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(a) Identify a reagent which reacts with ethanal by a nucleophilic addition reaction to form
a racemic mixture. Write an equation for the reaction occurring. Explain why a racemic
‘mixture is obtained.
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(b) Identify a reagent which undergoes an addition reaction with propene to form a mixture
of isomers. Outline a mechanism for the reaction occurring. Explain why isomers arc
obtained.
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(¢) Identify a reagent which reacts with 2-bromobutane to form a mixture of isomers by an
elimination reaction. Outline a mechanism for this reaction, and draw the structures of
the isomers obtained.
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Esters are often used as artificial flavourings and fragrances. Esters are usually prepared by
reacting a carboxylic acid and an alcohol, even though this reaction is reversible. The
determination of the equilibrium constant, K, for an esterification reaction is an important first
step in ensuring an efficient preparation.

Ethanoic acid and ethanol react reversibly to form ethyl ethanoate and water according to the
following equation.

CH;COOH + CH:CH,OH ==  CH;COOCH;CH; + H,0

In an experiment, a mixture of 0.420 g of ethanoic acid and 0.0100 mol of ethanol was
allowed to reach equilibrium at 20 °C. The ethanoic acid remaining in the equilibrium
‘mixture reacted exactly with 3.00 cm’ of 0.500 mol dm”™ sodium hydroxide solution added
from a burette.
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Write an expression for the equilibrium constant, K., for the reaction between ethanoic acid
and ethanol

(1 mark)
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Calculate the number of moles present in 0.42 g of ethanoic acid (M, = 60.0).

(1 mark)
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Calculate the number of moles of sodium hydroxide in 3.00 cxn” of 0.500 mol dm™ sodium
hydroxide solution. Hence calculate the number of moles of ethanoic acid present in the
equilibrivm mixture.

Moles of sodium hydroxide

(1 mark)

Moles of ethanoic acid.

(1 mark)
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Use your answers from Questions band ¢ to calculate the number of moles of acid that have
seacted with the ethanol. State the number of moles of ester and of water present in the
equilibrivm mixture.

Moles of acid reacted.

(1 mark)
Moles of ester

Moles of water
(1 mark)
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Calculate the number of moles of ethanol present in the equilibrium mixture and hence
calculate the value of K.

(3 marks)
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Assume that the maximum errors for the apparatus used in this experiment were

balance total error =000 g
burette total error £015cm’ ( from two readings and an end—point error )

Calculate the maximum percentage error in using each piece of apparatus, and hence the
maximum overall apparatus error

(1 mark)
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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.

Advantage

(1 mark)

Disadvantage

(1 mark)
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A data book value for X for this reaction is 3.92 at 20 °C. Calculate the difference
between the value calculated in Question eand the data book value. Express this
difference as a percentage of the data book value.

(If you could not complete the calculation in Question e, you should assume a value
of 3.40 for K... This is not the correct value.)

Difference.

Percentage
(1 mark)
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Comment on the quality of the experimental result for K.

(1 mark)
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‘The volume of the sodium hydroxide solution used in this titration was very small. Suggest
an alternative concentration for the sodium hydroxide solution, and explain how this would
improve the accuracy of the experiment.

(2 marks)
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State why it is necessary to maintain a constant temperature in the experiment.

(1 mark)
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In a separate experiment, when 0.420 g of ethanoic acid was reacted with ethanol 0.536 g of
ethyl ethanoate was present in the equilibrium mixture. Calculate the percentage yield of the
ester, based on ethanoic acid.

(1 mark)
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In industry a large molar excess of ethanol is sometimes used in esterification reactions. Use
‘your understanding of equilibrium to explain why this would make the formation of the ester
more profitable.

(@ marks)
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When methanol and methanoic acid react together the reaction also reaches equilibrium. The
boiling points, °C, of the substances present at equilibrium are given below.

methanol 65
methanoic acid 101
methyl methanoate 32
water 100

Use these data to suggest a reaction temperature which would improve the yield of the ester.
Explain your answer.

(2 marks)
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‘The term acylation can be applied to the reaction of ethanoyl chloride with ethylamine and
also to the reaction of ethanoyl chloride with benzene in the presence of a catalyst.

For each of these reactions, write an equation for the overall reaction and name the organic
product. Name and outline a mechanism for each reaction and identify a suitable catalyst for
the reaction with benzene.
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(@ A polymer is formed when propane-1,3-diamine reacts with pentanedioic acid. Name
the type of polymerisation reaction which occurs and draw the structure of the
repeating unit of the polymer formed.

Type of polymerisation

Repeating unit

(3 marks)
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(b) The repeating unit shown below represents the polymer commonly known as
poly(vinyl acetate) or PVA.

—CH,—CH—
o
CH3

(i) Draw the structure of the monomer which is used to make PVA.
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(ii) Draw the repeating unit of the polymer formed when PVA reacts with an excess
of aqueous sodium hydroxide.

(2 marks)
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(c) The amino acids alanine and serine are shown below.

H H
HN— & coon HN— & coon
(‘:Hx (‘IHzOH
alanine serine

(i) Draw the structures of the two dipeptides formed by the reaction of alanine with
serine.




image30.png
(i) Draw the structure of the zwilterion of serine.

(ifi) Draw the structure of the organic compound formed when alanine reacts with
methanol in the presence of a small amount of concentrated sulphuric acid.

(iv) Draw the structure of the organic compound formed when one molecule of
serine reacts with two molecules of ethanoyl chloride.

(6 marks)
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Compounds J, K, L and M are structural isomers of C4H;00;
Some of these isomers are ethers. Ethers contain the C-OC linkage.

Isomers J, K, L and M can be distinguished using proton n.m.. spectroscopy and infra-red
spectroscopy.

(2) The substance TMS is used as a standard in recording proton n.m.. spectra.
Draw the structure of TMS and give two reasons why it s used as a standard.
Structure of TMS

Reason 1

Reason 2
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(b) State the number of peaks in the proton n.m.r. spectrum of isomer J,
CH;OCH;CH0CH;3
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(©)

(0]

(i)

Isomer K, shown below, has five peaks in its proton n.m.r. spectrum. Predict the
splitting pattern of the peaks due (o the protons labelled a and b.

a b
CH3CH,0CH,CH,0H

a

b

Identify the wavenumber of an absorption which would be present in the infra-
red spectrum of K but which would not be present in the infra-red spectrum of J.

(3 marks)
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(d) Tsomer L, HOCH,CH,CHyCHyOH, can be used to form polyesters

@

(if)

Give the name of L.

Tsomer L reacts with pentanedioic acid to form a polyester. Name the type of
polymerisation involved and draw the repeating unit of the polyester formed.

Type of polymerisation
Repeating unit

(4 marks)
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(¢) The proton n.m.r. spectrum of isomer M is shown below. The measured integration
trace gives the ratio 0.4 10 24 to 1.2 for the peaks at & 4.6, 3.3 and 1.3, respectively.

T T T T T T
5 4 3 2 1 0

Chemical shift 8/ppm




image36.png
@

(ii)

(iii)

(iv)

State what you can deduce from the integration value for the peak at & 3.3

Use Table 1 on the reverse of the Periodic Table to help you identify the type of
proton leading to the peak at & 3.3

Draw the part of the structure which can be deduced from the splitting of the
peaks at & 1.3 and & 4.6 and from their integration values.

Hence, deduce the structure of M.

(4 marks)
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(a) Define the term electronegativity.
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Compounds A to F are all isomers of CgH 0Oy

(@) Isomer A (HOOC(CH,)COOH) is used to make nylon 6,6
Name A and draw the repeating unit of nylon 6,6

Draw the structure of the anhydride formed when one molecule of water is lost by one
molecule of A
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(b)  Draw the structure of Isomer B (CgH1004), a dicarboxylic acid which contains two
chiral centres.
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(c) Isomer C is a propyl ester which also contains a carboxylic acid group.

Draw the structure of C
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(d) Isomer D is the diester shown below. Some of the protons have been labelled.
o 9
a b Il
HyC— C—0—CH,CH, —O—C—CHj
Deduce the number of peaks in the proton ... spectrum of D

Use Table 1 of the Data Sheet to predict the  range of the peaks produced by the
protons labelled @ and b.
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(e) Isomer E is the dicarboxylic acid shown below. Some of the protons have been
labelled.
CH3; COOH
¢ |1 a
H:C—C—C—H

H  COOH
‘The protons labelled ¢ and d each produce a peak in the proton n.m.r. spectrum.

Name the splitting pattern of the peak due to the protons labelled ¢ and name the
splitting patter of the peak due to the proton labelled d. (2 marks)
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(b) Explain why the bonding in sodium chloride is ionic but there is covalent bonding in
anhydrous aluminium chloride.
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Draw the repeating unit of poly(phenylethene) and name the type of polymerisation
involved in its formation.

Repeating unit

Type of polymerisation

(2 marks)
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(a) The following data were obtained by studying the reaction between compounds A, B
and C at a constant temperature.

Experiment Initial Initial Initial Initial rate /
concentration | concentration | concentration | moldms
of A/moldm™ | of B/moldm™* | of C/moldm™

1 0.20 0.10 0.40 0.80x 10
2 0.20 0.40 0.40 320%10°
3 0.10 0.80 0.40 1.60x 107

4 0.10 030 0.20 0.60x 107
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() Deduce the order of reaction with respect (0 A..

(i) Deduce the order of reaction with respect to B.

iif) Deduce the order of reaction with respect to C.

(3 marks)




image6.png
(b) The rate equation for the reaction between compounds D and E at a given temperature is

rate = KIDP[E]

‘The initial rate of reaction is 8.36 x 10~*mol dm~s™' when the initial concentration of
D is 0.84mol dm™ and the initial concentration of E is 1.16 mol dm>

Calculate a value for the rate constant, k, at this temperature and deduce its units.

Value of k

Units of k

(3 marks)




