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 8  (d) Explain why amine U is a weaker base than amine W.

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

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

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

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

............................................................................................................................................
(3 marks)

(Extra space) ......................................................................................................................

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

............................................................................................................................................
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6 Compound X (C6H12O2) was analysed by infrared spectroscopy and by proton nuclear
magnetic resonance spectroscopy.

6 (a) The infrared spectrum of  X is shown below.
Use Table 1 on the Data Sheet to help you answer the question.

Identify the functional group that causes the absorption at 3450 cm–1 in the spectrum.

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

12

(12)
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6 (b) The proton n.m.r. spectrum of  X consists of  4 singlet peaks.

The table below gives the chemical shift for each of  these peaks, together with their
integration values.

Use Table 2 on the Data Sheet to help you answer the following questions.

Use the chemical shift and the integration data to show what can be deduced about
the structure of  X from the presence of  the following in its proton n.m.r. spectrum.

6 (b) (i) The peak at δ = 2.6

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

6 (b) (ii) The peak at δ = 2.2

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

6 (b) (iii) The peak at δ = 1.2

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

6 (b) (iv) Deduce the structure of  X (C6H12O2)

(1 mark)

13

Turn over �

(13)

5

δ / ppm 1.2 2.2 2.6 3.8

Integration value 6 3 2 1
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(14)

7 The amino acids aspartic acid and phenylalanine react together to form a dipeptide.
This dipeptide can be converted into a methyl ester called aspartame.

Aspartame has a sweet taste and is used in soft drinks and in sugar-free foods for
people with diabetes.

Hydrolysis of  aspartame forms methanol initially.  After a longer time the peptide link
breaks to form the free amino acids.  Neither of  these amino acids tastes sweet.

7 (a) Apart from the release of  methanol, suggest why aspartame is not used to sweeten
foods that are to be cooked.

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

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

(Extra space) ........................................................................................................................

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

7 (b) Give the IUPAC name of  aspartic acid.

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

7 (c) Draw the organic species formed by aspartic acid at high pH.

(1 mark)

C COOHH2N

H

CH2

COOH

phenylalanine aspartameaspartic acid

COOHH2N

CH2

C

H

CN

CH2

C

HH

CCH2N

CH2

COOH

H O
O

O CH3
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7 (d) Draw the zwitterion of  phenylalanine.

(1 mark)

7 (e) Phenylalanine exists as a pair of  stereoisomers.

7 (e) (i) State the meaning of  the term stereoisomers.

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

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

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

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

7 (e) (ii) Explain how a pair of  stereoisomers can be distinguished.

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

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

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

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

(Extra space) .....................................................................................................................

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

15

Turn over �

(15)

8
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8 Common substances used in everyday life often contain organic compounds.

8 (a) State an everyday use for each of  the following compounds. 

8 (a) (i) CH3(CH2)17COO– Na+ .......................................................................................................
(1 mark)

8 (a) (ii) CH3(CH2)19COOCH3 .........................................................................................................
(1 mark)

8 (a) (iii) [C16H33N(CH3)3]+ Br– ........................................................................................................
(1 mark)

8 (b) The following structures are the repeating units of  two different condensation polymers.

For each example, name the type of  condensation polymer.  Give a common name for
a polymer of  this type.

8 (b) (i)

Type of  condensation polymer ..........................................................................................

Common name ..................................................................................................................
(2 marks)

8 (b) (ii)

Type of  condensation polymer ..........................................................................................

Common name ..................................................................................................................
(2 marks)

16

(16)

CH2C CH2 OO

O

C

O

N CC

H O O

N

H
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17

Turn over �

(17)

9

8 (b) (iii) Explain why the polymer in part (b) (ii) has a higher melting point than the polymer in
part (b) (i).

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

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

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

(Extra space) .....................................................................................................................

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

Turn over for the next question
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(18)

9 Many aromatic nitro compounds are used as explosives.  One of  the most famous is 
2-methyl-1,3,5-trinitrobenzene, originally called trinitrotoluene or TNT.  This compound,
shown below, can be prepared from methylbenzene by a sequence of  nitration 
reactions.

9 (a) The mechanism of  the nitration of  methylbenzene is an electrophilic substitution.

9 (a) (i) Give the reagents used to produce the electrophile for this reaction.
Write an equation or equations to show the formation of  this electrophile.

Reagents ............................................................................................................................

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

Equation ............................................................................................................................

............................................................................................................................................
(3 marks)

9 (a) (ii) Outline a mechanism for the reaction of  this electrophile with methylbenzene to 
produce 4-methylnitrobenzene.

(3 marks)

O2N NO2

CH3

NO2
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9

(19)

9 (b) Deduce the number of  peaks in the 13C n.m.r. spectrum of  TNT.

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

9 (c) Deduce the number of  peaks in the 1H n.m.r. spectrum of  TNT.

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

9 (d) Using the molecular formula (C7H5N3O6), write an equation for the decomposition 
reaction that occurs on the detonation of  TNT.  In this reaction equal numbers of  moles
of  carbon and carbon monoxide are formed together with water and nitrogen.

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

Turn over for the next question

Turn over �
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