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SECTION A

Answer all questions.

1. Give the structure of an unsaturated aldehyde of molecular formula C,HgO. [1]

2. State a group that will give a positive triodomethane (iodoform) test and give the observation
for a positive result. 2]

3. (a) 1,2-Diaminoethane reacts as a base.

Explain how this compound acts as a base. 1]

(b) Give the structure of the organic compound formed when 1 mole of 1,2-diaminoethane
reacts with 2 moles of ethanoyl chloride. 1]
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4. The formula of the azo dye, Para Red, is shown below. o

Give the structure of the compound that couples with 4-nitrobenzenediazonium chloride to
give this dye. (1]

5. Hexachlorocyclohexane can be used as an insecticide.

1410U401
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CHCI

oHe” CHC

_
CHCI

CIHC CHCI
\

Deduce the empirical formula of this compound. 1]
6. Give the structure of the organic product of the reaction below. 1]
CH,Br

+ NaOH ——

Br

03
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7. Study the reaction sequence below and answer the two questions that follow.

(@) ReagentFis

CH, COOH

Reagent F NaOH

Compound G
then H,SO, (aq)

CH, COOH

(b) Give the structure of Compound G.

[1]

[1]

04
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Section B

Answer all questions.

8. (a) Sorbic acid was isolated in 1859 from mountain ash berry oil. It is a white solid that is
slightly soluble in cold water.

H H H H

H,C—C—C—C—C—COOH

(i) The solubility of sorbic acid in water is 1.6gdm ™ at 20°C and 40.0gdm ™ at
100°C.

Calculate how much sorbic acid is precipitated from its aqueous solution if
200cm? of a saturated solution at 100 °C is cooled to 20 °C.
Give your answer to an appropriate number of significant figures. [2]

1410U401
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(i) Sorbic acid and its salts, for example sodium sorbate, have important uses as
antimicrobial agents in food preservation.
Some moulds are, however, able to detoxify the action of these sorbates.
An example is the decarboxylation of sodium sorbate.

I. State what is meant by ‘decarboxylation’. 1]

II. Inthe laboratory sodium sorbate can be decarboxylated by heating it with
soda lime.
The organic product of decarboxylation is E-penta-1,3-diene.

Write the equation for this decarboxylation of sodium sorbate with soda lime
(which you should represent as NaOH in your equation), showing the
structure of E-penta-1,3-diene. 2]

05
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lll. E-penta-1,3-diene can then react with hydrogen using platinum as a catalyst
giving pentane.

State the number of moles of hydrogen required to react with 0.2 mol of
E-penta-1,3-diene in this way. [1]

(b) Tartaric acid (2,3-dihydroxybutanedioic acid) is used in the food industry.

H H

@] @]
N | Y

\C—C—C—C/
/ L \

oH oy ©H

HO

() Indicate any chiral centre(s) present by means of an asterisk (*). 1]

(ii)  This acid occurs in a number of optically active forms.
Complete the sentences below.

Forms of tartaric acid that rotate the plane of plane-polarised light are called

................................................ . [1]
A solution containing an equimolar mixture of two forms of the acid that rotates
the plane of plane-polarised light in equal and opposite directions is called a
.................................................................................................................. : 1]
(c) Both sorbic acid and tartaric acid are described as showing sterecisomerism.
Explain what is meant by the term stereocisomerism. 1]
(d) Tartaric acid is formed when butenedioic acid reacts with a suitable oxidising agent.
Give the equation for this reaction, representing the oxidising agent as [O] and using
water as a reactant. 1]
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(e) The solubility of unsaturated carboxylic acids in water decreases as the chain length o
increases.
Number of carbon atoms Solubility in water
in the alkyl chain at25°C/gdm™3

3 94

5 1.6

7 0.7
Suggest why this solubility decreases as the chain length increases. [2]

13
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9. (a) 1.598g of an acid chloride, RCOCI, was added to water.
The aqueous solution contained hydrochloric acid and a carboxylic acid, R— COOH,
where R is an alkyl group

O O
7 7
R—C + H,O — R—C + HCI
AN (1) AN (aq)
Cl OH
() (aq)
(i) State the type of reaction occurring. [1]

(i)  This acidic solution was titrated with 0.400 moldm ™3 aqueous sodium hydroxide,
using a suitable indicator. Both acids were just neutralised by 75.00 cm?® of the
sodium hydroxide solution.

Use the results to calculate the relative molecular mass of the acid chloride. [3]

(i)  The low resolution "H NMR spectrum of the acid chloride showed two signals in
the peak area ratio of 6:1.

Use this information and the relative molecular mass of the RCOCI, obtained in
part (ii), to find the structure of the acid chloride. 2]

08
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(b) (i) The acid chloride, benzene-1,4-dicarbonyl dichloride, CIOC — CzH, — COClis
made by reacting benzene-1,4-dicarboxylic acid with phosphorus(V) chloride.
The other products of this reaction are hydrogen chloride and phosphoryl
trichloride, POCIj.

Give the equation for this reaction. [1]

(i) Benzene-1,4-dicarbonyl dichloride reacts with benzene-1,4-diamine to give a
polyamide.

Show the repeating unit for this polyamide. [1]

1410U401
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(c) Nylon polyamides that are produced from starting materials with a different number of
carbon atoms are given numbers.
For example Nylon 4,5 has a 4-carbon diamine fragment and a 5-carbon dicarboxylic
acid fragment.

Butane-1,4-diamine can be used as a starting material for this polyamide. This can be
produced in a two-stage reaction from butane-1,4-diol.

reagent A reagent B
HOCH,(CH,),CH,0OH CICH,(CH,),CH,CI e H,N(CH,),NH,
Stage 1 Stage 2
(i) State the name of reagent(s) A. 1]
(i)  State the name of reagent(s) B. 1]

09
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(iii)  State the type of mechanism occurring in Stage 2. [1]

(iv) Draw the skeletal formula of the 5-carbon containing dicarboxylic acid used to
produce Nylon 4,5. [1]

(d) The depolymerisation of polyamides and polyesters present a number of difficult
problems as these polymers are very stable and only slowly decompose in the
environment.

Poly(ethyleneterephthalate) (PET) is very difficult to hydrolyse but a new process using
specific enzymes is proving promising. In this process 90% of PET is depolymerised
into benzene-1,4-dicarboxylic acid.

o © 0 0
I I 2H,0 "\ Y4
C C—0O0—CH,—CH,—O — C C + HOCH,CH,OH
/ N
HO OH
Calculate the mass of benzene-1,4-dicarboxylic acid produced from 75kg of PET if the
yield from this hydrolysis is 90%. [3]
mass of benzene-1,4-dicarboxylic acid produced = ... ... .. ... kg
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10. (a) Benzene reacts with bromine in the presence of a catalyst. o
Give the mechanism for this reaction and explain how the Br — Br bond becomes
polarised during the reaction.
Suggest why, in the absence of this catalyst, there is very little reaction between
benzene and bromine under normal conditions. [6 QER]

11
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(b) Eugenol is the main constituent of clove oil, together with smaller quantities of eugenyl

ethanoate.
CH,CH=CH, CH,CH=—=CH,
OCH,4 OCH,4
OH 0
O
Eugenol Eugenyl ethanoate

(i) Describe what is seen if a few drops of iron(lll) chloride solution are added to a
solution of eugenol. 1]

(i) State the colour change that occurs if a few drops of aqueous bromine are added
to a solution of eugenol. 1]

(iii)  If an excess of bromine is added to eugenol, a new compound is formed that
contains the following percentages by mass of each element.

C 24.9% H21% O 6.6%, the remainder being the % of bromine

Use this information to calculate the empirical and molecular formulae of this
brominated compound and suggest a possible structure for it. [5]

12
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(iv) Explain how adding aqueous sodium hydroxide at room temperature to a solution o

of eugenol and eugenyl ethanoate dissolved in trichloromethane, enables the two

compounds to be separated.

Trichloromethane and water are immiscible. [2]

15
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1. (@) Aminoethanoic acid is the simplest a-amino acid.

(i) Give the structure of the dipeptide formed from two molecules of aminoethanoic
acid. [1]

(i)  Explain why aminoethanoic acid can only form one dipeptide. [1]

(b) Amino acids form esters in the usual way from the carboxylic acid group and an alcohol,
in the presence of an acid catalyst. These esters can form a salt with the acid used in
esterification.

The formula of one of these salts is shown below. Compound M is a white solid that is
soluble in water, giving a colourless solution.

H O
7
"CIH;*N—C—C

| AN
OCH,CH,

H
Compound M
(i) I.  Many amino acids exist as zwitterion forms in aqueous solution.
Give the zwitterion form of aminoethanoic acid. [1]
II.  Explain why compound M cannot form a zwitterion in this way. 1]

14
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(ii)

Under suitable conditions, aminoethanoic acid condenses to give
diketopiperazine.

H
H 0
C
/
H—N
\

C—C—H
AN

%
0 H

I.  The mass spectrum of diketopiperazine shows a molecular ion at m/z 114
and two prominent fragments at m/z 43 and 71.

Suggest a formula for the fragment at m/z 71. [1]

II.  An outline infrared absorption spectrum of diketopiperazine is shown below.
Use the formula shown and the data sheet to suggest an absorption value
for the N—H and C — O bonds. 1]

N\ s e

4000 3000 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700

Wave number/cm™"
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() A mixture of a-amino acids can be separated and identified by thin layer
chromatography.

(i) These amino acids are colourless and the chromatogram is sprayed with a
solution of ninhydrin, so that the amino acids appear as purple dots. The colour is
due to the dye Ruhemann’s Purple.

A thin layer chromatogram of a mixture of a-amino acids is shown below.

5~
——9
solvent front—F-—————————————1 = .
. S
—6
y S
B— | = 5
([ ] §_4
—3
——2
start line——f———————— -] =
= om
Calculate the R; value for threonine (spot B). (]

16
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(ii)

(i)

Ruhemann’s Purple has a maximum absorption at 564 nm.

The information below indicates the colours absorbed at various wavelengths in
the visible spectrum.

Use this to help you explain why the colour of the dye is purple. 1]
400 500 600 700
wavelength/nm
blue green yellow orange red

Calculate the energy (in kJ mol_1) associated with this absorption at 564 nm. [3]

energy = .. kJmol™’

only

17
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(d) Amino acids react with nitric(lll) acid to produce nitrogen gas.
R—CH(NH,) —COOH + HNO, — R—CH(OH)—COOH + N, + H,0
(i)  0.500g of 2-aminohexanoic acid, CH;(CH,);CH(NH,)COOQOH, reacted with an

excess of nitric(lll) acid.

Calculate the volume of nitrogen produced, assume the temperature was
measured at 298K and at 1 atmosphere pressure. [2]

volume of nitrogen produced =

(i) The actual volume of nitrogen produced was 90.9cm?, which was less than the
calculated volume in part (i) above.

Suggest two reasons for this low result, apart from errors in weighing and in
measuring the volume of nitrogen produced. [2]

PMT
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12. (a) 2-Methylpropenoic acid can be obtained from 2-methylprop-2-en-1-ol.

CH,

H,C = C— CH,OH

The standard reagents used for the oxidation of a primary alcohol to a carboxylic acid
may affect the C = C bond. To prevent this occurring the double bond is protected by
bromination.

CH,4 CH,4
| |

Br Br

The bromine atoms are removed in a later reaction to give the required acid.

(i) State the type of mechanism occurring during the bromination. 1]
(i)  Suggest an oxidising agent used for the oxidation of the brominated alcohol. 1]
CH,4 CH,

H,C—C—CH,0OH + 2[0] —= H,C—C—COOH + H,0

Br Br Br Br

(i)  The dibromoacid produced in part (ii) is then reacted with zinc under suitable
conditions to give 2-methylpropenoic acid.

Complete the equation, showing zinc bromide as the co-product. 1]

CH, CH,
| |
H,C—C—COOH + Zn —= H,C=C—COOH +

Br Br

19
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(b) Methyl 2-methylpropenoate can be produced from propanone. o
H;C H;C OH , H,;C OH
o HCN N S hydrolysis N S
cC=0 C —_— C
/ Stage 1 VRN Stage 2 VRN
H;C H;C CN H;C COOH
H,SO, | Stage 3
H,C O ificati H,C O
2 N Y esterification N Y
c—~C c—C
/ N CH;OH / N
H,C OCH, H;C OH
(i) Stage 1 is a nucleophilic addition reaction.
Give the formula of the nucleophile taking part in this stage. 1]
(i) State why Stage 1 is described as an addition reaction. [1]
(iii)  State a reagent used for hydrolysis in Stage 2. 1]
(iv) State the role of sulfuric acid in Stage 3. 1]
(v) Addition polymerisation of methyl 2-methylpropenoate gives ‘Perspex’.
Give the repeating unit of this polymer. 1]

20
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(vi)

Explain why the polymerisation in part (v) is described as addition polymerisation
and not condensation polymerisation. 1]

() The formula of a halogenoalkane is shown below.

c
Cl H
a b | | d
|
Cl Cl
Give the systematic name of this halogenoalkane. 1]

Complete the table below which describes the high resolution THNMR spectrum
of this compound. [2]

Hydrogen proton Splitting pattern

END OF PAPER
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Data Booklet
Avogadro constant N, = 6.02 x 10 mol™
molar gas constant R = 8.31Jmol 'K~
molar gas volume at 273K and 1 atm V, = 224 dm? mol ™"
molar gas volume at 298K and 1 atm v, = 24.5dm’mol™
Planck constant h = 6.63%x103Js
speed of light ¢ = 3.00x108ms™
density of water d = 1.00gcm™
specific heat capacity of water ¢ = 418Jg K™
ionic product of water at 298K K, = 1.00 X 107" mol?dm™°
fundamental electronic charge e = 160x107"°C
temperature (K) = temperature (°C) + 273
1dm? = 1000cm®
1m?=1000dm?

1 tonne = 1000kg
1 atm = 1.01 X 10° Pa
Multiple Prefix Symbol Multiple Prefix Symbol
107° nano n 10° kilo k
107° micro M 10° mega M
107 mill m 10° giga G
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Infrared absorption values

Bond
C—Br
CcC—Cl
c—0oO
c=C
C=0
C=N
C—H
O—H
O—H
N—H

Wavenumber/cm™

(carboxylic acid)
(alcohol / phenol)

1

500 to 600
650 to 800
1000 to 1300
1620 to 1670
1650 to 1750
2100 to 2250
2800 to 3100
2500 to 3200 (very broad)
3200 to 3550 (broad)
3300 to 3500

13C NMR chemical shifts relative to TMS = 0

Type of carbon

|
ol

© WJEC CBAC Ltd.
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Chemical shift, 5 (ppm)

—C—C— 51t0 40
|
|
R—C —CI or Br 10to 70
|
|
R—C—C— 20 to 50
[
(0]
| /
R—C —N 25to 60
| AN
|
—C—0— 50 to 90
|
N /
cC=¢cC 90 to 150
/ N
R—C=N 110 to 125
@ 110 to 160
R — C — (carboxylic acid / ester) 160 to 185
I
(0]
R — C — (aldehyde / ketone) 190 to 220



TH NMR chemical shifts relative to TMS =0

Type of proton

HC—Cl or HC—Br

HC—O

Chemical shift, § (ppm)

0.1t02.0

0.9
1.3

20

20t02.5

2.0t0 3.0
221023

3.1t04.3

3.3t04.3
45 *

45t06.3

5.8106.5

6.5t07.5
6.51t08.0

7.0 *

9.8 *

11.0 *

*variable figure dependent on concentration and solvent
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