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Q1.           

This question is about the investigation of an organic compound X.
X is a liquid at room temperature and pressure, which turns damp red litmus paper blue.

(a)  (i)  Name the functional group present in X.

(1)

.............................................................................................................................................

(ii)  When 0.493 g of X was vaporised, 157 cm3 of dry air was displaced, measured at 15°C and
103 000 Pa.

Calculate the molar mass of X, using the ideal gas equation.
You must show your working.

(4)

(b)  X reacted vigorously with ethanoyl chloride forming steamy fumes and a white solid Y.

(i)  Identify the steamy fumes, by name or formula.

(1)

.............................................................................................................................................

.............................................................................................................................................

(ii)  Suggest the functional group present in Y.

(1)

.............................................................................................................................................

(iii)  Analysis of Y showed that its composition by mass was 62.6 % carbon; 11.3 % hydrogen;
12.2 % nitrogen; 13.9 % oxygen.

Determine the empirical formula of Y. You must show your working.

(3)

*(c)  A simplified high resolution proton NMR spectrum of Y is shown.
The relative peak areas are given near each peak.
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Deduce the structure of Y, using the NMR spectrum and the other information in the question.

(6)

(d)  Draw the structure of compound X.

(1)

 

(Total for question = 17 marks)

 

 

Q2.           

This question is about aromatic amines and amino acids.

(a)  A synthesis of phenylamine is shown.

(i)  Benzene is converted into nitrobenzene in Step 1 using a mixture of concentrated nitric acid
and concentrated
      sulfuric acid. The electrophile is .

A student drew a mechanism for the reaction.
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Describe the three changes needed to correct this student's mechanism.

(3)

Change 1
.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change 2
.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change 3
.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Give the reagents for Step 2.

(1)

.............................................................................................................................................

.............................................................................................................................................

(b)  Phenylamine is a base.

(i)  Explain why phenylamine is a weaker base than ammonia.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  State what is seen when a few drops of an aqueous solution of phenylamine are added to
       an aqueous solution containing Cu2+ ions.

(1)

.............................................................................................................................................

.............................................................................................................................................

(c)  Azo violet is used as a dye and an indicator.

A synthesis of azo violet from 1-amino-4-nitrobenzene is shown.

(i)  Give the reagents and condition for Step 1.

(2)

.............................................................................................................................................

.............................................................................................................................................

(ii)  Deduce the structure of the organic compound needed to produce azo violet in Step 2.

(1)

(iii)  Give a reason why azo violet exists as geometric isomers.

(1)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  Phenylalanine is an amino acid that exists as optical isomers.

 The structure of one of the optical isomers is shown.

 Complete the diagram to show the other optical isomer of phenylalanine.

(1)

 

(Total for question = 13 marks)

 

 

Q3.           

Steam distillation is a technique used during some organic preparations to separate the product
from the reaction mixture.
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What benefit is gained from the use of steam distillation compared to other methods of
distillation?

(1)

   A    a pure distillate is produced

   B    high distillation temperatures are required

   C    it works well for molecules miscible with water

   D    it avoids the decomposition of the organic molecule when it distils

 

(Total for question = 1 mark)

 

 

Q4.           

This question is about benzene, C6H6, a colourless liquid first isolated in 1825, and some related
compounds.

Three C6H6 structures proposed in the 1860s are shown.

The delocalised model for the structure of benzene has been accepted since the 1930s following
the study of its X-ray diffraction pattern and the understanding of electron delocalisation in
bonding theory.
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The Dewar and Ladenburg structures have since been isolated as stable compounds but there is
no compound with the Kekulé structure.

(a)  Describe a chemical test, including the result, that could distinguish the Dewar structure
from benzene.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  State one similarity and one difference you would expect in the low resolution proton NMR
spectrum of the Ladenburg structure and that of benzene.

You must include data from the Data Booklet to support your answer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Explain how X-ray diffraction shows that benzene has a delocalised structure and not a
Kekulé structure.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

(d)  The Ladenburg and Dewar structures both isomerise to benzene.

The enthalpy changes are –376 kJ mol–1 and –297 kJ mol–1 respectively.

(i)  Draw a labelled enthalpy level diagram showing the relative thermodynamic stability of the
Ladenburg structure, the Dewar structure and benzene.

Include the enthalpy change values in kJ mol–1.
Your diagram does not need to be to scale.

(2)

(ii)  Give a possible reason why the isomerisation of the Dewar structure to benzene has a lower
activation energy than that of the Ladenburg structure to benzene.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(e)  The enthalpy change of hydrogenation of hex-3-ene is –118 kJ mol–1.

The table shows the enthalpy changes of hydrogenation of two further alkenes containing six
carbon atoms.
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Use your knowledge of benzene thermochemistry to suggest explanations for both of these
enthalpy changes of hydrogenation in relation to the value for hex-3-ene.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(f)  Methylbenzene, C6H5CH3, reacts with ethanoyl chloride, CH3COCl, in the presence of the
catalyst aluminium chloride, AlCl3, to form a mixture of organic products with the formula
CH3COC6H4CH3.

C6H5CH3  +  CH3COCl    →    CH3COC6H4CH3  +  HCl

(i)  Draw the skeletal formulae of three different arenes with the formula CH3COC6H4CH3.

(2)

(ii)  The 13C NMR spectrum of one of these arenes, compound X, is shown.

Identify compound X.
Use the number of peaks on the 13C NMR spectrum to justify your answer.

(2)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(iii)  Complete the diagram, including curly arrows, to show the mechanism for the formation of
compound X in this reaction.

Include an equation for the regeneration of the catalyst.

(4)

 

(Total for question = 19 marks)

 

 

Q5.           

Ketones are useful starting compounds in organic synthesis.

This question is about butanone.

(a)  The mass spectrum of butanone has significant peaks at m / z = 43 and at m / z = 57.

(i)  Give the structures of the species responsible for these two peaks.

(2)

(ii)  Give the structure of one other species that you would expect to produce a peak at a
different m / z value in the mass spectrum of butanone.
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(1)

(b)  Devise a reaction scheme to prepare propan-1-ol from butanone, using no more than four
steps.

Identify the reagents and essential conditions for each step and give the name or structure of
each of the intermediate compounds.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Devise a reaction scheme to prepare 2-methylbut-2-ene from butanone, using no more than 
four steps.

Identify the reagents and essential conditions for each step and give the name or structure of
each of the intermediate compounds.

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 12 marks)

 

 

Q6.           

Coffee Chemistry

There are over a thousand chemical compounds in coffee and their physiological effects are the
subject of considerable speculation and research. The verdict on coffee is contradictory: some of
the compounds have been identified as toxic and even carcinogenic but others are antioxidants
associated with cancer prevention. Recent research has identified compounds in coffee that
might be used in the treatment of prostate cancer.

By far the best known compound in coffee is caffeine, the most widely consumed psychoactive
drug in the world. In small amounts it is a stimulant but doses in excess of 10 g per day are
toxic. Caffeine contains amide and amine groups.

Chlorogenic acid is responsible for the acidic taste of coffee. It is an antioxidant and has also
been shown to slightly decrease blood pressure.
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Caffeic acid, quinic acid and acetoin are also present in coffee.

(a)  Another way of drawing the structure of caffeine is shown.

(i)  The bonding represented by this diagram of caffeine differs from that given in the passage.

Explain what this diagram indicates about the bonding in caffeine, stating the effect on the
structure of caffeine.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Suggest why caffeine is a much weaker base than a primary amine such as ethylamine, even
though the right-hand ring has two amine groups.

(2)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  A 200 cm3 cup of coffee contains approximately 85 mg of caffeine.

(i)  Calculate the concentration, in mol dm−3, of caffeine in this cup of coffee.
Give your answer to an appropriate number of significant figures.

(4)

(ii)  The removal of caffeine from the body is a first order reaction with a half-life of between
three and seven hours for an adult.

An adult drinks coffee containing a total of 160 mg of caffeine.

Calculate to the nearest hour the minimum time needed for the amount of caffeine in their body
to drop to 20 mg.

(2)

(c)  Chlorogenic acid is an ester of caffeic acid, a compound that is present in all plants.

(i)  A student suggested that caffeic acid could be synthesised by an electrophilic substitution of
1,2-dihydroxybenzene.

Draw the mechanism of this electrophilic substitution, including the formation of a suitable
electrophile.

(5)

(ii)  Deduce the structure of quinic acid which combines with caffeic acid to form chlorogenic
acid.

(1)
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(d)  The structure of acetoin is shown with one of the proton environments labelled.

(i)  Identify the other proton environments of acetoin on the structure and label them B, C etc.
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(1)

(ii)  Complete the table to show the splitting pattern in the high resolution proton NMR spectrum
of acetoin.

(2)

 

(Total for question = 20 marks)

 

 

Q7.           

A compound, Q, is a pale yellow liquid that is the main constituent of cinnamon oil. Q contains
the elements carbon, hydrogen and oxygen only.

(a)  Complete combustion of 6.02 g of Q produces 18.07 g of carbon dioxide and 3.30 g of water.

Determine the empirical formula of Q.

(4)

(b)  Tests on samples of Q show that it

 burns in air with a very sooty flame
 forms an orange precipitate with Brady's reagent (2,4-dinitrophenylhydrazine solution)
 forms a silver precipitate with Tollens' reagent
 decolourises bromine water
 exists as a pair of geometric isomers.

 

Deduce a structure for Q, explaining how each piece of information supports your answer.

(6)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 10 marks)

 

 

Q8.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

A solution contains 19.6 g dm−3 of chromium(III) sulfate, Cr2(SO4)3.

[Molar mass Cr2(SO4)3 = 392 g mol−1]

   A    0.05

   B    0.10

   C    0.15

   D    0.25

 

(Total for question = 1 mark)
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Q9.           

The ester ethyl 2-methylbutanoate is found in wild berries such as bilberries.

Devise a synthesis to convert but-2-ene into ethyl 2-methylbutanoate in four steps.

Include the reagents and essential conditions for each step and the name or structure of each of
the intermediate compounds.

Details of practical procedures are not required.

 

(Total for question = 6 marks)

 

 

Q10.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The melting temperature is determined for impure crystals of an organic compound. When
compared with a data book value for the pure compound, the measured melting temperature

   A    will be the same as the true value

   B    will be higher than the true value

   C    will be lower than the true value

   D    could be higher or lower than the true value

 

(Total for question = 1 mark)
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Q11.           

A compound Q contains the elements carbon, hydrogen and oxygen only.

(a)  Combustion analysis of 4.91 g of Q produces 14.6 g of carbon dioxide and 3.58 g of water.

Show that the molecular formula of Q is C10H12O .

You must show all your working.

[Mr of Q = 148]

(4)

(b)  The high resolution proton NMR spectrum of Q is shown.

Deduce the structure of Q. Justify your answer by considering the relative peak areas, the
chemical shifts and the splitting patterns.

You will find it helpful to refer to page 8 of the Data Booklet.

The peak at 3.6 ppm is due to a proton environment on a carbon bonded to the benzene ring.
The peak is not where it might be expected from the general values in the Data Booklet.

(7)

 

(Total for question = 11 marks)
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Q12.           

This question is about 2-ethanoylaminobenzoic acid.
Crystals of this compound emit flashes of light when crushed.

2-ethanoylaminobenzoic acid can be synthesised using benzene as a starting material.

(a)  A student proposed a mechanism for Step 1.

(i)  Identify two errors in the mechanism by circling them.

(2)

(ii)  State how the errors identified in (a)(i) should be corrected. Justify your answer in terms of
the structures involved.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  Give a reason why it is important to keep the temperature below 30 °C in Step 2.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  State the type of reaction in Step 3.

(1)

.............................................................................................................................................

(d)  Identify, by name or formula, the reagents needed for Step 4.

(1)

.............................................................................................................................................

.............................................................................................................................................

(e)  Explain how the structures of ethanoyl chloride, CH3COCl, and compound A enable them to
react forming 2-ethanoylaminobenzoic acid in Step 5.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(f)  Calculate the volume of benzene required to form 5.92 g of 2-ethanoylaminobenzoic acid,
assuming the overall yield for the synthesis is 28.2 %.

Give your answer to an appropriate number of significant figures.
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[Density of benzene = 0.879 g cm−3]

(4)

 

(Total for question = 14 marks)

 

 

Q13.           

Butan-2-ol is a secondary alcohol with four carbon atoms.

(a)  Devise a reaction scheme to form butan-2-ol from iodoethane, C2H5I, as the only organic
compound.

Give reagents, conditions and equations for each of the steps.

(8)

(b)  A 1.850 g sample of an organic substance, compound A, that is thought to be butan-2-ol is
tested by combustion analysis using the apparatus shown.

(i)  Calculate the mass increase of solid X and solid Y that would result if compound A is
butan-2-ol.

(4)

(ii)  Predict a substance which would give the same mass increase in solids X and Y from
combustion analysis as butan-2-ol.

Give a reason for your prediction.

(2)

.............................................................................................................................................

S T E M U P . C O . U K

https://stemup.co.uk


.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 14 marks)

 

 

Q14.           

Answers the question with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

This question is about a Grignard reagent, 2-methylpropylmagnesium bromide.

This Grignard reagent can be prepared by refluxing 1-bromo-2-methylpropane with magnesium
in a flask containing a dry solvent and anti-bumping granules.

(a)  Which solvent is used in this preparation?

(1)

   A    ethanol

   B    ether

   C    pentane

   D    propanone

(b)  Why are anti-bumping granules added to the flask?

(1)

   A    to lower the boiling temperature of the solvent

   B    to prevent the solvent evaporating

   C    because the solvent is highly flammable

   D    to ensure the solvent boils smoothly

(c)  The structure of 2-methylpropylmagnesium bromide is shown.

S T E M U P . C O . U K

https://stemup.co.uk


Which statement best describes the circled carbon atom?

(1)

   A    positive and electrophilic

   B    positive and nucleophilic

   C    negative and electrophilic

   D    negative and nucleophilic

(d)  Which compound reacts with 2-methylpropylmagnesium bromide to form
4-ethyl-2-methylheptan-4-ol?

(1)

   A    hexan-3-one

   B    hexan-2-one

   C    hexan-3-ol

   D    hexan-2-ol

 

(Total for question = 4 marks)

 

 

Q15.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Grignard reagents react with

   A    water giving primary alcohols
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   B    all aldehydes giving secondary alcohols

   C    ketones giving secondary or tertiary alcohols

   D    carbon dioxide giving carboxylic acids

 

(Total for question = 1 mark)

 

 

Q16.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

In the high resolution proton NMR spectrum of propan-2-ol, CH3CHOHCH3 there are

   A    one singlet, one doublet and a heptet

   B    one singlet, two doublets and a heptet

   C    two singlets and two triplets

   D    three singlets and a quartet

 

(Total for question = 1 mark)

 

 

Q17.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

The structure of a hydrocarbon is shown.
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How many peaks will there be in the 13C NMR spectrum of this compound?

   A    four

   B    five

   C    seven

   D    eight

 

(Total for question = 1 mark)

 

 

Q18.           

Using excess oxygen, 25 cm3 of a gaseous hydrocarbon CxHy was burned completely.

After cooling to room temperature the total gas volume was measured and found to be 75 cm3

less than the total gas volume before the mixture was ignited.

When the product gases were shaken with potassium hydroxide solution, the total gas volume
decreased by a further 100 cm3.

All gas volumes were measured at room temperature and pressure.

A general equation for the combustion of a hydrocarbon is

(a)  Determine the molecular formula of CxHy. You must show your working.

(3)

(b)  When CxHy was added to a little bromine water and the mixture shaken, the bromine water
remained yellow.

Suggest two possible structures for CxHy .

(2)

 

(Total for question = 5 marks)
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Q19.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The infrared spectrum of a compound X is shown.

Which could be compound X?
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(Total for question = 1 mark)

 

 

Q20.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

An aliphatic organic compound has the infrared spectrum shown.

What are the bond stretches responsible for the peaks P and Q in the spectrum?

 

(Total for question = 1 mark)
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Q21.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The mass spectrum of the compound shown is obtained using a high resolution mass
spectrometer.

What is the mass to charge ratio, m / z, of the molecular ion of this compound?

[Ar values: H = 1.0078            C = 12.0000            O = 15.9949]

   A    92.0261

   B    92.0312

   C    93.0339

   D    93.0390

 

(Total for question = 1 mark)

 

 

Q22.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The electronic configuration of the atoms of an element is 1s22s22p63s23p63d54s1.

What is the maximum oxidation number shown in compounds of this element?

   A    +1

   B    +5

   C    +6

   D    +7

 

(Total for question = 1 mark)
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Q23.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

When a sample of a hydrocarbon is burned completely in oxygen, 2.64 g of carbon dioxide and
0.81 g of water are formed.

Which of these could be the molecular formula of the hydrocarbon?

   A    C2H3

   B    C4H3

   C    C4H6

   D    C12H9

 

(Total for question = 1 mark)

 

 

Q24.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

How many peaks are there in the carbon-13 (13C) NMR spectrum of methylcyclohexane?

   A    one

   B    three
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   C    five

   D    seven

 

(Total for question = 1 mark)

 

 

Q25.           

What is the number of peaks in a 13C NMR spectrum of 1,4-dimethylbenzene?

(1)

   A    3

   B    4

   C    7

   D    8

 

(Total for question = 1 mark)

 

 

Q26.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The structure of a hydrocarbon is shown.

How many peaks will there be in the 13C NMR spectrum of this compound?
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   A    four

   B    five

   C    six

   D    seven

 

(Total for question = 1 mark)

 

 

Q27.           

Chemicals from Plants

Plants are a rich source of useful chemicals, although their applications have often pre-dated the
identification of the active compound. One of the best known examples of this is the use of
willow bark extracts to reduce pain and fevers, a practice that is at least two thousand years old.
The active compound in willow bark is salicin.

In the body, salicin is changed into salicylaldehyde and then salicylic acid. Salicylic acid may in
turn be converted into 2-acetoxybenzenecarboxylic acid, a compound which is better known as
aspirin, one of the most widely used medications in the world.

(a)  Calculate the percentage composition by mass of the elements in salicin.

(4)
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(b)  The first stage in the breakdown of salicin results in the formation of salicyl alcohol.

Salicyl alcohol is readily oxidised in the laboratory to form salicylic acid.

(i)  State the reagents and conditions needed for this oxidation.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  The boiling temperature of salicylaldehyde is 197 °C.

Suggest why this makes it very difficult to obtain salicylaldehyde by oxidising salicyl alcohol.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Aromatic aldehydes such as salicylaldehyde may be prepared in the laboratory by
electrophilic substitution.

For example, benzaldehyde may be obtained by reacting benzene with a mixture of carbon
monoxide and hydrogen chloride in the presence of aluminium chloride.
The mixture of carbon monoxide and hydrogen chloride reacts like methanoyl chloride.

(i)  Write an equation for the formation of the electrophile from methanoyl chloride. Use
displayed formulae.

(1)

(ii)  Draw the mechanism of the formation of benzaldehyde from benzene using the electrophile
from (c)(i).
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(3)

(d)  Salicylaldehyde may be used in the synthesis of coumarin, a compound which occurs in
many plants. Coumarin is in turn used to prepare warfarin, a compound prescribed to reduce
blood clotting.

One suggested synthesis of coumarin from salicylaldehyde involves the formation of an
intermediate compound, F.

Devise a synthesis of F using salicylaldehyde and bromoethane as the only organic starting
materials.
Include any other reagents and intermediate compounds, and give essential reaction conditions.

(4)

(e)  Salicylaldehyde combines with 1,2-diaminoethane in a condensation reaction to form salen
ligand.

Salen ligand reacts with many metal ions to form very stable complexes which are useful
catalysts.

(i)  Draw a diagram of the complex that one salen ligand forms with a Ni2+ ion, showing the type
of bonding involved.

(2)

(ii)  Explain why the salen ligand complex of the Ni2+ ion is much more stable than the aqua
complex of the same ion.

(2)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 20 marks)

 

 

Q28.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

This question is about polymers.

(a)  A repeat unit of the polymer PET has the structure shown.

What is the percentage by mass of carbon in the repeat unit?

(1)

   A    57.1 %

   B    62.5 %

   C    65.2 %

   D    66.7 %

(b)  One of the monomers used to make PET is benzene-1,4-dicarboxylic acid.

How many peaks are there in the 13C NMR spectrum of benzene-1,4-dicarboxylic acid?

(1)

   A    2
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   B    3

   C    4

   D    6

(c)  The repeat unit of another polymer has the structure shown.

This polymer is formed from

(1)

   A    a single type of monomer by an addition reaction

   B    a single type of monomer by a condensation reaction

   C    two different types of monomer by an addition reaction

   D    two different types of monomer by a condensation reaction

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

 

(Total for question = 3 marks)

 

 

Q29.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Methylbenzene reacts with a mixture of concentrated nitric acid and concentrated sulfuric acid
to form
2,4,6-trinitromethylbenzene.
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(a)  What is the number of peaks in the 13C NMR spectrum of methylbenzene?

(1)

   A    seven

   B    six

   C    five

   D    four

(b)  What type of reaction takes place?

(1)

   A    nucleophilic addition

   B    nucleophilic substitution

   C    electrophilic addition

   D    electrophilic substitution

(c)  Which expression shows the mass in grams of 2,4,6-trinitromethylbenzene formed from 10 g
of methylbenzene if the yield of the reaction is 85 %?

[Mr values: methylbenzene = 92            2,4,6-trinitromethylbenzene = 227]

(1)

   A    (10 × 85 × 227) ÷ (92 × 100)

   B    (10 × 100 × 227) ÷ (92 × 85)

   C    (10 × 100 × 227) ÷ (92 × 115)

   D    (10 × 115 × 227) ÷ (92 × 100)

 

(Total for question = 3 marks)
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Q30.           

Benzoic acid is a white crystalline solid with the structure shown.

It is found in many plants as it is an important building block for the biosynthesis of a variety of
compounds, such as plant hormones and attractants for pollinators.

The role of benzoic acid in the chemical industry is also widespread and approximately 500 000
tonnes are produced annually. It is used in the synthesis of many compounds, including
medicines, dyes and insect repellents.

Such synthetic dyes are often classified as aryl azo dyes. These dyes have a range of vivid
colours and a wide range of uses in many industries, including food and textiles. Their synthesis
involves the formation of a diazonium ion. This ion then reacts with a phenol in a coupling
reaction, to form the dye. The relative simplicity of the reactions involved and ready availability
of starting materials make azo dyes cheap to produce.

Salts of benzoic acid, such as calcium benzoate and sodium benzoate, are used in the food
industry as preservatives.

(a)  Devise a reaction scheme to produce benzoic acid from benzene, via bromobenzene and
then a Grignard reagent.

Include the reagents and essential conditions for each step and give the name or structure of
each of the intermediate compounds.

Details of practical procedures and reaction mechanisms are not required.

(6)

(b)  Benzoic acid can be used in the synthesis of azo dyes.

(i)  In Step 1, benzoic acid reacts with concentrated nitric acid to form 3-nitrobenzoic acid.

Draw the mechanism for the reaction, using appropriate curly arrows.

Include equations showing the role of the catalyst and how it is regenerated.

(5)
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(ii)  In Step 2, the 3-nitrobenzoic acid reacts to form 3-aminobenzoic acid.

State the reagents required for this reaction.

(1)

.............................................................................................................................................

(iii)  In Step 3, the 3-aminobenzoic acid reacts with sodium nitrite and dilute hydrochloric acid,
forming a diazonium ion.

State a temperature at which this reaction should take place, giving one reason for your answer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(iv)  Draw the structure of the azo dye formed when the diazonium ion reacts with phenol.

(1)

(c)  Hydrated calcium benzoate is used as a preservative in soft drinks. It has the formula
Ca(C6H5COO)2•xH2O.

2.60 g of hydrated calcium benzoate was dissolved in deionised water. Excess lead(II) nitrate
solution was added, forming a precipitate of lead(II) benzoate, Pb(C6H5COO)2(s). This precipitate
was removed and dried. The mass of the dry solid was 3.89 g.

Calculate the molar mass of hydrated calcium benzoate and hence deduce the value of x.
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(6)

 

(Total for question = 21 marks)
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