
Surname

Centre Number

Candidate Signature

Candidate Number

Other Names Leave blank

General Certificate of Education
January 2006
Advanced Subsidiary Examination

CHEMISTRY CHM3/W
Unit 3(a) Introduction to Organic Chemistry

Wednesday 11 January 2006 9.00 am to 10.00 am

Time allowed: 1 hour

Instructions
� Use blue or black ink or ball-point pen.
� Fill in the boxes at the top of this page.
� Answer all questions.
� Answer questions in Section A and Section B in the spaces provided.
� All working must be shown.
� Do all rough work in this book.  Cross through any work you do not

want marked.
� The Periodic Table/Data Sheet is provided on pages 3 and 4.  Detach

this perforated sheet at the start of the examination.

Information
� The maximum mark for this paper is 60.
� The marks for questions are shown in brackets.
� This paper carries 25 per cent of the total marks for AS.  For

Advanced Level this paper carries 12 1
2 per cent of the total marks.

� You are expected to use a calculator where appropriate.
� The following data may be required.

Gas constant R = 8.31 J K–1 mol–1

� Your answers to the question in Section B should be written in
continuous prose, where appropriate.

� You will be assessed on your ability to use an appropriate form and
style of writing, to organise relevant information clearly and
coherently, and to use specialist vocabulary, where appropriate.

Advice
� You are advised to spend about 45 minutes on Section A and about

15 minutes on Section B.

APW/Jan06/CHM3/W

For this paper you must have
� a calculator.

CHM3/W

For Examiner’s Use

1

2

3

4

5

6

Number Mark Number Mark

Examiner’s Initials

TOTAL

Total (Column 2)

Total (Column 1)→

→

AQA-CHM3 W-W-QP-Jan06  4/11/05  10:17 am  Page 1



APW/Jan06/CHM3/W

2 LEAVE
MARGIN
BLANK

SECTION  A

Answer all the questions in the spaces provided.

1 The fractions obtained from petroleum contain saturated hydrocarbons that belong to the
homologous series of alkanes.

(a) Any homologous series can be represented by a general formula.

(i) State two other characteristics of homologous series.

Characteristic 1 ........................................................................................................

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

Characteristic 2 ........................................................................................................

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

(ii) Name the process which is used to obtain the fractions from petroleum.

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

(iii) State what is meant by the term saturated, as applied to hydrocarbons.

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

...................................................................................................................................
(4 marks)

(b) Decane has the molecular formula C10H22

(i) State what is meant by the term molecular formula.

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

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

(ii) Give the molecular formula of the alkane which contains 14 carbon atoms.

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

(iii) Write an equation for the incomplete combustion of decane, C10H22, to produce
carbon and water only.

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

AQA-CHM3 W-W-QP-Jan06  4/11/05  10:17 am  Page 2



3

APW/Jan06/CHM3/W

1.
0

H
H

yd
ro

ge
n

1

4.
0
H

e
H

el
iu

m
2

10
.8
B

B
or

on
5

12
.0
C

C
ar

bo
n

6

14
.0
N

N
itr

og
en

7

16
.0
O

O
xy

ge
n

8

19
.0

F
F

lu
or

in
e

9

20
.2 N

e
N

eo
n

10

27
.0 A

l
A

lu
m

in
iu

m
13

28
.1 S

i
S

ili
co

n
14

31
.0

P
P

ho
sp

ho
ru

s
15

32
.1

S
S

ul
ph

ur
16

35
.5 C

l
C

hl
or

in
e

17

39
.9 A

r
A

rg
on

18

6.
9

L
i

Li
th

iu
m

3

6.
9

L
i

Li
th

iu
m

3

9.
0
B

e
B

er
yl

liu
m

4

I
II

III
IV

V
V

I
V

II
0

*
58

 –
 7

1
La

nt
ha

ni
de

s

†
90

 –
 1

03
A

ct
in

id
es

K
ey

re
la

tiv
e 

at
om

ic
 m

as
s

at
om

ic
 n

um
be

r

T
h

e 
P

er
io

d
ic

 T
ab

le
 o

f 
th

e 
E

le
m

en
ts

�
T

he
 a

to
m

ic
 n

um
be

rs
 a

nd
 a

pp
ro

xi
m

at
e 

re
la

ti
ve

 a
to

m
ic

 m
as

se
s 

sh
ow

n 
in

 t
he

 t
ab

le
 a

re
 f

or
 u

se
 in

 t
he

 e
xa

m
in

at
io

n 
un

le
ss

 s
ta

te
d

ot
he

rw
is

e 
in

 a
n 

in
di

vi
du

al
 q

ue
st

io
n.

23
.0 N

a
S

od
iu

m
11 39

.1
K

P
ot

as
si

um
19

40
.1 C

a
C

al
ci

um
20

45
.0 S

c
S

ca
nd

iu
m

21

47
.9 T

i
T

ita
ni

um
22

50
.9

V
V

an
ad

iu
m

23

52
.0 C

r
C

hr
om

iu
m

24

54
.9 M

n
M

an
ga

ne
se

25

55
.8 F

e
Ir

on
26

58
.9 C

o
C

ob
al

t
27

58
.7 N

i
N

ic
ke

l
28

63
.5 C

u
C

op
pe

r
29

65
.4 Z

n
Z

in
c

30

69
.7 G

a
G

al
liu

m
31

72
.6 G

e
G

er
m

an
iu

m
32

74
.9 A

s
A

rs
en

ic
33

79
.0 S

e
S

el
en

iu
m

34

79
.9 B

r
B

ro
m

in
e

35

83
.8 K

r
K

ry
pt

on
36

85
.5 R

b
R

ub
id

iu
m

37

87
.6 S

r
S

tr
on

tiu
m

38

88
.9

Y
Y

ttr
iu

m
39

91
.2 Z

r
Z

irc
on

iu
m

40

92
.9 N

b
N

io
bi

um
41

95
.9 M

o
M

ol
yb

de
nu

m
42

98
.9 T

c
Te

ch
ne

tiu
m

43

10
1.

1 R
u

R
ut

he
ni

um
44

10
2.

9 R
h

R
ho

di
um

45

10
6.

4 P
d

P
al

la
di

um
46

10
7.

9 A
g

S
ilv

er
47

11
2.

4 C
d

C
ad

m
iu

m
48

11
4.

8 In
In

di
um

49

11
8.

7 S
n

T
in

50

12
1.

8 S
b

A
nt

im
on

y
51

12
7.

6 Te
Te

llu
riu

m
52

12
6.

9 I
Io

di
ne

53

13
1.

3 X
e

X
en

on
54

13
2.

9 C
s

C
ae

si
um

55

13
7.

3 B
a

B
ar

iu
m

56

13
8.

9 L
a

La
nt

ha
nu

m
57

  
  

  
  
*

17
8.

5 H
f

H
af

ni
um

72

18
0.

9 Ta
Ta

nt
al

um
73

18
3.

9 W
Tu

ng
st

en
74

18
6.

2 R
e

R
he

ni
um

75

19
0.

2 O
s

O
sm

iu
m

76

19
2.

2 Ir
Ir

id
iu

m
77

19
5.

1 P
t

P
la

tin
um

78

19
7.

0 A
u

G
ol

d
79

20
0.

6 H
g

M
er

cu
ry

80

20
4.

4 T
l

T
ha

lli
um

81

20
7.

2 P
b

Le
ad

82

20
9.

0 B
i

B
is

m
ut

h
83

21
0.

0 P
o

P
ol

on
iu

m
84

21
0.

0 A
t

A
st

at
in

e
85

22
2.

0 R
n

R
ad

on
86

22
3.

0 F
r

Fr
an

ci
um

87

22
6.

0 R
a

R
ad

iu
m

88

22
7 A

c
A

ct
in

iu
m

89
  

  
  

  
†

14
0.

1 C
e

C
er

iu
m

58

14
0.

9 P
r

Pr
as

eo
dy

m
iu

m
59

14
4.

2 N
d

N
eo

dy
m

iu
m

60

14
4.

9 P
m

P
ro

m
et

hi
um

61

15
0.

4 S
m

S
am

ar
iu

m
62

15
2.

0 E
u

E
ur

op
iu

m
63

15
7.

3 G
d

G
ad

ol
in

iu
m

64

15
8.

9 T
b

Te
rb

iu
m

65

16
2.

5 D
y

D
ys

pr
os

iu
m

66

16
4.

9 H
o

H
ol

m
iu

m
67

16
7.

3 E
r

E
rb

iu
m

68

16
8.

9 T
m

T
hu

liu
m

69

17
3.

0 Y
b

Y
tte

rb
iu

m
70

17
5.

0 L
u

Lu
te

tiu
m

71

23
2.

0 T
h

T
ho

riu
m

90

23
1.

0 P
a

P
ro

ta
ct

in
iu

m
91

23
8.

0 U
U

ra
ni

um
92

23
7.

0 N
p

N
ep

tu
ni

um
93

23
9.

1 P
u

P
lu

to
ni

um
94

24
3.

1 A
m

A
m

er
ic

iu
m

95

24
7.

1 C
m

C
ur

iu
m

96

24
7.

1 B
k

B
er

ke
liu

m
97

25
2.

1 C
f

C
al

ifo
rn

iu
m

98

(2
52

) E
s

E
in

st
ei

ni
um

99

(2
57

) F
m

F
er

m
iu

m
10

0

(2
58

) M
d

M
en

de
le

vi
um

10
1

(2
59

) N
o

N
ob

el
iu

m
10

2

(2
60

) L
r

La
w

re
nc

iu
m

10
3

24
.3 M

g
M

ag
ne

si
um

12

AQA-CHM3 W-W-QP-Jan06  4/11/05  10:17 am  Page 3



APW/Jan06/CHM3/W

4

Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

AQA-CHM3 W-W-QP-Jan06  4/11/05  10:17 am  Page 4



5 LEAVE
MARGIN
BLANK

(c) When petrol is burned in an internal combustion engine, some nitrogen monoxide, NO,
is formed.  This pollutant is removed from the exhaust gases by means of a reaction in
a catalytic converter.

(i) Write an equation for the reaction between nitrogen and oxygen to form nitrogen
monoxide.

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

(ii) Identify a catalyst used in a catalytic converter.

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

(iii) Write an equation to show how nitrogen monoxide is removed from the exhaust
gases as they pass through a catalytic converter.

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

Turn over for the next question

Turn over �
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2 Consider the following reaction scheme, which leads to the formation of two compounds
V and W.

(a) Give a suitable catalyst for Reaction 1 and name compound V.

Catalyst ..............................................................................................................................

Name of compound V ........................................................................................................
(2 marks)

(b) Name and outline a mechanism for Reaction 2.

Name of mechanism ...........................................................................................................

Mechanism

(5 marks)

APW/Jan06/CHM3/W

6 LEAVE
MARGIN
BLANK

H2C=CH2

C2H4O

V

CH3CH2OSO2OH

C2H4O

W

CH3CH2OH
Reaction 2

conc H2SO4

Reaction 3

H2O

Reaction 1
O2/catalyst

Reaction 4
acidified
K2Cr2O7
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Turn over �
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(c) In Reaction 4, compound W is distilled from the reaction mixture.

(i) Name compound W and draw its structure.

Name .........................................................................................................................

Structure

(ii) Name the type of reaction shown by Reaction 4.

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

Turn over for the next question

10
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3 (a) Dichloromethane, CH2Cl2, is one of the products formed when chloromethane, CH3Cl,
reacts with chlorine.

(i) Name the type of mechanism involved in this reaction and write an equation for
each of the steps named below.

Name of type of mechanism .....................................................................................

Initiation step

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

First propagation step

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

Second propagation step

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

(ii) Write an overall equation for the formation of dichloromethane from
chloromethane.

...................................................................................................................................
(5 marks)

(b) A compound contains 10.1% carbon and 89.9 % chlorine by mass.  Calculate the
molecular formula of this compound, given that its relative molecular mass (Mr)
is 237.0

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

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

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

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

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

(c) Suggest the formulae of two bromine-containing organic compounds formed when
dibromomethane, CH2Br2, reacts with bromine.

Compound 1 .......................................................................................................................

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

10
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4 The table below gives some of the names and structures of isomers having the molecular
formula C4H9Br

(a) Complete the table.
(2 marks)

(b) Name and outline a mechanism for the reaction of 2-bromo-2-methylpropane with
ethanolic potassium hydroxide to form the alkene 2-methylpropene, (CH3)2C=CH2

Name of mechanism ...........................................................................................................

Mechanism

(4 marks)

Turn over �
APW/Jan06/CHM3/W

Structure Name

CH3CH2CH2CH2Br

2-bromo-2-methylpropane

1-bromo-2-methylpropane

2-bromobutane
CH3CH2 — CH — CH3

|
Br

CH3
|

H3C — C — CH3
|

Br
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(c) Two stereoisomers of but-2-ene are formed when 2-bromobutane reacts with ethanolic
potassium hydroxide.

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

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

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

(ii) Draw the structures and give the names of the two stereoisomers of but-2-ene.

Stereoisomer 1 Stereoisomer 2

Name ..................................................... Name ....................................................

(iii) Name this type of stereoisomerism.

...................................................................................................................................
(5 marks)

(d) When 2-bromo-2-methylpropane reacts with aqueous potassium hydroxide,
2-methylpropan-2-ol is formed as shown by the following equation.

State the role of the hydroxide ions in this reaction.

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

(e) Write an equation for the reaction that occurs when CH3CH2CH2CH2Br reacts with an
excess of ammonia.  Name the organic product of this reaction.

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

Name of product .................................................................................................................
(3 marks)

15

CH3H3C +C

Br

CH3

KOH CH3H3C +C

OH

CH3

KBr
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SECTION  B

Answer the question in the space provided.

5 Glucose, C6H12O6, can be converted into ethanol.  Ethanol can be used as a fuel or can be
converted into ethene by acid-catalysed dehydration.  Most of the ethene used by industry is
formed by the thermal cracking of alkanes.

(a) State four essential conditions for the conversion of glucose into ethanol.  Name the
process and give an equation for the reaction which takes place.  Write an equation for
the complete combustion of ethanol.

(7 marks)

(b) Explain what is meant by the term dehydration.  Identify a catalyst which could be
used in the acid-catalysed dehydration of ethanol.  Write an equation for the reaction
which takes place.

(3 marks)

(c) State what is meant by the term cracking.  Describe what happens during the thermal
cracking of alkanes and name the type of reactive intermediate.  Give an essential
condition for this process.  Write an equation for the thermal cracking of butane to give
ethene as one of the products.

(5 marks)

END  OF QUESTIONS

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

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

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

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

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

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

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

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

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

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

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