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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.

1 Which of the following ions would be deflected least in a mass spectrometer?
L1 A 3CI
L1 B >CP*
] ¢ 3Cl
1 D ¥

(Total for Question 1 = 1 mark)

2 The mass spectrum of an element is shown below.

60

Relative abundance 40

20

69 71

Mass/charge ratio
The relative atomic mass of the element is
] A 694
] B 6938
[0 € 700
[0 D 70.2

(Total for Question 2 = 1 mark)
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3 In a mass spectrometer, positive ions are accelerated by
[J A bombarding them with fast-moving electrons.
[J B bombarding them with fast-moving protons.
[J € passing them between charged plates.

[J D passing them through a magnetic field.

(Total for Question 3 = 1 mark)

4 The number of unpaired electrons in a nitrogen atom in its ground state is
LJA O
1B 1
Jc 2
1D 3

(Total for Question 4 = 1 mark)

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

P 4 2 9 8 6 A 0 3 2 4
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5 Four sequences of ionization energies of elements, in kJ mol™', are shown below.
A 590 1145 4912 6474 8144
B 520 496 419 403 376
C 1000 1251 1521 419 590
D 631 658 650 653 717
(@) The sequence giving the first ionization energies of elements going down a

Group in the Periodic Table is

L1 A
B
C
D

(b) The sequence showing the first five ionization energies of calcium is

—
N
~

The sequence showing the first ionization energy of successive elements, in which
atomic number increases by one each time, starting with an element in Group 6 is

(Total for Question 5 = 3 marks)
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6 Which of the following ions has the smallest ionic radius?

LTA
LB
lc
LID

Ca2+

K+

(Total for Question 6 = 1 mark)

7 Aliquid, which conducts electricity, continues to conduct when it is cooled and
solidified. Which of the following could it be?

LTA
1B
lc
1D

Mercury
Bromine
Molten sodium chloride

Tetrachloromethane

(Total for Question 7 = 1 mark)

8 Calculate the number of atoms in one mole of hydrogen peroxide, H,O.,.

[The Avogadro constant, L =6.0 x 102 mol™']

LTA
1B
lc
1D

1.5 x 10%
6.0 x 10%
1.2 x 10%

24 x 10*

(Total for Question 8 = 1 mark)

9 When 0.1 mol of atoms of an element reacts with chlorine, there is an increase in
mass of 7.1 g.

The element could be

LTA
(1B
[]cC
1D

carbon.
sodium.
magnesium.

aluminium.

(Total for Question 9 = 1 mark)

5
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10 Magnesium nitrate is decomposed by heat in the following reaction.

1

2Mg(NO,),(s) — 2MgO(s) + 4NO_(g) + O,(g)

In an experiment, 0.10 mol of magnesium nitrate was heated. What is the maximum
volume of gas, measured in dm?* at room temperature and pressure, which could be
obtained?

[Molar volume of a gas = 24 dm?® mol' at room temperature and pressure]
L] A 024

[ B 24

[ C 438

[ D 6.0

(Total for Question 10 = 1 mark)

Ammonia gas decomposes when heated.
2NH,(g9) — N,(9) + 3H,(9)
In an experiment, a sample of 500 cm? of ammonia was heated and 20% decomposed.

The total volume of gas present at the end of the experiment, in cm?, was

L1 A 200
1 B 400
] € 600
(1 D 1000

(Total for Question 11 = 1 mark)

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

6 R T 0 0
P 4 2 9 8 6 A 0 6 2 4



12 The standard enthalpy change for the formation of ethene, CH,, is +52.2 kJ mol™' and
that of ethane, C_H_, is —84.7 kJ mol".

I 2 6[

Calculate the standard enthalpy change for the reaction below, in kJ mol".

C,H,(9) + H,(g) > CH,(9)

LJA -325
1B -136.9
[JC +136.9

[] D This cannot be calculated using only the data above.

(Total for Question 12 = 1 mark)

13 Which of the following equations represents a reaction for which the enthalpy
change is the standard enthalpy change of formation of water, AH___?

208"
L1 A H*(aqg) + OH(aq) — H,0(l)

0B H,Lg + %0,(g) — H,0()

L1 € H,0(g9) = H,0()

[0 D H,0(s) - H,0()

(Total for Question 13 = 1 mark)

14 Consider the following bond enthalpy values.

Bond Bond enthalpy / kJ mol™!
CO in carbon monoxide +1077

0=0 +498
C=O0in carbon dioxide +805

The enthalpy change for the reaction
CO(g) +%0,(g) = CO.(9)
in units of kJ mol™ is
LJA -284
OB +35
[]C +521
1D +770

(Total for Question 14 = 1 mark)

7
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16

(@) Which of the following represents the equation for the reaction between ethane
and chlorine in the presence of UV radiation?

CH, + C, - CH,ClL+H,

CH, + C, - CH.Cl+ HCl

CH, + d, —» 2CH.

CH, + 2Cl, — 2CH.Cl + 2HCI

(b) The UV radiation initially causes the formation of

Cl-ions.
Cl* ions.
Cl* free radicals.

CH.?’ free radicals.

—
N
~

Once it has started, the reaction can proceed for a time without UV light because

A achain reaction is occurring.

B initiation is occurring.

C asubstitution reaction is occurring.
D

termination steps cannot occur without UV light.

(Total for Question 15 = 3 marks)

Which of the following is the systematic name for the hydrocarbon shown below?

A 5-ethyl-4-methylhexane

B 2-ethyl-3-methylhexane
[0 € 4,5-dimethylheptane

D 3,4-dimethylheptane

(Total for Question 16 = 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.

17 This question is about some of the elements in Period 3 of the Periodic Table.

(@) (i) Anatom of silicon has mass number 29. Complete the table below showing
the numbers of sub-atomic particles in this atom of silicon. Use the Periodic
Table as a source of data.

Sub-atomic particles present in

. Number
one atom of 2°Si umbe

protons
electrons

neutrons

(i) Complete the electronic configuration of silicon.

*(b) Explain the following, referring to differences in structure and bonding.

(i) Silicon has a higher melting temperature than phosphorus.

R T 0 O Turn over
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(c) Suggest why the atomic radius decreases going across the Periodic Table from
sodium to silicon.

(d) At room temperature, silicon tetrachloride, SiCl,, is a liquid that does not conduct
electricity.

Draw a dot and cross diagram illustrating the bonding in silicon chloride. Show
only the outer electron shells of the atoms. Use crosses to represent the electrons
from silicon and dots to represent the electrons from chlorine.

X R 0 A 0
P 4 2 9 8 6 A0 1 0 2 4



(e) The diagram below shows the values of the first ionization energies of sodium
and magnesium.

1200
1000
800
X
First
ionization
energy/ 600
kJ mol™’
X
400
200
0
Na Mg Al Si

(i) On the diagram, add crosses to mark the approximate positions for the values
of the first ionization energies of the elements Al and Si.

*(ii) Justify your suggested values in terms of the atomic structure and electronic
configuration of the elements.

(Total for Question 17 = 14 marks)

11
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18 Barium chloride can be made by reacting solid barium carbonate with dilute
hydrochloric acid in the following reaction.

BaCO,(s) + 2HCl(aq) —> BaCIZ(aq) +CO,(g) + HZO(I)

(@) (i) Write the ionic equation for the reaction of solid barium carbonate with
hydrogen ions from the hydrochloric acid. State symbols are not required.

(i) State two observations you would make while the reaction is taking place. No
change of colour occurs.
(@] 11T V- [0 o T
Observation 2

(b) In an experiment to prepare crystals of hydrated barium chloride, BaCl..2H,0O, a
volume of 25.0 cm? of 2.00 mol dm=3 hydrochloric acid, HCl, was transferred to a
beaker and solid barium carbonate, BaCO,, was added until it was in excess.

() How many moles of acid were used in the reaction?

(i) What mass of barium carbonate, in grams, reacts with this amount of acid?

The molar mass of barium carbonate is 197.3 g mol™".

(iii) Why was an excess of barium carbonate used in the experiment?

12
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(iv) How would you separate the barium chloride solution from the reaction
mixture in part (iii)?

(v) The barium chloride solution was left to crystallize. The crystals were
separated and dried carefully. A sample of 5.35 g of hydrated crystals,

BaCl,.2H,0, which has molar mass 244 g mol™', was obtained. Calculate the
percentage yield of this reaction.

(vi) Give one reason why the yield of crystals is less than 100%, even when the
reactants contain no impurities.

R A 0 O 0 -
P 4 2 9 8 6 A0 1 3 2 4

Turn over



(c) The diagram below, which is not drawn to scale, shows how the lattice energy of

14

barium chloride can be calculated using the Born-Haber cycle.

Ba2*(g) + 2Cl(g)

A

Ba**(g) + Cl(9)

Ba*(g) + Cl.(9)

Ba(g) + Cl(g)

Ba(s) + CL(q)

—_

Ba?*(g) + 2ClI(g)

\

BaCl,(s)

(i) Using the letters A to F, complete the table below by matching each letter to

its corresponding energy change.

(ii) The energy change X is -697.6 kJ mol".

In the table, add the name of the enthalpy change which is occurring in this

stage of the cycle.

Energy change Letter
Lattice energy of barium chloride
Enthalpy change of atomization of barium
Enthalpy change of atomization of Cl.(g) to 2Cl(qg)
First ionization energy of barium

Second ionization energy of barium

Enthalpy change of formation of barium chloride

P 4 2 9 8 6 A 0 1 4 2 4

AH / kJ mol™

180.0
2434
503
965

2 x (-348.8)
=-697.6

-858.6



(iii) Use the data to calculate the lattice energy of barium chloride.

Answer= ..o kd mol™!

*(iv) Lattice energies can be calculated from electrostatic theory (theoretical
values) as well as by Born-Haber cycles (experimental values).

What can you deduce from the fact that the experimental and theoretical
values for the lattice energy of barium chloride are very close?

(Total for Question 18 = 18 marks)

15
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19 This question is about the flammable liquid, methanol, CH,OH.

(@) Methanol starts to have toxic effects when it is present in blood at levels of above
200 mg in 1000 g.

Express this concentration in parts per million.

(b) The enthalpy change of combustion of methanol was measured using a spirit
burner to heat a known mass of water in a calorimeter. The temperature increase
of the water in the calorimeter was measured when a known mass of methanol
was burned.

(i) Write an equation for the complete combustion of methanol, CH,OH, under
standard conditions. Include state symbols in the equation.

(i) Identify two other products that could form if the combustion was
incomplete.

P 4 2 9 8 6 A0 1 7 2 4
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(c) The results of the experiment are summarised in the table below.

Mass of water in the calorimeter 150.0¢g
Mass of spirit burner + contents (initial) 5224 g
Mass of spirit burner + contents (final) 51609
Temperature of water (initial) 21.4°C
Temperature of water (final) 37.2°C

() Calculate the heat energy produced in this experiment using the equation

Heat energy produced (J) = mass of water x 4.18 x temperature change

(ii) Calculate the number of moles of methanol burned in this experiment.

(iii) Calculate the enthalpy change of combustion of methanol in kJ mol™'. Give
your answer to three significant figures.

) R T 0 O 0
P 4 2 9 8 6 A0 1 8 2 4



(iv) The experimental result differs from the true value for the enthalpy change of
combustion of methanol.

State one factor in the experimental method, other than heat losses or
incomplete combustion, which causes the result to differ from the true value.

Explain the effect this factor has on the magnitude of the experimental value
compared to the true value.

(d) The value of the enthalpy change for the combustion of methanol can be
calculated from the mean bond enthalpies of the substances in the reaction.

Give two reasons why this value differs from the value obtained in the
experiment, even after corrections are made for experimental error.

(Total for Question 19 = 12 marks)

19
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20 This question is about the chemistry of alkenes, which are unsaturated hydrocarbons.

(a) State what is meant by the term unsaturated as applied to a hydrocarbon.

(b) An organic compound, X, is an unsaturated hydrocarbon with molecular formula
CH..
4 '8

() Draw the displayed formulae and give the names of two unbranched
molecules with molecular formula C,H, which are E/Zisomers.

Isomer 1 Isomer 2

Name: Name:

(i) Both isomers react with a solution of acidified aqueous potassium
manganate(VI).

State the colour change that you would observe when this reaction is carried
out.

) R 0 A 0
P 4 2 9 8 6 A0 2 0 2 4



(i) Draw the structure of the organic product of this reaction with either one of
these isomers.

(iv) Compounds such as C,H, are formed when fractions of crude oil are cracked.

State what is meant by the term cracking when applied to processing a
fraction obtained from crude oil.

(v) Write an equation to show the cracking of the hydrocarbon octane into CH,
and a saturated hydrocarbon as the only products.

21
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(c) Another alkene is propene, CH,.

Describe the mechanism for the addition reaction of propene with bromine, Br,,
to form C,H Br..

In your answer you should include:
e the name for the type of addition which occurs
e the name of the product

e the mechanism using curly arrows to show the movement of electron pairs.

Type of addition

Name of product

Mechanism

22
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(d) Propene can polymerize to form poly(propene).

(i) State, with a reason, the atom economy for this reaction.

(ii) Draw a section of this polymer, showing two repeat units.

(iii) Poly(propene) is used to make synthetic fibres which are extremely light and
act as good insulators.

Comment on the sustainability of this use of poly(propene).

(Total for Question 20 = 16 marks)

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