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Learning Outcomes:

(A) Air
describe the volume composition of gas;s pgesent In dry air g¢ being —
S > . : . : - ‘A a o S D70 -
oxygen and the remainder being noble gases (with argon ';;“dt,:\.y Tss,
) s thr: 7y

L
3ip,

i 21%
nitrogen, 217% d
constituent) and carbon dioxide

B) Air Pollution
spheric pollutants, e.g. carbon monoxide: .
name some common atmosp p 9 Methane; n“"%‘:..

oxides (NO and NO2); ozone; sulfur dioxic}e; unburnt hydrqcarbons‘
state the sources of these pollutant§ as (N carbon_ monoxnde_from.lncom'
of carbon-containing substances; (_n) nitrogen oxides from ||ghtn|ng activity gn o
combustion engines; (iii) sulfur dioxide from volcanoes and combustion of fossil fuels Nal
« discuss some of the effects of these pollutants on health ?”d on the environment -y
toxic nature of carbon monoxide, the role of nitrogen dioxide and sulfur dioxide in' t?\i

formation of ‘acid rain’ and its effects on respiration and buildings

p|ete C(‘)mb

.
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(C) Reducing Air Pollution
describe the reactions used in possible solutions to the problems arising from COMmon
rters to remove

atmospheric pollutants, e.g.the redox reactions in catalytic conve
combustion pollutants, the use of calcium carbonate to reduce the effect of ‘acid rain’ and

in flue gas desulfurisation

(D) Global Warming and the Carbon Cycle

 describe the carbon cycle in simple terms, to include (i) the processes of combustion
respiration and photosynthesis: (if) how the carbon cycle regulates the amount of carbor:\
dioxide in the atmosphere

greenhouse gases and may contribute to global

state that carbon dioxide and methane are
warming, give the sources of these gases and discuss the possible consequences of an

increase in global warming

(E) Depletion of Ozone Layer

" oneass the Importance of the ozone layer and the problems involved with the depletion of
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(A) AR

1. Composition of Air
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composition by volume of cloan.
lean, dry air,

[ Gases
Nitrogen . N, Composition by volume
Oxygen, 0, L
N 21 % \
Noble gases (mainly argon, Ar) ' 1 % ’
(Argon - 0.93%)
Carbon dioxide, CO, \
0.03 % u

Note: The composition of air varies with tim
. e and place. (e.g. th \ vapour in 3
can vary from almost 0% in a desert to about 5% in a tro(picga| foereasrtr;o“nlt e

Nitrogen

0/ carbon dionide,
") Argon, Watet vapor, Other gases
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nal Distillation of Liquid Air

2. Fractio - air can be easily separated by physica -
onents in air _
.The Coéngir ONa| dl&t;“an
liquefie ; =
This process is shown below: %
Gas Boiling point/ 'C ] ,”“:\33:1,, )
100 | &@ .‘v
// water vapour | (
—— i fractionating L1 g |
I i mes ——)
;' carbon dioxide 78 (subli ) | ctonan ’E | .
| ——meneel ¢ M =
" xenon 108 [
3‘ |
i T
5 krypton 153
, umps to
| oxygen I -183 %
|
(
f argon ] 186
/ solid H,0 and CO,
/ nitrogen I 196 ond

Air is first cooled to freeze water vapour and carbon dioxide.
These two compounds are removed to prevent them from blocking the
pipes when they solidify during the cooling and liquefaction of air.

Step 1

The remaining gases in air are then compressed to about 150 atm in
a compressor with huge pumps.
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Step 3 When the compressed air is then allowed to expand rapidly, it cools,
hence liquefying the air.

The liquid air is then distilled in a fractionating column. An electric
heater is used to boil it. The gases are separated according to their
difference in boiling points.

Nitrogen has the lowest boiling point and it boils first and is collected at
the top of the column.

The other gases come out at the column af different heights of the
olumn dependmg on their boiling points.

Krypt _—
S;y z r‘;’;eet‘l':gmx.enon (other noble gases) must be further distilled to




2. Types of air pollutants
Major Sources
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(B)  AIRPOLLUTION h i
What is Air Pollution? — \Z/x@
® Air pollution is a conditi M
et ondition i : ! s I
living things. N In which air contains a high s
e Air pollution is caused b gh concentration of chemicals that may h \
i o y pollutant . Y harm living thi d "
dioxide, etc.) released into the E < such as solid particles (parti S
arth’s atmosphere particulates, e.g. soot) and harmful gases (carb id ’
. carbon monoxide, suirur

Harmful Effects
oxygen combines with haemoglobin in red blood cells to form

Normally,

LAir Pollutants
(a) Carbon
monoxide

Incomplete combustion*
;’:f : carbon-containing
fuels e.g. petrol and diesel
-Z colourless & | in combustion engines of
odourless gas | motor vehicles.

*refer to page E9 for more

(hence giving no

warning of its

presence) information on incomplete
combustion.

oxyhaemoglobin.
oxygen + haemoglobin = oxyhaemoglobin
The oxyhaemoglobin then moves through our bodies, releasing the oxygen to where

it's needed. This process is reversible.
bin in the blood more readily compared o

In the presence of CO:
Carbon monoxide binds with haemoglo

oxygen gas.
carbon monoxide + haemoglobin — carboxyhaemoglobin
This process is irreversible.

revents uptake of oxygen
de gas is a highly

gas by the organs.
toxic gas as it can then \ead to

Health effect
- Carbon monoxide p
Hence, carbon monoxi

brain damage and death.

Prevention of Carbon M
an be re

Treatment or
Carbon monoxide pollution ¢

« The catalytic converter oxidi

onoxide
duced by fitting motor veh

icles with catalytic converters.
into harmless carbon dioxide.

pon monoxide

ses the harmful car
ta




\ Air Pollutants |

Major Sources

Harmful Effects

(b) Sulfur
dioxide

- a colourless
and pungent
gas

Combustion of

fossil fuels

such as coal and
petroleum (crude oil)
that contain sulfur as
impurities.

E.g. burning of coal
in power stations.

e Volcanic eruptions
(Natural source)

Health effect

e causes eye irritations and breathing difficulties
e high levels will lead to inflammation of the lungs (bronchitis)

Environmental effect
o gives rise to acid rain, with pH of about 4 and below

Note: Unpolluted rain water has a pH of 6.5 because carbon dioxide in air dissolvesin
rain water to form carbonic acid.

Equation: CO»(g) + H20() = H.COs(aq)

Formation of acid rain
Step1: Sulfur (in coal / petroleum)

burns in air (oxygen) to form sulfur dioxide.

Equation: S(s) * 02(g) — SO2(9)

ioxide i i i ter to form sulfurous acid,
- Qulfur dioxide in the air reactg with wa : _
i which is slowly oxidised in air to form sulfuric acid.

Equations: S02(9) + H.0() — H,S0s(aq)

2H,S0s(ad) * 02(9) — 2H,S04(aq)

cid rain
Harmful eﬁeCtn::;:tone puildings and marble statu

sli idges. ,
1) Corrode such as SttT:r‘\tZr:J?: °% K and Ca®* from ihe soil needed
o2 acidic rain and washed away.
kes and streams.

es by reacting with carbonates.

N
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Prevention / Treatment

1. Remov
e sulfur im iti
s fe : purities fr i
chnologically difficult too;cf:g:i:lli;‘xels before they are burnt. However, th
. . r, this method is ex
pensive

2. Flue Gas Desulfurisation

Treat acidic m m
sulfur dioxid
- The waste Ide gas from the wast
. gases kno e gases formed before they a i i
- The acidic sulfur dio _de as flue gases are treated with a wet mixtury rfe rﬁ‘?asmed ki
xide is removed in the following reaction: ket

Equation: SO2(g) + CaCOs(s) — CaSOs(s) + CO2(g)
- Th i [ i
e calcium sulfite, CaSOs3, is further oxidised to calcium sulfate, CaSOa.

Equation: 2CaSO0;(s) + 02(g) — 2CaS04(s)

A flue gas desulfurisation plant

Mainly carbon
dioxide and air

calcium

M carbonate
1 and water

purification
chimney

chamber

suspension
calcium carbo

SUlfur

dioxide

_£5

£6
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Air Pollutants \ Major Sources
(c) Oxides of .

Internal combustion

Nitrogen engines of Formation of nitr _ Harmful Effects
vehicles W:\ec:or Step 1: At high—t(:agr:;?:Tx:.jfes it

- - i 1 ‘

E:tg.. NO, nitrogen and nitrogen monoxide (nitric oxide) rogen gas and oxygen gas from air react to form

nitrogen oxygen from ai .

: air :

m:’rfl‘g’;gz L react at high Equation: Na(g) + Ox(g) — 2NO(g) ‘g
temperature §

(colourless & g Step 2: The nitroge i : |

pungent gas) gen monoxide reacts with more oxygen to become nitrogen dioxide.
Occurs naturally Equation: 2NO(g) + O2(g) — 2NO:(g)

and NO-, from lightning

nitrogen dioxide activity. During Health effect

(brown & thunderstorms, the Similar to sulfur dioxide

pungent gas) heat released by

lightning i Environmental effect

These two nitrogen a?:e . Gives rise to acid rain |
oxides of oxygen In |

i ct to form
nitrogen are react

often described nitrogen oxides.
simply as NO x.

Formation of acid rain

Nitrogen dioxide reacts with oxygen and the water vapour in the air to form nitric acid. |

_, 4HNOs(aq)
Equation: 4ANO2(9) * 02(9) +2H.0()) al |

Harmful effect of acid rain

Similar to sulfur dioxide

with catalytic €©



M
- T T MBI UAIUCS O

Chewmi
mistry/Atmosphe
s s re

= Sulfur dioxi
oxide (SO
e A _2) and nitrogen dioxi o
itri i | Qe. d|9dee (NO) are acidic oxides that react with n
" \ xXyge and wat ™m
o er Vapour in the air 1o §
and ™ n o form sultunc acd

sulfur dioxi
xide
+
oxygen + water vapour R a4 \
sulfuric acid
nitrogen dioxi
xide +
ox
ygen + water vapour e nitric acid
acid rain

acidic oxides atmosphere

more acidic than pure water (pH 7).

=« Typical pH of acid rain is 4 whichis 1000 times

gases react with
air and water in
lou

culfuric acid - nitric acid
_ _ . gases damage
green \eaves

ACDRAN

acid corrodes

puildings and
metal

structures

“acd damages

caall,tcil,I soils .
fossil fuels acidifie ’ ' rough
purned acid ‘“’e‘iﬁ‘)ﬁs 8
Kills
fish

€8
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(C) REDUCING AIR POLLUTION CAUSED BY MOTOR VEHICLES

(@) Fuels for motor vehicles such as petrol and diesel contain hydrocarbons, Hydrocarbong 4
compounds that contain carbon and hydrogen only. Octane (CaHis) is an example sz

hydrocarbon found in petrol

e 08 wvaen. hydrocarbons undergo complete combn
(b} In fhe presence of S et s : \lease heat ‘ plete combustion tq Produce
carbon dioxide and water vapour and release heat,

Example: 2CeH1e(g) * 250:(g) » 16COy(g) + 18H,0(g)

In limited supply of oxygen, carbon particles (in the form of soot) and a toxic gas, carbon

c c |
© monoxide, are produced. This is called incomplete combustion.

Examples: 2CsH1s(g) + 1702(g) — 16CO(g) + 18H,0(g)
2CsH1s(g) + 902(g) — 16C(s) + 18H,0(qg)

(d) In the vehicle engine, nifrogen and oxygen in the air react at high temperature. Nitrogen
monoxide and nitrogen dioxide are produced.

Equations: N2(g) + Oz(g) — 2NO(g)
2NO(g) + O2(g) — 2NO2(g)

(e) Hence, the exhaust gases from motor vehicles contain harmful carbon monoxide, oxides of
nitrogen and unburnt hydrocarbons.

(f) To reduce air pollution, catalytic converters are attached to the motor vehicle exhaust systems.

(g) They contain platinum and rhodium as catalysts.

-

Casing of stainless steel ¢ carbon dioxide |

® ¢ nitrogen
e G
e water vapour
(harmless)

¢ carbon monoxide
* oxides of nitrogen
¢ unburnt hydrocarbons

(harmful)

Ceramic elements coated
with
platinum and rhodium

Catalytic converter



(h) When hot exhaust gases

gases are con are pass
verted to K Passed over e Cataly

arﬂﬂst gasoeg 3, redox
(i) Carbon o " reactions taka place . -
monoxide s oxidised tof e
orm CO
2.

Equation:
q on: 200(9)+02(g) .+ 2C0y \
29

(ii) Oxides of nitro
gen are reduc
ed to form N
2

e.g. i i
Uati : .

e.g. Nitrogen dioxide is reduced to form N
E ' . 2.
quation: 2NOy(g) + 4CO — 4COz(g) + N2(g)

(iii) Unburnt hyd
ydrocarbons such as octane CgHss are oxidised to form CO2z and Hz0.

Equation: 2CsH13(g) + 2502(g) — 16CO04(g) + 18H.0())

(i) Other measures to reduce air pollution by motor vehicles
R

F Measure
Use new materials such as lightweight Less fuel is needed to power lighter car bodies.

alloys (instead of steel) to make car
bodies.
Use clean fuels, such as hydrogen.

The products of combustion are harmless.
e.g. When hydrogen burns, only water is produced.

powered cars reduce

exhaust gas emissions

Battery-

Use electric cars.

€10
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ARBON CYCLE

-
y

& THE (&

) \ 7 & -
aBun, pmvmmnq its 1088 b . e
i b ra .
) offoct I8 called the g",o"\;‘o”(iatlon to Oute
\rface at a comfortable tgmperzteffect_ Thir
ure S

(D) GLOBAL WARMING

1, Glebal warming ‘ the
(1) Some ”“””Np,w,,‘. LG trop hent from '!1,
gpace. This Process that produces a warmin
$ [ .

Process I8 important in keeping the Earth's 8!

ive amount of heatin the atmosphere. Thj
2. I8 i‘S p
3 pro

o in temperature is called global warmj ducing
n

9.

NHPDIHH an OXCOSS

{s are
srature. This incre

(b) Some pollutan
as

sw increase in tempte

a sk

some infraved radiatig
Bty

radiation reflected
escapesinto space
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i
greenhonse
 Basey

absorb inf
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from earth }ai!lano“
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(c) Two majo
jor greenhouses gases are carbon dioxide and meth

ane

e Therise in carb joXi .
on dioxide i i
ide is due to the increase in the use and b
urning of fossij
ssil fuel
S.

¢ The incre ]
ase in methane is believed to be mainly d
y due to

vegetation due t
. 0 human activiti in
Felds ities such as destruction of forest ac rzased bacterial deca
nd increas y of
ed farmi
ng of ric
e

( )




2. Carbon Cycle

(a) Although the atmog

Phore COMaing 3 '
tonnes of carbon. 0.03 v, Carhiog Hoxride, thie 5 ahout 740 billion
(b) This huge reg

Crvoir of
atmosphere by

Carbon e CoOntingay re A

8 ¢ £ HNGyesed # ¥ > s
a \,u,-;my R p'ﬁ(:nmum v Wad from NG retirnd 10 the
(¢) To maintain a Constant aAMmount (f atmospharic. Carbon dioyide:
Rate of r'emoval of Carbon dioxide = Ra

te of return of carbon dioxide
(d) The Mechanism

i e leve|
the carbon cycle.

2 atrosphere is called

i L v : om. The
in the Earth's ecosys
' i lement carbon in ' oy
i irculation of the e oxide In the Earth's ecosy
The carbon cycle ;:tg]setf?e amount of carbon dioxide in th
u
carbon cycle reg
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oxlde moducod?
ation, the carbo
hydrates in

carbon di
During respir

(e) How I&
0§ 2] ' Is) respire.
. N‘H,“J“”“ sants nnd antma . ADOUT.
: o - « water
Afl VNG "1’,“,;-,,,f: into carbon dioxide an
s are conve ‘ A o
l,“t ‘: 1) tl'a.n‘ls‘nu:vd during respirati
. y 6CO; 6H,0

’ - 60
[ \]lh“f!ﬂn CﬁH1]()ﬂ 4 6( 2
i o 5] . E b as e . i '
Combustion of fo':qﬂl :'Ln, as coal pmr()leum and natur al gas (contains mam'y
e il fuels such as el |
iRy .arbon dioxide 1S produced.

~thane) are burnt, ¢ g
methane) are bustion.

Energy is released during com
Equation for complete combustion of methane:
CHa(g) + 202(9) — CO:(9) *+ 2H,0(9)

3. Bacterial decay . .
When plants and animals die, their bo
Carbon dioxide is produced in the process.

(f) How is carbon dioxide removed from the atmosphere?

1. Photosynthesis
Plants are essential as they help to remove carbon dioxide.
During photosynthesis, carbon dioxide and water are converted into glucose and

dies are broken down by bacteria.

oxygen in the presence of sunlight.

Equation: 6CO; + 6H,0 — CeéH1206 + 60,

2. Ocean Uptake

Carbon dioxide in the

{coat, petroleum,

naturel gag)

3 . .

: %
decay = = : s a
g [~) g
. DI 7 g E 8 s
/ Pressyre 2 ] g8
 millon £ /58 3
mmi!)ns Qi 3 ¥ g 2

, 3 E %
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(E) DEPLETION of OZONE ™
ER

Some harmgy) try-
radiation jg b _— F\f\f’(/

&

absorbed by the -
Protective ozgp, )

layer,
. Sratosphere
€9 (i)
— @ "G
: €@ T 96
~ CFC ' &
€9 g\ In th presence o .
Erd) T str " Py
\NJJ fﬁg’ . &tosphere ! detompoxe to form'
r ’ where the chlorine atoms
Protective | é‘; o €& ”
0Zonelayer = / &+ @ < ("@ + @”?)
iy 2 Chlori : .
:} found & ,,;E for:::rcmhleo::?s react‘mth 92one molecules in the stratosphere to
‘ ‘ monoxide and oxygen, thus destroying the ozone
p *E the ozone layer .

%% Propellants in
1 aerosols release
CECs into the
atmosphere,

. The ozone layeris
i '%%% destroyed.

2

Harmful UV radiation
reaches the Earth
through holes in the
ozonelayer.

(a) The Earth is surrounded by a layer of ozone gas at about 40 km above land surface.
(b) The ozone layer protects the Earth’s surface from excessive harmful ultraviolet rays from the

sun.
(c) The ozone layer is being destroyed by chlorine atoms produced from chlorofluorocarbons

(CFCs) molecules.

hemistry/Atmosphere



containing chlorine, fluorine and carbon.

(d) What are CFCs?
CreCs are( nmpmmuu
yolaculé

i formulae CFC/, and Ea&’z_

Two Impot tant oxamples have 1

FO8

.
Sources of (
aerosol pmpnlhmm
ofrigerators and
at room conditions and can be easily
ade

fluids for 1 air-conditioners
are gases
Il pressure.

coolants

These compounds
into liquid at a sma

roken down in the g .
les rise up and diffuse hig

L
round-level atmosphere and over
SOme

CFCs are not b .
h into the atmosphere

years their molecu

(e ‘High up in the atmosphere, the CFC molecules are decomposed by ultraviolet light f
into reactive chlorine atoms. rom suyn
E . UV rays

xample: CFCls ——» CFCl2 # c/

The chlorine atoms destroy the ozoné molecules by reacting with them t
o form

chlorine monoxide and oxygen gas.

Equation: C/(g) + Os(g)— CI/O(g) + 02(9)

> A
QAO

Chlorine atom reacts with o

oXygen oy zo
gen, resulting in a loss of o ne to form chiorine

Zone, Monoxide and
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Chemical Equations:
Step1:¢c/+0, ClO+0
?
Step 2: C/0O+ 0 Ci+0,
In step 1, the reactiv i
5 aclive chlorine atom (¢
chlorine monoxide and '::lln(, ato"k\ (C7) formed will react with an ozone molecule to form
Xygen gas. Hence, destroying the ozone molecule.

e formed can react with a reactive orygen atomn (formed
ygen molecule into single oxygen atoms), regenerating

In step 2, the chlorine monoxid
when UV breaks down the ox

chlorine atom.

Hence, the cycle
ycle of step 1 and step 2 can be repeated continuously with one chlorine atom

destroying thousands of Ozone molecules
Step 1: C/+ 03 — C/O + O,
Step2: C/IO+0 - CI+ 0,

and again ...

Step1: C/+0; —» CIO+ O,
Step2: C/IO+0 - Ci+ O,
and again... for thousands of times.

The destruction of the ozone layer enables excessive UV light to reach the Earth’s surface

(9)
(h) Effects of exposure to excessive UV radiation due to ozone depletion:
causes skin cancer

causes eye disease such as cataract

damages food crops

Solution: To stop manufacturing and ban the use of CFCs.



boing roduced in a redox reaction?

Quick Check :
v resmovod by
1 Which atmospheric pollutant can be remo
i convertor
A carbon monoxide in a catalytic €ol
Aac tic converter
B nitrogen monoxide in a ataly |
i satalytic converter
C  unburnt hydrocarbons in a catalytic _—
| | i i carbonate
St ith calcium ¢
D sulfur dioxide from flue gases by reaction W o
mbustion pollutants are remove o ’
n co
place whe

2 Which reaction takes

2C + 2NO — N> + 2CO

A
B 2CO +2NO — 2CO2 + N2
C CO+NO;— NO+CO:
D CO;+NO — CO + NO;
3 Which process removes carbon dioxide from the atmosphere?
A photosynthesis
B  respiration
C bacterial decay
D  combustion of fossil fuels
4 Which pair of gases are involved in the formation of acid rain?

A methane and nitrogen monoxide

carbon monoxide and carbon dioxide

B
C nitrogen dioxide and carbon monoxide
D nitrogen dioxide and sulfur dioxide

5  Which is true about complete combustion of fuels?
A A toxic gas can be produced.
B The products can be carbon particles and water.,

C Ittakes place in the presence of excess oxygen.,

D Some unburnt hydrocarbons will be left behing.

0(8)'aw) v(e)'az) ay) :suﬂ

Chemistry/Atmosphere
E17
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o
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sH,, § Sunligh Water are
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rboh
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°Tay is rele food are converted int
No carbon

aSed dUI"
o) NG respiration

CH
“9) * 20:(9) ~ COL(g) + 21,00y |

DY NG =
(D) Nitrogen dioxide ang sulfur dioxid
xide

Nitrogen dioxide
_ reacts with ox
ZC'd' ; ygen and the water vapour in the air to form nitric
uation:
quation: 4NOx(g) + Oz(g) +2H,0(!) — 4HNO(aq)
Sulfur dioxide in the ai i
L air reac ; A ke 3
stdiaed tamiriaomm Sulfurit:S e\flclit(tj\.water to form sulfurous acid, which is slowly

Equations:
SOz(g) + HzO(l) — HzSOa(aq)

2H,S0s(aq) + 02(g) — 2H,S04(aq)

ce of excess oxygen,
uce carbon dioxide and water

_, 16C0,(g) + 18H0(Q)

ndergo complete

hydrocarbons
d release heat.

vapour an

(C) In the presen
combustion to prod

Example: 2CsH1s(9) * 2502(9)

E18
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