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After carefully studylng this -unit and working the eit_érgisé,_"-t -‘

. 'student wui be able to

Iassﬂy hydrocarbons as a!iphatic and aromat:c

s "_'.gnesenbe nomenclature of alkanes and cycloalkanes

Eﬁtf:}lam the shapes. of alkanes and cycloalkanes exernphfied 'iby‘

ethane and cyclo;}ropane
T1:E:»q3~i—£-unz unreact:

i htamoiyﬁc and heteroiytlc fisslon free raehcal..:..-_"*_:.
'.";---..'_'propagatlon and tenn:nahon s '

scribe the mechanism of free radical substltutlan in alkane
Sfempllﬂed by methane and ethane. |

Identlfy orgamc redox reactlons

= iain what is meanf by a GhW&l centre and show 1hat such'a"-'é
E.x F;S, ns@ tD 0]3 tical lsﬂmeﬂs'n ; :
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: ~ethane. f_- e -\ ST i .

"""':'_'Defme and expiam w:th s

: untable examples the terms :somensm
'--_stereossomensm and structu ¢

ral |somer|sm

Exp“la' dehydrahon of alcohels
the prepara

a'nd dehydrohaloge'nétioni ofHXfor = ,,, : I
ation ofethene P s S R '
the chemsstry of alkenes by the following reactlons of ethane- -

- Hydrohalogenation,  hydration, Halogenation,
|datson ozonoiyms polymenzatlon s

Haieh d‘*'tmﬁ -Epo
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lnrroducﬁon

Hydrocarbons are the organic compounds which contain carbon and
hydrogen only. For example methane (CH,),benzene (C,H, )etc. These

oomppunds are thought to serve as basis for all other organic compounds.
That is, all other organic compounds are the derivatives of hydrocarbons
where one or more hydrogen atoms have been replaced by another atom
or group of atoms. Petroleum, natural gas and coal are the main natural
sources of h;{drocarbons. These sources are frequently found in under
groun_d deposns. The significance of hydrocarbons can be realized by their
uses in daily life and in industries and power generation as fuel and as raw
materials. for synthesis of many other organic compounds. If the fossil
fuels are simply bound to produce heat, which is then used to produce
power and heat up our homes, we need not be concerned with the
molecular make up of these substances. But to appreciate the treatments
these gas, liquid and solid materials receive and the roles, the products

from these play, you must know about their molecular make up and their
chemical reactions.

Hydrocarbons are divided into two major categories i.e.

() Aliphatic hydrocarbons  (B) Aromatic hydrocarbons.

These include the open chain (acyclic) compounds and those cyclic

MPounds which resemble the open chain compounds in their chemical
Ploperties g g | ' :
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In these hydrocarbons, the carbon atoms are linked together in the
form of chains which may either be:

In this case no carbon atom is linked directly to more than
two carbons atoms.

In this case, at least one carbon atom is linke irectly
' m is linked di fo
three or four carbon atoms. For example.

e T e e

- Boin straight and branched hydrocarbon .may ba:
= , - e:

These are also called alka | - ‘
Nes ang i ' ' the
ence each carbon js Other by single bonds #

bond
ed to foyr Other atoms. They are ca™

saturated because theijr valencies gq fully satisf:
. _ Uy satisfied e.qg.
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They can be represented by the general formula C H

where n
is the number of carbon atoms. |

2n+2/

bonds

Unsaturated hydrocarbons, having carbon—carbon double bond
 are called alkenes, represented by general formula C _H,_,while those

| having carbon—carbon triple bond are called alkynes, represented by
ganerai formula C Hz, s

In thase hydrocarbons the carbon atoms are bbnded'tdgether in such
a way that they form a ring or cyclic structure. lee open cham

'hydmcarbons they may also be classifiedas
i. Saturated : |
ii. Unsaturated s
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lled dycloalkanes. unsaturated are

Saturated cyclic hydrocarbon are ¢a
called cycloalkenes and cycloalkynes.

mber of this class and hence

Benzene (C,H,)is the parent me
aromatic is the term used for benzené and all those compounds that
hemical properties €.9.

resemble benzenée in their c

m Alkanesiand Cycl'o_élkanes:“

Alkanes are open chain saturated hydrocarbons, which
-epresented by the general formula C,H,, ,(where “n” is the numbe’
qtoms), while cycloalkanes are oyclic saturated hydroca™?
represented py the general formula C.H,, (' n is the number Of cart”
>3). It is to be noted that cyclo alkanes are two H-atf

atoms; and n : ‘
less than the corresponding alkanes, in their formula.

can be

i

Scanned with CamScanner



e T T v R T T

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

wili

e ——————

0 m e
1621  Nomenclature:

The systematic process of naming a compound is called
nomenclature. At the beginning of organic chemistry, each new compound
was given an individual name, which was based on its source, some
propelfty or other trivial reason. For example, the compound “HCOOH”
was given the name formic acid because it was obtained from red ants.
(Latin, formica = ants). Similarly the compound “CH,COOH” was named as

acetic acid (Greek, Acetum = vinegar). These names, which are based on
the source of the compounds are called common names or trivial names.

With the increase in the number of organic compounds it became
impossible to give names to such a large number of organic compounds.
Moreover trivial names do not give any information about the structure of
the compounds. Need was, therefore, felt to name organic compounds in
a systematic way. Thus, the “International Union of pure and Applied
chemistry” (IUPAC) in 1957, set rules for givipg_ systematic names to
organic compounds on the basis of structure. This is known as the IUPAC

system of nomenclature.

Alkanes are named by the following two systems.

(A) Common System (B) IUPAC System.
e series (C, to C,)are named as methane

ane (C;Hg)and butane (C,H,,)while the
k prefixes that indicate number of

The first four members of th

(CH,), ethane (C,H,), ProP

rest are na by using the Gree L : -
Carbon aton:;eiﬂ thye molgcule. Thus the prefix penta (5) is used for the

e for six, hepta (7) for
Compou e carbon atoms, hexa (6)

SGVe?]? ggtah?aﬂ)n?o:weight, nona (9) for-nupe and deca (10) for 'Een
Carbon atoms (see table 16.1) the prefix is followed by the ending
“ane”,
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i. The prefix n — is used for those alkanes in which all tﬁe carbon

atoms are in one continuous chain (straight chain or normal
alkanes)

ii. The prefix iso is used for those alkanes which have a methyl
group (—CH,)attached to the second last carbon atom of the

continuous chain.

ili. The prefix neo is used for those alkanes which have two methyl
groups attached to the second last carbon atom of the continuous

chain.

In this system the parent names of the alkanes are retained such as

_ - ‘hexane and so on while
Mmethane, ethane, propane, butane, pentane,
the branching (if a,ﬁ’y) is treated as substitutuent, attached to the main

continuous carbon chain.

Rules for naming alkanes are:
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Select the longest continuous chains of carbon atoms and consider
as a parent compound.

Number the longest chain from one end or the other, so as to give the
carbon carrying the substituent (alkyl group), the lowest possible
number. = c e

o - s R et Iy 1 B e o

Name the substitutuant along with its position by indicating the
number of the carbon atom to which it is attached, before the parent

name.

When two or more different substituents are attached, they are named
in alphabetical order along with their positions before the parent name.

same substituent is present more than once, a prefix di tr
s used before the substitutent name and position of €&
is indicated by a separate number.

when the_
tetra etc |
substituent
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i
bl
6. When two substitutents (same or different) are attached to the same
carbon atom, the number of that carbon atom is repeated.
1 Whgn there are more than one longest chains, select the chain which |
carries more substituents. : il
it
Cycloalkanes: |
- i
1. Cycloalkanes are named by placing the prefix “cyclo " to the '
name of alkane having the same number of carbon atoms as in it
the ring. - ' i
:
Hl
i
iie; Conven; : : ‘.I i
- Comgy relw;ence,.cylcnalkames- are represgnted by geometric figures. Each f
sents a -CH, group. : ol
cV-"k’pfopatne is represented by a friangle ( A )
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e Cyclopentane by a pentagon (O)

e Cyclohexane by a hexagon ( O )

2. Substituted cycloalkanes are named as alkylcycloalkanes e.g.

@T he ring is taken as substitutuants, if ti_1e‘_ side chain contains
greater number of carbon atoms than the ring.

& l

1.  First four members (C,-C,)of the alkane series me*
ethane, propane and butane are colourless gases: 4
thirteen members (C,-C,;)are colourless liquids:
alkanes are wax like (soft) solids. 2
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2. _‘gg?";sé being non polar, are soluble in nonpolar solvents like ‘
+8nd C¢Hybut they are insoluble in polar solvents such as |

water. : 1l

3. The boiling points of normal alkanes increase with the increase |

i;: mo!ecgl_ar weight. Moreover, straight chain alkanes have I
igher boiling points than the iIsomeric branched alkanes. : |

4. The melting points of alkanes also increase with increasing it
- molecular weight. However, there is no regularity in the change :
in melting point with the number of carbon atoms in a molecule. fil

5. The specific gravities of alkanes, in general , increase with
increasing molecular weight. -

6.  Viscosity also increases with increase in the number of carbon 1
atoms in the molecule. : Hl

i e e S T e Py
r

e
=

Scanned with CamScanner



i et byt o S

B = L e bl

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

1.  First two members i.e. Cyclopropane and cyclobutane are
' gases at room temperature and atmospheric pressure, while
remaining cycloalkanes are liquids.
2. They a;e insoluble in water but dissolve in ethanol and ether.
3.

Their melting and boiling points show a gradual increase with
the increases the molecular weight.

'(A) Let us consider ethane (CH,-CH,)for illustrating the orbital

structure of alkanes. In ethane, each carbon atom is bonded to fou'
other atoms, so it uses sp® hybrid orbitals to form these bonds
There are six C—Hcovalent bonds and one C—Ccovalent bon®

Each of the C—Hbonds, is the result of linear overlap of an s
hybrid orbital of carbon and an ‘s’ orbital of hydrogen. The c-0
bond is formed due to the overlap of sp® orbitals one from €2

carbon atom (Fig16.1). All the C-Hang c_¢ bonds are S

(8) bonds. All the bond angles are 109.5° (tetrahedral geometh)- 1
C—-Cbond length is 1.54°A and each C —Hpgng length is 1.09°A"

g
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(B) In cyclopropane (C,H,), each carbon atom, like alkanes, is bonded
to four other atoms, so it uses sp® hybrid orbitals to form these

bonds. However, in this case, the sp® —sp®overlap of C-C bond is
not maximum as in the case of alkanes. This is due to the fact that in
cyclopropane the C-C-Cbond angle is 60°and not 109.5° (true
tetrahadred angle) due to which orbitals do not overlap exactly along
their axes (Fig. 16.2). Thus the small bond angles of cyclopropane
indicate that the overlap of sp’orbitals of carbon is less than the
overlap of sp®- orbitals of carbon in alkanes (e.g. propane).

hree carbon atoms occupy the corners of an
equilateral triangle, which resuits in the C—C-Cbond angles to be
of 60°. This compression (deviation) from tt?e normal tetrahedral
angle of 109-5°to 60° is called the “Angle Strain”.

s VS o p
¥

In cylopropane the t

Fig 162 Overlap hatween sp® orbitals in (a) Propane (b)
Cyclopr.opane: Maxiriuim overlap occurs in propane.
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‘Substitution reactions are those reactions in which an atom of gmw 5

The carbon atoms in alkanes are fully saturated due to whg,
alkanes are quite inert. Moveover, due to comparable electronegativiies

of carbon (2.5)and hydrogen (2.1)the electrons in the C-Hbonds ar

‘practically shared equally between them, and the bqnd is almost nop
polar. Consequently polar reagents do not react with alkanes under
normal conditions. Furthermore the C—Hand C-C bonds are strong
bonds and hence alkanes are relatively stable to common reagents such
as acids, alkalies and oxidizing agents at room temperature. That is why
they are also called paraffins (latin Parum = Little, affins = affinity or
reactivity.

Cycloalkanes resemble alkanes in their chemical behaviour except

for cyclopropane and cyclobutane. The strength of bond and hence the

stability, depends on the extent of overlap of orbitals. In the case of
cyclopropane and cyclobutane, the extent of overlap of orbitals is not
maximum due to greater angle strains and are unstable Cyclopropane
undergoes ring opening reactions with Hz/Ni and HBrto give open ~chain
addition products. Cyclobutane, having less angle strain than thatlof
cyclopropane, is more stable and hence it undergoes fing opening
reaction only under severe conditions. Higher members are even more
stable. They do not undergo ring opening reactions. Instead, ¢

resemble open chain alkanes in reactivity and undergo substitutio’
reactions. . .

atoms, directly attached to the carbon in the substrate m°'e§;uused |
replaced by another atom or group of atoms. (The term substrate !

for the reactant molecule, undergoing chemical change).
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: For example,

A hydrogen atom of the methane molecule is replaced by a chlorine

A substitution reaction may be initiated by nucieophlie electrophile or
free radlcai

Ay e e e, T s =

Bond breaking (fission) is an endothermic process. If sufficient
amount of energy is available, a covalent bond (&-bond)can

undergo ﬁssnon in two ways.

In Homolysis when a chemical bond breaks in such a way
that each of the two bonded atoms acquires one of the

bonding electrons

The products A‘and Aare called the free radicals, which
are electrically neutral species and have one unpaired

electron.

when a chemical bond breaks in such a way
bonded atoms acquires both of the bonded

In Heterolysis

_that one of the
electrons. The atom with high electronegativity, usually,

e bonding electrons. The arrow in the
le indicates that the sigma electrons

perty of the B.

acquires both th
following general examp
are leaving A and becommg a pro

The product in this case are the ions.
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Ep———

A regen ich can accept an electron pair in a _:ieact'ion i
called an electrophile. An electroph:le.n:la:t t;zﬂl‘-:?:' Eia;?]f;l:;
neutral molecule with an electron—deficie i

are;

S —pair in a reaction, is
te an electron —pair | eact

S ile may be negative ion or

lectrons. Examples are,

A reagent which
called a nucleophite. A nucleoph

neutral molecule with loné pai of e

_ ' scription of a chemical reaction, showing the

i Thfe Lsc}:?b\::'ls:s g?‘ld miking of new bonds in the substraté lleadmg
breakmfg r?n:tion of the final product, through transitory intermediates

to the 10 lled mechanism of the reaction. . ' it

o) = = reactions, which are initiated by a free radical are cal®® _

g ubstitution reactions. One of the examples of such react!g 3
ation of methane and ethane in the presence of ultravi

is the chlorin
(u.v.) light. ;

2 he mechanism involve the following stgps;

. 1 - K. = G in
Initiation: A chlorine molecule undergoes homolytic fission

Stgspel'ca of u.v. light to give chiorine free radicals.
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Step 2. Propagation: (a) A chlorine free radi
molecule to glve methyl free radlcals and HCtral Sy methane | o
= |

(b) The methyl free radical (CH, ) thus produced attacks a chlonne,
molecule to form methyl chloride and chlorine free radlcal :

B —

These prdpagation steps are repeated again and again.

Step 3. Termination: The above chain reaction comes to an end, when
any two free radicals combine to form stable products.

' In actual practloe the above reaction does not stop at CH, - e, stage The
remaining three hydrogen atoms of methyl chlonde can be successively

' replacad by chiorine ators.
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Thus  a  mixture of all the four substitution Produyg
(CH,CI, CH, Cl,, CHCl, and CCl,) is obtained. The extent of

concentration in the mixture depends on the relative amounts of chioripe
and methane. If Ct,is taken in excess, the reaction goes to the finy
Substitution product and carbon tetrachloride is the major product. On the
contrary, when C/, is limited (or CH, is taken in excess), the major prodyc
of the reaction is CH,C¢- . S \

~Alkanes like all other hydrocarbons, burn in air to produce carbon
dioxide and water. The reaction is highly exothermic and large quantity of
 heat is evolved. For example, : ;

Thé reaction is of high significance, as it provides basis‘for-theif-usa &
fuels to get heat and power. When there is an insufficient supPl ¢
oxygen, alkanes on combustion, form carbon monoxide and wate’ *

carbon soot and water.
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~Alkenes:

Alkenes are the unsaturated hydrocarbons which contain a
carbon—carbon double bond. They can be represented by the general
formula C,H,,.They are also known as olefins because their lower

members form oily products on treatment with chlorine or bromine.

There are two systems for naming alkenés.
(A) Common System (B) IUPAC System
1. The common names of fist four members are derived from

those of the corresponding alkanes by replacing t.he ending
“ane” with “~ylene”.

2. Greek Ieﬁérs, a,B, 7 etc are used to dig:.tinéui’sh isome'rs having ‘
" double bonds at different positions.

| are same as those for alkanes

The IUPAC rules for naming alkgnes
- EXcept the following.
' clude the double

1. The longest continuous carbon chain must in l

bond. ' ; i
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s 5.

| - For example:

The name given to the Iongest chain will act as parent name,
whereby the endlng “ane” of the corresponding alkane is
replaced by “ene”. :

Number the chain from that end that will confer upon atorn
holding the —C = C,-the smallest possible number.

- Since double bond appears between two carbon a

therefore its position is indicated by the number of that ca
atom, bearing lower number and this number is wntten
ene.

If there are more than one double bonds in the molecule, tt
are ;ndlcated by the prefixes dl tri, tetra etc before —ene
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of substit
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ii. Number and nature

uents, attached.
iii.  Relative positions : i
carbon atoms, of the substituents on the doubly bonded
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However, it has been observed that the staballzmg effect mcreas;,s

increasing the number of substitutions in the molecules. In genem :
greater the number of alkyl groups attached to the double
| | carbons the greater is the stability of alkene. '

Consider ethene (CH, =CH, )to illustrate the structure of alkenes. I

ethene, each carbon atom has three sp?~ hybridized orbitals which
coplanar. One of the sp?hybrid orbitals of one carbon atom

linearly with that of another carbon atom to form a sagma ( )

e ———
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When an alcohol is heated at 170°C,in the presence of sulphuric

acid, a water molecule is eliminated, resulting in the formation of
an alkene. | i :

- [
-_ il

When an alkyl halide is heated with alcoholic solution of KOH or
NaOH, a molecule of hydrogen halide (HX)is eliminated which
results in the formation of an alkene. :

_ : _ I

1635 Reactvty o | £d |
il

4 = e

1]

: Alkenes are more reactive than alkanes due the presence of n-bond i
N the alkene molecules. The electron density of pi (n) bond lies -

ab“f‘? and below the bond axis. It is therefore, more exposed and
Casily accessible to an external electrophilic (electron seeking)

féagent, commonly known as electrophile. Secondly, the overlap of i
atomic orpitals forming the m bond is not as effective as that in il
5 ~bonds. Thus n bond is weaker than a sigma bond and more easily il
foken. It i, therefore, favourable for alkenes to add an electrophile H
. : 1l
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across the double bond by breakmg the weak m bond and to Produce
a saturated compound. Such reactions in which unsaturagg

hydrocarbons (alkenes) are converted into saturated compounds, gy,
called additlon reactions. |

'Alkenes readily react with hydrogen to form alkanes in the presence of
catalyst such as nickel, platinum or palladium at a temperature of

- 200-250°C,under pressure (1 =115 atm). Thls |s called catalytic
_'hydrogenation

The hydrogenation of alkenes is mdusftrially used for the conversio’
of vegetable ouls lnto ghee - ER A

- Alkenes react with halogen acids (HceHBr,m- HI) to form alky! halides:
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The order of reactivity of halogen acids is Hi> HBr > HCl > HE - When

the alkene is symmetrical (as in the case of ethene), the product formed

is the. same, no matter which way H-Xbecomes attached to the

alkene. But if the alkene is unsymmetrical, two different isomeric -

products are possible. For example, propene can react with H—Brin
the following two ways. ,

However, experimentally it has been found that 2-Bromopropane is
- the major product. In fact this is in accordance with the Markovnikov's
rule. : '

Markovnikov’'s Rule: It states that when an unsymmetrical (or Polar)
reagent is added to an unsymmetrical alkene, the positive part of the
reagent attaches itself to that carbon atom involved in the double bond,
holding greater number of hydrogen atoms. |

~ Alkenes react with sulphuric acid to produce alkyl hydrogen
Sulphates, which on hydrolysis yield alcohols, at 100°C -
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The overall result of the above reaction appears to be the addition of
H,O (hydration) to the double bond.

In case of unsymmetrical alkenes, the reaction follows the
Markovnikov’s rule.

Alkengs reactwnh _h’albgehs-' (sz or Br‘z)' In the presence of an inert
solvent:(CCly) to form dihaloalkanes (vicinal dihalides).
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as the colorless dibromo compound is form

) ed. The order of reactivi
various halogens with alkenes is E>Cl > Br, >1,. s

- Alkenes react with hypohalous acids (X—OH)to form halohydrins.

Halohydrins are the organic compounds having hydroxyl group and

halogen at the adjacent carbon atoms. Th i i
in ; . The Markov
followed in case of unsymmetrical alkenes. ovinkov’s rule is

Alkenes react with oxygen in the presence 'o‘lf silver (Ag) catalyst at
temperature 300C° to form epoxides. . 2

P_"g epoxides are very important compounds. They on acid

ydrolysjg produce glycols.
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wﬁap ozone (O, )is pgss‘e‘d through an alkene in an inert solvent i
| adsb pn'-the_ double bond, to form an ozonide.

\d:";-ﬁv“ e

;=.7§ll'izenides'--:b'e‘ln:"g'--.explos'ive mpoundsﬁ cannot be iso

i 9 SAPIOSIVE COMpounds, cannot be isolated. They on
warming with Zn and water (hydrolyzed) undergo cleavage at the
__Position of the double bond to form carbonyi compounds.

This reaction can be useq for rer o MR
- bond in the unknown alkenes. "0 1 Positon of he ¢

weight) chemically Jt,:‘ms“""li"aml'caleamles (molecules of low MOy
mqlecular, weight, is @“éd
undergo the process are called A
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137

temperature (100-300°C)and pressure (1000 -2000 atm)in the

presence of a catalyst, form long chain addition polymers, (Molecular
weight approximately 20,000 or more).

e - H H-
ot e 100 - 300°C Ll
i e T e 1000 - 2000 atr; n{? (I:‘][
et el Hog _ H el
LS e Polyethene

Potygthylene_ Is commercially known as “polyethene” and is used as
plastic taterial in the industries. It is used in the manufacture of buckets,
dustbins, carpet backing, packing materials and cable insulation.

Cohjugated 6orhpounds are those compounds in which the carbon

atoms are linked alternatively by single and double bonds. For example,
1,3 -butadiene.

" S g hitdiene 4

All the four carbon atoms in this compound are sp? hybridized. The

C-Cand C-Hsigma bonds are the result of the overlap of sp? hybrid

Orbitals with each other and with “s” orbitals of the hydrogen atoms. All the
Carbon and hydrogen atoms lie in the same plane.

Eaf=h of the four carbon atom also possess an unhybridized p - orbital,
Which arg Perpendicular to the plane of §—bonds. The p —orbitals of the
sefmf! and third carbon atoms can overlap on either side. Thus all four
IFEJa ‘;fbttallls overlap to form a large © molecular orbital (MO) (Fig 16.4).

CN pair of nelectrons is thus attracted not by two, but all four carbons.

5 ° C4n say that the 7 electrons are delocalized. The delocalization of x
Sctrons s resp

e onsible for greater stability of 1,3-butadiene. The C-C
g'¢ bonds in 13 —~butadiene are shorter (1.48A) than the normal
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(154 &) C~Csingle bonds, while the C—Cdouble bonds are o,

(ﬁ .37 A) than normal (1.3 f\) isolated C—Cdouble bonds.

£

Isomerism:

Many of the organic compounds contain equal number of like atorms
and thus have the same molecular formula but they different from each
other in their structure, physical and chemical properties. Su
compounds are called isomers and this phenomenon is called isomerism.

There are two main types of isomerism.
1. Structural isomerism 2. Stereoisomerism

A structural feature w
chirality is called chira|

A carbon atom which i
chiral carbon atom. or

cadly : : . [ its
ithin a molecule that is responsible fo
centre, of the molecule.

- .. called’
S bonded to four different groups i f:
asymmetric carbon atom. For examP'®
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S

| |
|

e
|
Ho2c/ \o:

|
|
S = e . = 1)

The chirality of lactic acid (described in optical isomerism) is due
to _the presence of a chiral carbon atom in the molecule. However, a
chiral atom is not necessary condition for chiralty. A molecule may
not have a chiral atom but still be chiral. On the other hand a
molecule may have more than one chiral atoms but still be achiral.

A=

L
N

' Qrdi_nary light is an electromagnetic radiation composed of waves
vibrating in. many different planes. The oscillating waves are of different
wave qugths in all possible planes perpendicular to the direction of
propaga_tion. It becomes monochromatic (light of a single wave length)
When it is passed through a monochromator but it still has waves in all the
Planes. When it is passed through a polarizer such as Nicol prism (made
of calcite, CaCO,), the light is found to vibrate only in one plane, and is

said to be p'[ane —polarized or simply polarized light. (Fig 16.5).
Solutions of some organic compounds have the ability to rotate the

glr?;e of polarized light. These compounds. are said to be optically active,

4 compound is measured by an instrument called polarimeter.

t 10?"’35"3! active compound can exist in two isomeric forms, which rotate
iSOHEear's.leTc: polarized Iig_ht in opposite directions. These are called optical
(CfocI(wi'se dt? Isomer _whlc_h rotates the plane of |:_:o_larized light to the right
the Teg Irection) is said to be dextrorotatory isomer or (+) isomer and
Mer which rotates the plane of polarized. light to the left

anti Vol S
(anticlockwise direction) is said to be levorotatory isomer or (-) isomer.
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o414 Opticatlsomeriam:

Optical isomerism is a type of Isomerism in which the isomers differ in
their interaction towards plane polarized light,

Lactic acid (2—-Hydroxy’ Propanoic acid) is an exaﬁ
compound whl_ch_.shows,optlcal ISomerism. It contains one asymmetric
carbon atom, shown by asteric in the following structure.

A carbon atom which

Asymmetric or chiral carbon i?B;o nded t9- four =diff,e_lfe_nt groups is called

aton
The th-—dlme_nsflon-al- structures ar‘ei"pios_slbl a 'fdr‘LactiG acid. |
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These structures are not identical because they can not be superimposed
on each other. They are the mirror images of each other. Such non

superimposable mirror images constitute optical isomers and a
; re called
enantiomers of each other.

When isomerism is caused by different arrangement of atoms or
groups in space, the phenomenon is called stereoisomerism. Thus the
sterecisomers have the same structural formula (and of course the same
molecular formula) but differ in the arrangement of atoms or groups in

space. .In other words, the isomers have different configuration (Three
dimensional arrangement of atoms is space is called configuration).

Stereoisomerism is of two types.

e S T

i Geometric or cis —trans isomerism.

ﬂ ii. Optical isomerism.

f : The type of iggméﬁsm, where isomer; 'pcssesé the same structural
ormula containing double bond and differ only in respect of
arrangement of atoms or groups about the double bond.

These isomers occur when there is restriction’ to the rotation

som:av«;hen?l in the molecule. For example, 2-butene can be written in
wo isomeric form. e =

= Sea e S
se are two different compounds, as they have different boiling

poin ' e
1S. These two compounds are referred to as the geometric isomer.

The isn s
! éizgers In which the two similar groups are on the same side of

A T N Al TS WP

€ bond is called the cis isomer, while trans isomer has got -
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ST e

them on the opposite sides of the double bqnd. Consequently this tyne
of isomerism is also called cis —trans isomerism.

Geometric isomerism in alkenes is possible only when each doyp
bonded carbon atom is attached to two different atoms or groups, thy
propene does not have geometric isomers.

In this type of isomerism, the isomers (compounds) have the same
molecular formula but different structural formula i.e. the arrangement o
atoms is different in different isomers without any reference to space.!

Structural isomerism is of five types. |

|

Compounds which have same molecular formula but different
carbon chains or skeletons are said to be chain isomers and thé |
phenomenon is called chain isomerism. For example; |

-

Position isomers have the same molecular formula but differ

the position of a functional grou " of double”
triple : oup o on 0
tnpla bOUnd.--_Fbr-*_afxample; giioLibe, post
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_ Functional group isomerism invoives compounds, having the
g same molecular formuia but different functional groups. For
h example,

T.his type of isomerism is exhibited due to the unequal
i distribution of carbon atoms or (alkyl groups) on either side of
f the functional group. ISomers belong to the same homologous

series. For example,

It is a special type of functional group isomerism, ih which the
Isomers are in dynamic equilibrium with each other. For example

et m Alynes: - :

‘-‘-arbon _?!k{"B's are unsaturated hydrocarbons which contain a carbon —

triple bond, They can be represented by the general formula
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.

C,H,,,- The first and most important member of this series is acetyley,
~ (CH=CH)and hence these are generally called acetylenes. ;

There are two systems for naming alkynes.

1. The first member of the alkyne series is named as acetylene,

2. The higher alkynes are : :
acetylene. Forkegcample, rega.rded as the alkyl derivatives o

_ \7 -
- Whereby 'thg :r:ldi:% tb_e '°"»998t chain acts as parent nam
replaced by “~yne’. £ ol the Corresponding alkan® :

- 3. Number the chain : :

Cx 1ain in sych -
©=C-) gets the Sf\'lr-.ll_lt-zs::1 nvl‘:ragbg:at triply bonded carbon 2"
4. The position of the | '

: 1 0T the triple bone |
tripl | Ple bond is indinas, i
nuﬁb bolndeq carbon atom‘whiz "licated by the number o {hi

SIS written before” _ypgn. bears lower number an
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_
5, For more than one triple bonds in the molecule, the prefix di, tri,
tetra etc are used before “—yne".

The following examples will illustrate the above rules.

Like alkenes, the alkynes also exhibit stability to varying degree.
The stability of alkynes, also depends on the following factors.

i Position of the triple bond in the molecule.
ii. Number and nature of the substitutuents, attached.

The stabilities of various isomers of an alkyne (having same
molecular mass), can be compared, by measuring their heats of
hydrogenation or heats of combustion.

on t|ln acetylene each carbon atom has two sp hybrid orbitals which lie
P*Orb?tasame line .Each carbon atom also has two unhybridized
"8ls, which are perpendicular to each other and to the plane of

P~ hybyi . - i
ov Yorid orbitays, One sp—hybrid orbital of one carbon atom linearly

erlaps i
> agcsj 5w'e'th the sp hybrid orbital of the other carbon atom to form
both 4. _Ween the two carbon atoms. The other sp—hybrid orbitals of

Slomg ’tzﬁ'? arbon atomg overlaps with the “s” orbitals of the two hydrogen
~®Mtwo C-H § bonds. PO
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nhybridized) of both the carbon atop,

The two p -orbitals (u % :
approach each other in a sidewise manner (py Py and p, pz)to form,

two pi(n)bonds. (Fig 16.6)

- Thus the carbon —carbon triple bond is made up of one sigma (3)and two
pi(r)bonds. The acetylene molecules has linear geometry Wil

C-C~Hbond angle of 180°. The carbon —carbon triple bond length ¥
1.19A and that of C-Hbond is 1.09A

1 The first three members (ethyne, propyne and butynes) are gases et
sight (C;-Cy,)are liquids and higher alkynes are solids at 1"
temperature and pressure. -

2. With the exception of acetyl o | the!
- ene whic ic i ur, all @
alkynes are odourless and colourless. diponite |k -Odo |

3. They are soluble in organi aft
: ganic solvents . ene, etf
etc but only slightly soluble in water § = seesions panzen® |
gift

4. The boiling points of alkynes : - n
alkenes, aig 'increasglgnﬁf :re §Ilgljt1y higher than the corre.sfpo "
atoms in the al gularly with increase in the number © o’

4
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regular sequence. Instead, they change irregularly with increase in the
number of carbon atoms (Table 16.4).

5, They are slightly more denser than the corresponding alkanes and
alkenes.

o _Elimination reactions involve the removal of atoms or groups from
0 adjacent carbon atoms. These reactions result in the formation of

ur]sa_lturgted compounds. Alkyne can be prepared by the following
elimination reactions. : |

Compounds having two halogen atoms on adjacent carbon atoms
are called vicinal dihalides.

The§e compounds, when treated with alcoholic KOH followed by
sodium amide (NaNH, ) in liquid ammonia form alkynes. It is a two
Ste_p réaction. The elimination product of the first step (vinyl halide),
being unreactive, is treated with stronger base (NaNH,)to remove
another HX molecule.

| .'
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When tetrahalides are heated with zinc dust in alcohol, alkynes are
formed.

- Alkynes are unsaturated hydrocarbons like alkenes. Thus they
resemble alkenes in most of their reactions. For example, alkyne, add
hydrogen, halogens, and halogen acids much like the addition of these
reagents to alkenes. However, unlike alkenes which add one molecules o
these reagents, alkynes add two molecules in a step-wise manner.

It is to be noted that a carbon—carbon triple bond (alkynes), in general:
_'333 reactive than a carbon—carbon t?oubl,e bcsﬁcli(y r(]aelskgnesg)] towards
electrophillic reagents. This is due to the following two reasons.

I Inalkynes, there are two n-bonds, the four lobes of which merge
form @ single electron cloud. This cloud is cylindrically symmel%
about the internuclear axis and occupies a big volume. (FI9 1600
Thus electron —density per unit volume becomes low.

Due to decrease in the electron de

available to an electrophile. Hence alkynes are less reactive
electrophilic addition reactions. E i

oy asily
nsity, m— are not ©
ity, m—electrons a owald®
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. e |
ﬁ_‘ ==m
ii. The carbon atom in alkynes are sp —hybridized while in alkenes are
gp’ hybridized. Greater the s-—character of an orbital, the more
highly the electrons in that orbital are held by the nucleus. Thus
nelectrons in alkynes (50% s— character)are more strongly held
by the carbon atom than in case of alkenes (33%s —character)and

are less easily avgilab!e for reactions with electrophile. This makes
alkynes less reactive than alkenes in electrophilic reactions.

i B
2 sets of m bonds encircling o bond
o Bond g
H%: H
R =

Alkynes in which the triple bond is at the end of the chain, are
refered to as terminal or 1—alkynes. '

i Terminal alkynes and acetylene are acidic in nature. They readily
Nate proton to a strong base. Thus if acetylene or a terminal alkyne is

"eated with a solution of sodium amide (NaNH,)in liquid ammonia,
sodium acetylide js obtained. '
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| In ethyne and other terminal alkynes, the hydrogen atom is
bonded to the carbon atom with sp-s overlap. An sp hybrid orbital has
50% s character in it and renders the carbon atom more electronegative
than sp® and sp® hybridized carbons. As a result, the sp hybridized carbon

atom of a terminal alkyne pulls the electrons more strongly making the
attached hydrogen atom slightly acidic.

| __Because gf acidic nature, acetylene and 1-alkynes react with
ammoniacal solutions of cuprous chloride and silver nitrate to form
acetylides and alkynides of these metals.

acetylene. -

Since other ‘alkynes (ﬂﬁﬂ-l-t"enni” 4 fide®
: : sy minal) do orm acely

(alkynides), this reaction can be used as a)t‘ 5 g;:“tinfuish 1_.alky"95
~ -from non —terminal alkynes. E Lo disting
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1. Hydrogenation (Addition of Hydrogen):

Two'molecules of hydrogen are added to alkynes stepwise, initially
forming the corresponding alkenes and finally alkanes. This

reaction takes place in the presence of catalysts such as Pt, Pd or
Ni.

The reaction can be stopped at the alkene stage by poisoning Pd
catalyst with BaSO, +quinoline (Lindlar's catalyst). ;

2. Reduction by Dissolving Metal (Salt Formation):

1-alkynes and acetylene, react with metals in liquid ammonia such
as sodium, to form salts called alkynides or acetylides, however
non-terminal alkynes give trans alkenes under this condition.

3. Hydrohalogenation (Addition of Halogen Acids):

Two molecules of halogen acids are added to alkynes in two steps.
In case of symmetric alkyne, the second step follows the

- Markovnikov's rule. However addition of halogen acids, HX to
Unsymmetrical alkynes follows Markovnikov’s rule in both the steps.

For symmetrical alkyne:
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4. Hydration (Addition of Water):

Alkynes_ react with water in the presence of mercuric sulphate
(HgSQ)and sulphuric acid (H,SO,)to form a carbonyl compound
(aldehyde or ketone).

5. Halogenation (Chiori

Bromine adds t0 am. '
‘-~(dih'aloalkeng);‘--;_—-;-g?r-if":.---'- mes in two steps, forming dihalides

the ieina haﬂdes (tetrahaloalkanes).
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i
i
i

{

i

il

|

:?

6. Ozonolysis (addition of ozone, O5): j
Alkynes react with ozone (O3) to form ozonides. The ozonides may

be decomposed with water to give ketones, which are finally |
oxidized to acids by H,O,produced in the reaction, resulting in I
formation of carboxylic acid. ' | .

|

i

i

i

|
_ = 111

| m Benzene and/SubtitutediBenzenes: f
i

| - | s |
o Benzene is an aromatic hydrocarbon. Its molecular f"c':jm".lula is CgH. i .j
00:1 following ring structure is usually written for benzene, where each e
€r represents a carbon atom. - - il
: ' : ."5-:. f
i
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It ._is- unders_tpod that_one hydrogen atom is bonded to each carbon atom.
Mono substituted, disubstituted and polysubstituted benzene derivatives

are forr"ned by the replacement of one, two or more hydrogen atoms
- respectively.

Benzene and its substituted compounds are named by common
names which are also accepted by the IUPAC System.

1.

Mono substituted benzene derivatives are named by putting the
name of the substituent before the word benzene. For example.

2 ekl SRR e i jven
. Some Mono §ubstituted benzene derivatives have been gWFor

] ' / ey must . S_Uch'
examples, ust be remembered ‘as !
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|
il
Al
I
2. In disubstituted benzene derivates, the relative substitutions are P-
mentloneq by using numbers (1,2) (1,3)(1,4) or by using the prefixes :
ortho (0-), meta (m-)and para (p-).
: i
a. For similar substituents, the prefix di is also used before the
name of the substituents. For example ; |
|l
| il
i ?
|
¢ (h
b
i
|
I
|
ift
|
E b
i
!
f |
il
!! ]

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) |

: B

b. If the substituents are different, thgy are named |,
alphabatical order the last named substituent is understog

o to be at position 1. e.g;

e :Lgn; ;f th? substiuent is such that it gives special name
name '.}?1“ S e special name is used as the par®’
mentit'Jn de omgs subStltuant’ alongwith its position: '

loned before the parent name. For example,
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d. Some disubstituted benzene derivatives are given special
names. For example,
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3. Polysubstituted benzene derivatives, are invariably agg;
systematic names. 9neg

a. For similar atoms / groups the prefix tri, tetra et

C ar
before the substitutents. ©. Useg

b. If the groups attached, are different, they are named i,
alphabetical order. The last one in the order will b
understood to be at position number one.

c. To indicate - the position of the substituents, the ring |
ring is

- numbered in such a way that all the numbers used ingthe
‘name, give the lowest sum. For example,

ted benzene derivatives have st
For example
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. colourless liquid. It has a peculiar smell and burning taste. The specific - \
. gravity of benzene is 0.8788. Benzene melts at 5.5°Cand boils at

80-2°C. It is highly inflammable. Benzene is insoluble in water but soluble
in ether, alcohol and petrol. It is used as solvent for many fats and resins.

Molecular Orbital Aspects: ! :
The structure of benzene can best be described in terms of the
modern Molecular Orbital Theory (MOT). Each carbon atom of the ring is
linked to others by sp®hybrid orbitals and with s orbitals of the six
hydrogen atoms, forming six C—Cand six C—H sigma bonds. (fig 16.8)

2 Since the 5 bond results from the overiap of planar sp? hybrid orbitals,

mc&m"a“d hydrogen atoms in benzene lie in the same plane. All & —bonds
be‘"‘-""‘*“*%Hnone;:.laneand:amthe|:»:anc1anglas.ema120@--

Bach ¢

rbon atom a| hybridized p orbital (containin
on ~atom also possesses an unhybridized p g
" e'act'f‘-"")- which are perpendicular to the plane of &bonds. The lateral
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(side wise) overlap of these p orbitals produces a m molecyla; ot
containing six electrons. (fig 16.9). one half of this = molecular oty |ieI
above and the other half lies below the plane of the & bonds. &

carbon S, SX electrons of the p orbitals are associated with all the s!
_ o @loms and are said to be delocalized. Hence a stronger @ bort
3 =g !Fmolecule of benzene is formed. It is this extensive 1~

e '°h _is responsible for the special chemic?
e three ways in which benzene can

e
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Hesonance, Resonance Energy and Stabilization: .

~ Resonance:

Generally, if the properties of compound are known, we can

predict/draw its Lewis structure or if the lewis structure of a compound is
known, We can guess Its chemical properties. For example a compound

b a
with structure CH, -CH=C H-CH, -OHshould have the following
properties.

It will react with carboxylic acids to form esters, by virtue of the

- presence of —OH group.

It will add molecule of H,or Br,by virtue of the presence of double
bond.

The bond length of bonds “@” and “b” will be 1.54°Aand
1.33°A respectively. :

But this is not true for a compound, having a delocalized welectron
system. For example, the following structure (which is in fact 1,3,5
—cyclohexatriene) commonly known as benzene is expected to add
readily three molecules of Br,but in actual practice it does not do

z
Similarly the bond lengths of bonds “a” and “b” are not equal to
1.54A°and 1.33A°. Thus it can be said that the above structure is
not the actual structure of benzene. In such a case we write more
than one structures to represent the actual structure of the:
Molecule. These structures together may explain the properties of
the compound but none of them is the real structure of the

Compound. Thus for benzene the following structures (including the

One.written above) are suggested to better explain the behaviour of
benzene.
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The real structure of the compound (benzene in this case) is considereq m
be a weighted average of all the contributing structures.

“The representation of a real structure as a weighted average of
two or more contributing structures is called resonance”.

The contributing structures are called canonical forms and the real
structure (which is actually not known) is called the resonance hybrid. It
should be noted that all the canonical (contributing) forms do not have
equal contribution and thus they are not of equal importance. For
example, the contribution of structure |1'and Il to the actual structure has
been calculated to be 39% each, where as that of structures I, IV and V
is 7.3% each. It should further be noted that the resonance concept of
describing a molecule (as shown above in the case of benzene) does not
mean that the structure rapidly shifts between the canonical forms, neither
it means that some molecules are like one canonical form and other like
another form. In fact, all the molecules of a substance have the same

structurg all the time, in which the elestrons are delocalized over the whole
system involved in the resonance.

LT

L \“—-_gﬁir* AFra iy

=

Eﬂe;gy of the most stable canonical form and that of the actual molecul®
ao; benzene it can be calculated by measuring its heat of hy'dl'og'f”’at"}r1
nd comparing it with that of the most stable canonical o™

Hydrogenation of cyclohexen '
e (having one douy lves 120
mole heat energy to form cgg,vcioh(e)r:r;\neg.I © double bond) eYO
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Hydrogenation of 1,3—cyclohexadiene (having two double bonds)

evolves 232 kJ/mol to from cyclohexane, which is almost double of the
value 120 kJ for cyclohexene.

The molecule 1,3,5—cyclohexatriene (kekule structure) normally written
for benzene and having three double bonds, should release energy
three times that of cyclohexane (i.e. 120x3 =360 kJ/mol,on
hydrogenation). ) |

But hYdrbgen'ation of benzene actually evolves only 208-0kJ/ma}
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Thus the measured (experimental) heat of hydrogenation of benzeng
(208kJ/mol)is less than the expected value (360 kJ/mol) of the Most
stable canonical form by an amount of 152kJ/mol. Benzene jg

therefore, is said to be resonance stabilized by an amount ¢
152 kJ/mol which is known as its resonance energy.

Due to unusual stability (resonance stabilized), benzene does not
give addition reactions like those of alkenes. In alkenes the n electronic
cloud is localized between the two carbon atoms and thus they readily
undergo addition reactions. In benzene the = electronic cloud makes a
continuous sheet above and below all the six nuclei and the m—electrons
are thus delocalized, which give benzene more stability. Benzene,
therefore, prefers to undergo electrophilic substitution reactions rather

than addition reactions. It is, thus, said that benzene is less reactive than
alkenes during electrophilic addition reactions. '

The main types of reactions of benzene are:

e
e

at 150°C, under high p

ressure to form cyclohexane.
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2. Addition of Halogens:

Benzene reacts with chlorine or bromine in the presence of ,!:
ultraviolet llght to form benzene hexachloride:

Reactions in whrch hydrogen atom of the aromatlc ring is repiaced by
electrophiles are called electrophilic aromatic substitution reactions.
Benzene ring with its delocalized m electrons is an electron rich
system. It is attacked by electrophiles (electron—loving speCIes)
giving substltuted products.

General He'chanlsm-

Mechanism of electrophlllc aromatic substitution reactlon involves the
fOIlomng 1hree steps. :
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- Formation of an electrophile

E-Nu+catalyst—>E* +Nu— Catalyst

Fonnatton of carbonium ion: The electropile attacks the aromatic
nng to produce carbonium ion (phenonium 1on)

ate carbonium ion is resonance stabilized and is a hybrid of

. Pmduct The mtermedlate
% UnStabIe It loses a proton t0
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4. Nitration:

Benzene reacts with concentrated nitric acid in the presence
concentrated sulphuric acid at 60°C to form nitrobenzene.

o FY_

of

. e '

In this case the electrophile (NO;)
H,50,and HNO, -

2. Sulphonation:

Benzene reacts with concentrated H,SO, at 12_0°C‘qr.furﬁin'g H,‘:SO.{a_t
room temperature, to give benzene sulphonic acid. Fuming sulphuric
acid is concentrated sulphuric acid in which SO, has been dissolved.
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3. Halogenation:

Benzene is halogenated on treatment with molecular halogen in the
presence of FeCl,or AICI, (Lewis catalyst) at room temperature 0
form halobenzene.

4. Friedel —Craft's MWm'

Benzene reacts with alkyl halides in the presence of AICI, to form alkyl
benzenes.

benzene is fow n. U.s_ually di or tri alkylated
.l he a"(yl grou Uﬂﬂl"l gl |
n -prowlmmlmm 9‘ F r example, treatment of benze®

i béﬂzane rather than ¢

_ expected n —proply benz .'
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This is because the reaction involves formation of carbonium ion which ;
can undergo rearrangement before attacking the benzene ring.

Thus the possibility of rearrangement brings uncertainty about the actual
products, formed. .

(@) A
Il ; 1
5 Fridel —Crafts Acylation: (Subst:tution of acyl (~C—-R) group).

Benzene reacts with acid halides (or anhydndes) in the presence of a
Lewis acid catalyst (Al Cla)to give aromatic ketones. For example

f ‘An electrophlllc ‘Substitution reaction of benzene results in the:
]_?rmatlen of only one monosubstituted product. It is because all the
Ydrogen atoms of benzene ring are equivalent and therefere the;.
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The first substitutent (X) may direct the incoming substituent (Y) to
ortho, meta or para position, depending on the nature of the first
substituent. This is called the directive or orientation effect. It has been
experimentally observed that some groups, when attached to the i
benzene ring, direct the second incoming substituent to either ortho and i

para positions or to the meta position. Thus the substituents (groups) [
can be divided into two classes.

Substituents which direct the second substituent to the ortho and
para positions simultaneously are called the ortho/para directing
substituents. For example, when phenol is nitrated, the reaction
yields only the o—Nltrophenol and p—NltrophenoI (in the ratio 53% : -
47%) and no meta isomer is produced. _ b

T i

i

——

g

e
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Thus the substituent -OH which has directed the gg,
substituent -NO,to ortho and para positions, is designate
ortho/para directing. Some common ortho/para directin
are —Cl,—Br,-},-OH,—NH, — CH,,-C,H, (Table 16.5).

Ond
d ag
9 groups

The ortho/para directing effect can be explained in terms of (@
~ Charge distribution and (b) Relative stability of arenium ion.

W
bt 3 . " o, 1t -

]

non—bonding electron i of
localized over the ring, making the
ich than the meta positon

d substituent shows that t®
more stable when the sec
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The substituents which direct the second incoming substituent to meta
position, are called meta—directing substituents. For example, nitration of
nitrobenzene gives mainly meta dinitrobenzene (94%).

Thus the substituent -NO,group, which has directed the second
-NO, group to the meta —position, is meta—Directing. Some common meta
directing groups are. —-NO,,~CN,-CHO,-COOH etc. (Table 16.5)

The meta —directing effect of a group may also be due to the following two
feasons.

(@) Meta position of the ring has relatively more electronic density than
ortho and para positions.

(b) Secondly, the arenium ion (Phenonium ion) with the second
substituent at meta position is more stable than when the
second subtituent is at ortho or para position.

The substituent attached to the benzene ting also affects the
reactivity of benzene ring in comparison with the unsubstituted
benzene,

The ortho/para directing groups release electrons to the ring by
fesonance making it electron rich. Thus the attack of a second
electrophile would be faster as compared to the benzene ring itself.

That is the ortho/para directing species increase the reactivity of the-

benzene ring. They are ring activators and are referred to as activating
groups. Halogens are the exceptions to this. It has been observed that
alogens, though ortho/para directing, are ring deactivators.

On_the other hand, the meta—directing groups withdraw electrons from
- di?e I}ng making it electron deficient. Thus in the presence of meta-—
i Cling species, the attack of a second electrophile would be slower

COmpared to the benzene ring i.e. the meta—directing species

s .
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decreases the reactivity of the benzene ring. These

are rin

deactivators and are referred to as deactivating groups. (Tabe| 16.5)

--

nes are the derivatives of benzene in which ™

or more
group of &tm;'o.ge ;'l_hatems habe been substituted by other atoms hr
position efssoond third etc subst made under different conditions- 1" '

depends on the nature of the ﬂmltuema on the ring, relative to the s

attached to

and successive substitutions al"®®’

ring. Mo
or decreases by the p reover, the reactivity of the fing also tncremjh

ring. For e of precedin subst ts attached 10
9. xample, using nltratlng mMureg(eonc i::.::nosrcom H,S

be
nzene can be nitrated at 60°C, to form nitrobenzene.
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~Nitro group being deactivator, deactivates the benzene ring and further
substitution becomes, difficult. Dinitrobenzene in obtained only if the
reaction is carried out at higher temperature.

T

The second —NO grop further deactivates the ring Thus
trinitroben_z_ene is obtained only by using a mixture of fuming nitric acid
and sulphuric acids.

i mag s o _
gfﬂﬁg‘ ;3:4'.6 ~Trinitrotoluene (TNT) may be prepared by the nitration

TNT is widely used as a powerful explosive.
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Hydrocarbons are a prima

[y energy source for current civilizations, Ty, |
predominant use of hydroc

arbons is as a combustible fuel source. In they
solid form, hydrocarbons take the form of asphalt used in road construction,
Mixtures of volatile hydr

_ . ocarbons are now used in preference to f
chlorofluorocarbons as a

f | propellant for aerosol sprays, due to negative &
impact of CFC’s on ozone layer.

Mett'!ana and ethane are gaseous at ambient temperatures and cannot be
readily liquefied. Propane is h

‘ 1€ 1S however easily liquefied, and exists in “propane
bottles” mostly as a liquid. |

Butane-_l's:gso easily liquefied that it provides a safe, volatile fuel for sma
pocket__:nghters. Pentane is a clear liquid at room temperature, common
used __as-solv_ent of waxes and greases. Hexane is also a solvent as well as¢
significant fraction of common gasoline

The 6C to 10C alkan -

gasoline, naphtha, jet fuel ang specialized industrial solvent mixtures. Th
Iong chain: hydrocarbons ©Obtained from crude oil are used as lubricants
roofing compounds, Pavement composition, wood Preservatives, etc.
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Key Points:

Aliphatic hydrocarbons include the open chain (acyclic) and those

cyclic compound which resemble the open chain in their chemical
properties (Alicyclic).

Aromatic hydrocarbons include benzene and those compounds
which resemble benzene.

Acyclic hydrocarbons contain saturated and unsaturated open chain

hydrocarbons.

Alkanes are open chain saturated hydrocarbons, which can be
represented by general formula C,, Han + ».

The general formula of cycloalkanes is C, Hap.

Homolygis is the chemical bond dissociation of a neutral molecule
generating two free radicals.

Heterolysis is chemical bond cleavage of a neutral molecule
generating cation and anion.

Electrophile is a reagent which can accept electron pair in a reaction.
Nucleophile is a reagent which can donate electron pair in a reaction.

é\lkenes are unsaturated hydrocarbons which contain carbon—carbon
Ouble bond. They can be represented by general formula C,, Ha,.

Alkenes undergo electrophilic addition reactions.

Polymerization i i |
roly on is the process by which small molecules chemicall
10N together to form !ar_ge molecules. ;

In conjy inkec
: gated compounds carbon atoms are linked alternati
Sigle and double bonds. bt
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Compounds having the same molecular formula but differey

structural formula are known as ‘isomers’ and this phenomeno
called “lsomerism”. |

Tautomerism is a special type of functional group isomerism, in whic
isomers are in equilibrium with each other.

Stereoisomerism is caused by different arrangements of atoms o
groups in space.

Carbon atom which is bonded to four
carbon.

different group is called chird

Alkynes contain carbon—carbon triple bond. They can b
represented by general formula C,, Hapo.

Benzene is aromatic hydrocarbon. Its molecular formula is CgHe.

The representation of a real structure as

Lo a weighted average of two
or more contributing structure is called res

onance.
The contributing structures are ¢

i alled canonical forms and red
structure is called resonance hybrid

Electrophilic aromatic substitution reactions are those in whicf
hydrogen is replaced by an electrophile.

Carbonium ion is a positively charge organic ion in which most o
positive charge is localized on carbon atom,

Substituents which direct the second substituent to ortho and pa”
position simultaneously are called ortho/para directing.

The substituents which direct the second incoming substituent
meta position are called meta-directing.

&
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-

Exercise

oi. Select the correct option.

(i)

(i)

(iv)

(v)

(vi)

(il

e (@ aqueous KOH

Which one of the following deactivates benzene ring and is o/p-
directing?

@ —NH, () -OH () -OCHs (d) -Cl

Which one of the following compounds is expected to exhibit
geometrical isomerism.

(@) 1-butene (b) 2-butene (©) 2-m'ethyl propane

(d) 2-butyne

The overlapping of orbitals in benzene is of thé type of
(@) sp—sp (B) sp*—spio- .

(e). sp®=sp® (d s-s

When acetylene is treated with HBr, we get.

(@) Methyl bromide (b) Methyl chloride

(c) Ethyl bromide (d) Ethylené. bromide
The general formula of cycloalkanes is

(8} Cibtosiz = ¢ (b) CaHan

(€) CnHan,q (d) CnHzn-2

How many isomers are possible for C2HsO
(@ 2 (b) 4 (c) 8 d) 5

Dehydrohalogenation of alkylhalide is carried out in presence of

-(a)'-_Zn.dust__. (b) H2S04 (c) Alcoholic KOH
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(viii)

®

x)

(xi)

(xii)

(xiii)

(xiv)

2. Write short answers of the f'olldwlng questions.

(i)

The marsh gas mainly consists of
(@ CoHe () CHe (0 H.S  (d) SO
Ethene and Ethyne can be distinguished by
(@) Anh. ACls (b) Bryin CCly
(c) Cold. H2504 (d) AgNOsin NH,OH

The homolytic fission of C-C bond in ethane give an
intermediate in which “C” is hybiridized.

@ sp° (B s° (© sp (@ spd
Which one of the following compound has planar structure? |
(a) Alkane  (b) Alkene (c) Alkyne (d) Cycloalkane :

When carbon undergoes sp’ hybrldlzatlon then H-C-H boﬂd
angles are: -

 (a) 120° (b) 180 (@ 1095° (d) 1078

In the following reaction CgHg+Cl,—*=—C H,CI+HCI, whé!
type of reaction has taken? ‘
(a) Electrophilic substitution  (b) Electrophilic additio”
(c) Friedel-craft’s alkylation (d) Non of these

The
Nitrobenzene reacts with chlorine in presence of AICls:
product obtained is. _ _
(a) o-chloro nltrebqnzene' (b) m-chloronitrobenze"®

(c) p-chloro nitrobenzene () Al of them

omaﬁc

What is the difference between aliphatic and *
hydrocarbons? _
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What is meant by resonance?
How do you detect the unsaturation in Alkenes?

Why benzene is less reactive than ethene but more reactive
than ethane?

Why halogens are deactivating groups although they are
ortho/para directing?

Why. ethyne is less reactive towards electrophilic addition
reaction than ethene.

What is meant by chirality?

Why there are no geometrical isomers of but-1-ene
(1-butene)?

Why cyclopropane is more reactive than propane?
Differentiate between Homolytic and heterolytic fission.
Write down the resonance structure of benzene.

Write down the two reasons of meta-directing effect.

How can you distinguish 1-alkyne from other non-terminal
alkynes?

Why Lindlar's catalyst is used in hydrogenation of alkynes?

What is the main difference between tautomerism and
metamerism?

Long questions:

Describe the mechanism of chlorination of methane in detail.
(a) Explain the structure and reactivity of cycloalkanes.

(b) Mention at least four physical properties of alkynes.
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(a) What are hydrocarbons? How will you classify them?

Give an example of each class.

(b) Write down the physical properties of alkanes and cyg,
~ alkanes.

(a) Give methods of preparation of ethene from
(@) An alcohol (b) An alkylhalide
(b) Explain the refative stabilities of different alkenes.
(c) Startlng from alkene how would you prepare the followmg
' oompounds

(a) Vicinal dihalide (b) Alcohol

(c) Ozonide (d). Epox:de

(a) Descnbe any two methods of preparatuon of alkynes.
(b) Menhon at Ieast four physnoal propertles of alkynes
(a) Besonbe tho structure of benzene on the basis of MOT.

(@) How would you proparo the follo\mng compounds from

Benzeno‘?
i ('a-).A'c‘o'topheﬁon'o'- -.(b"‘)f '-'rTquor'io“
(b) Tnmtrobenzono () Bonzonesulphomc acid
(a) Describe mechanism of electrophilic subst'itut:on reaction I
benzene |

(b) Explain the  directive mon®
- Substituted benzene, ond aCtMtatmg effect in

Write notes on the following.

(a) Conjugation in alkenes
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- (b) Polymerization

(c) Resonance

(d) Structure of alkyne

Q.4 Names the following compounds.
CH,4 CH, CH,
i) ii) iii)
Chl 2> 4 CH,
CH,
OH | CHO NO,
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Q.5

Q.6

Draw the structural formula of the following compounds

(i)
(ii)
(i)
(iv)
(v)
(vi)
(vii)
(viii)

- (ix)

(xii)

Anthracene
Naphthalene

3- Phenyl pentane
Isobutylene
2,3,4-Trimethyl hexane
2,5-Heptadiene

2- Methyl-2-pentene
2-Hexyne ‘

3-He:£en -1-yne

2,2-Dimethyl butane :

Give IUPAC names to the following Hydrocarbons.

(i)
(if)

(i)

(iv)

(v)

CHa_'CH CH(CHz)a CHa
(CH3)4 ;

CHj (CH,), CI

C.H, 'eH3
CH, "GEC"GH(.G-"!@)z |
CH,CH, |

Ha = '
CHCH, C ¢ CH, . CH; CH (CH),

G SN
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OH

Br I
(vii)

(VIII) (CgHs); CH ] ‘F

TR,
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