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1. ​Mauveine is a purple dye that was developed by Perkin in 1856 and was one of the first organic
compounds to be synthesised on a large scale. He is credited with launching the synthetic chemical
industry.

(a) Give the name for the part of a molecule that causes it to be coloured.

[1] 

(b) The dye mauveine often contains a mixture of impurities. Iwan and Georgia wanted to confirm
that a sample of the dye was impure.

(i) Iwan used the melting temperature of the sample to confirm that the sample was impure. Give
one ​way that the melting temperature would show this.

[1] 

(ii) Georgia used gas chromatography to confirm that the sample was impure. State what information
she obtained using this method that Iwan could not obtain from the melting temperature.

[2] 

(c) Another compound synthesised by Perkin was cinnamic acid. Cinnamic acid can be produced in
two steps from phenylmethanol as shown below.
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(i) Give the reagent(s) and condition(s) required to obtain a sample of benzenecarbaldehyde from
phenylmethanol.

[2] 

Reagent(s) ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Condition(s) ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(ii) The conversion of phenylmethanol to benzenecarbaldehyde has a yield of 86 %. Calculate the
mass of benzenecarbaldehyde that could be produced from 10.0 g of phenylmethanol.

[3] 

Mass ​=​. . . . . . . . . . . . . . . . . . . . . .  ​g 
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2. 

(a) Step 1 is a Friedel-Crafts alkylation reaction. Give the reagent(s) and condition(s) required for
this step.

[3]
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(b) Compounds ​B ​and ​C ​can be analysed using chemical tests.

(i) Give a chemical test that would give a positive result for ​both ​compound ​B ​and compound ​C​.
Include reagent(s) and the observation(s) expected for a positive result.

[2] 

(ii) Give a chemical test that would give a positive result for compound ​C ​but ​not ​for compound ​B ​.
Include reagent(s) and the observation(s) for both compounds.

[2] 

(c) Compound ​C ​shows optical isomerism. Discuss this statement. Your answer should include:

● What is meant by optical isomerism.
● What feature of compound ​C ​allows it to exhibit optical isomerism.
● Diagrams to show the two optical isomers of compound ​C​.
● How the two optical isomers of compound ​C ​can be distinguished.

[4] QWC [1]

(d) Give the reagent(s) and condition(s) required for step 5 and classify the reaction that occurs.

[3]
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(e) A student investigating alternative methods of producing ibuprofen suggests that it would be
better to convert compound ​C ​into ibuprofen in a one-step process. Discuss whether this is correct.

Your answer should include: 

● The reagent(s) and condition(s) for a reaction expected to convert compound ​C ​directly into
ibuprofen.

● Why it is generally better to use one step rather than two or more steps when producing a
desired compound.

● A suggestion of why a two-step process is chosen for the synthesis of ibuprofen from
compound ​C ​rather than a one-step process.

[4] QWC [1]

(Total 20) 
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3. 

(i) State the name of reagent ​J.

[1]
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(ii) Give the displayed formula of reagent ​K ​that is used to produce compound ​L ​from
3-aminopropanenitrile.

[1] 

(iii) State the name of reagent ​M ​, which is used in aqueous solution.

[1] 

(iv) Although 3-aminopropanoic acid is not an α-amino acid, it exists as a zwitterion in a similar way
to an a-amino acid.

Give the displayed formula of the zwitterion form of 3-aminopropanoic acid. 

[1]
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(vi) State the formula of reagent ​N.

[1] 

(vii) State why amines such as 1,3-diaminopropane are able to act as bases.

[1] 

Answer the questions below, which lead you through the information to help you find the displayed 
formula for compound ​G ​. 

(i) Give the molecular formula for compound ​G ​...

[1]

(ii) Since one of the carbon atoms present is not part of the ring structure, the number of carbon
atoms in the ring is...

[1]
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(iii)Compound ​G ​is an unsaturated compound and therefore the ring must contain the functional
group...

[1] 

(iv) The peak areas in the NMR spectrum are 1:1:2. The carboxylic acid group proton is responsible
for a peak area 1.

The remaining peak area ratio 1:2 suggests that… 

[1] 

(v) Use the information from parts (i) to (iv) to suggest the displayed formula for compound ​G ​.

[1] 

(Total 12) 
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4.
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(a)(i) Calculate the atom economy when citric acid is made by the acidification of calcium citrate ​(line 
10) 

[1]
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(ii) Suggest a way in which this stage of the process could be made more cost effective.

[1]
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(d) Acids ​A ​and ​B ​are formed by dehydration and by decarboxylation (where the compound is
heated with sodalime). Give any other decarboxylation reaction of your choice, stating the organic
starting material and the organic product of your chosen reaction.

[2]
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(e) On heating to 130 °C, acid ​C ​(line 15) ​decomposes to give only propanone and carbon dioxide.
Give the equation for this reaction.

[1] 

(f) Give the ​displayed ​formula of the product formed when acid ​C ​is reduced by lithium
tetrahydridoaluminate(III) (lithium aluminium hydride)

[1] 

(g) The boiling temperatures of limonene and citral, both present in lemon oil, are 177 °C and 228 °C
respectively. State a method by which these two liquids can be separated.

[1] 

(h) Limonene occurs in some substances as a single enantiomer and in others as a racemic mixture.

(i) State what is meant by the term ​enantiomer​.

[1] 

(ii) State what is meant by the term ​racemic mixture​.

[1] 

(Total 15) 
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5. 

(ii) Draw diagrams to show the two optical isomers of lactic acid

[1] 

(iii) Give the displayed formula for compound ​G.

[1]
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(iv) State the reagent(s) and condition(s) needed for stage 2.

[1] 

(v) Explain why the sample prepared in the laboratory was optically inactive.

[2] 

(b) Draw the displayed formula of the organic compound formed when lactic acid reacts with

(i) sodium hydroxide,

[1] 

(ii) acidified potassium dichromate.

[1]
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(ii) State the reagent needed to convert ​H ​into lactic acid.

[1] 

(iii) Explain why compound ​H ​has a much higher melting temperature than lactic acid.

[2] 

(Total 12) 

6.​ ​(a) 1-Chloropentane can be made by the free radical chlorination of pentane, in a similar way to
the reaction of methane with chlorine.

(i) Give the equation for the reaction of pentane with chlorine, showing the displayed formula of
1-chloropentane as part of your answer.

[1] 

(ii) The free radical reaction of pentane with chlorine gives other chlorinated organic products. Give
the structural formula of the carbon-containing free radical that leads to the formation of
2-chloropentane.

[1] 

(b) Pentylbenzene can be produced by the reaction of 1-chloropentane and benzene in a
Friedel-Crafts reaction. State the name of a catalyst that can be used in this reaction.

[1]
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(i) State what is seen when a few drops of phenylethanone are added to a solution of
2,4-dinitrophenylhydrazine.

[1]
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(i) State the name of reagent ​R

[1] 

(ii) State the name of reagent ​S

[1] 

(iii) State the name of reagent ​T ​.

[1] 

(iv) Give the displayed formula of the organic compound ​U​.

[1] 

(e) State and explain how the infrared spectrum of benzoic acid would differ from that of
phenylmethanol.

[2] 

(Total 12) 
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7.
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(a) Write the ​displayed ​formula of pent-2-yne.

[1]
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(c) The article describes the preparation of ethyne from ethene ​(lines 10-11)​. State how the
information given indicates that this is an endothermic process.

[1] 

(d) Give the equation for the preparation of ethyne from 1,2-dibromoethane and potassium hydroxide
solution ​(lines 12-13)

[1]

. 
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(h) Ethyne reacts with carbon monoxide in the presence of water to produce propenoic acid ​(line 27) ​.

(i) Give the structure of the repeating unit obtained when propenoic acid is polymerised to give
poly(propenoic acid).

[1] 

I. Suggest the name of reagent ​U​.        ​[1] 

II. Use the data sheet to give a difference between the infrared spectrum of 3-hydroxypropanoic acid
and propenoic acid

[1] 

III. State why 3-hydroxypropanoic acid will ​not ​undergo the triiodomethane (iodoform) reaction.

[1] 

(Total 16) 
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8.
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(ii) One of the reasons for only obtaining a 45 % yield of ethoxyethane was that sulfuric acid reacted
with ethanol in a different reaction. State the organic product of this side reaction.

[1] 

(iv) Ethoxyethane has a much lower boiling temperature than ethanol because its molecules are
unable to hydrogen bond with each other. State the feature of a molecule that needs to be present
for hydrogen bonding to occur.

[1]
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(b) Guaiacol ​(line 4) ​reacts with (aqueous) bromine.

(i) By analogy with the reaction of phenol with (aqueous) bromine, suggest a displayed formula for
the organic product of the reaction between guaiacol and (aqueous) bromine.

[1] 

(ii) Describe what is seen during this reaction.

[1] 

(c) The article shows the formulae of anethole and eugenol ​(line 5)​. State a reagent that will react
with eugenol but not with anethole, giving the observation.

[2] 

Reagent 

Observation
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9. 

Each letter may be used once, more than once or not at all, to answer the questions below. 

Give the letter of the compound which 

(i) is most basic,

[1] 

(ii) forms yellow crystals when warmed with iodine in alkaline solution,

[1]
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(iii) forms a silver mirror when warmed with Tollens' reagent,

[1] 

(iv) exhibits E-Z isomerism.

[1] 

(b)(i) Butylamine is one of the compounds responsible for the smell of rotting fish. It can be prepared 
in the laboratory from 1-chlorobutane.  

Classify the reaction mechanism when butylamine is prepared in this way 

[1] 

(ii) Explain why phenylamine, an aromatic amine, cannot be prepared from chlorobenzene using a
similar reaction to that in part (i).

[2] 

(iii) Write a ​balanced ​equation for the reaction of butylamine with ethanoyl chloride,

[1] 

(iv) Phenylamine is normally prepared from nitrobenzene.

I. Give the reagents used in this preparation and a technique to separate the product from the
reaction mixture.

[3]
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II. When phenylamine reacts with cold nitric(III) acid (nitrous acid) a colourless solution of
benzenediazonium chloride is formed. Write the formula for benzenediazonium chloride.

[1] 

III. State the type of organic substance formed when aqueous benzenediazonium chloride reacts
with an alkaline aqueous solution of naphthalene-2-ol.

[1] 

(Total 13) 

10. 

These compounds are colourless liquids with different boiling temperatures. 

(i) Give the name of a technique that can be used to separate these two liquids.

[1] 

(ii) State and explain how the mass spectra of these two compounds would differ.

[1]
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(iii) Phenylmethylamine reacts with ethanoyl chloride to give a white solid, compound ​G

I. Give the equation for this reaction.

[1] 

II. Compound ​G ​was purified by recrystallisation from ethanol. It has a melting temperature of 60 °C.
Describe how you would recrystallise compound ​G ​from ethanol to obtain a pure dry product. You
should assume that you are starting with cold ethanol and impure solid compound ​G ​. Washing of the
purified solid product is unnecessary

[5] QWC [1]

I. State how the diazonium compound can be made from 4-methylphenylamine, giving the reagents
used and any essential conditions.

[2]
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II. Give the structural formula of the azo dye produced.

[1] 

The reaction can be carried out in the reverse direction in the laboratory. 

(i) Draw the mechanism for the reaction between benzaldehyde and the cyanide ion. State the type
of mechanism occurring.

[4]
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(ii) Mandelonitrile is a yellow material. State the general name for groups that cause colour in
organic compounds and give the appearance of mandelonitrile when viewed under blue light, giving
a reason for your answer.

[3] 

(iii) Give the structural formula of the organic compound obtained when mandelonitrile is warmed
with dilute hydrochloric or sulfuric acid.

[1] 

(Total 20) 
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11. 

(b)1,6-diaminohexane is used to make Nylon-6,6, which is a polyamide.

(i) Draw the  ​skeletal  ​formula for the molecule that would be combined with 1,6-diaminohexane to
make Nylon-6,6

[1]
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(ii) Nylon is an example of a condensation polymer. Give ​two ​differences between condensation
polymerisation and addition polymerisation.

[2] 

(i) Alanine dissolves in strong acid. Draw the carbon-containing species that would be present in this
solution.

[1] 

(ii) When two molecules of alanine react together they make a dipeptide. Draw the structure of this
dipeptide, circling the peptide link.

[2]
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(iii) Alanine has a melting temperature of 258 °C. This is much higher than compounds with
molecules of a similar size such as butanoic acid, which has a melting temperature of −8 °C. Explain
why the melting temperatures of these two compounds are so different.

[2] 

(iv) Alanine can undergo decarboxylation. Give the reagent(s) required for this reaction and identify
the organic product formed.

[2] 

(Total 20) 
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