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Answer all questions.
Write your answers in the spaces provided.
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Answer one question.
Write your answers in the spaces provided.
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At the end of the examination hand in your answers to Paper 3 and Paper 4 separately.
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Section A
Answer all the questions in the spaces provided.

Several substances are listed below.

sulfur dioxide iodine zinc
hydrochloric acid brass ammonium nitrate
helium sodium hydroxide methane

Answer the following questions using the substances from the list.
Each substance may be used once, more than once, or not at all.

(a) Which substance is a mixture of elements?

............................................................................................................. [1]
(b) Which substance is a monoatomic gas?
............................................................................................................. [1]
(c) Which substance is a major greenhouse gas that contributes to global warming?
............................................................................................................. [1]
(d) Which two substances react to form ammonia gas?
............................................................................................................. [1]

[Total: 4]
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The table below shows the boiling points of nitrogen, oxygen and argon, which can be
obtained from liquid air. Liquid air is air that is cooled until it liquefies.

gas melting point / °C
nitrogen -196
oxygen -183
argon -186

(a) State the separation process used to obtain these gases from liquid air.

(c) At high temperatures in car engines, two of these gases react to form a common
atmospheric pollutant.

(i) State the name of this pollutant.

........................................................................................................ [1]

(if) State another air pollutant commonly produced in car engines and its health effects.
POHULANT ... e
health effects ...

[Total: 5]
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The table below lists some information of three metal elements beryllium, magnesium and
calcium.

metal proton number | electronic configuration
beryllium 2
magnesium 12
calcium 20
(a) Complete the table by stating the electronic configuration of the metals. [1]

(b) Based on your answers in part (a), explain why these metals are in the same Group
of the Periodic Table.

............................................................................................................. [1]
(c) Calcium reacts with chlorine to form calcium chloride.
(i) Draw a dot-and-cross diagram to show the bonding in calcium chloride.
Show outer shell electrons only.
[Proton (atomic) numbers: Ca, 20; Cl, 17]
[2]

(ii) State one difference between the electrical conductivity of calcium and
calcium chloride.

[Total: 5]
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A student wanted to study the reaction between a metal and an acid. He set up an
experiment as shown below.

cotton wool

conical flask

dilute hydrochloric acid
zinc pieces

»; A‘-\ R

f % _electronic balance

The reading on the electronic balance is recorded every two minutes. The results are
shown in the table below.

time/min 0 2 4 6 8 10
reading on 4.00 2.50 1.60 1.00 0.70 0.70
balance / g

(a) The reaction between zinc and hydrochloric acid produces a gas. State the name of
the gas and describe a chemical test to confirm its identity.

DM OF GBS ettt et

POSItIVE teSE TOr thiS gas .....e i e
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(c) Plot a graph of the reading on the balance against time. Mark each point with a cross (x).

reading on
balance / g

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
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(d) Draw a curved line of best fit taking into account all your plotted points.

(e) Use your graph to estimate the time that the reaction is completed.

[1]

(f) Another way of studying this reaction is to collect and measure the volume of gas produced
as the reaction proceeds. State a suitable piece of apparatus for this.

(g) The student wanted to repeat the experiment with another metal and suggested using

sodium. Explain why this should not be done.

[Total: 8]
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Section B
Answer one question from this section.
Elements W, X, Y and Z are in Group 17 of the Periodic Table. The table below shows the

properties of the elements and their reactions with their corresponding W-, X', Y- and Z°
ions.

state at room | reaction with | reaction with | reaction with | reaction with
element temperature W-ion X ion Y~ ion Z ion
W X v v v
X liquid X X v x
Y solid X X X X
Z gas X v v X

key: x: no reaction; v': reaction took place

(a) Arrange the elements W, X, Y and Z in order of increasing reactivity.

............................................................................................................. [1]
(b) Predict the state of element W at room temperature.
............................................................................................................. [1]
(c) Group 17 elements exist as diatomic molecules.
(i) Draw a dot-and-cross diagram to show one molecule of fluorine.
Show only outer shell electrons.
[Proton (atomic) number: F: 9]
[2]

[Turn over
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(ii) Explain why the elements in Group 17 have low melting points.

(d) In an experiment, a student bubbles chlorine gas through a solution of sodium iodide.

Write a balanced chemical equation for the reaction.

[Total: 8]
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Nonane is a hydrocarbon that is found in kerosene. It can undergo cracking to form various
alkenes and other products as shown in the reaction scheme below.

nonane
CoHao

| cracking

v

v

v

gas alkene propene butene
P * Q * CsHe C4Hg
ethane
CoHe
(a) State the name and chemical formula of substances P and Q.
(D) P oo formula...............
() Q e formula ... [2]

(b) State a reagent you would use to differentiate between alkene Q and ethane and
describe the relevant observations that would be made.

5= T [>T

(0] 0157 Y= 110 o {0 O L

(c) In a reaction, 15 mol of nonane (CyHz0) underwent cracking. Calculate the mass of
nonane that underwent cracking.

[Relative atomic masses: Ar: C, 12; H, 1]

[Turn over
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(d) Propene can undergo addition polymerisation to form poly(propene), a plastic that is
found in a wide variety of products and processes, including 3D printing.

The structural formula of propene is given below:

H
H\ /
H\ /C\H
c=C
/ \
H H

(i) Draw the full structural formula of poly(propene), showing three repeating units.

[1]

(ii) Plastics can be recycled to reduce waste and pollution. However, plastic recycling
comes with disadvantages. State one issue of recycling plastics.

[Total: 8]
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