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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

1

across X.

Which of the following diagrams represents the electrons in the ground state of a
boron atom?

1s 2s 2p, 2p, 2p,
0 A Tl Tl i

OB T Tl T 1

O c Tl 1 1 T

O o 1 1 1 1 1

(Total for Question 1 = 1 mark)

Which of the following species contains the same number of electrons as neutrons?
J A B

[J B 2Na*

[0 C #Mg*

L0 D F

(Total for Question 2 = 1 mark)

The recommended limit for safe exposure to sulfur dioxide in the air is 0.000025 %.
What is this concentration in parts per million, ppm?

L] A 25

] B 025
[J € 0.025
] D 0.0025

(Total for Question 3 = 1 mark)
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4 For which of the following pairs of elements does the second have a higher

1st ionization energy than the first?

First element Second element

[]B N 0] —

[1C Ne Na

L
O
~
Z
)

(Total for Question 4 = 1 mark)

5 In which of the following series of elements is there an increase in the melting
temperatures from left to right?

[JA Na Mg Al
OB Li Na K
(Jc B C N

b si P S

(Total for Question 5 = 1 mark)

6 What is the number of atoms in 2.8 g of ethene, CH,?

DATA

e The molar mass of CH,is 28 g mol
e The Avogadro constant is 6.0 X 102 mol™

LJA 1.0x10%
1B 6.0x10%
[JC 1.2x10%

1D 36x10%

(Total for Question 6 = 1 mark)

3
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7 A compound has the following percentage composition by mass.

C61.0% H 15.3% N 23.7%

The empirical formula of the compound is
0 A CHN

[0 B CHN

[0 € CHN,

0 D CHN,

(Total for Question 7 = 1 mark)

Carbon monoxide and oxygen react together as follows.
2C0O(g) + 0,(g) — 2CO,(9)

If all volumes of gas are measured at the same temperature and pressure, the volume
of carbon dioxide produced after 50 cm? of carbon monoxide react with 25 cm? of
oxygen is

L] A 100cm?
] B 75cm?
] € 50cm?
[l D 25cm?

(Total for Question 8 = 1 mark)

Potassium chlorate(V), KCIO,, decomposes on heating as follows.
2KCIO,(s) — 2KCl(s) + 30,(q)

What is the maximum volume of oxygen, measured in dm?® at room temperature and
pressure, which could be obtained by heating 0.50 mol potassium chlorate(V)?

[Molar volume of a gas = 24 dm*mol™" at room temperature and pressure.]
] A 8

] B 18

] C€C 36

[l D 72

(Total for Question 9 = 1 mark)
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10 A spot of blue solution was placed in the centre of a piece of moist filter paper
supported on a microscope slide and the following experiment was carried out.

DC supply

L [ 4
I

- : -
@ | [ 4
moist filter |, !
paper on
microscope slide T
position of
blue solution
at start

After some time, a blue colour moved towards the negative terminal, but no change
was visible in the region of the positive terminal. This is because

[] A the negative ions in the solution were colourless and the positive ions were blue.
[J B the positive ions in the solution were colourless and the negative ions were blue.
[J € the negative ions in the solution had not moved but the positive ions had moved.

[J D the positive ions in the solution had not moved but the negative ions had moved.

(Total for Question 10 = 1 mark)

11 The reaction for which the enthalpy change is the standard enthalpy change of
formation of water, AHgQS, is

LI A H,(9)+"20,(g) = H,0()

2

[J B H,g)+"20,(g) - H,0(g)
[J C 2H,(g) +0,(g) — 2H.0()
0D 2H,(9) + O,(g) — 2H,0(9)

(Total for Question 11 = 1 mark)

5
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12

13

14

15

Which of the following molecules does not contain a double bond?

[J A CO

2

] B cdl,
[0 € CF,
[0 D CHCL
(Total for Question 12 = 1 mark)
The bonding in lithium iodide has some covalent character because

L1 A the lithium ion polarizes the iodide ion.
1 B theiodide ion polarizes the lithium ion.

[J C thereis a very large difference in electronegativity between lithium and
iodine.

[J D thereis a very small difference in electronegativity between lithium and
iodine.

(Total for Question 13 = 1 mark)

Which of the following data is not needed to calculate the lattice energy of sodium
chloride when using a Born-Haber cycle?

1 A Enthalpy change of formation of sodium chloride.
[1 B Enthalpy change of atomization of sodium.
[] € Firstionization energy of chlorine.

[0 D Electron affinity of chlorine.

(Total for Question 14 = 1 mark)

The lattice energy of magnesium oxide is more negative than the lattice energy of
magnesium fluoride because

[J] A oxide ions are larger than fluoride ions.
[J] B oxide ions are larger than magnesium ions.
[J] € oxide ions are more highly charged than fluoride ions.

[J D thereis only one oxide ion but two fluoride ions per magnesium ion.

(Total for Question 15 = 1 mark)
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16 This question is about the organic compounds shown below.
w X Y Z

(@) The compounds which are isomers are

[0JA WandX
OB WandY
[JC WandZz
0D XandZ

(b) Which compound can react with chlorine to form C H, Cl, as the only product?

[J A CompoundW
[0 B Compound X
[1 € CompoundY
[1] D CompoundZ

(c) Which compound is reformed in the oil industry, producing one mole of a
compound with formula CH, and four moles of hydrogen, H,, only?

[0 A CompoundW
[0 B Compound X
[0 € CompoundY
[0 D Compound Z

(Total for Question 16 = 3 marks)

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

P 4 2 9 9 0 A0 7 2 8
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17 Which of the following equations shows the first step in the mechanism for the
reaction between hydrogen bromide and ethene?

H H H H
N/ ||
0 A C=C - H—C—C—H + Br
/ N |+
H H H
H
|
Br
H H H H
NS ||
0 B c=—cC — H—C—C—H + H
/ N -
H H Br
ITr
Ch
H H H H
NS |
e c=—cC — H—C—C—H + Br
/ N +
H H H
H
|
Br
H H H H
N/ ||
0D c—cC — s H—C—C—H + H
/ N - |
H H Br
B|r
G

(Total for Question 17 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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18 Scientists are developing sources of energy as alternatives to fuels produced from
crude oil. Which of the following reasons for doing this is incorrect?

[J A Crude oil is being used up faster than it is being formed.

[J B Burning hydrocarbons affects global carbon dioxide levels.

[J € Hydrocarbons from crude oil are a source of essential chemicals other than
fuels.

[] D Carbon dioxide produced by burning hydrocarbons is toxic to plants. —

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

9



PMT!

SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

19 Naturally occurring samples of potassium contain three isotopes, *°K, *°K and “'K.
(@) The isotopes can be separated in a mass spectrometer.

(i) Inthe diagram below, particles are ionized at A and detected at D.

to a pump

Name the processes occurring in the mass spectrometer at B and C.

10
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(i) A sample of potassium has the following composition.

Isotope 3K 40K K

% abundance 93.22 0.12 6.66

Calculate the relative atomic mass of this sample of potassium, giving your
answer to two decimal places.

(iii) Complete the table below to show the numbers of sub-atomic particles in an
atom of each of the isotopes *K and “'K.

Isotope Electrons Protons Neutrons
39K

aK

(iv) Complete the electronic configuration for an atom of *K.

P 4 2 9 9 0 A0 1 1 2 8
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(v) Why is potassium placed after argon in the Periodic Table, even though it has
a smaller relative atomic mass?

(b) The type of bonding in potassium is metallic.

Draw a labelled diagram to illustrate the metallic bonding in potassium.

12
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(c) The graph shows the variation of first ionization energy with atomic number for
six successive elements in the Periodic Table, including potassium. The letters
used to label the elements are not their symbols.

1st ionization
energy
/ kJ mol™

T T T T T T
A B C D E F
Element

(i) Define the term first ionization energy.

(Total for Question 19 = 16 marks)

13
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20 In an experiment to make crystals of hydrated copper(ll) nitrate, a sample of
5.60 g of copper(ll) oxide was added to 50 cm? of 2.50 mol dm™3 nitric acid. The
following reaction occurred.

CuO(s) + 2HNO,(aq) — Cu(NO,).(aq) + H,O(l)

(a) Calculate the number of moles of each reactant present, and use this to show that
the copper(ll) oxide was in excess.

The molar mass of copper(ll) oxide, CuO, is 79.5 g mol-'.

Moles of copper(ll) oxide added

Moles of nitric acid used

P 4 2 9 9 0 A0 1 5 2 8

15
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(b) The copper(ll) nitrate solution was heated gently to concentrate it, and then left

to crystallize. The mass of hydrated copper(ll) nitrate crystals, Cu(NO,),.6H,0,
obtained was 12.52 g.

Calculate the percentage yield.

The molar mass of Cu(NO,),.6H,0 is 295.6 g mol™".

(c) Give one reason why the percentage yield is less than 100%, even though the
nitric acid was completely reacted.

*(d) (i) The nitrate ion, NO_", contains both covalent and dative covalent bonds.

What is the difference between these types of bond?

16
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(ii) Complete the dot and cross diagram to show the bonding in the nitrate ion.
Only the outer electron shells for each atom need to be shown.

Represent the nitrogen electrons with crosses (x), and oxygen electrons with
dots, (). The symbol * on the diagram represents the extra electron giving
the ion its charge.

*O

(Total for Question 20 = 12 marks)

17
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21 Propane is a saturated hydrocarbon with molecular formula C,H,.

*(a) Explain the meaning of the terms saturated and hydrocarbon.

(b) Propane is sold in small cylinders for use as a fuel in camping stoves. The
enthalpy change of combustion of propane can be measured by experiment
using one of these cylinders.

A known mass of propane is burned to heat a container of water, and the
temperature rise of the water is measured.

The results of the experiment are shown below.

Mass of propane burned 033¢g
Temperature of water at start 18.0 °C
Final temperature of water 45.1 °C
Mass of water in container 1009

(i) How would the mass of propane which was burned be measured?

(i) Calculate the energy transferred in the experiment, using the results above
and the following expression.

Energy transferred (J) = mass X specific heat capacity X temperature change

The specific heat capacity of water is 4.18 J g™'°C™".

19
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(iii) Calculate the enthalpy change of combustion of propane, AH_, in kJ mol".

Give your answer to three significant figures and include a sign.

(iv) The results of this experiment are inaccurate due to heat loss.

Suggest one other source of error, other than measurement errors and
limitations of the equipment.

(c) Another way of calculating the enthalpy change of combustion for propane is to
use mean bond enthalpy data.

(i) Complete the equations in the Hess cycle below. The enthalpy change of
+6490 kJ mol™" is the total energy required to break the bonds in propane and
in oxygen.

AH,

CHy Q) + 0,(g) —*» 3CO,(g) + 4H,0(g)
+ 6490 kJ mol™! Z kJ mol~'
3C(....) + 8H(Q) + 0(g)

20
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(ii) Use the data in the table to calculate the enthalpy change, Z, in kJ mol-'.

Bond Mean bond enthalpy

/ kJ mol™
=0 805
H—O 464

(iii) Use the cycle in (c)(i), and your answer to (c)(ii), to calculate the enthalpy
change, AH ,in kJ mol™, for the combustion of propane.

(iv) Therdata book value for the standard enthalpy change of combustion,
AH_, for propane is -2219.2 kJ mol-'. This value is more exothermic than that
calculated using mean bond enthalpy data. Give one reason for this.

(Total for Question 21 = 12 marks)

21
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22 When trichloromethane, CHCI3, reacts with chlorine, the organic product is
tetrachloromethane, CCI4. The reaction proceeds by free radical substitution.

The equation for this reaction is
CHCI, + Cl, — CCl, + HC

(a) State the essential condition for this reaction to occur at room temperature.

(b) The reaction mechanism involves free radicals. Explain what is meant by the term
free radical.

(c) The reaction takes place in a series of steps.
(i) The initiation step is
Cl, — 2Cle
Suggest why this initiation step is more likely than

CHCI, — CCl,» + He

(i) Write equations for the two propagation steps.

First propagation step

Second propagation step

22
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(iii) Write an equation for the termination step in which tetrachloromethane is
formed.

(d) Tetrachloromethane can be manufactured using the by-products of chlorination
reactions.

C.Cl, +Cl,—2CdCl,
Compare the atom economy of this process with that of the reaction which

produces tetrachloromethane from trichloromethane and chlorine. A calculation
is not required.

(Total for Question 22 = 7 marks)

23
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23 This question is about isomers of C,H,.

(@) () Alkenes contain a carbon-carbon double bond, which consists of a 6 bond
and a @ bond.

Show, and clearly label, the 6 and © bonds on the diagram below.

*(ii) Explain why the 6 bond is stronger than the = bond.

(b) (i) Draw the structural formula of E-but-2-ene.

(i) Explain why but-1-ene does not exhibit E-Z isomerism.

25
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(i) Describe the result of the test for the presence of a C—C bond in E-but-2-ene
using bromine water. Give the displayed formula of the organic product.

Displayed formula of organic product:

(c) Another test for C=C bonds is the reaction with acidified potassium manganate(VI).

Describe the result of this test using but-1-ene and give the displayed formula of
the organic product.

Displayed formula of organic product:

26
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(d) Another isomer of CH, has the structure shown below.

CH,—C—CH,

() Name this isomer.

(ii) This isomer forms an addition polymer. Show the structure of this polymer by
drawing two repeat units.

(e) ‘Polybutene’is the name used by cosmetic companies for a mixture of
poly(but-1-ene) and poly(but-2-ene).

An American “eco-cosmetics” company says that though ‘polybutene’is
considered a safe ingredient in lip gloss, it is non-sustainable to use it.

Suggest one reason to justify this statement.

(Total for Question 23 = 13 marks)

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