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(a) Explain why the ester methyl ethanoate has a lower boiling point than its isomer,
propanoic acid.
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(b) A polyester is formed when ethane-1,2-diol reacts with butanedioic acid. Draw the
structure of the repeating unit of this polymer.

Suggest why this polyester begins to melt at a higher temperature than poly(ethene)
which has molecules of a similar size to those in the polyester.




image9.png
(¢) Outline a mechanism for the formation of an ester by the reaction between ethanoyl
chloride and an alcohol.
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() The ester ethyl ethanoate is hydrolysed when it is heated with water in the presence of
an acid catalyst. An cquilibrium is established.

(CH3COOCH,CH3(1) + H0(1) CH3;COOH(1) + CH3CH,0H(1)

A 0.50mol sample of ethyl ethanoate was heated with 4.0mol of water. At equilibrium,
70% of the ester was hydrolysed. Calculate a value of K, for this reaction.
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The intermediates, X and Y, shown below are formed by nucleophilic attack on two different
compounds containing a carbonyl group.

o o
cmcuz—(“—cm CH;CHz—C‘—C]
(‘ZN H—I‘\l'—H
!
X Y

(a) Outline a mechanism for the complete reaction in which X is an intermediate.
Name the final product formed from X.
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(b) Outline a mechanism for the complete reaction in which Y is an intermediate.
‘Name this mechanism and name the final organic product formed from Y.
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(c) Species Z is shown below.

[eeley
CHquz—(‘:—H
H—LLH

i
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Name the type of species of which Z is an example and draw the product formed when
Z reacts with an excess of aqueous sodium hydroxide.
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(d) Aspirin is an ester prepared industrially by the reaction of ethanoic anhydride with
2-hydroxybenzenecarboxylic acid shown below.

COOH
OH

‘Write an equation for this reaction showing clearly the structure of aspirin.
Give two reasons why ethanoyl chloride is not used in this industrial preparation.
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Draw the structure of the organic product formed in cach case when, in the presence of
a small amount of concentrated sulphuric acid, ethanedioic acid reacts with

(i) an excess of methanol,

(i) an equimolar amount of ethane-1.2-diol.

I
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(a) Give reagents and conditions and write equations to show the formation of
nitrobenzene from benzene.
Name and outline a mechanism for this reaction of benzene.
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(b) Compounds X, Y and Z are shown below.
NO, NH, NH,
NO, NH, NH,
X Y z

Name X and give reagents for the conversion of X into Y. Write an equation for this
reaction using [H] to represent the reductant.
Exolain why Y is a weaker base than Z.
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(¢) Draw the repeating unit of the polymer formed by the reaction of Y with hexanedioic
acid.
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The amino acid alanine is shown below.

o
HZN—C‘—CUUH

H

(a) Give the systematic name for alanine.

(1 mark)
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(b) () Draw the structure of the dipeptide formed from two alanine molecules, showing
clearly the full structure of the peptide link.

(if) Draw the structure of the organic compound formed by the reaction of alanine
with propan-2-ol in the presence of a small amount of the catalyst concentrated
sulphuric acid.
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(iii) Draw the structure of the N—substituted amide formed by the reaction of alanine
with ethanoyl chloride. Name the type of mechanism involved.

Structure

Name of mechanism

(4 marks)
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At a given pressure, a pure liquid boils at a constant temperature. This boiling point
can be used to help identify the liquid. One procedure for measuring the boiling point
of an aldehyde is shown in the diagram.

Procedure

« Set up the apparatus as shown in the diagram.
Make sure that the bulb of the thermometer is about 3 cm above the level of the
aldehyde.

Thermometer
Cork X
Aldehyde
Heating ————
bath \eme\
Anti-bumping

T granules

Heat
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Add a few anti-bumping granules to the aldehyde.

« Heat the liquid in the beaker gently until the aldehyde begins to boil. The boiling

point of the aldehyde is greater than 150°C.

Adjust the heat source so that the aldehyde boils gently.
Record the temperature when it becomes steady.
Record the atmospheric pressure.




image24.png
(a)  State the purpose of the anti-bumping granules.

(1 mark)
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(b)  Give one reason why it is essential for the cork to have the hole, labelled X, in it.

(1 mark)
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(c)

State two properties that a liquid must have to make it suitable for use in the heating
bath in this boiling point determination.

Property 1 ...

Property 2 .

(2 marks)
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(d)  State why the atmospheric pressure was recorded.

(1 mark)
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(e)  State why the boiling point of a compound may be insufficient on its own to identify the
compound.

(1 mark)
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Consider the reactions shown below. CH:CH,

S
Jc=cH,
kcucuun/' chy
K
H H
| Reaction 2 |
CHiCHy —C—CHOH  ————>  CHCH,—C—CHO
]
CHy CHy
L

]
Reaction 3 1;*

CH,CH, —¢— COOH
CHs

M

(@ () Name compound J

(if) Compound J exists as a pair of stereoisomers. Name this type of
stereoisomerism.

(2 marks)
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(b) (i) Name the type of mechanism for Reaction 1.

(ii) Draw the repeating unit of the polymer formed by K and name the type of
polymerisation involved.

Repeating unit

TBype of polymerisation ..

(iii) Draw the structure of an isomer of K which shows stereoisomerism.
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(iv)  Draw the structure of an isomer of K which has only one peak in its proton
n.m.r. spectrum.

(5 marks)
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©

@)

(if)

Draw the structure of an isomer of L which has no effect on either Fehling’s or
Tollens” reagents and has only two peaks in its proton n.m.r. spectrum.

Acidified potassium dichromate(V1) reacts with J to form both L and M. What
practical technique is used (o obtain M rather than L?

(2 marks)
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(d) The four infra-red spectra L. IL. III and IV are those of compounds J. K. L and M,
but not necessarilv in that order. Using Table 2 on the data sheet, give the letier
corresponding 1o the correct compound for each spectrum.
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(a) The rate equation for the reaction between compounds C and D is

@

(ii)

rate = K[C[D]?

In an experiment where the initial concentration of C is 0.15 mol dm > and the
initial concentration of D is 0.24 mol dm, the initial rate of reaction is
0.65moldms™! at a given temperature. Calculate a value for the rate constant,
k, at this temperature and deduce its un

Value of k

Units of k

‘The reaction between C and D is repeated in a second experiment at the same
temperature, but the concentrations of both C and D are half of those in part (a)().
Calculate the initial rate of reaction i this second experiment.
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Spectrum I

Spectrum 11

Spectrum 11T

Spectrum IV

(4 marks)
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(€) (i) Give an approximate range of wavenumbers for the fingerprint region in an
infra-red spectrum.

(i) Describe how the fingerprint region can be used to identify a compound.
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Compound Q has the molecular formula C4H7CIO and does not produce misty fumes when
added to water.

(a) The infra-red spectrum of Q contains a major absorption at 1724 cm!. Identify the bond
responsible for this absorption.

(1 mark)
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(b) The mass spectrum of Q contains two molecular ion peaks at m/z = 106 and m/z = 108.
Italso has a major peak at mlz = 43.

Suggest why there are two molecular jon peaks.
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(¢) The proton n.m.r. spectrum of Q was recorded.

(i) Suggest a suitable solvent for use in recording this spectrum of Q.

(i) Give the formula of the standard reference compound used in recording proton
nm.r. spectra.

(2 marks)
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(d)

The proton n.m.r. spectrum of Q shows three peaks. Complete the table below to show
the number of adjacent, non-cquivalent protons responsible for the splitting pattern.

Peak 1 Peak 2 Peak 3
Integration value 3 3 1
Splitting pattern doublet singlet quartet
Number of adjacent, 1

non-equivalent protons

(1 mark)
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() Using the information in parts (a), (b) and (d), deduce the structure of compound Q.

(1 mark)
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() A structural isomer of Q reacts with cold water to produce misty fumes. Suggest a
structure for this isomer.

(1 mark)
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(b) The following data were obtained in a series of experiments on the rate of the reaction
between compounds E and F at a constant temperature.

Experiment Tnitial Initial rate /
concentration | moldm*s™!

of F/mol dm®

1 0.64 0.80x 102
2 064 180x 102
3 032 320x 102

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

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

(2 marks)




image3.png
(a) Describe, by giving reagents and stating observations, how you could distinguish
between the compounds in the following pairs using a simple test-tube reaction for

cach pair
@ (‘:Hg (‘3H3
HC—C—OH amd  HC—C—CHO
H H
A B
Reagent

Observation with A

Observation with B

(3 marks)
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(i) CH;COOCH;  and  CH3CH;COOH
c D

Reagent ...

Observation with C

Observation with D

(3 marks)
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(b)  Explain how fingerprinting is used to identify a compound using infra-red
spectroscopy.

(2 marks)




image6.png
Chloroethane (CH3CH,CI) can be used as a reagent in the following reaction:

@ _CHCH,CI.
NH, NHCH,CH;

Name and outline a mechanism for this reaction and name the product shown.




