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SECTIONA
Answer ALL the questions in this section in the Answer Book.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box X. If you change
your mind, put a line through the box $¢ and then mark your new answer with a cross [X.

1 Which compound contains chlorine with an oxidation number of (Il1)?

A NaClo,
B  Ca(ClO),
C  Mg(Cloy),
D HClO,

(Total for Question 1 = 1 mark)

2 Group 1 nitrates decompose on heating.

(@) Which is the correct observation for the decomposition of lithium nitrate?

brown fumes

brown solid

Nn W >

colourless choking gas
D misty fumes

2 (b) Which is the correct observation for the gas that is evolved during the
decomposition of sodium nitrate?

A produces a squeaky pop with a lighted splint
B relights a glowing splint

C turns damp universal indicator paper blue

D turns damp universal indicator paper red

(Total for Question 2 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 Barium nitrate is used in fireworks.

What colour would be seen from barium nitrate in an ignited firework?

A  yellow
B red

C lilac

D green

(Total for Question 3 = 1 mark)

4 A compound of iodine and oxygen contains 79.9% iodine by mass.
What is a possible formula of the compound?

[Data: A, O=16.0 [=126.9]

A 10O

B 10,
C LOs
D 1,0,

(Total for Question 4 = 1 mark)

5 Propan-1-ol undergoes complete combustion in oxygen, as shown in the equation.
GH,OH() + 4%0,(g) — 3CO,(g) + 4H,0()

What is the change in the volume of gas, indm?, when 0.050 mol of propan-1-ol fully
combusts at room temperature and pressure (r.t.p.)?

[Data: One mole of any gas occupies 24.0dm” at r.t.p.]

A 12
B 138
C 36
D 54

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 The Maxwell-Boltzmann distribution of molecular energies for gaseous molecules
illustrates the effect of changing reaction conditions.

(@) The diagram shows the values of E, with and without a catalyst.

E, (catalyst)
E,
Number of molecules
with a given energy
Y
%%777
Energy, E

Which area indicates the increase in the number of molecules that can react in

the presence of a catalyst?

AY
B Y-Z
C Y+Z
D Z
6 (b) Which diagram shows the new curve when the number of molecules is halved?
Old curve
New curve -----------
Number of AN Number of /
molecules with molecules with |/
a given energy agiven energy |
P \\ I' \\\
Energy, E Energy, E
A B
III \\\
Number of | Number of
molecules with | molecules with LT
agiven energy i a given energy
Energy, E Energy, E
C D

(Total for Question 6 = 2 marks)
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7 Reforming of natural gas is one industrial process used to produce hydrogen. The
equation for this process is shown.

CH, + HO = CO + 3H, AH® =+ 206 kJmol™

(@) What is the percentage atom economy by mass for the production of hydrogen in
this process?

A 5%
B 88%
C 17.6%
D 75.0%

7 (b) Which change will increase the yield of hydrogen?

adding more carbon monoxide gas
increase in pressure

increase in temperature

O n w >

use of a catalyst

(Total for Question 7 = 2 marks)
8 The skeletal formula of an alcohol is shown.

HO
OH
OH

What is the classification of the alcohol groups in this molecule?
A  all secondary
B  all tertiary
C one primary, one secondary and one tertiary
D two secondary and one tertiary

(Total for Question 8 = 1 mark)
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9 Propan-1-ol oxidises to form propanal when distilled with
acidified potassium dichromate(VI). The equation for this oxidation is shown.

CH;CH,CH,0OH

+ [0] —» CH,CH,CHO + H,0

(@) A student drawing of the distillation apparatus is shown.

thermometer

round-bottomed flask

’
N Y ALY AT A" 3

mixture of propan-1-ol
potassium dichromate(VI)
and sulfuric acid

[

condenser

{

water out

1

J water in

distillate
anti-bumping

granules

heat

Which is not a mistake in the diagram of distillation?

A thermometer bulb positioned

too far down

still head sealed around the thermometer

C closed entry and exit to the condenser so water cannot flow

D no vent for gases to escape after the condenser

9

Use your Data Booklet.

O-H stretching at 3637 cm™
C-H stretching at 2960 cm™

C-H stretching at 2825cm™

o N W >

C=0 stretching at 1710cm™’

(b) Which absorption in the infrared spectrum confirms the formation of propanal?

(Total for Question 9 = 2 marks)
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10 This question is about compounds with the molecular formula C,H,Br.

(@) Which reagent(s) is/are used to form 1-bromobutane from butan-1-ol?

Br,(aq) only
KBr(aq) only

Nn @ >

Br,(aq) and KBr(s)
D 50% H,SO,(aq) and KBr(s)

10 (b) The structural isomers 1-bromobutane and 2-bromobutane can be distinguished
by their fragmentation patterns using mass spectrometry.

Which m/z ion peak would be expected only in the spectrum of 1-bromobutane?

A 15
B 29
C 43
D 57

(Total for Question 10 = 2 marks)

11 Red phosphorus and iodine react with ethanol to produce iodoethane.
The relevant equations are shown.
2P + 3, — 2PIL
3CGH,OH + PI; —» 3GHI + H,;PO;

In an experiment using excess iodine and ethanol, the percentage yield is 45.0%,
giving 0.0750 mol of iodoethane.

What mass of red phosphorus is used?

[Data: A, P=31.0]

A 5.17g
B 2339
C 1729
D 0.775¢
(Total for Question 11 = 1 mark)
P81805A 7
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12 Hydrogen peroxide decomposes into water and oxygen.
An enthalpy cycle for this decomposition reaction is shown.

AH=
2H,0,(1) . » 2H,0() + O,(9)

2H,(g) + 20,(9)

What is the enthalpy change, A,H<, inkJmol™, for this reaction?

[Data: AH< [H,0,(1)] =-188kJmol™ AH= [H,0()] = -286 ki mol™]
A -384

B -196

C -98

D +90

(Total for Question 12 = 1 mark)
13 Which equation represents the standard enthalpy change of atomisation for
ozone, 057
A 0Os(9) - 30(g)
B 0,(g) - 0,(g) + O(q)
C  0s5(9) > 1720,(9)
D %0;(9) — O(9)

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 The reaction profile diagram for the thermal decomposition of calcium carbonate

is shown.
A
arrow K 2 arrow L
(s) + CO,(9)
Enthalpy arrow J
CaCO4(s) arrow M

v

Progress of reaction

Which arrow indicates the activation energy for the decomposition reaction?

A arrow)

B arrowK
C arrowl
D arrowM

(Total for Question 14 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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15 The graph for the hydrolysis of 2-bromo-2-methylpropane over time is shown.
A tangent is drawn for the initial rate.

0.100
0.090
0.080
0.070

0.060

Concentration

/ moldm-3 0.050

0.040
0.030 H
0.020 H

0.010
tangent

0000 | | | | | |
0 100 200 300 400 500 600
Time / minutes

What is the initial rate of reaction inmoldm=3s™"?

A 40x10°
B 24x10™
C 40x10°
D 24x10°

(Total for Question 15 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTIONB
Answer ALL the questions. Write your answers in the spaces provided in the Answer Book.

16 The physical properties of Group 0 elements (the noble gases) and Group 6 hydrides
provide evidence for intermolecular forces.

(a) State why Group 0 elements provide evidence only for London forces and not for
other intermolecular forces.

16 (b) Rapid small changes in the electron density and interactions between two helium
atoms over time can be represented by the steps in the diagram.

8_
' ' London forces
Step 1 ot Step 2 +  Step3 y

—

6_
' 8+

Describe how this diagram illustrates how London forces arise.

16 (c) Data for the first five elements in Group 0 are shown in the table.

Group O Helium Neon Argon Krypton Xenon
Number of 2 10 18 36 54
electrons
Boiling
temperature 4 27 87 121 166
/K

Explain how the trend in boiling temperature provides evidence for
London forces.

P81805A 11
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4 )
16 (d) A graph of the boiling temperatures for the first four Group 6 hydrides is shown.

120

100

80

60

Boiling 40
temperature 20
/°C 0
-20

40 4

-60 -

-80 -

H,O H.,S H,Se H,Te
Group 6 hydrides

Discuss how the graph of boiling temperatures for these Group 6 hydrides
provides evidence for hydrogen bonding.
Include a comparison of the strength of these bonds to London forces.
(4)

(Total for Question 16 = 12 marks)
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17 This is a question about Group 7 elements and their compounds.
(@) lodine can react with sodium hydroxide solution, as shown.
3, + 6NaOH — 5Nal + NalO; + 3H,0

Explain, with reference to oxidation numbers, why this reaction is an example
of disproportionation.

17 (b) Bromine is more reactive than iodine, which can be demonstrated by the
displacement reaction shown.

2KI + Br, — 2KBr + L,

Describe the advantage of adding an organic solvent, such as cyclohexane, when
carrying out this demonstration with aqueous solutions.

17 (c) Group 1 halides react with concentrated sulfuric acid to produce the
corresponding hydrogen halides. These halides differ in reducing ability.

17 (c) (i) Give a chemical test, and the positive result, to confirm the presence of a
gaseous hydrogen halide.

17 (¢) (ii) lodide ions react with concentrated sulfuric acid to produce hydrogen sulfide,
as shown.

8 + 8H" + HSO, — HS + 4, + 4H),0

Deduce the oxidation and reduction half-equations for this reaction.
State symbols are not required.

(Total for Question 17 = 7 marks)

P81805A 13
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*18 This question is about halogenoalkanes.

Some data about each carbon-halogen bond are given in the table.

Bond Mean bond enthalpy Electronegativity difference
/kJmol™ between the bonded atoms

C—F +467 1.5

c—d +346 0.5

C—Br +290 0.3

c—I1 +228 0.0

Explain how the values in the table provide evidence for the trend in the rates of
hydrolysis of halogenoalkanes.
Include the meaning of each of the terms ‘mean bond enthalpy’ and ‘electronegativity"

(Total for Question 18 = 6 marks)

19 This question is about the solubility of Group 2 hydroxides.
(@) A student determined the solubility of strontium hydroxide, Sr(OH), , in water.

The student added 3.00g of anhydrous strontium hydroxide to deionised water
and stirred until no more solid dissolved.

The final volume of solution was 250.0 cm”>.

The excess solid was filtered off from the saturated solution, dried and the mass
was 0.2764.

19 (a) (i) Calculate the solubility of strontium hydroxide in moldm=.

19 (a) (ii) The concentration of the saturated solution of strontium hydroxide can be
determined by titration with 0.155 moldm™ hydrochloric acid.

The equation for the reaction is shown.
Sr(OH),(aq) + 2HCl(aq) — SrCli(ag) + 2H,0(l)

Calculate the expected titre, in em?3, using your answer from (a)(i), for a
25.0cm’ portion of the saturated solution of strontium hydroxide.
Your answer should be given as a value that can be read from a burette.

14 P81805A
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19 (b) A 1.00dm’ saturated solution of calcium hydroxide is heated from 50°C to 70°C.
Calculate the change in the number of ions in 1.00dm? in this solution.

[Data: Solubility of Ca(OH), at 50°C = 1.47gdm™and at 70°C = 1.15gdm™]

19 (c) ‘Milk of magnesia’is a suspension of magnesium hydroxide in water. The liquid
appears white because of the floating solid particles of magnesium hydroxide.
Milk of magnesia is used as an antacid to treat excessive stomach acid and to
treat constipation.

Milk of magnesia can be obtained from seawater by precipitation of the
magnesium ions. A sample of seawater contains 1262 ppm by mass of
magnesium ions.

19 (c) (i) Write an ionic equation to show the reaction of milk of magnesia with
stomach acid.
Include state symbols in your answer.

19 (c) (ii) To treat constipation, the maximum recommended dose of milk of magnesia
is nine 5cm’ teaspoons at bedtime.
Each teaspoon contains 4.00 X 10°mg of magnesium hydroxide.

Calculate the volume of seawater, indm3, needed to make the maximum adult
bedtime dose of milk of magnesia.

[Data: Assume the density of seawater is 1.03gcm™]

(Total for Question 19 = 14 marks)

TOTAL FOR SECTION B =39 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the Answer Book provided.

20

Nucleophiles

Nucleophiles are species with a lone pair of electrons that is donated to
form a covalent bond. They can be molecules or anions.

Some nucleophiles are more reactive than others. For example, iodide
ions are stronger nucleophiles than chloride ions.

Ambident nucleophiles are anionic species that can attack from two
possible sites and which can give two different products.

Nucleophilic substitution is a very useful reaction mechanism for chemists
because it is a way of introducing a new functional group into amolecule.
(@) Butylamine can be produced from the reaction between 1-bromobutane and
excess ammonia in ethanolic solution when heated in a sealed tube.
CH,CH,CH,CH,Br + 2NH; — CH;CH,CH,CH,NH, + NH,Br

20 (a) (i) Complete the nucleophilic substitution mechanism for this reaction in the
Answer Book by adding curly arrows, and relevant lone pairs and dipoles.

20 (a) (ii) Give areason why the tube needs to be sealed.
20 (a) (iii) Use of aqueous ammonia instead of ethanolic ammonia can result in a

different product.

Suggest the identity of the product and why it forms.

16 P81805A
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20 (b) The cyanide ion, CN7, in potassium cyanide is a nucleophile that reacts with
halogenoalkanes to produce nitriles.

20 (b) (i) Give the name of the organic product from the reaction of the cyanide ion
with 1-bromobutane.

20 (b) (ii) State why the introduction of the nitrile functional group using the
cyanide ion is useful to chemists.

20 (b)(iii) Complete the dot-and-cross diagram in the Answer Book for the cyanide ion.
Use crosses (x) for the carbon electrons, dots (e) for the nitrogen electrons
and an asterisk (¥) for the electron gained from potassium.

20 (b)(iv) The cyanide ion is an ambident nucleophile.

Suggest the reason for this, and the structure of the different product formed
from the reaction of 1-bromobutane with cyanide ions.

P81805A 17
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20 (c) The hydroxide ion can react with 1-chlorobutane in two different ways, as shown.

C|lHHH

F ]
T

OH" yli‘
Reaction 1 Reaction 2

OHH H H H H H
N N |
H—C—C—C—C—H C=C—C—C—H
R R H ]

H H H H

Explain whether the hydroxide ion is acting as a nucleophile in one or both of the
reactions shown.
Justify your answer.

20 (d) Epoxyethane reacts with weak nucleophiles such as water and alcohols.

20 (d) (i) The overall equation for the hydrolysis of epoxyethane is shown.

6] OH OH

/ N\ + HO — > | | AH=-79.4kimol
H2C - CHZ H2C - CH2

After checking the bond enthalpies involved, one student was surprised that
this reaction was exothermic. The teacher asked the student to look more
closely at the structure of epoxyethane.

Suggest explanations for:
«  why the student did not expect the reaction to be exothermic

« which part of the epoxyethane structure the teacher was asking the
student to look at.

20 (d) (ii) The reaction of epoxyethane with ethanol gives a product with the
molecular formula C,H,,0,.

Suggest the skeletal formula of this product.

(Total for Question 20 = 21 marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER = 80 MARKS
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SECTION A
Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X. If you change
your mind, put a line through the box ¢ and then mark your new answer with a cross [X.
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
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Oxidation half-equation

(Total for Question 17 = 7 marks)

— NN 0 0 A O 20
P 8 7 9 2 6 A 0 1 0 2 4 CE.



5
<<
LK
o
45
T
'ii:
z
AL
ol
O
z S
o 2
a

DO NOTWRITEINTHIS AREA

5
°

XX
XX

1

= NN 0 0 R0 20 -
P 8 7 9 2 6 A 0 1 1 2 4 Turn over



<A %
SRS
SX RO
SRS
.................................................................................................................................................................................................................................................................................... B
0*'\“,)’0
o0 9,08
Feog it
v@y.
.................................................................................................................................................................................................................................................................................... R

XS

Jose” < a0

SIS
i )
& «XQA <
PP
oot
A
SRR
G

(Total for Question 18 = 6 marks)

. J

— NN 0 O 20
O .
P 8 7 9 2 6 A 0 1 2 2 4




(3)

0

13

Turn over »

8 7.9 2 6 A o0 1 3 2 4

P

O .

B0
)\:1 oo

¥ e v.

5 akooo.
R




19 (b)

(3)

.

P 8 7 9 2 6 A 0 1 4 2 4

O .

<

o
S
RS

XXX
,0:&’ pross
SRRLX
XS

RRXLXS
L8888
3355

X%
Batolososess
Baoteteles

%

(98 v
1958, *:)' S
o
PO,

(9%

XX
S
foter—a
X

SN
pron & 200

o
LR

=5

SRS
proryies
SoRIXS
S
posemer
Jose!
BoSevivilels

SRR
A BIS
oo ool
progaastes
S0P
$90%.0%
8K
X
BOSova lof
Fotece Wi
908 wie %
Qom0

5
$9%e ~ %8¢
X
Yo%
55
55
05, S50l
=
55
55
55
5
R
RS
%
2SS
R
35
XX
o9
35S
oole!
pasess
5

s
XXX

:::‘0%0
dotetete!

RS
Stose e
oa:

-

SRR

01

A1
AN
RS
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(Total for Question 19 = 14 marks)
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