Chemistry

CHAPTER 16
HYDROCARBONS
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After completing this lesson, you will be able to:

e Classifty hydrocarbons as ahphatic and aromatic

e Describe nomenclature of clkanes and cycloclkanes

e Describe the mechanism of free radical substitution in alkanes exemplified
methane and ethane

e Describe the structure and reachivity of alkenes as exemplified by ethane

e Describe what is meant by the term delocalized electrons in the context of the
benzene nng

e Descnbe addition reactions of benzene and methyl benzene

e Describe acidity of alkynes

QI. Define and explain different types of Hydrocarbons.

Answer
Definition

"Organic compounds which contain carbon and hydrogen only’ are called
nydrocaroons. -

The ability of carbon atoms to attach with each other to form @ chain or nng is called

Catenation.

Types of Hydrocarbons

Hydrocarbons have been divided into vanous classes on the basis of their structure as
shown below:
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Hydrocarbons
Open Chan or Acyclic Hydrocarbons Closed Chain or Cyclic Hvdrocarbons
Saturated Hydro- Unsaturated Alicychic Aromauc
carbons (Alkancs) | Hydrocarbons Hydrocarbons
CHi Mcthane l | (Cycloalkanes) ¢.8.. Benzene
Alkenes Alkenes FH\
H:.C=CH: CH=CH o C @
Ethene Ethyne l.‘, I-I:
Cﬂi‘ ,CH! C)FC'O' &nm
CH; hexane

Open Chain Hydrocarbons

The hydrocarbons in which carbon atoms attached with ecch other to form open are

chains are called open chain hydrocarbons.

Types:
1) Saturated Hydrocarbons (Alkanes or Paratfing)
2) Unsaturated hydrocarbons (Alkenes or Olefins) and (Alkynes or Acetylenes)

Explanation And examples

Chemistry

Saturated Unsaturated

These ore the hydrocarbons in which carbon

atoms are attached with each other through

single bonds. Each carbon atom is Sp-

hybndized. For example. Alkanes,

CH»—CH2z —CH2 - CHz2- CH:

pentene (Straight Chain)

These are the hydrocarbons in which ot least

two carbon atoms are attached through
double or inple bonds, ond are sp‘or sp

hybridized. For examples and alkynes.
(i) Alkene or Olefins:

These the
wO corbon atoms gre which cause 1o from @

hydrocarbons in which ot least

double the carbon otoms. Alkenes may

www.topstudyworld.com



www.topstudyworld.com Chemistry

CHz - CH~-CHz2~CHa be straight chain or branched chamn
|
CHa CHz = CH—CH; — CH; —CHs
| = pentene (straight choin|
2- Methyl Butane [(branched Chain) CH2=CH-=CH - CH3
No further atoms or group of gtoms can be |

attached to the carbon otoms of such CHs

hydrocarbons. This is why they are known Qs

3-MethyM-Bahe (Branched Chain

saturated hydrocarbons. 4 ( ’
(i) Alkynes or acetylene

These are the unsaturated hydrocorbons in
which at least two carbon atoms are sp
hybridized, which cause to form a inple bond
between these carbon gtoms, Alkynes may

be straight chain or branched chain

CH=C — CHz — CH—CHs

| -pentene (Straight Chain)
CH=C-~-C~CH- CH:

|
CH;

3 - Methyl - 1 - Butyne (Branched Chain)

Closed Chain Hydrocarbons:
These are the hydrocarbons in which carbon atoms attach with each other to form rings.
Types:

These hydrocarbons are of two types.
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1) Alicyclic Hydrocarbons. 2) Aromatic Hydrocarbons.

1) Alicyclic Hydrocarbons:

Non-benzenoid cyclic hydrocarbons are alicychc hydrocarbons.

CHz CH: CH:z
/ \ / \ /\
CHz - CH:2 CHz - CH: CH: - CHz
Cyclopropone | | | |
CH; - CH; CH, = CH;
cyclopentane cyclopentane
CH:2 CHa
/ \ / \
CH: CH: CHz2 CHa
| | I |
C = C CH2 CH2
Cyclopentane \ /
CH2
cyclohexane

Alicyclic hydrocarbons possess two hydrogen atoms less than their corresponding cpen
chain hydrocarbons.

2) Aromatic Hydrocarbons:
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Benzenoid cyclic hydrocarbons are known as aromatic hydrocarbons. In these
compounds all the carbon atoms present in the nng are spZhybrdized. Benzene, which
15 the simplest aromatic hydrocarbon, has a regular hexagonal structure with alternate

single or double bonds between carbon atoms.

H

|
C

/1 \
M=Cc C=H

H-C C-H

\\ / benzene

| CHs

/] \
H=E E=H

H=-C C-H

b % | toluene
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H
H H
| |
E C
/I'\ ] N\

H-C C C-H
0 | or
H-C C C-H

\\ /\ /] Naptholene

Alkanes and Cycloalkanes

Alkanes

Simplest organic molecules with only C and H atoms. Commercially important
as fuels and olls.

Nomenclature:
The |LU.P.A.C rules of naming alkanes are as:

) Locate the largest continuous chain of carbon ctoms independent of
direction of the choin. It is called main chain, stem, principal chain or parent

chain.
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C
|
C
Longest Chain |
(Horizontal)
Longest Chain
(Zig - Zag)

If there are two or more chains of equal lengths, the chain with larger number
of branches is selected as main chain.

C
| N
C-C-C C C
| ]
C-CcH{C-C-C-C
One branch Three branches
(Not main Chain) (main chain)

2) Number the main chain starting from the end nearest to the substituent.

C |
1] n
cHcl-¢ C-C}C
n n
C-CH{C-C-C-C | [c-c-c-c}c-c
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(Incorrect) (Correct)

3) When two identical substituents are present at equal distance from either end,
number the chain starting with end which gives their minimum sum.

cC C C
I ||
1 2 3 4 5 6
6 O 4 3 2 | ¢ (Correct)
Since the sum of number 2+ 3+ 5=10,1slessthan 2+ 4 + 5 =11, the cormrect

numbering starts from the right.
5) The position of substituent is indicoted by the number of e-atom to which it is
attached. The number is prefixed to the name of group separated by hyphen.
é6) Names of alkyl groups are wrntten before the name of parent hydrocarbon in
alphabetical order or in order of increasing size, separcted by hyphen.

CHa
l
C-C-C-C-C-C

I 2 3 4 S 6

CoHs
7) When two or more like groups are present, ther numbers are indicated by
prefixes di, tn-tetra-, etc. Ther numbers are grouped together and are

separated by commas.
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CHs CHs
| l
weemmr CoHs
6 S 43 |
2 C ~—eeee-CH3
|
I C

8) If two identical groups appear at the same c-atom, the number is separated

twice, separated by commas.

CHa

|
C-C-C-C-C
1 2 3 4 5

I
CHs

?) The longest chain of the substituent Is numbered starting with the attached

directly to the main choin. Parentheses are used to separate the numbenng of
the substituent and the main chain.
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3C
5-(1 - Methyl Propyle) - Decane

The structural formule and names for the simple alkanes are shown in the
following table.

Number of C Line Drawing Alkane Name
atoms

N/A methane

Propane

CHj3(CH2)2CHs

CaHio or Y d Butane
CHs[CHz2)sCHzs

l|

CsHiz or /\/\ Pentane
CH3[CHz)«CH:s
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CH3[CH2)«CHs

CiHis Or

Hepiane

CH3[CH3)sCH:s

CusHiws OF Octane

CH3[CHz)sCH3

CosHy Or Nonane

CH3[CHz),CHs3

Q2. Give physical properties of alkanes.

Answer

a) Methane to Butane is coloriess, odorless gases while pentane to heptadecane
(CS to CI 7) is coloress, odorless liquids. The higher members from C18 onwards
are waxy solids, which are also colorless and odoriess.

b) Alkanes are non-polar or very weakly polar and are insoluble in polar solvents
ke water, but soluble in non-polar solvents like benzene, ether, carbon tetro
chlonde, etc.

c) Their boiling points, melting points, density etc increacse with the increase In
number of carbon atoms, whereas solubility decreases with the increcse In
mass. The boiling points increases by 20 to 30°C for addition of each CH2 group
to the molecule. However, the bolling points of alkanes, having branched chain

structures are lower than

their isomeric normal chain glkanes, e.g. n-butane has a higher boiling point
S50C) then iso-butane -102°C).

Structure
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Alkanes care the simplest organic compounds, comprsed of only sp? hybndized
C and H gtoms connected by s bonds. They have a generic formulac of CnH2n+2
(a relationship that also defines the maximum number of hydrogen atoms that
can be present for a given number of C atoms). Structures of the simple Cl to
C4 alkanes are shown below in a varety of representations. As the number of C

atoms increases then other isomeric structures are possible

Methaone H
CHa |
(b.pt. = H-C-H
160°C ) I
-

Propane
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0.4°C))

Isomeric Alkanes:

The molecular formula for the Cl to C3 alkanes lead to single, unigue
structures. However, for C4H10, there are two possible constitutional isomers. It
Is important to be able to recognize isomers because there can have different

chemical, physical properties and biological properties. The constitutional
isomers of C4Hi0 are shown below along with scme properties:.

m.pt. = -139°C
b.pt. = -0.4°C
DH; = -125.6 KJ/mol
= (-30.0 Kcal/mol)
DHc = -2877 KJ/mol
(-687 kcal/mol)
iIsobutane m.pt. =-161°C
b.pt. = -10.2°C
DHr = -135.6 KJ/mol
= (-32.4 Kcal/mol)
DHc: = -2868 KJ/mol
(-685 kcal/mol)

CsHi2 has three possible constitutional isomers:
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n- pentane

Isopentane

neopentane

www.topstudyworld.com

b.pt. = 36.1°C

DHr = -147 KJ/mol

= (-35.1 Kcol/mol)

DHc = -350% KJ/mol

(-839% kcal/mol)

b.pt. = 30°C
DHt = -154.1 KJ/mol

= (-36.8 Kcal/mol)
DH. = -3502 KJ/mol

(-837 kcal/mol)

b.pt. = 9.5°C
DHr = -168.0 KJ/mol

= (-40.1 Kcol/mol)
DH: = -3493 KJ/mol

(-835 kcal/mol)

Chemistry
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l [ ] :[ ]

Q3. What is relative stability and reactivity?

Answer

Branched alkanes are more stable than linear alkanes, e.g. 2-methylpropane is

more stagble than n-butane.
Reactivity

The Alkanes or Paraffins are inert towards cacids, alkals, oxidizing and reducing
agents under normal conditions.

Explanation:

The unreactivity of Alkanes can be explained on the basis of ineruless of a 6
bond and non-polor C-H/C-C bonds.

i) Inertness of & bond

In ¢ © bond the electrons are very tightly held between the nuclei. A lot of
energy Is required to break it. Moreover, the electrons present in g ¢ bond can

neither gttack on any electrophile nor a nucleophile con attack on them,
Hence Alkanes less reactive. ,

i) Non-polar Bonds:

The electro negativity of carbon (2.5) ocnd hydrogen (2. |) do not differ
appreciably and the bonding electrons between C-H and C-C are equally
shared making them almost nonOpolar. In view of this, the ionic reagents such
as acids. alkalis, oxidizing agents, etc find no reaction in the alkane molecules
to which they could be attached. However, under suitable condition, Alkanes
give two types of reactions.

i) Thermal and Catalytic Reactions
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i) Substituted Reactions.

These reactions take place at high temperature or on absorption of light energy
through the tormation of highly reactive free radicals.

i) Cycloalkanes

Another type of molecule containing only sp? hybndized C and H atoms
connected by s bonds is possible with a ring of 3 or more C atoms. These are the
cycloalkcnes which are foirly common in the world of organic chemistry, both

man-made and nctural.
1) Nomenclature:

According to IUPAC system, cyclo alkanes with one ring are named by prefixing
cyclo to the name of the comrresponding alkane having the some number of

carbon gtoms as the nng, e.g..

/AN Cd

Cyclo Cyclo Cyclo
Propane Butane pentane

The substituents are numbered In such a way that the sum of numbers is kept

minimum, e.g.,

‘ CH
Cit, CH, CH, | ’

A U CHz3
Methyl 1.2 — dimethyl 1,3 -dimethyl cyclo
Cyclo propane cyclo butane hexane

(not 1.4 - dimethyl....) (Not 1,5 - dimethyl ...... )
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If the alicyclic hydrocarbon is unsaturated, the rules applied to alkenes (for
double bond) or alkynes (for inple bond) are vsed, e.g.

(] @ <

Cyclo penience Cyclo hexane 1.3-Cyclo
-1, 4 — diene hexadine

Multiple bonds are given the lowest possible number.
2) Physical Properties:

Like alkcnes, the low polanty of all the bonds in cycloalkanes means that the
only intermolecular forces between molecules of cycloclkanes are the very
weak induced dipole - induced dipole forces, also known as Landon forces
which are easily overcome. As a result, compared to other functional groups,
but like alkanes, cycloalkanes tend to have low melting and boiling points.

3) Structure:

They have a genernc formulc of CrHan, (note: there 2 less H atoms compared to

the analogous alkane).
The C3 to Cé cycloalkanes are shown below in a variety of representations.

Cyclopropane

Cyclobutane

Cyclopentane
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Cyclohexane

4) Reactivity:

Very similar reactivity to the closely related alkones which have the same types

of bonds.

Since C and H atoms have very similar electronegativities, both the C-H and C-

C bonds are non-polar.

As aresult, cycloalkanes, like alkanes, are not a very reactive functional group.

Q4. Give mechanism of free radical reactions.

Answer
Interesting Information:

When reaction mechanisms are being descrnbed, a ‘curly arrow’ is sometimes
used to show the movement of a parr of electrons. The beginning of the arrow
shows where the electron parr starts from and the arrow head shows where the

par ends up. Figure 16.1 shows an example.

H H
TN |
»
Br- *C H Br C _H
I I
H H
Figure 16.)
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The arows ¢ pair of electrons moving from the Br-ion to the region between the
bromine and the carbon, were it forms a covalent bond between the ctoms.
The same reaction 15 shown again below, with all the bonding electrons
indicated.

’ H H

o2’ ®x T i
°.B.f{\<3=“ Br X C:H

H H

Figure 16.2

A half-crow is used to show the movement of g single electron in reactions
involving free radicals. The beginning of the arow shows where the single
electron starts from and the half-arrow head shows where it ends up. For

example, the reaction

H 1= €l » H-CI Cl

wovuld be shown as

/\/\/\

Cl—Cl—— H—Cl c’

This is shown again below, with all the bonding electrons indicated.

x//\\JC:\»/T:P ve XX -
. Cl ¢ CIl— H: CIS "Sl:

L B J X X

Figure 16.3 summanzes the way curly arrows cnd haolf-cmrows are used.
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/\

Curly ammrows show the movement of an electron par
Eleciron\

Pow starts ... finished here

Here......

Curly half arrows show the movement of a single.
Unpaired electron

Eleclron\

Pair starts ..... inished here

The mechanism for the bromination of methane is shown below, but the
mechanism for chlonnation or higher alkanes is the same. Note that it contains

three distinct types of steps, depending on the net change in the number of
radicals that are present.

RADICAL CHAIN

MECHANISM

FOR REACTION OF
METHANE WITH Br2

Step 1 (Initiation)
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Heat or uv light cause the weak =/
halogen bond to undergo homolytic
cleavage to generate two bromine
radicals and starting the chain process.

Step 2 (Propagation)
(a)A bromine radicaol abstracts ¢ hydrogen to form HBr and @ methyl redical, then
(b)The methyl radical abstracts a bromine atom from another molecule of Br2 to form

the methyl bromine product and another bromine radical, which can
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Step 3 (Termination)

Various reactions between the possible YA
| | | CH, CHy — CECh
pairs of radicals allow for the formation of
ethane, Br; or the product, methyl Be! V Dpe. > :Br—DPr:
bromide. These reactions remove radicals ) N o
. - m N s
and do not perpetucte the cycle : Be ‘CHy —> :BIr—CH,

Q5. Give oxidation and reduction reactions of organic compounds.

Answer

Oxidation, [O], and reduction, [R], are opposites and both must occur

simultaneously, hence redox reactions.

Organic chemists will normally describe a reaction as cither oxidation or

reduction depending on the fate of the major organic component.

Oxidation

e more C-O bonds (or other atoms more electronegative than C)
o less C-H bonds
e |oss of electrons

o increased oxidation state, e.g. +1 to +3 (see below)

Reduction

more C-H bonds

less C-O bonds (or other atoms more electronegative than C)

gain of electrons decreased oxidation state, e.g. +1 to -l (see below)
Alkene

Nomenclature:
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IUPAC system for naming Alkenes are as:

1) The longest continuous chain containing double bond is selected as parent

chain.
C C
| |
C
| I
C-C C-C
The parent chain Longest chain with
Containing double no double bond
Bond (cormrect) (iIncormrect)

2) The ending ‘ane’ 1s replaced by ‘ene’.

3) The chamin is numbered In such a manner as to give minmum number to the
doubly bonded C-atoms.

C C
| |
C-C-C=C
1 2 3| 4 4 3 2| 1
C C
(iIncormect) (cormrect)

4) The position of double bond is indicated by the lower number of C-atom.

& C
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4 3] 2 4 3| 2
C-C-C=C
| |
C C
2 - ene (incorrect) | —ene (cormrect)

5) The lower number of C-atom is placed before the name of parent alkene.

8) The presence of more than double bond is indicated by the suffix -diene for two

double bonds, for three double bonds and so on.

7) Alkyl Coups are indicated by the methods mentioned in alkane.
C
3] 2 1
C-C-C=C
|
C - C

2 - ethyl -3 -methyl- 1 - butene

Q6. Give Structure of alkanes.

Answer

The carbon agtoms linked through n-bon d are sp2 hybridized. Therefore. each
atom camies three sp2-hybrids and one p-orbital. The p-orbital overigp to form x-
bond and hybrnd orbitals form a-bonds due to linear overlap.
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foserlap pl
p-orbitaly)

(sp -hnbnidiacd
. 'nll“n,}

The corbon-carbon distance in ethane 1s shorter ( | .34A) than the C-C bond
distance of ethane (I .54A). It 1s due to incregsec electron density between

carbon atoms.

N e

Carbon atoms are coplanar, and the rotation of one e-atom with respect to other

| douhie bond

IS restricted which results In ¢ 1s-trans isomensm in alkene.

Q7. Give preparation of alkenes.

1) Dehydration of Alcohols
Removal of water molecule is called dehydration.

Example

when vapors of alcohol are passed over heated aluming, dehydration takes

place with the formation of clkene.

Al, 05
R=CH2.CH2 ™ R-CH=CHz+HO

| 340 - 450°C

www.topstudyworld.com



www.topstudyworld.com Chemistry

OH

Alcohol Alkene

P4O10. H2SO4, HiPO4 are also used for dehydration. The ease of dehydration of
vanous alcohols is in the order.

Ter.alcohol > sec.alcohol > pn.clcohol

Example:

() Primary Alcohol:

75% H,S0,4
R-CHz.-CHz = R-CH=CHz+ Hz0O

|

OH  140-170°C

Pnmary Alcohol

(ii) Secondary Alcohol:

600/0 H2504
R-CH;2-CH-CH3; =™ R-CH=CH-CHs+H0O

|
OH  100°C

Secondary Alcohol

(i)
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CHs

20 % H,S50,
R-C=-0OH ——— R-C=CH; + HO

| 85% |

CHs CHa

Tertiary Alcohol

2) Dehydrohalogenation of Alkyl Halides

Removal of hydrogen halide (HX) from alky haldes 1 called

Dehydrohalogenation”
Example

Alkyl halides on heating with alcoholic potassium hydroxide undergo
Dehydrohalogenation to form clkenes.

Alc KOH

R-CH;-CHz—— R-CH=CHz+ KX + H:0O

Alcohol

H.C - CHQ- KOH —— H2C = CH2 KBr + HQO

| | Ethene
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Alcohol

HiC —CHz-CHz-Br + KOH —— H3C CH = CHz + KBr + H20O

I I Propene

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

Q8. Give diffractions of alkanes.

Answer
1) Hydrogenation

A process in which a molecule of hydrogen is cdded to an akene Is in the
presence of g catalyst and at moderate pressure (I-5atm) to give a saturcted

compound is known as catalytic hydrogenation.

Explanation

It 1s a highly exothermic process and the amount of heat evolved when one mole
of an alkene is hydrogenated is called Heat of Hydrogenation. The heat of
hydrogenation of most alkene is about 120kJmole-l for each double bond present

N a molecule. The catalysts employed are Pt, Pd and Raney Nickel.
Raney Nickel

It is prepared by treating a Ni — Al alloy with caustic soda.

Ni— Al + NaOH + H;Or » Ni + NGAIO; + 3/2 H2

Nt

HiC - CH-CH = CHz + H; — s HiC -CH-CH; - CHs

3- Methyl - 1 - butane 150 Pentane
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+ 3H2 _—_— .

Benzene Cyclohexane

Catalytic hydrogenation of alkenes is used in the laboratory as well as in industry.
In iIndustry, it is used for the manufacture of vegetable ghee from vegetable oils.

In the laboratory. it is used as a synthetic as well as an analytical tool.

2) Hydrohalogenation
Alkenes react with agueous solution of halogen acid to form alkyl halides.
R-—CH=CHz2+HX" * RCH - CHzs

|
X

H2C = CH2 + HCI » HiC - CH:2

Cl
The order of reactivity of halogen acids is HI>HBr>HCI
Mechanism of Reaction:

The addition of a hydrogen halide to an alkene takes place in two steps. Alkene

accepts the proton of hydrogen halide to form a carbocation.
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H H H H
\ / \
C=C + H=X ¥ C-C=-H+X-
/ \ / |
H H H H
(Carbocation)

The carbocahon then reacts with the halide ion.

H H H H
N/ AU
C+-C - H=-X > X-C-C-H
/ \ / |
H H H H

Markownikov's Rule:

The addition of hydrogen halide over an unsymmetrnical alkene is according to
Markownikov's Rule. Which states that. in the cddition of an unsymmetrical
reagent to an unsymmetncal alkkene, the negative part of the adding reagent
goes to that carbon, consisting the double bond, which has least number of

hydrogen atomes.

Example
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sC - CH - CHz
HsC | |
AN
H3C Br
/ C =CHz+ HBr = 1- Bromo - 2 - methylpropane
(not formed)
HaC CHs
|
H3C - C = CH3
|
Br
2- Bromo - 2 - methylpropane
(Actual product - According
o
Maorkownikov's Rule)
3) Hydration

Addition of water is called hydration. Some reactive alkenes react with water in

the presence of suitcble substances as acid etc. to form clcohol. It is possible as
alkenes are soluble cold concentrated sulfunc ccid. They react by addifion to

form alkyl hydrogen sulphate.

H H O

/ | |
C=C + H-0O-S - OH » HiC - CH; -0 - SO+H

/ \ | |
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These alkyl hydrogen sulphates on boiing with water decompose to give
corresponding alcohols.

100%C

M;C = CHz = O =S0O3H + H0O

HaC = CHz = OH = H:50,
4) Halogenation

The alkenes react with halogen in an inert solvent like carbon tetrachloride ¢t

room temperature to give vicinaldihalides or 1,2 dihalogenated products.

H H H H
\ / | |
C=C + X2 B H- C - C-H
/ I |
H H X X

(Vicinal dihalide)

Br, and Cl, are effective electrophilic reagents. Fluornne is too reactive to control
the reaction. lodine does not react.

Mechanism

a) A bromine molecule becomes polarzed as it gpproaches the alkene. This

polarnzed bromine molecule transfers a positive bromine atom to the alkene
resulting in the formation of c bromonium ion.
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N/ 7>

C=C + Bré*-Br* > H2C-CH:2 +Br
/ \ \ /
H H Br

Bromonium ion
b) The nucleophilic bromide ion then attacks on the carbon of the bromonium ions
to form Vic. Dibromide and the color of bromine is discharged.

HC -CHz +BR-

Br H

Bromonium ion 1,2 - Dibromethone

This test is cpplied for the detection of double bond in a molecule.

5) Halohydration
Addition of hypohalous acid (HOX) is called halohydration.

Alkenes react with hypohalous acid to give Halohydrin: In this reaction, molecules
of the solvent become reactants too.
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H H H H

N\ / |

C=C + X2+H20 »H-C-C~-H+H- X

/ \ .
H H X OH
X, = Cl or Br (Halohydrnn)

é6) Epoxidation

It is the formation of epoxides. Peracids such ¢s per oxyacetic acid or peroxy
benzoic acid react with alkenes to form epoxides.

O
| |

CHCLy

CHi=CH=CH2+CHs-C-0-0-H CH3s=CH = CH2 + CsHs COOH

N/

0.5°C
O

(Epoxy propane) Benzoic
Acid
7) Ozonolysis

Ozone (Os) reacts vigorously with aclkenes to fom unstable molozonide. It

rearranges spontaneously to form an ozonide.

H H H O H

. \/ \/
CH2=CH2 + O3 - H-C-C-H —_— ¢

/[ \ 3 I
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O O HO-OH
\ /
@
Molozonide (unstable) Ozonide

Reduction Ozonide:

Ozonides are unstable compounds and are reduced dirrectly on treatment with

znc and H20. The reduchion produces carbonyl compounds (cldehydes or

ketones).

H O H H
N\ I
C C + 2HO » 2H-C =0 +2H20:
/1 |\

HO-OH Formaldehyde

H202 +ZIn - » InO + H:0

Ozonolysis is used to locate the position of double bond in an alkene. The C-gtom
of double bond is changed to group.

8) Polymerization

Polymerization is a process in which a small organic molecules which are called
monomers combine together to form larger molecules. The substances so

produced are called polymers.
Ethene polymerizes to polythene at 400 °C at a pressure of 100 atm.

400,C
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NCH; = CH; =2 (_CH2.CH2_) n_
Pressure = 100 atm Polythene
Traces of O2(0.1%) (Polyethylene)

A good quality polythene 1S obtained when ethane is. polymenzed in the
presence of aluminium tnethyl Al(C;Hs) and titanium tetrachlonde (TICly).

Interesting Information

Examples of natural and synthetic polymers

Polymer Monomer where you find it
Natural protein ammo acids wool, sik, etc.
storch glucose potato, wheaot, etc
cellulose glucose paper, wood, dietary fibre
DNA nucleotides chromosomes, genes
Synthetic poly (ethane) ethane bags, washing-up bowils, elc.
poly (chloroethene) (PVC) chloroethene fabric coctings, electncal
poly (phenylethene) phenylethene Insvlation
(polystyrene) toys, expanded polystyrene
Polyster ehthane-l.2- diol and benzene- skirts, shirts, trousers

| ,2dicarboxylic acid
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Q9. What is conjugation?

Answer

The word "conjugation’ is denved from @ Latin word that means "to link together’,
In organic chemistry, it is used to descrnibe the situation that occurs when p systems

are "linked together.

e An'isolated’ p system exists only between a single pair of adjacent atoms (e.g.
C=C)

e AN '"extended' p system exists over a longer series of atoms (e.g. C=C-C=C or
C=CC=0 efc..

e An extended p system results in an extension of the chemical reac fivity.

e The fundamental requirement for the existence of a conugoted system is
revealed if one considers the orbital involved in the bonding within the system.

e A conjugated system requires that there is a continuous amrray of "p" orbitals
that can align to produce a bonding overlcp along the whole system.

o If g position in the chain does not provide @ "p" orbital or if geometry prevents

the comrect alignment, then the conjugation is broken at that point.

e You caninvestigate these differences by studying the following examples, pay

particular attention o the "p" orbitals:
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-
1.2 - propadiene cumulated
(allene)

1.3 - butadiene conjugated

1.3 - pentadiene ' conjugated

1, 4 - pentadiene solated

1.3 - cyclopentadiene A &8 conjugated

1.3 - cyclohexadiene Conugated
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1,4 - cyclohexcdiene Isolated

Benzene

Conugated

The result of conjugation is that there are extra p bonding interactions between

the adjacent p systems that results in an overall stabilization of the system.

Q10. What is isomerism? Explain with examples.

Answer

Compounds that hove the same moleculer formulc but different chemical

structures are called isomers and the phenomenon IS called isomensm

Since isomers have the same molecular formulo, the difference in their properties
must be due to different modes of combination or arrangement of atoms within

the molecule. There are two main types of isomerism:

(1) Structural Isomensm (2) Stereocisomernsm

Structure Isomerism: When the isomensm is due to difference in the arrangement
of atoms within the molecule, without any reference to space, the phenomenon

IS called Structural Isomerism. In other words, iIsomers are compounds that have
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the same molecular formulo but different structural formulas. Structural isomerism
s of five types:

1) Chainisomensm

ii) Position isomernism

i) Functional iIsomerism
iv) Metamersm

v) Tautomernsm

Stereoisomerism: When isomerism is coused by the ditfferent arrangements of
atoms or groups in space, the phenomenon is cglled Stereoisomensm. The
stereocisomers have the same structural formulas but differ in arangement of
atoms In space. In other words, stereocisomer 15 exhibited by such compounds

which have the same structural formula but differ in configuration, (The term
configuration refers to the three-dimensioncl amangement of atoms thot
characterizes ¢ particular compound). Stereocisomer is of two types:

(a) Geometrical or Cis-Trans Isomerism (b) Optical Isomerism

1) Chiral Center:
First, we will discuss plane of symmetry which help us to understand this topic.
Plane of Symmetry

A plane which divides an object into two symmetncal halves, is said to be plane
of symmetry. For example, a person or a hat has a plane of symmetry (Fig. a
person’s hand or gloves lack plane of symmetry.

An object lacking a plane of symmetry 15 called dissymmetnc or Chiral

([oronounced as Ki-ral). A symmetrnic object is referred to as Achiral.
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Fig.16.4 Planes of Symmetry

A dissymmeltnc object cannot be supenmposed on ifs miuror mage. A left hand
for example does not possess a plane of syymmetry, and its miror image is not
another left hand but a right hand (Fig.). The two are not identical because they
cannot be supenmposed. It we were to lay one hand on top- of the other, the

fingers and the thumb would clash.
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Fig. 16.5 The mimor image relgtionship of the leit hands, notice that nght handg i1s

the mirror image o1 the lett hand.

Fig 16.6 Chiral objects

Achiral molecule has at least one asymmetnc center ond adoes not have a plane

of symmeftry.
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Fig 16.7 Achiral objects

An achiral molecule has a plane of symmetry

Carbon-Based Chiral Centers:

A carbon atom which s bonded to four ditferent groups is called an Asymmetric

Carbon Atom.

Examples are:

Asymmelnc Asymmelnc

carbon @ (JD carbon (’6;@
@@_c CH CH;D w—c -0

CH,OH

The term asymmetnc corbon atom i1s rgther mislecding. It only means that o
carbon atom 1s bonded to four different groups and that a molecule ot this type
lacks plane of symmetry. Such a molecule 1s called asymmetnc (Latin a = without),
that 15, withou!t symmetry. Presently the term Dissymmetnc or Chiral Molecules 1s

often for asymmeitnc molecules.

Optical Activity:
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Light from ordinary electric lamp is composed of waves vibrating in many &
different planes. When it is passed through Nicol prism (made of calcite, CaC03)
or Polaroid lens, light is found to vibrate in only one plane, and is said to be plane-
polarized or simply polarized. The diagrams illustrate the vibrations of erdinary and
polanzed hght from a beam propagated perpendicularly to the plane or paper.
Solutions of some organic compounds have the ability to rotate the plane of
polanzed light. These compounds are said to be Optically Active. This property of
a compound is called Optical Activity.

Optical activity in @ compound is detected ond mecsured by means of a
Polarimeter. When a solution of a known concentration of an opftically active
matenal s placed in the polarmeter, the beam of polcrzed light is rotcted
through a certain number of degrees. either to the right (clockwise) or to the left
(antic-clockwise). The compound which rotates the plane of polanzed light to the
nght (clockwise) is scid to be Dextrorotatory. It i1s indiYcated by the sign (+). The
compound which rotates the plane of polanzed light to the left ([anticlockwise) is
said to Levorotatory. It s indicated by the sign G). The magnitude of rotation In
degrees is refemred to as observed rotation, alphc, Fig shows the part of
polanmeter.

Fig.16.8 A simple polarimeter in operation

4) Optical Isomerism
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An opftically active compound can exist in two isomeric forms which rotate the
plane polanzed light in opposite directions. These are called Optical Isomers and
the phenomenon is known gs Optical Isomerism.

The isomer which rotates the plane of polarnzed light to the nght (clockwise
direction) is known as Dextrorotatory Isomer or (+) isomer. The isomer whichrotates
the plane of polcrized light to the left (anticlockwise direction) is known as the

Laevorotatory Isomer or (-) isomer,
Optical Isomerism of Lactic Acid

Lactic acid (2-Hydroxypropaoic acid) is an example of a compound which shows

opftical isomernsm. It contains one asymmetnc carbon atom.
OH
|
CH3z -C -COOH
|

H

Lactic Acid. The Asymmetric carbon is shown by an asterisk.

Two three dimensional structures are possible for Lactic acid

These structures are not identical because they connot be supernmposed on
each other, On the mirror image of the other, such non-supenmposable mirror
image forms are optical isomers and called enantiomers. Thus, three forms of
lactic acid are known. Two are optically active and this is optically inactive.

(+) Lactic Acid: it rotates the plane of polanzed light to the right (clockwise
direchion) 1s called dextrorotatory.
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(-) Lactic Acid: it rotates the plane of polanzed light to the left (anticlockwise
direction) is called laevorotatory. (-) Lactic acid is the mirror image of (+) lactic
acid and vice versa.

(%) Lactic Acid: it does not rotate the plane of polanzed light. That is, it is optically
inactive. It 1s an equimolar mixture of (+) and (-) forms (racemic mixture).

OH OH
| |
7 [BN
/ \ /
HOOC CHs H H CH: COOH
Mirror
COOH COOH
| | Equimoler mixture of
HO-C-H H-C-0OH (+) and (-) forms

I | (racemeric mixture)
CHz CHa

(+) Acid (-) Acid (+) Acid

Mp = 26°C mp = 26°C mp = 18°C

Optically Active Optically inactive

Opftical Isomerism of Tartaric Acid
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Tartonc acid (2,3-Dihydroxybutuiedioic acid) contains two asymmetnc carbon

atoms.
OH
I
H-C-COOH Tartaric acid. The two asymmeltric
| carbons are shown by asterisks.
H-C-COOH
|
OH

Four forms of Eid are known. Two of them are opfically active and two are
optically inactive. The optically active forms related to as an object to its miror
image. That is, they are enantiomers.

Mirror
COOH COOH COOH
I | I
H-C~-COOH HO-C-H H-C-0H Equmolor mixture of
| | o (+) ond ()
forms H -C-COOH H-C-OH H-C-
OH (Racemic Mixure)
| | |
COOH COOH COOH
(+) Acid (- )Acid mMono acid (+) Acid
Mp=170C mp=170C mp = 143 C mp = 206 C
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(+)Tanar'c Add; it rotates the plane of polanzed light to the left (anticlockwise
direction is called laevorotaory. (-) Lachic acid is mirror of (#) Lactic acid and vice

versa.

(-) Tartaric Acid: it rotates the plane of polanzed light to the nght (clockwise
direction) is called dextrorotatory.

(%) Tartaric Acid: it does not rotcte the plone of polarized light. That is, it is optically

inactive. It is an equimolcr mixture of (+) and (-) forms (racemic mixture).

Q11. What is stereocisomerism (Geometric isomerism)?

Answer

Its definition has been given in the start of this topic i.e. 16.6.0. it is of two types:

1) Optical somensm (already discussed in sections 16.6.3 and 16.6.4)
2) Geometric or Cis-frans Isomerism

Its explonation is given below

Geometrical Isomerism

Geometrical isomensm (also called cis-trans isomerism) results from a restriction in

rotation about double bonds, or about single bonds in cyclic compounds.

i) Geometrical Isomerism in Alkenes

The carbon atoms of the carbon-carbon double bond are sp? hybndized. The
carbon-carbon double bond consists of a sigma bond and a pi bond. The sigma
bond is formed by the overlap of sp? hybrnd orbitals, the pi bond is formed by the
overap of p orbitals. The presence of the pi bond locks eh molecule in one

position. The two carbon atoms of the C=C bond and the four atoms that are
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attached to them e in one plane and their position in spoce ore fixed, Rotation
around the C=C bond is the possible because rotation would breck the p1 bond.

’ ( H H H M ~
r‘ﬁ c : : C C ':—.--: c 5 ‘l' o~
/ \ / \ - ! l
) '/ . H/ H e M L{’/
- .“

) M i H.... ’
"/gg\ H = M B@H

Rotation about p1 bond is not possible because it would break the p1 bond

This restnction of rotation about the carbon-carbon double bond is responsible for
the geometrical isomensm in alkenes. A popular analogy for this situation is based
vpon two bonds and two nails. Dnving one nail through two boards will not
prevent free rotation of the two bonds. But once a second nail used, the boords

cannot be freely rotated.

Free rotation is
nol possible

Free rotation
IS possible
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Consider the case of 2-butene. It exists in two special arangements:

H,.C

C i
. C C C
H S —— ~N M M N \CH
3
HJC\C - CHJ HJC\ H
" ot 01 H and AC= C:
| H CH 3
cis-2-Bulene lrans-2-Butene
(bp 47C) (bp 1°C)

These two compounds are refered to as geometrical isomers cnd are
distinguished from each other by the terms cis and trans. The cis iIsomer is one in
which two similar groups cre on the same side of the double bond. The frans
iIsomer is that in which two similar groups are on the opposite sides of double bond.
Consequently, this type of isomernism is often called cis-trans isomers, Geometrical
isomers are stereoisomer, because they have the same structural formula but
different special amangement of atoms.

The conversion of cis-isomer into trans-iIsomer or vice versa is possible only if either
isomer is heated to a high temperature or absorbs light. The heat supplies the
energy (about 62 Kcal/mole) to break the pi bond so that rotation about sigma
bond becomes possible. Upon cooling, the reformation of the pi bond can take
place in two way giving mixture of tarns-2-butene plus cis-2-butene.
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" e Py Heat | i \O H \O
I Reform 1 Relorm
H M CH
~ H 3
,C=c _cmcl
CH, CH, CH, NH
Cis lrans

The trans isomers are more stable than the comesponding cis isomers, This 1S
because, In cis isomer, the bulky groups are on the same side of the double bond.
The stearic repulsion of groups makes the cis isomers less stable than the isomer in
which the bulky groups are far (they are on the opposite sides of the double
bond).

The geomertrical isomers have different physical and chemical properties. They
can be separated by conventional isomers hove different physical techniques

like fractional distillation, gas chromatogrephy etc.

All alkenes do not show geometrnical isomensm. Geometncal isomernsm is possible
only when each double bonded carbon atoms is attached to two different atoms

or groups. The following examples illustrcte this condition for the existence of

geometnical isomers.

Example 1. Consider the case of Propene

No geometncal somers are possible for propene (CHizCH=.;). This is because one

of double bonded carbons has two identical groups (H atoms) attached to it.
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idenlicol atoms/groups
on the san.e carbon

N - C/
H™ H
Propene

Example 2. Consider the case of 3-Hexene

Geometncal isomers are possible or 3-hexene (CHiCH:XCH=CHCHCH), This is
because each double bonded carbon atom is gttached to two different YOUPS
(CHCH and H). the cis and trans isomers of 3-hexene shown below:

some side
H\c= C/H
C'-'3CH2/ \CHQCH3

cis-J-Hexene

Example 3. Consider the case of Butenedioic acid.

Geomeltrnical isomers are possible for butenedioic acid (HOOC-CH=CH-COOH).
This because each double bonded carbon atoms ahs two different groups

attached to it (H «ancd COQOH,).
H COOH H COOH
X L
C C
| | | |
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/ \ [\
HOOC H H COOH
Trans- Butenedioic ocCic cis- Butenedioic ACiC
(fumaric acid) (Maleic Acid)
mp 130°C mp 288°C

2) Geometrical Isomerism in Cyclic Compounds

Geometrical isomerism 1S also possible in cyclic compounds. There can be no
rotation cbout carbon-carbon single bonds forming a nng becaouse rotation
wovuld break the bonds and break nng. For example, 1,2-dimethylcyclopropane

exists In two isomerc forms.

CH3 CH3
CH, H
H CH,
CiS trans

In cis-l ,2-dimethylcyclopropane the two methyl groups are on the same side of
nng. In 1,2-dmethyicyclopropane, they are on sides. A requirement for
geometrical isomerism in cyclhic compounds s that there must be at lean two
other groups beside hydrogen on the ring and these must be on different nng
carbon atoms. Fr example, no geometrncal isomers possible for 1,1-

dmethylcyclopropane.

No geomelrical CH, Geomelncal
Isomers are. Isomers are
possible for T g CH / possible for

this compound CH, this compound

CH3 H
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Q12. Define and explain structural isomerism.

Answer

In structural Isomersm the isomers have the same molecular formula but differ in
structural formulag, thatis, in the order in which the different atoms are linked in the

molecule. Structural isomensm if of five types:.
1) Chain Isomerism

Chain isomers have the same molecular formulc but differ in order in which the

carbon atoms are bonded to each other.

Example 1. n-Butane and Isobutane

CHs

|

CH3=CH2-CH-CH:s CHs=CH ~CHa
n-Butane Isobutane
Example 2. 2-Methylbutane and 2,2-Dimethylpropane
CHs

|
CHz - CHz- CH - CH3 CH3z - CH-CHzs
2 — Methylbutane Isobutane

2) Position Isomerism

Position isomers have the saome moleculor formula but different in the position of
a functional group on the carbon chain.
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Example 1. |-Bromobutane and 2-Bromobutane

CHCH2CH2CH:ZBr

| -Bromobutane

Example 2. n-Propyl alcohol and Isopropyl! alcohol

CHz - CH2 -CH20H
n-Propyl clcohol
Example 3. I-Butene and 2-Butene
CHyCHxCH=CH:

-8utene

Example 4. 2-Pentanone and 3-Pentanone

O

||
CHy = C = CH2CH:CHj

2- Pentanone

3) Functional Isomerism

Br

|
CHsCHCHCHs

2-Bromobutane

OH

Isopropyl alcohol

CH3CH = CHCH:

2-Butene

O

| |
CHiCH; = C = CH2CH3
3 Pentanone

CHs-CH-CHas

Chemistry

Functional isomers have the same molecular formula but different functional

groups.
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Example 1. Acetone and Propionaldehyde

O O
| | |
CH3-C - CHs CHi:CH2-C - H
Acetone Propionaldehyde

Example 2: Acetic acid and Methyl formate

O O
| | | |
CH3-C - OH H-C-OCHs
Acelic acid Methyl formate

4) Metamerism

This type of isomensm is due to the unequal distnbution of carbon atoms on either

side of the functional group. Members belong to the same homologous series.
Example 1. Diethyl ether and Methyl propyl ether
CH3CHz - O — CH2CHj3 CH3 - O - CHzCHzCHz3
Diethyl ether Methyl propyl ether

Example 2. Diethylamine and Methylpropylamine

CHiCH2 - O - CH2CHs CHiCH2CH2 = NH - CHs

Diethylamine Methylpropylamine

5) Tautomerism
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A type of isomerism in which a compound exists simultaneously in two forms in
equilibrium with one another e.g. H-C= H-N=C. it involves the shifting of position of
hydrogen atom. This type of hydrogen ctom is known as "mobile” hydrogen.

O OH
I |
CHi3 - C - CH2CO2C:Hs — CH3-C=H—CO2C2Hs
Keto-Form Enol-Form

Alkynes

Nomenclature:

IUPAC System:

) The parent hydrocarbon is the continuous chain containing triple bond.

2) The ending 'ane’ of the alkone is charged by _yne.

C C
| |
- C - CEC C-C-C =
| I
C-C
(longest chain without (chain with triple bond-
Inple bond- Not main chain) main chain)

3) The main chainis numbered starting from the terminal carbon nearer to the triple

bond.
C C
4 3 2 1 |
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a)

5)

| 1 2 3| 4
Cc-C C-C
(comrect) (incomrect)

Inple bond is given the number of the lower carbon atom attached to triple bond

separated by hyphen.

If two or more friple bonds are there in the molecule, use the prefixes di-, tri-, etc.
6) Alkyl groups are indicated by the methods descrnbed while ncming alkanes.

Naming of Molecules Containing Both the Double and Triple Bonds:

l) The suffix ‘'ene’ is used to denote the presence of Double bond the suffix —yne to

4)

S)

denote the presence of tnple bond.

The suffix —ene’ always precedes —'yne' In the name of compound, even when
the double bond i1s assigned the lorge number.

The position number for the double bond is placed before the name of poarent
nydrocarbon.

The position number of tnple bond is placec between —'ene’ and —'yne’,
If same number would result from each terminal, the double bond is given the
lower possible number. e.q,

l 2 3 4 S

CH; =CH - CH2 - C CH

| - Pentene - 4 - yne

Activity
Give the IUPAC name of the following:

a) CHsCH2C =CH

D) CHEC-CECH

c) CH2=CH=C=C

d) CH=-C=-CH=C=CH-CHs;
e) CH:=CH2~-C = C - CH> - CHa=
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Relative Stability

Alkynes are more stable as compared to clkenes due to the presence of extro pi-
bond. That is why alkynes are less reactive thon alkene. This can be supported if

we compare thermodynamic data of alkynes and alkenes, i.e.
OH of I-Hexyne = 290 kj/mol while

OH of IHexene = 126 kj/mol.

Q13. Give structure of alkynes.

Answer

The two carbons of acetylene (alkyne) are sp-hybndized. They are linked by o
sigma bond due to sp-sp orbitals overlap. The unhybridized two p-orbitals on one
carbon overlap with two p-orbitals on other carbon to form two pr-bonds. The
cloud pf pi- electrons i1s present cylindncally about the carbon-carbon sigma-
pong.

(Ovbial Drawing of HC = Cl)

Rotation about carbon-carbon sigma bond does not cause any change In
energy and electron density. It is @ inear molecule, and hence geometncal

isomer is not observed in it.

Physical Properties Alkynes.
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In general, alkynes are non-polar and are insoluble in water but soluble In non-

polar organic solvents.

Q14. Preparation of Alkynes by Elimination Reactions.

Answer

Alkynes can be prepared by the following methods:

i) Eimination reaction (ii) Alkylation of sodium acetylide.
But we discuss here only elimination reactions

i) Elimination of Hydrogen Halide:

Alkynes can be prepared by dehydrohalogenation of vicinal and germinagl

dihalides in the presence of some alkaline reagents.

a) A vicinal dihalide contains two halogen atoms on adjacent carbon atoms.

Base

CHa-CHy = CHo=CH, ——= HC = CH
I | -HBr | -HBr
Br Br Br

Higher alkynes arc also formed in the presence of alcoholic KOH, e.qg..

KOH

CH3-CH3iCH -CHy —CH3~-CH2-C=CH
l | 100°C

Br Br
1- butyne

In the presence of strong base such as KOH and at high temperoture bond ot
termincl c-atom migrotes to give more disubstituted alkyne,

CHs = CH3=C = CH —— CH3 = C = C - CHs
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1- butyne 2 butyne

Therefore, alcoholic KOH is useful when recrrangement is not possible,

KOH

CsHs—CH-CH-CsHs CeHs —C = C - CeHs

I I Alc. 100 - 200°C
Br Br

| -alkynes can be prepared from vic-dihalides with sodium amide in liquid

ammoniq

LigNH
CsHy) = CH - CH; + 3NONH; s ot

I I -33°C
Br Br

CsHWC=CNg —2, CHsC =CH

a) Germinal Dihalide:

A dihalide containing two halogen atoms linked with the same carbon atom) on
treatment with strong base gives alkyne, e.g..

ZNaNH,»

CH5CH2 CH - Br

CHz=C =CH + 2NaBr + 2 NH»
| NH:z

Br

Acetylene (alkyne) is an unsaturated hydrocorbon and shows addition reactions.
It also undergoes subshitute reactions due to easy cleavage of C-H bond. The pi-
electrons Ee present cylindncally symmeincal gbout carbon-carbon sigma bond

and the removal of terminal hydrogen is possible without disturbing carbon —
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carbon boding. Therefore electrophile substitute reactions are possible in ccetyl
and | -alkynes.

Q15. What is meant by acidity of terminal alkynes?

Answer

b

R-C=C-H — R-C=C;: B-H

R-C=C-H —— R-C=C: B—H

In ethyne cnd other terminal alkynes like propyne, the hydrogen ctom is bonded
to the corbon atoms with sp-s overdgap. An sp hybnd orbital has 50% S-character in
it and renders the ccrbon atoms more electronegative. As g result, the sp
hybridized carbon atom of a terminal alkyne pulls the electrons more strongly

making the attached hydrogen atom shightly acidic.
H-C=C% - Hé&

This H®* can be substituted with metal. Thus substitution reaction occurs due to Hé*

Examples:

i) When |-alkyne or ethyne i1s freated with sodamide in liquid ammonia or passed
over molten sodium, alkynides or acetylides are obtained.

R-CECH+2N0NH2& R-C = C Na* + NHs3

HC=CH+2Na - * Na*C-=C-Na* + H,
Sodium Acetylide

Sodium acetylide is a very valuable reagent for chemical synthesis and is
essenficlly ionic in nature.
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(il) Acetylides of copper and silver are obtained by passing acetylene in the
ammoniacal solution of cuprous chionde and silver nitrate respectively.

HC=ECH+CuClk =2 CuC=CCu+2NH,CI +2H;0
Dicopper acetylide or copper
Ehtynide (Reddish brown)
(iii)
HC = CH + 2AgNO3+ 2NH/OH =2 AgC = Caog + 2 NH«NO3 + 2H.,0
Disilver acetylide or silver
Ethynide. (white ppt)
Silver and copper acetylides react with acids to regnerate alkynes.

AgC = Cag + dil. H2:SO4 - HC =CH + Ag250+4

AgC = Cag + dil. HNO: > HC =CH + 2 AgNO:3

These alkynides are used for the preporction, punfication seporction, and

identification of alkynes.

Q16. Give addition reactions of alkynes.

Answer

1) Alkynes undergo addition reactions in an analogous fashion to those of alkenes.

2) The high electron density of the p bonds makes them nucleophilic.

3) Two factors influence the relative reactivity of alkynes compared to alkenes:
4) increased nucleophilicity of the starting p system, and

5) stcbility of any intermediates (for example carbocactions)
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1) Hydrogenation

Alkynes react with hydrogen gas in the presence of suitable catalysts like finely
divided Ni, Pt or Pd. In the first step alkenes are formed which them take up

another molecule of hydrogen to form an alkaline.

Ni

HC = CH + H; H2C = CH;
Ethyne Heat
CHz2 = CH2 + H2 . H3iC = CHs
Ethyne Heat
2) Dissolving Metal Reduction:
H
\ /
.C=C- ¥ c=C
Na/NH; (I) /[ \

Reaction Type: Addition

Elaboration
® Alkynes can be reduced to trans-alkenes using Na in NH3 (lig.)

® Thisreachon is stereospecific giving only the frans-alkene via an anfi-addifion.

® Note that the stereochemistry of this reaction complements that of cotalytic

hydrogenation (syn)
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® Thereaction proceeds via single electron transfer from the Na with H coming from
the NH3

® These reaction conditions do not reduce alkenes, hence the product i1s the

alkene.

3) Hydrohalogenation

Alkynes react with hydrogen chlonde aond hydrogen bromide to form
dihaloalkenes. The reaction occurs in accordance with Markownikov's rule.

HC=CH + H -Br* » HC=CH
Ethyne |
Br
Vinyl bromide
Br
/

HC 2 CH + H=Br —aner? HsC - CH

| Additon \

Br Br

1,1 - Dibromoethonoc

4) Hydration

Water adds to acetylene in the presence of mercunc suvlphate dissolved in
sulphunc acid at 75°C.
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3)

O-H
|
HC=CH + H=Br ——— H.C = CH
H2SO4
vinyl glcohol

Rearrangement of Alcohol:

Vinyl alcohol is an unstable. It has hydroxyl group attached to a doubly bonded

carbon atom and isomerizes to acetaldehyde.

This reaction is industrially important becouse aldehydes can be by this method.

Bromination

Chlonne and bromine to the acetylenic triple in the presence of lewis acid as

catalyst
Br Br
CCle | |
CHy C=CH + Br; »CH=C CHy ——*% CHs CBr,CHBr
34°C
Br Br
CCly | |
Br + HC =CH » HC =CH-Br » HC CH Br
34°C | |

Br Br
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The Halogenation may be stopped at the dihaloclkene stage because the
double bond of dihaloalkene is less nucleophilic than even triple bond itself,

é6) Ozonolysis

O O
7y N\
— — o ' > —_— R
C = C 03 C\ / C
Then H;O OH OH

When ozone reacts with clkyne followed by cqueous work up we get 2XCO2H.

Benzene and Substituted Benzenes

Discovered by Michael Foraday

Isolated by Hoffmann

Molecular formula CaH:

Molecular weight (IJResonance

(i) Electrophilic substitution reaction

Michael Faraday discovered benzene in 1825, during the destructive distillation of
vegetable oil. Hoffmonn isolated it form coal tar.

As @ functional group. benzene and substituted benzenes cre called arenes.
Nomenclature

Mono Substituted Benzenes:

a) Common system naming:

The following procedures are adopted for naming mono substituted benzenes:

(1) Parent noame is benzene and the substituent is indicated by a prefix, e.g..
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C1
. Ny Br
Chlomibenzc i Nitrobonzeng Bromoboenzonge
—

2) The substituent and the benzene ring taken together may from s new parent

name. The largest parent name is preferred e.g.. C6HsCH3 may be named cs:

I. Methyl benzene

Il. Phenyl methane. According to The largest rule” methyl benzene is
prefemred.

IUPAC System of Naming:

Mono substituted denvatives of benzene are named by prefixing the name of

subshituted to the word 'benzene’. e.q.

Cl ' NGO,

Chlorobenszene Nirobenzene

Many aromatic compounds have been known by ther common or tnvial names

which are still in use. IUPAC system retains these names: A few are given below:
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Structure
CH,
IIz
CH=(‘Hz
COOMH

Names Structure Names
OH
Toluene Phenol
OCH,
Aniline Anisole
NO,
Sturene Nitrobenzene
CH';;
| I
B.“z\",lc a;‘J (:H -
N
CH,
Cumene
Bromolbreniens

Q17. What is distributed benzene?

Answer

www.topstudyworld.com

Chemistry



www.topstudyworld.com Chemistry

) When there are two substituents on benzene nng therr relative positions are
indicated by prefixes ortho (0], Metc (m) and Para (p) in common system of
ncming and by numerals while naming according to IUPAC system. e.g.,

- L r -

H) H 3 H |
H,
CH,
. H;‘
o-Dimethylbenzene m-Dimethylbenzene p-Dimethylbenzene

2) It the subshituents are different and one of them is an alkyl group the numbenng
s started from the ring carbon which is linked to the alkyl group and the second

substituent gets the lowest possible number.

3) When a common name is used, the substtuent which is responsible for name,
e.g., CH3 in toluene, and —OH in phenol, Is considered to be on carbon -, 1.e.,
numbenng is started from the carbon of nng beanng that group such a distnbuted

compound is named as denvative of that parent, e.g..

CH s OR et
<>/ ‘\ Cl
|
Br
O chluruloulcm- chlotovhcnol ~ mmmnm
2 - c.hlumumlcnc th‘*"‘]:""'o' '2 - bromonirobenzenc
(JUPAC) (IUPAC) AQUPAC)

4) When two substituents are different, they ore usually put in alphabetical order,

e.g.
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Cl C,H

-~

Hr I3r

L) - brmmwhlurnhcn{cnc ( ”2( “:( “.'
| - bromochlorobenszence | - ¢thyl - 3 - propyi

(IUPAC) benszene (IUPAC)
5) Poly substituted benzenes are named by numbernng the substituent to nng so as

to give the substituents lowest possible numbers. The last-named substituent s

assumed to be at position number |, This number is not indicated in the name.

NH, CH, OH
(,l (sN N()z B BI’
) NO,
2.4 - dichloro aniline  2_4.6 - trinitrotoluc

(TNT) "€ 2.6 - dibromophenol

6) If the substituents are all alke their positions are indicated by numberng the

substituents in a manner so as to give the lowest number to the substituents.

Br

... -  on 3@5«,
Br CH, CHy
1.2. 3 - ribromobenzene 1. 2. 4, 5 - tetramethylbenzene

7) Some poly substituted are still known by their common name.
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CH,
~CH,©'~< ) CH‘@m @ou
MIYkM durene

Activity:

1- Give the svitable name to each of following:

: Cl
) < O - |
(d) — Br

(]

| (,N
NO,

Physical Properties

In the absence of polar substituents, arenes are typical of hydrocarbons: low

melting and boiling points, low solubility in polar solvents.

Structure (Molecular Orbital Aspects)
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O—0 ©
Kekule structures Robinson structure

All 12 gtoms in benzene, C6H6, lie In the same plane.
Benzene has a planar, cyclic, conugated structure,

If one draws benzene as alternating C=C and C-C then the two difterent Kekule

structures are obtained.

These are two equally valid resoncnce contributors.

Altematively, these two forms can be combined in the resononce hybnd ond the

conjugated system represented by a circle as in the Robinson structure,

Note that all of the CC bonds are 1.4 A (between typical C=C and C-C
distances).

Which representation is best?

In benzene cll the CC bonds are known to be of equal length (above) so there
are no C=C and C.C. This i1s best represented by the resonance hybrnd in the

Robinson form,

However, since the key to organic chemistry i1s being able to understand
mechanisms and drawing curved arrows to account for the positions of the

electrons, the Kekule structures give a more precise description of the electron
positions that can avoid confusion. Therefore, it iIs n good idec o use a Kekule

representation.

www.topstudyworld.com



www.topstudyworld.com Chemistry

Q18.Wrlte down molecular orbital structure of Benzene (Modern structures of
Benzene).

Answer

Kekule's structure failed to explain as to why

l) Benzene is less reactive

2) It shows dual character, 1.e., it shows addition as well as substitute reaction.
3) It has less heat of formahon, and

4) It has equal C-C bonds,

Spectroscopic studies ond X-rays analysis have shown that benzene i1s a regular,
flat planar hexagon. All six hydrogen atoms are co-planar with six carbon atoms.

Ihe bond angles are:
1) C-C-C=120, and (i) C-C-H=120

Thus, each C-atom is in o state of sp2-hybndization becouse each C-atom is

attached to three atoms.

Combination of such six structures and overlap of six hydrogen atoms (lsl)

produces the following sigma frame work of benzene.
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Six atomic p-orbitals one on each c-atom, cre present perpendicular to this sigma
bonding. Each p-orbital s In @ position to overlap In parcliel manners with

neighbornng p-orbitals to give a continuous sheath of negative charges as:

It results In extensive delocalzed pi-bonding which spreads oval all the carbon
nuclel of benzene. Delocalization of p-orbitals over the entire rng produces sand

which like structure of benzene and decreases the energy of molecule.
Consequently, the molecule becomes more stoble and less reactive.

Accorgding to this molecular orbital picture each carbon-carbon bond in benzene
consists of one full sigma-bond and half @ pi-bond. Because of this reagson, the
carbon-carbon bond length is equal and benzene shows substitution as well as

addition reactions.
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MODERN REPRESENTATION OF BENZENE

With the help of molecular orbital behaviour we conclude that benzene has A
regular hexagonal structure with an inscnbed cwcle. A hexagon with altermnate

double and single bonds.

16.8.4. Resonance, Resonance Energy and Stabilization
I) Resonance:

“The possibility of different painng schemes of valence electrons of atom is called
resonance” and the different structures thus arranged are caolled "Resonance

Structures”.
Explanation:

The resoncnce 1s represented by a double-headed arrow e.g. the following
different painng schemes of the fourth valence (the p-electrons) of carbon atoms

are possible in benzene. This gives the following resonating structures of benzene:

2 2
- L 4 P ¢*—P
5 3 5
R
a b ¢ d e
S ——
Kekule's Structures Dewar structures

(). (b) were proposed by Kekule and c, d, e were proposed by Dewar. The
stability of @ molecule incregses with incregse in the number of its resonance

structures. Thus molecule of benzene is chemically quite stable.
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In fact the structure of benzene is a resonance hybrid of all five structures, (Q), (b).
(c). (d). ond (e) in which the Kekule's structure (o) and (b) have the lorger
contnbution and Dewar's structures contribute q little. Therefore, benzene

molecule can be represented by either of the two Kekule's structure.

The three clternate single and double bonds in the gbove structure are called

conjugate bonds of resonating bonds.

Since the structure of benzene is @ resonance hybrid, therefore all the C-C bond
lengths are equal but different from those in alkanes, alkenes and alkynes. It is
intermedicte between those In alkkanes and alkenes. The resonatng single and

double bonds in benzene can better be represented as follows,

Benzene

Q19.What is resonance energy? Explain with Benzene.

Answer

The resonance energy of c compound is a measure of the extra stability of the
conjugated system compared to the comresponding number of isolated double

bonds. This can be calculated from expenmental measurements.
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The dicgram shows the
expermental heats of
hydrogenation, AHh, for
three molecules,
benzene,
1.3cyclohexadiene and

cyclohexene. These are

related in that under
appropnate conditions
34 8 ke ol O they can oll be reduced
28 & kool 231 k) fmel to the same product,
47 8 ke d/mol 202 kealmal T cyclohexane.

10K The AHh for

‘cyclohexaftne’, a

28 & kealhmol
j O hypothetical molecule in
which the double bonds

I are assumed to be

isolated from ecch

other, is calculated to be 3 times the value for cyclohexene. This value reflects

the energy we could expect to be released from 3 isolcted C=C.,

By comparng this vclue with the expernmental value for benzene, we can
conclude that benzene s 152 kJ or 36 kcal / mol more stable than the

hypothetical system. This is the resonance energy for benzene.

Reactivity and Reactions

www.topstudyworld.com



www.topstudyworld.com

r L—r"-' - l' 1'" F ' == Lo L] r L L - ' ‘I
Na” N e ! = - er - — = e o - o - =
$. " ® | ’ t
i F [} r ¥ ¥ ] {
J t 1 . { "4 ! ! 3 (
I —

Lenzene 1Is Nicn
|  J . I'\..r - :...' I-

L L] o ,.,»‘ % J F
1CHION redaCnon pendsaen

™

Q reqgion Of N

N winicCn Q Qroup

tem favors subshtution over addition which w

CNIYS NS 4 Ii r ~
 S— “-..J t.-r:{.-j -.-r]l'r -.-‘ \..._.l!_:
" - . W 4 ’ 5" r o r N \J

cOCHO NApp Y

.J_L.-f

www.topstudyworld.com

L] ]
Y 0Of nie QIorTi
1™ : :I Ir'vrlII . T :Jl‘{'

WS the elech

11111

]
Halt~-Tel L 1 "o NI [
’ ! ‘\-‘ r“'f‘l‘ ] :.- r'tl ’ ]-r‘-]

'f‘\. w i - T ',,’

CHOnnS), aQrenes ry
™ rers\ryvyr v rm

H| IS replaceda o

F

0 3

. e

-

'r"'r

AW AW

r the

are

BUT I
1rn %
‘._,F"." :"

e requIres more vigQorous condition than thot ot

Chemistry



www.topstudyworld.com Chemistry

1) Catalytic Hydrogenation

Benzene can be hydrogenated in the presence of a catalyst as Pt, Pd, or Raney

Ni only ¢t higher temperature and pressures.

If we use the metals like Ru, Rh, supported at carbon then hydrogenation

becomes easier

M H " 52
H H H H
b Y, et H »
H M Raney Nv2OO“C 'l-}l H
H
H I H
'z.:nc Cvyclohexane
' 12 I H
' 3R 100°C, 10 atm ,:l l:{
H H 3 % RA/C 1 H
i (CH,COOH) M H
' H H
Beonzenc Cyclohexane

2) Addition of Halogens

Benzene can add three molecules of chlonne or bromine under the influence of
ight. The benzene nng becomes saturcted, and we get benzene hexachlonde
and benzene hexabromide. This reaction shows that benzene has three double

bonds in the nng.
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H
) - Cl
ho H H
+ 3C), —————y
0 : uv. Jight <) H
Benzono I Cl

C) H
Ban zene hoxechlonde
1.2.3,4,5, 6-hexachlorocyclohexano

I
s
ho H H
- J R —————

O -y uv. light [3r H

H - B

M
Den zene hexabrom do
1. 2,3, 4, 3, 6-hexabromocyclohe xane

Reaction of Fa and |;:
The reaction of F; with benzene is very vigorous, while with |2 1t Is very slow.
Conclusion:

The addition reaction of hydrogen and chlorine show that benzene is unsaturcted

hydrocarbon and has three double bonds in it.
3) Oxidation Reactions

Benzene is stable towards general oxidizing agents. However, it can be oxidized

under certain condtions:

i) Catalytic Oxidation

When benzene is oxidized with air in the presence of V20s at 450°C, then we get

maleic anhydride
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i)

)

CH = c/\
2 +9o———o 2“ O + 4CO,+4H,0O
450°C e e C/
Benzene \\O
Maleic anhydnde

This 1Is commercial method for the preparation of maleic anhydride. Benzene is
not oxidized by KMnO, or K2Cr;0O;.

i) Combustion:

When benzene is bumt in the presence of ar or oxygen, C02 and H20 are

produced, just like other aliphatic hydrocarbons

2 ©+ 150, ——————+  12CO, + 6H,0

Benzene

Ozonolysis:

Benzene reacts with ozone and gives glyoxal. First of all triczonide I1s produced as
an intermediate

: CHO
+
+ 30, Ll ?—Ho CHO, =L 3| #3200
Broria D+HO¥  aonnide CHO
Benzene Glyoxal

Oxidation of side chain:

Alkyl groups present in the benzene nng are oxidized into carboxylic groups. The

oxidizing agents are:

1) KMNO: + H2S04
2) K2Cr20, + HaSO4
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3) Dil. HNO:a
CH, COOH
©
+3]0) M + HO
Hcat . H,O@
Tolucne Benzoic acd
CH,CH, COOH
+6(0)] ——e @ +CO, +2H,0
CH, COOH
e.
+ 6[0) KMnO, + OH +IHO
—_——»
A H,0° '
CH, COOH
P-xylene Tercphthalic acid
Conclusion:

When both methyl groups are oxidized and benzene nng remains unaffected,

then it means that benzene nng Is stable towards oxidizing agents.

Q20. Give electrophilic aromatic substitution reactions of benzene.

Answer
General Infroduction

The pi-electrons of benzene are highly stabilized due to resonance. They are not

readily available for the electrophilic attack like the electros of alkenes. They do

www.topstudyworld.com



www.topstudyworld.com Chemistry

not assist in the attock of weak electrophiles. Hence more powerful electrophiles
are required for g successful attack to penetrate and break the continuous

sheath of electron cloud in benzene.
Explanation and Example:

Substitution of halogen in benzene requires ron or comresponding femc halide as

cotalyst. It reacts with halogen molecule to produce o powerful elecirophile:

1) Formation of a strong electrophile (X+)
2Fe + 3X>, = 2FeXa
FeXa+ X2 = Fexq4 + X°

Tetra haloferrate ion (lll) Halogenoium 1on

2) Attack of electrophile at pi-bond:

The halogenahon ion thus produced attacks as c powerful electrophile on the

electrons of benzene nng.

X
- X° L. O Fam O * Ho
+

Benzenomum ion
Transition State

It had benzene unstable. The stability 1s retained by. the removal of H-ctom to give
subshtution product.

General Pattern of Substitution
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The general pattern of the chemical reactivity of benzene towards electrophiles

can be shown gs follows.

J o — (S
N e —OY

Substitution is preferred over addition in order to preserve the stable aromatic

character

Reaction Reagents Electrophile Product Comments

HNO3 / HzS0q

E+ formed by

loss of water

: from niinc acid

K280« or SOs / SOz SO,H | Reversible
H'.3504 ©/
Halogenation Cl, / Fe or Cr Cl | E+formed by
FeClh O/ Lewis acid
removing Cl
Br2 / Fe or Br E+ formed by
FeBra O Lewis acid
removing Br
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Alkylation R-Cl/ AICl E+ formed by

Lewis acid

removing Cl

R-OH / H* E+ formed by
protonation of

glkene

C=C/H" E+ formed by
Lewis acid

removing ClI

Acylation ROOCI / AICI; E+ formed by
Lewis acid

removing Cli

RCO2COR /
AlICl4

E+ formed by

Q
~

Lewis ocid

removing
RCO;

Nitration

NO
1,50, :
@ HNO’ W O/ + H,O

Mechanism

Sulphuric acid reacts with nitric acid to generate nitronium ion.
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HONO; + H;S0, NO;' + HSO‘ + H,0
+ NO’;
NO,
+ HSO& T + HaS0«
Nitobenzene

3) Sulfonation

SOH
(D wo = T - me

The introduction of sulphonic acid group in benzene g is called Sulphonation.

When benzene is heated with fuming H250: or concentrated HSO. it yields
benzene sulphonic acid. Fuming Ha504 has free sulphur tioxide which is electron

deficient (electrophile) and causes substitution.

SO,H
+ H1504 80°C »
Benzenesulphonic acid
H,SO. S
_—
: 50) 25°C

Mechanism:

When sulphunc acid alone i1s used, the actual electrophile in this reaction is SO3

www.topstudyworld.com



www.topstudyworld.com Chemistry

4) Halogenation

Fe -
D % e v

X =Br, C]

The intfroduction of halogen in benzene nng is called halogenation.

Explanation and Example:

Halogenation of benzene occurs with halogens (X) in the presence of a catalyst
FeX3 or Fe, Chloroformation and bromination are normal reaction but fluonnation

s 00 vigorous to control. lodingction gives poor yield.
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Br
+ Br Fe or FeBr) + HBr
Bromobenzene
Similarly, l
+ Cl; FeCl, + HCI
Chlorobenzene
Mechanism:

The actual halogenation agent is X that is formed by the following mechanism

X2 + FeX3 > X' +feXs

Cl, + FeCls » CI* +FeCl,

Cl+ being a strong electrophile is ready for successful attack on benzene.

C)
@ + CI' —— O«———t
“+

FeCl'y + ¥ ——— HCl + FeCly

when alkyl benzenes are treated with chlonne or bromination the presence of
sunlight, only the clkyl groups are substituted.
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CH, CH,Cl
tCy + HCI
Benzyl chloride
CHCl CHCl,
+Cly _ Swelgm + HC
Benzal chloride
CHCl, CCl,
|
. + HCI

5) Friedel-Crafts Alkylation

The introduction of an alkyl group In the benzene nng In the presence of an alkyl

halide and a catalyst AlCls is called Friedel Crafts alkylation or Alkylation.

¢ Re=X AICl,
—p

Mechanism:
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+
+
AICI'. —— + HCl + A'C')
+

Alkyl benzene
Specific Examples:
H,
+ CH)COl ——— + HCl
Toluene

6) Friedel-Crafts Acylation

The Infroduction of an acyl group R—C in the benzene nng in benzene ring in
the presence of an acyl halide and a catalyst AIC13 i1s called Friedel Crafts

Acylation or Acylation.
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o —
—g—-C!" + AIC)) + AICT,

=R +ACL __, + HCl + AIC
+
Acyl benzene

Specific Example:
@ +u.c—E—o *"»,@'j‘c"'+ua
Acetophenone

7) Subshituent Effects - (Table of Substituent Effects) and Making Polysubstituted

Benzenes

wWhen an electrophilic substitution reaction takes place on benzene nng, we get
only one monosubstituted benzene because all the six positions in the nng are
equivalent. However, the position of a second group into the nng depends on the
nature of the first group. The second substituted any enter Iin ortho, para or meta

position.
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,x.__q©.,,__..©r @ @

Monosubsttuted benzene
Ortho Meta Para

Disubstituted benzenc

On chance basis 40% Ortho, 40% meta and 20% para disubshtuted products are
expected. However, the results do not agree with chance substitution ratio, e.q.

mnitrochlorobenzene is the main product of the following halogenation reaction.

NO; NO;

«Clp __TeCh + HCI
Cl

m-Nitrochlorobenzene

On the other hand, ¢ mixture of o-nitrochloro-benzene and p-nitrochloro-

benzene is obtained from the nitration of chlorobenzene.

@ AHNO; + HyS0) ©/. © ¢+ 20

o-Nitrochlorobenzene
p-NltrochJorobenune

It means that the groups already present in the benzene nng directs the second
entrant and thus determines the position, which may be taken up by it. There are

two types of groups:

a) Ortho- and para- directing groups
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b) meta- directing groups

1) Ortho and para directing groups

These groups release electrons towards the benzene rnng, at ortho and para

positions.

Because these positions are rnicher in electron for attack of an electrophile. The
second group i1s substituted at ortho anc para positions. They clso enhance the

reactivity of benzene nng.

Example:

CH, CH, CH

)
2 ”NO; v .'le ‘ '01
» *
30-40°C * N0

NO;

The electron releasing effect of methyl groups is significant ond it makes the nng
a good nucleophile. Due to this increased reacthivity, more nitro groups can enter

the nng.
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CH,
) "NO: ¢ l-bSOo
+ 2H,0
CH, CH,
NQO,
/ | 3 HNO, + H,S0,
—_
a 100°C ¢ R0
NO,
Trinirotoluene (TNT)

Other examples of ortho and para directing groups are:
- N(CHa)z . -HNH2, -OH, -OCHa, -Cl, -Br, |
2) Meta-Directing Groups

These groups withdraw the electrons of the benzene nng from ortho and para
positions. Due to the electro withdrowing effect of such substituents, the of the
and para position are more electrons deficient than the meta position. Thus the
INncoming electrophile will prefer to attack on meta position rather than ortho and
para positions. These groups are called meta-directing groups. These groups
decrease the chemical reactivity of benzene.

NO; NO)

HNO, + H,S0, " Hzo
—————————

95°C
NO;

The subshitution of third nitro groups 15 not possible because nitro group has
deactivated the ring, other examples of meta directing groups are
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-C =N, NOg, -COONH, -CHO.,
Rule:

If the electronegativity of the atom of the group attached to the benzene nng is
greater than any ctom of the group. the whole group will act s electron
repeling, willincrease the reachvity of benzene all drect the new entrant to ortho,

para positions. On the other hand

If the electronegahivity of such atom is less, it will be under constraint and it turn
withdrow electron form the ring making it less reactive ond directing the new to

meta position
e.g.
(i) —NH: Nitrogen with greater electronegativity from hydrogen.

ii) -Cl has no other atom hence will have no danger of pulling electrons. Thus it is

electron repelling and O, P directing group. Hence O, P, directing

O

A
) - N—O Nitrogen with less E.N from O. Hence meta directing.

i) In —S03H E.N of oxygen is greater than that of S. hence oxygen disturbs sulphur,

which in turn withdrcws electrons from benzene ring hence m-directing.
Making Polysubstituted Benzenes

Since the position of electrophilic attack on ¢ substituted benzene nng is by the
substituent already present rather than the approaching electrophile, the order
of events In the synthesis of polysubstituted benzenes need careful planning to

ensure success.

The two factors that need to be monitored are:

I) regiochemistry
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2) reactivity (for example Friedel-Crofts reactions are limited to halobenzenes and
activated benzenes)

Uses of Hydrocarbons

I) Butane is used as a fuel in lighter.

2) Butane 1s also used in same camping stoves 3) Crude petroleum is lighter than
water.

4) Coalis used for the manufactunng of synthetic petrol

5) Ethylene is the hormone that causes tomatoes and gpples to npen

6) Oxyacetylene torchis used for cutting of metails

7) Methane is used to manufacture urea fertilizer

8) Kekule was the scientist who draw the structure of benzene
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