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O L evel Pure Chemistry Structured
Atmosphere Test 2.0

Q1
The amount of carbon monoxide present in air can be detected and measured by the reaction with a

white crystalline sclid called iodine pentoxide, 1:0s. The chemical equation for the reaction is given
as:

5CO(g) + 1:0s(s) = 12(5) + SCOz(g)

(a) Describe a change that can be observed for the reaction.

1]

(b) State a source of carbon monoxide and explain how it is produced.

iz 2]

{c) Explain why it is important to have a reliable chemical test for carbon monoxide.

..[2]
[Total: 5]
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Q2
Fig. 5.1 shows the reactions that lead to the depletion of ozone layer.
1. UV radiation hits 2. Chiorine atom 3. Chlorine atom hits
CFC molecule breaks away ozone molecule.
\ F
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-
4. Chlorine atom takes one oxygen 5, Oxygen atom hits 6. Two oxygen atoms form an
atom to create chlorine monoxide, chlorine monoxide O::Yga.n :rnnlecuée. Chlnlr;ntﬁe
leaves one molecule of oxygen maolecule atom is free and repea
depletion process
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Fig. 5.1

(a) Identify an endothermic reaction in Fig. 5.1 and provide evidence to support your
answer.

------------------------------------------------------------------------------------------------------------------------------------------------

[2]
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(b) Suggest why a small amount of CFC is sufficient to threaten the depletion of the
ozone layer.

................................................................................................................................................
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(c) With reference to Fig. 5.1, suggest whether the C — F bond is stronger or weaker
than the C — C/ bond.

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

“As near as we can tell,
you fell asleep under a
hole in the ozone layer”

Fig. 5.2

(d) Explain how ozone depletion causes the impact shown in the cartoon.

................................................................................................................................................
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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[Total: 7 marks]
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Q3

3 There are a range of atmospheric pollution problems currently threatening the Earth’s
general environment. The increased use of fossil fuels has a negative effect on the
health of the environment in terms of air and water pollution.

Of all the fossil fuels, coal is the least expensive for its energy content. However,
burning coal in electric power plants is a major source of carbon dioxide emissions. It
also releases substantial amounts of methane. The U.S. Environmental Protection
Agency's Clean Power Plan, as well as the low cost of natural gas, is leading older coal
plants to close and reducing interest in new coal plants. Alternative sources of energy
used as fuels are thus constantly sought after to meet the increasing demands of
human activities.

Figure A below shows the changes in the type of fuel used between 1990 and 2002.

1990 2002

Gas 1% Oil ™%

Nuclear 22%
Nuclear 19% Gas 40%
Hydro 1%

Hydro and

Other fuels 7% Other fuels 2%

Imports 2%
Imports 4%
A Coal 32%
'ﬁﬂﬂl EH. Ol 1% oa
Figure A
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Air pollution is caused by solid particles and poisonous gases in the air. These
substances are called air pollutants, which include carbon monoxide and unburnt
hydrocarbons.

Figure B shows the relationship between the air : fuel ratio and the production of air
pollutants by the vehicle engines.

'

Pollutant
concentration 1
nburnt
hydrocarbons
Carbon monoxide

121  14:1 161  18:1  20:1  22:1 240

Low air content High air content
T

Figure B

(a) Using information provided, give two main changes in the type of fuel used over 12
years from 1990 to 2002. Suggest an explanation for these changes.

.[3]
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(b) Using the information from Figure B, describe and explain the trend for the carbon
monoxide curve.

.[3]

(c) Estimate the optimum air : fuel ratio to minimise pollution by carbon monoxide and
unburnt hydrocarbons.

1]

(d) (i) Name another air pollutant not mentioned in the graphs which is also produced by
the vehicle engines.

1]
(ii)) Name the device fitted in cars which is used to remove both the emissions of

carbon monoxide and the pollutant you named in (d) (i) from the car engine.
Write an equation for this reaction.

vr[ 2]
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Refrigerants are substances used to cool refrigerators and freezers. Until recently,
many of the compounds used as refrigerants were chlorofluorocarbons (CFCs), but
these are now known to form chlorine radicals. One such compound is CFC/s,

UV light
CFCh ' ~ CFCL+C/
The C/ atom reacts with ozone in a two-step reaction.

Step 1: C/+ Qs —» C/IO + O
Step2:CIO+0 = Cl+ 02

(i) One molecule of CFC/; can destroy thousands of ozone molecules.
Explain why.

(2]

(ii) The graph below shows the mass and amount of carbon, fluorine and
chlorine atoms in one mole of a certain compound of CFCs found in the
aerosol can of hairspray.

o0 + T 18
BO+ + 16 %
= T0F° 114 £
w 60t T2 =
wl
E SU-F b 10 g
40 ¢ +8 E
30 1 16
20 + T4
10 + +2

carbon fluorine chlorine
mass (q) [:]; amount (mol)

Using the above information, determine the molecular formula of this CFCs
compound.

(2]
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Q5
Ozone, Os is a much less stable triatomic form of oxygen.

The diagram below shows the bonding in ozone molecules.
L]

X X @ o
xOx *0
X

o _©O ¢
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OO0

It is a pale blue gas present at low concentrations throughout the atmosphere (around
0.375 parts per million for O3 compared to 21% for Oz).

In the troposphere, ozone is an air pollutant which can damage the respiratory systems
of humans and other animals. The ozone in the stratosphere however is beneficial.

The diagram below shows how the concentration of ozone varies in the troposphere and

stratosphere.

* Contains 90% of Atmospheric Ozone

« Beneficiol Role: Acts as Primary UV
Radiation Shield

» Current lssues:

Stratospheric Ozone - éﬂ"?'T:;fm m“LnWHEM
— Springtime Anfarctic Ozone Hole

( The Ozone Layer) Eoch Year

— Springtime Arctic Ozone Losses

inSeveral Recent Years

* Contains 0% of Atmospheric Ozone
* Harmful Impact: Toxic Effects on
Humans and Vegetation
Tropospheric Ozone * Current Issuest
— Episodes of High Surfoce Ozone
in Urban ond Rural Areas

Altitude (kilometers)

| 1 1 ]

C 510152025

Qzone Amount
(pressure, milli - Pascals)
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Ozone is formed as part of a natural cycle similar to nitrogen and carbon cycle. The first
step in the formation of ozone is the decomposition of an oxygen molecule into two
atoms by low energy ultraviolet (UV) light (reaction 1). The higher the altitude, the faster
is this reaction. Each of these oxygen atoms can combine with another oxygen molecule
to form an ozone molecule (reaction 2). The rate of reaction 2 is faster where the
pressure is higher. The ozone molecule formed absorbs UV radiation and splits to form
an oxygen atom and oxygen molecule which produces a lot of heat (reaction 3). For
every mole of ozone that splits up, 90 kJ of energy is given off. Reactions 2 and 3 rapidly
interconvert oxygen atoms and ozone. There is another slow reaction, though, which is
known to destroy both oxygen atoms and ozone (reaction 4).

Reactions 1 to 4 are summarised in the figure below.

Reaction1

oo:mO"*

-
Reaction 3 ast

Al 0k} Reaction 2
SLD’W “
"‘\
Reaction4 . *
dotted arrow --—--> indicates a molecule or an atom from one reaction goes on to take

part in another reaction
solid arrow ==  indicates reactions
@ - indicate one oxygen atom

Chlorofluorocarbons, CFCs, destroy ozone in the upper atmosphere. Once the CFC
vapour reaches the upper atmosphere the following reactions occur in order.

Reaction 5: CFC + UVlight — CFC fragment + CI
Reaction 6: Cl+ Qs —- ClIO + Q2
Reaction 7: CloO + O —= Cl+0:

One example of CFC is the compound CFC 113, CFC 113 is an inert, synthetic
compound used in the electronics industry. The figure shows the structure of CFC 113
below.

Cl F

F—C—C—Cl

Cl F

10
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Some data about the bond strength in these molecules are given below.

Bond bond strength/ kJ per mole

C-Cl 330

cC-C 346

C-F 450

C-H 412
(a) Calculate the percentage of ozone in the atmosphere. [1]
(b) At which altitude is the rate of ozone formation maximum? [1]

(e) With the help of information provided, suggest why the stratosphere is a [2]
warmer layer than the troposphere.

(d) Which two reactions, 5, 6 or 7, when taken together are equivalent to reaction [1]
4 which destroys the ozone and oxygen atoms?

(e) The energy of the UV light is equivalent to 400 kJ per mole.
(i) When CFC 113 is decomposed by UV light, are chlorine atoms or [2]
fluorine atoms formed? Explain.

11
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Suggest a further bond change you would expect to occur in CFC 113 [1]
molecule.

() The formation of ozone in the upper atmosphere can be represented [1]
by a single equation shown below.
302(g) > 20s(g)
What is the value for enthalpy change for the reaction shown?
(g) Draw the full structural formula for ozone molecule. [1]

12
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Answers
Atmosphere Test 2.0
Q1

(a) White solid turns purplish-black/black/purple; [1]
A solid turns purplish-black/black/purple
R: a black solid is formed

(b) Incomplete combustion of fossil fuels; (1]
When there is insufficient oxygen; (1]
A: alkanes, alkenes, carbon containing substances/fuels, carbon
R: air for oxygen

(c) Carbon monoxide is a colourless and odourless gas; (1]
Can cause death at high levels within minutes/ breathing difficulties/ binds to
haemoglobin to form carboxyhaemoglobin; [1]

Q2

A5(a) | Step 2. This is where the Cl atom breaks away from the compound as UV radiation is | 2
absorbed in order to break the C — Cl bond.

(b) At the end of the reaction to convert ozone to oxygen, chlorine atom is regenerated | 1
and can be used again to convert more ozone to oxygen to repeat the depletion | 1
process.

(c) C — F bond is stronger. 1

(As UV rays is only able to break C — Cl bond but not C — F bond.)

(d) Ozone layer absorbs harmful UV rays from the sun. 1
If ozone-layer is depleted, the earth will be exposed to harmful UV rays which can | 1
cause skin cancer in human.

Q3

3a In 1990, solid fuel like coal was the most common type of fuel used because
usage of coal dropped by 2 times (67% in 1990 to 32% in 2002) [1]

In 2002, usage of gaseous fuel increased because usage increased by 39%
(1% in 1990 and 40% in 2002) [1]

Reason:Burning of coal produces more carbon dioxide and methane than
gas fuels. These are greenhouse gases which can contribute to global
warming.

b e High concentration of carbon monoxide at air : fuel ratio of 12:1 due to low
level of oxygen present, leading to higher tendency of incomplete
combustion.[1]

« Concentration of carbon monoxide decreased sharply from air : fuel ratio of
12-1 to 14:1 and decreased aradually after air fuel ratio of 14.1. [1]

13
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e As air content increased to 24:1, greater amount of oxygen is available for
complete combustion, thus decreasing the concentration of carbon
monoxide. [1]

C 15:1 (accept range between 14: 1 to 16: 1)
di Oxides of nitrogen / nitrogen dioxide / nitrogen monoxide [1]
dii | Use of catalytic converter [1]
2NO + 2CO =2 N; + 2CO;[1]
Q4

(a)

(b)

(c)

(i) The amounts of CO, 5302 and PM10 emissions are lower when using biodiesel than
fossil diesel. [1] On the contrary, the amount of NOx exhaust emission is higher when
burning biodiesel than fossil diesel. [1] [2]

(ii) There is more amount of CO produced. CO is a pollutant which binds irreversibly
with haemoglobin in red blood cell to form carboxyhasmoglobin, impairing its ability
to transport oxygen causing breathing difficulties and death. [1]

There is more 502 produced. SOz irritate the eyes and lungs and causes breathing
difficulties [1] (2]

Burning of bicdiesel releases CO:z to the atmosphere. []]

Biodiesel is formed from plants which absorb CO: in the atmosphere during
photesynthesis. [;]

Hence there is no net increase of COz in the atmosphere. [;]

3[2]
1-2; [1] [2]
(i) One molecule of CFC/y produces a Cl atom under UV light which reacts with one

molecule of Oz to form one molecule of CIO [1]

Another Cl atom is regenerated when one molecule of CIO reacts with an O atom. [1]  [2]
(i) From graph,

B3| BT
(N

[
moles 2
simplest ratio 1

The empirical formula is CF2CL[1]
From graph,

| C F cr
Mass of 1 24 76 71
mole of
compound/g i
Mrof CFCs =171

n=2
Molecular formula is C2FsClz [1]

14
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Q5
0.375/1000 000 x 100 % = 0.0000375 %
23 km (accept 22 to 24) -
c Energy produced by splitting of ozone [1]
Comparison of stratosphere and troposphere — higher conc of ozone,
UV shield, faster reaction 3 as pressure lower at higher altitude [1]
d Reactions 6 and 7 (both correct)
e |i Chlorine atoms [1]
The UV light has sufficient energy to break the C-Cl bond(330
kJ/mol) but not able to break the C-F bond (450 kJ/mol) [1]
il The C — C bond will also break.
f 2 x 90 kJ/ mol = +180 kJ/mol
g 0=0-0
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