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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.

1

If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross X.

This question is about four organic compounds, each containing two carbon atoms.
A CH,CH,OH

B CH,CHO

C CH,COOH

D CH,COCI

(@) Which is oxidized by ammoniacal silver nitrate?

LTA
1B
L]c
LI D
(b) Which has the highest boiling temperature?

LTA
LB
Llc
LID

(c) 0.01 mol of each compound is heated separately with excess acidified
sodium dichromate(VI).

Which compound reduces the largest amount of sodium dichromate(VI)?

LJTA
[IB
Jc
LID
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(d) 0.01 mol of each compound is added separately to identical volumes of water.

Which solution would have the lowest pH?

LTA
1B
lc
[1D

(Total for Question 1 = 4 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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2 Four sketch graphs are shown below.

A B

(@) Which could be a graph of the concentration of a reactant, on the vertical axis,
against time for a zero order reaction?

LTA
LIB
L]c
[ID

(b) Which could be a graph of rate of reaction, on the vertical axis, against the
concentration of a reactant for a first order reaction?

LJA
[IB
Jc
[ID
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(c) Which could be a graph of rate of reaction, on the vertical axis, against the square
of the concentration of a reactant for a second order reaction?

LTA
IB
Jc
LID

(d) Which could be a graph of the concentration of a reactant, on the vertical axis,
against time for a reaction which is catalysed by a product?

LTA
LB
lc
LID

(Total for Question 2 = 4 marks)

3 Which of the following mixtures would form the best buffer solution with pH 9 for
use in a school laboratory?

LTA
1B
[1c
1D

Ethanoic acid and sodium ethanoate
Sodium chloride and sodium hydroxide
Hydrocyanic acid and sodium cyanide

Ammonium chloride and ammonia

(Total for Question 3 = 1 mark)

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

5
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4 Select the correct pH for each of the following solutions.

(@) 2 mol dm= nitric acid.

OA -2
(1B -03
L1Cc +03
LID +2

(b) 0.10 mol dm~ barium hydroxide, Ba(OH).. K = 1.0 x 107'* mol* dm~°.

LJA 130
1B 133
LJc 137
LID 143

(c) A mixture of 20 cm?® of 1.0 mol dm= hydrochloric acid and 10 cm? of 1.0 mol dm~3
sodium hydroxide.

LJA 0
1B 030
L1Cc 048
LIb 7

(Total for Question 4 = 3 marks)

5 Ammonia reacts with water in a reversible reaction. Which are the Brgnsted-Lowry bases?
[JA HOandOH
[JB NH,and OH-
[JC NHjandH,0
[JD NH,"and NH,

(Total for Question 5 = 1 mark)
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6 The formula for oleic acid, which is present in fingerprints, is shown below.

CH,(CH), (CH,) COOH
C=

H H

(@) The systematic name for oleic acid is

LTA
LB
lc
LID

E-octadec-9-enoic acid.
Z-octadec-9-enoic acid.
E-octadec-8-enoic acid.

Z-octadec-8-enoic acid.

(b) Which intermolecular forces are present between oleic acid molecules?

LTA
LB
Llc
LID

Hydrogen bonds only.
Hydrogen bonds and permanent dipole-dipole forces only.
Hydrogen bonds, permanent dipole-dipole forces and London forces.

Hydrogen bonds and London forces only.

(c) Which of the following species is most likely to cause a peak at m/e = 45 in the
mass spectrum of oleic acid?

LIA
LB
Ll c
N>

CH,CH_OH
CH,CH OH*
COOH
COOH*

(d) What would you expect to see if oleic acid is tested separately with bromine water
and with phosphorus(V) chloride, PCIS?

LTA
LB
Llc
LID

Bromine water Phosphorus(V) chloride, PCIS
Decolorises Steamy fumes
No colour change No visible change
Decolorises No visible change
No colour change Steamy fumes

(Total for Question 6 = 4 marks)

7
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7 Methane hydrate is found on continental shelves deep in oceans. It forms methane
in an endothermic equilibrium reaction, which may be represented as

CH,.6H.,0(s) = CH,(g) + 6H.O()

(@) Which of the following changes would increase the equilibrium yield of
methane?

[J A Increasing the temperature and decreasing the pressure.
[1 B Decreasing both the temperature and the pressure.

[J € Increasing both the temperature and the pressure.

[0 D Decreasing the temperature and increasing the pressure.

(b) Which of the following would decrease the value of the equilibrium constant, K.,
for the above equilibrium?

[J A Decreasing the pressure
L1 B Increasing the pressure
[J € Decreasing the temperature

L[] D Increasing the temperature

(Total for Question 7 = 2 marks)

8 When one optically active isomer of 3-chloro-3-methylhexane reacts with hydroxide
ions to form 3-methylhexan-3-ol, a racemic mixture forms because

L1 A 3-chloro-3-methylhexane forms a carbocation intermediate.
[J B the reaction is a nucleophilic substitution.
[J € 3-chloro-3-methylhexane forms a five-bonded transition state.

[J D 3-methylhexan-3-ol contains a chiral carbon.

(Total for Question 8 = 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.
9 This question is about magnesium chloride, MgCl..

It can be formed by burning magnesium in chlorine.

Mg(s) + Cl(g) — MgCL(s) AST =+42152 J mol' K™

surroundings

Remember to include a sign and units in your answers to the calculations in this
question.

(@) (i) The standard molar entropy at 298 K for 1 mol chlorine molecules, Cl,, is
+165 J mol™ K™'. Use this, and appropriate values from your Data Booklet, to
calculate the standard entropy change of the system, ASf;Stem, for this reaction.

*(ii) Explain fully why the sign for the standard entropy change of the system,
AS_.._,is as you would expect.

system

(b) Calculate the total entropy change, AS_

total’

your answer to three significant figures.

in J mol™ K™, for this reaction, giving

9
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(c) Use the standard entropy change of the surroundings, AS®. , to calculate the

surroundings

standard enthalpy change, AH®, in kJ mol', for the reaction at 298 K.

(d) 0.0300 mol of magnesium chloride, prepared by burning magnesium in chlorine,
is added to 51.5 cm3 of water.
50.0 cm?® of 1.00 mol dm™ solution is formed, and the temperature rise, AT,
is 22.5°C.

(i) Calculate the energy transferred in joules for this process using:

Energy transferred in joules = volume of solution x 4.2 x AT

(i) Calculate the enthalpy change of solution, AH
kJ mol=".

, of magnesium chloride in

solution

10
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*(iii) The enthalpy change of hydration of Mg**(g) is —1920 kJ mol™".

Use this, your value from (d)(ii), and the experimental lattice energy from your
Data Booklet, to calculate the enthalpy change of hydration of Cl=(g).

Mg#(g) + 2ClI(g)

' MgCIZ(s)

Y \4

Mg?*(aq) + 2Cl-(aq) ANSWEN ..o kJ mol™

(iv) Draw a diagram to represent a hydrated chloride ion.

(v) Suggest why the addition of anhydrous magnesium chloride to water results
in an increase in temperature and a decrease in volume.

(Total for Question 9 = 17 marks)

11
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10 A flow chart for making 2-hydroxy-2-methylbutanoic acid from butan-2-ol is shown
below.

CH,CH,CH(OH)CH,

Step 1

\ 4

CH,CH,COCH,

Step 2

CH,CH,C(CH,)(OH)CN

Step 3

4

CH,CH,C(CH,)(OH)COOH

(@) (i) Give the reagents and conditions for Step 1.

(ii) Butanone is formed in Step 1.

Give a chemical test to identify the carbonyl group and a further test to show
0]

the presence of the H,C-C- group.

For both tests, give the observations that you would make.

P 4 2 9 7 2 A 0 1 2 2 4



(b) (i) In Step 2, butanone undergoes an addition reaction with HCN in the presence
of CN~ ions.

Give the mechanism for this reaction.

*(ii) By considering the mechanism of the reaction, explain why the addition of
hydrogen cyanide to butanone gives a solution which has no effect on the
plane of polarization of plane-polarized light.

(i) Explain why the presence of the alcoholic hydroxyl group cannot be
confirmed in the infrared spectrum of 2-hydroxy-2-methylbutanoic acid.

R 0 O 0 Turn over
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(i) The hydrogen of the alcohol group in 2-hydroxy-2-methylbutanoic acid can
be identified by a single peak in the nmr spectrum.

Give the chemical shift you would expect for this peak.

(iv) Explain why, in high resolution nmr, the peak due to the hydrogens of the
2-methyl group in 2-hydroxy-2-methylbutanoic acid is a singlet.

(d) Molecules of 2-hydroxy-2-methylbutanoic acid react together to form a
condensation polymer.

Draw a displayed formula for this polymer, showing two repeating units.

(Total for Question 10 = 18 marks)

14
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11 Persulfate ions, 52082*, oxidize iodide ions in agqueous solution to form iodine and

sulfate ions, 5042‘.

(@) Write the ionic equation for this reaction. State symbols are not required.

(b) The effect of persulfate ion concentration on the rate of this reaction was
measured.

A few drops of starch solution and a small measured volume of sodium thiosulfate
solution were added to the potassium persulfate solution.

Potassium iodide solution was then added and the time taken for the mixture to
change colour was measured.

The reaction was repeated using different concentrations of potassium persulfate,
but the same volumes and concentrations of sodium thiosulfate solution and
potassium iodide solution.

The rates of the reaction were compared using the reciprocal of the time (1/time)
for the mixture to change colour as a measure of the initial rate.

(i) What s the final colour of the reaction mixture?

(i) What would happen if the reaction was carried out without the addition of
sodium thiosulfate?

(iii) Explain why the concentration of iodide ions remains constant until the
mixture changes colour.

15
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(c) The results obtained from the experiment in part (b) were tabulated as follows.

[5,0,%] Time 1/time
/mol dm™3 /s /s7!
0.0100 40.0 0.0250
0.0090 444 0.0225
0.0075 533 0.0188
0.0060 66.7 0.0150

(i) Plot a graph of 1/time on the vertical axis against the concentration of the

persulfate ions.
(2)

16
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(ii) 1/time is a measure of the initial rate of the reaction.
Deduce the order of the reaction with respect to persulfate ions.

Justify your answer.

(iii) The reaction is first order with respect to iodide ions. Write the overall rate
equation for the reaction and deduce the units for the rate constant.

Rate =

Units for the rate constant ...

17
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(d) The reaction in part (b) is repeated at two different temperatures, keeping the
initial volumes and concentrations of the solutions constant.

T (Temperature) 1/time 1/T In(1/time)
/K /s /K
293 0.0250 341 x 1073 -3.69
303 0.0500 3.30 x 1073 -3.00

(i) Calculate, without drawing a graph, the activation energy of the reaction.
Remember to give a sign and units with your answer.

E 1 T
In rate = —?"’ X ? + constant [R =8.31Jmoal Tk 1]

(i) Suggest how the reliability of the activation energy determination could be
improved, without changing the apparatus, solutions or method.

(Total for Question 11 = 14 marks)

TOTAL FOR SECTION B = 49 MARKS

18
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SECTION C

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

12 This question is about an experiment to determine the equilibrium constant, K, for
the reaction between ethanoic acid and ethanol to form ethyl ethanoate and water.

Two sealed test tubes were prepared.

The first test tube contained 0.0400 mol ethanoic acid, 0.0400 mol of ethanol and
0.20 cm? of concentrated hydrochloric acid.

The second test tube contained 0.0400 mol ethyl ethanoate, 0.0400 mol of water and
0.20 cm? of concentrated hydrochloric acid.

After standing at 25°C for two weeks, to ensure equilibrium is reached, the contents
of each test tube were separately titrated with 0.200 mol dm~3 sodium hydroxide
solution.

0.20 cm? of concentrated hydrochloric acid was also titrated with the same sodium
hydroxide solution.

(@) (i) Using data from the Data Booklet, calculate the volume, in cm?, of 0.0400 mol
of ethanoic acid.

(ii) What would be the best piece of apparatus to measure out the volumes of the
liquids for the sealed test tubes?

(iv) Suggest a suitable indicator for the titration of the equilibrium mixture in
either test tube, with the expected colour change. Justify your suggestion.

Indicator

Colour change froM ... to

Justification

19
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(b) In this experiment, the following titres were obtained.

Volume of 0.200 mol dm™

Titration sodium hydroxide solution/cm?
Contents of first test tube 77.10
Contents of second test tube 77.05
0.20 cm? concentrated hydrochloric acid 11.70

(i) Write the equation for the reaction between ethanoic acid and ethanol to
form ethyl ethanoate and water, using structural formulae. State symbols are
not required.

(i) Calculate the number of moles of ethanoic acid present at equilibrium in the
first test tube.

(iii) Deduce the number of moles of ethanol present at equilibrium in the first test
tube.

(iv) Calculate the number of moles of ethyl ethanoate formed at equilibrium in
the first test tube.

(v) Write an expression for the equilibrium constant, K, for the reaction.
Assuming the number of moles of water and ethyl ethanoate present at
equilibrium are the same, calculate the equilibrium constant, K.

20
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(vi) Explain why the equilibrium constant for this reaction has no units.

(vii) Why, in fact, is the number of moles of water present in the equilibrium
mixture greater than the number of moles of ethyl ethanoate?

(c) (i) Whatis the type of reaction that took place in each test tube?

ISt RSt CUID O e

S CONA Bt TUII O oo e

*(ii) Comment on the value of the titre for the equilibrium mixture in the second
test tube compared to the first test tube.

What characteristic feature of equilibrium reactions is demonstrated by the
values of these titres?

(iii) State the role of the concentrated hydrochloric acid in the equilibrium
reaction.

(Total for Question 12 = 21 Marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER =90 MARKS
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