students decided to grow corn in the school's garden. They mixed lime and a
fertiliser containing ammonium nitrate, in an attempt to enrich the soil with nutrients.
Explain why the corn plants did not give a good yield.

[Total: 10]

End of Paper
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