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In addition to this paper you will require
e task sheets and your Candidate Results Sheet
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Time allowed: 1 hour 20 minutes

Instructions

e Use blue or black ink or ball-point pen.

e Fill in the boxes at the top of this page.

e Answer all questions.

e Answer the questions in the spaces provided.

e All working must be shown.

e Do all rough work in this book. Cross through any work you do not
want marked.

Information

e The maximum mark for this paper is 38.

e The marks for questions are shown in brackets.

® You are reminded of the need for good English and clear presentation
in your answers.

e Use accurate scientific terminology in all answers.
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Gas constant R = 8.31 J K-1 mol-1

Table 1
Proton n.m.r chemical shift data

Type of proton o/ppm
RCH; 0.7-1.2
R,CH, 1.2-1.4
R;CH 1.4-1.6
RCOCH; 2.1-2.6
ROCH; 3.1-3.9
RCOOCH; 3.74.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™
C—H 2850-3300

c—C 750-1100

c=C 1620-1680

Cc=0 1680-1750

c—O 1000-1300

O—H (alcohols) 3230-3550

O—H (acids) 2500-3000
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SECTION A

These questions are about identifying an unknown ester, X, which is used commercially as a plasticiser.
You should use your task sheet, your own results and the data given to answer them.
Full marks can only be scored in calculations if you show all of your working.

Answer all questions in the space provided.

ANALYSING
Introduction

A technician prepared a solution of a pure sample of carboxylic acid Y by transferring
1.419 g of Y to a volumetric flask and making the solution up to 250 cm’.

Using a pipette, the technician then transferred 25 cm? of the standard solution to a clean
conical flask and added five drops of phenolphthalein indicator.

The mixture in the conical flask was then titrated with 0.0500 mol dm™ sodium hydroxide
solution until the mixture turned a faint pink. The titration was repeated and the following
results were obtained.

Initial burette reading/cm’ 25.10 2.00 0.95 0.60 24.05

Final burette reading/cm’ 49.70 25.10 24.05 24.05 47.25

Volume of alkali used/cm’

1 Use all of the concordant results in the table above to determine an average titre.

(2 marks)

2 Use your answer from Question 1 to calculate the concentration in mol dm™ of Y in the
solution.

(2 marks)
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Use the data in the introduction to calculate the concentration of Y, in g dm?, in the solution.

Use your answers from Questions 2 and 3 to calculate the M,, of the Y.
(If you have been unable to calculate answers to questions 2 and 3 you should assume that they
are 0.0475 mol dm-3 and 5.824 g dm-3 respectively. These are not the correct values.)

Use your answer from Question 4, your value for the boiling point of ester X, your value for
the melting point of the pure sample of carboxylic acid Y and the data provided in the table

below to identify ester X.

Ester Formula of Ester BOﬂ;gi nglt of Cgfs(l)ir;%leggﬁfc

Methyl benzenecarboxylate CsHsCOOCH; 198 121
Methyl 2-methylbenzenecarboxylate CH;C¢H4COOCH; 208 105
Ethyl benzenecarboxylate CcHsCOOC;,H;5 213 121
Methyl 3-methylbenzenecarboxylate CH;C4¢H4sCOOCH; 215 112
Methyl 4-methylbenzenecarboxylate CH;CcH4sCOOCH; 217 181
Ethyl 2-methylbenzenecarboxylate CH;C¢HsCOOC,Hs 227 105
Ethyl 3-methylbenzenecarboxylate CH;C¢HsCOOC,H; 231 112
Ethyl 4-methylbenzenecarboxylate CH;CcHsCOOC;,H; 228 181
Methyl 2-hydroxybenzenecarboxylate | HOC4H,COOCH; 223 155
Ethyl 2-hydroxybenzenecarboxylate HOC¢H,COOC,Hs 231 155
Propyl benzenecarboxylate CsH5;COOCsH, 229 121
Methyl 2-chlorobenzenecarboxylate CICcH4sCOOCH; 234 141
Methyl 3-chlorobenzenecarboxylate CIC¢H4COOCH; 231 158

(Zma,,ks)
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SECTION B
These questions are about another unknown ester which is used commercially as a solvent.

Full marks can only be scored if you show all of your working.
Answer all questions in the space provided.

ANALYSING

Introduction

Some esters are used as a solvent for paints and varnishes. A student was asked to prepare a
pure sample of ethyl ethanoate and then to verify that the solvent used in a sample of nail
varnish was ethyl ethanoate.

Show your working where relevant.

6 Ethyl ethanoate can be distinguished from ethanol and from ethanoic acid using infra-red
spectroscopy.

(a) Identify the wavenumber of an absorption which would be present in the infrared
spectrum of ethanoic acid but which would not be present in the infra-red spectrum of
ethyl ethanoate.

(b) Identify the wavenumber of an absorption which would be present in the infrared
spectrum of ethyl ethanoate but which would not be present in the infra-red spectrum of
ethanol.

(2 marks)
7 The student obtained the infra-red spectrum of pure ethyl ethanoate and the infra-red spectrum

of the solvent used in the sample of nail varnish. Explain how the student could use these
infra-red spectra to confirm that the solvent was ethyl ethanoate.

(2 marks)
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15}

Ethyl ethanoate contains three types of proton as shown below.

a b ¢

CH;COOCH,CH3

The proton n.m.r. spectrum of the solvent used in the sample of nail varnish is shown in
Figure 1. Use Table 1 on the Data Sheet to explain how the positions and the splitting
patterns of the peaks in Figure 1 can to used to provide further evidence that the solvent is
ethyl ethanoate.

[T mEmmmm—— FEmmm————— Femmm—————— prmmmm————— Femmm—————— i’ """"" i’ """"" Emm———————— e m——————— Emm——————— i
[[CrTTTeTmemmEms Femmmm—————- [ | re==s===== re e i’ """"""" Cememm————— e mmm————— s smm————— ===
e m——— e rem—————— e re——————— Jrm E’ ---------- e e e -
as 20 2§ 20 15 18 0§ 0.0 05
N T A T O
POAK AT O = 2.0 e —a e e e ———————————
N T e I T R
(6 marks)
7 Turn over »
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9 The mass spectrum of ethyl ethanoate contains peaks at m/z =43 and 73. Draw the structure
of the fragment ion which produces the peak at each of these m/z values.

(2 marks)
EVALUATING

10  The student recorded the melting point of two samples of a 4-methylbenzenecarboxylate
(melting point 181 °C). The student reported the following results.

Sample 1 melting point 170-179 °C
Sample 2 melting point 186 °C

(a) Suggest one reason why value of the melting point obtained for Sample 1 differs from
the data value.

(b) Suggest one reason why value of the melting point obtained for Sample 2 differs from
the data value.

(2 marks)

11 Explain why the student’s method of titrating 25 cm® samples from a standard solution of the
acid is likely to be more accurate than a titration of one weighed sample

(1 mark)
12 When 4.50 g of ethanoic acid and 10.0 g of ethanol were allowed to reach equilibrium at
60°C, the equilibrium mixture was found to contain 4.40 g of ethyl ethanoate. Calculate the
percentage yield of ethyl ethanoate, based on ethanoic acid. Show your working where
necessary.
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13

14

15

(2 marks)

Ethyl ethanoate can also be prepared by reacting ethanol and ethanoyl chloride. State one
commercial advantage and one commercial disadvantage of this method of making ethyl
ethanoate compared with the reaction between ethanol and ethanoic acid.

AGVANTAGE ...ttt ettt ettt et e st e et e e et e e bt e s steenbeeeateenbeasaseeseenasaens

(2 marks)

The equation for the preparation of ethyl ethanoate by reacting ethanol and ethanoic
anhydride is shown below.

(CH3;CO),0 + CH3;CH,OH — CH3;COOCH,CH; + CH3;COOH

In this reaction ethyl ethanoate is the only useful product. Calculate the atom economy of the
reaction.

Plasticisers are added to polymers used in the sole of shoes. The plasticiser makes the
polymer more flexible.

(a) Suggest one reason why the sole of a shoe should be flexible

(b) Suggest one reason why ethyl ethanoate (boiling point 77 °C) is unsuitable for use as a
plasticiser for the polymers used in making the sole of a shoe

(2 marks)

9 Turn over »
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SECTION C

These questions test your understanding of the skills and techniques you have acquired
performing a range of experiments during your A2 course.

16 The concentration of a solution containing ethanedioate ions can be determined by titration
using a solution of potassium manganate(VII) in the presence of dilute sulphuric acid. The
equation for the reaction is given below.

5(C00)" + 2MnOs + 16HT — 10CO, + 2Mn*" + 8H,0O

The reaction between ethanedioate ions and manganate(VII) ions is slow at room temperature,
but the reaction is autocatalysed by Mn”" ions.

(a) Define the term autocatalysis.

(b) Describe briefly how you could modify this titration experiment to demonstrate that the
reaction is autocatalysed.

(4 marks)

17  The passage which follows is an extract from the laboratory preparation of ethanoic acid.
Read the passage and answer the question which follow.

Dissolve potassium dichromate(VI) in dilute sulphuric acid and cool the solution
produced. Add aqueous ethanol (boiling point 78 °C) to the mixture, slowly with
gentle swirling. When all of the aqueous ethanol has been added, bring the mixture
gently to the boil and reflux the mixture for 15 minutes.

Transfer the mixture to a pear-shaped flask and set up the apparatus as shown in the
diagram below. Heat the mixture and collect the aqueous ethanoic acid (boiling point
118 °C) in the receiver.

10
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WATER OUT

REACTION
MIXTURE

WATER IN

2

(a) Define the term reflux and explain the purpose of refluxing the mixture in this reaction

(2 marks)
(b)(1) Explain why the distillate consists of a mixture of ethanoic acid and water.

(i1) State an additional piece of apparatus which could be included to improve the
separation during distillation.

(2 marks)

END OF QUESTIONS

Copyright © 2008 AQA and its licensors. All rights reserved

11 Turn over »
GCE CHEMISTRY UNIT 6 EMPA SPECIMEN/VERSION 1.0




AQA/

ASSESSMENT and

GCE CHEMISTRY 2421

QUALIFICATIONS

SPECIMEN PAPER EMPA: CHM6X

ALLIANCE

TASK SHEET
The identification of an ester
Introduction

In this two-stage practical assessment you will identify an unknown ester, X, which is used
commercially as a plasticiser.

In Task 1 you will measure the boiling point of the ester. You will then hydrolyse the ester and
collect the carboxylic acid formed.

In Task 2 you will measure the yield of the carboxylic acid. You will also measure the melting
point of your sample from Task 1, and that of a pure sample of the same carboxylic acid
provided by your teacher. You will then carry out a titration using the solution provided.

Wear safety glasses at all times.
Assume that all of the reagents and liquids are toxic, corrosive and flammable.

TASK 1 Boiling point and hydrolysis of the ester X (Implementing)
Part 1 Determination of the boiling point of the ester X
1 Mount the 0 - 250 °C thermometer in the cork provided and adjust its position so that the

bulb is about 3 cm from the bottom when placed in the boiling tube. Clamp the boiling tube
to the stand, add all of the sample of ester X provided and a few anti-bumping granules. Fit
the cork and the thermometer to the tube.

2 CAUTION: FIRE RISK
Heat the liquid gently, using a micro-burner, until it boils. Continue boiling gently and note
the maximum temperature reading of the thermometer. This is the boiling point of the ester,
which will be above 150 °C.
Record the boiling point in a table of your own design on the Candidate Results Sheet Task
1.

12

GCE CHEMISTRY UNIT 6 EMPA SPECIMEN/VERSION 1.0




Part 2

1

Hydrolysis of ester X and separation of the carboxylic acid Y.

Transfer all of the second sample of ester X provided to a 250 cm® conical flask. Add about
20 cm’ of the sodium hydroxide solution provided to the flask. Add 20 cm® of ethanol to the
flask and a few anti-bumping granules.

CAUTION: FIRE RISK
Heat the flask gently on a gauze, without allowing the contents to boil, for about 10 minutes
and then boil gently for a further 10 minutes. Add distilled water to maintain the volume.

Allow the contents of the flask to cool and decant the liquid from the anti-bumping granules
into a 100 cm’ beaker. Add the hydrochloric acid provided to the mixture in the flask until a
test with indicator paper shows that the mixture in the flask is acidic. The carboxylic acid Y
will form as a solid.

Collect the solid Y by filtration under reduced pressure. Dry the solid Y between filter
papers.

When your solid Y is dry transfer all of the solid to the sample tube provided. Label the
sample tube with your name and hand to your teacher for safekeeping. You will investigate
this sample in Task 2.

13 Turn over »
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Candidate Results Sheet TASK 1 QUALIFICATIONS

Centre Number

CaANAIAALE NAINIE ..o e et e e e e e e e e et e e ae e e e e e e e e e aeeeeeeereaanaaeeeeeeeraannaaaeens

Candidate number

Results

Present your results in an appropriate form in the space below.

TASK 2 Yield, melting point and relative molecular mass of the carboxylic acid Y

14
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Part 1 Determination of the yield of the carboxylic acid Y from the ester X

Weigh the dry solid Y obtained in Task 1.
Record the yield of solid Y in a table of your own design on the Candidate Results Sheet.

Part 2 Determination of the melting point of the carboxylic acid samples

Determine the melting point of your sample from Stage 1, and that of a pure sample of carboxylic
acid Y provided by your teacher. The melting points are not less than 100°C.
Record the melting points in a table of your own design on the Candidate Results Sheet.

Record the melting points in a table of your own design on the Candidate Results Sheet
Task 2.

Part 3 Reaction of the carboxylic acid Y with an excess of sodium hydroxide, then titration of this
mixture with hydrochloric acid

The carboxylic acid Y has low solubility in water. To prepare a solution for titration the acid has
been reacted with an excess of sodium hydroxide solution. In this part of the exercise you will titrate
the excess sodium hydroxide solution with hydrochloric acid.

1. Using a pipette and a pipette filler, transfer 25.0 cm® of the solution provided to a 250 cm® conical
flask.

2. Set up the burette and, using a funnel, fill it with the hydrochloric acid solution. Record the initial
burette reading in a table of your own design on the Candidate Results Sheet.

3. Add 3 or 4 drops of phenolphthalein indicator to the conical flask.

4. Add the acid from the burette until the mixture in the conical flask just turns colourless. Record your
final burette reading in your table.

5. Repeat the titration until you obtain two titres which are within 0.10 cm’ of each other. (You should do
no more than five titrations.)

6. Calculate and record the average titre.

15 Turn over »
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Candidate Results Sheet TASK 2 QUALIFICATIONS

Centre Number

CaANAIAALE NAINIE ..o e et e e e e e e e e et e e ae e e e e e e e e e aeeeeeeereaanaaeeeeeeeraannaaaeens

Candidate number

Results

Present your results in an appropriate form in the space below.

16
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