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Q1.           

Chlorpheniramine is an amine used in the treatment of hayfever.

(a)  Deduce the classification of the labelled amine group.

(1)

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

(b)  The compound pyridine is used in the synthesis of chlorpheniramine.

Like many amines, pyridine is miscible with water and the solution formed is alkaline.

Explain each of these properties of pyridine.

(4)

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
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(c)  A student suggested that the final step in the synthesis of chlorpheniramine starts with the
reaction between monodesmethylchlorpheniramine and chloromethane.

Assuming the reaction is similar to that between ammonia and chloromethane, complete the
mechanism for this proposed reaction.
Some of the organic structures shown have been simplified.

Include curly arrows, and any relevant dipoles and lone pairs of electrons.

(4)

 

(Total for question = 9 marks)

 

 

Q2.           

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  .

Alanine is an amino acid.

(a)  Which structure best represents alanine at high pH?

(1)
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(b)  Alanine is a crystalline solid at room temperature.

What are the main forces broken when alanine melts?

(1)

   A    London forces

   B    hydrogen bonds

   C    covalent bonds

   D    ionic bonds

 

(Total for question = 2 marks)

 

 

Q3.           

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.
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(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)

 

 

Q4.           

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)

 

 

Q5.           

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 compound with the formula C6H14 gives a 13C NMR spectrum with four peaks.

Which compound gives this spectrum?

 

(Total for question = 1 mark)
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Q6.           

Identify the correct trend of increasing strength as a base.

(1)

   A    C6H5–NH2 < H–NH2 < CH3–NH2

   B    C6H5–NH2 < CH3–NH2 < H–NH2

   C    H–NH2 < CH3–NH2 < C6H5–NH2

   D    H–NH2 < C6H5–NH2 < CH3–NH2

 

(Total for question = 1 mark)

 

 

Q7.           

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.
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(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)

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

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

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

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

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

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

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

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

(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)
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.............................................................................................................................................

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

(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.

[Density of benzene = 0.879 g cm−3]

(4)

 

(Total for question = 14 marks)

 

 

Q8.           

Azo dyes are made from the benzenediazonium ion.

(a)  Benzenediazonium ions can be made from:

(1)
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(b)  The structure of the azo dye formed when benzenediazonium ions react with phenol is

(1)

 

(Total for question = 2 marks)

 

 

Q9.           
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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  .

Hydrogen bonds are formed when methylamine dissolves in water.

Which structure best represents a hydrogen bond between methylamine and water?

 

(Total for question = 1 mark)

 

 

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 repeat unit of a polymer is shown.
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This polymer could be

   A    both a polypeptide and a polyamide

   B    neither a polypeptide nor a polyamide

   C    a polypeptide but not a polyamide

   D    a polyamide but not a polypeptide

 

(Total for question = 1 mark)

 

 

Q11.           

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  .

What is the name of the compound shown?

   A    1-methylpropanamide

   B    3-methylpropanamide

   C    2-methylbutanamide

   D    3-methylbutanamide

 

(Total for question = 1 mark)

 

 

Q12.           
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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 .

Which ion is formed when a mixture of sodium nitrite, NaNO2, and dilute hydrochloric acid reacts
with phenylamine at a temperature of 5°C?

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

 

(Total for question = 1 mark)

 

 

Q13.           

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 .

Cuminone is used as a flavouring.
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What is the molecular formula of cuminone?

   A    C10H13O

   B    C10H15O

   C    C11H14O

   D    C11H16O

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

 

(Total for question = 1 mark)

 

 

Q14.           

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 repeat unit of a polymer is shown.

What is the structure of the monomer?
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(Total for question = 1 mark)

 

 

Q15.           

Glycine and lysine are two naturally-occurring amino acids.

(a)  Write the equation for the reaction of glycine with sodium hydroxide.
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State symbols are not required.

(1)

(b)  Calculate the volume, in cm3, of 0.100 mol dm–3 hydrochloric acid required to completely
react with 1.825 g of lysine.

[Mr of lysine = 146]

(2)

(c)  Lysine exists as optically active enantiomers but glycine does not.

(i)  Draw three-dimensional diagrams of the two optically active lysine enantiomers.

(2)

(ii)  Describe how these optically active enantiomers could be distinguished.

Practical details are not required.

(2)

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

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

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

(iii)  State why glycine does not exist as enantiomers.

(1)

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

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

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

(d)  Chromatography can be used to separate a mixture of glycine and lysine.

Draw spots to show the location of glycine and lysine on the chromatogram, given that their Rf
values are 0.26 and 0.14 respectively.

(1)
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(e)  Naturally-occurring glycine and lysine can join together to form different dipeptides.

Draw a different dipeptide of glycine and lysine.

(1)

 

(Total for question = 10 marks)

 

 

Q16.           

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

Separate 0.1 mol dm−3 aqueous solutions of ammonia, butylamine and phenylamine were
prepared.

Which of the following sequences shows the solutions in order of increasing pH?

   A    butylamine, phenylamine, ammonia

   B    ammonia, butylamine, phenylamine

   C    phenylamine, ammonia, butylamine

   D    ammonia, phenylamine, butylamine

 

(Total for question = 1 mark)

 

 

Q17.           

This question is about polymers.

(a)  The diagram shows part of the structure of a polymer formed by a condensation reaction
between two amino acids.

Predict the structures of the two monomers that produce this polymer.

(2)

(b)  The diagram shows a repeat unit of an addition polymer used in some food wraps. It is
formed from two different monomers.

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

https://stemup.co.uk


Deduce the structures of the two monomers that produce this polymer.

(2)

(c)  A synthetic rubber polymer has the structure shown.

The molar mass of the synthetic rubber is approximately 300 000 g mol−1.

Calculate the approximate number of repeat units in the polymer.

(2)

 

(Total for question = 6 marks)

 

 

Q18.           

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 %
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(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

   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)

 

 

Q19.           

Which combination of reactants will produce a primary aliphatic amine as the product?
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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 .

Which amine could not be prepared by the reduction of a nitrile?
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(Total for question = 1 mark)

 

 

Q21.           

Which equation shows the two compounds that react to produce ethanamide, CH3CONH2, in a
single step?

(1)

   A    CH4 + HCONH2 → CH3CONH2 + H2

   B    CH3COOH + NH3 → CH3CONH2 + H2O

   C    CH3COCl + NH3 → CH3CONH2 + HCl

   D    CH3CHO + NH3 → CH3CONH2 + H2

 

(Total for question = 1 mark)

 

 

Q22.           

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

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

(6)
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(Total for question = 21 marks)

 

 

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 .

Which is a redox reaction?

 

(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 .

The structure of crotonamide is shown.

What is the repeat unit of the polymer formed from crotonamide?
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(Total for question = 1 mark)

 

 

Q25.           

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 different amino acids form the repeat unit of the polymer shown?

   A    3

   B    4

   C    5

   D    6

 

(Total for question = 1 mark)
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Q26.           

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 the amino acid serine.

(a)  Which ion is most likely to form if serine is dissolved in sodium carbonate solution?

(1)
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(b)  Serine has a melting temperature in the region of 200–300 °C.

This high melting temperature is mainly due to the formation of

(1)

   A    hydrogen bonds

   B    ionic bonds

   C    London forces

   D    peptide bonds

 

(Total for question = 2 marks)

 

 

Q27.           

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 .

Which species contains an element with the same oxidation number as bromine in KBrO3?

   A    N2O5

   B    KMnO4

   C    K2FeO4

   D    Na2SO3

 

(Total for question = 1 mark)

 

 

Q28.           

Organic molecules are an important source of colour both in the natural world and in a wide
range of industrial applications.

Curcumin contributes to the yellow colour of turmeric spice and is used as an additive in
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cosmetics and foods. It has been suggested that curcumin can act as an antioxidant and
anticancer agent, through reactions with free radicals and proteins, and may also inhibit
Alzheimer's disease by complexing to toxic metal ions.

Azo dyes are synthetic compounds that do not occur naturally. They can be used to colour
textiles such as cotton. The acid-base indicator methyl red is an azo dye.

Indigotin is used to dye denim a blue colour and coumarin 440 is used to generate blue light in
lasers. Both dyes occur naturally in plants but can be synthesised in the laboratory.

(a)  The equation shows the reaction between a free radical T• and curcumin (shown by a
simplified structure).

Complete the left-hand side of the equation by adding curly half-arrows.

(1)
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(b)  Selenide anions attached to protein side-chains may undergo nucleophilic addition reactions
with curcumin.

Complete the mechanism for one of the steps in such a reaction, adding curly arrows to the
simplified structures shown.

(2)

(c)  Curcumin anions can act as bidentate ligands in metal-curcumin (M-curc) complexes. The
oxygen atoms of the curc ligand occupy adjacent coordination sites in the complex, as shown.

Complete the table relating to two M-curc complexes.

(2)

(d)  An incomplete synthesis for methyl red starting from 2-nitrobenzaldehyde and phenylamine
is shown.
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(i)  State the reagents and conditions needed in Step X.

(2)

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

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

(ii)  Draw the structure of compound A.

(1)

(iii)  State the reagents needed in Step Y.

(1)

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

.............................................................................................................................................
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(iv)  Draw the structure of compound B.

(1)

(v)  The temperature used in Steps Y and Z should be kept as close to 5 °C as possible. State
why the temperature should be neither higher nor lower than 5 °C.

(2)

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

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

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

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

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

(e)  Indigotin can be synthesised from 2-nitrobenzaldehyde and propanone in aqueous sodium
hydroxide.

(i)  Complete the equation for this reaction.

(2)

(ii)  Calculate the mass of 2-nitrobenzaldehyde required to make 10.0 g of indigotin from this
reaction when the percentage yield is 85.0 %.

(3)

(f)  Give the structure of the organic product of each of the following reactions of coumarin 440.
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(i)  Hydrolysis with excess aqueous sodium hydroxide.

(2)

(ii)  Condensation with ethanoyl chloride.

(1)

 

(Total for question = 20 marks)

 

 

Q29.           

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 dilute hydrochloric acid is added to butylamine and the solution is allowed to evaporate to
dryness, a white solid forms.

What is the formula of the white solid?

   A    CH3CH2CH2CH2Cl

   B    CH3CH2CH2CH2NH3Cl

   C    CH3CH2CH2CONH2

   D    CH3CH2CH2COOH

 

(Total for question = 1 mark)

 

 

Q30.           

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 .

Amines may be prepared by the reduction of nitriles.

Identify the nitrile and the reducing agent used to prepare butylamine.
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(Total for question = 1 mark)

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

 

Mark Scheme
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