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® A Periodic Table is printed on the back cover of this paper.

Advice

® Read each question carefully before you start to answer it.
® Keep an eye on the time.

® Try to answer every question.

® Check your answers if you have time at the end.

Turn over

T eson

P44879A

©2015 Pearson Education Ltd.
6/6/6/6/




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 molecule does not exhibit E/Z isomerism?

Br CH;
Ll A \C=C/
/ AN
H,C H

Br CH;
] B \C=C/
N

H CH;

H,C CH,Br
bc o=
AN
H H

Br CH,
LD c—c
AN
H,C Br

(Total for Question 1 = 1 mark)

What is the systematic name for the compound with the following formula?

%Hs

H3C—(|ZH—CH2—CH—CH3
CH;
[0 A 2-methyl-4-ethylpentane
[0 B 2-ethyl-4-methylpentane
[0 € 24-dimethylhexane

[J D 3,5-dimethylhexane

(Total for Question 2 = 1 mark)
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3 Which of the following molecules is formed on adding bromine water to ethene?
L] A ethanol
L] B ethane-1,2-diol
[J € bromoethane

[J] D 2-bromoethanol

(Total for Question 3 = 1 mark)

4 A section of a polymer is shown below.

CH; CH; CH; CH;

What is the monomer for this polymer?

CH; CH;

OA H—C—C—H

CHs H
CH3 CH3 CH3
N |
1B /C=C—C=C
C2H5 (‘:H3 C2H5
CH; CH;
AN /
]c C=C
/ AN
GH; H
CH; H
LID \C_C/
/ AN
CH; CHs

(Total for Question 4 = 1 mark)

P 4 4 8 7 9 A 0 3 2 4

3

Turn over



O o oo

O o oo

5 Which of the following equations has the correct state symbols for the reaction of
dilute hydrochloric acid with magnesium oxide?

A MqgO(s) + 2HCl(aq) —» MgCly(s) + H,O(l)

L]
[J B MgO(s) + 2HCl(aq) — MgCl,(aq) + H,O(l)
L] € MgO(s) + 2HCI(I) — MgCly(s) + H,O(l)
[ D MgO(s) + 2HCI() — MgCly(aq) + H,O(l)
(Total for Question 5 = 1 mark)
6 This question is about the reaction between sodium carbonate solution and dilute
nitric acid.

Na,COs(aq) + 2HNOs(ag) — 2NaNOs(aqg) + CO.(g) + H,O(l)

(@) What is the ionic equation for this reaction?

L] A Na,COs(aq) + 2H*(aq) — 2Na*(aq) + CO,(g) + H,O(l)
[J B Na*(aq) + NOs(ag) — NaNO;(aq)

[0 € COf(@ag) + 2H*(@agq) — CO,(g) + H,O()

[J D COj(ag) + 2HNO;(ag) — 2NOs(aq) + CO,(g) + H,O(l)

(b) What is the volume of carbon dioxide produced from the complete reaction of
0.10 mol of nitric acid at room temperature and pressure?

[1 mol of any gas occupies 24 dm? at room temperature and pressure.]

A 12dm?
B 1.8dm?3
C 24dm?
D 36dm?

What volume of sodium carbonate solution of concentration 0.500 mol dm3,
would be needed to completely react with 25.0 cm?® of nitric acid of concentration
0.250 mol dm3?

—
N
~

6.25 cm?

A

B 1250cm?
C 1875cm?
D

25.00 cm?3

(Total for Question 6 = 3 marks)
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7 Lithium reacts with water to produce hydrogen.

Li(s) + H,O(l) —» LiOH(aq) + 2H,(q)

(@) In an experiment, 0.069 g (0.01 mol) of lithium produced 90 cm?® of hydrogen at
room temperature and pressure. What is the percentage yield of hydrogen?

[1 mol of any gas occupies 24 dm? at room temperature and pressure.]

LTA
[I]B
LJc
[ID

45%
60%
75%

90%

(b) Which of the following is not a possible reason for the yield being less than
100%?

LTA
1B
LJc
1D

Some oil remained on the surface of the lithium.
Hydrogen gas is very soluble in water.
A layer of oxide was present on the surface of the lithium.

Some of the hydrogen gas escaped collection.

(Total for Question 7 = 2 marks)

8 How many moles of atoms are present in 240 cm? of carbon dioxide at room
temperature and pressure?

[1 mol of any gas occupies 24 dm? at room temperature and pressure.]

LJA
LB
L1c
[LID

0.010
0.020
0.024
0.030

(Total for Question 8 = 1 mark)

5
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9

What is the percentage by mass of nitrogen in ammonium nitrate, NH,NO,?
[Molar masses/g mol™": N=14.0; H=1.0; O =16.0]

LI A 14.0%

] B 17.5%

[ € 28.0%

] D 35.0%

(Total for Question 9 = 1 mark)

10 The first five successive ionization energies for an element J, in kJ mol™, are

1n

1st 2nd 3rd 4th 5th

738 1450 7733 10543 13630

The formula of the compound of chlorine with element J is

LI A Jd
L] B Jd,
L] ¢ Jc
LI D J,(Cl
(Total for Question 10 = 1 mark)
Which of the following is the correct order of increasing melting temperature of

elements of Period 3?
L] A Na, Mg, Al, Si

L] B Na, Mg, Si, Al
L] € Si,Na, Mg, Al
[0 D Si,Al, Mg, Na

(Total for Question 11 = 1 mark)
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12 Which one of the following elements undergoes the change in electronic
configuration shown when it forms the stated ion?

Atom 1s5°2s5?2p®3s%3p3 lon 1s522522p%3s523p°

LJA
LB
L1c
LID

B to B**
Al to APP*
N to N3~
P to P*-

(Total for Question 12 = 1 mark)

13 Which of the following compounds has the most polarized anion?

LJA
[IB
LJc
[ID

Na,O
MgO
K,O
CaO

(Total for Question 13 = 1 mark)

7
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14 The diagram shows a Born-Haber cycle for calcium chloride. It is not drawn to scale.
All units are in kJ mol™.

Ca*(g) + 20 (g |
A A
Q=+1735 R =(—346 x 2) = —692
P =-2258 |Cf:(9) MEESL) |
+178 S=(+121x%x2)=+242
CadCl,(s) Ica(s) + Cly(g) |

X=?
(@) Which enthalpy change is correctly labelled on the diagram?

[J A Enthalpy change for the formation of calcium chloride (P).
[] B Firstionization energy of calcium (Q).
[J € Electron affinity of chlorine (R).

[J D Twice the enthalpy change of atomization of chlorine (S).

(b) What is the value of X, in kJ mol™?

L] A +795
] B -795
[] € +3721
[J D -3721

(Total for Question 14 = 2 marks)
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15 Calculate the enthalpy change, in kJ mol™, for the reaction

H,(g) + %20,(9) — H,0(9)

DATA:
Bond enthalpy

Bond / kJ mol”
H—H +436
0=0 +498
H—O +464

LJA -243

1B -6

Jc +6

1D +221

(Total for Question 15 = 1 mark)

16 The chemical properties of an element are determined by its
[J A electronic structure.
[J B number of neutrons.
[J € relative atomic mass.

[] D number of protons plus neutrons.

(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 the use of mass spectrometers.

(@) Bromine has two isotopes, ”Br and ®'Br. Explain the term isotopes, by reference
to sub-atomic particles.

(b) The presence and abundance of these isotopes can be determined by using a
mass spectrometer such as that shown in the diagram below.

electric field

sample vaporized

recorder

VAV
I
amplifier

ions are detected
and recorded

(i) Explain how ions are produced in the area labelled A.

(ii) State what is used to deflect the ions moving through the mass spectrometer
in the area labelled B.

RO R0 0 Turn over
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(c) Complete the mass spectrum below for a sample of bromine gas that contains
approximately half 7°Br isotope and half 8'Br isotope.

Relative
intensity

J\’|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIII

70 80 90 100 110 120 130 140 150 160
m/e

(d) Calculate the relative atomic mass of bromine for a sample which was found to
contain 47.0% 7°Br and 53.0% ®'Br.

Give your answer to three significant figures.

(e) What would be the effect, if any, on the m/e value of the peak if the ion detected
had lost two electrons rather than one electron?

12
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*(f) One of the uses of mass spectrometers is for the detection of banned substances,
such as anabolic steroids, in a blood or urine sample taken from competitors in
sports events.

(i) Suggest two precautions that are necessary to ensure that the result of any
analysis would be valid.

(i) These substances can give competitors an unfair advantage. Suggest why the
use of these substances may be of concern to the user.

(Total for Question 17 = 16 marks)

13
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18 Alkenes and cycloalkanes have the same general formula, but react very differently
with halogens.

(@) Give the general formula that applies to both alkenes and cycloalkanes.

(b) Using structural formulae, complete the overall equation for the reaction of an
alkene of your own choice, containing fewer than four carbon atoms, with liquid
bromine.

Name the product.

+ Br, -

[N\ F= 1 [ OO

14
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*(c) An example of an alkene with six carbon atoms is 2-methylpent-1-ene. It reacts
with chlorine by means of an electrophilic addition reaction. The diagram below
shows a student’s attempt at drawing the mechanism for this reaction.

Cits B¢y :
" 3 I gsrCHr Cl il = H»V chuz-cuz-cug
U e

cAs-

Gies L

(i) Identify the three errors in this student’s drawing of the mechanism.

(i) The structure of the carbocation intermediate is correctly drawn. Explain why
the positive charge is on the carbon atom shown.

15
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(d) There are five possible cycloalkanes, each containing five carbon atoms. Three
of the isomers are given below. Complete the other two boxes, by adding the
skeletal formulae of the other two structural isomers.

(e) Define the term structural isomerism.

(f) Another example of a cycloalkane is cyclobutane. This compound, like other
cycloalkanes, can also react with chlorine.

The overall reaction of cyclobutane with chlorine is as follows:
CHs + Cl, > CH,Cl + HC

(i) This reaction can occur at room temperature and pressure.
What further condition is needed for this reaction to take place?

(i) Using the appropriate arrows, complete the equation for the initiation step of
the reaction mechanism for the reaction of chlorine with cyclobutane.

Ccl—d -

16
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(iii) Using molecular formulae, write equations for the two propagation steps of
this mechanism.

First propagation step:
Second propagation step:

(iv) Name the type of bond fission which occurs in these propagation steps.

(v) There are also termination steps in this mechanism. Explain how these differ
from the other steps in the mechanism and why these result in the reaction
ending.

(g) If the reaction with cyclobutane is carried out with an excess of chlorine, how are
the products of the reaction affected?

(Total for Question 18 = 20 marks)

17
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19 Sodium and chlorine react together to produce sodium chloride. The bonding in
the product is different from that in both of the reactants. Evidence for the type of
bonding present can be obtained in a number of different ways.

(@) Draw the electron density map for a chlorine molecule to show covalent bonding.

(b) Sodium chloride is ionically bonded. What is meant by the term ionic bond?

(c) Electrolysis is an experiment which you could carry out in a school or college
laboratory on an aqueous solution of sodium chloride, to provide evidence for the
presence of ionic bonding.

Draw a labelled diagram of the apparatus that you would use for this experiment,
indicating how your results would show that the bonding was ionic.

18
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(d) Chlorine gains an electron when it reacts with sodium to form sodium chloride.

(i) Draw the dot and cross diagram of a chloride ion showing outer electrons only.

(ii) Give the formula of an ion from Period 3 that is isoelectronic with the chloride ion.

(e) Sodium and sodium chloride can both be good conductors of electricity.
Under what conditions do these substances conduct electricity?

Compare the method of conductivity in each case.

(Total for Question 19 = 10 marks)

19
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20 The reaction of calcium oxide with hydrochloric acid is an exothermic reaction.
Ca0(s) + 2HCI(aq) — CaCly(aq) + H,O(l)
In an experiment to investigate this reaction, the following procedure was carried out.

1. 50.0 cm? of hydrochloric acid, concentration 2.0 mol dm™ (an excess), was
pipetted into a polystyrene cup and the initial temperature measured using a
thermometer with 0.5°C graduations.

2. 1.46 g of calcium oxide powder was weighed out and added to the acid.
The mixture was stirred and the maximum temperature measured.

Maximum temperature / °C 35.0

Initial temperature / °C 19.5
(a) Calculate the enthalpy change, in joules, for the quantities in this experiment.
Assume that the specific heat capacity of the solution is 4.18 Jg™' C.
Use the expression:

energy transferred in joules = 50.0 x specific heat capacity X temperature change

(b) Using your answer from (a), calculate the molar enthalpy change for the reaction
between calcium oxide and hydrochloric acid. Include a sign and units in your
answetr.

20
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(c) The standard molar enthalpy change for the reaction between calcium oxide and
hydrochloric acid is —196.8 kJ mol".

(i) Suggest three reasons why the calculated value in part (b) is different from
this value.

(i) Using the standard enthalpy change of —196.8 kJ mol™', calculate the
minimum mass of calcium oxide that would be needed to raise the
temperature of 250 cm? of hydrochloric acid (an excess) by 25.0°C.

21
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(d) The reaction of calcium carbonate with hydrochloric acid has the following
standard molar enthalpy change.

AH® =-18.8 k) mol™’

This value can be used, with the enthalpy change for the reaction of
calcium oxide with hydrochloric acid, to determine the enthalpy change for the
thermal decomposition of calcium carbonate. This cannot be measured directly.

(i) Complete the Hess energy cycle below by adding the missing arrow and
entities.

Use the cycle, and the standard enthalpy change for the reaction of
calcium oxide and hydrochloric acid (—196.8 kJ mol'), to determine the
standard enthalpy change for the decomposition of calcium carbonate.

CaCOs(s) » CaO(s) + CO,(q)
2HCl(aq)
..................................... () + i ) i ()

Enthalpy change =

22
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(ii) Complete and label the enthalpy level diagram below, for the series of
reactions in (d)(i).

Your diagram does not have to be to scale.

A

CaO(s) + CO,(9)

A

Enthalpy
/ kJ mol™

CaCOs(s)

\

Progress of reaction

(Total for Question 20 = 14 marks)

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