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SECTION-I

ENVIRONMENT AND
ENVIRONMENTAL POLLU TANTS

't 8.1. lntroduction

:l:*1y11,rj$::1"^:,:.11,:L?I'^_"nd air poilution ; chem.ical reactions in atmosphere, kindsof smog, major atnrcspheric po[utants ; ""iJ 
irin, ozone and its ;"r"*il:";i'":i:H'.H,'Ji,H:;

ozone layer, green house effect and global warming, indudstria! air oollution- oreen nhamicrn, ,a(,zone layer' green nouse e[ect and global warming, indudstria! air pollution, green chemistry asan alternative tool for reducing pollution.
srly as i

arrr, rr, rr, raaaa,.t,

. . ,(,r) It is an important carrier of water vapour
which are needed for all forms of life.

(ur) Ozone present in it absorbs the harmful
ultraviolet radiations coming from the sun and thus
protects fife on the earth.

- (rr) It maintains heat balance of the earth by
absorbing infrared radiations coming from the sun
and those re-emitted from the earth. For the same
reason, it controls weather and climatic conditions.

Pressure and weight of the atmosphere. The
air at the surface of the earth is compressed by
weight of the air above it. Hence a, w" go highei
above the surface of the earth, the density u, wefl
as pressure of the atmosphere decrease. For each
increase in altitude of about 5 km, the pressure and
densiry of the air decrease by about one half. The
total mass of the atmosphere is about 5 x 1015
tonnes. This is about one-millionth of the total
mass of the earth. The atmosphere exerts a pres_
slre of about 1 .2 kgper squire cm on our tody
though we do not feel it.

Tbmperature of the atmosphere. Dilferent
parts of the atmospehre absorb and reflect dif-
ferent amouats of heat of the solar radiation.
Hence the temperature of the atmosphere varies
from - Lfi)"C to 1200.C (as shown in Tatte fS.f).

Composition of the Atmosphere or Air. The
cornponents of the atmosphere maybe divided into
three categories as follows :

The term "Environ- ment', literally means
"surroundings". [t comprises of the following four
maJor oomponents:

(L) Atmosphere
(2) Hydrosphere
(3) Lithosphere and
(4) Biosphere.

Let us first try to have a briefidea ofeach of
these segments of the environment.

(1) Atmospherc. Atmosphere is a cover of
gqses that utends to a height of obout 1600 knt abovb
the surface of the eatth and protects the hfe on the
eafth from the harmful radiations (cosmic rays ) com-
ingfrom the sun or the outer space.

f\rnctions of the atmosphere. (i) It contains
all those gases which are essential for'the existence
of life on theitisreq-uired 3.f,i"""rrt#
and CO, is in plants.
Nitroggl which is present as a vital component is
needed for plants indirectly as it is first converted
into water soluble gsmpounds like anmonia and
then added into the soil.

1*fi
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Major components: Nr, Or, water vapours
Minor components : Ar, CO,
Tlace components : He, Ne, Kr, Xe, CHa,

H2, co, N2o, so2, No, No2, HCHO, NH3, 03.

Structure orRegions oftheAtmospherc. The
atmosphere maybe cons;dered to be divided main-
ly into four regions above the surface of the earth.
These regions are defined by the temperahre
variation witb height in addition to tbe deirease in
densily and chcmical composition. The names of
th:se regions, the altitudes at which they exist, their
temperature r-anges a.nd their chemical composi-
tion are given in Thb-I." 18.1b:1.g.y,.. _ ., _ -. _..'t !lll l;l llt.1. l\laiu regions ofthc rrlmosphere

absorbs the harmfirl
from the sun and thus
aviolet radiation for the

sphert. and thermmphere (collectively called lono.
spherr) contain gases in the ionizcd foim. These ions
rellect back the radiowaves to the earth. This forms
the basis of wireless communication.

These regions may be represented diagram-
matically as shown in Fig. 18.1.

t
=

=UJo
l
E\

o, 
' o+, N o+, e-_

N2,02, o, NO+

STRATOPAUSE

N2, 02, 03

o-ATOMS

N2, 02, CO?, H2O Vapour

THERIVOSPHERE

MESOPHERE

STRATOPAUSE

STMTOSPHERE
(OZONOSPHERE)

TROPOPAUSE

-80.-60.-.40._20.
TEMPERATU RE 1 N'C-----.}

Tempera-
ture rllnge

l(,)'ftopo-
sphcre

(r'i) Strato-
sphere (or
czooe-
sphere)
(rO Me$o-
spherc

(tu) Ther-
mosphere

l0-11km

1l-50km

50-85 km

85-5m km

Decrrsses
from 15 to
-56'C
Increas€s
from -56 to-tc
Decrcases
from -2 to
-92"C
Increars
ftom -92 to
1200PC

N,, O,, CO,,
ffrO *p.ri
N2, 02, 03,

O-atoms

N2, 02,

02+, No+

or*, o*, 
I

NO+, e- |

km TROPOSPHERE TROPOSPHERE

Region Altitude
from e$rthts

Gases/
Species



ENVIRONMENTAL CHEMISTHY 1813

(2) Eydrospherr. It loms that paft of the
env onment which contoins water in the lorm of sea,
oceans,iverc, f
theearth'ssur t
of it is in the f
dissolved salt. Fresh water is present in lakes or
rivers or ponds which flows into them from rair or
melting of snow etc.

(3) Lithospber€. 1, is the solid conponent of
lhe earh consistitrgof soil, rocks, mountains etc.The
ourermost (8-40 km) thick solid part of the earth
is called the crust. The uppermost part of the
earth's crust contaios weathered rocks as well as
organic matter and is called soil, This is the most
importatrt part of lithosphere because we grow
plants on this part. It is also a store-house of
minerals.

(4) Btosphere.Ir rs that parl oI the lithosphere,
hydrosphere and atmosphere where living otganisms
interuct with ahese patts and thus live tryther For

ynthesis give
atmosphere,
rbon dioxide

which is used by plants for photosynthesis.

Lastly, it is interesting to point out that a
number of "natural cyclic processes,, are taking
place in the envtonment which keep a balance of
the different materials present in the environmont.
A nadlrsl cyclic process is a process according to
which a maleiol of the enyironment is consumed in
one way and then reprod.tced in snother way.

For example, we have water cycle, oxygen
cycle, nitrogen cycle, carbon cycle, phosphoius
cycle, sulphur cycle etc.

aclivily lo such o level of concentralion which qdver-
sely affects he quality ol enironment is cqlled ,,en-
vlronmental pollution." The undesirqble mateio I
thus added to he environment is called a ipol.
lutant"

There was a time when our ancestors used to
talk of purity in everything that we needed for our
grofih. However, with the advancements in tech-
nology and industralisation, such undesirable
matcrials are being added into the environment

v pesticides
a ue to toxic
e rivers and
lakes by the industries.

Eovironmenral pollution affccts human
beings, animals, plants as well as materials. lt docs
notonly slow down growth ofplants or bring illnoss
to human bcings but can cause havoc. A few
episodes that have occurred in the recent past due
to environmental pollution are given below :

(, In 195a about /mO people died in Loncton
due to respiratory discases (London smog).

. (li) During 1953-1%0, hundrerls of Japanese
died due to eating of fuh from polluted Minamata
Bay.

(ir) The
aod Nagasaki
subsequent
hundreds of thousands of people.

(rv) On Dece
(due to lealage
resulted into loss
about 50,000 people who are still suffering from
respiratory,luD& tfuoatand eye diseases (Sei more
details on page lV34).

(v) In 1972, about 500 Iraqis died afrer con-
srmiog polluted wheat.

(vi) In Greece atrd ltaly, the historic marble
statues have beer danaged by acid rain.

_ _ (rzi) Sulphur dioxide fumes are affecting the
whiteness of the marble of Thj Mahal and making it
pale.

(lz'ri) In thc Ukaraine area of Soviet Union,
thousaads of people had lost their lives due to the
world's worst nuclear disaster.

18.2. Environrnental Pollution and
Environrnental Pollutants

The oddition of any wdeiroble matsiat,o aii
wolet and soil by a naiual sdtrce or dte to humon

Agriculture, Life sciences, Medical sciences eti.
Thus it is a scieuce. A more
general term for this branch is ,,environmental

is confined not only to chemistry but also includes
other branches of science like Physics, BotanS

scletce" which deals with the study of sonrces of
pollution and the melhods ol monitoing and con-
Eol ling the pollutants.
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The main causes of pollution are

(i) Fast population growth

(ri) Rapid urbanisation
(iii) Excessive industralisation
(iv) Use of pesticides in Agriculture.

It is important to mention here that in a num-
ber of cases, the effect of the pollutaEts does not
remain localized. Some of these pollutants ale car-
ried by air or by other means so rapidly that their
effect can be felt within days or weak in alnost all
parts of the world. For example, if a nuclear test is

carried out itr any part of the worl4 its fall out can

be detected in any other part of the world within a
very short period. Similarly, pesticides such as

DDT have been found to have the adverse effect on

animals living thousands of kilometer away ftom
the place of their actual use.

The pollutlon model may thus be represented
as follows : -

a pbllutant causing damage.up rn the environmenl of a pollutant cauing damage

The gradual increase in pollution has novr

reached alarming proportions. Developed
countries started taking steps to check pollution
since early sixties. In 1970, they celebrated, 'Earth
Da/ which was organised by United Nations. In
19?2, United Nations held a conference on Human
Environment at Stockholm. Since then the develop-
ing countries including India have also become
concious to protect their environment. The first
step taken by Government of India was to set up
Cen ePs to
puri lution
itee (con-
densed Natural Gaq) in place of petrpl aad disesel

in metropolitan cities. .,...,
Dilfer€nc€ between a pollutant and a con'

tami\ ot.A contan nant is a subslance which does

t.tot occur ii n{tuEfrfrEi@d.[1tiid inio the environ'

ment by humsn aclivi't lt may or may not be harm-
- 

ful to the living organism or non-living comPonents.
On ths other hatd, a polfutant is a substance
produced eitlvr by noatml sources or by humon
activity or by the combined efect of both such that
lhe concentration oI that substsnce becomes so high
in lhe enironment thot il has harmlul effects on lhe
living oryanisms or non-liing comPonents. W-
eppl"l f {gq[utr:!:.:g:!c@lQ-S0.-S03, oxides

of nitrogen, dust particles etc. One well known
example of
acid I

tank in Delhikilling many persons and causingskin
and breathing problems to many others. As
pyrosulphuric acid does not occur in the atmos-
phere, therefore it is a contaminant. Further, as it
irad dangerous effects, so it is alid polhiFfit.
Generally, highly toxic substances are considered
as pollutants.

Threshold Llmtt Va!gg-.1[L]l- Th e permissib le

fimit d n fiollnfri4fiil otmospherc to which if a
twalthy worker is exposed lot -E-hgt!c-g doy or 40
hours a week througiout his W, there is no advede
effect on him is called threshold limit vahn. These
studies are made by experimentation on animals.
For example, TLV of CO is ,l{) ppm while that of
CO, is 5000 ppm. On the other hand, for the

poisonous gas, phosgene, TLv is only 0 1 ppm.

1 8.3. Types ol Po llula nts .:::iir::r::,.:i:,:,j:jiiri:r',::rr:.,:i,:::i:::i:::::i!i.:iii:!+:

Pollutants can be classified in two different
ways as follows :

(1) Primary and Secondaqt pollutants
Primary pollutants are those which after their

fomtation enter ahe enironmenl and remain as such.

For example, nitric oxide (NO) formed by bacterial
decay or by lightning flashes (resulting into com-
bination of N, and O, of the air) becomes a pol-

lutant if present in exctssive amount. Similarly,
SO2, NO2 etc. are also primary pollutants.

SecondarT pollutants are those harmlul
mateials which are formed by chemical reactions
between lhe pimary polluldnts in the atmosphere or
hydrosphere. For example, hydrocarbons and
oxides of nitrogen which are primary pollutants
react together in the presence of sunllght to form
certain compounds (e.6. PAN i.e. Peroryacyl
nitrates, see page 18117) which are also harmful.
The compounds thus formed are called secondary
pollutants.

ASSIMILATEO
BY ENVIRO.

NMENT
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(2) Biodegradable and Non-biodegradable
pollutants

Biodegradable pollutants are uaterials such
as domestic sewago, cow-dung etc. which are easily
decomposed by the micro-organisms either by the
nature itself oI by suitable treatment and thus are
not harmful but ifthese are present in exc€ss in the
envhonment, they do not undergo degradation
completely and thus bccome pollutants.

Non-biodegradable pollutants are materials
such as mercury-aluminjum- !D_f etc. which do
not undergo degradation or degrade very slowly but
their presence even in very small amounts itr the
environment is very harmful for the huma-us as well
as plants. They may roact with other compounds
present in the environnent and produce even more
toxic coEpounds.

18.4. Types o, Pollution

Pollution car not only be due to additioa
of undesirable matcrials into the envirooments but
can also be due to factors like noisc, electromag-
netic waves (like ultraviolet rays) etc. F\:rther, it can
be classified itr two difierent ways as follows :

(c) Depending upon the lnrt of the envlron-
ment pollutcd- For examplc (1) Air potlution
(2) Water pollution (3) Soil pollution or Land
pollution.

(b) Dependlng upon thc ratuE of tt€ pol-
lutant added lnto lhe cnvlrotrmeDt-

A few common oranples of this type are as
follows :

(1) Radioactive pollution
(2) Plastic pollution
(3) Soap and detergent pollution
(4) Oil pollution
(5) Acid Rain pollution
(6) Smog pollution
(7) Chemical pollutior
(8) Slit pollution
(9) Metal toxicity pollution
(10) Effluent pollution
(11) Noise pollution
(12) Thcrmal pollution
In this unit, we shall discuss briefly the pollu-

tion according to first classification-

SECTION_II

AIIt POLI,UTION

Ait pollution is d$ned os the addition ol un-
desirable mateials hto the atnosphere either due to
naitral phenomena or due to human activity on the
eaih which advenely sfrect he quality of the air and
hence affects the lile on the earth.

When we talk of air pollution, we mean the
pollution of air upto a height of about 80 km above
the surface of the earth. This part of the air is called
homosphere because the different constituents
present in it form a homogeneous mixture.

The composition of the pure dry air is as
follor,rr :

N7 08.10%), 02 (m.es%), k (0.93%),
Co, (0.032Vo), Ne (18 ppm), He (5.2 ppm),
CH4 (1.3 ppm), IG (1.0 ppm), H, (0.5 ppm),
Nro (0.25 ppm) Co (0.10 ppm), o, (0.02 ppm),
SO, (C'001 ppn), NO2 (0.001 ppm).

Air has never been pure right from the day the
man started burning fuel. The oxides of carbon,
nitrogen and sulphur become pollutants if their
amour s exceed a certaitr limit (called tolerance
limi|.

In nature, some amolmt of crrtain pollutants
is taken up by sorne mediurn present in the environ-
ment. Such a mediul is called a sink for that
pollutant. For example, ocears act as sinks for
SO, and CO, and micro-organisms act as sink for
CO. The living orgaoisms like animals or plants or
the materials like metals and buildings which are
adversely affected by the pollutants are called
rrceptors or tatTels.

18.6. Sources ot Air Pollution

Tte main sourccs of air pollution may bo
classified into two categories as follows :

(1) Natural sourcts. A few e mple of the
natural sources of pollution are as under :

(i) Volcanic eruptions emitting poisonous
gases likc CO, HrS, SO2 etc.

(ir) Forest fnes and coal-refuse fires.
(ri) Vegctation decay.

(lr,) Pollen gains of flowers.
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(2) Man-made sounc€s l.e, Sources due to
human activlty. A fer'.' example may be cited as

follows:
(i) Burnlng of fossil fuels (wood, coal etc.)

which produce some poisonous gases as by-
products such as CO, SOr, oxides of nitrogen

(No,), CHn etc.

(rl) Combustion of gasollne ln the
automobiles e.g. cars, scooters, buses, trucks etc.
They emit out poisonous gases like CO, oxides of
nitrogen and unburnt hydrocarbons in addition to
the particles oflead.

(rii) Incrtase lu populatlon. This is one ofthe
major causes of pollution. Morc the population,
more are the needs, greater are the unnatural
methods adopted which disturb the balance or
equilibrium of the atmosphere.

(iv) Defortstation. Man has been cutting trees
indiscriminately to meet his needs. This has
resulted in increase in the porcentage of CO2 and

decrease in the percantage of orygen in the air
(because plants take up CO, for photosynthesis

and give out O).
(u) Fast industrlalisatlon. In the last few

years, the number ofindustries in different parts of
the world and their production has increased
manifold. These include paper mills, sugar mills,
rubber and plastic industries, metallurgical in-
dustries using smelters, leather industries,
petroleum refineries, refrigeration, mining, etc.
The smoke coming out ofthese industries contairu
not only carbon particles but a number of
poisonous gases like CO, COz,

SO2, H2S, NO, NO2 etc. These industries are

respon-sible for about 20% of the total air pollution.
(vr) Agrlcultural actlvltles. The pesticides

added to the soil or the sprays dono over the crops
are carried by the wiad to different parts ofthe town
where they give a foul smell and affect the health of
animals and human beings.

(u'i) Wars. Thc nuclear weapons used during
wars emit out radiatiors which adversely affect the
health and prot to be fatal.

18.7- Air Pollutants

The five major air pollutants are

(1) Carbon mono:ride (CO)

(2) Hydrocarbons, (C,Hr)

(3) Oxides of nitrogen (NO,)

(4) Oxides of sulphur (SO,)

(5) Particulates.

Now we shall discuss the sources, harmful
effects and the methods to control each of these
pollutants one by one.

(l) Carbon monoxide (CO) as pollutant.It is
one of the most serious air pollutant. It is a colour-
less, odourless and tasteless gas. It is 96 57o as

healy as air.

Sources of CO production
(a) Due to human activity u.g.

(i) Iucomplete combustion of fossil fuels or
hydrocarbon fuels in the automobiles.

1

c +; o, """+ co

Similarly, the complete combustion of one
mole of butane (CaH1o) requires 6 5 moles of
orygen. If only 6 moles of orygen are available, one
mole of CO and 3 moles of CO, are produced

crHro G) + 6. 5 O, G) ---'
4CO2(d+5HrOo

CrHro G) + 6 OzG) 
-3CO2@) + Co G) + sHro (4

(ii) Forest hres or agricultural waste burning.
(iii) Reaction of CO, (present in the air or

produced due to complete combustion of carbon
containing compounds) with carbon containing
materials at high temperature (or with coke e.6 in
a blast furnace)

COz+C+zCO
(iv) Dissociation of CO, at high temperatures

(2000 K)
CO, 1r 96 19

At one time, it was believed that the major
source of CO in the air was due to incomplete
combustion of fuels. But now it has been formed
that o y 7Vo ol CO arises from the man-made
sources whereas the remaining 937o comes from
the natural sources as given below.

(b) Natural sources e.g.

(i) From conversion of methane produced by
the bacterial decay of living or organic matter
(8ova).

(ii) From sy'nthesis zurd decay of chlorophyll
(3%)

(

I
I
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(ru) Frorr oceans and other undetermined
sources (10%).

Sinks of CO. Although a large amouut of CO
is being added into the air either due to human
activity or due to ratural sources, yet the level of
CO in the air does not rise too much. This is because

a significant amount of CO is converted into COz

by the micro-organisms present in the soil or by
riactions in the atmospbere. In other words,

microorganisms (bacteria) presont in the soil act a-s

a sink for CO.
In the urban areas where there is heavy

vehicular trafEc, the level of CO in the air is high as

soil avai-lable is insuflicient to act as a sitrk. On the

other hand, in the rural areas, the level ofCO in the

air is low whicb is within the tolerance limit.

Harmful EIIects of CO. Carbon monoxide is

poisonous bccause it combines with haemoglobin

bf the red blood corpuscles (R.B.C.) about 300

times more easily than does oxygen to form car-

boryhaemoglobin reversibly as fo ows :

Hb+co+t{bco
The oormal function of the haemoglobin is to

combine with orygen in the lungs to form ory-
haemoglobin reversibly as follows :

Hb + 02 <- Hbo2

The oryhaemoglobin travels to the different

body cells where it gives uP orygen and takes up

CO, for return to the lungs which is then exhaled

out. However if large amount of CO Ls present in

the surrounding air, it combines more readily with
Thus

of the
comes

oxygen-starved.

It has been found that the maximum permis'

sible concentration of CO in the ambient air (sur-

rounding air) is 40 ppm for an exposure of 6-8
hours. At concentrations greater than 100 ppm,

difficulty in breathing starts and there is headache

and dizines. Concentrations of 750 ppm or more

lead to acute o$€en-starvation (called anoxia or

aspbyiation) and lead to coma aad death.

Smokers are more Prone to anoxia because

of CO in thc atmospherc car prove fatal.

Remcdlal treatment for CO polsoning :

(i) Carry the patient into the fresh air imme-
diately and do not allow him to walk.

(ii) Loosen his clothes and take offhis shoes.

(rr) Give artificial respiration if he is not able
to breathe properly.

(iv) In t in a high
pressurech o 2'5 atm
pressure. of car-

boxyhaemo and thus

transport ofO, to different Parts ofthe body starts.

HbCO + 02 i- HbO2 + CO

Control of C0 pollutlon. The main source of
CO pollution due to human activity is the use of
iaternal combustion engines in the automobiles.
These engincs emit a mixture of CO' NO,'

hydrocarbons and particulates. However, any

method used to control any one of these pollutants
results itr the increase of the other pollutants. For
example, if the aL-fuel ratio is increased from 13 to
16, the emission of CO and hy&ocarbons is

reducedbut the emission of NO, increases. Thus to

control the CO emission, suitable modificatiom
have to be done in the internal combustion enghe
or in the quality of fuel. A few of these are as

follows :

(i) The carburettor is adjustcd so as to give a
proper air-fuel ratio.

(ii) The exhaust system is developed in such a

way that it brings about complete combustion in the
fuel so that negligible Co is formed.

the
olts
hey

of

been started.

(iv) Modification of internal combustion en-
gines have been done by certain companies like
Honda and Tyoto ofJapan iustead of catalytic con'
vertors. They cont
so that complete
haust gases have
nitrogen and almost no carbon monoxide'

(v) Instead of gasoline, the use ofCNG (Con-
densed natural gas) and LNG (Uquefred natural
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gas) has been started as they are pollution-free
fuels.

- (2) Hydrocarbons as pollutants. Many dif-
ferent hydrocarbons are present in the air. MLst of
these hydrocarbons are of low molecular mass
(containing upto nearly 10 carbon atoms) and are
gase_s or volatile liquids at ordinary temperatures.
Methane (CHo), the simplest hydrocarbon, is the
most In Los An-
g9l9s affic is veryhigb be 3 ppnin
1965.

Sourtes of hydrocarbons :

(a) Natural sources. (i) Tlees emit large
amouns of hydrocarbons into the air.

(i) into the air in largequantitie ecomposition of o-r-
ganic ma sediments

Bacteria
2 CH'O 

- 

CH1 +CO2
(rll) Domestic animals contribute a very huge

amount of methane into the air every year.
(b) Man-made sources :

(i) Just as in case ofCO, thelargest man-made
source of hydrocarbons pollutants is the internal
combustion engine. About l5Vo of the toaal
hydrocarbons present in the air is from this source.

ns. Theyare

ii:fr:':lll
Gasoline also escapes into the air due to evapora-
tion from the fuel tank and the engine. '

(ii) Some hydrocarbon pollution also takes
place due to burning o[ stationary fuel i.e. coal,
wood, kerosene oil etc.

(ilr) Evaporation of organic solvents like ben-
zene,.toluene €tc. during industrial operations e.g.
in paint, varnish, lacquer industries itc. add su5_
stautially (about 10%) to the total hydrocarbon
pollution.

washed away by rain.

. Harmful elfects. (i) At low concentrations, as
they exist in the air at present, there are no harmful
effects of the hydrocarbons on the human beings.

However, if their concentration rises to 500-1000
ppm, they have carcinogenic effect on the lungs and
cause cancer.

(ii) Due to their photochemical reactions with
forrn
smog
ag,Jg

(3) Oxides ofnltrogcn (Nq) as poltutants.A

l.uTb:I_.[ oxides of nitrogen such as NO,
N2O, NO2, N2O3 and NrO, (iepresented by thi
general formula NO,) arc introduccd into the at-
mosphere due to naturalsources and due to human
activity. Out of these only two oxides r'.e. NO and
NO, are considered as pollutaats. Nitric oxide
(NO) is colourless and odourless gas whereas
nitrogen dioxide (NO.) is reddish brorin gas having
pungent smell and is suffocating in nature.

Sources of NO. producdon :

(a) Natural sottces. Natural bacteial action
is the only natural sourxe which discharyes NO,

1Zg.J_17fi"C
N2 +C)2 \_f 2NO

2 NO + Oz --r 2 NO2

_ The first reaction takes place at a temperature
of 1200- 175ffC. The reversi reaction is pievented
due to rapid cooling of NO. The second reaction
takes place at about 1100.C.

(ii) Chemical industries like sulphuric acid
and nitric acid industries produce NO, as by_
products which are discharged iato thc air.

The natural sources discharge about 5 x ld
tonnes of NO2 into the air mainly in the form of NO
whereas man-made sources release about 5 x 107
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tonnes of NO, every year all over tho world. F\rr-

ther, the distribulion of NO, fron natural sources

is uniform but man-made is not uniforgl Its con-
ceatratior is 10-100 times greater in the urban
areas (due to greater induslrialisation and
automobile population) than in the rural areas.

Sinks of NO. pollutant. The average

residence time of NO is 4 Clys while that of NO. is

3 days. During this time, thoy are converted irto
nitric acid (HNOr) through tbe following reactions

in which ozone plays an important role.

2 NO + 02 """'r 2 NO2

2 NO2 + 2 H2O + 02 ------+ 4 HNO3

or NO2 + 03 ._. NO:*oz
NO2+NO3 ....... NzOs

N2O5 + ItO """- 2 HNO:
i' irr

The end produft is nitric acid. It comes down
from the atrnosphere to the surfac& of the earth in
the form of acid mrz. Here it reacts with the bases
such as ammonia, line etc. to form nitratos.

Harmful elfects of NO, pollution. (i) Neither

NO nor NO, is a health hazard at the present

pollution level. Out of the two, NO, is more
dangerous as it is a toxicgas and affects respiratory
system and damages the lungs. Its concentration at
100 ppm may be fatal for animals and humau
beings. Though NO has about 1500 times greater
afhnity than CO for haemoglobin but fortunately, it
is unable to enter the blood strearn from the atmos-
phere. But its presencc in large anouut may result
in the increase of NO, by oxidation and thus be-

come harmful.
(r'i) Some sensitive or oruamental plants are

affected by the presence of oxides of nitrogen in the
ambient air (surrounding air) even at low con-
contrations. Their photosynthetic activity docrea-
ses and they start shedding their leaves and fruits.

(iri) In the presence of NO,, t 6@
ton, rayon etc. start fading.

(iv) The acid rain causes the pH of the soil to
decrease to 4 or 5 and thus reduces the fertility of
the soil. It also has a corroding effect on marble
buildings (like Thj Mahal at fura) and the metallic
strucluros.

(v) The nost serious hazard ofnitrogen oxides
is in the formation of an unpleasan t mixture of gases
aod particulates that make up gh-otochemical
smog.r It is formed as a result of photob-hemieal -
'rbaction taking placc betwe.en afiides-uffiogell-anil- hydi6car6ois forming o2one, perorya-cyl-
nitrates (PAN) and aldehydes (RCHO). Los An-
eeles is famolq for fhis t5p,e.g!11og,

Control of NO, pollution. (i) Just as in case

of CO, the catalytic convertors are used in the
automobile exhaust which in the frst stage convert
the oxides of nitrogen to free N, or to a small
amount of NH3.

(r'i) The flue gases coming from power plants
or hdustrial units and containing NO, and SO, are

freed from these gases by scrubbing them with
sulphuric acid. The following reactions take place :

Iii step :

NOz + SO2 * HrO -------r H2SO1 + NO

. lrrd step :

NO+NO2.......)NzO:

, 3rd step:
N2O3 +'2 H2SO4 """+ 2 NOHSO4 + HrO

The flue gases thus fteed ftom NO, and SO,
are releascd into the atmosphere. The reaction
product NOHSO. is decomposed to g€t H2SOa

which is then used again for scrubbing.

As NO, and SO, are acidic oxides, scrubbing
can also be done with alkaline solutions such as
Ca(OH), and Mg(OH), .

(4) Oxftles of sulphur as pollutants. The two
oxides of sulphur i.e. SO, and SO, (generally rep-
resented by the general formu.le SO,) are tle most
serious pollutants of the atmosphere. Both are
colourless gases with puageut smell.

Natural sourc:e of release of SO, into the
atmosphere is the vo lcanic eruptions. lt accounts for
abo,tt 677o of the total amount of SO, present on
the globe. '75s rulleining 33Vo is discharged into
the atmosphere due td human activity.

Mrn-made Sour.ccs mainly include the fol-
lowing :

(i) Combustion ofsulphur containing coal and
fuel oil in the thermal power plants.

rThe word "smog" is a combination of "smoke" ard "fog". It is a rDisnomd hcrr bccau6c photochcmicll smog is a mixtur
of 5 numbcr of unplcassnt compounds but not of 6moke or fog.
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(ri) Roasting of sulphide ores in the smelting
industries. e.g. iron pyrites (FeS.) , copper byrites

(CuFeSr), coppcr glance (CurS), zinc blende

(ZnS), galena (PbS) etc.

c.g. Cu2S + 02 -+ 2Cu * SOz

(ir'i) A small amount of SO, undergoes

photolytic oxidation in the air to form SO,

2SO2 + Oz """.r 2SO:.

(iv) In the presencr of water vapour, SO3

reacts to form H2SO. which remains suspended in
the air as droplets or comes down in the form of
acid min.

SO3 + H2O ""'- HrSO.

As in the case of NO,, the sulphur oxides

produced from natural sources are uniformly dis-
tributed over the globe but SO, pollution due to

man-made sources is more in the industrial towns
or urban areas than in non-industrial or mral areas.

Harmful effects of SO.. (r) SO, and SO, are

both strongly iritating to the respiratory tract.
SO2 at a concentration of5 ppm causes throat and

eye irritation (resulting into cough and tears and
redness in eyes). It causes b,reathlessness and af-
fects larw i.e. voic€ box (upper part of the wind
pipe). SO, is more harmful even at a concetrtration

of 1 ppm and causes severe discomfort. Elderly
persons and those with heart and lung diseases are
most seriously affected.

(i) Even a very low concentration of SO, (0.03

ppm) has a very damaging effect on the plants. If
exposed for a long time l'.e. a few days or weeks, it
slows down the formation of chlorophyll resulting
in the injury to the leaf ilglgding loss of green
colour. This is called chlorosls.

(rrr) Sulphur oxidcs as such or after being
converted into H2SO1 damage a number of
materials e.g

(a) They damage building materials especially
marble. For exanple, marble of Taj Mahal in Agra
isbeing damaged due to Mathura refitrery, thermal
power station and a number of foundaries located
nearby.

(b) They mrrode metals, particularly iron and
steel.

(c) They bring about fadhg and deterioration
of fabrics, leather and paper.

(d) They affect the colour of the paints.

Slnks of SO,. The sulphur oxides are con-

verted into HrSO. which combines with the lime-

stone minerals and thus removed considerably
from the atmosphere. Thus limestone minerals act
as sink for sulphur oxides.

Conhol ot SO, pollutlon. The sulphur oxide

pollution can be controlled in a number of ways as

follows:-
(i) By use of low-sulphur or rulphur-free fuels

like natural ga: .

(ii) By remoing sulphurfrom thefu.cl (e.9. from
fuel oil) before buming .

(iii) By making salphur-free liquefted gaseous

fuel lrom coal.

But methods (ri) and (lr) are not economical.
(iv) By using altemale sources of energt e.g.

hydroelectric power plants and nuclear plants.

(v) By removol of SO,from llue gares. Sriphtr
oxidcs can be removed from flue gases by using
chemical scrubbers. These chemical scrubbers
contain a slurry of limestone. i.e. CaCOr. The flue

gases are passed tbrough this slurry. SO, combines

to form CaSO, whereas SO, combines to form
CaSOn as follows :-

CaCO3 + SO2 ---' CaSO, + CO,

CaCO, + SO3 """'' CaSOa + CO2

This method is economical but it produces
huge amounts of solid CaSO, and CaSon, the dis-

posal of which is a great problern.

An altemative method is based upon the reac-
tion between HSOr- ions produced from SO, and

citrate ions (HrCit-). The flue gases are cooled to

about 5ffC and then passed through a solution
contahing citrate ions. The following reactions
take place leading to the formation of a citrate
complex

soz+H2o + HSo3- +H+

HSO3- + H2 Cit- i-----r [HSO3 . H2 CitF-

The abovc solution is then transferred into a

closed vessel and [I.S gas is passed through it. As

a rcsult, sulphur precipitates out and the citrate
ions are regenerated. The sulphur obtained in
9'97o pure and is thus an excellent by-product.
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(5) Particulst€s as pollutants, Small solid
paniclet and liquid droplets suspended in air are
collectively called as pafticulafes. Some important
characteristics of these particulates are as under :

(i) Sr2e. Their size (diameter) varics from 5 nrn
to 500,000 zrz.

(ii) Mass. Their mass varies from 60pg to 2000
pg pet m3 ir.vban and industrial areas.

(iii\ Concentration, Their number varies from
a few hundred per cm3 in clear air to 1d per cm3 in
polluted air.

(iv) Surface area. They have large surface area
due to which they have a good sorption for organic
as well as inorganic matter.

(v) Chemical nature. Difflercrrt gpes of par-
ticulates have different chemical nature.

Sources of partlculates :

Natural sources include volcanic eruption,
grinding, blowing of dust and soil by the wind,
spraying of salts by seas and ocoans etc.

Man-made sources include a large number of
materials suspended in the air as particulates d.g.

(i) Soot. These are the smallest particulates
(diameter about 5nm). They are the most common
particulates introduced into the air due to incom-
plete combustion of fossil fuels such as coal, wood
fuel oil, natural gas etc.

(li) FIy ash. These are ash particles coming
alongwith the furnace flue gases and are the biggest
particulates (diameter about 500,000 nm). They are
produced due to the combustion of high-ash fossil
fuels as in the thermal power plants or in smelting
and mining processes.

(iii) Inorganlc particulates. A few common
inorganic particulates are as follows :

(a) Metalllc partlcles, These are discharged
into the air during finishing of metals.

(b) Metal oxides, They are released into the
atmosphere during the combustioa of fuels con-
taining metallic compounds. For example, when
coal containing iron pyrites is burnt, particulates of
FerOn are introduced into the air

3 FeS2 + 8 02 --'- Fe3O4 + 6 SO2

(c) I*ad haliiles. Tetraethyl lead, Pb(qH5)a,
is added to gasoline to act as an anti-knocking
agenl. During combustion in the engine, it is

oxidized to PbO which deposits in different parts
of the engine and many cause damage. Tb avoid this
damage, Pb(CrHr)n is mixed with dichloroethane

and dibromoethane which convert PbO into
PbCl, and PbBr, which are volatile and thus come

alongwith the exhaust gases and introducedinto the
atmosphere

Pb(qH5)4 + 02 + qH1Cl2 + qHaBr2 """',

co2+H2o+Pbclr+PbBr'
Thus engine is protected but air getspolluted.
(d) Asbestos dust. Asbestos is a fibrous sili-

cate mineral which is introduced into the atmos-
phere by thc industries manufacturing asbestos
sheets, ropes etc,

(e) Sulphuric acld & nitrlc acld. These par-
ticulates in the form ofdroplets are produced in the
atmosphere when oxides of sulphur or nitrogen
come itr coEtact with the moisture.

2 SO2 + 02 + H2O ------- 2 H2SO4

4 NO2 + 2 H2O + 02 -+ 4 HNO3

or 2NO, + Or + H2O 
-2HNO, 

* O,

Their size lies in the range of 500-1000 nrr.
(iv) Orgaulc partlculstcs, Organic particu-

lates hclude parafhns, olefins and aromatic com-
pounds, particularly polycyclic aromalic
hydrccarbons (PAH). These originate from com-
bustion of static fuels or automobile fuels or from
petroleum refi neries. The polyryclic hydrocarbons
are easily adsorbed on the soot particles and prove
to be a great health hazard.

It may be mentioned that man-made particu-
lates are almost equally contributed by the three
sourceg namely stationary fuel combution, in-
dustrid proccsses and fires such as forest-fres or
agricultural burning of wastes.

Alternatively the particulates in the atri'ob-
phere may be divided into two categoriesi.e. viable
and non-vlable.

The viable particulates are the small size living
organisms such as bacteria, fungi, moulds, algae
etc. which are dispersed into the air. The fungi
cause allergSr in the human beings and diseases in
the plants.

The non.vlable particulates are formed as a
result ofthe disintegration oflarge size materials or
by condensation of small size particles or droplets.
The atmosphere contains four types of non-viable
particulates. These arcmist, smoke, fumes and dtst.

Mlsts are producrd from the particles of the
spray liquids e.g. from herbicides and insecticides
and the condensation of the vapours in the air.
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Smoke consists of small soot particles
produced as a result of the combustion of organic
mataer e.g, oil, tobacco, carbon smoke etc.

Fumes are the vapours of certain materials
present in the air e.g metallurgical fumes (fumes of
metals) and alkali fumes.

Dust denotes fme particles produced during
certain industrial processes e.& crushing, grinding.
It consists of limestone particles, sand, pulverised
coal, cement, fly ash, silica dust etc.

Harmful effects of partlculot€ pollutants :
Efrect on humans. (i) Small sized particulates

have greater damaging effect on the humans be-
cause they can pass through the nose and enter the
lungs easily whereas entry of big sized particles is
checked in the nose and throat and can be easily
removed from there. The small particulates thus
accumulated in the lungs have large surface area
and act as excellent sites for adsorption of car-
cinogenic compounds such as pollmuclear
hydrocarbons, asbestos ctc. and cause diseases like
lung cancer, bronchital asthma, chronic bronchitis
etc. This disease of the lungs is common among the
industrial workers and is called Pneumoconiosis.

(r'i) Different types oflung diseases are caused
by different types of particulates e.& asbestos
causes asbestosis, dust containing free silica
(SiOr) causes silicosis, coal miners suffer from

black lung disease whereas textile workers suffer
from white lung disease, beryllium compounds
such as BeCl, BeSOa etc. cause ber1llosls etc.

(rrr) Lead particulates are highly poisonous
and have a serious effect on children's brain and
cause cancer.

Effect on plants. Particulates deposit on the
leaves of the plants thereby blocking the stomata
and retarding the transpiration of minerals from
the soil. Also it hinders the intake of CO, from the

air tbereby inhibiling photosynhesis.

Elfect on materlals, Particulates damage a
Iarge number of materials e.g soot, dust, fumes,
mists etc. damage paints, clothes, draperies, build-
ings, soil, sculptures, monuments etc. They also
accelerate corrosion of metals.

Eftect on vlslbillty. The light scatteredbypar-
ticulates results in poor visibility of the object in
front ofus as it happens at night when we are driving
a car or scooter especially on foggy nights. Similar-
ly, the sunlight scattered byparticulates illuminates

the air and reduces visibility due to decrease in
contrast between the object and its background.

EIIect on cllmate. Particulates act as nucleifor
cloud formation and hence affect the climate. F!r-
ther, they scatter and reflect back the heat of the
sunlight and thus control the warming up of the
earth's surface due to increase in CO, i.e. they

counteract the greenhouse effect (discussed later).
Control of partlculate pollutlon. To reduce

the pollutioE in the air, the removal of particulates
is very essential. This is done by using the following
techoiques which are based on settling or washing
away of the particulates.

(i) Gravlty settllng chamben lt consists of a
horizontal rectangular taDk. It is so large that the
effluent gases which are allowed to etrter into it
slow down. As a result, larger particlessettle down.
The hne particles, however, cannot be removed by
this method.

Qi) Cyclone collector, In this technique, the
gas is allowed to flow in a tight circular spiral. Due
to the centrifugal force, the particulates move
towards the wall and start settling down.

(iii) Wet scrubbers. In this technique, spray
towers or chambers are used into which a suitable
liquid (usuallywater) is introduced in the form ofa
fine spray which washes away the particulates.

(iv) Electrostatlc precipitator. This is the
most effective and eflicient method for the removal
of particulates. Abott99Vo of the particulates can
be removed by this method. It is ba,sed on the
principle that particulates of all size (especially
aerosol particles) can be made to acquire negative
charge under the influence of high electric field.
Theseparticles are then attracted towards theposi-
tive electrode of the electric held where they start
accumulating and then removed. For this purpose,
the air containing the particulates is allowed to
enter a tall chamber in which the electrode in the
centre is subjected to a negative potential of
30,000 -,0,000 volts whereas peripheral electrode
is earthed. The air inside get ionized into positive
ions and electrons. The electrons are adsorbed on
the particulates thereby giving them a negative
charge. These are then attracted towards the posi-
tive peripheral electrode on which they accurnmu-
late and are removed by vibrating the electrode.

A schematic diagram of atr electrostatic
precipitator is shown in Fig. 18.3.
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responsible for the air pollution
to a large extent as the exhaust
gases contain a number of pol-
lutants such as CO, NO,, SO,,

C,H, C and Pb particles etc.

In fact, a long list of in-
dustries can be prepared which
are discharging pollutants into
the atmosphere. These include
textile industry paper industry,
sugar hdustry, leather industry,
glass industry alcohol manufac-
turing industries (breweries)
etc.

18.9. ChemicalReactions
Occurring in the Atrnosphere Ll;ii

As already explained at-
mosphere is divided mainly into four regions,
na.mely, troposphere, stratosphere, mesosphere
and thermosphere. All thcse regions of the atmos-
phere contaia gases. In the presence of sunlight,
these gases undergo chemical reactions. Thus the
reactions occurring among these gases are
photochemical reactions. However as the amount
of these gases present in the atmosphere is very
small, it makes the detection and analysis of the
reaction products efiemely difficult. These
photochemical reactions also decide the clirnatic
changes. Now we shall briefly describe the reac-
tioru taking place in different segments of the at-
mosphere one by one.

(1) Reactions occurring in the troposph€re,
This is the lowest region of the atmosphere which
[es just above the surface of the earth (0- u km)
where all biological activity takes place. All visible
events like rain, wind storms, climatic or weather
changes, heat or cold take place in this region,
though the life in this region is affected by the
chemical reactions occurring in the other regions
also. The most important reactioos occuring in this
region are those involving CO, and H2O vapour
which affect the climate as explained below :

When sunlight enters this region, CO,

molecules present in this region absorb a large part
of the energy and get excited

CO, * hv ----.- COu * (excited molecules)

These excited COr. molecules then collide
with the other molecules and the excess eners/
present in them is converted into heat. As a result,

VOLTS

Industries contribute maximum towards
air pollution. Some of the industries and their pol-
lutants are given below.

(1) Sulphurtc acld lndustry. They release a

large quantity ofSO, and SO, into the atmosphere.

(2) NiHc acid lndustrf, They discharge
nitrogen oxides (NOr) as pollutants into the air.

(3) Hydrochtorlc acid industry. In addition to
the HCI vapours, they release toxic chlorine
vapours, chlorine monoxide and unreacted
hydrocarbons into the ah.

(4) Phosphorlc acld industry. In addition to
the phosphoric and phosphorous acid vapours,
they emit phosphorus pentoxide (P2O5).

(5) Iron and steel lndustry. In addition to
oxides of carbon and sulphur, they introduce metal
oxides as pollutants into the air.

(6) Petrochemlcal rtfineries. During refining
operations, a number of gases are released into the
atmosphere such as CO, NO2, vapous ofgasoline,

kerosene, fuel oil etc. and certain organic com-
pounds like formaldehyde.

(7) Thermal power plants. A large number of
industries use thermal power plants. As they burn
sulphur containing coal and fuel oil, they are the
major source ofSO, pollutant.

(8) Combustion €Egincs. Industries maling
automobiles are indirectly responsible for air pol-
lution as the internal combustion engines are

CIOP VIEV9

(sroE vrEvv)

It.C. Hurtrt l Alr Pollurion
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the temperature of the atmosphere may rlse.
Similar behaviour is also shown by thewater vapotu
present in this rcgion. Similarly, the solar energy
reaching the earth is absorbed by it and when the
earth cools, the energy is re-emitted as infrared
radiation. Some of this re-emitted radiation is ab-
sorbcd by tropospheric HrO vapour and CO, and

once again radiatedback to the surface ofthe earth.
In this way, additiotral heat is kept within the lower
atmosphere. Such warming ofthe earth by absorp-
tion and re-emission of solar radiation is called
"Grtenhouse clfect". W'rth increase in human ac-
tivity, CO2 is increasing. As a result the amount of
heat radiated back to the earth inueases. Such an
increase in temperaiure mayhave disastrous offect
on the global's climate as glaciers and polar ice caps
may melt and coastal lands may get flooded. How-
ever green-house effect is being opposed by the
increase in dust particles which scatter and reflect
back the sunlight and the amouflt reaching the
earth decreases.

(2) Reactlons occurring ln thc stratospherr.
The main reaction occurring in the shatosphere
(11-50 krn) is the formation and dissociatioa of
ozone. The amount of ozone present ih the strato-
sphere (10 ppm at 25-30 km) is much more than
that present in the troposphere (0 04 ppm). The
ozone is formed in the stratosphere in a two-step
process. In the first step, the ultraviolet radiation
coming from the sun have sufficient energy to split
dioxygen (Or) into two orygen atoms.In the second

step, these orygen atoms react with more of
diorygen to form ozone.

hv
Oz ...- O+O

O + 02 -'-+ 03

The ozone thus formcd absorbs ultraviolet
radiations and breaks down into diorygen and an
orygen atom. Heat is given off in the reaction which
warms up the stratosphere. (That is why the
temperature of the stratosphere increases with
tempcrature as already discussed).

hv
O: ..... Oz+O+Heat

In this way, ozone cycle is completed in the
stratosphere.

The ozone layer thus present ia the strato-
sphere is acting as protective layer for the life on
the earth because it absorbs thc harsh ultraviolet
radiation which, ifreach the earth, cause skin can-

cer. However, this ozone layer is being depleted by
the human activity, which leads to discharge of
nitrogen oxides and chlorofluoro carbons (known
as freorc) into the atmosphere. For example, in
addition to NO produced on the ground, the en-
gines of the supersonic transport planes release a
huge amourt of NO in their erdaust gases into the
stratosphere. The NO thu-s present rcacts with the
ozone thereby decreasing the amount of ozone. The
following reactions take place

NO+03 -"+ NO, * O,

NO2+O 
-NO+02Orygen atoms used in the above reaction are

available in the stratosphere from the decomposi-
tion of ozone and orygen.

Freons are introduced into the atmosphere
from aerosol sprap in which they function as
propellants and from refrigeratiag equipment, in
which theyact as coolants. ln the skatosphere, they
fi rst undergo photochcmical decomposition, giving
chlorine atoms

cF2cl + cl
hv

CFCI3 
- 

CFCt+Cl
The reactive chlorine atoms then destroy the

ozone through the following sequence oftcactions
which are repeated over the againbecause chlorine
atoms are regenerated in the second reaction

Cl + O, "'--r CIO + 02

clo+o.*cl+oz
(3) Reactlons occurrlng ln the mesosphere

and th€rmospherc. In these regions (collectively
called as lonosphere), free ions and electrons are
formed as a result of photochemical reactions.
Some of the atom and ion forming reactions with
increasing frequency with altitude are given below :

hv
NO ....... NO+ +e-

hv
or..._Or++e-

hv
Nz ....- Nu+ +e-

N2++o-------No++N

O+ +e-

He+ +e

cF2cl' ----r

hvo -.-
hv

Hc+
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ht
02-O+O

hv
Nz-N+N

Free ions and electrons do not stay for very
long in the lower part of the mesosphere where
pressure and density are quite high. They immedi-
ately collide with other ions, atoms or molecules to
form ncutral species. However such active species
can survive for a long time in the upper atmosphere
because here density and pressure are low and they
do trot etrcounter with other species with which they
could combine.

18.10. Ozone Layer-Earth's ProtectiveUmbrella

1E.10.1. Formation ofozone la;ar, More than
three billion years ago, before the evolution of life
on the earth, it is believed that the atmosphere
consisted mainly of CHa, N2, CO2, NH3, tI, and

HrO vapours and there was no orygen.When plants

strated growing, they relcased oxygen during
photosynthesis. In the stratosphere (11-50 km),
the orygen started partially being converted into
ozone. Now at an altitude of 25 - 30 km, we have a
layer in which the concentration of ozone is about
10 ppm. It is called ozone layer. This region is,
therefore, ai^so called ozonosphere. It does trot
allow the harmful ultraviolet radiations coming
from the sun to reach the surface of the earth and
thus protects life on the earth. That is why this
ozone layer is called earth's protective umbrella.

The formation of ozone (a light bluish gas) in
the stratosphere takesplacein two steps.In thefirst
step, the ultraviolet radiation coming from the sun
have sufficient energy to split the dioxygen into two
oxyger atoms. In the second step, the orygen atoms
react with more diorygen to form ozone.

hv
02-'+O+O

O + 02 -"'' 03

The ozone thus formed absorbs the ultraviolct
radiation arrd is again broken into diorygen and an
oxygen atom. Heat is given out in this reaction
whicb warnx up the stratosphere. For this reason,
stratosphere is a zone of hcreasing temperature, as
already discussed.

-hv
O: *Oz+O+Heat

In this way, "ozone cycle" is completed in the
stratosphere.

As the above reactiuns are initiated by radia-
tion, these are called "photochemical reactions."

1E.102, Depletlon of ozone layer. Due to
human activity, two types of compounds have been
foutrd to be most responsible for depleting the
ozone layer and creating a hole into it. These two
ozone-depleting agents arc :

(i) NlHc Odde (I-\,lO) which maybe produced
at the gruutrtrl€-v6l due to human activity or natural
sources or is produced in large amounts in the
exhaust gases bythe engine ofsupersonic trafusport
planes aud introduced directly into the strato-
sphere. NO reacts with ozone thereby decreasing
the amount of ozone and forms NO, which reacts

with orygen atoms available in the stratosphere due
to decomposition of ozone and orygen (as already
explained) producirg back NO. Thus no NO is
consumed but O, gets depleted

NO + q -- NQzl oz_

NO2+O -+NO*Oz
(ii) Chlorofluorocarbons (C_FC) r'.e. com-

pounds containing chlorhe, fluorine and carbon,
commonly known as frrons. These are introduced
into the atnosphere from aerosol sprays in which
they function as propcllants and from refrigerating
equipments, in which they act as coolanls. They are
also used as solvents and as blowing agents for
plastic foams. They are chemically unreactive, non-
toxic and odourless. However they have a very long
life time i.e. they stay ia the atmosphere for years
and ultimately reach the upper layer where they
start decomposing in the presence of UV radiation
coming from the sun. For example, life time of
CFrCl, r'.e. CFC- 12 is 139 years and that of
CFCI, i.e. CFC- 11 is 7 years.

In the stratosphere, they lirst undergo
photochemical decomposition to give chlorine
atoms or free radiczls

hv
CF2CI2 -'-"'| 'CF2CI + CI'

'hv
CFCI, "-' 'CFCI2 + Cl' ..(r)

Tte reactive chlorine atoms then destroy the
ozone layer through the followingsequence ofreac-
tions which are repeated over and again because
chlorine atoms arc regenerated in the second reac-
tion

Cl'+ 03 , CIO'+ 02 ...01)
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ClO.+ O --' Cl.+ 02 ...(r,,li)

It has been found that one molecule of CFC
can destroy more than one thousand O, molecules

inthe stratoshere. Dueto depletion ofozone (esPe-

banned.

Ozonc dcpletlon ovcr Antrrcdca. Although
the chain reaclions, (i), (ii) and (rr) initiated by
chlorofluorocarbons, leaditrg to dcpletion of ozone
take place in all parts of the stratosphere, yet the
ozone hole has mainly been observed in the strato-

present in the stratosphere and the chlorine free
iadicals combine away with the methane present in
the stratosphere as follows :

CIO' + NO2 """- CIONO2
chlorinc nitmtc '('v)

Cl + CH1 ' CHi + HCI ...(v)

As a result, the chain reaction stops.

In Antarctica, the climatic conditions are

quite different. In winters, there are special tlpes
of clouds called Polar Stratospheric Clouds
(PSC). These clouds are of two types :

$pe I clouds are those which are formed at
about -77C and contain some solidified nitric
acid trihydrate (HNO3 . 3 H2O).

I}pe II clouds are those which are formed at
about - 8fC and contain some ice. These clouds
convert cl orine nitrate formed in reaction (iv) and
HCI formcd in reaction (v) into HOCI and Cl,

through the following reactions :

HYdrolfsis
CIONO2 + HzO .- HOCI + HNO3

..(v,
CIONO2 + HCI , Cl, + HNO3 ...1r;4

Hypochlorous acid (HOCI) and molecular
chlorint (Ct) thus formed are easily converted

back into reactive cl orine atoms even under mild
conditions and the chain reaction starts again lead-
hg to depletion of omne.

It is interesting to emphasize that depletion of
ozone overAntarctica takes place during spring i.e.

in the months of September and October and is
replenished after springi.e. inthe month of Novem-
ber. This is becausc during spring the sun shines
over Antarctica and HOCI and Cl, formed in reac'

tions (vr) and (vri) undergo photolysis as follows to
form reactive chlorine atoms which destroy the
ozone layer as already e4plained

HOCI + /rv -- 'OH + Cl'

Cl, + hv '------> 2 Cl'

Further, due to presence of PSCs, a tight
whirlpool of wind is formed in the stratosphere
which surrounds Antarctica. It is called Polar Vor'
t€x. It is so rigid that it cuts off Antarctica from the
surrounding omne rich air of the non-polar
regions. As a result, the ozone hole remains un-
filled. After the spring, the intensity of sunlight
increases and the Vortex breaks down. The ozone
rich air from surroundings immediately rushes to
fill up the ozone hole.

1t.103. Eftects ofdepletlon of ozone layer
(i) The most serious effect of the depletion of

ozone layer or the development of ozone hole is

that the ultraviolet radiation coming ftom the sun

can pass through the stratosphere and reach the
surface ofthe earth. This type ofradiation is known
tobe a cancer causing agent. It has been found that
with increase in the exposure to ultraviol€t radia'
tion, the chance for ocsurrence of skin cancer in-
creases.

(rl) Exposure of eye to ultraviolet radiation
damages the cornea and lens of the eye and may
cause cataract or even blindness.

(iii) Eryosure of plants to ultraviolet radiation
adversely affects the plant proteins and results in
the reduction of chlorophyll and harmful mutation.

(iv) Ozone depletion has a very strong el'fect
on climate. Ozone layer absorbs the ultraviolet
radiation and heats up the stratosphere, setting uP

a temperature gradientfrom -56'C to -2'C as the
altitude hcreases from 11 to 50 km. Depletion of
ozone layer will upset the heatbalance ofthe earth.

(v) Ozone depletion, if not crntrolled, would
cause ecological disturbances, which would adver-
sely affect man and animals.
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SI]C-TION_III

SOME EFFECTS OF AIR POLLUTION
'18.11. Smog and lts Kinds

presence of sunlight to form the smog, it is called
photochemical smog. Rrrther, as strong sunlight is
neede4 this type of smog is formed in the montk
of summer during the day time when NO, and
hydrocarbons are prqsent in vcry large amouats
due to heary v€hicular traffic. The mechanism of
the formation of photochemical smog may be ex-
plaincd as follows :

In the presence of sunlight, NO, undergoes
photolpis to form NO and atomic orygen. Atomic
oxygen then combines with the molecular oxygen in
the presence of some molecule M (which acts as a
source of transfer of encrry) to form ozone, 03. Th e

ozone thus formed reacts with NO to regenerate
NO, and 02. Thus NO, cycle is completed. The
reactions taking place may be represented as fol-
lows :

hv
NO, -""+ |t{g ,t- g

O + O, """+ O,

03 + NO -.-----. NO2 + 02

Thus NO'aud O, produced are used up and
no e*ra NO, is addcd into the atmosphere. But the
trouble arises if hydrocarbons are also present in
the atmosphere. These hydrocarbons combine with
the o4rgen atom produced by the photolysis of
NO, to form highly reactive intermediates called

ctive species containing
may be represented by
' (dot indicates an un-

paired electron). These free radicals initiate a
varicty of rcactions, some of which may be as fol-
lows :

RCO'+ 02 """+ RCO;

RCO; + Hydrocffbons ......+ RCHO, RrC = O
RCO; + NO ---r RCO, + NO,

RCO; + 02 """'' 03 + RCO2

RCo; + No2 ------* RCo3No2
Pcrc!ryacrln itratcs

(PAlr)
As a result, conc€ntratioD of ozone,

peroxyacylnitrates (PAN) and aldehydes (RCHO)
and ketones (R,CO) builds up in the atmosphere.

eyes
also
larly

arg

The word "smog" is a combination of
"smoke" and "fog". The narne was so given because
for the first time it was fouad to be formed due to
condeDsation of some kind of fog on the carbon
particles present in the smoke produced due to
combustion of domestic and industrial fuels like
coal and petroleum. However, [ow it is given a
name depending upon the composition or the
method of its formation or the place familiar for its
formation. Depending upon thesc factors, it is
mainly of two different types as briefly explained
belorv :

(1) London smog or Sulphurous snog or
Classlcal smog. This gpe of smog was first ob-
served in London in Dcccmber 1952 which killed
about 11000 people. That is why it is called "London
smog". Its formation is initiated by a mixture of
SO2, particulates and high humidity in the atmos-
phere. Many of the chemicals present in the par-
ticulates catalyse the conversion of SO, to SO,
which then combines \rith H2O of the humidity
forming afogofsulphuric acid droplets. These then

particulates. During
into lungs causing

roblems leading to
represented as fol-

lows :

2 Soz + 02 --* 2 Sor

SO3 + HzO -----r HrSO.

It has been found that this typre of smog
produces much more dangerous effects than that
produced by the sum total of sulphur oxides and
particulates. Further, as it contains SO, and carbon,
it is reducing in character. This type of smog is
formed in the early mornhg hours of winter
months. However, shortly after sunrise, it increases
due to photochemical oxidation ofSO, to SO, and
subsequent combination with moisture to form sul-
phuric acid aerosol.

(2) Photochemlcal smog or Los Angeles
smog. This type of smog was first observed in
Los Angeles in 1950 and hence is named as "Los
Angeles smog". It is formed when the air contains
NO, and hydrocarbons and the mixture is exposed

to sunlight. As the reaction takes place in thc
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developed). It is also harmful to fabrics, crops and
ornamental plants. NO, present gives a bronrn

colour to the photochemical smog which reduces
visibility. Airplane pilots are familiar with this type
of fog hanging over the cities. As this type of smog
contains 03 and NO2, it is oxidising in character.

The word "smog" is a misnormer here be-
cause photochemical smog contains neither smoke
nor fog. It is a mixture of a number of irritation-
uausing compounds like NOr, Or, PAN, aldehydes,
ketones, hydrocarbons and CO.

ConEol ofPhotochemlcal Smog The formation
of photochemical smog can be controlled or sup
pressed by adopting the following trvo methods :

(i) By fitting e ters in
the automobiles so trogen
oxides and hydrocar es hto
the atmosphere can be prevented.

(r7) By spralng certain compounds into the
atmospbere which generate free radicals that
readily combine with the free radicals that initiate
the reactions forming toxic compounds of the
photochemical smog.

Dllfercnce between Classlcal smog (London
smog) and Photochemlcal smog (Los Angeles
smog). The main points of difference are given in
the table below :

N eul

5, lt causes bronchitis ir-lS. It causes irritalion in
ritation ie. problem in I rhe eyes.
the lungs. I

6. It is a rcducing in char- | 6. It is oxidiziDg in charac-
acter. I ter.

18.12. Acld Raln

Formatlon of Acld Raln.r Due to natural

nitrogen undergo oxidatio[ reactions followed by
reaction with the water vapours present in the at-
mosphere to form HNO, as follows :

NO + 03 "-'+ No, * O,
NO2 + 03 -+ NOs + 02

NO2+NO3 .......r NzOs

N2Oj + H2O -.* 2 HNOr

The nitric acid thus formed comes down to the
earth alongwith raitr or reacts with the bases like
NH, and lime to form nitrates.

The oxidation of SO, to SO, is catatysed by
aerosol containing
Mn (II) and Ni (II)
presencc of NO. T
the watcr vapour of the air to form HrSOo

NO, soot
2SO2 + 02 ,2SOt

or mctal ioos

SO3 + tI2O ---- HzSOr

HNO, and H.SO. as formed above combine
with HCI present in the air (from aatural sources
or man-nadc sources) to produce acidic precipita-
tion which is commonly known as acid rain.

H,SO. is the main contributot (60 -70Vo),
next is HNOs (30 -,10%) and least is HCl.

PhotochemlcEl slrtog
(Irs Arceles srEoE)

This type of smog was
first obseNed in LoD-
don in 1952
It is formed due to
presencc of SOz and

humidity in rhe air
whicb combine to form
I4SO4 fog $hich
deposits on the particu.
Iates.

It iDrolves smoke and

l. This type of smog was
observed in Los An-
geles in 1950.

2. It is formed due to
photochemical reac-
tion taking plac€ whcn
air contains NO2 and

hydrocarbons.

3. It does not invoke any

.Norm.lrrlltwarcrh!.spHofsbout5.6duc to dirsolution of CO2 intoit(tI2O + CO2+ H2CO3 i=-
z tt+ + CO!-;. wtrcn pH of rain aatcr frl6 bctow i.6, it bccomcs scidic.

oxide"s o! sutpfur and nitrog pr*ent in the dir LJ
potlutan* o.rrd h6 a pH o! 4-5.

Classlcal smog
Il-ondon smoo)
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Harmful elfccts of Acld Raln. (i) Acid rain
causes enensive damage to buildings, statues and
sculptual material, especially thosc made of
marble, Iimestone, slate, mortar etc. The reaction
with marble takes place as follows :

CaCO, * HrSOo ------- CaSO. * CO2 + H2O

For example, Taj Mahal at Agra, which is a
very popular historical monument made of marble
is being attackedbyacid raindueto high c.ncentra-
tion ofoxides ofsulphur and nitrogen in the air over
Agra because of a large number of industries in the
surrounding areas which are emitting thes€ gases.
As aresult, marble is beingeaten up causingpitting
and discolouring and making it lustreless..

(ll) It also damages iron and steel structures.
(iri) It corrodes water pipes.As a result, heavy

metals like iron, lead and copper are leachcd into
drinking water which have toxic effects.

(iv) Acid rain increases the acidity ofwater in
the lakes which is lethal for the fishcs. For this
reason, some of the lakes have become fishless.
Thus it has greatly affected the fish population.

(r,) Acid rain damages leaves of trees and
plants and retards the groMh of forests (as it hap-
poned in Swedish forests). It also retards the
gowth of certain crops e.g. peas, beans, potato,
raddish, carrot, spinach etc.

CO2 present in norma.l conceotration in the

of the earth's surthce and thus brings about drastic
changes in the climate as explained below :

. Out of sun's otrergy ent€ring the atmoshere
(viz about 20%) abovt 347o is scattered and
reflected back by the particulates aod the remain-
ing 6Vo k absorbed by thc earth. The rcason for
this energy reaching the earth is that visible and
ultraviolet radiation (which have short,
wavelengths) can pass through CO, and water

(which have longer wavelength and have a heating
effect). These radiatioos can be absorbed by C([
and HrO vapours but cannot pass through them.
The heat thus absorbed by COr2 and HrO vapour

e and is radiated

:,,1t#f,1;:,jl

sotaJenergy
p.sslng through AirE!phor.

cohbning CO2 ahd
lnlra.ed radiation (hesl)
r6-6min€d by earlh and

absorb€d by CO2 and H2O
vapour in lower atiosphara

Heat Edialed bEcli to oarth

EARTH

STAGE 1

FIGURE 1a.4. Stages to show production of greenhouse effect.

. 'Tosa!'e Taj Mahal froD gctting disfigurcd, col,cmmcnt oflndia announccd an action plan h 1995. Accordi|tl t,, thi. plaG

E1a:-*:f:^dj"-:lTl l*."1..,1,,t1".T!l.rrap".t"- ia arca which includcd rhe citics o Asra, hr;r"0, U,ir,r. 
"i? 

.ii[6,r.
The acrion comprircd of rhc followingstcps:

. -. 
(, All_irductrics Gborrt Zm) in thc trap.ziun wDutd bc allo$rd to u.6. onlrr ortuIa! gr. or LpG io.t td of cod o, dl ApiFlin. would bc hid for this pttipo...
(ii) Pcoplc in thcsc rrc!. would .l5o bc edvi&d to usc LpG i$tcad of cul, roo4 tclactrc oit ctc,
(irr) Vchicla6 in thc ncrrby arta rDuld bc cncourt8cd to urc l@r Eulphur cortclf fucl.

Absorptbn of
€hergy ln tha
vlsible ,.glon
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The phenomenon has been named as green-

house effect because it is similar to a green house

is parked in the sun for some time with its glass

windowc closed. In the atmosphere, CO, is playing

the role of glass of a greenhouse. Hence it is called
greenhouse effect.

Consequences of Greenhouse elfect (Efiect

on the globat climate). (i) If the rate at which solar

radiation are arrivlng the earth remains constant

but the amount of CO, in the air increases (due to

human activities), the heat radiated back to the

earth by CO, an.d HrO molecules) will increase.

Consequentll', th€ temperature of the earth's sur-

face will increase. As a result, evaporation of sur-

facc water will increase which will further help in
the rise of temperature. This increase in tempera-

ture will havr: a drastic effect on the climate and

mayprove erlen disastrous. For examPle, ithasbeen
cstimated tthat a 2lVo increase in the amount of
CO. would. hcrease the avcrage temperature ofthe

earth by h'C. This may result into the meltirg of
glaciers a.ndpolar ice caps and the level ofsea water
may riser thereby flooding the coastal lands and

change the climate radically The fertile lands may

bccome barren lands and aquatic life will be

seriously affected. It is estimated that the sea level

may rise by about 0 5 m to 1'5 z fur the next 50 to
100 years.

(ii) Due to higher concentration of CO2 in the

would grow faster.

(ri) Highcr global temPerature is likely to
increase the incidencc of infectious diseases like
malaria, dangue, yellow fever and sleeping sick-
ness.

It is importa to mention that earth is being
saved from excessive heating duc to certain oppos-

lx1,:l;
t reach-

ing the earth.

CO, slnls. T\vo imPortant sinks of CO,

which help to control the amourt of CO, in the

atmosphcre are

(i) Oceans which dissolve CO2 into them.

(r'i) Plants which take up CO, for photosyn-

thesis.
SDCTION_TV

WATER POLLUTION

18.14. lntl0ducllon rl:iin:,rii:ri:;t:1i+jr::j:i:r:i!1:tir:r::i':ri:i:i'i;!:iii:::1::jrjl:rlii'l

Water is one of the basic needs of

following two ways :

(i) By narural processes e.g. washing away of
the decomposed vegetable and animal wastes into
the main stream of water.

(ii) By human activity (anlhropogenic proces'
ses) e.g discharge of industrial effluents, domestic
wastes, use of pesticides and fertilizers etc.

Polluted water has any one or more of the
following signs :

(i) It has a bad tzste to drink.

(ii) It has offensive odour.

(iii) It has unpleasant colour.

(iv) It has unchecked gro*th of weeds

(u) It may have oil or grcase floatiDg on the

surface,

---_
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HrO vapour prewnl ner the earth's $rlacE arrl

tlYn its ra.ili.aliohbsck to ltiE carthit cnlkilt'green-
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Based on the sources and storages ofwator,
water pollution may be classified into five main
categories as follows :

(1) Ground water pollutlon. Water below the
surface ofthe earth is called ground water. Most of
thewater (>NVo) is present as ground water. The
remaining is present in lakes, rivers, streains etc.
Only abolt2Vo is present as soil moisture above the
water table which is needed for the growth of
platrts. Ground water collects below the surface of
thc earth after passing through the pores of the
earthy materials which act as a fi.lter for it and Ls

pure. It is for this rcason that well water or spring
water is used for domestic purposes in rural areas.
However due to disposal of domestic wastes and
industrial effluents and use of fertilizers and pes-
ticides in agriculture, a number of harmfir-l soluble
substance dissolve into the rain water and pass
thronCfi the soil aod enter into ground water and
result in pollution, especially where the wat€r table
is high.

(2) Surl'ace water polludon. Water present on
the surface of earth in any form is called surface
water. As it is an in direct cotrtact with the atmos-
pheric gases, a number of gases like CO2, CO,
SO2, H2S, NO, etc. present in the air as pollutants
dissolve into it, thereby polluting it. In addition to

(3) Lake water pollutlon. Lakes cover a large
part of the water area. Tho water in them gets
contaninated in a number of ways as follows :

(i) Organic wastes from hills and toxic ef-
fluents from urban areas flow into them.

(li) Industrial effluents are thrown into them.
(iil) Sewage treatments plants discharge toxic

orgauc matter tnto tbem.
(iv) Dumping of huge amouuts of sediments

i.e. siltation of lakes.
(v) Inorganic nutrients from agricultural land

due to surface run off.
( major

rivers states.
These aham_
putra, Krishna, Cauvery, Damodar, Godawi,
Hooghly, Tapti, Gomti, Sona and Chambal besides
many others. There was a time whea the water in

thesc rivers was very pure and clean. Ganga jal was
considered to be so pure that it could be preserved
for years and a few drops ofit used to be put in the
mouth of relative who was on death bed. But now
the water is so polluted that if taken may speed up
the death of the person. Similarly, the water in thi
Yamuna river is so polluted that not to talk of
drinking, it is unlit even for swimming or taking
bath. The main reasons for the pollution of watei
in these rivers are :

(i) Industrial discharges including those from
paper, textile, rayon, fertilizers, pesticides, deter-
gents, drug industries and refineries.

(ii) Domestic sewage discharge.
The use of polluted water from these rivers

can cause water-borne diseases like typhoid,
cholera, dysetrtery jaundice etc.

Government of lndia has, therefore, enacted
Iaws banning the discharge of industrial or domes-
ticwaste into these rivers. Flrrther, it has set up thc
following plans to clean the water of these riyirs :

(i) Ganga Action Plan
(if) Yamuna Action Plan
(r'r) Plaa to clean Hooghly water.
(5) Sea nater pollutlotr. Oceans cover abou[

nly a

l:f;
cause it is- very salty. Further, .." ,ru,., O O""lr"i
mainly polluted by oil which poses a serious threai
to the marires and fisheries.

Sources of oll polludon ln sea nater, Some of
the najor sources are as follows :

. _(r) Wreckage of oil tankers in open sea or
accidents of ships carrying oil ia the sea.

. (u) Discharge of oily wastes from tank wash-
ulgs.

(ru) Oil leakage from pipelines.
(rv) Shipping operations at the coastal belt.
(r,) Oily wastes from oil fields or refineries

located near the coast.

. (ra) Deliberate marine pollution by crude oi!
as it. happened h thc rcc€ai Gulf war (ran-Iraq
war in February 190).

Jtrm different sources into it thercbf maki g ir
hanlfu$or futman habh and aquaic lile tike fish
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The spreading of oil into sea is called oil splll
and the thick layer ofoil on the surface ofsea watcr
is called oll sllclc

In India,
ll,lay 17, 7993
damaged the e

Oth€r s ourcel of pollution of sea water. A few
of these are :

(i) Discharge of urban sewage, silt, plastics'

(ri) Flow ofpesticides and otber dumped toxic
chemicals from land.

(iii) Discharge of radioactive wastes into sea.

(iv) From beach tourism discharging sanitary

and kitchen wastes into sea.

Etfects of oil oil
spill causes hearY tinq
makes theo unabl gil
slits. Aromatic compouads present h them are a
polson for the fishes.

(ii) Emulsified oilgoes deep down into the sea

damaging aquatic anima.ls and plants.

(n'i) Oil slick results in reduction of dissolved

orygen (D.o).
(iv) The most affected by oil Pollution are the

sea-birds. Natural insulating oils and waxes which
shield the birds from water are broken down by the

soilled oil. As aresult, due to loss of insulation, they
siart shivering and are frozen to deatb' especially in
winter.

1 8. 1 6. So urces of Watet Po llution ri:1r:fi ii::.1+rii:1i:ih:iiili*:ii

The main sourcps responsible for the pol-
lution ofwater are briefly described below :

(1) Sewage and domestic wastes e.g. human

excreta, sewage sludge, soaps aad detergents, un'
treated municiPal sewages etc.

(2) Industrial €muents. These contain toxic
chemicals and hazardous compounds including al-

excreted.

a lot
iron
< 3 is fatal for the aquatic life'

(3) Agricultural dlschargcs. These include
fertilizers and pesticides, insecticides etc.

(4) Stltatlon. It is the process of mixing ofsoil
or rock particles into water. It is a serious problem
in hill streams. The soil particles produce turbidity
ir water tbereby hindering the free movement of
aquatic organisms and hence their growth aad
productivity.

(5) Thermal pollutants. These are those sour-
ces which result in the increase of temperature of
the flowing
aquatic life
plants, nucl
have coolin
thet unutilized heat into the nearby flowing water.
Municipal sewage disposal elso causes thermalpol-
lution because water containing sewage has a

higher temperature.
(6) Radioactlve dlscharges. They enter into

water stream from different sources like nuclear
reactors (nuclear power plants), nuclear tests,

dumped nuclearwastes etc. The radiations emitted
by them are highly hazardous.

orders. They have also been found to bo car-

cinogenic. They have been added into the list of the

water pollutants only recentlY.

1 8. 1 7. C lass;lic atio n ol Wate r Po I luta nls i:i::ijiril,riil:{:r:ii::i

The various water pollutants may be clas-

sified into following categories :

(l) Inorganic pollutants. These include the
following :

(i) Acidt atd alkalies from industries
manufacturing acids like H2SO., HNO3, HCl,

H3PO4 and bases like NaOH, KOH'

Ca(OH)r, NH, etc. and also as effluents ftom

paper, textile, tenning iadrutries' Coal mines also

dis-charge large quantities of HrSOo and Fe(OH),

produced due to reaction between iron pyrites
(FeSr), air and water.

(ii) Sotuble salts like carbonates, bicar-
bonates, fluorides, chlorides, bromides, iodides,
acetates, nitrates, sulPhates, phosPhates etc.

(iii) Insoluble salts e.g. calcium carbonate, cal-

cium phosphate etc.

-----
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(iv) Polyphosphates entering iuto water from
detergents.

(v) Inoryanic pe*icides. These contain metals
Iike Cu, Cd, Fe, Mn, Zq Co etc. and some of them
contain sulphur and arsenic.

(i) Tbric metals e.g. Pb, Hg, As, Fe, Ni, Mn,
Zn and Cu which are harmful to hn-a"s, animals
and plants. They are introduced into water by io-
dustrial discharges, mining processes, burning of
fossil fuels and land run off etc. Industries especial-
ly responsible include paper, todile, rubber,
electroplating, galvanizing, battery marufacturing
etc.

(2) Organic pollutants. The different types of
organic pollutants and their sources are as fol-
lows :

(i) Cabohyfuates dnd prcteins e.g. glucose,
sucrose, starch, dextrin etc. from breweries, food
processing industries, dairies, sugar mills, slaughter
houses etc.

. (ii) Oils from petroleum refineries and drill-
lng.

(iii) Aldehydes andplrezolr from chemical in-
dustries.

(iv) Pogchloinated Biphenyh (PCBs) used as
fluids in Eansformers and capacitors and also as
lubricants and plasticizers.

(v) Polynuclear aromatic hydrocotbozs from
peholeum refineries which have carcinogenic ef-
fects on humans and animals.

(3) Sediments. These are thc soil, rock or
mineral particles which flow alongwith the streams
before entering into water bodies. They also come
from soil erosion, agriculture and construction ac-
tivity. They contain organic as well as inorganic
matter including trac€ amounts of toxic metals like
As, Hg, Pb etc.

(4) Synthetlc detergents. Synthetic detergents
used as cleaning agent coDsist ol a fl4octonl i.e.
surface active agent which are allyl benzene sul-
plronates (ABS) ard, a build,er which is usually
sodium phosphate or polyphosphate which is
added for rcmoving the hardness producing ions

r'.e. Ca?+ aad Md+ ioas. Beqides, some additives
are also added which consist of enzymes, perfumes
ard bleachi;g ageEts.

The surfactants i[ polluted water create a
number of problens as follows :

(i) They do not undergo biodegradation.
(a) They inhibit oxidation of organic com-

pounds like phenol becau-se they form an eovelope
around them. Hence they create problem in the
treatment of waste water.

(ri) They stabilize the colloidal irapurities
which do not aggregate to scttle do\rn.

(rv) They producc stable foain in rivers.
The builders form soluble complexes with

Ca2+ and Mg3+ ions which act as plani nutriens.
(5) Orygen-Drmandlng Wastes. Dissolved

oxygen is most important for all t)?es of aquatic life.
Tte growth offish is hindred iftbe conceotra-

tion of dissolved oxygen is below 6 ppm. O:r1gen
enters into water tfuough two sources :

(i) Due to direct contact of the suioce of watet
wrlh ari Turbulent water takes up more orygen than
still water as the bubbles gct submergcd.

(ii) By photosynthesis of the aquatic Wen
p/anrr. As it takes place in sunlight dudrg the day
time, the water gets supersaturated with orygen.
However, after sun-set photosynthesis stops but the
plants continue to respire and consume orygen,
therefore the amount of oxygen decreases and
remains at a reasonable lcvel.

However the discharge of human sewage and
organic wastes from pulp and paper industry tan-
neries and slaughter houses into water creates a
problem. The microorganisms which decompose
this organic waste need orygen.

CHrO (aq) + O, (aq) ---+ Co, (aq) + H2O (I)

The amount of orygen consumed by the
microorganisms in decomposing the organic waste
is proportional to the amount of waste present.
This is the basis ofestimating organicwastc present
in sewage water before subjecting it to treatment.

.In addition to thc consumption of di&solwd oxygcn by nricroorgani6ms, it ir also used up for
(0 bio-oxidation of thc nitrogcnous Eraucr

NHI @ +2oz@4 ._ 2H+(a{)+No3- @q) +H2o (t)

(r)) the chcmical or bio.chcmical oxidation of chcmical rcducing agcnts

4Fcz+ (aq) + oz@q) + lo H2o (r) + 4 pc(oH)3 (r) + 8 H+ (aq)

2so1- @d + oz@s) - 2 sol- (ae)
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The determination of BOD of a sample of
water requires 20-30 days for the complete
decomposition of the waste which is too long a time
to wait. Therefore usually we determine BOD5 i.e.

the amount of oxygen consumed in 5 days. The
procedure is as follows :

The sample of water is saturated with orygen
and incubated for 5 days at 20'C. The remaining
orygen is measured and subtracted from the
amount of orygen originally present to get the
BOD, and is reported in ppm which is equivalent

to milligrams per litre.
Water considered pure has BOD, ofless than

5 ppm whereas highly polluted water has BOD,

value of more than 17 ppm. The untreated
municipal sewage has BOD5 of 100-400 ppm.

The measurement ofBOD takes a number of
days i.e. generally 5 days as explained above. Hence
another quantity generally measured is called
Chemical Onygen Demand (COD). The method
consists in treatiog the given sample of water with
a ktrown amount of an oxidizing agent, generally
IQCrrO, in presenc€ of dilute tI2So.. All the pol-

lutants get oxidized including those which were
resistant to microbial oxidation. The amount of
IlCrrO, left is found by back titration against a

suitable reducing agent such as Mohr salt. Fromthe
arnount of IlCrrO, used, the arnount of orygen

consumed can be calculated from the following
balanced chemical equation

l9Cr2O7 @4 + 4H2SO4@4 -'-"t KrSOo @q)

+ Cr2(SoJr (4q) + 4H2o(I) +30(aq)

The amount of orygen thus consumed by the
pollutants is expressed in ppm and is called COD
of the given sample of water.

The decomposition of organic waste by
microorganisms produces bad smell and unattrac-
tive apparance making it unfit for recreationa.l use

like swimming, boating etc. Further, decrease inthe
dissolved orygen below 6 ppm, as already men-

tioned may result into the death of the aquatic
species including fishes.

(6) Infectious agents/Dis€ase causlng agents.
Tte municipal sewage and the municipal waste
water coming from slums, hotels, restaurants,
residential areas and also containiag faeces and
urine of infected patients, animal extcreta etc. con-
tain disease causing microorganisms or bacteria
(pathogenic microbes). The potable water gets

contaminated with these microorganisms and
causes diseases in humans and animals,

(7) Plant nutrients. The plant nutrients (con-
tainingN and P) flow into lakes where they support
the growth of aquatic plants. These plants on decay
produce unpleasant odour. Further, the microor-
ganisms in decomposing these plants consume
orygen. As a result, the amount of dissolved o4lgen
in the water decreases which proves fatal for the
aquatic life l.e. fish etc.

(8) Pestlcldes. These are organic compounds
which are used to protect plants from pests. Thesc
are also used to stop the growth of weeds (r'.e.

unwanted plants which grow alongwith the main
plant). These are mild poisons. Since weeds are not
pests, the chemicals used to stop their groMh are
better called lrerbrc ides. The general term used for
pesticides and herbicides is biociile. However the
term 'pesticides' is still used quite ftequently and
includes herbicides. Thus pesticides include insec-
ticides (to kill insects), fungicides (for fungi or
mould), rodenticides (o ki[ rats and mice), her-
bicides (to kill weeds) etc.

These flowinto lakes alongwith the rain water
and cause problem.s to aquatic as well as human life.

(9) Radloactlve pollutants, Already dis-
cussed.

(10) Thermal pollutants. Already discussed.

(11) Oil. Already discussed.

'l 8.18. International Standards tor Drinking Water

Water used for drinling must be pure as

otherwise it can cause serious diseases. Interna-
tional standards have, therefore, been laid down for
the water to be used for drinking. The chemicals
that are allowed to be present and the tolerable
limits upto which they are permitted and some
other conditions which must be satisfied according
to the international standards are given below :

----\

The lotal amou of orygen consumcd by microor-
ganisms in ilecomposing lhc waste is called
Biochemical Oxlgen Demand (BOD) of the
water.
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Chemlc{Vcondition Source Tolerable limit I Use/llurms ofhigher colrc.

(,)

(,,)

(iii)

(,,)
(r)

(ri)

Fluoride

Lead

Other metals

Sulphates
Nitrates

pH

externally

Irad pipcs us€d for
traDspon of water

ppm or I mg dra-3

5O ppb or pg d)n-3

zo=5ppm
Cu=3ppm

Fe = 0.2 ppm
Aj = 0.2 ppm

Mn = 0.05 ppm
Cd=0005ppm

< 500 ppm
50 ppm

5.5-9.5

Protects tecth against decay. High
conc. (> 10 ppm) are harmful to
bones aod teelh
Lead poisoning (damages kidneys,
liver and braiD) 

_

Higher conc. has laxative effect
FY.nas .r'rsc( D"rr,"-aol nhi ncnin
(blue baby syodrome) which n]ay
&lilked to omach cancer.

SEC'TION_V

SOII, POLLUTION

18.19. lntroduction i:i:iiii::ii:r+::i:i:i:i:i:ii;nn:i:iiiii:i:j.#::::..j,::i,::i:i:iii ::,:i:ii::i:i:

Soil is the uppamost parl o[ the earlh's crusl a d
b believed to haee been forncd as o nsult of decom-
position ond d*iilerytkn oI s"$arc rocl<s dte to
wealhering over a rxry long prid of time. lt might have
been formed at far off distance but is caried by strong
winds and rivers to different places.

The prosperity of a nation depends upon the
quality of its soil as it is the soil which provides
nutrienls, water ard minerals for the growth ofthe
plants. It is, in fact, the heart of biosphere.

However, large scale cutting of trees for humaa
needs due to increase in population Q.e. indis-
criminate deforestation), digging of minerals, in-
srgasing brick-ki}Ls, poisonous emuonts of the
industries and dumping of toxic and harmfrrl wastes,
increase in the use of automobiles etc. are damaging
the quality of the soil and resulting into soil pollution.
In India, it is sad to point out that backwardness of
our people is an additional factor for soil pollution ag
u-sing open air lavatories by slum dvrcllers thereby
inviting pig crowg other ltltures and flies, throwing
of domestic wastes including peet;n$ of vegetablas
and fruits, plasticq polythene bagE etc.

18.20. Compositlon ol the Soil

The main components of the soil are as follows :

(1) Mineral matteE It comprisas of mineral
particles of different sizes which originate from the
rock and are formed by is disinlegration. They are
present as gra\€I, coarse sand, fine sand, slit and clay.

(2) Organic matter: This is present in the soil
as a result of fallen trees and mixing of their parts

such as roots, leaves etc. and also from the remains
of dead animals and their excreta. These rnaterials
are decomposed by nicroorganisrns present in the
soil and convert them into hurrus (process is called
humiJication). Humus has all those excellent
properties which are an urgent need of the plants.

(3) Biologlcal system.It consists of algae, bac-
teria, protozoa elc. which help in the decomposi-
tion of organic matter present in the soil.

(4) Soil ttater. The water present in the soil
acts as a solveut for various organic and inorga.nic
materials needed for the plaots and also acts as a
transporting ageDt by carrying nutrie[ts from the
soil to different parts of the plant.

(5) Soil alr,It ispresent inthe pores of the soil
I.e. the spac€ between the soil particles. It mntains
more of CO, and moisture than 02. It is needed for
soil microorganisms and underground parts of the
plants.

The soil containiog alrnost equal amounts of
sand, slit and clayalongwith humus an d34Vo air and
6670 water is considered to the best soil for most of
the crops. It is called losm soil.
'18.21. Sources ol Soil Pollution :' :r:.:..::. .:'. r:':'r

Some ofthe main sources ofsoil pollution are
briefly described below :

(1) Industrial x/astcs. It has been estimated
that about 507o ofthe rawmaterial used by most of
the industries becomes waste product which is

dustries responsible for soil pollution are paper and
pulp mills, sugar mills, textiles, chemical indusuies,
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distilleries, metal processing industries, mining; ce-
ment and glass industries, petroleum industry etc.

(2) Urban unnstes. Urban waste consists ofsoil
refuse containing garbage and rubbish materiallike

used cans, leaves,
getables and fruits,
emlt out Poisonous

gases, toxic hydrocarbons and pathogenic microbes
(bacteria) which cause diseases.

(3) Agricultural pollutants.No doubt, theuse
pesticides, soil conditioners,

have increased the Yield from the
have polluted the soil. Their entry
has adversely affected the health of

the human beings and led to a number of diseases.

Some ofthe agricultural pollutants are briefly
described below :

(l) Fertlltzers. Fertilizers act as nutrients for
plant but if nitrates and phosphates are present in
excess, they have hazardous effects.

(li) Pestlctdes. These are the chemicals that
are used to kill or stop the growth of unwatned
orsanlsms. However their entry into food or drink-
iof water adversely affecs the health o[ human
beings. These are further cla^ssihed into the follow-
ing different categories.

(a) Insecdcldes. These are the chemicals that
are used to kill the hsects which destroy the croP.
They also help to control malaria and yellow fever.
The most common insecticides inuse since 1950 are
the chlorinated hydrocarbons like DDT
(dichlorodiphneyl trichloroethane), BHC (ben-
zene hexachloride), aldrin etc. As they are not
much soluble in water, they stay in the soil for long
time and show their activity. But their disadvantage
of this property is that they are absorbed by the soil
and contamitrate root cropslike raddish, carrot etc.

(b) Herbtcides. These are the compounds
used to kill weeds. Earlier inorganic compounds,
namely sodium chlorate (NaClO3) and sodium ar-

senite (NarAsOr) were commonly used as her-

bicides but arsenic compounds being toxic to

lt'fff,:-#:
the corn-fields.

(c) F\nglcides, These are the chemicals used
to stop the gromh offungi and check plant dbeases.
As fungi are the plants which do not contain

most common fungicides. However their dissocia-
tion in the soil produces mercury which Ls highly
toxic and proves fatal if it enters into grain, as it
happened in lraq in 1972, resulting into many
deaths due to consumption of wheat from fields
treated with methyl mercury as fungicide.

(rii) Soil conditioners. These are used to
protect the soil fertility but contain several toxic
metals like Pb,As, Hg, Cd, Co etc. which may onter
into the food chain.

(iv) Farmwastes. These are one of the biggest
sources of soil pollution. In small towns and rural
areas, there has been increase in dairies, poultries
and piggery farms. Their washings collect as a l?e,

slurry on the land. This may seep through the soil
and pollute the ground water. If their waste (faecal
matter) is dumped, it maybecome a breeding place
for insects. Moreover, their waste may contain
pathogenic bacteria and viruses which may enter
the plant and then pass on to humans.

(4) Radloactiv€ pollutants, Dumping of the
nuclear wastes from the nuclear power plants into
the soil has been one of the greatest source of
radioactive pollution of the soil. Nuclear tests
produce nuclear dust in the atmosphere which ul-
tim ately falls into the soil and pollutes it. The use of
atomic and hydrogen bombs in the wars produces
radioactive nuclides as the by-products. All the
radioactive wastes thus produced emit radiations
which are disastrous for the life on the earth.

it {'i!,!'.; \i

STRATEGY FOR CONTROI, oF
I'NIIRONMENTAL POLLUTION

18.22. Managernent of Waste

The two main sources for throwing waste into
the environment and thus causing pollution are :

(i) Household rvaste which includes mainly
sewage and municipal garbage.

(ii) lndusoial woste which may include toxic
materials.

However, if the disposal of these wastes is
properlymanaged ortheyare given a suitable treat-
ment to make them harmless, the environmental
pollution can be considerablyreduced. Some ofthe
methods that are usually employed are given
below :

(l) Recycltng. This is the most useful method
for waste disposal as a number of waste materials
can be used as raw materials to manufacture the
useful products again e6.

/--_

NeuJ Course Chem istrq
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(i) used glass bottles as well as broken pieces
of glass

(ii) iron scrap for manufacture of steel

(r'ii) plastic wastes and polphene bags

(iv) used newspapers and magazines for
making paper envelopes as well as for making
paPer.

(2) Burnlngand Incineration. Some combus-
tible waste materials such as dried plant leaves etc.
can be burnt to get the heat energy.

Many combustible warites including
household wastes, chemical wastes and biological
wastes e.g. from hospitals which occupy large
volume canbe incinerated i.e. reduc€d to ash which
can be used as a land-filling material. However the
gases produced m[st be suitable treated before
they escape into the atmosphere and cause pollu-
tion. This isone of the bestmethods for the disposal
of polychlorinated biphenyl (PCBs) as the high
tomperature produced breaks the C-Cl bonds.
However, the disadvantage of this method is that
incomplete combustion of PCBs results in the
production of highly toxic chloro compounds.
Moreover, the ash produced consists of very fine
particles which can enter into lungs and cause
serious problems.

(3) Sewagp trtatment. The sewage is treated
in a number of steps as follows :

(i) Large. sizc+aterials are Frltercd through
screens. TE4ffi then used to fill low lying land.

(ii) It is allowed to stand in tanks. As a r€ sult,
many solids settle down (cdled udge) while oils
and grease float on the surface from where they can
be skinned off.

(lu) The organic ma.;riah present in it are
allowed to undergo microbial oxidation.

(rv) finully, the waste watu is suitably treated
for the removal ofphosphate followed by coagulatiorl
filteration and disinfecting it by adding chlorine.

(4) Dlgesting, This method is used to degrade
a number of toxic organic wastes. The method con-
sists in degrading the waste by microorganisms in
the absence of orygen (calledanoerobic digestion).
The main products formed are CO, and CHo.

2 [CHzof """'] COz @) + CH4 (s)

Methane can be used as a fuel.
(5) Dumping. Dumping of the sewage sludge

into sea has been very common in all the countries.
However, now a days dumping of the sludgc into

land is preferred. This is becausc it contains com-
pounds of nitrogen and phosphorus which act as a
good fertilizer for the soil. Ho\revor, damping of
urban sewage has to be controlled carcfully be-
cause it contains many toxic metals.
'18.23. Green Chemistry as an Alternative

Too I f o r Heduc in g Po I lulion 
";+,r::.::,*:r,;:l:,r:r,r,r;

We have discussed in this unit the hazards of
environmental pollution. One of the major causes
of thi-s pollution is the rapid industrialization par-
ticularly the development ofthose industries which
either produce or use toxic chemicals. One way to
protec( our environment frorh chemica-l effluents
and wastes is to use Green chemlstry.

Although it is a challenging task but some initial
efforts hare already been made to achiere thls goal.

Green chemlstry does not employ toxic
reagents or solvents and severe conditions but use
mild and environmental friendly reagents, such as
sunlight, microwaves, sound waves and enzymes.
Each of these is briefly described below :

(i) Use of sunlight and micronraves, The use
of sunlight and ultraviolet light have given birth to
photochcmistry. During the pastfortyyears, a num-
ber of photochemical reactions have been studied
and their conditions standardized. One major ad-
vantage of these reactions is that sometimes the
products of photochemical reactions are such that
tbey cannot be obtained by usual chemical
methods. Rec€ntly, many known reactions have
also been carried out using microwave ovens, In
these reactions, no toxic solvents are used but only
the reactants in proper ratios are mixed on a solid
support such a alumina and exposed to
microwaves. The reaction is complete within
minutes and yields are not only comparable but in
some cases, they are even higher than those ob-
tained under severe conditions using toxicsolvents.
Thus the use of microwaves have not only reduced
the time ofthe reaction but have also increased the
yields. Efforts are, however, needed to develop the
solid supports and optimise the dose of microwave
radiations to realize the desired results.

(ii) Use of sound waves. Irxtead of
miclowaves, sound waves have also been used to
carry out certain known chemical reactions with
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encouraging results. Iftli branch of chemistry is
called sonochemistr]. Here again efforts are
needed to develop conditions to achieve the
desired goals.

@i) Use of enzJnnes. One of the most
thoroughly investigated environmental friendly
reagelts are enzymes. These work in aqueous solu-
tions and at ambient temperatures. Using these
enzymes many biochemical methods have been
developed to prepare precursors and inter-
mediates of certain medicines and antibiotiqs. For
example, semi-synthetic penicillins such as az-
phicillin arad amorycil/rn , have been prepared using
this technique.

It is interesting to point out that usually addi-
tion reaction are preferred so that the starting
materials completely enter into final products and
there is no undesirable material produced which
may have to be disposed ofor treated. Fhrther, now
complete data is available about the list of hazard-
ous and toxic chemicals so that the task ofchemists
has been simplified.

A few achievements of green chemistry in
recent years are outlined below :

(i) Synthesis ofibuprofen. A new method has
been developed which not only gives 99 Vo yield b,,tt

uses smaller quantities ofsolvens and does not give
any waste products.

nce al
Q. l. \ hydoes roln water normally have srH ofabout 5.6?Whell do€s it becoEe ocld raln ? (N.C.ER.I)
Ans. Normally rain has apH of about 5.6 due to dissolution of CO2 of the atmosphere into it (CO2 + tI2O 

-H2co3 + 2 H+ + Co3-). wben thepH of rain falls b€loltr 5.6, it b€comes acid rain.

Q 2 Why ls ocid roln consldered qs a threot to ThJ Mohol ? (N.C.E.R.T.)

Ans.'IbjMahalismadeofmarble.TheacidraincontainsH2SOawhichattackstbcmarble(cacortherebypitting
it, dismlouring it and making it lusreless

CaCO3 + H2SO. t CaSO.+CO2+I1O

Q.3. E)rphh glylES rcasons "Itc prcsenc! ol CO rEduc6 thc sEolrt olts.moglobltr oertlrblc lD thc bl@d for
carrying oxJgen to the hody cells," (N.C.E.R-T)

Ans. CO combines with haemoglobin of the red blood corpuscles (RBCS) about 300 times more easity than c,rygen
to form carboryhaemoglobin reversibly as follows :

Hb+co 
- 

Hbco.
Thus it is not able to combinewith oxygen to form oryhaemoglobin and transport of oxygen to different body
cells cannot take place.

Q. 4. Stste brlclly the reactlons causlng ozone layer depletioD in tbe strstosphere.

Ans. Refer to page 18/15 under Sec. 18.10.2.

Q. 5. Fish do trot grotr as wcll ln warm water as ir cold rryoter. Why ?

Ars, The amount of dissolved ory8ell io slarm lmter is less than in cold water.

(r, Catallic dehydrogenation of
diethanolamine. To carryout this reaction, used for
the production of herbicide, a new tcchnique has
been developed in which the reactants as well as the
product are environment-friendly unlike the old
classical reactions in which cyanide and formal-
dehyde were used.

(iii) Replacement of chlorolluorocarbons
(CFCs) by CO, as blowing agent. In the manufac-

ture of polystvrene foam sheets, earlier
chlorofluorocarbons were used as blowing agents.
These chemicals resulted in ozone depletion,
global warming arrd formation of smog. New
methods have been developed in which CFCs have
been replaced by CO2.

(iv) Replacrment of organotlns by 'Sea-nlne'
as antifouling compound in sea marlnes. Earlier
organotins were used ss 6rdf6uling agents in sea
marines. However as they are stable compounds,
they persist in the marine for long time and thus
cause poUution. These have now been replaced by
the newly designed safer compound called'Sea-
nine'.

From the above discussion, it is evident that if
concerted efforts are made to develop green
chemical products, it will certainly help us to keep
our environment pollution free.

Questions

(IVC.EX.?)

(N.C.E.R.T)

-----
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Q. 6. "Ox)ten plays a key role in thc troposphere whlle ozone ln the strat6phcrd'. Elucldste. <4C,8,R.T,
Ans. All biological activity takes place in the troposphere for which qyge[l is required. Ozone in the strat6phere

absorbs the harsh ultraviolet radiation coming form the sun which otherwise cause skin cancer, affect the
cornea ofthe eye and may cause even blindness.

Q. 1. Whst ts thc approxiDstc totll D..6s of tbc rtEcphctr ?

Alra 5 x l01s tonncs.

Q. 2. What ts the trmperaturr roDgc of thc atD6phcrc ?

An* -ll(rC to IZXFC.

Q. 3. Namc thc dllfercnt rcsloDs ol the shocphcrc alongrlth ttrclt altitude ond tdrpctrtnrc rrn8ca
ADs. 'ItoposplErc (0-f I km, 15 to -56t), stratcphcrc (11-50 km, -56 to -?C), Ercspherc (5(LS5 km,

-2 to -97C), thermGphere (85-5m km , -y2 to l?frVc)-

Q. 4. In elut rtglms olrte rtnqh.q tha tqnp.trat[r h(rtcs.! rftt attltudc and h rtlch rqloo! n rf!crea!.!,
Ars. Tumprature inqcas€s with altitude in stratcphere and thcrm6phcreetrilc it dc.reas6 in tropcphere aDd

mcsqtphere.

Q, 5. what do you mcsn by "lDvcrsloD ttupcrsturt, hr dlllqllt rrsloDs oathc thcphcl! ?

AIrs, When w go from one region of the atmBphere to the ncxt adjoiniog rcgioo, thc trcnd of tcDperaturc cMnges
ftom iDcreae to demeas€ or vice versa. Tbir b called hversion tempcrature.

Q. 6. T9het gos lceked to brlnS hsvoc lD Bhopol hsg.dy ?

ADs. Methy' isocyanate (MIC).

Q. 7. What are prlDary ard s.rordary pollutstrts olthc oll ?

tuis. Primary pollutanls are thce which after thcir formation rrmaiD as sucb c.t NO. Secondary pollutants arc
thGe whici are formcd as a result of readion betweeD primary polutants a& PAN (pcrq,,acylnitrates).

Q. t. Vghst ls tbc %ogc olCO, ln the pure dty air ?

Ar& About 0.032%.

Q. 9. Nome thEe nsturrlsourrrs ofair polltrtlon

ADE VolcaDic crupions, forest fires aod pollen Srains of flcmrcrs.

Q. 10. Nome thrEc gos€s $hich are Dajor air pollutstrt&

Ans. CO, NO, and SOr.

Q. 11. What is ihc D6t lrEportaot slEk of CO pollutsnt ?

ADs. Soil miq@rgani$tr.

Q. 12. Whrt is the compound forocd whcn CO .oDblnca wtth blood ?

An$ Carboxyhaemoglobin (HbCO).

Q. 13. Whrt lB rrodo or asphFiotiotr ?

Anr. Aqltc cygen starvation in the body (due to CO poisoning) is caled aD6ia or arphJsiatim.

Q. ld Hor orc NO ond NO, lorEcd lr thc rtEEph.It ?

AIls. NO is formed duc to rcactioD betwe€n N2 and Oz during lightning or combustbn of fBil fueb. It b funher
qidized to NOz.

Q. 15. Hor' arc nuc Ssses fIoD ltrdustriB th.Gd lioD o)ddcs of trlEogcn rDd sulphur ?
AD& By squbbing thcm with conc. H2SO{ or c,ith alkalinc solutioos Utc Ca(OHL and M8(OH)2.

Q. 16. What ls chlorGls ?

Atrs. Slos,ing do$n the formatiol of chlorophyll in plant3 due to prcscncc of SO2 8! polluiant h callcd crt rraJir.

Q. 17. Whst arc thc rcacdotr! IBvolv€d in rqnovlng SOa ltoE tla ahcphcre by prldDg lt through r lolutlon
cutalning citratc IoDs ?

ngwer
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Ans. SOz + H2o <- tlSO3- + H+, HSO' + H2 Cir--..* (Hso3. H2 Cit)2-
(Comptcx)

Q. lE. What ls the size range ofp{rticulates ?

Ans. 5 r,m to 500,000 nra

Q. 19. What is the role ofdichloroethane and dibromoethnne when added b gasoline slongwith tetroethyl lead ?

Ars. They convert PbO produced into volatile PbCl2 and PbB12.

Q. 20. What type of oromatic compounds arc present ss particulctes in the cir ?

Ans. Polycyclic aromatic hydrocarboos (PAII).
Q. 21. Whst are 'osbestosis' nnd 'silicosls' ?

Ars. The lung discase caused by particulates of asbestos is called 'asbestosis' and lhat caus€d by those of silica is
called 'silicosis'.

Q. 22. rrvho are the p€ople who usually s[lfer from rblack lung disease' nnd t?ho are those rvho sulfer from tyhite
lung discase' ?

Atrs. Coal miDers suffer from black Iung disease aDd lextile workcrs suffer from white lung disease.

Q, 23. How particulates help in the cloud formotion ?

Ans. They act as nuclei for cloud formation.

Q. 24. rrvhich zone is callcd ozonosphere ?

Ars. Stratosphere.

Q. 25. Which main compounds ore causing dflmrge to ozone layer ?

Ans, NO and freons.

Q. 26. Whot goseous species are present in the nresospherc rlnd thermosphere ?

Ans. Gaseous ions like No+, 02+, N2+, O+ and atoms of N and O.

Q.27. Which diseose is coused due to hole in the ozone laycr and why ?

Ans. Ultraviolet rays will reach the carth after passing through the hole and cause skiD cancer.

Q. 2t. What is the coEposition of'Irlldon srnog'?

Ans. Fog of HzSOa dropleB deposited on tbe particulates.

Q. 29. In whlch seasor and *hat time otthe daJi therd isrlordon smog'?

Am. In winter during the morning hours.

Q, 30. What ts the nature ofrlondon srnog'?

Ans, Rcducing.

Q. 31. Whot is the composition of'photochemical smog'?

Ans. It is a mixture ofa number of irritation causing conrpounds Iike NO2, 03, pcroryac.ylnitrates (PAN), aldchydes,

ketones, hydrocarbons and CO.

Q. 32. Why 'photochemical smog' is so called ?

ADs. It is because it is forDred as a result of pbotochemical reaction (ie. in preseDce ofsunlight) berween oxides of
nitrogen and hydrocarbons.

Q. 33. In which seasol ard rvhat tirDe of the dny ihere is photochemlcsl smog ?

A[s. ID summer, in lhe afternoon.

Q. 34, lvhat is thc nnture ofrphotochemicsl smog'?

Ans. It is oxidizing in nature.

Q. 35. Which ocids ore present in the ocid rain ?

Ams. H2SOa, HNO3 and HCl.

Q. 36, Whrt is the role of CO2 in thc rgreenhouse elfect' ?

Ans. Heat from the sun after beiDg absorbed by the earth is rcmitted by the earth and absorbed by CO2 aDd then

radiated back to the carth, thereby warming il.

---.-
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Q. 37. NamG two lEportant rful.s of CO2.

AD& Oceans (which dissolve it) artd planb (which us€ it for photGynthcsis).

Q. 3& Whst is EarlDe pollutlo[ ?

A.Da. PollutioD ofs€a water due to dischargc ofwastes into it is called marino pollutioo.

Q. 39. Wbat type of pollution offects the ses-birds ?

Atrs Oil pollution.

Q. 40, What ls slltatlon ?

Ans. Mixing ofsoil or rock particles inio water is called siltaaion.

Q. 41. \['hst arc thc ltlaln 6ources olthcrEol pollutloD ?

Atrs. Thermal po er plants and nuclear plants.

Q. 42. What orr durtsctants chGDicslly used lr syEthctlc d.t.rgrrlr ?

A!.s A.lkyl b€nzene sulphonates.

Q. 43. Whot ls the rolc ol bullder lD Eynthctlc d.t€r8eEts ?

Ans, It removes hardness producing ions viz. Ca2+ and Mg2+ ions.

Q. ,14. What is BOD ?

Ans. Tho amount of orygen consumed by microorgaoisms in decompcing waste io a ramplc of sewage \ atcr is
called BOD (Bioch€mical Orygen Dcmand).

Q. 45. Whet ls COD ? Whlch chcmlcal sutBtanc:e ls gcrcrally u&d h lts DcosurrmcDt ?

Ans. COD stands for Chemical Oxygen Demand. It is measured by treating ihe giwn sample ofB?ter with an
oxidizjng agent, Senerally KzCr2OT io prcsencr of dilute tLzSO..

Q. z16. why cOD k prclerrcd ovcr BoD ?

Ars. COD can bc found in a few minutes wiereas BOD requires at last 5 days.

Q. 47. T9hat ls humlllcadoD ?

A.Es. The decompGition of organic matcrial (leav6, rools ctc.) in the soil by micrmrganbm to produce humus is
callcd humificatiol.

Q. 4t. Whst ls loaD 60ll ?

Ans. The soil containingS4% at,66% water aloogwith humus is called loam soil. It is bcst for the fiops.

Q. 49. What sre vlqble ond trou.visble portlculat r ?

AIls Viable particllates are small size living orgaDisms suci as bacteria, fungi, moulds, algrc ctc, Non-viablc
particulates are formed B disintcgratio[ of large size matcrials or condcNation of small size panicles or
droplets c.t mist, smoke, fume and dust.

Q. g). Why thcrc ts ozonc dcplcdoD Ealnly o"Gr AEtarEtlc! ?

Ans. This is bccause in other parts of tbc stratospberc, chlorioe frcc rad xls combinc 8sE but ln Antarctica, the
compouods formed are converted back into cl orine ftee radicab which deplete tbe @ooe la)€r.

Q. 51. Yyhat erc Pol.r Strstaph.rlc Clouds (PSC8) ?

ADs. The special types of clouds present over Antarctica io winter arE called Polar Stralospberic Oouds.

Q. 52. I]l trhlch E cson thc dcplctlou oloronc otr ADtarctlcs trk6 placc rrd rhcr! b lt Eplcabhcd ?
Atrs. During spriDg season (ie. in the months of Seplember and &obcr), dephtion of curnc takc6 place and after

spring (ia i,l the month of November), it is replenished.

Q. 53. What ls Polar Vort x ? VPhst ls its eficd ?

Ans. A tight whirlpool of wind formed in thc stratBphere which sunouDds Antarctica is callcd Polar Vort€x.

Q. 5{. tlhatdould hcth.toLrobLlimitol0uqldcloDs hdrlnkhrg*rt r?frsthrpp.o! tfltlshlghcrthan 10 ppm ?

A.Ds. 1 ppm or 1 mg dm-3. Higher concenhation is harmful to bones and teelh.

Q. 55. Nam! rlly four mcthods for waste manogcEcnt.

Ans. Rccrcling, Burning aod IDcincratioo, S€srage treatment aod Dumpin&

Q. 56. Namc thrcc mcthodr gcncrally used iD 8rrcn chrmlsk!.
Ars. Use ofsuoli8ht and mi6ouEves, us€ oflound waves aod ulc of cn4me!.
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ltJtite about the structure of differe[t regions ofthe atmospbcre.

What are hydrcphere, lithcphere aDd biosphere ?

Defi ne'environmcDtal ciemistry' aod'environmental sciencc'.
Detinc cnvironmentalpollution. List three episodes ofrecent past ofenvironmcnhl Pollution.
What are primary and secondary pollutants ?

What are biodegradable and non-biodegradable PollutaDts ?

Depending upon the nature ofpollutant, how can the pollution be classified into differenl tyPes ?

What is the composition of pure dry air ? What do you mean ry the terms 'sink' and 'target' with

.respect to Pollution.
Lis! thrcc natural sources and live maD-made sources responsible for air Pollution.
What arc the main air pollutants ? Wite about the sources and harmful cffects of any one of thcm.

How carbon monoxide acts as a poison for human beings ?

What remcdial steps should be takcn to save a Person suffering ftom CO PisoDiog ?

What are sourcss and sinks of nitrogen oddes as air pollutaot ? What are lheir efiects ?

How can pollurion due to nitroge[ oxides be coltrolled ?

what are sources and sinks ofsulpbur oxide pollutioD ?

Hou, can sq pollutiqr be controllcd ?

17. What are pani@lates ? What are their sourcqs ?

1& How lead halidcs cnter into atmGPhere as PollutaDll ?

19. What are the harmful effects of particulate pollutaDts ? List at lcast flve of thcm.

20. Briefly explain 'Electrostatic precipitatior' method for controlling Particulate Pollution.
Wha! are the pollutants attacking'Ihj Mahal ? Ho*, are they bei[g Produced in thc atmosphere ?

Urt tFn iDdustries responsible for causing air pollution.
\\r!,.,, :,a'lic8l readions are occ'urri[g in the stratosPhcrc ?

I! Jw nlu E dcpleting ozonelayet ?

Ho are '&cons' creatiDg a holc io the ozone layor ?

What are the reactioos occurring in the mes6Phere ?

Hoc, ozollc laycr is formed aDd acting as a Protccting umbrella ?

What arc the factofs r€sporsiuc for depletion of czoDe lEtr ? What are thc dEmical rtactixls invd,€d ?

Wbat do you understand by ozone holc ? Why does it occur mainly er Antarclica ? (N.C.E.RT)

What do you understand by (i) polar stratospheric clouds (i, polar vortsx ? (N.C.E.RT,
Lit thc main points ofdifference betweel 'Loodorl smog' and 'Photochemical rmog'.

What is 'I-6 Angeles smog' ? Ho\tr is it produced in the atmcPhere ?

what is'Acid Rain'? wbat arc its harmfuleffecb ?

or What is the cause of acid rain ? How is it harmful to the environment ? (/VC.E i.I)
34. What is 'Greenhouse eff€ct' ? How does it affect the Slobal climate ?

35. Why does GreeDhouse effect lead to the Slobal warminS ? What could be tbo consequenc€s of Slobal
warming ?.

36. What is ground water pollution ? How does it take Place ?

(N.C.E.R.T)

37. How is thc pollution of rh€r water caused ? Whicb plans have becn made by Govcrnment of India
so as to stop this Pollution ?

3$. What is 'marine pollution' ? What are the sources of oil Pollution in s€a u,ater ?

Q, 57. Glve three examples in which green chemistry has been applied.

Ans, Synthesis of lbuprofen, dehydrogenation of diethaDolamine for productioo of herbicide and replacement of
chlorofluorocarboDs (CFC'S) by coz as blowing agelt.
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What are the effects ofoil pollutioD in sea tt€ier ?

List at least ftve important sourcEs respoosible for vater pollution.
What are the main inorgaDic and organiq pollutants preseot in sater ?

Hot synthetic detergents prqe€nt as water pollu]Ilnt crcate problems ?
What are oxygendemaDding wastes ? Defne 'BODs'. Hos, i3 it determined ?

Disqlls thc imponance of dissolved orygen iD water. What pKrcelscs are generslly rcsponsiblc for
the decnygenation of warer ? aN.C.ER,T,)
How does oxygen reach water ? Ho\f, is abe dygeD content ofa sample ofwatcr measured ?

(NC.E.RT)

(N.C.E.R.T)

(N.C.E.R.T.)

Ho\ , plant nutrieob alld pesiicidcs act as water pollutants ?

Lo,,l,

3.
4.

What are thermal pollutants ? What are lheir sources ? Wbat damage is done by rhcm ?
Which soil is mnsidered as best soil for mct of the crops ? What is its compGition ?

Name at least four soil pollutants. Explain onc of them.
What are the differeot sources ofsoilpollution ? Name the pollut8nls bcing add€d by them.
Comment oD lbc statement-Green chembtry b an altcmatiw tool for rrducing poliutioo.

Give somc €mmplcs of thc acrrievemcnb of grecD ciembtry.

What are the main componcnts of our environment ? Bplain each of them briefly.
What are the difierent regioDs ofthe atmGphere ? Frptain cach ofthem briefly.
What is EDvironmental che mistry ? Disc.r.rss its social rEleyaDce. (N.CER-T)
Ouote thrce incidents wh po ution. Hotp can you classiry
environmental Pollutants tyP6 ?

Define an environmetrtal pollutant. What do )ou undcrrtand by en covirmmcotal pollution model ?

(NC.E-er)
Wbat is Air polution ? What are the maiD sources of air pollution ? VJhilc a fe!r, lines about esch ot
lhem.
What are major air pollutants ? Briefly €xplain aoy tu/o of thcm.
Dcscribe sources ofpollution, sink, harmfuleffecBand methods !o controlthe follo ring pollutanb:
CO, NO, and SOr.

Dcrcribe briefly the hydrocarbons and particllatcs as pollutarts.
Bricfly explain differe[t nrethods used to control particulate pollutants.
What do you understand by (i) Misrs (r'i) Smoke (rii) Fumes and (iy) Dust ?
Wtite a short note on "InduslrialAir Pollution,,.
Explain thc re3clioDs occuning iD difiereni rcBioos of the atmGphere.
Explain the f.ormation and depletioo of ,,ozone lapr.,'What arc th€ efiocls of depletion of this layer ?
Name rwo different types of'tmog". Explain bricfly how arc they formcd ?

What are smogs ? Distingui.sh betwEcn clarsicat aod photoclemical smog!, W.C.E-R-D
Horv is pbotochemical smog formed ? Wbat are its effects ? Hon, can it be oorttrolled ? (N.C,B.LT)
White aD cxplanatory note on'i{cid Rain.',
Wbat is "Greenhouse effecf' ? Why is it so called ? What are its coos€4uencEs ?

Uos, can you classiry water pollution inro differcnt types ? Briefly cxplain each one of them.
What arc the intematiooal standards for drinkiog vater ?

Hou, caD you classify t\arer pollutants into different typcs ? Bricfly qplaiD cacb onc of them.
What do you understaod by BOD and COD ? How arc th€se dctcdined ? (N.C.E.R-r)
What is "soil" ? What is its compdirion ? What are the sourcEs of soil polution ?

Explain rhe stratery that has be€n adopled to control enviroDmcntal pollution.



1. Ho, Bhopol Gs! thrgedy occultld ? Methyl iso€yanate is Produced by reaclion Pt$fe[ methyl amine

and phcgcne *tiicl is n,rttr-er used for thc cNre of the insccticide called cqbuyl (or commercial

Dame---,r44r) by reaction witb 1-naPhthol 8s

CH3NIL + COC-12 + CH3-l{c-C-o+2HCl

L*r"r,
CH3N=C=O

OH
I-@

The pressure inside one of the tanks contailing MIC rose to srJch a high e

and as a rciult MIC escaPed into the atmosPhere. The reason for the sudden e

entry of some moisture into the lank ihat must have resulted into the folloPi

CH3-N-C=O+H2O ..- CH3NH2 + CO2

2. How CO llnlG ro hoemoSlobln ? In haemoSlobin, Fe (u) aiom is coordinated to ftve Sroups aDd the sixth

site is free. Normally 02 tinks to F; GI) at rhis sixth co-ordination site but CO is a slronger liSand than 02, therefore

if CO is prcsent, it occuPies the v"acant co- ordination site and not 02.

3. Reasons for fall or rlse of tcmpcrature ln dllfcrent ltglolrs of thc otmGpherc. ID noPsPhere, lhe fall in

temperaturc with altitude is due to fallbf pressurc and deDsity of ak.lt siatosqtere,lhe rise iD temPerature with

altt;de is due to absorption of solar ultraviolet radiation by szon e.ln metorlhere, decreasc in temPerature is due

to lol absorptioo of ultraviolet radiations ry ozone.

4. Other gtrcn housc gssca. Though CO2 is the key gas in the grecnhouse effect but therc are some other

qrc€nhouse mses alro as. methgne, chlorofluorocarbons, ozoDe, nitrous qide and watcr vaPour. Their relative

Lntributioniare as fo[d*t: Co, (50%), cH 4 O9%), cFc (17%), o3 (8%),N2o (4%)' Hzo (2%)'

5. Eutrophlcstlor. The Presenc.c of exc€ssivo nu

from fertilizeN resulls in tlrc increase of PhosPhaE ions

and the concentration of dissolved orygen decreases. Th
life is adversely affected. The fish start Prishin8.

6. Ecoslst m. Thc co-sdstencc of blodc comPotrGtrts (living organisms) ie' animals, P!1s 1ld TYoor:
ganisms and eblotlc componcDts (nonJMng materials or factors) which may be inorSanic (e& co2, N2, s, P etc.)

or organic (e.g proteins, carbohydrates etc.) and climatic factors (like @mPerature, humidity etc.) is called an

eclsystem.

IEB4

L)t"l
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c. B.s. E. - P.It.T.
Exploln thc rlifrereEce bctsetn o cortamin.rt
ond o pollutatrL

An& Refer to page 18/4.

Wtat ls Plcurtro<lEiosiB ? How doc6 it occur ?

(N.CE.R.T)
ADs. Pneumoconiosis is a dis€ase of lungs such as lung

caDccr, bronchital asthma, chronic broncbitis etc.
It is caused by small sized partic'r.rlate,s which en lcr
into lung tbrough nce and provide a large sur-
face area for adsorption of carcinogenic com-
pounds such as polyouclear hydroc€rboDs,
asbestos etc.

The depletlon ol ozorc loyer occurs ovcr A[-
tarctico durlDg spring tlE. and it gct6
replenlshed aller cprltrg tlEe. &plaltl.

(N.C.E.RT)
Ars. Refer to page 18/16.

What do you urdcrstsld by GEGDhouse GlLct ?
1{h8t arD tlle mqror crlctrhouE gss€s ?

(N.c.E-R.X)

Ars. The warming of the thee€nh orglobalwarming
due to re-€mission of sun,s enerry absorb€d by
the earth followed by its absorption by CO2
molecules and H2O \rapour prese[t near the
earth's surfac€ and then its radiation back to the
eanh is called greenhousc effecr.

Though CO2 is the main gas in the greenhouse

effect, thcre arc some otbcr grcenhouse gascs
also et. methane, chlorofluorocarbons, ozone,
nitrous mide and watcr vapount.

\.) i lf,hat is COD ? tThy 16 lt preferEd over BOD ?
Hotr is lt detlrDtned ?

Ars. COD stands for Chemical o)rygeo Demand. It is
preferrcd over B.OD (Biochcmical O)rygen
Demand) because BOD takes a number of d;ys
e.g BOD, takes 5 days wherEas COD can b€
determincd in a very short time. For method of
detemination of COD, refcr to page 1824.

(.' 6 E)elaln the t rD,Eutrophlcailon,.
ADs. Refcr to page 1Ef34.

Which of the follo ing is thc uppermGt region of
the atmcphcre ?

(a) Stratospbere (6) Ttop6phcre
6. The most abundant hydrocarbon pollutant is

(a) co
(c) oz

(a) MethaDe

(c) Propane

(6) No
(d) coz

(D) Ethane
(d) Butane

(c) Exosphere (d) Ion6phere
2, Which of thc follo$,ring is the coldest regioll ?

3. Which of the following is a secondary pollutant ?

7. Which of lhe following is not inrolved in formation
of pholociemical smog ?

(a) No (6) or
(d) sozG)Cl{,

& The size of paniolarc.s of H2SOa fog lies iD rhe
ranSe

(d) 5-1(n nm
(b) 100-500 zm
(c) 500-1000 rur
(d) 1000-10,000 r,tn

4. Which of the follo$,iDg is nor considered to be a
pollutant ?

(o) Noz

(c) o:
5. Which of thc followiDg

haemoglobio ?

(a) Tioposphere
(c) StratGphere

(a) No
(c) So,

(D) Mesosphe re

(d) ThermGphere

(D) co
(d) PAN

(b) co,
(d) c,Hy

has grearesr affinity for

ANU LT' PLE CH {,1I CE I*ESTTONS

l.c 2.b 3.b 4.b S.b
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9. Thc srmatic cmPouDds PtEsont as psrticulaaes

af€

(4) BeDzene

(c) Nifobenzene

(D) 'Iblucne

(d) Polyryclic hydrocarboDs

10. Wbich of the follo ing is Prcsent in maximum
amount in acid rain ?

BODs is

(a) waste demmposcd h 5 dals

(6) orygen used in 5 dals
(c) microorgaDisms killed io 5 dals

(d) dissolv€d orygen left after 5 da)6

ID which regioD/teSions of the atmosphere'
temperature decreases with altitude ?

(a) HNor

(c) Hcl

(D) H2SO.

(d)H2co3

[rndoo smog is foutrd in

(a) SuEmer during day time

(6) Summer during morring aime

(c) Mnter during morning time

(d) Summcr during day timc

Pholochomical smog i! formcd in

(4) Summer during Doming limc

(6) Summer during day time

(c) Wntor during momi[8 lime

(d) Mnter during dst timc

Which of the following ststemeEt it fdbe ?

(a) Londoo smog b cidisi[g iD nature

(D) lrndon smog contaiDs H2SO. droPlcts

(c) Loodon smog i8 fomed in winter

(d) London smog cauecs broDchitis.

Whici of thc follositrS is truo about Photochemical
smog ?

(a) It is r€ducing io nature

(r) It is formed in Mrter
(c) It is a mixNre of smoke and fog

(d) It caus6 irritation in eYcs.

15. 'White lung cancer'is caused bY

The gas/es involved in thc formation of Photo'
ctemical fog are

(4) Toposphere
(c) Mesosphere

(b) Stratosphere

(d) Thcrmosphere

(r) fenocenc

(d) freons.
(c.B.s.D. Mll.T. 20aJ\

(a) Co,
(c) No

(D) SO2

(d) hydrocarbons

which ofthe followtxg is/are correct about the size

of particulates I
(a) Soor pariicles have diameter ofabout 5 rez

(b)H2SO1 fog particles have size of 500-
1000 nm

(c) Fly ash particles have diameter of
5x1dnm

(d) All particulates have same size

Choose the wrong statemeDt/s

(a) COz is responsible for greenhouse effect

(D) CO2 can absorb iofrafred radiation but does

not allow them to Pass through

(c) NO is more harmtul than NOz

(d) Acid raio mntains mainly HNO3.

Ozone iD tbe slratosPhere is deleted by

(a) CF2CI2

(c) C6H6CI6

(b) 9Frr
(d) c6F6

(A.1 1.,11.5 200J)

Which oDe ofthe following is resPoDsible for dePle-

tion of the ozone layer in thE uPPer sirata of the
atmosphere ?

(d) polyhalogens

(c) fullerere,s

t3.

14.

(a) asb€8t6

(c) ieniht
16 Ozone lsyer is F€3ent io

(a) tropcpbcre
(c) m66phc[l

17. Depletion ofozone layor causcs

(4) blood canccr

(c) skin canccr

(c) chlorofluorocarbons (d) 02

(b) sitica

(d) paper

(D) stratcphere
(d) exosphere

(D) lung cancpr

(d) breast cancer ?.6 The smo8 is esseDtially caused by the presence of

l& Which of tbe follo ,inS is not a Sreenhouse gas ? (4) 02 aod Oj (b) Oz and N2

(a) Co2 (D) CH. (c) Oxides ofsulphur aDd nitrogen

(d) 03 and N2 a.t.8.8.8.2001

w'E'''k
14. dto. b t7, c

a



ENVIBONMENTAL CHEMISTBY

ADDITIONAL uEs'TtoMs

2,
,l

Aes e rti o t'r -R'ea e o n Typ e el eelij,one
The questions given below consist of an .rAssertion,, in column I aDd colrrlntr. 2. Usc the
followlrg key to chooae the sppropriotr aEsrxer.
(a) rfboth esseriiott strd reasoD arc coRREcf, and reoson is the coRREcr explsnsdotr of the assertion.
(D) If both sssertio[ ard reason aIe CORRECI; but rcason is NOT the CORRECT explaastion of the Nsertion.
(c) Ifsssertior is CORRECf|, but reasou is INCORRECL
(d) IfassertloD is INCORRECI; but ressotr i6 CORRECf,,
(e) Ifboth assertion and reason are FALSE.

Ass€rtion
1. The temperature in the skatosphere inqeases with

altitudc.

a Photochemical smog is I combinatioo of photoN
with smoko and fog.

a For grecnhorxe ef&ct, presence of green plan6 is
essential.

4 CO and NO both combin€ wit[ haemoglobi[.

True/Falee Statemente
Choose the lalse GtateEeDts out of the following
srd raf,rltr theD corrcctly
Mesosphere and thermcphere are collectively
callcd ionosphere.

Ttopopause exists at a height ofabout l l km.
CO caus€s death becaus€ it is converted into CO2
iDside the body.

NO is more poisonous than NOz.
CO2 is not corEidered as pollutant of the atmos-
phere.

Rca$oE

Ozone preseDt ahorbs the ultrsviolet radiation.

Photoos, smoke and acid fog are present in the at_
mosphere.

Chloropbyll of the gleen plants causes greeDhouse
effect.

Borh have equal affinity for haemoglobin.

6. Presenc€ of hydrocarbons is e.ssential for
pbotochemicat fog forrnatio[.

7. Acid rain does not contaiD HCI acid.
t. Irndon smog is formed in summer.
9. Photochemiual smog is oxidizing in narure.

10. Gree[house effect is only due to CO2 gas.

11. NO has greater affiniry for hsemoglobiD than CO.
12. OzoDe layer is being depleted because ir is dis-

sociated into 02 and O-atoms by ulravioler rays.

4,

5.

Fill fnThebtanks
1. The uppermGt region of tbe atmGphere is known

4s.........

2. Ozone layer is depleted by........ and ........ .

3. Acid raiD contains........,........and........acids.

4 CO2 aDd H2O vapour can absorb........radiatioD.

5. SlowiDg dwn of the formation of chlorophyll in
presenceofSO2 is called........ .

6, The enrichmcnt ofDutrienis due to land run-offof
nutrienls into lake is called........ .

7. The lung disease caus€d by asbestc is called...,... .

t. Thc Iung disease caused by silica is called........ .

9. The.main participlants io photochemicalsmog for_
matton are........ and......-- .

10, Photochemical smog is formed in.......during. _....
time.

11. I-ondon smog is........in nature.
12. Pollu(ion ofsea water is cslled........ .

13. Depletioo of @orle layer takes placc maioly over........ .

14. COD is found by using........ .

15. The dcpletion ofozone over Antarctica takes placc
i[...... season.

16. The right whirlpool of wind formed in rhe srraro_
sphero rtich surrouDds A[tarctica is known as.... .

14137



18/38 halaep'c

. M.alp,chl
Match the entrics of columo Awitb aPproPriate entrics of column B'

@,uee1;ione

Colum[ A

1. Greenhouse effect

2. Depletion ofozone laYer

3. Photochemical smog

4. Acid rain

5. CombiDation with haerDoglobil

coluEr B

1. CO

LCryy
3. NO
4. SO2

5. CO2

A^,.St,/g,e'S
rasfilEx.eEllota TYPE OlESrpXs

1. (d) a (4 3. (G) a. (c).

tnEfirl.tcg? rflam8
3,4,7,8,10,12.
Elf,ll*ltrilrl
1. mpherc a NO, ctlloroouorocarboo' (frcons) 3. H2sO+ HNO!, HCI 4' ioftared 5' ctlor6is

6. cutrophicstion 7' asbcstGis E silimsis ,. NO, hydrocarbons l0' summer, aftemmn

u. reducing la marioc Potlutiou 13. Atrtarctica f4. tuidified IqCr2OT 15' sPring 16' Polsr vo q'

TrlclilOTT?EqEJIrl'8
t-5,2-3,r-Z4-4,5-1.

,----==-.--
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T

lrnportant Na nee Reactions
(ln Alphabetical Order)

1. Balz-Schiemann rtaction. (Ias.B.200t)

Fluoroarenes (aryl fluorides) canuot be prepared by direct fluorination of aromatic hydrocarbons
since the reaction is very violent and cannot be easily controlled. These can, however, be easily prepared
by Balz-Schianonn reuction. ln this reaction, the aromatic primary aminE is first diazotised with NaNO,
in presence of HBF4 (fluoroboric acid) a t 273-278 K and the aryldiazonium tetrafluoroborate thus formed
is heated to give the corresponding aryl fluoride. For example,

Reduction of unsaturated compounds (alkenes, alkynes and arenes) with active metals such as Li,
Na, K etc. in liquid ammonia is called Birch reduction. The product formed, however depends upon thc
nature of the starting material. For example,

H,- , \H

Na./tiq. NH3

CH3-C = C-CH3
Bul-2-yne l%K

radr_But_2_cnc
This reduction is stereoselective and gives only the trcns- addition product. ln arenes, 1, ,l-addition

of hydrogen atoms occurs. For example,

Na/liq. NH3

l%K

NH.

o
Anilinc

NaNOy'HBF.

273-278 K

| = NBFr-

() -j- +N2+ BFr
Boron

trifluoridcBenzenediazoniunr
lcrrdfluoroborate

This reaction is called Balz-Schiemann reactlon.
2. Birsh reduction.

or Cyclohexa- 1, 4-dienc
3. Rirnbaum-Simonini reaction,
When silver salt of a latty acid is heated with I, in CClo, it gives an ester instead oI iodoalkane (cl

Hunsdiecker reaction). For example,

./'\cn

O
B€nzene

NI



Al2 Pratlct y's Ncrtt Coursc Chc-i"tryfilD

2 CHTCOOAg + I,
Silvcr acctalc

A
+ cHCl3 + 3 KOH ,

(olc.)

cH3coocH3+co2+2Ag
Mcthyl acclatc

CUI
-...-. [(CHJ2CH|2CuLi

Uthium dii6opropyl
cupEtc

cor

A

This is called Blrrbaum-Slmonlnl rcaction.

4, Cnrlrrlrtohc rtsf, tteD.
(lt.ltS.B. 1996,2000 ;11.5.8.2000,2t)01 ; A.l.S.l|. 1996,200-t : IlS.lt. 1997, 2(na, 2001, 2003)

When a primary amine (oliphotic ot uomatlc) is warned with chloroform and alcoholic I(OH, it forEs
an isocyanide or carbylamine having offensive smell. This reaction i czlkl cahyl.onine reactiot Por cxalmrple,

cH3cHzNH2 + CHCI3 + 3KOH
Ethytaminc @k)

NH"

6
Aniline

A
cH3cH2N=C +3KCl + 3H2O

Ethyl isoqranidc
or Ethll carbylaminc

N=C
I

O +3KCl+3Hzo
Phcny' isocyanidc

or Phc[yl calby'aminc

Since secondary and tertiary amincs (aliphatic or aromatic ) do not give this reaction, it is us€d as
a test for primary amines and also for the distinction of primary amines ftom secotrdary and tertiary amines.

5, CorpyHousrnrctlon,
It is an excellent reaction for the synthesis of unsymnetrical alkanes (which cannot be prepared by

Wurtz reaction) and higber alkanes. In this reaction, an alkyl halide is first reacted with lithium metal in
dry ether to form alkyl lithium which then reacts with cuprous iodide to form dialkyl cuprate. The dialkyl
cuprate on subsequent reactior with the same or different aI$ halide gives the corrcsponding symmetri-
cal or unqrmmetrical alkane in fairly good leld.

R-X + ZLi 
D'vcthel 

RLi + LiX
Alkyl halidc Alulithiun

2 RLi + cul 
DrY cthct, 

R CuLi + LiI
Uthium di.lly'cupr!tc

DIt cthcr
R.CuLi +R'-X , R-R' + RCu + LiX

AlLanc Atty4copPcr

may be same or different). For example,(R, R'
gH:\

CH- Br
. cH|./
Isopropyl brunride

CH3CH2- Br

Dry cthcr

Isopcntatc

5. Di€ls.Alder rlactlon.
It involves the addition of a conJugated dlene (4n-electron sysrem) to an unsaturatcd compound

(alkene or alkyne) containing an electron-withdrawing group (Zn-electron syrrem) usually called
dienophile (diene loving) to form six-membered cyclic alk enes (usual$ called Dieh Alder adductr).T\ese
reactions are called commonly referred to as [4 + 2] cycloaddition rtactions since in these reactions, a

u
Dry cthcr

qHr\
CH-Li

ct["/
Loproprl lithium

qH:\
,,CH-CH,CH3 I (CHr)rCHCu + LiBr

CH j/ Isopropylcoppcr

,^-
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4rr-electron s),stem adds to a 2r-electron system. Diels-Alder reactions normallydo not need any catalysts
and generally occur on heating. For example,

l*.. + _---ll
CH \ -.' CH-CHo

\Y -," Acrorein''cHi

A

y'*_=_=-._i.,.", 
;AL.:.:lLlll +

<:------\-]--.---- rlr

Buts-l' 3-dicne iorcu, Dimethyl cyctohee-1, 4-diene-

"..o,3#i','I'i;.ro," 
1'2-dicarboxvlate

7' Diazotis,tion .'acti.,t' 
rtL\ r. r9,9 s,9r,93, rs, 97 ; H.S.B. tggs, z00t :,s.,.2001)

When a cold solution of u primary aromatic amine in a dilutc mineral acid (HCI or HrSO.) is treated

with a cold solution of nitrous acid (generule,J in $itu by the action of dil. HCI or dil. HrSOo on NaNO, )
at273-278K, arcnediazonium salt is lbrmcd. This reactionis calle,J diszotisation reaction For example.

NaNO2 + HCI+ HONO+NaCI

+
N = NCI-

Buta-1,3-dicne

Anilinc
(7' Aromatic omine)

NH,

d
NH,
1

@
Anilinc

n3-21A K
+ HONo + HCI

2n-27A K
+ HONO + H2SO1

Bcnzenediazonium chloride

+ 2H2('

+
N = NHSO;

& FlukclrH-n Eaction.
Iodoalkanes can be easily prepared

with sodium iodide in accl.one or methanol.

CH5CH, - Br + NaI
Bmmcthanc

+ 2H2O

Benzenediazonium
hldmgcn sul,hatc 

\Ps.R.2ot)r)
from the corresponding chloro- or bromoalkanes by heating

Acetonc or nlethanol
CHTCH, -I + NaBr
Iodoc!ha[e

This reaction is called Finkelstein reaction. The driving forcc for this reaction is the fact that NaBr
(or NaCl in case of chloroalkanes) is less soluble than NaI in acetone or methatrol and thus gets deposited
during the reaction. As a result, equilibrium shifts in the Iorward direction. This reaction is very useful for
preparing such alkyl iodides which cannot be prepared by direct addition of HI to alkenes. For example,
n-butyl iodide cannot be prepared by direct addition of HI to l-butene. However, this can bc prepared
from l-butene using Finkelstein reaction as shorvn below :



Pradeey's

HBr, pcroridc
CH3CH2CH = ar, .-_---.__-} CHTCHTCHTCHTBT

l_Buterc (Anti_Mark.adL) ,_Butytbrcmidc

9. Flttlg rtae$on,
This rection is a useful variation of Wfiz reoctio,t.lt involves the reaction between two molecules

of an aryl halidc with sodium metal in presence of dry ether to form a diaryl. For example,

@-o+2Na+",@ 
Drycthcr, 

@-O + 2Nacl

Chlorcb enzene (Tw e nn lecu I et)

10. Friedel-Crafts reaction,

Diphenyl or Biphenyl

\A.l.S.D. l9u7 ; H.PS.B. l9tilt S ; H.S.B. 1990 ;I.S.B. 1995,96,2001 ;D.5.D.2003)
This reaction is used for introducing an alkyl or an acyl group into an aromatic compound in

presence of a Lewis acid catalyst. The most commonly used Lewis acid catalpt is anhydrous AICI, while

other catalysts which have been used are BF3 , FeCl3 , SnCl4 etc.

(a) Friedel-Crafts alkylatlon. Benzcne and other aromatic compounds react with alkyl halides in
presence of auhydrous aluminium chloride to form allrylbenzenes. For example,

cHrcl
Methyl chloride

Anhyd, Alc]3
HCI

Anhyd AlCh

t

3

@.

o
Bcnzenc

CH,
Io

'toluenc

cH.cHrBr
Illhylbromide

+ cH3cl
Methyl chloridc

Anh)d. Alcll

The Friedel-Crafts alkylation ofbenzene with olefins zurd alcohols is usually carried
ofprotonic acids such as Hf; H2SO. or H3POa . For example

@.
(b) Friedel-Crafts acylation. (H 5.8.2001 ; PS-B- 2001)

Benzene and other aromatic compounds react with acid chlorides or anhydrides in prcsence of
anhyd. AlCl, to form ketones. For example,

H3PO4

CH3CH = Cll,
ftopen.

CH.COCI
Acctylchloride

Anhyd.AlCll

N8yacctonc, A
cH3cH2cH2cH2I

(- NaBr) n-Buryt iodidc

t !'.s.lJ. 2tt4tt, :0(t I )

+ HBr

_z CHt

1C))-crr(\:Z-l \CH.
Isopropylbenzcne or Cumene

OlcocH,*uc,@.
=---_

Acetophenonc
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+ (cH3co)2o
Accti. anhydridc

11. Gattermann rcaction.

6\-fr=Nct-
\\--l./

Bcnzcncdiazollium chloddc

CO)-fi=*.'-
Bcnzcncdiezolrium chloridc

The yields are around '10%

AnhF. AlCl!
cocH3 + cH3c(x)H

*Nz

*Nz

CH2CH2OH * 4I, + 6 NaOH -----------r

Ethlrool

CH3CHOHCH3 * 4lr -t 6NaOH -----------r

2- Propanol

CH3COCq3 * 3I2 * 4NaOH 

-Prcpanonc

CH3COCH2CH3 * 3I, * 4NaOH .......-
2-Butanonc

CHI3 + + HCOONa + 5NaI + 5HrO
Iodoform

CHl3 + CH3COONa + 5 NaI + 5 HrO
lodoform

CHI3 + CH3COONa * 3NaI + 3HrO
Iodoform

CHI3 + CH3CH,COONa + 3 Nal + 3H2O
Iodororm

qHjCOCHs+312+4NaOH ---. CHI, + C6H5COONa +3NuI + 3 FI2O

Acctophcnone lodoform

Iodolorm rcaction is widety used for thc dktinction of methylcafiinok and methyl ketones lom other
alcohols and kelones.

ll,Ifuasdlec*Fr rractior. e'.5.8.2000, z00t,200?)
The decomposition of the silver salt of a carborylic acid with Br, in refluxing CCl. to form an alkyl

or aryl bronidc with one carbon less than the original acitJ 's c*.llcd Husdiedcer reaction For example,
cct4' 350K

RCOOAg * Br, ----""""'+ R-Br + CO, i AgBr
RcBux

@
Renzcnc

6\)l_/
Dcnzcdc

/;<-\ AnhYd AlC'l!
+ ( ( ))-cocl

Ilenz(ryI chloride

This is a modification of Sandmeyer reaction in which benzenediazonium chloride is treated with
copper powcler and a halogen acid (instcad ofcuprous halide tlissolved in the corresponding halogen acid)
to form aryl halides. For cxample,

A)/HCl

A

CulIlBr

(PS.B. I 995, 200 l, 2002 )

AII compounds containing the grouping CH3CHOH- (i.e. methylcabinols such as ethanol,

2-propanol, 2-butanol etc. ) or CHrCO - (i.e. melhrl kctones such as propanone, butanone, 2-pentanone,

acetophenone etc.) when treated with a halogen and excess of alkali (i.e. sodium hypohalite, NaOX) form
halotbrms. Ifthe halogen used is iodine, yellow precipitate ofiodoform is formed and the reaction is called
iotlolorm rcactiol, For example,

@-"n-@ * r.r
Bcnzophenone

(A.l.S.B. 1990 S ; P.5.8.2002)

@-"'
Clhlorcbcnzcnc

@-u'
Bromobenzcnc



A,/6 Pradce p's Nco Coursc CheaisgASll)

cclr,35oK
CH3CHTCOOAg * Br, CHTCHT-Br + CO2 + AgBr

sit,er propionatc Rcflul Erhyl brcmidc
ccl.r. 3-50K

C.HTCOOAg * Br, C6Hr-Br + CO2 + AgBr
silver benzoate Refl[x Bromobenzcnc

Like Hofmann bromamide reaction, Hunsdiecker reaction is also used for stepping down the
homologous series.

14. Kolbe electrolytic r€actioL

i..1 /.s./1. 1988 ; D ,s lt. 19t19, 92 9 j ; H ItS B. 200-] )

This reaction is used to prepare some alkanes, alkenes and alkynes by electrolysis of aqueous
solution of sodium or potassium salt of suitable acids. For example,

(a) Ethane is produced when an aqueous solution of potassium acetate is electrolysed.

2 CH3COOK .+ 2 CHrCO()- + 2K+ (Ionization)
Pol, aceta(e

2Hro L-; 2oH- + 2H+ (Ionization)

Atdnodei 2CH3CO0- -22-+ CH3-CH3+2CO2
Ethan€

At cqthode: Both K+ and H+ are present but H+ ions are preferentially discharged due to their
lower dLscharge potential.

2H+ +22- 
- 

H2

(b) Ethylenc is produced when potassium salt ofsuccinic acid is electrolysed.

CH"COOK CH.COO-
I | +2K+ (Ionbation)
cH2cooK cH2coo-
Pot.succina(e

ZIJ|O z z ZOH- + ZH+ eonization)

cHzcoo- cH'coo ct{,
At alode: I' -2t- -"---+ l' ---------' ll - + 2CO2

cH2coo- cH2coo cHz
(Uuable) Ethylcnc

At cathode : H, ts produced as above

2H+ +22- + H2

(c) Aceflene is produced when potassium maleate or fumarate is electrolysed.

CHCOOK CHCOO-
+ 2K+ (Ionization)

CHCOOK CHCOO-
Poi.malcatc

2.H2O !-- 2OH- + 2H+ (Ionization)

CHCOO_ CHCOO CH
At snode . ll -U- 

- 
lll + 2 CO,

CHCOO_ CFICOO CH
(UtLsidbi.), Accq'lenc

At catlrcde: H, is producctl as abovc.
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15, Mendius reaction. ( l;5.R. 2000, 2001, 2002 ; H.S.It. 2t)01, 2002)

The reduction of alkyl and aryl cyanides to primary amines with nasc€nt hydrogen (produced by
the action of sodium amalgam on alcohol) is called Mendius reaction. For example

Na/C,H,OI{
CH3C=N+4[Hl

Acelonitrilc

C=N

Na,/qH5OH
+ 4[HI

Bcnzonitrilc

16. Reher-Tlem&nn rtection

lA.l.S.B. 19ES ; H.PS.B. 19u8, 89, 92, 95 ; D.S.Il.2000; PS.B. 2000, 2002, 2003)

OH
Io

Phcllol

ONa

6-*"ffi cH(oH),

-Hzo

CHO D.Ho

-
_N.O

A small amount ofp-hydrorybenzaldehyde is also formed.

If instead of chloroform, carbon tetrachloride is used, salicylic acid is formed.

OH

d
Phcnol

ONa

d
A small amount of p-hydroxybcnzoic acid Ls also obtained.

17. Srbatlcr - Scadcru rducnba.
Ttre reduction of unsaturated hydrocarbons to the corresponding saturated hydrocarbons with

hydrogen in presence of nickel as cataly-\t at 523-573 K is called Sduier-Sendercns redrction. Fot
exarnple,

COONa Dit.Hq

-2 N.O

Treatment of phenol with chloroform in presence of aqueous sodium or potassium hydroxide at
3,l() K followed by hydrolysis of the resulting product gives 2-hydrorybenzaldehyde (salicyladehyde). This
reaction is called Reinter-Tiemunn reactiont.

NaOU, 340K
+ cHCl3

-NaO, -H2O

OH
I

o'*n
2 - Hydrurbcnza ldchrdc

(Soliclcudtyc)

ONa
I

[o]-cH(oH)3\/ 
-Hro

OH
I

@too'''
2-Hydroxybcnzoic acid

(Solicl,lic ocid)

(:co).
'This rcaction isan cxamplc ofan clcctrophilic substitution Gaction in thc rcactivc clcctrophile is dichlorccartcnc



N8

cH3 - cH3
Ethanc

cH3 - cH3
Uthanc

This catalytic hydrogenation is widely used in the manufacture of Vanaspati Ghee from edible
vegetable oils.

It, Sandmetrnr nlction.

( D.S.B. 1 987, 96, 99 ; H.P.S. . l9E8 5, 89 S, 9I ; H.S.B. 2001, 2002 ; PS.B. 2000, 2001, 2002)
The convcrsion of benzcnediazonium chloride to chlorobenzene, bromobenzene and benzonitrilc

on trcatment with CuCl/HCl. CuBr/HBr or CUCN/KCN respoctively is called Sondmeyer reoction.
+
N=NCl-

I

+Nz

*Nz + Cl-

*Nz + Cl-

att per which acutally enters the

Nr
CH, = Q|1, 

"t- 
11,

Ethylcne 523 - 573 K

Ni
CH=CH+2H"
Acctylcnc 523 - 573 K

Ocnzcncdinzonium chloride

+
N= NCI-

I

-.4-19
lllenzcncdiazoniunl chk)ndc

+
N=NCl-

CuCl./tlO

A

CuBr/HBr

A

CUCN,/KCN

A

Benzencdiazoniunl chhaide

lt may be noted that in this reactir:n, it is the halogen
l>enzene ring.

19, Swarts rcaction,
Fluoroalkancs cannot be prepared clirectly by fluorination of alkanes, However, these can be

conveniently preparcrl by hcating suitable chloroalkangs with inorganic fluorides, such as
AsFr, SbFr, AgF, HgrF, ctc. For cxample,

2CH,CH2-CI + Hg2Fz 
- 

2CH3CHT-F+ HgCl,
Ch,oroethanc Fluoroethanc

20. Ullmann Blaryl synthesis lts I] 2002)
When iodobenzenc is hcatcd with copper powder in a sealecl tube, diphenyl is produced. This

reaction is called Ullnrunn bioryl syntlrcsis.

@){:!:i:?$:i:!:i@) ;.. * @-@ +2cur

Iodobcnzcnc Diphciyl

Aryl chlorides rnd aryl bromides rLsually do not react unless an electron-witLdrawing group ir
present at ,-atrd/or p- posilion wrl the halogen atom. For example,

_--^-
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It" iI
@.'+ 2cu + cr{Q) A

Scalcd lubc

( )zt)t Noz

,-- L-
(!=,-l-(.=) + 2 CuCI

2, 2'- l)initrtdiphcnyl

lH.lts.Il.2001 ; A.l.S.I) t997 ; ltS.B.20{)0' 2001 ; H.S.B- 1999,2001)

The reaction of alkyl hatides with sodium alkoxide or sodium phonoxide to form ethers is called
Will ian,Jon syntlrc:tis. For examplc,

R-X + R',- ONa
Allqy' hslidc Sod. alkoxidc

cHrI + CH3CH2ONa
Mcthyl iodidc sod. cthqldc

cHlcH2I + CHTCHTONa
Ethy' iodidc s(xl. c(hoddc

ONa
I + cH"l

\/
Sod. phcfloxidc Mclh!4 iodidc

This is one of the best methods for the prcparation of

(ll.l!5.8.2001, H.SB. 1990,20{tl,2002 ;D.5.8 2002 ; Il5.B. 2000' 2001, 2002, 2003 )

It involves the intcraction of two moleculcs of an alkyl halide (prcferably bromide or iodide) with
merallic sodium in presence of dry ether to form symmetrical alkanes containing double the numher of
carbon atoms present in thc alkyl halidc. For cxample,

R-X+ 2NA+X-R 
DTCIhCT' 

R-R+2NAX
Alry hslidc Allanc

DrY tlhcr
e.g., CH3 - Br * 2Na * Br - CH, CH, - CFI, + 2NaBr

Methyl brcnide Etharlc

Drl clhct
CH3CH2 - I + 2Na + I - CH2CH3 CH3CH2 - CH2CH, + 2Nal
Ethyl iodidc n-Bulanc

Thus, Wrlz reaction is a convenient ntethod [or tlrc prepamtion of symnrcticul alkanes (R- R), i.e.

alkanes contoining even nwnber of carbo,t otoml
Horwver, if two different alky' halides are usecl a mirure ofthrcc edkanes is aqlallyobhined. Fnr aamplg

CHr- I +
Mcthy' iodidc

cI{3 - I
Mcthy' iodidc

R-O-R'+NaX
Ilthc r

cHr-o-cHrcHr+Nal
Elhyl rn€thylcther

cHrcH2-o-CHrCHr+Nal
Dicthllcrher

?",
O 

+Nar

Ani6ole

both simple and mixed ethcrs.

Dry clhcr
2Na+ I - CtlrCH, CH, - CHTCH, + 2Nal

Ethyi iodidc Prcpeoc
I)wClhcr

+ 2Na + I - CH3 ---j"-- CH! - CH3 + zNaI
Elhanc

cH3cH2 - I +2Na+ I - CI{2CH3 
Drvcrhcr, 

CH3CH2 - CH2CH' + 2NaI
Ethy' iodidc n-Bu(8nc

The boiling points of these alkures are vcry close and hence cannot be separated by fractional
distillation. That is why Wftz rcaclion is only uselul for the preparution ol sytmetrical alkones and nol fu
the prupatstion ol ttnsymnrctricul alkones, i.e. olkaner conloining odd rutmh$ oI catbon 

^loms.

,-Chlomnitrultenzene
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(A.l.S.B. 199{) ; H.IlS.B 1988 S, 9l ; H.S.B. 2002 ; IIS.B. 2002, 2003)
This reaction is a variation otViutz reaction and is used for preparing homologues of benzene by

warming a mixture of an aryl halide and an alkyl halide with metallic sodium in presence of dry ether. For
example,

Dry ether
Br - CH, ---

Methyl brcnrittc A
(,) ,-Br*2Nat

Biphenyl and ethane are obtained as by-products

(rr) @ Br * 2Na * Br - cH2cH3 
DrYcthcr,

Brcmobenzcne Ethy' bromide a

Biphenyl andn-butane are obtained as by-products.

@-.r, +2NaBr

O- cH2cH3 * 2NaBr

Ethylbenzene

Bromobenzcne

t

\_



Dis1r.inct-.ion Detween
?airs of Corn?ounds

l' Methane (cH.) and acegilene (c#J 
ev.r,.ny.R. Ararmtnd t 99s )

Methane is a satursled hydrocorbon while acetylene is an unsaturated hydrocatbon.These can be
dlstinguished by the following tests :

(a) Methane being a saturated hydrocarbon does not decolourize Br, in CCla as well as a cold dilute
alkaline solution of KMn()o(Baqtefs reagent)whiteacetylene beirrgatunsatumtedhydrocarbongives both
these tests.

Bry'ccln
CHI 

- 

No action
Methane

Cold dil. alk. KMnOo soln.

(Baqw'srcogou)

Br Br
Bry'ccto I I

H-C - C--H
lt
Br Br

I, l, 2, 2 -T etnbromoethane
(Colourles)

cHo
Methane

No action

C0o
+

. (b)-Agetylene benga termilrul allqne gives a white ppt. of silver acetylide with ammoniacal silvernitrate solutioa (Tokns' reogenl).and a red ppt. of coppei acetylide with'an u--o"i"*r solution of
cuprous chloride while methane d res not give thes" ."u"tiorr..

CH=Qt1 a H?o+o.- [Cg=CHl ''o*o,
Acetvrene ffi [1,, lr.J

HC : CH + 2lAg(NHr)rl+OH- --+Acetylene Tollens,reagent

HC = CH + 2[Cu(NH3)2]+ OH- -+Acetylene

CH: CH
Acetylene

+ Brz
(dors")

CH=CHtt
Br Br

| ,2-Dibromocthcne
(Coktulest;)

-zH.zo CH=O

--+ I

CH=O
Glyoxal

(Colowlx)
(Uttstablc)

Aq:C=C-Ag +4NH3 +ZH2O
Sihrcr acctylidc

(Whitc ppt)

Cu-C = C-Cu + 4NH3 +zHzO
C-opper ac=tylide

(Rcdnt)

Ntt
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(|lI.L. N. R. Allo lwhad I 995 )
beilngunsatwoted htdrucarbons decolourise Br, in CCla solution and

a cold dilute alkaline solution of KMaOo (Boeyey's rcagent) . T:hese can, howevcr, be distinguished by the

following tests.

(a) CoId conc. H,SO. test, When ethylene is passed through cold conc. HrSOa, it dissolves due

to the formation of ethyl hydrogen sulphate but acetylene does not dissolve.

CHr=Q11, + H2SO{ .._ CH:-CH2-OSO3H
llthylene

Cnld conc. Il2SOa

Ethyl hydrogcn sulphatc

No actionCH=CH
Acctylcnc

(b) Ammonlacal sllycr nltrrte acst. With ammoniacal silver nitrate solvliolr (Tollens' teagent),
acetylene gives a white ppt. of silver acetylide but cthylene does not.

HC = CH + 2 [Ag(NH3)21+ OH- ---. Ag-C = C-Ag + 4NH3 + 2rLO
Acctylenc Tollcrs'rcagcnt Silvrracetylidc

(Mirc ppL)

cH2 = cH' 
Tollens'reaSent 

No action
Ethylene

(c) Ammoniacal cuprous chlrrlde test.With an ammoniacal solution ofcuprous chloride, acetyk:ne
gives a red ppt. of copper acetylide while ethylcnc does not.

HC = CH + 2[Cu(NHr)rl+ oH- ...._ Cu-C = C-cu + 4NH3 + 2H2o
Acetylene CopperaceMidc

(Red ppl)
Ammoniacal cuprous chloridc solution

CH, = qq
Ilthylcnc

No action

cH3cH2c-cAg+H2o+2NH3
Sihcr l+uiynidc

(lYhi.c ppt )
No reaction

3, l-Bury-no and2-hu$m8 (1.1.'l: 1985 )

Both l-butyne and 2-butyne are alkynes. Whereas l-butyne is a terminal allEne,?-bttyne is a
rutn-terminal allEne. These can be distinguished by the following two tests :

(a) Mth ammoniacal silvcr nitrate softtion (Tollens' reagent), l-butyne gives a white ppt. of silver
l-butynide while 2-butlmc does not react.

CH3CHzC e CH + [Ag (NH:)zl+ OH- """""-
l-Duiync Tollcn!'rtBcfll

+ [Ag(NHr)21+ ()H- 

-Tollcn6'rcaEGnt

(b) Similarly, with ammoniacal cuprous chloride solution, 1- butyne gives a red ppt. of coPper
1-butynide while 2-butyne does not react.

cH3cH2c = cH + [cu(NHr)rl+ On---------.-- CH3CH2C = C-Cu +H2O + 2NH3

l-Butyne CrPPcr f-brtntidc

CHr-C = C-CH3 + [Cu(NHr)r]+ oH- .......- No reaction.
2-Bulync

4. Syrene and pllenylaccrylgrG

Phenylacetylcne being a terminal alkync will give white ppt. with ammoniacal AgNC), solution,

(Tollens' rcugent) but styrene being an alkene will not

(Tarniiol allqrc)

CH3-C E C-CH3
2-Butync

(Non-tcrminal alWE)
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c6Hrc= cH + [Ag(NH)2]+OH- , CoHrC = CAg + 2NH3 + H2O
phcnylacctytenc 'l'oltcns'tcagent ,t*rrl#:r*nd,

(;H5( H = c r-r, II::'*a No acrion

5. Cyclohexanr and cyclohcxene \1.1.1: t9t,\,
Cyclohexenc is an alkene, r.s., it contains a double bond. Thereforc, it decolourises the orange

colour of Br, in Cclla solution by lbrming thc addition product. [n contrast, cyclohexaoe is a saturated

compound. As such it does not give this test since it does not contain a double bond.

cct,r

Cyclohcxcne

BrH
,rarF-1, 2-DibromocrElohcxane

(Arburl?-rrl

No aclion

A cold dilutc alkaline solution ofKMn()o(Baeyefs reagenr) can also be used to distinguish between
these two compounds. Add a lbw drops of Baeyer's reagent to each compound and shake. Cyclohexene
decolourises the pink cobur of KMnoo solution, whcreas cyclohexane does not.

Kl\lnO{ solution

(Daetw's reogar)
No reaction.

IJl3

O* un

Cycbhcx€ne

()
Cyclohcxane

(ri) Similarly, with ammoniacal cuprous chloride solutioq but-l-yne gives red ppt. of copper
but-l-ynide while buta-1,3-diene does not.

CH3CH2C = CH + lcu (NH3)21+l OH-......- CHTCHTC = CCu + HrO + 2NH,

CHr=CH-CH=CH, + [Ag (NHr)rl+ OH- 
- 

No reaction
Buta-1.3-dicnc Tollens'ieageIt

But- I -yne

cHr=CH-cH=CH, + lCu(NHr)rl+ OH--------r No rcaction
Buta-1,3-dienc

O
Cyclohcxrrc

6. Buta-l' 3-dlene snd bul.l-roc
Buhl-yne is a tenninul ullqne while buta-l, 3-diene Ls a conjugated diene. These cao be distin-

guishcd by the following tests :

(i) Wth ammoniacal silver nitrate soluton (Tollenr' reogenr), but-l-yne gives a white ppt. of silver
but-1-ynide while buta-1,3-dienc does not

cH3cHzc = cH + [Ag (NH3)21+ OH- -...- CHTCHTC=CAg+H2O+2NH3
But- l-yne

(Tbminal olbne\

+ H"O+o

F'rom KMnOa

'foUens' rcagcnl

Bty'Ccla

Silver but-l -ynidc
(tt/hik ppl)

Crppcr bul- I -ynidc
(Red ppt.)
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7. Buts-I, Sdlrs* ttd brterc
Buta-1,3-diene being an unsaturated hydrocarbon decolourizes Btr/CCla as well as cold dilute

alkaline KMnOa solll,tion (Boeyer's reagent) while butane being a saturated hydrocarbon does not resPond

to ahcse tests.
ccl.l

* Br,
l.4-Addilion

Bacyer's
CH-:CH-CH=CH" + H.o

(Fronr KMnO,)

CHr=aH-afl=afl,
Buta-1,3-dicnc

cH3cH2cH2cH3
,l -Butanc

Ethyl hromide is i holoslksne while bromobenzele s a haloarene. Since haloalkanes are more

reactivc than haloarenes Lowatds nucleophilic subrlih.ttion rcaclions, therefore, when ethyl bromide is
healsd with ary. KOH, it undcrgocs hydrolysls to produce cthyl alcohol and KBr.

A
C2H<Br + K{)H (ag) -------' qH5OH + K+Br-

It. Ethyl (A.r.s.B. 1991 S)

Ilrhyl bmmidc Ethyl alcohol

The reaction mixture oo acidification with dil. HNO3 followed by treatmetrt with AgNO3 solution

produces a light yellow ppt. of AgBr (due to the formation of KBr during hydrolysis).

K+Br- + Ag+NOi ..........- AgBr I + K+NO3-
(Uelt Ycllont PPL)

In contrast, bromobenzcne does not undergo hydrolysis under these conditions to product phenol

and KBr. Therefore, light yellow Ppt. of AgBr is not formed.

+ KOH (,q)
A

No reaction

9, C$fr{bqs+ (qIIrCl) rrd r+.r$l ddorl& (Clll6Cl)

(A.1.5.8. 1988 ;PS.B. 1989)

n-Heryl chloride is t hulmlkone ,g/bjie chlorobeozene is a haloanne. Since haloalkanes are more

reactive thanialoarenes toward.s nucleopr, ilic suhstiation rcoca-ars, thelefore, when n' ho(yl chloride is

hcated with aq. KOH, it undergoes hydrolysis to produc-e r-heryl alcohol and KCI'

CH3(CHJ.CH2-Cl + KOH (aq) ' CH,(CHz){CH2-OH + K+Ct-
t-Hc,ryl chlori.rc '-Hc4'l 

alcohol

K+cr- + Ac+ No; .._ Agcl I + 'K+NCE(Wltik WL)

The reaction mbdure on acidifrcation with dil. HNQ followed by tleatment with AgNC), solution

produces a white ppt. of AgCl due to the formation of KCI during the hydrolysis reaction'

In contrast, chlorobenzcne docs not undergo hydrolysis urder these condition^s to produce phenol

and KCl.

Bty'CCla

or Bicyer's rcagen t

Br- CH, -CH=CH-CHr- Br
1. 4 -I)ibromobut-2-cnc

4371
CHr= C11-61r-4",

ll
oH OH

But-3-er-1,2-diol

No reaction

,-,*--t 

-
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CI

d + KOH (a4)
A

No reaction.

Chlorobcnzenc

Therefore, trcatmcnl. ol the rcaction mixture with dil. HNO, followed by addition of AgNO, does

not produce a white ppt. ol AgCl.

'ene (Citl"Cl) erd beuzyl chlmlde (C.HrCIlrCl)

lll\ B. l9ll9 ; H \.11. lt)92 : l).\ B. 1995 ; ( ll.\.1). Sonple I'apcr 1997 ;.\'.L.li.lt.llt
Benzyl cbloride is an amllcyl htlide whle cblorobcnzene h aa oryl halidc.Sicc, aralh halidcs are

even more reactive than alkyl halides towar &snucleophilic sub*iution rcactions ,thercftne, bcnzyl cfloride
on boiling with aq. KOH produces benzyl alcohol and KCL

Boil
qHrCH2Cl + KOH (ag) -------.r qH5CH2OH + K+Ct-
Bcnzyl chlo.idc Bcnzyl slcotol

The reaction mixture on acidilication with dil. HNO, follo*ed by trcatmcnt with AgNO, solution
produces white ppt. of AgCl due to the formation of KCl.

K+CI-+Ac+NCE 

- 
AcCl I + K*NO'
(whtu pp.)

In contrast, chlorobenzene does not undergo hydrolysis uder thcsc Eild conditions to givc phcnol
and KCl.

Boil
C6HjCl + KAH @q) -+ No reaction

Chlorubcllz.oc
Therefore, acidilication of the reaction mixture with dil. HNO, followed by addition of AgNO3

solution does not produce a white ppt. of AgCl.

ll. Bromobenzene (C.HrBr) and benzy'l bromide (C.H5CHrBr)

Benzyl bromide is a n urallEl halide while bromobenzcne i s at oryl holide . Since arakyl halides are
more reactive tban even alkyl halides towardsnucleophilic subslitution reactions, therefore, benf bromide
on boiling with an aqucous solution of KOH will undergo hydrolysis to produce bcnzyl alcobol and KBr.

CuH.CHrBr + KoH (aq) 31 CGH,CH29H + K+Br-
BcnT.yl bromidc Bcnzyl.Lohol

The reaction mixture on acidification with dil. HNO3 followed by addition of AgNO, solution
produces light yellow ppt. of AgBr due to the formation of KBr.

K+ Br- + Ag+ Nc5 --- AgBr I +
(UEfu y.low W,.)

In contrast, hromobeozcue being much less rcaclive lha[ bcnzy,l
hydrolysis under these mild condilions to give phenol and KBr.

Boil
C6HsBr + KOH (aq) 

- 
No reaction

llromobcnzcllc

bromide does not undergo

Thereforc, aciditication of the reaction mixture with dil. HNO3 followed by addition of AgNO,
solution does not produce a light yellow ppt. of AgBr.

l?. 3.Bromo-l-proprno (CHr=C[-CH.f,r) md liruopropare (CflrCI[CilrBr)
iI).s.8. 198s )

3-Bromo- [-propene contai]Ls a double bond and thus decolourises the orange colour of Br, in
CCla solution by forming thc addition product.

(P.S.B. 1995)

K+Noi
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cor
cH, - cH-cHr-Br
tlBr Br
l, 2,lTribromopropanc

(ColoutLJJ)

ln corrtrast, 1-bromopropane does not givc this tcst since it does not contaiD a double bond.
CCI,I

CHTCHTCHTBT * Br, ........_ No reaction.
l-llronloproparc

A col<l dilute alkaline solution of KMnOo(Baeyer's reogen!) can also be used to distinguish between
thcsc compounds. Add a lbw drops of Baeycr's rcagent to each compound and shake. Whereas 3-bromo-
1-propcne dccolourisos the pink colour of Bueyer's rcagan, 1-bromopropane does not.

- 
HOCH2-CHOH-CH,Br

lBromopropon.-l, 2-diol
(Colot tl?Js)

KMn04 mlution
CH3CH2CHT-Br No reaction.

I -Brumopaopanc

These may be distinguished by the following tests : -
(r) AgNO! test. Bcnzyl chloride on boiling with aq. KOH solution undergoes hydrolysis to give

benzyl alcohol and KCl.

CFlr=gg-CHrBr*Br,
3-BrolrrF I -propcnc

(AIt'l bnmidc)

CH"=CH-CH.Br + H. O+O
L---:_-J

3_Bmmo-l-Dmocnc
t,rom KMnOi

c6HrcH2oH + K+Cl-
Benryl alcohol

C6H5C-H2CI + KOH (aq)
Bcnzyl chloridc

The rcaction mixture on acidihcation with clil. HNO, tbllowed by treatment with AgNO, solution

;.rroduces white ppt. ol AgCl (due to thc formation of KCI during hydrolysis).

K+Cl- + AgNo, """""'r AgCl I + K+NO3-
(white ppl)

In contrast, p-chlorohluene does not undergo hydrolysis under these conditions to produce
2-crcsol and KCl. Therefore, it docs not give white ppt. oI AgCl.

(ii) Oxidation iest. 2-Chlorotoluene on oxidation with alkaline KMnOo solution followed by
acidification gives 2-chlorobenzoic acid which gives green edged flame dving Beilstein tes, due to the
prcsence of Cl in it.

/ ___ ri\ Atk. (Mno.
cr-(QlcH, " -'- "l ct{fi\-cogH

\-YJ (ri) Dit. HCt \Y/p_chrorororuene 
"i:li:,r",rr"f;if,6.

ln contast, beniryl chloride on oxidation with alkaline KMnOo followed by acidification gives

benzoic acid which does not givc .Bcilsfeilt ,el, due to the absence of Cl.

(i) Alk. KMnOo

(iD Dit. Ho
Be[zoic acid
(m.p.394 K)

123
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14. Chloroform (CHCI3) and carbon tetruchloride (CCl)

,it , l: :,t,t' rl! ,r, ., I /

Thesc two conrpounds can bc distinguishetl by Lhe Cttylanins ,er, as given below :

Carbylamine test. Chlorolbrrn on wanning with an alcoholic solution o[ anilinc and KOH gives
carbylamine having ollensive smcll whilc c:rrbon [r:Lrachloridc does not givc this tcst.

CrLtCtj + cr6H(NHz + 3KoH 
*""", 

C;HjN =C + 3KCl + 3H2o
( lrk)rolornr A'rilinc @lc) Phen),| isoqauidc

\Olle !i'c snelling compou d)

C--Cla + C6H5N-H2 + KOH + Noreaction

15. n.Butylamirre anrl diethylamine (N.(:.D.R.T)

l" Amines givc corbylotrrirc reaction while ? and 3' amioes do not. Thcrefore, n-butylamine being
a 1' amine, on heating with chloroform and alcoholic solution of KOH, will give offensive smell of
carbylamine whilc diethylanrinc being a 2'anrinc does not.

CH3CH2CH2CH2NH2 + CHCI3 + 3KOH (alc.1J-CHTCH2CHZCH2N 
=C+3KCl +3H2o

,r-llutylanrinc
(1" Amine)

CHC11, KOH (a/c. ), A
(cH3cH2)2NH

Diethylaminc
(2" Amirc)

16. Methanol (CH3OH) atrd cthonol (CH3CH2OH)

ii l1' !')84: 1 l\ lt !l\t ,i /,. /1 /r(\. l/ \ 1t tti.ll l'\ li tttl\
t- 11 \I \tDt7lt l'olt.r- !,")1 l'\ l; lt\9\ t)i \ ,,'tit1 ',( i l(l

These can bo distin glished try lha iodolonrr resl as given bclow :

Iodoform test. Ethanol coniains thc grouping - CHOHCH, and hence when warmed with sodium

hypoiodite (NaOI), ,.c., 12 in NaOH, it gives yellow ppt. of iodoform.

cHrcH2oH + NaOI ' CH3CHO+NaI+HzO
Elhanol Aceraldchyde

CH3CH() + 3NaOI + CHlr I + HCOONa + 2NaOH
Acctaldchyde Iodoform Sod formate

On thc other huncl, nrcthanol (CH3()H) does not contain the grouping -CHOHCH3 and hence

it does not givo the iodolirrm tcsl..

L-HroH ]g No yetlow ppt. of CHI,
Mcrhanol

17. llthanrtl (CH3CH2()H) and l-prtrpanol (Ctl3CHrCH2OH)

fl-Butyl carb,,lamine
(ollctltivc snalD

No reaction

tD.S.B. 1995

These can bc distinguishcd by thc rolo/<rrrz ,crt as giveu below :

Iodofornr test. Ethanol contains the grouping CHTCHOH - and hence when warmed with
soclium hypoiodite (NuOl), i.e., l, in NuOH,.it givcs yellow ppt. of iodoform (CHIr).

CFI3CH2OH + NaOJ -----' CH3CHO + NaI + HzO
tlthan(;l lllhanal

CH3CHO + 3NaOI ......* CHI3 I + HCOONa + 2NaOH
Ethanal todofom Sod. formate
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()n thc other hancl, 1-propanol (CH3CH,CH.OH) docs not cootaitr the grouping CH3CHOH-
and hcnce it does not givc iodolorm tcst on lrcatmcnt with NaOI.

(tHlCHz(tH,oH -111 No y"tlnr* ppt ol CHII
l-ProP nol

18, l-Propanol (CH3CH2CHTOH) and 2-propanol (CHICHOHCH3)

t\l\lt. lq,\9;l)\lj. lt)\\ lt\.li 1e,\9 S. )ttt)t !l l!\ !: l'),tt. '.'-' 1r.rl,.r,.r",..'t i.\i I l(l
Thess can be tlislinguishcd by the inr.loprru lesl as given below :

lodolorm test. 2-Propanol (CH]CH()HCrH3) contains thc grouping - CHOHCH3 and hence

r-rhen warmcd witlr sodium h,?oiodite (Naol), r'.e., l, in NaOIJ, it gives yellow ppt. of iodoform. In contrast,

l-propanol docs not contain the grouping - CHOHCII, and hence does not respond to iodoform tcst.

cHr-cHoHclH3 + NaoI -----------) cH3-cocHl + NaI + HzO
2 Propunol Acctone

CH3-COCH3 + 3NaOI 
-> 

CHt3 { + CHrC(X)Na + 2NaOH
A'(ck)ne 

i;"f;::;;,) 
sod acctate

(lH3CH3CHroH ]jI No ycllow ppt. ot CHI,
l-l'rcpanol

19. Propanol (CHrCllzCH2OH) and propanone (CHTCOCHT) r, \ rr '/,r\
As cliscussed above these can be distinguished by lhe bdofonn tcst.

lodoform test. Propanone (CHTCOCHT) cootains the grouping - C()CH., antl hence when warmed

\urh so(liunr hypoiorlite (NaOl), i.c., IrlNaOH, it gives yellow ppt. of iodofornr. In contrast, propanol
(locs not contain the grouping -COCH, and honce docs not rssond to iodofbrm test.

For roactions, rclcr to disl.inction 18 hetween l -propanol and 2-propanol,
20. n-Propyl iodldc (CH.CHrCHrl) and isopropyl iodide (CH3CHICHs)

Thcsc two compounds may be tlistinguishe tl as follows :

lodrrfirrm lest. lsopropvl iodidc on alkaline hydrolysis givcs isopropyl alcohol (2-propanol) rvhich
upon subsequcnt trcatmcnt with NaOl (lrlNaOH) gives ycllow ppt. of iodoform.

cH.r \ ,r cH, \
)t'u-t + N.rOH ((4) 

- 
)CHoH + Nul

cHr' ('H, -
lsopropyl iGlidc Isopropyl alcohol

(.Hr \ A

)('HOH + 4NaOI ........+ CTHI3J + CHsCOONa + NaI r 2NaOH * HrO
('H,r- t.,l('thrm
IsoProJ') l a lcohol (YLtL'h' PPt)

ln contrast, ru-propyl iotlide on alkaline hytlrolysis gives n-propyl alcolnol (7-pxtpatutl) which on
subsequent treatmcnt with NaOl (l,iNl()H) ckres not give yellow ppt. of CHlt (iodofumr tcst).

CH3CH,CH2I + Na()H (rrq) 

- 

CHzCHzCH2OH + NaI
,r-l'ropyl iodide ,r-l'ropyl alcohol

,i n"or
No yellow ppt. of CHI,
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1. Meahune inlo cthanc
CI:

CHO CH]CI
lvcthanc sunligh! Merhylchloridc

2. Ethanc trr butanc
(-t.

cH3cH3 CHlCFl2Cl
Erhanc sunhghl Erhll chk)ridc

3. l-Chlorobuhne t0 ll-oclao€

cHlcH2cH2cHz - cI
I -Chlorcbotane

Na. D.y cthcr

(tkt E Eacdon)

Na, Dry clhcr

(*hrE ftoction)

2 N6, dry cthcr

(- 2 NaC-l), wufiz reaction

cH3-cH3
Ethanc

cH3cH2-cH2cH3
Butanc

( \tr ,/i n.I)

cH3(cH2)6ctH3
n- Octanc

Cul
(CH,rCH2)2CuLi

KoH alc. . A

(Ddtfdrohalo$noion)

NaOH + C-aO, 633 K
crHr-cH3

Ethanc

CH, = 611,
Ethylcnc

I

4, Ethane to propaoe
cl,: Ii

CHTCH, ..-..........- CH3CII?O CHTCH2Li
lllhane suntrght Ethtl chtoridc drycther Erhyl lirhiun

cH1-l
cH3cHzcHt + (ill,cHrcu + t,il

:'n)panc

lIBr, pcroxrde

5. Propanc t(l cthrtre
(1,

crH3ct{2crH3 + lcHrcHzcrHz('l + c'Hr-('HC]-CHsl
Pn)pane sunlighl I chto()pn)panc 2 Chk,roprcpane

CH,CH=CH,
PnrJ*nc

cH3cH2cH2oH
Propar- I -ol

cH3cH2cooH
Propanoic acid

6, Elbaoc ao €tlrtlene
(:tr

Sunlight

KOII aq., A
cl{.CH.CHrBr

(,4lti-lrldtk tkldn.) | _ Itr(nllopr()pir |lc

K,( r.oy'H,so,, Iol
lcHlcrH2cHol

(oridotio ) propanal

NaOu

cH3cH3
Etharc

cHrcHrc(X)Na
Sod. propanoalc (Dccorbo'Yloion)

KOll al:. A
cHscH2cl
Elhyl chloflde

\.

A,/ l9

(Ibttydrul otination)

9 orn e Ty pical Conve "eion
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7. n.Propyl cblorlde t nropylanc

CH3CH2CH2CI + KOH (a/c.)
,r -Prupyl chloride

E. Acetykrte to ethylcne

9. Propen€ to prop ne

CHrCH=CH, + H.
l)ropeIe

I l). Acetylene to scehldehyde

clH
lll + HoH
CFI

11, Ethyne to methsnc

(Detudlochhi,totion)

cH Pd, Iirso4, s

lll + H:
CH Lindldr's €atalyst

Acetylcne (Panial hYdtoynation)

CH3CH=CH, + KCI + tlzO
Prcpylcnc

lA.l.s.B. l9u6\

cH-
il'
cHz

Ethylcnc

cH3-cH2- cH3
Prcpanc

(H.S.B. t986, IlS.B. I9U7)

o
il'fautonrcrises

cH3-c-H
Acctaldehyde

Ni,523-573 K

(HvlroptMion)

Dit.II2SO.

ICH'=sHOt{;
tl6io1,33K Vinytstcohot

Qntoblc)

Dil. H2SOa, IIgSO{ KaCrzoy'HFOo
cHscooH

(Cbidai<n) Etharoic acid

NaOH + CaO, 633 K
cH.

Mcthane

CHr=C11, * tr,,
Ilrhylcne

CH=CH
Ethync

cH3-cHo
Ilthanal

CH,COONU
Sod. acctate

33K
N.oH

lDecaftorylotion)

12. Acetylene t0 Blyoxal
(i) o1lcH2ct2

HC = Cr{ O=HC-CH=O
Acerylenc (ii)Zn/Ll2O GIFEI

13. Ethyl€n€ to ethylene glpol 1l1 S-R ie'\ti, ll l'\ l9'\7 I)\'i; l','t'

CH, Alkalinc,KMnoa CH2OH
ll + H?o+ o I

CH, (llaqcr's rcoge t) CH2OH
Ertryrcrie 1li'm ok KMno) Elhylene grrror

14. Ethyl slc0h0l to €thylene
Corlc. I LSO], 440 K

ClJ3-CtH2-OH
llthylalcohol

15. Acetylcnc to ethan€

CH It,, Ni.523--s73 K

ilt
CH (Rc lcitrt)

n (erylcnc

16. Ethyne to propync
NaNH' (l eq'rn)

CH=CH
Ilthy,rc liq. Ntlr, l9f, K

CH2 II2, Ni,473-523 K

CHr. (Rcdacthn)

llthylcnc

CHJ-Br
CH = C- Na+

Sod. acetylidc -NaBr

(Dcl\dtotion\

CHt
I

CH,
ethanc

CH3-C = CH
Pnrpync
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17. Ethcnc to €thane

CH,
ll
CHz

Elhene

18. Acetylene to but-l-yne

(H.S.B. t9u8)

Ni, s23-s73 K cHl
+Hz I

(Reductit)n) CH3
Ethane

N8NH2, liq. NHJ -+ cHlcH2Br
CH = CH CH = CNa CHTCH2C =
Acltytcnc 1% K Sod. acctylidc -I\laBr But-l-ync

19, Acrtyl€nc l.o pent-2-Yne

CH, B'z

il_
CHz ccl4

Ethene

Altemqlivcly

( lls.R. l9s7)

CH

( N L.l.: R.',|")

First convcrt acetylene to but-1-yne as shown in conversion 1E and then convert it into Pcnt'2-yne
as follows :

NaNH, in cHlI
CH3CH2C = CH ' CHTCHTC= C-Na+ ._ CHTCHTC = CCH,

Uut-t-yn" liq Nllr &)d.but- 1-ynide -Nal Pcnt-2-ync

Altematively
First convert acetylene to propyne as shown in conversion 16 and then convert into pent-2-yne as

follows.
Na in liq. NIll CHlCtl2Br

cH3c = cH CHrC = C-Na+ CHr-C = C-CH2CH3
Propyne 196 K sod. P()pyrrdc -NaBr Pent-2-yne

CH

Alc. KOH, A
CHrBr (t cquiv.) CH,
l---_ll
CHrBr -KBr CHBr

Bromocthcnc

IIBT CH,
il
CHBr

Bmrhoethcnc

/{8ONO, A
CHTCHTCHTBT ------ ""+

- AgBr

20. Ethanol to lrul-1-yne
NaBr,lI)SOa IIC = C-Na+

CH3CH,OH CHTCHTBT 

-- 
' CHTCHTC =

Illhanot RcflLrr Bronroerhilne in liq. NHI Bur-l-yne

21. Ethene to hromoelhene

22. Propene to 1-nitropropanc
llBrlperoxide

CHr-CH = CH,
Prcpcnc

Anti- Mark addn.

23. Propene to 1-lodopropane
IlBrlPcmxidc

CH,CH = CH,
Pmpcnc

24. Ethanol to ethyl Ilurtridc

+ .ra-o
CH,CH.CH,_N'- - ()-

I -Nrtropropane

KllAcetonc(JHrCHrCHrBr CH,CH2CH2I
(Finklsrein rcoction) I - Iodoprcpan€

Hgzq (-H&Br,;
CH3CH2F

Swart6 trrdion Ethy' fluoridc

CH2Br
I

cHrBr

cH3cH2oH
Ethanol

Na in liq. Nllr CH
ill

196 K CH
Elh)'nc

(Anti - Md* odd^)

MBr, H?SO{

CH,CH,BT
a Ethyl brumidc
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25. Proprnr to propyle
Il r,. ( (ll,l

('HrCtJ = CH. 
--- 

CllJ3-CH CIH

t),()ncrc I I

Ilr llr
l. 2-l)ih()nv)pr()l) nc

26. Brom0ethanr to propaDonc

ll(l = 
(l Na'

CHrBr CHr-C = CH
I iq. NIl.,. l9rr K prop),n€

27, llut-l-€nc t0 but-2+nc

\'' //
\- j' Ilcnz{ryI pc,r)xide

tAll|lL l'nattIndionI( yrloprlrlene
29. Btltan-l-01 to but-l-cnc

Nallr./l l,SO,l

cH3cH2cH2cHzoH ---------------- cH3cHrcHrcHrBr
Rutan-l-ol A 

I -Bnrnrobutane
30. ttrt-Buty' lromlde to lsobuty' bromkle

(l ) dy d!' o h o I o g n a t i on)

Dil. l l2SOa, tlgsoa

IlBr
CH3CHTCH = CH, CHTCHT-CHBr-CH,

llut - I -cnc (Mot*. oddrL)

2E. Cyckrpcntcne to cyclopcoia-1, 3-diene

( ,\l ('. /t. /i. 7l )

o
il

cH3-c-cH3
Prupanone

( .\r ( .r./1.7i)
KOII (alc.), A

CH,CH = CHCH,
(Savtzeffrulc) Brt-2-cnc

(.\. ('. /, Ii 7l)

KOI{ (alc.), A
I N.(:.li.ll.'l:)

CH3-C = CH
Propync

cHr
I

cHr-c-Br
KOI I/alcoh,'1, A

('t{l
I

Ctlr--C = ('H,

333 K

(Dch)'droholopntio )

t I B r./pcmxide

(Arti -Matu addtl)

CH,CH.CH = CH,
But-l -ene

(,\.(-.], n 7l)

cHr
I

Br
I

KOH (crc.), A

\- --
3- Br.rrro(vclopcnt - I -c c Llck)pcnla - 1. 3-dicne

(N.(.t.R.'t)
KOFI/alcohol, A

| (l)thfinhah+nariott)

CH:
,er-BuY bDmide

31. Aceghnc to but-2-yne er CHII to but-z-ym

liq. NHI
CH=C--H+2NaNH,
tcttylenc l,xi K

Na+c=cNa+ + 2cH3I
Disodiumacdylklc (crE4s)

' 32. Blosloethrlrc t0 ds-ber.i).ene

Na' C=C N.'

Na+ C =CNa+ + 2NH3
Di6odium acciy'idc

CHr-C=C-CH3+ 2NaI
But-2-rnc

cHr-cH-cHrBr
Isobutylbrcnridc

(PS.D. t9e4\

(N.C.ri.R.T.)

cHrcH, - Br
Bromocthane

Undlar's catrlyst

ck-[I.x-3-cnc
33. Ethynr to cis- and trsns-but.2.cnc
First convert acetylcne (ethyne) to bu[-2-ync us slrown in conversion 3l and then convert it into cis-

and ,rarlr-but-2-enes as lollows.
CH. (]H,.

,).,=.(.,'

Naztiq. NH, CHrq ,/HCH,-C=C-('H, )C=C(
llur-:-ync Ix' K H'" -CH,

tlr-Pdlt)aSoo+S CH:... CH2CI 13

CH3CII2C = (l( ltJ,(lH, .C=C- 
,' ,r.,*rn" ' " I irrilar's catalyst H"" \ H

l{2-PdlBaSO. +S

liq. Nllr (- Nallr)

crir-But - 2-cne lrdr6-But-2-cnc
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34. lithyne iDto butau'2'olle
First convcrt ethyne into but-l-ync as shown in conversion 16 and then convert it into but-2-onc as

follows:

Dil. H,SOa, lIgSOa

o
Tautomcriscs ll

cH3cH2-c-cH'
Butan-2-onc33K

(A.uitio ol p)

losl

l.r,.r,-l=.r,]
35, Ethync to Pentan'2'onc
First convcrt ethync to but-t-ync as shown in conversion 1E and then convert it into Pentao-2-one

as follows :

Na/liq. Nllr Cllrl
CH3CH2C=CH CHTCHTC=C-Na+ """""'+ CH3CH2C=CCH3

Itut- I -yne 1r{' K But-2-ync
loslo
I t I to,,o.".i,., ll

fcurcurcH=c'-.rr, 
---.......- .rr!,1#;:"i;.t,

CH3CH2C=CH
But- l-ync

Dil. tl2S()i. H8SOr

333 K
(Addino o tzo)

36. Etblac ta bute-l' Sdhoc
Na/tiq. NH3 CTlrCtl2Br

HC=CH HC = C-Na+
Ilthync 1% K Sod. {ccyidc -NtBr

NBS
CHTCH2CIH=CH, .=_

But- I -ene Petoxide

37. Ethylcnc to acrtylcnc

CH, R.r CHr- Br
ltl
ClH2 (lclr CH.- Br

Ethylcnc Ulhylcne dibromide

3E. n-Propyl alcoltol to prop€ne

cH3-cHz-cH2-oH 
G)n( ,zsoa' A

n-l'n)f,yl alcohol ()dUdrotbn)

39. Ethane to €thllene glycol

H2-Pd/BaSO. + S

CH"CHTC=CH
But-l -yne

KOH drc A
CHr=Ctl-Q[l =Qtl,

Butr-1,3-dicirc

KoH (arc.). A CH
ilt

(Ddrdtob.ominali.rt) CH
Actty'cnc

(D S.R. 1931, U3)

CHr-CH=CH, + H2o
Propctlc

Ijndh/s cersl}Et

Alk., KMnO. CHrOH
I

(Hydrag'tation) CH2()H
Ethy'cnc glycol

clo
til

CI-CH-C_H
'-HzO Dichloroacctaldchrde

CH3-CH - CIH =CH.
I

Br
3-Bfirrhobut-I _enc

KOII (dL:), AcH, clr, hv

I

CHr -llcl
Ethrnc

CH,
I

CH2CI (DchYtuochlonnation\

Ethy' chloridc

CH,
il
CH,

Erhy'cnc

HH
lt

HO_C - C-CItt
oH cl

(unstablc)

40. Acetylene to dichloroacetaldehyde

C'H

lil
CH

I cH=cH I ,,,,..,
+Ho-('l ---* I I I l-
Fl),pochtorous | <lH Cl I

Jcid L J

N23
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41, Acetylene to benzene

CH
3lll

CH
/\cclylcnc

42. Acetylen€ t0 oxalic acid

CH IIor atk Kt\,tnoa COOH
lll + 4lol 

I

(lH ()\idatio ) COOH
n cetylenc oxalic acid

43. Acetylene to ethylidene dichloride (1, I -dichlororthane)

45. But-l.ene to l.iorlobutane
lIRr, pcroxrde KIlac:ttonc

CH3CH2CH2CII2BT CH3CH2CH2CH2I
I-Bromobutanc (Fink lslcinrcaction) l_Iodobutanc

CH,CH,CH=CH,
But_ I _cnc (A ti-Ma* odditi )

46. Acetlc acld to rnethane
NaOH+CrO,A

cH.
(-Na2CO1) Mcthsnc

(Dccfiboxylati.rn\

47, Ethane to acctylene
Ct,,ht KoH (irlc.), A Brz

CH3 - CH3 CHj - CH2CI CH, = CH, --------r
Ethane -llcl Ethytchtoride -KCl, -tl2o Erhytcne CCl.i

BrcHz - cHz - Br 
2KoH (.,lc )' a 

cH = cH
ElhyleDc dibrumide -2KBr' -2H2O Acetylcne

4tl. Ethyl iodirlc to ethane
7,n - Cn/alcolrol

cHl - cFlzt cH3 - cHr
I.)thyl rodi<Jc or Rcd P + lll, A [lth:,ne

49. Ethylene nr cthyl alcohol

(.S.tl. Dhanhad 1992)

Cotd HlO , Borl
CH, = qg, CHj - CH2 - ()SOzOH CH3 - CHzOH

Ethyl€ne conc, H,SOa Elhyt hydrogcn s$lphatc -H2SO4 Ethyt 6l.ohol

50. 2-Bromopropaoe ao l-br(nnopropane

(ihloronrcthanc

NaOHcHscooH cHrcooNa
Acctic acid -I{2o Sod. acctatc

(H.S.B. 198n

KOI{ (arc), A
CH3-CH = CH,

(lMtydrchrominotiol) propcnc

( A.l.s.B. 1996)
HBr, Froxidc

cH3cHrcHr-Br
(Ami-Ma*, l-BrumoDroDatrc

odiinon)

O
Benzenc

CH no CH, rrct CH,lll--"""-lll
CH CHCI (Matk. a.tdition) CHCI2

Acettlcnc viDyl chloridc

44. Mcthane to tricllor(,methan€ (chloroti)rm),
ctJht

cHo cH3cl
Methane -tlcl

Itcd hol in)n lubc

(PS.B. 1987)

Ethylrdene dichloride
or l, I - Dichloft)cthane

(.|/ht, Cl2/he

cH2cl2 cHCl3
-HCl Dichtororlethane -Hcl Trichtoronlethaoe

cllr-cH-cH3
I

Br
2-Bromopropanc

\

' 
F 

--=-.
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d

Al25

CH3CH2CH2OH CH3-CH = CH, .................* CHr -Qtl-CH3
Irropan-r-i,r U)ehvdratiot') pn)penc ll,;:i:,;,,, lr,

2-Bronn'profrne
52. But.l-tnc iutu HCHO aod C2H!CHo

()r (:r.(r-, ,rrt'\ 'z.n |,o
CH3CH2CH = CH, .-......-r CH3CH,CH CHz CH3CH2CHO + HCH,

IJut-l-{nc lt)6 K I I -7.nO prooionaldchrdc FormaldchvJe

O 

-a) 

(Reduct^r ozonoisitl

But-l-<nc (r/oniilc

51. Propan-l-ol to z-bronloprop[ne
Conc. I IzSOa,440 K

53. Benzcnc to nitrolrrnzene

56. Benzene to toluene

(D.S.B. 1996)

(PS.B. te94)

ots.B. 1e8n

Malcic .nhydridc
(P.S.B. t9E7, H.S.B. t9tt9)

NO2

I

(O +HNo3 '",,,1i"1 O +H2o
l( ont ') 33')K -\'z

llenzcne \ilrohenzcnc

54, Benzcne to benzenesulphonic acid tll\ B l9l'17)

s( )3H

(Q +H2so4 .roK. 
6 +Hzo

".X" 
('"ttc.) 

nenrcne-Yrpnonic acia

55. Renzene to nrd€lc anhydrldc lll S-8. 1987\

, a-\ +,x)2 V:o' - ,ii"'t'),, + 4coz + 4Hzo
\.,2 li.,n an) 77s K CHCO-

/A\ AnhYd...4/(7, f'''
y- *r.,"t1"'ri'r.. ,r.r-*;,, O + HCI

57. Anilint t0 phenyl isncyttrlde Totucne (N.C.D.R.1:I

@-*, + cHcti+3KoH (uu1 !- @-N=c + 3KCl +3H2o

Anilinc I'hcnyt isog?nide

5E, Benzeoe to diphenyl (,\.C.L.R.'f)

f=\ Cl'. Anhld n l(lr r:-\ Na. Drycrhcra(a)) -' - ;' 1r n-cr 1'-\-17-\\jZ-z 3ti)-32{r K \}--l,i Frlri( rcacri,n (-2 \acrt \\=7 \ l,/
Benzenc Chlorobcnzc c - l)iphe[yl

59. Benzeoe to beozolc acld (H.S R. t9t9)

C

Cllrcl . Arhy,l. n lClr

v --;;.,b,;
BenTcne .Iolucnc llcnzurr ac(j
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60. Benzene to m-rritrobenzoic acid
Convcrl. benzcnc tr'r benzoic acid as carried out in conversion 59 ancl then convert it intom-nitroben-

t.oic acitl as lbllows :

CH:
I

@
'Iirl ucne

clH3

+
NOz

/, -Nitrotohlcnc
(nnjor prudttct)

HNO.,/Conc. I'lrSO.,

(Oxidarion)

Ni,.523 - 573 K

-

(Ilydrogenation)

C0OH

at-Nitrobenzoic acid

Conc. HNO, + Conc. HrSOo

(Nitrarion)

(i) KMnO./OH-

QDH+/H2o

NO,

61. llenzene to p-nitrolrcnzoic acid

CHrCl, Anhyd. AlCl,

(fr.C. allcylottutr)

62. llenzene to tcetophenone

+ cH3cocl
Acetyl chloride

63. Benzene to p-nitrotoluene

Anhyd. AlCl.,

(F.C. acylotion)

i',
@

,-*,,r)"t',1""
(major)

(Its.B. 1987, H.S.B. 1988\

COCH3

@ +HCr
Acetophenone

@ + cH3cr

64. llenzenr to cyclohexane

@
Ilenzcne

O
Benzenc

Anhyd. AlCl3

-IICI
(F.C. ac1'lation)

9H,d"
o-Nitrotolucne

(minor)

+ 3H2
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65. lleozene to chlrtrttbttrzcoe

O +.r.
Ilcnzcoc

66. Ethylb€nzcne to benztne

( H,CH.
l-@#,

Iirhylbervenc

67. Beozrn€ to lrnzyl alcohol

+ HCI

ChlombcnTenc

rkda- limc (NIOIl + GO)
630 K

-coz
(Dccatuo.g'laion)

Othv

373K

KCN (a/c. ), A

- KBr

L\l('./r./t.,:,

-.zt --,. CH2OHr9
Bcnryl alc0hol

,\( I i

--, cHzcN

19
Phcny'cthancnitrileBcnryl alcohol

7(1. Chlorobfizene to p-nilrophcnol

Scpiral€ hy

cHr

d
'Iolucnc

cH2oH
I

@
Bcnzyl alcohol

cl
I

- rArY
NO,

p-Chlomnitrobcnzcnc
(najor)

(l) 157o NaOH,433 K

. (H.S.lr. 19891

n rhyd AlCll

((hluttdno )

CtlrCl/Anhyd nlClJ

(liC. olqlotit t)

KOtl4(r.

(ltrd',hsiJ)

Benzyl hrcmidc

@
flenzenc

CI

COoH

d
Bcnzoic acid

69. Bcnlyl alcohol to phcnyHhanflilrih

@t'"'" 
I{Rr'A. 

CIft''u'

@
Ecnzcnc

(:H2Cl

I
@

Bcn yl chloridc

6& ToluclGto bclry{ lhohol

CIr'"'::l3
'folcunc

NO2
p-Nitmphenol

fractional arystallisation

tlNor (caic)

+ l{z-SO. (conc )
o-ChlomnilrDbcnzcnc

Q itot)

(,,) Hro '
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CHBr - CH,
I

@
- Bromo - 1 -phcnylethane

ME/c.hct. 

@"*'g
Pllenylmag.

bromide

NBS. hv

peroxiic 1

KOll alc, A

-K(--1, -H2()

(N.C.E.R.T.)

CIr'
Monodcutero-

bcnzc[c

72. llcnzcnr to styrcnc

O e,,., 
,

Bcnzcnc nnhyd nlclr

cH2cH3
Io

Ilthylhcozene

= CHz

c

/r -Nitrob$mobeozcne 3, 4 - DibroDonitrcbcnzcnc

CH

d
Styrcnc

73. Ethylbrnzele to p-chkrostyrene

cl,

AnlDid. AlOl

74. Styrerc to phenylacetylele

CH = CHz oHBr - CHrBr

A rl,. Io-oCCt.
Srvrcn.

75. Benanc to 3, 4.dibromonltrobenzene
Br

zz^\ Rr, A (o,r.. ll\()r

'\:/z .\nhvd Frllr, -\-/, + con(.ll,Sor
llcn^ne nmmohcnzenc

cl2, 371 K

-KOH alc, A

-KO, -H2O

KoH arc A

-2KBr, -2HzO

Br

fr"
NO,

@
llcll2cnc
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