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SECTION A [70 marks]

Answer ALL the questions in the spaces provided.

Al  Fig. 1.1 shows part of the Periodic Table.

C F | Ne
Na Al Cl
K | Ca vV Br

Fig. 1.1

Select elements from Fig. 1.1 to answer the following questions. You may use
each element once, more than once or not at all.

Write down the atomic symbol for an element which

(@)

(b)

(c)

(d)

(€)

()

9)

has three electrons in its valence shell,
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A2 Table 2.1 shows the distribution of some elements in three substances.
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Table 2.1
element
substance oxygen iron carbon
A 0% 90.4 — 95.6% 4.4 —9.6%
B 52% 48% 0%
C 66.7% 0% 33.3%

Identify and explain, using data from Table 2.1, which substance is a mixture.

A3  Haematite, iron(lll) oxide, is an iron ore that can be commonly found around

the world.

(@) Haematite can be reduced with carbon to form two products. Write the
balanced chemical equation, with state symbols, for this reaction.

(b) The reaction in (a) is said to be non-environmentally friendly. Suggest a

reason why.

(c) A student, Harini, commented, “Iron(lll) oxide can also be obtained in the
laboratory via the fast reaction between iron metal and water at 5 °C.”
Explain whether she is correct and write the chemical equation for the
reaction that occurred, if any.
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[Total: 2]

[2]

[1]

[Total: 4]



4

A4 A student conducted an experiment with the apparatus set-up below. Three
unknown gases, X, Y, Z and chlorine gas are compared to oxygen gas. All the
porous containers are filled with oxygen gas.

gas X gasY gas Z chlorine
porous
container

/ / /
/ / / / gas jar
filled with

oxygen water water water

L_/) L_/Pbeaker

tube

(a) Explain why bubbles are observed in the water for the set-ups containing
gases Xand Y.

.................................................................................................. [3]
(b) No bubbles were observed in the set-up containing gas Z. A small amount

of water was seen to rise up the tube. Suggest a possible identity of gas Z.

.................................................................................................. [1]
(c) Suggest why the gas jar containing chlorine was arranged the opposite

way from the other gas jars containing gases X, Y and Z.

.................................................................................................. [1]
(d) The experiment was conducted at 25 °C. State and explain what would be

observed if the experiment was conducted at 50 °C instead.

.................................................................................................. [3]

[Total: 8]
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A5 (a) Table 4.1 describes the properties of some sub-atomic particles.

Complete Table 4.1.

Table 4.1
relative mass relative charge
proton
neutron
electron
[2]
(b) The symbol of an atom of aluminium is shown below.
27Al
0] State the number of neutrons it has.
......................................................................................... [1]
(i)  Write the electronic configuration for this atom of aluminium.
......................................................................................... [1]
(iii)  The symbol for another atom of aluminium is %$Al.
State and explain the relationship between these two atoms of
aluminium.
......................................................................................... [1]
[Total: 5]
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A student, Yu Kai, was conducting an experiment to determine the physical
properties of some substances. He recorded his results in Table 5.1 but

accidentally spilled some water on a portion of his table.

Table 5.1
substance | melting point/ | boiling point/ electrical solubility in
°C °C conductivity water
potassium 770 1420 yes
chloride
calcium 772 1935 yes
chloride
carbon 3550 4830 no no

(@) Draw the ‘dot-and-cross’ diagram to show the bonding in calcium chloride.

Show outer electrons only.

[2]
(b) Calcium chloride has a melting point of 772 °C.
0] Explain calcium chloride’s high melting point in terms of its structure
and bonding.
......................................................................................... [3]
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(ii)  Suggest and explain why calcium chloride has a higher melting point
than potassium chloride.

......................................................................................... [3]
(c) Carbon can exist in different forms with different structural arrangements
of its atoms.
) State the term used to describe such different forms of carbon.
......................................................................................... [1]
(ii) By referring to Table 5.1, suggest and explain which form of carbon
Yu Kai likely experimented on.
......................................................................................... [2]
(ii)  Compare the electrical conductivity between potassium chloride and
this form of carbon. Explain your answer.
......................................................................................... [4]

[Total: 15]
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A7  The following reaction scheme describes some of the reaction carried out on an
unknown mixture. This mixture contains three different salts.

HNO; (aqg) then - — -
NH; (aq) white precipitate R which

white precipitate P |

Ba(NO;), (aq)

dissolves in excess

Mixture

NH; (aq) to form a
colourless solution

NaOH (aq),
Al (s), warm

NaOH (aq)

HCI (aq)

white precipitate R
which dissolves in ‘ colourless solution S ‘ + | gas T |
gas Q which turns excess NaOH (aq) _
moist red litmus to form a colourless t?_ubble |tnto
[ imewater
paper blue solution

(@)

(b)

‘ white precipitate U |

Identify the following substances.

Suggest two of the salts that the mixture contains.
St L o e
S 2 [2]

[Total: 8]
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A8  Fig. 7.1 shows the heating curve for a substance X.

Temperature/ °C

C
101
B
0 2 4 6 8 10 12 14 16 Time/ min

Fig. 7.1

(@) Describe, in terms of the kinetic particle theory, the movement and
arrangement of the particles of substance X at point A.

.................................................................................................. [2]
(b) State how long it took for substance X to completely change from a solid

into a gas.

.................................................................................................. [1]
(c) Compare the forces of attraction between the particles and the kinetic

energy of the particles at point B and at point C.

.................................................................................................. [2]

[Total: 5]
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A9  Wollastonite, CaSiOs;, can be produced from the reaction between calcium
phosphate and silicon dioxide.

208.3(PO4)2 + 6Si0> — P40 + 6CaSiOs

100 g of calcium phosphate, Cas(POa4)2, was used in this reaction. The actual
mass of wollastonite produced was 87 g.

Calculate the percentage yield of wollastonite.

[4]

[Total: 4]
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Al10 Separation of crude oil for everyday use
How crude oil is separated

Crude oil is a naturally occurring viscous black oil. The raw material is made up
of complex organic hydrocarbon structures and is formed from living matter that
existed many millions of years ago. In that time, that matter has been processed
by geological forces to create its current form of black oil. While it is sometimes
found at surface level, crude oil is mostly obtained by drilling for oil in the ground
at oil wells on land, and at oil rigs at sea.

In oil industries, crude oil can be separated to obtain all the various petroleum
products that we rely on in everyday life. A diagram of this separation technique
is shown in Fig. 9.1.

Gases collected

Coolest 25°C | Bottled |
At the top of the |_gaces |
column, we find N
smaller molecules Petrol collected ——
which are more Petrol is used to

A

volatile, ignite easily power cars

and have a lower
boiling point

Naphtha collected ]
Naphtha is used

to make chemicals

The lower section of
the column has bigger
molecules which are
harder to ignite, less
volatile and have a
high boiling point

Crude Oil

Kerosene collected

Aviation Fuel used

in aircraft

Diesel Fuel collected

Road diesel and

gas oil (red diesel)

Fuel Qil collected

Marine diesel

for ships

7

The crude oil Hottest 350°C
is heated

Bitumen collected | i b
itumen can be

I used for roads

Fig. 9.1

Crude oil is heated and its components turn into vapour. They are subsequently
cooled, condensed back into liquids, and collected as different fractions. Each
fraction contains different hydrocarbons.

The top of the column gives rise to gases and liquids that have short carbon
chains in their composition. While these products are often used as fuels, many
have industrial and chemical uses too.

Hydrocarbons like butane, propane and other petroleum gases are formed right
at the top of the tower, where it is coolest at a very mild 25°C. The temperature
range that forms these gases is between 25°C and 50°C. These gases are the
lightest products formed in this separation process and are flammable gases.

These gases, being the lightest products formed and flammable gases too, are
then processed into Liquified Petroleum Gas (LPG), which is usually a mixture
of propane and butane. LPG is used for heating applications and for hot air
balloons in the case of propane.
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The petroleum gases have four or five hydrocarbons in their chain. For these
distillates, hydrocarbon chains are made up of three carbon atoms in the case
of propane (CsHs), and four carbon atoms in the case of butane (CaHio).
Everyday use of the components of crude oil
Internal combustion engine fuels such as petrol or diesel fuels our cars’ engines,
gas oil powers machinery and furnaces, kerosene fuels aircraft, and domestic
and commercial heating oil keeps our homes and workplaces warm.
In such combustion reactions, hydrocarbons react with oxygen in the air to
produce carbon dioxide and water.

@ @ Name the separation technique used to separate crude oil.

......................................................................................... [1]
(ii)  Explain how the physical property of the components of crude oil
allows them to be separated by this separation technique.
......................................................................................... [1]
(itf)  Suggest and explain if oil industries can use separating funnels to
separate the components of crude oil.
......................................................................................... [1]
(b) Propene, CsHg, is a hydrocarbon that is a possible by-product of this
separation technique.
0] Suggest what is meant by the term hydrocarbon.
......................................................................................... [1]
(ii) Draw a ‘dot-and-cross’ diagram to show the bonding in propene.
Show the outer shell electrons only.
[2]
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(iii)  Substances that produce ions when dissolved in water are called
electrolytes. Electrolytes are used as mediums to conduct electricity
in electrolysis reactions.

Suggest and explain whether propene can be used as an
electrolyte.

......................................................................................... [1]
(iv)  Write a balanced chemical equation for the combustion reaction of
propene.
......................................................................................... [1]
(v)  Otherthan using chromatography, explain how the purity of propene
obtained from the separation can be determined.
......................................................................................... [1]
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(c) Chromatography was performed on a sample of crude oil. The results are
shown in Fig. 9.2.

crude oil propene butane propane

Fig 9.2

State three conclusions that can be drawn by using evidence from Fig 9.2.

[Total: 12]
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SECTION B [10 marks]
Answer one question from this section.

B11 25.0 cm®of 0.40 mol/dm? sulfuric acid was reacted with exactly 35 cm? of sodium
hydroxide.

H2SO4 + 2NaOH - NaSO4 + 2H,0

(@) Calculate the concentration of sodium hydroxide used.

[2]

(b) Write the ionic equation, with state symbols, for this reaction.
.................................................................................................. [1]

(c) Sodium sulfate solution is obtained at the end of the reaction.

0] Describe what would be observed if a few drops of universal
indicator were added to the sodium sulfate solution.
......................................................................................... [1]

(i)  Describe the concentration of H" and OH" ions present in the sodium
sulfate solution at the end of the reaction.
......................................................................................... [1]
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(d) Describe the steps to prepare pure and dry sodium sulfate crystals from
sulfuric acid and sodium hydroxide.

[Total: 10]
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B12 30.0 cm?® of 0.80 mol/dm? nitric acid was reacted with 10 g of magnesium.

(a) Calculate the mass of magnesium nitrate produced.

[3]
(b) A gas was produced in this reaction. Describe the test and observation to
confirm the identity of the gas.
.................................................................................................. [1]
(c) Suggest a change in observation if nitric acid was replaced with ethanoic
acid, CHsCOOH, for this reaction. Explain why.
.................................................................................................. [2]
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(d) Describe the steps to prepare pure and dry magnesium nitrate crystals
from nitric acid and magnesium.

[Total: 10]

END OF PAPER
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