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Hydrocarbons / Environmental Chemistry

Hydrocarbons

¢ Organic compounds composed of only C and H are
called hydrocarbons.

Classification

Hydrocarbons

]

Acyclic or open chain Cyclic or closed chain
or aliphatic |

H H
H h
5 .C
\)
3\
H H/ \ H
H H

| . ",
v ) Alicyclic  Aromatic Overlap of four sp” orbitals of Bond length and bond
[ Y renttipdted ~ l carbon with the 1s orbital of four angle in methane
v | v \ hydrogen atoms
5 v ¥ Benzenoid  Non-benzenoid
Alkanes Alkenes  Alkynes NO“‘E"Clature
{ e Root word + ane = alkane
Siliurl":lfed UI‘JSHTlleriEd E.g., CH3CH2CH2CH3, CH}CH:zCHZcHECHZ(:HS
\J v v n-butane n-hexane

Cycloalkanes Cycloalkenes Cycloalkynes

ALKANES
e Alkanes

hydrocarbons with general formula C,H,,,,,
where, n is equal to 1, 2, 3.... e.g., CH, (methane),

also called paraffins are saturated

Isomerism

Alkanes exhibit mainly structural (chain) and
conformational isomerism.

Structural isomerism : Methane, ethane, propane
do not exhibit isomerism. C4H,, have two chain
1Somers as:

2
C,Hg (ethane), CsHg (propane), etc. (1) 1/"\-&/’ ! (11) ; /13\3
Butane iso-butane

Structure

e Each carbon atom of alkanes is in sp’ state of
hybridization with its four bonding orbitals directed
towards the four corners of a regular tetrahedron.
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or 2-Methylpropane
CsH;, have three chain isomers as :

2 !
M AN a7 =+

iso-pentane neo-pentane

Pentane




Methods of Preparation
By hydrogenation of unsaturated hydmarhunn
CH,—CH, + H, — 5= CH;— CH,
Sabatier and Senderens reaction or reduction

= N1

CH=CH + 2H, 523-1;::3 s Pl

Wurtz reaction
RX + 2Na + XR
By hydroboration of alkenes

RCH=CH, — if:l‘;m

Dry ether
> R—R + 2NaX

> (RCH,CH ,),B
AsNﬂaiNlUH
RCH,CH,CH,CH,R

Corey-House synthesis
RX + LiCuR; — RR’ + R'Cu +LiX

Kolbe’s electrolysis
Electrolysis
2RCOONa + 2H,0 >R—R
+2CO, + 2NaOH + H,
From Grignard’s reagent
H _/DH
R—Mg—X+HOH —> R—H+M
k 5N X
Reduction of alkyl halides
R—x—2HC 5 R—H+HX
Decarboxylation
RCOONa + NaOH —2>0K5 R H +Na,CO,

Chemical Properties

Halogenation
ho
CH, +4Cl, —— r.) CCl, + 4HCI
Nitration 613 K
R—H +HONO, —> R—NO, +H,0
(Fuming) Nitroalkane
Sulphonation -
R—H + HOSO;H ———> RSO;H + H,0

Complete combustion
CH,, .7+ (%JOEH—) nCO, + (n+ 1)H,O

Catalytic oxidation

2R, +0, m-nc:mt:’;al{
9 : 1)

Isomerisation ([JH;,
AlCl; + HCI (conc.)
CH,(CH,),CH, —2

n-Butane
Aromatisation

Cr,0./Al
Gl . A0 }Q + 4H,

n-Hexane /79 K10-20 atm

Pyrolysis or cracking
—>»CgHyy + Hy

> C4Hg + CHg
_} C3Hﬁ 2 i Czl‘l,q + CH4

P::ﬂ]:' > C;H,4 + CsH, o + other products

> 2CH,0OH

5T3K, 35 atm Eadi

Benzene

MK,
CeH1a 767 am

C 1 IHZﬁ

Conformations

» The different arrangements of atoms in space
which result from the free rotation of groups about
C—C single bond are called conformations or
conformers or rotamers.

e Conformations of Ethane (Sawhorse and

Newman Projections)

- Staggered conformation The hydrogen
atoms attached to two carbons are far apart and
experience minimum repulsion.

- Eclipsed conformation : The hydrogen atoms
attached to two carbons are as close together as
possible and experience maximum repulsion.

-~ Gauche or Skew form : A rotation of 60°
converts a staggered conformation into an
eclipsed conformation, or vice-versa. Rotation
between 0° to 60° generates one of the many
other arrangements in between staggered and
eclipsed forms. These arrangements are called
gauche or skew form.

Order of stability : Staggered > Skew or Gauche
> Eclipsed

ALKENES

o Alkenes also «called olefins are unsaturated
hydrocarbons which have general formula ‘C, H,, .
They contain double bond (C = C) which is
considered as a functional group. e.g., C,H, (ethene
or ethylene), C;Hg (propene or propylene).

Structure

o In ethylene molecule, one of the sp*-hybridised
orbitals of one carbon atom overlaps axially with
one of the sz-ﬂrbi’[ﬂls of another carbon atom. Two
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of the sp*-hybridised orbitals of each carbon atom
overlap separately and along the axes with the 1s
orbitals of the hydrogen atoms. The pure p-orbital

on each of the two carbon atoms overlap each other
laterally (sideways) and thus, a new type of bond

() is formed between the two carbon atoms.

p = p\ [(H
sp
7 QP
o
2
/| p p
T
Formation of ethylene molecule

Nomenclature
e Alkane - ane + ene = alkene

1 2 3 4 5
E.g., CHEZCH —— CHZ p— CHZ _CH3
Pent-1-ene (Pentene)

Isomerism
e Alkenes show following types of isomerism :

isomerism and geometrical isomerism (cis-trans
isomerism).
Methods of Preparation

» Partial hydrogenation of alkynes :

Pd/CaCO,+S K
2 3 "“C=C/H

2 (Lindlar's catalyst) [_{ R"H

R-C=C-H+H
Alkyne

Ikene
e Birch reduction: I
: R H
_ Na/Lig.NHy N\ .
R—EE_C—R > >c=c{
e H R
trans-alkene
» By dehydrohalogenation of alkyl halides :
||
. . 3 alc. KOH N e
H X

» From vicinal dihalides :
CH,Br—CH,Br+72n—>CH,—CH, + ZnBr,
CH;CHBr—CH,Br + Zn —

CH;CH=—CH, + ZnBr,

* By dehydration of alcohols :

| 95% H,S0,

|
o NA
Chain isomerism, position isomerism, ring chain F(I:_ﬁ:_ x - T C=C
H OH
Chemical Properties
1o |
X,/CCl Jether Cold, alk. KMnO,
K—C—C—R« b R
T e+ K68
X X OH OH
R R cis-1, 2-diol
| | H./Pt Pd. Ni K R R R
RO Rt S Ne=c” |
0 Hydrogenation |, | , \ —a H- X —C—C —
p R—C—C—R
H H R R |
R R Alkenes H X
| R
R—C—C—Re—p it () Oy (omonclysis) "N\ . _
. y (i) Zn + H,0 L
H OH R
¢ Markovnikov’s and Anti-Markovnikov’s rule :
H—Br
— — =l _ H—Br - o
R—CH,— CH,— Br ¢———— R — CH = CH, » R tle CH,
(Anti-Markovnikov’s addition) Alkene Br
(Peroxide or Kharasch effect) (Mar} ikov's addition)

ALKYNES

o Alkynes also called acetylenes are unsaturated
hydrocarbons which have general formula C, H,, .
They contain triple bond. e.g., C;H, (HC = CH)
called acetylene or ethyne and HC = CCHj; called
propyne (or methyl acetylene).

Structure

e In acetylene molecule, one of the sp-hybridised
orbitals of one carbon atom overlaps axially with

68
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one of the sp-hybridised orbitals of the other carbon
atom; thus a C—C o-bond is formed. Second sp-
hybridised orbitals of each carbon atom overlaps
axially and separately with the 1s orbitals of the
two hydrogen atoms and thus two C—H o-bonds
are formed. The remaining two pure p-orbitals
of one carbon atom overlaps sideways with the
corresponding p-orbitals of the other carbon atom
and thus, two C—C m-bonds are formed.




Formation of acetylene molecule

Nomenclature

e alkane - ane + yne = alkyne
E.g., CH3 C:C CHZ_CHZ_CHS‘
Hex-2-yne

Isomerism

e Ethyne does not show any type of isomerism.
Alkynes form chain, position, functional and ring
chain isomerism.

Methods of Preparation
Dehydrohalogenation of dihalides Kolbe's electrolysis ililiHCDO'
ale. KOH, A € —
CH,Br - CH,B ¢ _
20T~ G20 —aNH, liq. NH, ) A CHCOO
L
By heating tetrahalides with Zn dust K i’ dnmaisisute
CHCIl, - CHCl, + 2Zn — 2<% 51 Y Calcium
N carbide
By heating iodoform with silver . Berthel'ut sy
S Electric arc, 3270 K
CHI, + 6Ag + CHI, > < 2C+H,
Chemical Properties
CH CH
B M 1 N
CH, CH,
b 1 N/ Ny a, . CHA CHCl,
NaC=CH+ 5 H,T € IR
C-Cu CHCl CHCl,
Il +2NH,Cl O] [ 8 HBr  CH; ., CH,
C-Cu T ow, | [ 2 (@] > ° ==
(Cuprous acetylide) Z < é £S E CHBr CHBIE
red ppt. 5 & H CH :
C —Ag L E % 101'} I 2 ‘.tautunmnﬂes.,__ CI—13CHO
1 o <| 2/ [BHyTHF CHOH
C-Ag 4 Cydlic - red hot,
(White ppt.) RMgX polymerisation > JHC=CH Fe-tube
R-H+CH=CMgX €——

@ Peep InTo Previous YEARS N

1. Which of the following reactions produce(s) propane
as a major product?

(a) H,C NaOH, Ca0, A |

+ H,0 electrolysis >

Zn, dil. HCI
(c) chNCl =R >

Br

Br Zn

(d) H,C —

(JEE Advanced 2019)

Linear —
e >nCH=CH —>

%4
L

+CH=CH—CH=CH)
Polyacetylene

Seriously dude i think
youre overreacting.

—
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o

D

The major product of the following reaction is

H,C
O:>2: CH, Ha
H

CH,—Cl
(a) (ﬁCH-"
H
CH,
CH,
(b) (I>2<Cl
H
CH,
oo
H
Cl
CH,

(d) (JEE Main 2019)

g

An alkene A on reaction with O3 and Zn—H,0O
gives propanone and ethanal in equimolar ratio.
Addition of HCI to alkene A gives B as the major

product. The structure of product B is
-

Cl CH,
CH,
|
(b) 01—CH2—CH2—<:|:H
CH,
CH,CI

l

g
(4) HyC —CH, —C —CH,
Cl

(NEET 2019)

Hydrocarbon (A ) reacts with bromine by substitution
to form an alkyl bromide which by Wurtz reaction
is converted to gaseous hydrocarbon containing
less than four carbon atoms. (A) is
(a) CH=CH (b) CH, = CH,
(c) CH; — CH; (d) CH,

(NEET 2018)
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AromaTic HYDROCARBONS

e Hydrocarbons which contain one or more benzene
rings either fused or isolated in their molecules are
called aromatic hydrocarbons or arenes.

Methods of Preparation
red hot tube

3CH=CH 18702070K °
COONa NaOH, CaO, A N
OH Zn dust, A N

QPQ

- H,PO, + H,0O, Cu* "_: @
N,CI >
Benzene

H,O (steam)

(O)-som —55
2[H], Ni-Al alloy

(O)-a—

Physical Properties
¢ Aromatic hydrocarbons are non-polar molecules.

o These are colourless liquids or solids with a
characteristic aroma.

e These are immiscible with water but miscible in
organic solvents and burn with sooty flame.

Huckel Rule of Aromaticity

e Huckel rule of aromaticity is applied to all the ring
systems whether they have benzene ring or not and
possess the following characteristics :
Planarity

- Complete delocalisation of m-electrons in the
ring.
Presence of (4n + 2)m-electrons in the ring
wheren =0, 1, 2, 3, ... etc. e.g,

o g O

Denzene Cyclopentadienyl Cycloheptatrienyl
: anion cation
¢ Aromatic:

- Cyclic, planar molecule
Complete delocalisation of 7 electrons
- Follow Huckel rule (4n + 2) me's
e Anti-aromatic :
Cyclic, planar molecule
- Complete delocalisation of 7 electrons
Follow4nme's
e Non-aromatic :
Either non-cyclic, non-planar
No delocalisation of T electrons.
- May or may not follow Huckel rule.




Chemical Properties

2
» 3H,, PY/Ni Conc. HNO,,
A / Conc.H,S0,, 32338K (Nitration)
Cl
; Cl,, anhyd. AlCl,
=t 1 dark ’@
% 6Cl,, anhyd. AlCl, Cl Cl
Cl 3 >
Cl Cl dark, cold
3Cl,, UV Cl d
A 5 Cl
Cl Cl 5 Br
% [ | Br,, anhyd. FeBr,
. @ £ < heat " @
% R
i i o 1..:7 oxidation) AT g i e Sy, o
B > = alkylation)
CHO 30, £ COR
’ fl:HC} ° ZnH,0 ) 3 RCOCI/(RCO),0
8 ——Fi (Friedel-Crafts
acylation)
SO.H
CHCO 0, (Controlled oxidation) > \ H,50, 3 .
E:HCO>01 V05,773 K host (iphonation)
: O
@ Peep InTo Previous YEARS (a) /[k .
A
5. Among the following the reaction that proceeds (b) Me —— | heated iron tube ,
through an electrophilic substitution is 873K
1] Er]r NaOH
(a) Q CH,OH + HCl 22> (©) 2) H,0" :
3) sodalime, A
@— CH,Cl + H,0
O O
CHO
+ 7 _CulCl
(b) Q— N,ClI > @— Cl+N, g QL
d) OHC
(c) @ +cl, 2, Cl + HCl W i, (JEE Advanced 2018)
2
©) Pomrs Fon Extra Sconme  \\
Cl Cl » The number of degree of unsaturation in a
: . . 2+ 2—1y
(d) @ +cl, UV light cl Cl hydrocarbon is given by : - ,
» Addition of symmetrical reagents over
Cl Cl symmetrical alkenes can be generalised as
(NEET 2019) cis-alkene + syn addition —> meso product

6. The reaction(s) leading to the formation of

1,3,5-trimethylbenzene is (are)

~  trans-alkene + syn addition —>racemic product
cis-alkene + anti addition —> racemic product
- trans-alkene + anti addition —> meso product.

D
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Environmental Chemistry

 Environmental chemistry deals with the study of

the origin, transport, reactions, effects and fates of

chemical species in the environment.

EnviRONMENTAL PoLLuUTION

e Any undesirable change in the surrounding which
has harmful effects on living beings is called
environmental pollution. A substance which causes
pollution, is known as pollutant.

e Primary and secondary pollutants : Primary
pollutants are those which remain as such in the
environment after their formation like NO, SO,, NO,
whereas secondary pollutants are formed from the
primary pollutants like PAN (Peroxyacetyl nitrate).

Ar PoLLuTiON

e It is the addition of undesirable materials into the
atmosphere either due to natural phenomena or due to
human activity on the earth which adversely affect the

quality of the air and hence, affects the life on the earth.

Greenhouse Effect and Global Warming

¢ The retention of heat by the earth and atmosphere

from the sun and its prevention to escape into the

outer space is known as greenhouse effect.
Greenhouse gases such as CO,, ozone, methane,
chlorofluorocarbon compounds and water
vapour form a thick cover around the earth
which prevents the IR rays emitted by the earth
to escape.

— It gradually leads to increase in temperature of
atmosphere. This phenomenon of increasing
earth’s temperature is called global warming.

Acid Rain

¢ Rain water normally has a pH of 5.6 due to
dissolution of CO, present in the atmosphere.
CO, + H,O0 &= H,CO; = H" + HCO;

e When this pH falls below 5.6, the rain water
becomes acidic. The main gases responsible for

acid rain are SO, and NO,.

» Harmful Effects of Acid Rain
Damage to buildings and statues made of
marble, limestone, slate, etc.
[t is toxic to vegetation and aquatic life.
[t corrodes water pipes resulting in the leaching
of the heavy metals such as Fe, Pb and Cu into
the drinking water which have toxic effects.

@
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Smog

¢ The word smog is derived from smoke and fog. It
is the major air pollutant.

Smoke + Fog —> Smog

(containing

harmful gases)
~ Classical smog | Photochemical smog
Also called as London | Also called as Los

smMog.
Formed due to oxides | Formed due to oxides of
of sulphur. nitrogen.

| Angeles SMog.

' Contains secondary
pollutants.

Contains primary
pollutants.

[tis reducing in nature. | It is oxidising in nature.

Stratospheric Pollution (Ozone depletion)

e Ozone (O3) present in the stratosphere prevents
about 99.5% of UV radiations from reaching the
earths surface and thereby protecting humans and
other animals from its harmful effects.

e A dynamic

equilibrium exists between the

production and decomposition of ozone molecules.
uv UV .
O+ O): O + O = Osg)

03{3}

e The main reason of ozone layer depletion is the
release of chlorofluorocarbon compounds (CFCs),
also known as freons.

Water PovrLution

e Water pollution may be defined as any change
in its physical, chemical or biological properties
or contamination with foreign materials that can
adversely affect human beings or reduce its utility
for the intended use.

Effects of Water Pollution

e High concentrations of fluoride are poisonous and
are harmtul to bones and teeth at levels over 10

» Excess nitrate in drinking water can lead to blue

baby syndrome.
e Excess sulphate (> 500 ppm) have a laxative effect.

Biochemical Oxygen Demand (BOD)

¢ The amount of oxygen required by bacteria to break
down the organic matter present in a certain volume
of a sample of water is called BOD. It is a measure of
the amount of organic material in the water.




Chemical Oxygen Demand (COD)

e Itisthe measure of the capacity of water to consume
oxygen during the decomposition of organic matter
and the oxidation of inorganic chemicals.

Eutrophication

e The process in which nutrient enriched water
bodies support a dense plant population, which
kills animal life by depriving it of oxygen and
results in subsequent loss of biodiversity is known
as eutrophication.

SoiL PoLLuTion

e Soil pollution is the addition of such chemical
substances (in an indefinite proportion) which
deteriorates the quality, texture and mineral content
of the soil and disturbs the biological balance of the
organisms in it and has lethal effect on the plant growth.

e Some major soil pollutants and their sources are :

Pollutants Major sources

Industrial wastes Waste products from paper,
sugar, chemical industries
dumped into the soil.

Agricultural Chemicals such as fertilizers,
wastes pesticides, etc. used for killing

| ~ insects, fungi and weeds. |
Radioactive Dumping of nuclear wastes
pollutants into the soil.

ConTtroL oF ENvIRONMENTAL PoLLuTION

* Waste management : Environmental pollution can
be controlled to a certain extent by managing the
waste disposal in a proper way.

¢« Recycling : A large amount of disposed waste
material can be reused by recycling the waste.
Thus, it reduces the land fill and converts waste
into usable forms.

» Sewage treatment : It can be done by :
Incineration
Digestion
Dumping

GREEN GHEMISTRY

¢ Green chemistry is a process that would bring
about minimum pollution or deterioration to the
environment.

e It is a chemical philosophy encouraging the design
of products and processes that reduces or eliminates
the use and generation of hazardous substances.

* Green chemistry in day-to-day life :
Dry cleaning of clothes
- Bleaching of paper

—~  To clean turbid water

@ Peep InTo Previous YeaRs

7. The compound that is not a common component
of photochemical smog is
(a) HC — (l;; — OONO,
O

(b) CH,=CHCHO
(c) CF,Cl, (d) Os (JEE Main 2019)

8. Among the following, the one that is not a greenhouse
gas 18
(a) sulphur dioxide (b) nitrous oxide
(c) methane (d) ozone. (NEET 2019)

9. Water filled in two glasses A and B have BOD values
of 10 and 20, respectively. The correct statement
regarding them, is
(a) A is suitable for drinking, whereas B is not
(b) A is more polluted than B
(c) both A and B are suitable for drinking
(d) B is more polluted than A. (JEE Main 2019)

Which oxide of nitrogen is not a common pollutant
introduced into the atmosphere both due to natural
and human activity?

(a) N,Os (b) NO,

(c) N,O (d) NO (NEET 2018)

©) Pows Fon Exraa Sconms  \\\l

» The carboxyhaemoglobin is about 300 times
more stable than the oxyhaemoglobin complex.

» Clean water has a BOD value of less than 5 ppm
whereas highly polluted river water may have
BOD value of 17 ppm or more.

» pH of drinking water should be between 5.5 and 9.5.

» [Excess nitrate in drinking water lead to
methemoglobinemia (blue-baby syndrome).

» International standards for drinking water :
Fluorides < 1 ppm, Lead < 50 ppb, Sulphates <
500 ppm, Nitrates < 50 ppm.

10.

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

E Answer Key For Peep Into Previous Years
1. (a,¢) 2.  (b) 3. (d)
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