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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).

1 Which of the following bond angles occur in a molecule of ethanol, C,HsOH?

O

(|
(|
(|

°S a =

90° and 180°
104.5° and 180°
104.5° and 109.5°
109.5° and 120°

(Total for Question 1 =1 mark)

2 Which of the following molecules is linear?
[0 A Carbon dioxide, CO,
(1 B Sulfur dioxide, SO,
[0 C Water, H,O
[0 D Methanal, HCHO
(Total for Question 2 = 1 mark)
3 Which of the following molecules contains polar bonds but is not a polar molecule?
] Chlorine, Cl,
[0 B Hydrogen chloride, HCIl
[ C Trichloromethane, CHCI;
[ D Tetrachloromethane, CCly
(Total for Question 3 = 1 mark)
4 Which of the following has dipole-dipole interactions between its molecules, but no
hydrogen bonding?
] Methane, CH,4
[0 B Methanol, CH;OH
[0 C Ammonia, NH;
[0 D Hydrogen iodide, HI
(Total for Question 4 = 1 mark)
2
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5 Which list below shows the compounds in order of increasing boiling temperature?

O

(|
(|
(|

A

B
C
D

CH,, HCL, HF
HF, CH,, HCI
HCI, HF, CH,
HF, HCI, CH,

(Total for Question 5 =1 mark)

6 Which of the following has the highest boiling temperature?

O

(|
(|
(|

A

B
C
D

Pentane, CH;CH,CH,CH,CH;

Hexane, CH3CH2CH2CH2CH2CH3

2-methylbutane, CH;CH(CH;)CH,CHj;

2-methylpentane, CH;CH(CH;)CH,CH,CHj;

(Total for Question 6 = 1 mark)

7 Which of the following could not be an element in Group 2?

O

L]
L]
L]

A

B
C
D

An element with an oxide which forms a solution of pH 10.

An element with an insoluble sulfate.

An element with a chloride which is liquid at room temperature.

An element with a carbonate which decomposes on heating.

(Total for Question 7 =1 mark)

8 Chlorides of Group 1 elements produce coloured flames when

L]
L]
L]
L]

A
B
C
D

electrons become excited to a higher energy level.

excited electrons move from a higher to a lower energy level.

an outer electron leaves the atom.

electrons move between the negative and positive ions.

(Total for Question 8 = 1 mark)

3
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9 This question is about the following compounds.
A Barium carbonate
B Lithium nitrate
C Potassium bromide

D Potassium nitrate

(a) Which compound gives a green colour in a flame test?

LI A
] B
0 C
] D
(b) Which compound gives a lilac colour in a flame test and does not decompose on
heating?
1 A
1 B
1 C
1 D

(Total for Question 9 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 20 cm? of sulfuric acid, concentration 0.25 mol dm™, was neutralized in a titration with
barium hydroxide, concentration 0.50 mol dm=. The equation for the reaction is

(a)
(|
(|
(|
(|

(b)

O 0o o o

Ba(OH),(aq) + H>SO4(aq) — BaSO.(s) + 2H,0(1)

The volume of barium hydroxide required was
A 10cm’
B 20cm’
C 25cm?
D 40cm?

During the titration, the barium hydroxide was added until it was present in excess.
The electrical conductivity of the titration mixture

increased steadily.
decreased steadily.

increased and then decreased.

S O w »

decreased and then increased.

(Total for Question 10 = 2 marks)

11 Which of the following trends occurs going down the elements in Group 2?

O

L]
L]
L]

A The solubility of the hydroxides increases.
B The first ionization energy increases.
C The solubility of the sulfates increases.

D The stability of the carbonates to heat decreases.

(Total for Question 11 = 1 mark)

12 Which of the following is not a true statement about hydrogen iodide?

O

L]
L]
L]

A It forms steamy fumes in moist air.
B It dissolves in water to form an acidic solution.
C It forms a cream precipitate with silver nitrate solution.

D It forms dense white smoke with ammonia.

(Total for Question 12 = 1 mark)

5
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13 Chemical reactions may involve

A
B

oxidation

reduction

C no change in oxidation number

D disproportionation

Which of the terms above best describes what happens to the chlorine in the following

reactions?

(a) Cly(g) + H,0(I) — HCl(aq) + HOCl(aq)

[

T O w »

(b) Cly(g) + 2Na(s) — 2NaCl(s)

(c) NaCl(s) + H,SO4(1) — HCI(g) + NaHSOy(s)

(Total for Question 13 = 3 marks)
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14 When chloroethane is heated with a concentrated solution of potassium hydroxide in

ethanol, the reaction which occurs is

A
B
C
D

O O o o

substitution.
elimination.
hydrolysis.

redox.

(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 Chloroethane reacts with aqueous potassium hydroxide solution, producing ethanol as

the organic product.

(a) The hydroxide ion is acting as

A
B
C
D

an electrophile.

a nucleophile.

an oxidizing agent.

a reducing agent.

(b) Which of the following shows the correct electron-pair movements in this reaction?

Q:OH_
H H

H
:OH
H
|
H—C—
|
H
H
|
H—C~
|
H

(Total for Question 15 = 2 marks)

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

16 Magnesium nitrate, Mg(NOs),, decomposes when it is heated. One product is the brown
gas, nitrogen dioxide.

(a) (i) Write an equation for this reaction. State symbols are not required.

(i) Calcium nitrate decomposes in a similar way to magnesium nitrate, but at a
higher temperature.

Explain why the two nitrates have different stability to heat.

(b) Sodium nitrate decomposes to give different products to magnesium nitrate. Write
an equation for the decomposition of sodium nitrate. State symbols are not required.

9

M D OOl Turn over
N 3 566 9 2 A 0 9 2 4



(c) A student suggested that the structure of the nitrate ion, NO;™, is

0°~ %0
O
oo
oo X X oo
(o] X X o
[ ] oN X O (o]
oo oo

Scientists have found that the bonds between nitrogen and oxygen in the nitrate
ion are all the same length. Is the student’s suggestion supported by this evidence?
Explain your answer.

(d) Nitrogen dioxide gas can dimerize to dinitrogen tetroxide, N,Oy,, a very pale yellow
gas, as shown in the equation below.

2NOx(g) = N,04(g) AH = -58 kJ mol”!

(1) What would you see when an equilibrium mixture of these gases is warmed
gently? Explain your answer.

N 3 56 92 A 01 0 2 4



(i1) Explain why an equilibrium mixture of these gases eventually becomes paler in
colour when the pressure on it is increased.

(e) Two Maxwell-Boltzmann distributions showing the energy of particles in a gas at
different temperatures, T; and T,, are shown below. The activation energy for the
reaction is labelled E,.

Number of
molecules
with Energy, E

Energy, E

Use the distributions to explain why gases react faster when the temperature is
increased.

(Total for Question 16 = 12 marks)

1

NP D0 A 0 Turn over
N 3 56 92 A 01 1 2 4 urhove



17 This question is about some reactions of halogens and halide ions.

(a) (1) When chlorine is added to a solution containing bromide or iodide ions, a colour
change occurs. What solvent would you add to the mixture to confirm the
identity of the halogen produced?

(i) Give the result for the test with this solvent in a reaction in which bromine is
produced.

(b) (1) Solid potassium bromide and potassium iodide can be distinguished by their
reactions with concentrated sulfuric acid.

Potassium bromide reacts with concentrated sulfuric acid initially to produce
hydrogen bromide. This reacts further, as shown below, to produce a sharp
smelling gas and a brown fuming liquid.

2HBr(g) + H,SO4(1) — SOs(g) + Bro(l) + 2H,0(l)

Show, by use of oxidation numbers for sulfur, that the sulfuric acid has been
reduced.

(i1) State TWO observations, which would differ from those with potassium
bromide, when potassium iodide reacts with concentrated sulfuric acid.

N 3 5§66 92 A 01 2 2 4



(ii1) One product of the reaction with potassium iodide is hydrogen sulfide, H,S.
How does this show that iodide ions are more powerful reducing agents than
bromide ions?

(c) In areas where the natural concentration of fluoride ions in rocks is low, some water
authorities add fluoride to the water supply to improve the dental health of children.
An alternative would be to supply free fluoride tablets.

Give ONE reason why it could be considered more ethical to supply free fluoride
tablets rather than to add fluoride compounds to the water supply.

(Total for Question 17 = 8 marks)

13
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18 Butan-1-ol and three other alcohols, X, Y and Z, are isomers.

(a) (1) Give TWO observations you would make when any one of the alcohols reacts
with sodium.

(b) Isomer X does not react with a mixture of potassium dichromate(VI) and sulfuric acid.

Draw the displayed formula of X and name it.

(c) When isomer Y is heated under reflux with a mixture of potassium dichromate(VI)
and sulfuric acid, it forms 2-methylpropanoic acid.

Deduce the structural formula of the alcohol Y.
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(d) 1) Isomer Z reacts with a mixture of potassium dichromate(VI) and sulfuric acid to
form a compound Q, which does not react with Fehling’s or Benedict’s solution.

Deduce the structural formula of the alcohol Z.

(i1)) What would be the principal difference between the infrared spectrum of Q and
the infrared spectrum of 2-methylpropanoic acid?

You are not expected to quote absorption values.

(e) One of the isomers, X, Y or Z can be converted to 2-chlorobutane.

What reagent would you use to carry out this conversion?

(f) (1) 2-chlorobutane reacts with silver nitrate in a mixture of ethanol and water as a
solvent. What would you see when the reaction occurred?

*(11) Both ethanol and water contain hydrogen bonds. By considering the hydrogen
bonding on these two solvents, suggest why 2-chlorobutane is more soluble in
ethanol than in water.

(Total for Question 18 = 12 marks)

15
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19 The concentration of iodine in solution can be measured by titration with
sodium thiosulfate solution.

Ly(aq) + 28,05*(aq) — 2I(aq) + S40¢”(aq)

(a) Name a suitable indicator which could be used for this titration.

(b) The amount of sulfur dioxide in the atmosphere can be measured by passing a known
volume of air through iodine solution. Sulfur dioxide converts iodine to iodide ions.

SO,(g) + I(aq) + 2H,O(1) = SO4>(aq) + 4H*(aq) + 21 (aq)

In an experiment, 100 m® of air were passed through 100 cm? of iodine,
concentration 0.0100 mol dm=. The remaining iodine was titrated with sodium
thiosulfate solution and reacted with 12.60 cm® of sodium thiosulfate, concentration
0.100 mol dm™.

(1 How many moles of iodine were present in the solution of the iodine at the start
of the experiment?

(i) How many moles of iodine remained in the solution at the end of the
experiment?

(ii1) Calculate the number of moles of iodine which reacted with the sulfur dioxide,
and hence the number of moles of sulfur dioxide in 100 m? of air.

N 3 56 92 A 01 6 2 4



(iv) The European Commission recommend exposure to sulfur dioxide in air should
be less than 350 micrograms (350 x 107° g) per cubic metre.

Calculate whether the sulfur dioxide in this sample of air was within this limit.
One mole of sulfur dioxide has mass 64.1 g.

(c) Explain whether the changes below would or would not improve the experimental
procedure for measuring the concentration of sulfur dioxide in air used in (b).

(i) The 100 cm?® of iodine was divided into 25 cm?® samples before titration.

(i1) The concentration of sodium thiosulfate used to titrate the iodine was changed
from 0.100 mol dm= to 0.050 mol dm™.

(iii) 150 m? of air was passed through the iodine. The solutions used were of the
same concentrations as in the original experiment.

(Total for Question 19 = 13 marks)

TOTAL FOR SECTION B =45 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

20

Fuel from the air?

A new catalyst that can break down carbon dioxide gas could allow us to use carbon
from the atmosphere as a fuel source in a similar way to plants.

Plants break the stable bonds in carbon dioxide during photosynthesis. In the natural
process, the carbon dioxide molecule is initially bonded to nitrogen atoms, making
reactive compounds called carbamates. Carbamates are derivatives of carbamic acid,
NH,CO,H. These compounds can then be broken down, allowing the carbon to be used
in the synthesis of other plant products such as sugars and proteins.

A new catalyst produced by scientists is a graphite-like compound made from flat
layers of carbon and nitrogen atoms arranged in hexagons. Carbon dioxide binds to the
catalyst and takes part in the following reaction, which occurs at 150°C and at about
three times atmospheric pressure.

C6H6 + C02 —> C6H5OH + CO
benzene phenol

Carbon monoxide can then be used to make liquid fuels such as methanol.

The energy required for photosynthesis comes from light, and experiments are now
going on to develop a light activated catalyst which could break down carbon dioxide in
a new process.

(Source: adapted from an article from the NewScientist.com by Tom Simonite, March 2007)

*(a) Why are the bonds within a layer of carbon atoms in graphite stronger than the
bonds between the layers of carbon atoms?



(b) The data below gives the relative electrical conductivity of a pure graphite crystal.

Relative conductivity in plane of Relative conductivity perpendicular to
carbon hexagons plane of carbon hexagons
3.7 0.0017

Explain why the relative electrical conductivity of graphite differs with direction.

(c) Suggest why the strength of the bond between the layers in graphite would increase
if some carbon atoms were replaced with nitrogen atoms.

19
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(e) The liquid fuel, methanol, is made by reacting carbon monoxide with hydrogen.

Write an equation for this reaction. State symbols are not required.

*(f) Benzene, which is needed for the new process of breaking down carbon dioxide, can
be made from coal. It is now usually made by catalytic treatment of one fraction of
crude oil at temperatures of around 500 °C and 20 atmospheres pressure.

Suggest the benefits and disadvantages of breaking down carbon dioxide using
benzene and the catalyst as described in the passage. You should consider

the energy and resources needed
the effects on the atmosphere

e whether it is a beneficial method for producing energy compared to direct
use of fossil fuels.



(g) Carbon exists in forms other than graphite. Nanotubes are rolls of graphite layers,
and fullerenes are cages of carbon atoms. Both nanotubes and fullerenes can
trap other substances in their structures, and fullerenes can be coated with other
substances.

Give ONE application of carbon nanotubes or fullerenes which exploits this
behaviour.

(Total for Question 20 = 15 marks)

TOTAL FOR SECTION C =15 MARKS
TOTAL FOR PAPER = 80 MARKS
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