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SECTION A
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X. If you change
your mind, put a line through the box $¢ and then mark your new answer with a cross [X.

Which row shows the numbers of neutrons and electrons in a bromide ion “°Br ?

Number of | Number of

neutrons electrons
LI A 44 35
1 B 44 36
LI ¢ 46 35
I D 46 36

(Total for Question 1 = 1 mark)

What volume of sulfur dioxide gas reacts completely with 50 cm?® of 0.12 moldm™
sodium hydroxide solution?

[molar volume of a gas = 24dm’ at room temperature and pressure]

SO, + 2NaOH — Na,S0O; + H,0

0.072dm?
0.144dm?

0.288dm’

o N W >

72dm?
(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3  Which amount does not have a mass of approximately 6 g?

N

0
0
0

A

B
C
D

0.33 mol water (H,O; M, = 18)

0.25mol magnesium (Mg; A, = 24.3)

0.033 mol glucose (C¢H,,04; M, = 180)

0.025 mol copper(ll) sulfate (CuSO,; M, = 159.6)

(Total for Question 3 = 1 mark)

4 How many molecules of H,0 are present in 1 drop (0.050 cm’) of water?

[L =6.02 x 10%, density of water = 1gcm™]

N

0
0
0

A

B
C
D

2.17 x 10
6.69 x 107
1.67 x 10%
1.67 x 10”

(Total for Question 4 = 1 mark)

5 Which mass of fertiliser contains 467 g of nitrogen?

N

0
0
0

O n w >

2kg sodium nitrate (NaNOs; M, = 85)

1kg urea (NH,CONH,; M, = 60)

1kg ammonium nitrate (NH,;NO;; M, = 80)

1kg ammonium sulfate ((NH,),SO4; M, = 132.1)

(Total for Question 5 = 1 mark)

6 Which is the correct order for the processes in a mass spectrometer?

O o oo

e

A
B
C
D

deflection detection ionisation | vaporisation
vaporisation ionisation deflection detection

ionisation | vaporisation | deflection detection
vaporisation | deflection ionisation detection

(Total for Question 6 = 1 mark)

N0 D 0 3
P 7 8 7 4 2 A 0 3 2 4 Turn over

-
| 2
..*



O o oo

7 Which of these molecules are polar?

8 Which substance does not exist as a giant lattice?

N

(|
(|
(|

9 Which method for the preparation of hydrogen has the highest atom economy
by mass?

N

(|
(|
(|

Use this space for any rough working. Anything you write in this space will gain no credit.

O N w >

A

B
C
D

A

B
C
D

[l boron trichloride, BCl;(g)

PMT!
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SRS

hydrogen chloride, HCI(g)
beryllium chloride, BeCl,(g)

[ only
[land IlI
land I

[, 11and I

(Total for Question 7 = 1 mark)

silver (Ag)

sodium chloride (NaCl)
graphite (C)
buckminsterfullerene (Cg)

(Total for Question 8 = 1 mark)

2H,0 2H, + O,

co + H,0

N

CH, + H,0O — 3H, + CO
- H, + CO,
N

CH;OH + H),O 3H, + CO,

(Total for Question 9 = 1 mark)
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10 Which reaction to produce copper(ll) nitrate (M, = 187.5) has an atom economy of
46.5% by mass?

O o oo

O n w >

Cu + 4HNO; — Cu(NO;), + 2NO, + 2H,0
2Cu + Pt(NO;); — 2Cu(NOs), + Pt
Cu + 2AgNO; — Cu(NOs;), + 2Ag
CuO + 2HNO; — Cu(NOs), + H,O

(Total for Question 10 = 1 mark)

11 What is the maximum volume of butane which will completely burn in 130cm’

of oxygen?
CH,, + 6,50, —» 4CO, + 5H,0
0 A 10cm’
0 B 15cm’
0 C 20cm’
[0 D 40cm’

(Total for Question 11 = 1 mark)

12 A 3.50g sample of an organic compound will completely burn forming
5.15g of carbon dioxide and 2.11 g of water.

What is the empirical formula of the compound?

N

0
0
0

A

B
C
D

CH,O
CH;0
GHO
CH,0,

(Total for Question 12 = 1 mark)

13 Which type of reaction occurs when an alkane is cracked?

N

0
0
0

e

A

B
C
D

combustion

hydrolysis
neutralisation

thermal decomposition

(Total for Question 13 = 1 mark)
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4 )
14 (a) Hairdressers use solutions of hydrogen peroxide that have these hazards:
+ can cause serious eye damage
+ is harmful if swallowed
+ isan oxidising agent
Which hazard symbols should be on containers of this solution?
(1)
o a &
1 B
D D
. J
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(b) When hydrogen peroxide is used in an experiment to measure rate of

O o oo

decomposition, how could the risk be reduced?

(I) using an alternative method that involves less hazardous materials
(I by working on a smaller scale
(II) taking precautions specific to the hazard

O n w >

() only

(I only

(1M and (1)
(), (1) and (1)

(Total for Question 14 = 2 marks)

15 One molecule of a hydrocarbon is cracked to form two molecules of ethene,
two molecules of propene and one molecule of propane. What is the molecular
formula of the hydrocarbon?

O o oo

O n w >

CeHis

CioHx
CiiHy
CisHas

(Total for Question 15 = 1 mark)

16 How many hydrogen atoms are in 14g of methane?

[L=6.02 x 10%]

N

0
0
0

e

A

B
C
D

5.268 x 10%
6.880 x 10
2.107 x 10*
2.752 x 10*

(Total for Question 16 = 1 mark)
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4 )
17 Which structures represent a pair of isomers?
L] A W)\
0 C Y\ W)\
(Total for Question 17 = 1 mark)
18 Which molecule has a geometric isomer?
0 ¢ \\T%i\\
(Total for Question 18 = 1 mark)
. J

P 7 8 7 4 2 A 0 8 2 4

CIEImC]

PMT!

LSRR
KRS,
LRI,
SRR
G,

5%
% Yol
o
s

TN
e
T~
g 0
AN

%

(%
:0
poats
%
Sl
.0
.0
%
%
KA
S5
[920,0.0:0,

QRIS



- PMT

IR

5 4 A
§§§ 19 Which is the correct mechanism for the electrophilic addition reaction between
§§§§ HBr and pent-1-ene to give the major product?
' H
I:l A CH2 — CHCH2CH2CH3 I CH3 I CCH2CH2CH3 _—> CH3CHBI‘CH2CH2CH3 —
+
H5+
<ér6_ :Br_
H
’:gz I:l B CH2 —_— CHCH2CH2CH3 I CH3 I CCH2CH2CH3 _—> CH3CHBI‘CH2CH2CH3 —
o +
e
o | i
£ Sy :Br
H
I:l C CH2 — CHCH2CH2CH3 I CH3 I CCH2CH2CH3 _—> CH3CHBI‘CH2CH2CH3 —
+
H5+
<I|3r5‘ ‘Br
=X H
3 +
O Q_ Ho+
¢ g B
(Total for Question 19 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
20 This question is about carbon dioxide.

(@) According to data from 2021, there are 415 ppm of carbon dioxide in the
atmosphere by volume.

Calculate the moles of carbon dioxide present in 1.00 m* of air at 20.0°C
and 101 kPa.

[Ideal gas equation pV = nRT
R=8.31Jmol K]
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(b) Dodecane C;,Hy, is found in kerosene and forms carbon dioxide during its
complete combustion.
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(i) State what is meant by complete combustion.

y
A%

%

QL

(i) Write a balanced equation for the complete combustion of dodecane, C;,H.

Include state symbols.
(2)
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Kerosene is used as aeroplane fuel. A jet plane can carry a maximum of
800 passengers and uses 11400dm’ of fuel per hour.
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Calculate the mass, in kg, of carbon dioxide emitted from the engine
per passenger on a full flight from Sydney to Hong Kong, flight time
9 hours 15 minutes.

Give your answer to three significant figures.
[Assume kerosene consists solely of C;,H.,

Density of dodecane = 0.749gcm™]
(6)
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(iv) The formula C;,H.s represents many isomers, including six diethyloctanes.
The names of four of these diethyloctanes are

3,3-diethyloctane, 3,4-diethyloctane, 3,5-diethyloctane,
3,6-diethyloctane.

Draw the skeletal formulae of the remaining two diethyloctanes.
(2)

(Total for Question 20 = 15 marks)
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21 This question is about ionisation energy.
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(@) Write the equation for the third ionisation energy of calcium.
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Include state symbols.
(3)
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(b) (i) The following data show the first seven ionisation energies for an element in
Period 3. Deduce, with a reason, the identity of the element.
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lonisation number 1 2 3 4 5 6 7

Energy/kJmol™ 1000 | 2251 | 3361 | 4564 | 7012 | 8496 | 27107

(i) State the general trend in first ionisation energies across Period 3.
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(@ (

) Plot the following first ionisation energies of the elements in Period 2 on the
grid below.

(3)

Ne

520 | 900 | 801 | 1086 | 1402

1314

1681

2081
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(i) Explain the difference in first ionisation energies between beryllium
and boron.

(i

ii) Explain the difference in first ionisation energies between carbon
and nitrogen.

(Total for Question 21 = 13 marks)
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22 This question is about alkanes and halogens.

Alkanes can react with halogens to form halogenoalkanes.

(@) Name the type and mechanism for the reaction between halogens and alkanes.

(b) Chlorine reacts with butane.
(i) Give the equation for the initiation step.

Include appropriate arrows and electrons.

(ii) Give an equation for each of the first two propagation steps.

First propagation step

(2)

(2)

(i

ii) Give the equation for the termination step to form an alkane.
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C4H10 + 3C|2 —> C4H7CI3 + 3HCI
(3)
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L . . .
K (d) Chlorine can be analysed in a mass spectrometer. On the grid shown, draw
the spectrum you would expect to see for the molecular ion peaks for a
chlorine molecule, Cl,.
Isotopic abundances *°Cl 75% *’Cl 25%
(2)
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(c) Calculate the percentage yield if 1.00g of trichlorobutane is produced from
10.0 g butane using the overall equation shown.
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68 69 70 71 72 73 74 75 76
m/z

(Total for Question 22 = 11 marks)
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23 This question is about structure and bonding.
(@) lonic bonding occurs between metals and non-metals.

(i) Describe ionic bonding.

(i) Explain why the ionic bonding in magnesium fluoride might be expected to
be stronger than the ionic bonding in sodium fluoride.

(i

i) Sodium and oxygen react to form sodium oxide, which is also ionic.
Draw the dot-and-cross diagram showing the ions present in sodium oxide.

(1)

(2)
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(iv) Draw the ionic lattice for sodium chloride.
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(b) Non-metal atoms join together using covalent bonds.

(i) Describe covalent bonding.
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(

) Methane, ammonia and water are covalently bonded compounds.

Draw the dot-and-cross diagrams for the molecules of methane (CH,),
ammonia (NH;) and water (H,0).
(3)

methane ammonia water
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(

) The three molecules (methane, ammonia and water) each have a
different shape. Complete the table below.

(3)

molecule

shape bond angle

methane

ammonia

water

(iv) Explain the differences between the molecular shapes and bond angles for
ammonia and water.
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(v) Ethene and poly(ethene) have different melting temperatures.

Molecule Melting temperature (K)
ethene 104.1
poly(ethene) 400

Explain why their melting temperatures are different.

(c) Metals are held together by metallic bonding.

(i) Describe metallic bonding.

(ii) Metals conduct electricity when solid.

Explain, with the aid of a diagram, why copper conducts electricity.
(2)

(Total for Question 23 = 21 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
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