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SECTION A
You should spend a maximum of 20 minutes on this section.
Write your answer to each question in the box provided.
Answer ALL the questions.

1 A chemist compares the rates of hydrolysis of
1-chloropropane and 1-bromopropane in ethanol.
Which reagent in aqueous solution should be used?
A Silver chloride
B Silver nitrate
C Potassium chloride

D Potassium nitrate

Your answer [1]




2 How can the molecule below be described?

OH

Aromatic and alicyclic
Aliphatic and unsaturated

Aromatic and unsaturated

o O W >

Alicyclic and saturated

Your answer [1]

3 Complete combustion of an organic compound forms 40 cm?
of carbon dioxide and 40 cm?® of water vapour, under the
same conditions of temperature and pressure.

Which molecular formula could the organic compound have?
A C;Hg

B C,H,O

c CHO

D C,H;N

Your answer [1]




4 Which molecule is a Z-isomer?

A B
H.C H l F
SN. L/ Y,
/C—C\ /C=C\
H F H CH,
C D
H CH
F\ /CH3 \~_ 3
Cl H H F
Your answer [1]

5 Which type of reaction has the greatest atom economy?

A Substitution
B Hydrolysis

C Elimination
D

Addition

Your answer [1]




6 Four atoms, 14, are labelled in the structure below.

4
|2
1 _CH_3 OH
H3C/2 \C/

|

O
Which atom has a trigonal planar arrangement of bonds
around it?
A Atom 1
B Atom 2
C Atom3
D

Atom 4

Your answer [1]




7 Which molecule is a secondary amine?

A B |
/?I\/ILH /\[gNH
C D
A(L\ T
I LN
Your answer [1]

8 What is the number of chiral centres in the molecule below?

NH, Y

HO o /N
O
0 OH

A 2
B 3
C 4
D 5
Your answer [1]




9 What is the molecular formula of the compound below?

ox

A CiHy
B C/Hy,
C C/Hy,

D C/Hie

Your answer [1]

10 Equal amounts of the four compounds are added to the same
volume of water.

Which compound would produce the most acidic solution?
A CH,CONH,

B CH,COOH

C CH,COOCH,

D CH,COCI

Your answer [1]




11 The compound below is analysed by TH NMR spectroscopy.
O O

HOWOH

How many peaks are observed in the 'TH NMR spectrum?

A 5

B 4
c 3
D 2

Your answer [1]

12 0.1 mol of HOOCCHZCOOH are reacted with 0.1 mol of
aqueous NaOH.

How many molecules of water are formed?
A 6.02 x 102
B 3.01 x 1022
C 6.02 x10%3
D 3.01x10%3

Your answer [1]

10



13 Which reagents could be used to prepare CH,CH,CONHCH,?
A CH,CH,COC1+ CH;NH,
B CH,CH,CONH, + CH,Br
C CH,CH,COONa + CH;NH,
D

CH,CH,COCH, + NH,

Your answer [1]

14 Ethane reacts with chlorine by radical substitution to form
chloroethane.

Which radical(s) is/are present in the mechanism?
1 He

2 Cl

3 C,H.e

1,2 and 3

Only 1 and 2

Only 2 and 3

o O w »

Only 1

Your answer [1]
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15 Which compound(s) is a/are structural isomer(s) of C.H,,0,?
1 hexanoic acid

2 ethyl butanoate

3 propyl propanoate

1,2and 3

Only 1 and 2

Only 2 and 3

o O W »

Only 1

Your answer [1]

12
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SECTION B

Answer ALL the questions.

16 This question is about unsaturated hydrocarbons.

(a) Compound A and compound B are isomers.

COMPOUNDA COMPOUND B

)\/ PN

Compound A has a lower melting point than compound B.

Suggest why.

[2]

14



(b) Compound C, CH,CH,CH=CHCH,CH,OH, exists as
‘cis’ and ‘trans’ stereoisomers.

(i) Name compound C.

[1]

(if) Define the term ‘stereoisomers’.

[1]

(iii) Draw the structures of the ‘cis’ and ‘trans’
stereoisomers of compound C. [2]

‘cis’ ‘trans’

15



(c) The C=C group in an alkene contains a n-bond.

Complete the diagram below to show how p-orbitals are
involved in the formation of a nt-bond. [1]

Illl",'. “‘|\\\\\ II“',,'. ‘||\\\\\\

(d) Compound D, shown below, reacts with hydrogen
bromide by electrophilic addition. A mixture of two
organic compounds, E and F, is formed.

COMPOUND D
CH;  CH,CH

/C:C\ HBr,_ Mixture of organic compounds E and F
CH, H

(i) Suggest how an HBr molecule can act as an
electrophile.

[1]
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(if) Draw the structures of the two organic compounds E

and F below. [2]

E

F

(ili) Outline the mechanism of the reaction between
compound D and hydrogen bromide to form EITHER
compound E OR compound F. Use the space below.

Include curly arrows and relevant dipoles. [3]

17




(iv) Which of E or F is the major organic product?
Explain your answer.

Major organic product

Explanation

[1]

(e) Myrcene, C,,H,,, is a naturally occurring hydrocarbon
containing more than one carbon-carbon double bond.

MYRCENE

Ao

(i) Reaction of 204 mg of myrcene with hydrogen gas
produces a saturated alkane.

Calculate the volume of hydrogen gas, in cm?® and
measured at RTP, needed for this reaction.

Show your working.

volume = cm? [2]

18



(if) p-Carotene is a naturally occurring unsaturated
hydrocarbon found in carrots.
A pB-carotene molecule contains 40 carbon atoms, has
two rings, and a branched chain.

0.0200 mol of p-carotene reacts with 5.28 dm?3 of
hydrogen gas to form a saturated hydrocarbon.

Using molecular formulae, construct a balanced
equation for this reaction.

Include relevant calculations and reasoning.

Equation [4]

19



17 This question is about the chemistry of aromatic compounds.
(a) Benzoic acid can be nitrated by concentrated nitric acid in
the presence of concentrated sulfuric acid as a catalyst,
as shown in EQUATION 17.1.

The organic product of this reaction is 3-nitrobenzoic
acid.

BENZOIC ACID 3-NITROBENZOIC ACID
COOH COOH

H,SO,
+ HNO,—~— + H,0 EQUATION 17.1
NO,

20



(i) Outline the mechanism for this nitration of benzoic
acid.

Show how H,SO, behaves as a catalyst. Use the space
below. [5]

21



(if)* A chemist carries out the reaction in EQUATION 17.1
using 4.97 g of benzoic acid.

The chemist obtains 3-nitrobenzoic acid as an impure
solid.

The chemist purifies the solid to obtain 4.859g of
3-nitrobenzoic acid.

Describe a method to obtain a pure sample of
3-nitrobenzoic acid from the impure solid, determine
the percentage yield and check its purity. [6]

22
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(b) A student investigates the relative ease of nitration of
phenol, benzene, and benzoic acid.

PHENOL

OH

0

BENZENE

O

BENZOIC ACID

COOH

0

The student finds that the conditions required for the
nitration of each compound are different, as shown in

TABLE 17 .1.
TABLE 17.1

Compound phenol benzene benzoic acid
Dilute HNO, Conlc_:l?‘ln(;rated Conlc_:l?\ln(’;rated

Conditions 3 3

required 20°C 55°C 100°C

for nitration

No catalyst |H,SO, catalyst | H,SO, catalyst

(i) State the trend in the relative ease of nitration of
phenol, benzene, and benzoic acid.

[1]

24




(if) Apply your knowledge of the bonding in arenes to
explain the trend in part (b)(i).

[3]
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(c) A student synthesises 3-bromophenylamine, shown
below, starting from nitrobenzene.

(i) Complete the flowchart below showing the structure
of the intermediate and the FORMULAE of the
reagents for each stage. [3]

NO

5

BROMINATION

reagents:

INTERMEDIATE

REDUCTION

reagents:

NH,

QL

Br

3-BROMOPHENYLAMINE

26



(ii) Another student attempts the same synthesis but
carries out reduction BEFORE bromination. The
student was surprised to find that two structural
isomers of 3-bromophenylamine had been formed
instead of the desired organic product.

Explain this result and suggest the structures of the
two isomers that formed. [3]

Explanation

Structures

27



18 This question is about organic compounds containing
nitrogen.

(a) Sodium cyanide, NaCN, can be reacted with many organic
compounds to increase the length of a carbon chain.

(i) 1-Chloropropane, CH,CH,CH,C{, reacts with ethanolic
sodium cyanide by nucleophilic substitution.

Outline the mechanism for this reaction in the space
below.

Include curly arrows, relevant dipoles and the
structure of the organic product. [3]
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(if) Compound G is used to synthesise compounds H and
I as shown in the flowchart below.

Complete the flowchart showing the structure of
compound G and the FORMULAE of the reagents for
REACTION 2 and REACTION 3. [3]

OH o)

HCC/

H OH
COMPOUND I
A

REACTION 3

reagents:

OH

REACTION 1
» H—C—CN

NaCN/H*

COMPOUND G

REACTION 2

reagents:

Y
OH H

H—C—C—NH,

H H
COMPOUND H

29



(ili) Compound H reacts with dilute hydrochloric acid to
form a salt.

Explain why compound H can react with dilute
hydrochloric acid and suggest a structure for the salt
formed. [2]

Explanation

Structure

30



(iv) Compound I is the monomer for the biodegradable
polymer J.

Draw TWO repeat units of polymer J and suggest a
reason why it is biodegradable.

[3]
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(b) The repeat unit of Nylon 6,6 is shown below.

Nylon 6,6
O |
H/\/\)kITI
© & _

(i) Draw the structures of TWO monomers that can be
used to form Nylon 6,6 in the space below. [2]

32



(ii) A sample of Nylon 6,6 has a relative molecular mass
of 21500.

Estimate the number of repeat units in the sample.

Give your answer as a WHOLE number.

number of repeat units = [1]
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19 This question is about alcohols.

(a) Construct an equation for the complete combustion of an
unsaturated alcohol with 5 carbon atoms.

[1]

(b) Many alcohols, including ethanol, are soluble in water.

(i) Explain, with the aid of a diagram, why ethanol is
soluble in water.

Include relevant dipoles and lone pairs.

[2]
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(if) The solubility of hexan-1-ol and hexane-1,6-diol in
water is shown below in TABLE 19.1.

TABLE 19.1
Alcohol Solubility in water/gdm™3
hexan-1-ol 5.9
hexane-1,6-diol 500

Explain the difference in solubility of hexan-1-ol and
hexane-1,6-diol.

[1]

35




(c) Alcohols are important in organic synthesis and can be
formed by the reduction of carbonyl compounds.

(i) Complete the flowchart by filling in each box. [5]

CARBONYL
COMPOUND

REDUCTION ||\ oa00nt(s):

y

OH

NaBr/H,SO,
o

COMPOUND K

acid catalyst
heat

Y

structural isomers
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(ii) What is the name of compound K?

[1]

(d) Butan-1-ol can be oxidised to form two different organic
products, depending on the reaction conditions used.

Describe both oxidation reactions of butan-1-ol.

For each reaction include
the structure of the organic product

a balanced equation
the essential reaction conditions.

In your equations you may use [O] to represent the
oxidising agent.

[5]
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20 A chemist analyses a naturally occurring aromatic
compound.

(a) The percentage composition and mass spectrum of the
compound are shown below.

Percentage composition by mass:
C, 70.58%; H, 5.92%; O, 23.50%.

Mass spectrum

100

80 -
relative 60-
intensity

40-

20 -

0- . \ |‘I wl i rdos i ' |

Determine the molecular formula of the compound.

Show your working.

molecular formula = [3]
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(b) Qualitative tests are carried out on the aromatic
compound. The results are shown below.

- Tollens’
Test Acidity | Na,CO,(aq)| 2,4-DNP reagent
No No
Observation pH =95 | observable g::?nigt’aete observable
change P P change

Determine the functional groups in the compound.
Explain your reasoning.

Functional groups

Explanation

[3]

39




(c) The carbon-13 NMR spectrum of the compound is shown
below.

200 180 160 140 120 100 80 60 40 20 O
chemical shift, §/ppm
Using the spectrum and the results from (a) and (b),

determine the structure of the compound.
Explain your reasoning. [3]

STRUCTURE OF COMPOUND

40



21* Compound L is an organic compound containing carbon,

hydrogen and oxygen only.
The TH NMR spectrum of compound L is shown below.

The numbers by the peaks are the relative peak areas.

9

I

5 4 3 2 1 0
chemical shift, §/ppm

Compound L is refluxed with aqueous hydrochloric acid,
forming two organic compounds M and N. The infrared
spectra of M and N are shown below.

Infrared spectrum of M




Infrared spectrum of N

transmittance transmittance
(%) (%)

100 100
50- -50
or——r——r 77— 0

400 3000 2000 1500 1000 500

wavenumber/cm™]

Use the information provided to suggest a structure for
compound L.

Show ALL of your reasoning. [6]
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END OF QUESTION PAPER
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