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(d) This is a brief method written by a student to enable others to prepare ethyl ethanoate by
esterification.

● Heat under reflux together 0.45 mol of ethanoic acid with an equimolar quantity of ethanol
● Add 5 cm​3​ of sulfuric acid
● Distil off everything boiling up to 82 °C
● Add the distillate to aqueous sodium hydrogencarbonate in a separating funnel
● Run off the ethyl ethanoate layer and dry it over anhydrous calcium chloride
● Distil off the dried ethyl ethanoate and collect the fraction boiling at 75-78 °C

(i) Give the equation for this reaction.

[1] 

(ii) Calculate the mass of ethanoic acid needed for this experiment.

[1] 

(iii) State an important detail that is missing from the first bullet point.

[1] 

(iv) State why the sulfuric acid should have been added at the refluxing stage.

[1] 

(v) State why sodium hydrogencarbonate needed to be added to the distillate.

[1] 

(Total 20) 
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2. 

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] 

(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]
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(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] 

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) 
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3. 

(i) Benzenecarboxylic acid can be nitrated under similar conditions to the nitration of benzene.

Give the reagent(s) and condition(s) required and classify the mechanism of this reaction. 

[3] 

(ii) Nitration of benzenecarboxylic acid gives a mixture of products. These can be identified by gas
chromatography followed by mass spectrometry ​(GC-MS) ​. The gas chromatograph for the products
of this reaction is shown below, with the relative areas of each peak indicated.
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I. The main isomer produced is 3-nitrobenzenecarboxylic acid. Calculate the percentage of this
isomer produced.

[2] 

II. The mass spectrum of 3-nitrobenzenecarboxylic acid has main peaks at m/z 45, 46, 122 and 167.
Suggest which species are responsible for ​each ​of these peaks.

[2] 

(iii) An impure sample of 3-nitrobenzenecarboxylic acid was obtained.

I. State how the melting temperature of the impure sample of 3-nitrobenzenecarboxylic acid would
differ from that of pure 3-nitrobenzenecarboxylic acid, if at all.

[1] 

II. 3-nitrobenzenecarboxylic acid was found to be soluble in boiling water but not in cold water. It has
a melting temperature of 142 °C.

Describe how impure 3-nitrobenzenecarboxylic acid could be purified by recrystallisation. Include full 
experimental details. 

[4] QWC [1]
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(c) Methyl red is used to differentiate between acids and bases. Explain why amines such as
ethylamine are bases.

[2] 

(Total 20) 
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4. 

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] 

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

[2] 

II. Give the structural formula of the azo dye produced.

[1] 

The reaction can be carried out in the reverse direction in the laboratory. 
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(i) Draw the mechanism for the reaction between benzaldehyde and the cyanide ion. State the type
of mechanism occurring.

[4] 

(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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5. 

(Total 10) 

6.​ (a)Complete the gaps in the following sentences choosing from the words:

blue      yellow      higher      lower 

Each word can be used once, more than once or not at all. 

[3] 

Benzene is a colourless compound that absorbs energy in the ultraviolet region of the 
electromagnetic spectrum. 
Nitrobenzene is a yellow compound that absorbs energy in the ​. . . . . . . . . . . . . ​region of the visible 
spectrum. 

The absorption of energy for benzene occurs at a ​. . . . . . . . . ​energy and at a ​. . . . . . . . . . . . 
frequency than for nitrobenzene. 
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(b) Methylbenzene can be produced from benzene using a Friedel-Crafts reaction.

(i) Give an equation for this reaction.

[1] 

(ii) State the role of the catalyst used in this reaction, apart from increasing the rate.

[1]
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