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Section A [50 marks]

Answer the following questions in this section in the spaces provided.

A1 (@)  Use the list of substances below to answer the following questions.

(i)

(ii)

(iii)

(iv)

(v)

Phosphoric acid Copper Sodium iodide
Sodium hydroxide Nitric acid Ammonia
Nitrogen Methane Aluminium

Which substance is an element that exists as small molecules?

Which substance forms a positive ion that is more reactive than zinc
ion?

Which acidic substance, in mol/dm? of solution, will have the highest pH
value?

Which substance, when in solution, is used to distinguish between
aluminium and lead (Il) ions?



(b)
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Which of the following statements about carbon monoxide is(are) true and

which is(are) false?

Put a tick (v) in one box in each row.

True

False

It is the main reducing agent in iron extraction in
the Blast Furnace.

It is not an acidic oxide

It is removed in a catalytic converter by reaction
with nitrogen.

It can be detected by smell when incomplete
combustion of carbon-containing fuels occurs

[2]

[Total: 7]
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Elements in the same group in the Periodic Table can show different physical

properties.

For example, Group VIl elements chlorine and bromine exist in different physical

states. In another example shown in the table below, the melting points of Group IV
elements show a marked change after germanium.

Element

c

Si

Ge

Sn

Pb

Melting point / °C

> 3550

1410

937

232

327

(a) State the melting point trend of the Group VII elements from chlorine to iodine.

(b)  Carbon, silicon and germanium each form a solid with the same type of

structure.

(i)

(ii)

(iii)

What type of structure is present in carbon, silicon and germanium?

Suggest why the melting point of these elements decreases from
carbon to germanium.

State the physical states of bromine and germanium at room

temperature.

Explain, in terms of bonding, why the physical states of bromine and

germanium are different.
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(c) Silicon is able to react with chlorine to form a colourless liquid.

Draw a ‘dot and cross’ diagram to show the bonding in the colourless liquid,
show only the outer electrons.

[2]
(d) Lead is able to form two chlorides, PbC/> and PbCls.
(i) State the oxidation states of lead in the two chlorides.
PbCl> S
PbCl4 S [2]
(ii)  When chlorine reacts with a saturated solution of PbC/2 in NH4C/ (aq),

a yellow salt, X is formed.
X has the following composition by mass:
Cl146.7%; H 1.76%; N 6.14%; Pb 45.4%

Calculate the empirical formula of X.

[3]
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(d) (iii) Xis ionic with a relative formula mass of 456. It contains ammonium ion
and one type of polyatomic anion in the ratio of 2:1.

State the formula of the anion present in X.

[Total: 14]
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A3  The English chemist John Dalton proposed the modern atomic theory in 1803, that all
elements are composed of atoms which are indivisible and cannot be created or
destroyed.

We now know however that an atom is made up of three types of sub-atomic
particles: protons, neutrons and electrons.

(a) Beams of protons, neutrons and electrons were fired into an electric field
between two oppositely charged plates as shown below.

Beams of proton,
neutrons and electrons

B
»

By considering their relative charges and masses, complete the above
diagram to show the path taken by each beam of sub-atomic particles
between the two charged plates. [2]
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(b)  The table below shows the number of sub-atomic particles in four species, V¥,

W, X? and Y*.
Species Number of Number of Number of
protons neutrons electrons
\'As 15 16 18
w 15 17 15
Xz 16 16
Y* 19 20

(i) Write in the above table, the number of electrons for species X? and
Y*. [1]

(ii)  Atoms orions that contain the same number of protons are called
isotopic.
Those that contain the same number of neutrons are called isotonic.
Those that contain the same number of electrons are called
isoelectronic.

Which of the species V3-, W, X> and Y* are:

Isotopic

Isotonic

Isoelectronic

[3]
[Total: 6]
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Limescale is a white deposit of calcium carbonate that is commonly found in kettles,
hot water boilers and taps in countries where the water is ‘hard’ (rich in mineral

deposits).

(@) A gasis produced in the reaction between limescale and an acid.

Describe a positive test for the gas produced in this reaction.

(b) A student wanted to compare the effectiveness of dilute sulfuric acid and dilute
nitric acid in removing limescale.

The student measured the volume of carbon dioxide produced each minute for
a total of 10 minutes. He did this first for the reaction between dilute sulfuric
acid and a fixed mass of limescale. The student then repeated the experiment
using dilute nitric acid in place of the dilute sulfuric acid. All other variables
were kept the same.

The results are shown below.

Volume of
carbon
dioxide

using dilute
sulfuric
acid

kS

Volume of
carbon
dioxide

using
dilute

nitric acid

0

2 4 6 8
Time in minutes

0 2 4 6 8 10
Time in minutes



(b) (i)

(ii)

(iii)
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The student used the following apparatus for the collection of carbon
dioxide.

‘\
/

acid

Delivery tube

limescale

g

Water

Name this method of gas collection and state with a reason, why the
measured volume of carbon dioxide is likely to be inaccurate.

........................................................................................... 2]
Write down the chemical equations, with state symbols, for the
reactions between calcium carbonate and sulfuric acid and between
calcium carbonate and nitric acid.
Reaction between calcium carbonate and sulfuric acid
Reaction between calcium carbonate and nitric acid

[3]

Describe how the results for the reaction of calcium carbonate with
sulfuric acid and with nitric acid are different. Use your equations in
(b)(ii) to explain this difference.



(c)

(d)
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Calcium carbonate can be used to reduce the effect of acid rain and in flue
gas desulfurisation.

(i) Write a balanced chemical equation to represent the use of calcium
carbonate in flue gas desulfurisation.

(i)  Unlike calcium hydroxide, calcium carbonate can be safely added to
soils containing fertilisers such as ammonium nitrate to reduce soill
acidity.

Explain why it is important not to use calcium hydroxide to treat soils
containing ammonium nitrate fertilisers.

A technology known as carbon capture and storage is currently used to
reduce emissions of carbon dioxide to the atmosphere.

One method of carbon capture and storage involves the use of calcium oxide
and calcium carbonate, and is known as calcium looping.

The first step of calcium looping involves the use of calcium oxide to remove
carbon dioxide from industrial waste gas emissions.

Step 1: CaO (s) + CO2(g) - CaCOs(s)

In the second step, solid calcium carbonate is converted to calcium oxide and
carbon dioxide. The carbon dioxide is then removed and purified so that it is
suitable for storage.

Step 2: CaCOs3 (s) - CaO (s) + CO2(9)

(i) Explain why there is a need to reduce emissions of carbon dioxide to
the atmosphere.



(d)

(ii)
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Which statements about the reactions involved in calcium looping are

true and which are false?

Pick a tick (v) in one box in each row.

True

False

The reaction in Step 1 is exothermic.

A high pressure should be used to

increase the speed of reaction in Step 1.

The enthalpy change for the reaction in
Step 2 is positive.

Both the reactions in Step 1 and Step 2
are redox reactions.

[2]
[Total: 15]
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The combustion of ethane gas can be represented by the following equation.

2C2Hs + 702 - 4CO2 + 6H20

Some bond energy values are given in Table 3.

(a)

AH = -2868 kJ

Bond Bond energy / kdmol-'!
C-H 410
0=0 496
CcC=0 805
O-H 460

Draw an energy profile diagram for the combustion of ethane. Your diagram
should indicate the activation energy and the enthalpy change of reaction, AH.

Energy / kJ
A

>

Progress of reaction

[3]
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(b)  Calculate the bond energy for the C — C bond.

[3]

(c)  Calculate the energy released by the complete combustion of 48.0 dm? of
ethane.

[2]
[Total: 8]
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Section B [30 marks]

Answer all three questions from this section.

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

B6 The transition metals are a block of elements in the centre of the Periodic Table.
Some information about the properties of the metals in Period 4 are shown in the
tables below.

Element | Sc Ti Vv Cr Mn Fe Co Ni Cu Zn

Density | 2.99 | 450 | 5.96 | 7.20 | 7.20 | 7.86 | 8.90 | 8.90 | 8.92 | 7.14
(g/dm3)

Melting | 1541 | 1660 | 1890 | 1857 | 1244 | 1535 | 1495 | 1455 | 1083 | 420
point (°C)

Table 6.1

Element Sc Ti Vv Cr Mn Fe Co Ni Cu Zn

Common +7
oxidation
states that +6 +6 +6
occur in
compounds +5 | +5 | #5 | 5 | 5

+4 +4 +4 +4 +4 +4 +4

+3 | +3 | #3 | +3 | +3 | +3 | +3 | +3 | +3

+2 | 42 | #2 | #2 | #2 | 42 | 42 | +2 | +2

Table 6.2

(@)  Across Period 4 of the Periodic Table, describe the trend in the number of
oxidation states formed by the metals above in their compounds.



(b)

(c)
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Scientists do not consider two of the metals found in Period 4 as ‘transition
metals.’

(i) Name the two metals.

(i)  Using your knowledge about transition metals and the information
provided from Tables 1 and 2, explain your answers in (b)(i).

Two equations showing the displacement reactions between metals in Period
4 are as follows.

Equation 1 Zn + Co(NO3z)2 > Zn(NO3)2 + Co
Equation2 Co + Ni(NO3)2 &> Co(NO3)2 + Ni

A student wrote in his notes, ‘the greater the number of oxidation states
exhibited by a metal in its compound, the higher the reactivity of that metal.’

Do you agree with the student? Explain your reasoning.
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(d)  Vanadium is a transition metal which forms coloured compounds in different
oxidation states.

Complete Table 6.3 below by filling in the missing oxidation states.

Substance Colour Oxidation state of vanadium
V(H20)e%* Green +3

VO?* Yellow +5
V(H20)62* Violet

VO2?* Blue

[1]
Table 6.3
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(e)  Substance X is a compound containing vanadium. When dissolved in water,
substance X forms a yellow solution. When a colourless liquid, substance Y, is
added to an aqueous solution of substance X, a green solution is obtained.

Added with substance Y
(colourless liquid)

0
0
o —-
Solution of substance X Reaction mixture
(yellow) (green solution)

Two students, Abu and Mark, attempted to explain the observation.
Abu ‘| think substance Y acts as an oxidising agent in the reaction.’
Mark : ‘| think substance Y acts as a reducing agent in the reaction.’

Identify which student is correct and explain your reasoning.

[Total: 10]
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Ammonia is a compound of nitrogen and hydrogen with the formula NHs.

Ammonia exists in nature as a colourless gas with a characteristic pungent smell.
The undesirable smell is commonly associated with toilets as ammonia gas is given
off from urine.

The nitrogen-containing substance in urine is urea, CO(NH2). which undergoes
hydrolysis with water to form ammonia and a colourless acidic gas.

(@) Construct a chemical equation, including state symbols, for the hydrolysis of
aqueous urea.
.................................................................................................... [2]

In the past, ammonia was obtained via the distillation of camel dung.

Nowadays, ammonia is obtained via the Haber Process.

(b) State the three operating conditions of the Haber Process.
.................................................................................................... [2]

(c) In addition, ammonia burns in pure oxygen according to the equation given

below.
4NH3 (g) + 202(g) 2> 2N2(g) + 6H0 (1)

(i) Explain whether the reaction stated in (c) is a redox reaction in terms of
oxidation states.

(i) State the reducing agent in reaction (c).
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(c) (iii) Given that 40 cm?® of ammonia gas was completely reacted, calculate
the minimum volume of air required.

[2]
[Total: 10]
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EITHER

B8

Magnesium is found in solution in seawater, at concentrations of 1.35 g/dm3in a
typical seawater sample. Next to sodium, it is the second most common metal found
in solution in seawater.

To convert the magnesium in solution to magnesium chloride, minerals are added
and several other processes take place.

Magnesium can be extracted from magnesium chloride by electrolysis. Nearly 70% of
the world production of magnesium is used to make alloys.

(a) Draw a clearly labelled diagram to show how magnesium can be extracted
from magnesium chloride.

Include ionic equations, with state symbols, for the changes at the electrodes.
Equation at anode e e

Equation at cathode L e

[4]



EITHER

(b)

(c)
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To improve corrosion resistance in magnesium, the surface of the metal is
covered with a thick protective oxide coating. This oxide layer can be
produced by the electrolysis process called anodising.

Magnesium metal is made the anode in the electrolysis process by using a
suitable electrolyte. The oxygen gas produced forms on the surface of the
magnesium emtal and reacts with the metal to forma thick oxide layer.

Suggest a suitable electrolyte for anodisong magnesium metal and write the
equation that occurs at the anode.

Electrolyte &1

Equation e e [2]

One of the chemical reactions that occur during the conversion of magnesium
from seawater to magnesium chloride is

2MgO + C + Cl, & 2MgCl + CO,.

Calculate the mass of carbon needed to produce 152 kg of magnesium
chloride.

[2]



EITHER

(d)
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The graph below shows the results of the experiment on the relationship
between the current and the mass of oxygen deposited in 5 minutes.

Graph of mass of oxygen deposited against
current
o 1.2
5 1
2
(o}
s 0.6
9 04
©
€02
0 : :
0 1 2 3 4 5
Current/A

(i) From the graph, describe the relationship between the current and the
mass of oxygen deposited.

(ii)  An experiment was carried out that passes an electric current of 2.4
amperes for 10 minutes. Using the graph and the information above,
predict the mass of oxygen that would be deposited in the experiment.

[Total: 10]



24
OR
B8 Aluminium is a useful metal that can be extracted from bauxite by electrolysis.
Bauxite is broken up and concentrated sodium hydroxide is added to it to dissolve
the aluminium oxide. This will separate aluminium oxide from insoluble metal oxide

impurities.

Aluminium oxide (melting point of 2072°C) is then added to an ionic compound
cryolite, NasAlFs (melting point 1012°C) into the electrolytic cell below.

-1 |+

Graphite electrode 1

Graphite electrode 2
steel

oxide and cryolite

(@) Write ionic equations for the reactions at graphite electrode 1 and 2.

Graphite electrode 1

[2]
(b)  Suggest why adding cryolite to aluminium oxide makes the process cheaper to
run.



OR

(c)

(d)
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One of the graphite electrodes needs to be replaced over a long period of

electrolysis.

State the graphite electrode that needs to be replaced. Explain your answer.

.................................................................................................... [2]
Pure aluminium is a reactive metal.
A student carried out some experiments to investigate the displacement
reactions of four metals, copper, aluminium, manganese and chromium.
He added metals to salt solutions. The table shows his observations.
Metal Copper (ll) Aluminium Manganese Chromium
sulfate sulfate () sulfate (1) sulfate
Copper No change, No change, No change,
solution solution solution
remains remains pink | remains
colourless green
Aluminium | Brown solid Grey solid Grey solid
forms in forms in forms in
colourless colourless colourless
solution solution solution
Manganese | Brown solid No change, Grey solid
forms in pink | solution forms in pink
solution remains solution
colourless
Chromium | Brown solid No change, No change,
forms in solution solution
green solution | remains remains pink
colourless

(i) What is the order of reactivity for the four metals?

Most reactive

Least reactive

[1]




OR

(d)

(e)
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(ii)  State the colour of chromium (lIl) sulfate solution.

Pure aluminium is not used for aircraft parts. A mixture of a small quantity of
magnesium in aluminium is used for aircraft parts instead.

Explain how the presence of magnesium affects one physical property of
aluminium so that it can be used for aircraft parts.

[Total: 10]

END OF PAPER
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