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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 The diagram below shows the Maxwell-Boltzmann distribution of molecular energies
for a gaseous system at two temperatures.

300 K
310 K

Number of molecules
with energy E

\4

Energy £

(a) The energy plotted on the horizontal axis is mainly

[JA activation.
(1B kinetic.
[JC rotation.

[JD vibration.

(b) The rate of a chemical reaction increases with temperature mainly because

[JA the activation energy increases.
[0 B the activation energy decreases.
[JC more collisions occur with energy greater than the activation energy.

LID  the molecules collide more frequently.
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(c) The total area under each curve

LA
LIB
JcC

[ID

decreases with increasing temperature.

increases with increasing temperature.

increases or decreases with increasing temperature, depending on the size of the

molecules.

does not change with temperature.

(Total for Question 1 = 3 marks)

2 The diagram below shows a dot and cross diagram of nitric acid.

(a) Identify which of the labelled sets of electrons represents a dative covalent bond.

LA
[1B
[]cC
L1 D

)
(xRof
2

D

(b) In terms of orbital overlap, the double bond is

L] A
[JB
[JcC

a 7 bond.
two o bonds.

two 1 bonds.

[ D aobondandanr bond.

(Total for Question 2 = 2 marks)
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3 The colour observed in a flame test is due to

4

5

6

LTA
[IB
t1c
1D

electrons jumping to a higher energy level, absorbing energy.
electrons jumping to a higher energy level, emitting energy.
electrons dropping from a higher energy level, absorbing energy.

electrons dropping from a higher energy level, emitting energy.

(Total for Question 3 = 1 mark)

The best way to confirm the presence of iodine in an aqueous solution is

LJA
1B
1c

LID

adding hexane to form a purple layer.
adding hexane to form an orange layer.

adding acidified silver nitrate solution to form a yellow precipitate which is
soluble in concentrated ammonia.

adding acidified silver nitrate solution to form a yellow precipitate which is
insoluble in concentrated ammonia.

(Total for Question 4 = 1 mark)

The oxidation number of sulfur in sodium hydrogensulfide, NaHS, is

LTA
LB
e
LID

-2
-1
+1

+2

(Total for Question 5 = 1 mark)

Which of the following is not a disproportionation reaction?

LTA
LIB
LIC
LID

Cl, +20H — CI" + ClIO” + H,0
Cu,O + H,SO4 — CuSO4 + Cu + H,O
310" = 2I" + 105
Cu + 4HNO; — Cu(NO;), + 2H,0 + 2NO,

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Hydrogen iodide has a higher boiling temperature than hydrogen bromide. This is
because

[] A the H—I bond is stronger than the H—Br bond.
[0 B hydrogen iodide has stronger London forces than hydrogen bromide.
[J C hydrogen iodide has a larger permanent dipole than hydrogen bromide.

[] D hydrogen iodide forms hydrogen bonds but hydrogen bromide does not.

(Total for Question 7 =1 mark)

8 Butane has a higher boiling temperature than 2-methylpropane. This is because butane has
[] A stronger C—H bonds.
[] B more electrons.
[] C a larger surface area.

] D hydrogen bonds.

(Total for Question 8 = 1 mark)

9 The oxygen atom in a molecule of water has two bonding pairs and two lone pairs of
electrons. Based on the electron-pair repulsion theory, the H—O—H bond angle is most
likely to be

] A 180°
] B 109.5°
] C 107°
(1 D 104.5°

(Total for Question 9 = 1 mark)

10 The shape of a molecule of boron trifluoride, BF;, is
[J A trigonal planar.
[] B pyramidal.
[] C tetrahedral.
[] D T-shaped.

(Total for Question 10 = 1 mark)

5
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11

12

13

When solid samples of sodium carbonate and magnesium carbonate are strongly heated
[JA  both compounds decompose.

0B  sodium carbonate decomposes but magnesium carbonate does not.

[JC magnesium carbonate decomposes but sodium carbonate does not.

1D neither compound decomposes.

(Total for Question 11 = 1 mark)

As Group 2 is descended

[JA the solubility of hydroxides and of sulfates increases.

1B the solubility of hydroxides increases and of sulfates decreases.
[JC the solubility of hydroxides decreases and of sulfates increases.

1D the solubility of hydroxides and of sulfates decreases.
(Total for Question 12 = 1 mark)

These questions concern the use of infrared (IR) spectra to identify organic compounds.
The IR absorption ranges associated with some organic functional groups are given
below.

A O—H stretching in alcohols at 3750 — 3200 ¢cm™!

B (=0 stretching in aldehydes at 1740 — 1720 cm™

C (=0 stretching in ketones at 1700 — 1680 cm™

D C=O0 stretching in carboxylic acids at 1725 — 1700 cm™!

(a) When propan-2-ol is refluxed with potassium dichromate(VI) and sulfuric acid, the
product will show a peak due to

L] A
LIB
Llc
[ID

(b) When propan-1-ol is heated with potassium dichromate(VI) and sulfuric acid, the
product, that is distilled off as it is formed, will show a peak due to

L] A
[IB
tlc
LID

(Total for Question 13 = 2 marks)
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14 Which of the following formulae does not represent 2,2-dimethylpropan-1-01?

O A OH
1B H
H—(|3—OH
H ‘ H
D S
k| h
H—C—H
t
0 cC

OH

[J D (CH;);CCH,OH

15 Nucleophiles are

(Total for Question 14 = 1 mark)

[J A electron pair donors that attack regions of high electron density.

[J B electron pair donors that attack regions of low electron density.

[] C electron pair acceptors that attack regions of high electron density.

[J D electron pair acceptors that attack regions of low electron density.

(Total for Question 15 = 1 mark)

16 Which of the following is not true? Chlorofluorocarbons, CFCs,

[J A are flammable.
[J B are greenhouse gases.
[J C damage the ozone layer.

[] D are excellent refrigerants.

R 0 O O Turn over
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(Total for Question 16 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.
17 (a) Ozone, O3, is formed when oxygen is exposed to ultraviolet (UV) radiation or to an

electric discharge. Ozone is a blue gas whereas oxygen is colourless. When the two
gases are mixed, an equilibrium is established as shown in the following equation.

304(g) = 205(g) AH =+143 kJ mol!

(i) When the temperature of the pale blue equilibrium mixture is increased at
constant volume, the colour darkens. Explain this observation in terms of the
changes to the equilibrium.

(i1) State and explain what you would see if the pressure of the system at
equilibrium were increased.

(iii) A small amount of oxygen gas containing the isotope 30 is added to the
equilibrium mixture. After a few hours, ozone containing '*0 is detected.
Given that the equilibrium position is not affected, explain this observation.
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(b) The concentration of ozone in the atmosphere may be determined by bubbling air
through a solution of acidified potassium iodide. lodine is formed in solution, the
concentration of which may be determined by titration with a solution of sodium
thiosulfate of known concentration. The equations for the reactions are

O;+2I +2H" - 0, + H,O + 1, Equation 1
I, + 2820327 — 2"+ S40627 Equation 2
In an experiment to determine the concentration of ozone in a sample of air, 100 m’

of air was bubbled through 100 cm? of a solution containing an excess of acidified
potassium iodide.

The resulting solution was titrated against a solution of sodium thiosulfate of
concentration 0.0155 mol dm=. The volume of sodium thiosulfate solution required
for complete reaction was 25.50 cm?®.

(i) Calculate the number of moles of sodium thiosulfate that react.

(i1) Calculate the number of moles of iodine that reacted with the sodium
thiosulfate.

(ii1) Use equation 1 to deduce the number of moles of ozone that reacted with the
acidified potassium iodide.

9
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(iv) Calculate the volume of ozone, measured in m’, present in the original sample
of air. Assume that all gas volumes were measured at room temperature
and pressure and that the molar volume of any gas under these conditions is
0.024 m* mol ™.

(v) Calculate the concentration of ozone in the sample of air in units of parts per
million (ppm) by volume.

(vi) A student suggested that the 100 cm?® of acidified potassium iodide should
be divided into four portions before the titration. Explain how this change
increases the reliability and decreases the accuracy of the experiment.



(c) Give the oxidation numbers of oxygen in equation 1, shown below. Hence state the
role of ozone in this reaction.

O3+2I_+2H+—)02+H20+12

Oxidation number of O

ROIE OF OZOMC............ooo oot
(d) Ozone is used as an alternative to chlorine to disinfect flood damaged buildings,
to remove residual smoke odours from fires and in the treatment of drinking water.

Suggest one advantage of using ozone rather than chlorine, given that chlorine and
ozone are both toxic.

(Total for Question 17 = 18 marks)

11
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18 The steps below show the reaction mechanism for the reaction of a halogenoalkane with
sodium hydroxide in aqueous solution to form an alcohol.

(|:H3 (|:H3
H3C—C—Kc? —— H;C—Co® + CI1®

| |

CH3 CH3

X Y

H,C—C® :OH® — H,C—C—OH

| |

CH3 CH3

(a) (i) Name X and Z.

(i1)) Draw the skeletal formula of X.

(ii1) What type of alcohol is Z?



(b) (1) Name the mechanism and type of reaction shown above.

(iv) If the reaction is carried out in alcoholic (ethanolic) rather than aqueous

solution, a different type of reaction occurs and a different product is formed.

Name the type of reaction that occurs in alcoholic (ethanolic) solution and
identify the product by name or formula.

Type of reaction

Product

P 3 9 3 0 7 A 01 3 2 0
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(¢) The alcohol Z (shown below) resists oxidation. However, Z has three structural
isomers which are readily oxidized. On complete oxidation, one isomer forms a
ketone and the other two isomers form carboxylic acids.

CH;

H;C—C—0OH
CH;
Z

(1) Draw the structural formula of the isomer of Z that forms a ketone.

(ii) Draw the structural formulae of the isomers of Z that form carboxylic acids.

(Total for Question 18 = 15 marks)
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19 Metal nitrates decompose on heating. Potassium nitrate, KNO;, decomposes to form
potassium nitrite and oxygen, whereas calcium nitrate, Ca(NOs),, decomposes to form
calcium oxide, nitrogen dioxide and oxygen.

(a) Write equations for the decomposition of each of these metal nitrates. State symbols
are not required.

(i) Potassium nitrate

(i1) Calcium nitrate

(b) State two things that you would see when anhydrous calcium nitrate is heated.

*(c) Explain why potassium nitrate and calcium nitrate decompose to form different
products.

(Total for Question 19 = 7 marks)

TOTAL FOR SECTION B =40 MARKS

15
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SECTION C

Answer ALL the questions. Write your answers in the spaces provided.

20
Fuels of the Future

Concerns about the future availability of fossil fuels, and the fact that their combustion
produces greenhouse gases, have led to a search for alternative sources of energy.

A great deal of attention has been directed at developing the use of hydrogen as a fuel.
Since the only product of its combustion is water, hydrogen is considered to be a clean
fuel.

However, the use of hydrogen has major drawbacks. The small size of the hydrogen
molecule means that it is difficult to prevent leaks and, to store enough to provide

a reasonable amount of fuel for a car, hydrogen must be compressed to around

700 atmospheres. Furthermore, the main source of hydrogen is currently fossil fuels
such as methane, which is combined with steam in a series of reactions to form carbon
dioxide and hydrogen.

One suggested alternative to hydrogen is ammonia. Ammonia, which is obtained by
combining nitrogen and hydrogen at temperatures around 450 °C and pressures of about
150 atmospheres, also has serious disadvantages: it is a toxic, corrosive and pungent
gas which is difficult to ignite.

However, burning ammonia produces only nitrogen and water and it is relatively easy
to liquefy, having a boiling temperature of just —33°C. Furthermore, the technology
works: ammonia was used as a fuel for Belgian buses in the Second World War and, in
2007, the ‘NH3 Car’ project based in Ann Arbor, Michigan, used a mixture of ammonia

and petrol to fuel a 2500 mile journey, from Detroit to San Francisco, in a modified
pickup truck.

(a) (1) Explain the term greenhouse gas.



*(i1) State and explain whether or not water (in the gaseous state) is a greenhouse gas.

(i11) Write the equation for the formation of hydrogen from methane and steam.
State symbols are not required.

(1v) Suggest why using methane to form hydrogen in this way is preferable to
burning methane directly.

(v) Storing hydrogen at a pressure of 700 atmospheres is a disadvantage to its use
as a fuel because of the costs involved. Suggest why using such high pressures
1S so expensive.

(b) (i) Draw a dot and cross diagram for ammonia, showing the outer electrons only.

17
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*(i1) By considering the intermolecular forces involved, explain why methane has a
boiling temperature of 109 K while ammonia has a boiling temperature of 240 K,
although these two compounds have very similar molar masses.

(c) (1) Write the equation for the combustion of ammonia. State symbols are not
required.

(ii) The enthalpy change of combustion of methane is —~890.3 kJ mol™! and that of
ammonia is —510.1 kJ mol™!. Suggest two additional items of information, not
connected with environmental factors or the fact that methane is non-renewable,
which would be useful in comparing methane and ammonia as fuels.

(ii1) The fact that ammonia has a pungent smell is listed as a disadvantage of its use
as a fuel. Suggest why this might also be an advantage.

P 3 9 3 0 7 A 01 8 2 0



(iv) Suggest why ammonia was mixed with petrol in the ‘NH3 Car’ project.

(v) State, with a reason, whether hydrogen or ammonia can currently be considered
to be long term replacements for fossil fuels.

(Total for Question 20 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 80 MARKS
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