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SECTION   A

Answer all questions in the spaces provided.

1 (a) (i) Name the process used to separate petroleum into fractions.

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

(ii) Give the molecular formula for an alkane with nine carbon atoms.

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

(iii) Write an equation for the complete combustion of the alkane C11H24

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

(iv) Write an equation for the incomplete combustion of C11H24 to produce carbon
and water only.

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

(b) Alkenes can be produced by cracking the naphtha fraction obtained from petroleum.

(i) Write an equation for the thermal cracking of one molecule of C10H22 to give one
molecule of propene and one molecule of an alkane only.

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

(ii) Draw the structure of the chain isomer of but-1-ene.

(2 marks)

(c) The alkanes and the alkenes are examples of homologous series of compounds. One
feature of an homologous series is the gradual change in physical properties as the
relative molecular mass increases. State two other general features of an homologous
series of compounds.

Feature 1 ......................................................................................................................................

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

Feature 2 ......................................................................................................................................

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

8

CHM3/W  pgs 1-16  21/9/04  9:46 am  Page 2



3

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

APW/0105/CHM3/W

CHM3/W  pgs 1-16  21/9/04  9:46 am  Page 3



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

APW/0105/CHM3/W
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2 The mechanism for the reaction of methane with fluorine is a free-radical substitution similar
to the chlorination of methane.

(a) Outline the following steps in the mechanism for the reaction of methane with fluorine
to form fluoromethane, CH3F

Initiation step

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

First propagation step

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

Second propagation step

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

A termination step

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

(b) Write an overall equation for the reaction of fluorine with fluoromethane to form
tetrafluoromethane.

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

TURN  OVER  FOR  THE  NEXT  QUESTION

5
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3 Consider the following reaction schemes involving two alcohols, A and B, which are position
isomers of each other.

CH3CH2CH2CH2OH  → CH3CH2CH2CHO  → CH3CH2CH2COOH
A butanal                         butanoic acid

CH3CH2CH(OH)CH3 → CH3CH2COCH3

B C

(a) State what is meant by the term position isomers.

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

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

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

(b) Name compound A and compound C.

Compound A ..............................................................................................................................

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

CHM3/W  pgs 1-16  21/9/04  9:46 am  Page 6
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(c) Each of the reactions shown in the schemes above is of the same type and uses the same
combination of reagents.

(i) State the type of reaction.

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

(ii) Identify a suitable combination of reagents.

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

(iii) State how you would ensure that compound A is converted into butanoic acid
rather than into butanal.

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

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

(iv) Draw the structure of an isomer of compound A which does not react with this
combination of reagents.

(v) Draw the structure of the carboxylic acid formed by the reaction of methanol with
this combination of reagents.

(6 marks)

(d) (i) State a reagent which could be used to distinguish between butanal and compound C.

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

(ii) Draw the structure of another aldehyde which is an isomer of butanal.

(2 marks)

Turn over �
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4 (a) Complete the mechanism below by drawing appropriate curly arrows.

(3 marks)

(b) Draw and name the geometrical isomers of pent-2-ene.

Isomer 1                                                          Isomer 2

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

APW/0105/CHM3/W
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HO:

H H H
|    |    |

H3C — C — C — C — CH3 →  CH3CH2CH=CHCH3 +  H2O  +  Br
–

|    |    |
H  H   Br

2-bromopentane                          pent-2-ene

CHM3/W  pgs 1-16  21/9/04  9:46 am  Page 8
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(c) Pent-1-ene reacts with hydrogen bromide to produce 2-bromopentane as the major
product.

(i) Outline the mechanism for this reaction.

(ii) Identify the minor product formed in this reaction.

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

(iii) Explain why 2-bromopentane is the major product of this reaction.

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

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

.............................................................................................................................................
(7 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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5 Glucose can be used as a source of ethanol. Ethanol can be burned as a fuel or can be
converted into ethene.

C6H12O6 → CH3CH2OH    → H2C=CH2

glucose                     ethanol                     ethene

(a) Name the types of reaction illustrated by the two reactions above.

Glucose to ethanol ......................................................................................................................

Ethanol to ethene ........................................................................................................................
(2 marks)

(b) (i) State what must be added to an aqueous solution of glucose so that ethanol is
formed.

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

(ii) Identify a suitable catalyst for the conversion of ethanol into ethene.

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

(c) (i) State the class of alcohols to which ethanol belongs.

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

(ii) Give one advantage of using ethanol as a fuel compared with using a petroleum
fraction.

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

(d) Most of the ethene used by industry is produced when ethane is heated to 900°C in the
absence of air. Write an equation for this reaction.

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

(e) Name the type of polymerisation which occurs when ethene is converted into
poly(ethene).

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

8
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6 Consider the following scheme of reactions for making ethane-1,2-diol from ethene by two
different routes.

(a) Name compound X and name a mechanism for Reaction 1. Explain why ethene is able
to react with bromine in this reaction, given that bromine molecules are non-polar.

(4 marks)

(b) Name and outline a mechanism for Reaction 3. Explain why compound Y is susceptible
to attack by hydroxide ions. (4 marks)

(c) Identify a reagent and a suitable catalyst for Reaction 4. Name compound Z and explain
why compound Z reacts readily with water in Reaction 5. (4 marks)

(d) Give a use for ethane-1,2-diol. For each route from ethene to ethane-1,2-diol, identify
one hazard. (3 marks)

END  OF  QUESTIONS

SECTION   B

Answer the question below in the space provided on pages 12 to 16 of this booklet.

Reaction 2
BrCH2CH2Br                            HOCH2CH2Br

X                                               Y

Reaction 1              Br2                                                  NaOH(aq)           Reaction 3

H2C=CH2                                                                                            HOCH2CH2OH
ethene                                                                        ethane-1,2-diol

Reaction 4     H2O          Reaction 5

O

H2C — CH2

Z

CHM3/W  pgs 1-16  21/9/04  9:46 am  Page 11
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