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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 compound is likely to show the most ionic character?
] A PH,
[] B BH;
[J € Nal

[J D Kcl

(Total for Question 1 = 1 mark)

2 Which species has a similar shape to that of an ammonia molecule?
[ A BH;
[ B CH;
] € CH;

[J D CO3

(Total for Question 2 = 1 mark)

3  Which compound contains a dative covalent bond?
[J A NH;
L] B NCl
[J € NH,Cl

[l D CHs;NH,
(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 The diagram shows a liquid leaving a burette and passing a charged rod.

IIIIIIIIIl

+++

Which of the following liquids will be most attracted to the charged rod?
OA Cc,

1B GCHy;

[J]C Gs,

[0 D CHCl

(Total for Question 4 = 1 mark)

5 Which substance has more than one type of intermolecular force between its
molecules in the liquid state?

[JA B
(1B P,
[JC NH;
1D CH,
(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 Which is a pure form of carbon that has both hexagonal and pentagonal rings in

its structure?

[J A Graphite
[J] B Diamond
[J € Cyclohexane

[l D Buckminsterfullerene

(Total for Question 6 = 1 mark)

Which species contains bond angles equal to 90°?
[0 A BeCl,
[] B NH;
] € sicl,
[ D SF
(Total for Question 7 = 1 mark)
A white solid gives a lilac flame-test colour. It reacts with water, forming a
strongly alkaline solution.
The solid could be
[J A calcium oxide
[J B potassium oxide
[J € calcium chloride

[0 D potassium chloride

(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 As the atomic number of the Group 2 metals increases, the

LTA
LIB
tIc
LID

first ionisation energy decreases.
atomic radius decreases.
electronegativity increases.

number of outer shell electrons increases.

(Total for Question 9 = 1 mark)

10 Which Group 2 hydroxide is the most soluble in water?

LTA
[IB
Jjc
LID

Barium hydroxide
Calcium hydroxide
Magnesium hydroxide

Strontium hydroxide

(Total for Question 10 = 1 mark)

11 What is the trend in bond energies for the sequence of molecules chlorine to bromine to iodine?

LTA
[IB
1cC
LID

Decreases

Decreases to bromine then increases
Increases

Increases to bromine then decreases

(Total for Question 11 = 1 mark)

12 What is seen when concentrated sulfuric acid is added to solid sodium chloride at
room temperature?

LTA
1B
[1c
LI1D

Green gas
Steamy fumes
White smoke

Yellow solid

(Total for Question 12 = 1 mark)
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13 Curve X was obtained when 0.50 g of calcium carbonate powder reacted with
excess dilute hydrochloric acid at 20°C.

Which curve best represents the reaction of a single 0.25 g chip of calcium carbonate with
excess of the same dilute hydrochloric acid at the same temperature?
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(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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( R
14 Consider the following reaction profile.
Reactants
Energy
Al N Products
D
Progress of reaction
Which energy change would alter if a catalyst were added to the reaction?
L1A
1B
]c
1D
(Total for Question 14 = 1 mark)
Use this space for any rough working. Anything you write in this space will gain no credit.
\ J
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15 The Maxwell-Boltzmann distribution for a reaction mixture is shown below.
E, is the activation energy and N is the number of molecules with the most probable energy.

N _____
Number of
molecules with
energy, E

Energy, E

What is the effect of increasing the temperature on E, and on N?

Effecton E, Effecton N
A increases decreases
] B increases increases
0 C constant decreases
1 D constant increases

(Total for Question 15 = 1 mark)

16 Which statement regarding a chemical reaction at equilibrium is always true?
[J A The rates of the forward and backward reactions are equal.
[J B The concentrations of reactants and products are equal.
[J € The forward and backward reactions have stopped.
[ D The addition of a catalyst changes the position of equilibrium.

(Total for Question 16 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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17 In which system will a change in pressure have no effect on the position of equilibrium?
[0 A 2NO,(g) = N,0,(9g)
[0 B H,(g) + L(g) = 2HI(qg)
L1 € 2NO(g) + O,(g) = 2NO,(q)
1 D Ny(g) + 3H,(g) = 2NH;(g)

(Total for Question 17 = 1 mark)

18 1.00dm’ of a solution with a sodium ion concentration of 0.100 moldm™ is required.
What volume of 0.200 moldm™ sodium sulfate solution is needed to make this
solution by dilution with water?

OJA 100cm?
0B 250cm’
[0 C 500cm?
[JD 1000cm’

(Total for Question 18 = 1 mark)

19 Propan-2-ol is produced from the reaction of propene and steam.
Assuming a 65% yield, what is the mass of propene required to produce 3909 of propan-2-ol?

[Molar masses /g mol™  propene = 42.0 propan-2-ol = 60.0]
0 A 254g
0B 273¢g
[0 C 4209
[0 D 6009
(Total for Question 19 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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( )
20 Propene can be formed by heating 1-bromopropane with alcoholic potassium hydroxide solution.
This reaction is an example of
[J A reduction.
L] B hydrolysis.
[J € elimination.
[l D condensation.
(Total for Question 20 = 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.

21 There are four isomeric alcohols with the molecular formula C,H,,0.

(@) Two of these alcohols are butan-1-ol (CH;CH,CH,CH,0OH) and butan-2-ol.
The other two isomers are alcohol X and alcohol Y.

(i) Draw the displayed formula for butan-2-ol, showing all the bonds.

(i) Alcohol X does not react with acidified potassium dichromate(VI) solution.
Give the structure of alcohol X.

(iii) Name the fourth isomer, alcohol Y.

11
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(b) The infrared spectrum of one of the four alcohols with the formula C,H,,0 is shown.

100 -

Transmittance (%) -
50 -

O IIII|IIII|IIII|IIII|IIII|IIII|IIII|

4000 3000 2000 1500 1000 500

Wavenumber / cm™

Some infrared data is given in the table below.

Bond Wavenumber / cm™
C—H stretch, alkane 2962 — 2853
C—H stretch, alkene 3100 — 3010
O—H stretch (weak), carboxylic acids 3300 — 2500
O—H stretch (broad), alcohols 3750 — 3200

(i) Circle the relevant part of the infrared spectrum which confirms that this
isomer is an alcohol.

(i) State how the infrared spectrum can be used to identify which one of the four
alcohols with the formula C,H,,0 is present.

12
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(c) Butan-1-ol reacts with acidified potassium dichromate(VI) solution to form two
different organic products, depending on the reaction conditions.

(i) Classify the alcohol butan-1-ol.

(ii) Draw the displayed formula of the organic product formed when butan-1-ol
is heated under reflux with acidified potassium dichromate(VI) solution.

(iii) Draw the displayed formula of the organic product formed when butan-1-ol
is gently heated with acidified potassium dichromate(VI) solution and the
product distilled off as it is formed.

(iv) State the type of reaction butan-1-ol undergoes in both (c)(ii) and (c)(iii).

TYIE OF FEACTION: ...

(Total for Question 21 = 9 marks)
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22 This question is about halogenoalkanes.
(@) A student investigates the relative rate of hydrolysis of three halogenoalkanes.

The student mixes 5cm’ of ethanol with five drops of halogenoalkane. This
mixture is warmed to 50°C in a water bath. The student adds 5 cm® of aqueous
silver nitrate, also heated to 50°C, to the halogenoalkane. The time taken for a
precipitate to form is recorded in a table.

Halogenoalkane Time taken for a precipitate to form /s
CH,CH,CH,CH,Cl 120
CH;CH,CH,CH,Br 62
CH;CH,CH,CH,I 20

() Explain why ethanol is added to each halogenoalkane.

(ii) Complete the equation for the hydrolysis of 1-iodobutane, CH;CH,CH,CH,I.

CH;CH,CH,CH,I + H,0 —

(iii) Give the name of the organic product which forms in each of these hydrolysis
reactions.

(iv) Classify the type and mechanism of the reaction occurring when halogenoalkanes
undergo hydrolysis, under the conditions described in this investigation.

14
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*(v) Describe and explain the trend in the rates of hydrolysis of the
three halogenoalkanes.

(b) Chlorofluorocarbons (CFCs) are halogenoalkanes which have been shown to play
a role in ozone depletion. Halogenoalkanes, which contain fluorine as the only
halogen (HFCs), do not harm the ozone layer.

Following the Montreal Protocol of September 1987, CFCs have been replaced in
many applications by HFCs.

*(i) Explain why CFCs deplete the ozone layer, whereas HFCs do not.

(Total for Question 22 = 11 marks)
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23 A student was asked to find the identity of a Group 1 metal hydroxide by titration.
The student was given the following outline method.

« Fill a burette with dilute hydrochloric acid

« Accurately weigh about 1.14 g of the metal hydroxide

« Carefully dissolve all the metal hydroxide in water, transfer the solution and
washings to a volumetric flask and then add more water to make 250.0cm®
of solution

« Thoroughly mix the contents of the volumetric flask

+ Accurately transfer 25.0 cm’ of this solution to a conical flask

« Add two or three drops of a suitable indicator to the solution in the flask

« Carry out a rough titration of the solution in the flask with the
dilute hydrochloric acid

« Accurately repeat the titration several times and calculate a mean titre.

The student’s results and relevant data are shown.
Mass of metal hydroxide = 1.14g
Concentration of the hydrochloric acid = 0.730g in 100 cm’ of solution
Mean titre = 23.80cm’

(a) Give a reason why the student does not simply add 1.14 g of the metal hydroxide
to 250 cm® of water.

(b) Name the most suitable piece of apparatus for transferring 25.0 cm® of the metal
hydroxide solution to the conical flask.

(c) Name a suitable indicator to add to the solution in the conical flask and give the
colour change at the end-point.

16
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(d) The equation for the reaction between the metal hydroxide and hydrochloric acid
is shown. The letter M represents the unknown Group 1 metal.

MOH + HCl — MCL + H,0

(i) Calculate the concentration, in moldm™, of the hydrochloric acid in the burette.

(i) Calculate the number of moles of hydrochloric acid used in the titration.

(iii) Deduce the number of moles of MOH in 25.0 cm?® of solution.

(iv) Calculate the total number of moles of MOH in the original solution.

(v) Calculate the molar mass of MOH, in g mol™.

(vi) Deduce the Group 1 metal present in the compound MOH.

(Total for Question 23 = 12 marks)

17
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r

24 A hydrogen peroxide molecule can be represented by the structure shown.

(1)
(b) Hydrogen peroxide dissolves in water.
(i) State the strongest type of interaction that occurs between molecules of
hydrogen peroxide and water.
(1)
(ii) Draw a diagram to show the interaction named in (b)(i) between one
molecule of hydrogen peroxide and one molecule of water.
Show any relevant lone pairs and dipoles in your diagram.
(3)

*(c) Explain, in terms of electronegativity, why the boiling temperature of H.S, is lower
than that of H,0..

(Total for Question 24 = 7 marks)

TOTAL FOR SECTION B = 39 MARKS
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SECTION C

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

25 This question is about some aspects of the chemistry of Group 7 elements.
The elements in this group can also be described as p-block elements.
The elements chlorine, bromine and iodine can all be extracted from sea water.

The bromine in sea water is present as bromide ions, Br".
The extraction of bromine from sea water occurs in four main stages.

Stage 1: Formation of bromine when gaseous chlorine molecules are bubbled into an
aqueous solution of bromide ions

Stage 2: Removal of bromine vapour
Stage 3: Production of hydrobromic acid solution from bromine
Stage 4: Oxidation of hydrobromic acid to bromine.

(a) State why the halogens are described as p-block elements.

(b) Give the physical states of bromine and iodine at room temperature.

Bl O INIE et e oot e ettt ettt

OO oo

19
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(c) (i) Give an ionic equation for the reaction occurring in Stage 1.
Include state symbols in your answer.

(2)

(i) Describe what you would see when the reaction in (c)(i) is carried out.

(i) State the role of the chlorine during the reaction in (c)(i).
Justify your answer in terms of electron transfer.

*(d) If Stage 1 is carried out under conditions of high acidity, this prevents the
disproportionation of chlorine molecules.

Cly(g) + H,O(l) = H*(aqg) + Cl(aq) + HClO(aq)

Explain, in terms of the above equilibrium, why this is so.

20
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(e) In Stage 3, bromine vapour is converted into hydrobromic acid by the reaction of
bromine with a mixture of sulfur dioxide and water vapour.

(i) Give the half-equation for the formation of bromide ions from bromine molecules.
State symbols are not required.

(i) Give the half-equation for the reaction between sulfur dioxide and water molecules
to form hydrogen ions and sulfate(VI) ions.
State symbols are not required.

(iii) Hence write the ionic equation for the reaction between bromine and sulfur dioxide,
in the presence of water, to form hydrogen ions, bromide ions and sulfate(VI) ions.
State symbols are not required.

21
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(f) (i) Identify, by name or formula, a compound that can be used to distinguish
between separate aqueous solutions of potassium bromide and potassium iodide.

(ii) State what would be observed when a solution of the compound in (f)(i) is
added to each of the separate aqueous solutions of potassium bromide and
potassium iodide.

Observation with potassium bBromide: ... e

Observation With potassium iOAIAe: ..o

(iii) Identify, by name, a further reagent that could be added to the mixtures
resulting from the test in (f)(ii) to confirm the identity of the halide ions.

(iv) Compare the observations that would be made when the reagent identified in
(f)(iii) is added to the mixtures formed in (f)(ii).

(Total for Question 25 = 21 marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER = 80 MARKS
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