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o Answer all the questions.
. Write ),our ansrrers in the spaces provided on the question paper.
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o Read each question carefully and make sure you know what you
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o The number of marks is given in brackets [ ] at the end of each
question or part question.

o You will be awarded marks for the quality of written communication
where this is indicated in the question.

. You may use a scientific calculator.
o You may use the Data Sheet for Chemistry.
. You are advised to show all the steps in any calculations.
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Answer all the questions.

I Alanine, CH.CH(NH2)COOH, is an o-amino acid that is found in human sweat. lts structure
is shown below.

CHt
I
I

HrN-C -COOH
I
I
H

alanine

(a) Alanine reacts with an aqueous alkali such as sodium hydroxide to give a salt and
another product.

(i) Name the functional group in alanine which reacts with aqueous alkali.

. . .11 l

(ii) Give the formula of the salt formed in the reaction of alanine with aqueous sodium
hydroxide.

tzl

(iii) What is the other product of this reaction? t1I

(b) In sweat, alanine exists as a zwitterion. The structure of this zwitterion is shown below.

CHs
I

. l
H3NLC-COO

I
I

H

Show the structure that results when this zwitterion comes into contact with an alkali.

l2l
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(c) Human sweat also contains dipeptides in which alanine is combined with one other

a-amino acid such as valine. The structure of valine is shown below

GtHt

I
H2N-C -COOH

I
H

valine

Explain how a-amino acids combine to give dipeptides.

Include in your answer the displayed formulae of two different dipeptides that can be
made from alanine and valine.

[Total:

t5l
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Gingerol is a compound extracted from root ginger. lt has a distinctive smell and creates a
hot taste when put into the mouth. The structure of gingerol is shown below.

/-"1-
CHrO

/-ffi"
gingerol

(a) Name the three functional groups in gingerol labelled A, B and G.

A B

c t3l

(b) A solution of 2,4-dinitrophenylhydrazine can be used as a chemical test to identify one
of these functional groups.

(i) Which of the functional groups, A, B or G, does this test identify?

. . t1 l

(ii) State what you would expect to see when gingerol was added to this test solution.

..t21

(iii) State whether or not gingerol would react with Tollens' Fleagent (ammoniacal silver
nitrate). Explain your reasoning.

..t1 l

(c) Gingerol is thought to be produced by the plant to help protect it against attack from
micro-organisms such as bacteria.

Suggest which part of the molecule is most likely to be responsible for the anti-bacterial
properties.

. . t1 l
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(d) Gingerol reacts rapidly with bromine.

(i) Assuming the CH.O- group has no reaction, suggest a structure for the organic
product of this reaction.

l2l

(ii) ldentify the other molecule produced in this reaction ....t11

(e) An infra-red spectrum of a sampfe containing gingerol is shown below.

0

20

absorbance
lo/o 40

I
I
l 6 0

4000 3000 2000 1000

wavenumber/cm-l

Two of the peaks have already been labelled to show the bonds responsible for the
absorption.

On the spectrum, label the absorption peaks produced by two other bonds in the
gingerol mofecule. l2l

(f) Gingerol has two stereoisomers.

(i) Explain what is meant by the term stereoisomerism.

(ii) Name the type of stereoisomerism shown by gingerol.

. . . . . t1 I

[Total: 16]
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An ester, D, is used as a solvent for paints and varnishes.

(a) Ester D can be manufactured by heating an alcohol under reflux with ethanoic acid and
a catalyst.

(i) State a suitable catalyst for this reaction.

. . .11 I

(ii) Explain why the reaction is carried out under reflux.

. . . t1 l

(b) Ester D has a structural formula, CHTCOOCH(CHJCH,CH..

(i) Draw the displayed formula of ester D.

(ii) State the name of the alcohol used to make ester D.

.t1 l

I2l

Fw
Exanine/�s

Use

(c) Apart from being a good solvent, suggest another use for ester D.

.t l l

[Total: 6]
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fn 1893, a chemist discovered an organic acid which became known as Fer.sf's Acid.

(a) Feisf's Acid contains carbon, hydrogen and oxygen only. lt was found by combustion
analysis to contain 5O.7o/" carbon and 4.2"/" hydrogen.

Show how the information from combustion analysis can be used to calculate the
empirical formula of Fer.sf's Acid.

empirical formufa [gl

(b) Molecular mass determination was not particularly accurate in 1893, but the M, ot
Fer.sf's Acid was estimated to be between 138 and 144.

(i) Show how the empirical formula you have calculated in part (a) and the
approximate molecular mass can be used to deduce that the molecular formula
tor Feist's Acid is cuHuoo.

l2l

(ii) Which method is now used for accurate determination of molecular masses?

1 {  I. . . . . . 1  r l

2814 JunO4 [Turn over 
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(c) A number of structural isomers for Ferbt's Acid were suggested, including the two shown

below.

* -a - t

tl
c

H
r r  |  't-f-t

I
c

H \  / \\c-c.
..^^1 \aoort
HOOC

structure F

Iooc

l 1 I

H
t-l-t

I
c

H \  / \-c-c
,,^^!. \roo,
HOOC

H---.1\./H

\
cooH

structure E

ln the box below, draw one other structural isomer that fits the formula of C6H6O4.

(d) Feisfs Acid was known to be chiral. Structure E and structure F are both chiral.

(i) What structural feature gives rise to a chiral centre in an organic molecule?

(ii) Show by means of an asterisk *

the chiral centre on this diagram
of structure F.

t1 l
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(e) Uncertainty about the structure of Feist's Acid continued until the 1950s, when n.m.r.

was developed.

The n.m.r. spectrum of Feist's Acid is shown below.

The number by
each peak shows
the relative area
under the peak+

I
energy
absorbed

(i)

(i i)

7 6 5 4
chemical shift

ldentify the type of protons responsible for peak X.

. . . . . . . . . . . t1 l

Explain how DrO can be used to help confirm which protons are responsible for
peak X.

. . . . . . . . . . . t21

Use peaks Y and Z to decide whether structure E or structure F is correctlor Feist's
Acid.

Explain your reasoning and state how the n.m.r. spectrum for the other structure
would differ.

[Total: 15J
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being used to develop biodegradable polymers forLactic acid (2-hydroxypropanoic acid) is
packaging material.

(a) Lactic acid can be made in the laboratory by a two-stage synthesis starting from
ethanal, CH.CHO. The first stage adds an additional carbon atom to the molecule.

For each of the two stages, write the reagents, conditions, type of reaction and a
balanced equation.

stage 1 reagents

conditions

type of reaction

balanced equation ........

stage 2 reagents

conditions

type of reaction

balanced equation ........
18I

(b) Polymerisation of the optical isomer L-lactic acid gives poly(L-lactic acid) as shown
below.

Fu
Exaninels

Usa

o
tl

toYt-o,

/\
H CH3

polymerisation

poly(L-lactic acid)

(i) State the type of polymerisation occurring in this reaction.

Draw a circle around a repeat unit of the polymer section shown above.

Lactic acid can be made naturally by fermentation or synthetically as in part (a).

Suggest which of these two methods would be the most suitable source of the
optical isomer L-lactic acid. Explain your answer.

l 1 l

t1 l(i i)

(i i i)

.I2l
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(c) Poly(L-lactic acid) is a rigid polymer because of the regular arrangement of side chains.
This is similar to the way rigidity can be controlled in polyalkenes.

(i) Name a hydrocarbon polymer in which the rigidity is controlled by the arrangement
of the side chains along its length.

(ii) State the terms used to describe such a polymer with

a random arrangement of the side-chains

a regular afternating arrangement of the side-chains. ...... ...t21

(d) To produce biodegradable polymers with a greater variety of properties, polymer
scientists are researching into other monomers similar to lactic acid. One example is
2-hydroxybutanoic acid shown below.

Draw a dispfayed or skeletal formula to show the repeat unit of poly(2-hydroxybutanoic
acid).

[f ictal:

.t1 I

CrHu
l / o

HO-C -C'

| \o*
H

tzl

171
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Primary amines such as ethylamine and phenylamine can act as bases.

(a) Show how ethylamine, CrHsNH2, acts as a base.

.t4l

(b) Describe and explain the effect on the basicity when the primary amine group is
attached to a benzene ring, using phenylamine, C6H'NH2, dS an example.

[Total: 7]
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Bromine will react with benzene in the presence of a catalyst.

(a) (i) Give the name or formula of a suitable catalyst for this reaction.

. . t11

(ii) State the general name of this type of catalyst.

. . t1 l

(iii) Write a balanced equation for this reaction.

t2l

(iv) State the name of the organic product. ...............t11

(b) The reaction between bromine and benzene is electrophilic substitution.

Complete the scheme below to show the likely mechanism for this reaction. Assume
that the electrophile is Br+. (You do not need to show the action of the catalyst.)

Show clearly all the curly arrows as well as the structures of the intermediate and the
products.

Br+

.......'....-----.-
step 1

+
step 2

intermediate
l4I

2814 JunO4 [Turn over 
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(c) In this question, two marks are available for the quality of written communication.

Bromine reacts much more readily with cyclohexene than it does with benzene. The
reaction with cyclohexene does not need a catalyst. The structure of cyclohexene is
shown below.

(i) Describe with the aid of diagrams the n-bonding in cyclohexene and benzene.

(ii) Use your answer to explain why bromine reacts much more readily with
cycfohexene than it does with benzene. l7l

-v
cyclohexene

2814 JunO4
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Quality of Written Communication. l2l

[Total: 18]
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