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image7.png
Infrared spectroscopy can be used to distinguish between organic compounds.
Use Table 1 on the Data Sheet to identify the wavenumber of an absorption that would
allow you to distinguish between an aldehyde and a carboxylic acid.

(1 mark)
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(2) The initial rate of the reaction between the gases P and Q was measured in a series of
experiments at a constant temperature and the following rate equation was determined.

rate = k[P][Q]®

() Complete the table of data below for the reaction between P and Q.

Expt| Initial [P]/moldm™ | Initial [Q1/moldmr™ | Tnitial rate/mol dm™s™!
1 12x10° 20x10° 18x10°

2 20x107 27%10°

3 0.60x 107 60107

4 18107 030x10°%

(3 marks)
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(ii)

Using the data from Experiment 1, calculate a value for the rate constant, k, and
state its units.

Calculation

Units

(3 marks)





image10.png
(b)  The decomposition of compound R is a zero order reaction.

On the axes below sketch a line to show the relationship between the initial rate of
reaction of R and the initial concentration of R at constant temperature.

Initial rate

nitial [R]
(1 mark)
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(i) Write an equation for the reduction of pentan-2-one by aqueous NaBH; to form
pentan-2-ol
Use [H] to represent the reductant

i) Name and outline a mechanism for this reduction.
Name of mechanism

Mechanism

i) State why the pentan-2-ol produced in this reaction is not optically active.

(7 marks)
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Acid X reacts with methanol to form ester Y according to the following equation.

CH,COOH CH,COOCH; .
| + 2CH;OH == | + M0 AH® =-15KI mol
CH,COOH CH,COOCH;

acid X ester Y

A mixture of 0.25 mol of X and 0.34 mol of methanol was left to reach equilibrium in the
presence of a small amount of concentrated sulphuric agid. “The equilibrium mixture ths
formed contained 0.13 mol of ¥ in a total volume of Vdm’.

(@) NameX.

(1 mark)
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(b) Using X to represent the acid and Y to represent the ester, write an expression for the
equilibrium constant, K., for this reaction.

(1 mark)
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(¢) Calculate the number of moles of X, the number of moles of methanol and the number
of moles of water in the equilibrium mixture.

Moles of X

Moles of methanol .

Moles of water .

(3 marks)
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(d) State why the volume V need not be known in calculating the value of K, for the
reaction.
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(e) Calculate the value of K_ for this reaction and deduce its units.

Calculation

Units of K,

(3 marks)
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() State the effect, if any, of increasing the temperature on the value of K,





image18.png
Aspirin was the first drug to be produced synthetically. It is a white solid prepared by the reaction
between 2-hydroxybenzenecarboxylic acid and ethanoic anhydride.

HOCH,COOH (CH,CO),0 CH,COOCH,COOH
2-hydroxybenzencearboxylic acid cthanoic anhydride aspirin
(M,=138) (M,=102)

The other product of the reaction is cthanoic acid.
2-Hydroxybenzencearboxylic acid is a crystalline solid, and ethanoic anhydride is a corrosive liquid.

This reaction is an example of acylation, and involves the following practical details Equimolar
amounts of 2-hydroxybenzenecarboxylic acid and ethanoic anhydride are used, and a few drops of
85% phosphoric acid are added to catalyse the reaction. The reagents must be mixed with care, as
the reaction can initially be violent.

To complete the reaction, the mixture is refluxed for about fiftecn minutes. A few em® of water are
added o the hot mixture to decompose any unreacied cthanoie anhydride; his causes the mixture
to boil. When the reaction has subsided, the reaction mixture is added to about 40.cm’ of cold water
to precipitate the aspirin. The crude product is purified by recrystallisation from water. A typical
yield, based on 2-hydroxybenzenecarboxylic acid, is 75%.
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Using the information above, describe how you would obtain 5 of pure crystalline aspi
from 2-hydroxybenzenecarboxylic acid and ethanoic anhydride.
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Your answer must include
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A balanced equation for the reaction taking place
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calculations of:
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the theoretical mass of 2-hydroxybenzenecarboxylic acid needed to form 5 g of aspirin
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the minimum mass of 2-hydroxybenzenecarboxylic acid needed to form 5 g of aspirin,
bearing in mind that you will only obtain 75% of the theoretical yield of product
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the likely mass of ethanoic anhydride needed in the reaction.
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A full description of the preparation of aspirin and its purification. Include details of the
apparatus you would use.
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A technician prepared a solution of a pure sample of carboxylic acid Y by transferring
1.419 g of ¥ 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 tured a faint pink. The titration was repeated and the following
resuls were obtained.

Initial burette reading/cm’ 2510 2.00 095 060 | 2405

Final burette reading/cm’ 4970 | 2510 | 2405 | 2405 | 4725

Volume of alkali used/cm’

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

(2 marks)
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Details of potential hazards and the relevant safety precautions you would use.
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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 2 mechanism for each reaction and identify a
suitable catalyst for the reaction with benzene.
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(b) In the industrial manufacture of aspirin, ethanoic anhydride is used as an acylating agent
rather than ethanoyl chloride. Give two reasons why ethanoic anhydride is preferred.
Describe a simple test to distinguish between a sample of ethanoic anhydride and one of
ethanoyl chloride. Write equations for any reactions occurring
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(c) Ethylamine can be prepared in a two-step synthesis from bromomethane or in a
one-step synthesis from bromoethane.
Give the reagents and conditions for all the reaction steps involved in these syntheses.
State one possible disadvantage for each of these two synthetic routes.
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Ethylbenzene is used to make phenylethene which can be polymerised to form
poly(phenylethene). Name this type of polymerisation and draw the structure of the
repeating unit in the polymer.

[ype of polymerisation ...

Repeating unit

(2 marks)
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Sections of different polymers P to U are shown below.

(;Hx (‘:H1
POCETT ey
HHOHHO H H O o

C‘H1 C‘H1 (“H1 C‘Hx

R —C—C—c—C— §  —N—CHy—CHy—C—N—CHy—CH,—C—
| | | | I |
H CHy H CHy H [} o
| |
CHy CHsy

T —0—CH,—CHy—0—C—CHy—CH,—C—
| |
o o

U —0—CHy—CHy—C—0—CH—CHy—C—
I I
o 1)
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(@) () Polymer P is formed from the single amino acid, 2-aminopropanoic acid.
Draw the structure of the zwitterion of this amino acid.

(if) One other polymer represented above is formed from a single amino acid.
Give the formula of this amino acid.

(iii) Name the monomers used in the formation of polymer Q.

Name of first monomer

Name of second monomer .

(4 marks)
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(b) Polymer R is formed from an alkene monomer.

(i) Name the type of polymerisation involved in the formation of polymer R.

(i) Name the alkene monomer.

(2 marks)
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Use your answer from Question a to calculate the concentration in mol dm™ of Y in the

solution.

(2 marks)
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(c) Polymers T and U are polyesters.
(i) Draw the structures of the monomers used to produce polymer T

First monomer

Second monomer

(i) Draw the structure of the species formed when polymer U is hydrolysed by
heating with aqueous sodium hydroxide.

(3 marks)




image36.png
(@ () Name the strongest type of intermolecular force in polymer R.

(ii) Name the strongest type of intermolecular force in polymer T.

(2 marks)
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(a) Describe, by giving reagents and stating observations, how you could distinguish
between the compounds in the following pairs. Use one simple test-tube reaction for
each pair.
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Identify a solvent used for samples in proton n.m.. spectroscopy.

Give the names of compounds V and W, shown below, and describe how they can be
distinguished using their proton n.m.r. spectra.

o

me—c’/ N
N\, 0 ?
7

e N
Yo Hco” Yo

v W




image3.png
Use the data in the introduction to calculate the concentration of Y, in g dm™, in the solution.

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

(1 mark)
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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)
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Consider the reaction sequences shown below.
Reaction 1 is an elimination.

Reaction 3 is a substitution.

Reaction1  combound X

CH3CH,CH:Br

Reaction3 . Compound ¥

Identify compounds X and Y.

Give

Reaction 2

Reaction 4

\gents and conditions for each of Reactions 1, 2, 3 and 4.

CH;CHBrCH;3

CH;CH,COOH




