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

Use the substances in the list to answer the following questions.

ammonium chloride sodium nitrate sodium chloride

potassium iodide magnesium vanadium (V) oxide

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

(a)

(b)

(c)

(d)

(e)

Which substance reacts with aqueous sodium hydroxide and aluminium to
produce ammonia gas upon warming?

Which substance will produce a violet vapour when it conducts electricity in
molten state?

........................................................................................................ [1]
Which substance could act as a catalyst in a chemical reaction?
........................................................................................................ [1]
Which substance reduces dilute sulfuric acid in a redox reaction?
........................................................................................................ [1]

Which two substances, when mixed together, can be separated by heating the
mixture gently?

[Total : 5]

Air bags are used to protect passengers in a car during an accident. When the crash
sensor detects an impact, it causes a mixture of chemicals to be heated to a high
temperature. The reactions that take place produce nitrogen gas, which fills the air bag.

Air Bag

o
Inflator

Crash

Sensor '. | Nitrogen
. W Gas

before impact after impact



(a)

(b)

(c)
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The mixture of chemicals contained in the automobile air bags include sodium
azide (NaNs), which decomposes upon heating to form sodium and nitrogen gas
according to the equation shown below.

2NaNs (s) > 2Na(s) + 3N:(9)

Explain, in terms of Kinetic Particle Theory, how the above reaction helps to
protect passengers during a car accident.

A certain model of auto mobile is equipped with a 60 dm? air bag.
Calculate the mass of sodium azide needed to produce just sufficient gas to fill
the air bag.

[2]
The sodium produced when sodium azide decomposes is dangerous.
The mixture of chemicals in the air bag contains potassium nitrate which helps to
make the sodium safe by converting it to less harmful products.

Sodium reacts with potassium nitrate to produce sodium oxide, potassium oxide

and nitrogen.
Write a balanced chemical equation for this reaction.

[Total : 6]
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A3 The following tests were carried out on three aqueous solutions, P, Q and R.
R is an aqueous solution formed by dissolving an alkaline gas in water.

test observations

test 1 When a few drops of R were added to Q, a white precipitate was
observed, and it dissolved when an excess of solution R was added.

test2 | When R was added to P, a green precipitate was formed which gradually
turned brown on standing in air. When acidified barium nitrate solution
was added to P, a white precipitate S was produced.

test 3 | When aqueous potassium carbonate was added to Q, a white precipitate
T was formed. When the residue was filtered, washed and heated
strongly, a residue U was obtained. U was yellow when hot but turned
white on cooling.

test4 | When aqueous silver nitrate were added to Q, a white precipitate was

observed. The precipitate is insoluble in dilute nitric acid.

(a)

(b)

Identify P, Q, R, T and U.

P

Q

R

T

U [5]
Write the ionic equation for the reaction that produced the precipitate S.
............................................................................................... [1]

[Total : 6]
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Silicon carbide (SiC) is a naturally occurring rare mineral containing carbon and
silicon atoms. Buckminsterfullerene (Ceo) is an allotrope of carbon, which has a
cage-like fused-ring structure that resembles a soccer ball, made of a certain number
of hexagons and pentagons.

The diagrams below show the structures of silicon carbide and buckminsterfullerene.

silicon carbide buckminsterfullerene

(@) With reference to the structures shown above, explain why silicon carbide has a
high melting point, but buckminsterfullerene has a low melting point.

(b) Graphite is another allotrope of carbon. State one similarity and one difference
between the bonding and structure in buckminsterfullerene and in graphite.

SimIlarity = ..o

(c) Deduce one use of silicon carbide, based on its structure.

[Total : 7]
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A5 Sulfur dioxide reacts with chlorine gas in the presence of a catalyst to form a single
liquid product, sulfuryl chloride (SO.C/»). This is possible because the atom, sulfur can
expand its octet structure to contain more than eight electrons.

(@) Draw a ‘dot-and-cross’ diagram for sulfuryl chloride.
Show the outer shell electrons only.

[2]
(b) Student A says, “The sulfur in sulfur dioxide is oxidised.”
Student B says, “Sulfur dioxide is an oxidising agent.”

Do you agree with both of them, one of them or neither of them? Explain your
answer.

........................................................................................................ [2]
(c) Sulfuryl chloride reacts with water to form two strong acids.

One is a dibasic acid while the other is a monobasic acid.

Write the equation for this reaction.

........................................................................................................ 1

[Total : 5]
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A6 The diagram below shows the set-up of an electrolysis experiment of cell 1 and cell 2.

The electrolytes used in cell 1 and cell 2 are dilute silver nitrate and dilute
copper(ll) sulfate respectively.

W is graphite electrode, X is copper electrode, Y and Z are silver electrodes.

- - ()

3\ \ (
- - - -
| J \ —1 _____
| T
silver nitrate copper (Il) sulfate
solution solution
Cell 1 Cell 2

(@) Electrodes X and Z will increase in mass after some time.
(i) Write the two ionic half-equations for the reactions at electrodes X and Z.

(ii) The rate of increase in mass of electrode Z is higher than that of electrode
X. Use the equations in (a)(i) to explain why.

[3]

(b) Other than the increase in size of electrode X, state one other observation in cell
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(c) If electrolyte in cell 1 is replaced with sodium chloride solution, a white precipitate
is formed in the electrolyte. Explain the formation of the precipitate.

[Total : 8]

A7 A group of students conducted an experiment to investigate the pH change when
limestone reacts with solution X. They added limestone pieces to the solution X and
recorded the pH of the mixture for 5 minutes. The data collected was then downloaded
to a computer.

The experiment was carried out using the apparatus as shown below.

Solution X

Limestone \h

pieces

datalogger

The graph below shows the recorded results.

44

4.2

4.0+ /

3.8

36 a

34

3.0
0 1 2 3 4 5 6

Time (minutes)

(@) Suggest the identity of solution X. Explain your answer using the information
given.
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(b) State and explain the change in pH shown in the graph.

(c) By comparing the datalogger and methyl orange indicator, explain why the use of
methyl orange indicator is not advisable in the conduct of this experiment.

[Total : 6]

A8 The reaction to produce ammonia can be demonstrated in the science laboratory by
the method shown in the diagram below:

3 .
75cm® of hydrogen iron wool 25cm” of nitrogen
E . /. N __sf y / .
\ o
gas syringe HEAT STRONGLY gas syringe

The mixture of nitrogen and hydrogen is passed backward and forward over the hot
iron wool until there is no further reaction.

(@) Explain, with the help of an equation, why nitrogen and hydrogen are mixed in a
1:3 ratio by volume.

(b) Explain why air is not used in the above reaction, although it contains 78% of
nitrogen.
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(c) State the source of nitrogen for the above reaction.

(d) Assuming only 15% of the nitrogen and hydrogen react to produce ammonia,
calculate the volume of ammonia produced at room temperature and pressure.

[2]

(e) Explain why the use of expensive metals as catalyst does not increase the cost
of production of ammonia in the Haber Process.

[Total : 7]

END OF SECTION A
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