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t cHAPTER 16 :

| HYDROCARBONS

o e
Hydrocarbons
“Organic compounds which contain carbon and hydrogen only are called hydrocarbons.™ e.g, Methane (CHa),
Acetylene (CaHy). Benzene (CoH,) ete,
o The ability of carbon atoms to attach with each other to form a chain or ring is called Catenation.
Types of hydrocarbons
Hydrocarbons have been divided into various classes on the basis of their structures as shown below:

— .
——— D e —— e
——— e e _ B e etad

Hydrocarbons
|
l | |
Open chain or Acyclic Hydrocarbons Closed chain or Cyclic Hydrocarbons
l / Il ] A l tic
Saturated Unsaturated Alicyclic roma
Hydrocarbons Hydrocarbons Hydrocarbaons . Hydrocarbons
(Alkanes) (Cycloalkanes) e.g., Benzene
CH, (Methane) ’ CH,
H,C-CH, s NN .
(Ethane) l . l CH, (|:H,
Alkenes Alkynes CH, CH, :
H,C = CH, HC = CH \CH/ Benzene
h 2
{RENg) (Ethyne) (Cyclohexane)

en Chain 'Hydrocarbons

The hydrocarbons in which carbon atoms attached with each other to form open chains are called open chain
hydrocarbons. They are [urther classified into two types:
1. . Saturated hydrocarbons: (Alkanes or Paraffins)

2. Unsaturated hydrocarbons: (Alkenes or Olefins) and (Alkynes or

.

Acetylenes)

1. Saturated Hydrocarbons .
* These are the hydrocarbons in which carbon atoms are attached with each other through single bonds.

A)O

. ———

Q. Differentiate hetween satuetod
and unsaturated hydrocarbons

* Each carbon atom is sp’ hybridized.

* No further atoms or group of atoms can be att
are known as saturated hydrocarbons.

* These may have straight chain or branched chain.

ached to the carbon atoms of such hydrocarbons. This is why they

Examples:
CH; - CH, — CH; = CH, - CH; | CH; —CH- CH, - CH,

Pentane (Straight Chain) | \
CHs

2- Methylbutane (Branched Chain)
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2. Unsaturated Hydrocarbons

e Thesc are the hydrocarbons in which at least two carbon atoms are attached through double or triple bonds;

Eagy,
carbon is sp’ or sp hybridized.

They are called unsaturated because all the four valencies of carbon are not fully utilized. More atoms or

gTOUpS
can be attached to the carbon.

For examples: alkenes and alkynes.
(i) Alkenes or Olefins

. 2 . g R ok
These are the unsaturated hydrocarbons in which at least two carbon atoms are sp® hybridized, which cayse to

form a double bond between these carbon atoms. Alkenes may be straight chain or branched chain.
C”z =CH - C”z . CH} CHz =CH - CH - CH3
1-Butene (Straight Chain) ]
CH,

3-Methyl-1-butene (Branched Chain)
(ii) Alkynes or acetylenes

These are the unsaturated h

a triple bond between these carbon atoms. Alkynes may be straight chain or branched chain.

CH= C-CH,-CH,-CH, CH=C- CH —CH;
I-Pentyne (Straight Chain) |
CH;
3-Methyl-1-butyne (Branched Chain)

B) Closed .Chain Hydrocarhons

These are the hydrocarbons in which carbon atoms attach with each other to form rings.
Types: These hiydrocarbons are of following two types:
1. Alicyclic Hydrocarbons

Chapter-16 (Hydfocarbons)
—T20ny)

ydrocarbons in which at least two carbon atoms are sp hybridized, which cause to forn

X ' Q. Differentiate between alicyclic
S AlOIl-’lﬂll(, Hydrocarbons . and aromatic hydrocarbons,
(1) Alicyclic Hydrocarbons:
Non-benzenoid cyelic hydrocarbons are alic

yclic h
\ atoms less th

CH) CH, !
/
CH, HC CH, HC CH,
(A ]
H,C—~CH, H,C—CH, HC=—CH
Cyclopropane Cyclopentane Cyclopentene
M AN
HC  CH,
H,C CH, | |
H CH
C=CcC 2C\ S
CH, -
Cyclopentyne .
. Cyclohexane
(2) Aromatic Hydrocarbons:

Benzenoid cyclic hydrocarbons are known as aromatic hydrocarbons. In these compounds, all the carbon atoms
present in the ring are sp2 hybridized. Benzene, which is the

simplest aromatic hydrocarbon, has a regular hexagonal
structure with alternate single or double bonds between carbon atoms.

CamScanner

ydrocarbons. Alicyclic hydrocarbons possess two hydrogen
an their corresponding open chain hydrocarbons
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1.

Ans,

5
Ans,

Ans. Catenation:

Ans,

Ans,

Q According to this, the atomic orbitals differing in shapes and energies intermix to form new orbitals which are

What is catenation?

“The self linking property of an elementis called catenation™.
Carbon shows maximum catenation property due to high C - C bond energy. Carbon is a unique element and it is
essential element of organic compounds. A large number of organic compounds is due to catenation property of

carbon.

What are hydrocarbons?

Hydrocarbons are organic compounds which contain carbon and hydrogen only. e.p. methane (CH,), benzene
(CeHp) etc.

Why saturated hydrocarbons are called paraffins?

Saturated hvdrocarbons (alkanes) are called paraffins (Latin @ parum = little, aflins = affinity) due to their least
reactivity (i'nertness) towards acids. bases etc. under ordinary conditions. It is due to their nou-polar nature and
inertness of @-bond.

Why unsaturated hydrocarbons are called olefins? | N

The word olefins is derived from Latin word “olefiant™ meaning oil forming. Actually the lower members of
alkenes (unsaturated hydrocarbons) form oily product on treatment with chlorine or bromine,

What is hybridization?

Hybridization:

“The process in which mixing of atomic orbitals having different shapes and energies to form hybrid orbitals with
same shape and energy but different orientation is called hybridization,

CamScanner
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called hybrid orbitals.
They differ with the parent atomic orbitals in shape and possess specific geometry.
6.  Why benzent is called aromatic hydrocarbons?

Ans. Benzene (Cgt) shows aromaticity and follows Huckel rule. Therefore benzene is aromatic hydrocarbon.
7. What is hexagonal structure?

Ans. Hexagonal structure has six sides of equal lengths and angle between any two sides is of 120°. Benzene hag

hexagonal structure.

—

ALKANES AND CYCLOALKANES . ‘

Alkanes

Simplest organic molecules with only C and H atoms having single bond between any two carbon atomg.

Commercially important as fuels and oils.
Nomenclature

The IUPAC rules of naming alkanes are as:-

. . Locate the largest continuous chain of carbon atoms mdependent of direction of the chain. It is called main chain,

stem, principal chain or parent chain. .-
|

f—l——— ~C—-C-GpiC—
Ic—c-c-c-c| H—giki—n
b= ——— (I:—CI:—(I:J_
Longest chain Longest chain
(Horizontal) (zig-zag)

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

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

I
= —Cl—
Pl I - I |l I
~Cc—C-c- | ~c—d-c-
O L B R 1 LT I
—C—-C —|C —’QZCN[C|—- -C—-C —|C =*C—C |-
I I [ I (. I | | |
~ (Incorrect) = (correct)
4. When two identical substituents are present at equal distance*from either end number the chain starting with end
which gives their minimum sum.
Since the sum of number 2+ 3 + 5 =10, is less than 2 + 4 + 5 = 11, the correct numbering starts from the right.
S. The position of substituent is indicated by the number of carbon atom to which it is attacKed.
The number is prefixed to the name of group separated by hyphen.
CH, CH, | |
5<|: g4 C.H A G I
v~ 4 2l Incorrect) —> 1 2 3 1 -
N (ncorreet) —2 1, 20 5 6 ok o
- —C—CH, ] R T | R L 1]<— (Correct)
| , .
e
.
3-Ethyl-2,3,5-trimethylhexane !
6.

7.

Names of alkyl groups are written before the name of parent hydrocarbon in alphabetlcal order or in order of
increasing size, separated by hyphen.

When two or more like groups are present, their numbers are indicated by prefixes di, tri-,tetra-, etc.
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Their numbers are grouped together and are separated by commas,
k)
| | | | I
1 2 L
—C—c~c—cd—C—
| l | | |
CH,
— 2, 2-Dimethylpentane
g. Iftwoiden ICEl] groups appear at the same C-atom, the number is repeated twice, SCp
9, The Ionge'st chain of the substituent is numbered starting with the carbon attache
parenthesis are used to separate the numbering of the substituent and the main chain.
The structural formulae and names for the simple alkancs are shown in the following tablc.

Number of | Molecular Condensed

arated by commas,
d directly to the main chain.

C-atoms | Formula Formula Line Drawing
1 CH,4 - methane
2 C,H, CH,—CH, P ethane
3 C3Hy CH,CH,CH; ™ propane
4 CaHio CH;(CH,),CH; Pl butane

- CsHia CH3(CIH;);CHs P V¢ o pentane
6 CeHys CH3(CH,)4CHs NN hexanc
7. CsH,s CHa(CIH,)sCH; PVl Va N heptanc
i Catle | CHNCI)CH; | & A" | octane
9 CoHyo CH3(CH,),CH; NN S | Nonane
10 CioHz CH;(CH,)sCH; /\/\/\/\/ Decane

to IUPAC System.

1: Name each of the following compounds ccori
Sl T JUPAC Name:

Structure

(a)
CH,— (|3H —CH,— CHz—(I:H —CH, 2, 5-Dimethylhexanc
Bk, CH,
(b)
CH, CH,
M (|3 _CH,— CIIH. 2.2, 4-Trimethylpentane
b, CH,
(c) .
CH—CR. Nk 2, 4-Di '
| /CH— CHZ—CH\ , 4-Dimethylhexane
CH, CH. ‘
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Chapter-16 (HydroCa

()
— CH,

AN
CH— CH,

3-Methylpentane

CH,— cH,”

=

Indicate what is wrong with each of the following names. Give the correct IUPAC Name s
possible.

(a) 2-Dimcthyl Propanc (wrong name)
' £

CH,

CH,
[ !
CHy - CH -~ CH, CH; - C= CHs
2<-Mcthvipropanc |

(Correct name) CH,

2, 2-Dimethylpropane (Correct name)

(b) 2,2.3-Methyl Butane (wrong name)

Reason: If there are three alike substituents (methyl), the prefix tri- isused with methyl.

CHy CH,
|
CHy~ C~ CH - CH,
I
CH,y
2.2, 3-Trimethylbutane (correct name)

(¢) 3.3-Dimethyl-5,5-Dimethy]l Heptane (wrong name)

CH: CH;
| I
CH; - CH, - C -CHy~ C =€H, - CH;
| l
CH: CH:
S. 5.

2 Jy w

I'etramethy lheptane (correct name)

(d) 2.2-Diethyl-4,4-Dimcthy]l Pentane (wrong name)

CH,
(_lH: CH;
”:C-—(I‘—C”:—CI‘—CH:—CH;—CH; *
(-l“: (_llh :
i,

3-Ethyl-3,5,5-trimethyloctane (correct name)

)
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(e) 2,4-Dicthyl Pentane (wrong name) ) . /“
CIH3 r CIH3
CHZ CH2

| |
CH;-CH-CH, - CH -CH,
3, 5-Dimethylheptane

) 3.Ethyl-4-Methyl Pentane (wrong name)
g 2 CH3

l
CH; < CH;= HC'= CH —'CH,

l
CH,

|
CH;

3-Ethyl-2-methy] pentane (correct nam‘e)
3. Write the structures of the following compounds.

Structure

(a) Neo heptane ' CH; - (IZ —CH, - CH, - CH;
CHs
‘ CH3
(S eRene CH, — CH — CHy - CH, - CH, — CHy
il
(¢) Trimethylethyl Mcthane CH; — CHa - CI: — CH;
CH;s
CH; CH;

(d) Dimethyl Ethyl Isopropyl Methane CH; - CH - (|: 5 .C,Hz - CH,
| CH;

CH;

l
CH; - CH; - CH; - C - CHy — CH;

: |
"CH;

(¢) Dimethyl Propyl Ethyl Methane

¢ C‘H3
(f) 3-Ethyl Hexane CH,

I
CH; - CH; - CH — CH; — CH, - CHj

CamScanner
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Physical Properties

(a) Physical State: .

Methane to butane (C, to Cy) are colcrless, odorless gases while pcnmn.c 1o hcptudccnnc (Csto C
colorless, odorless liquids. The higher membe s from C18 onwards are waxy solids, which are also colorle
odorless.

(b) Solubility: ' g

Alkanes are non-polar or very weakly polar and are insoluble in polar solvents like water, but solubq in
non-polar solvents like benzene, ether, carbon tetrachloride etc.

(c) Melting point & Boiling point: )

Their boiling points, melting points, density etc increase with the increase in number 0ol' carbon atomg,
whereas solubility decreases with the increase in mass. The boiling points incrcases by 20 to 30 C for addition of
cach CH, group 10 the molecule. However the boiling points of alkanes, having branched chain structures gy,
Jower than their isomeric normal chain alkanes, e.g. n-butanc has a higher boiling point (= 0.4°C) than iso-butap,
(=10.2°C).

Structure

e Alkanes are the simplest organic compounds, comprised of only sp’ hybridized C and H atoms connected by
single bond.

e They have a generic formula of C,H,,.; (a relationship that also defines the maximum number of hydrogen atoms
that can be present for a given number of C atoms).

Isomeric Alkanes ]

e Structures of the simple C, to C, alkanes are shown below in a variety of representations. As the number of C
atoms increases then other isomeric structures are also possible.

e The molecular formula for the C) to Cs alkanes lead to single, unique structures.

Chapter-16 (Hydrocarbon‘
——2ny)

17) arg
SS ang

H H H H
Methane | Propane | | |
CH. H—C—H CaHs . H—?—IC—(IJ—H
(b.pt. = - 16C°C (b.pt. = —42°C)

) [I_{ H H H

Ethane Il—i |
CHe | — N C—H

(b.pt. = - 89°C) | |
H H

e Butane. C,;H,, has two possible constitutional isomers. It is important to be able to recognize isomers because

they can have different chemical, physical and biological properties. The constitutional isomers of C4H) are
shown below along with some properties:

H H H H m.pt. = -139°C
1 n-butane H—(’:-—c,:—c':—(lz —H i P »
, | l l AH, = -125.6 kJ/mol = -30.0 kcal/mol
H H H H AH_ = -2877 kJ/mol = —-687 kcal/mol
T T T m.pt. =-161°C
sob —C—C—C—H b.pt. =-10.2°C
el | | AH, = ~135.6 kJimol = -32.4 kcal/mol
AH, = -2868 kJ/mol = -685 kcal/mol
H—C—H
l
H
[
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ine, CqH : .
o Pentane, CeHyy, has three possible constitutional isomers:

T H }‘1 H M
b.pt. = 36.1°C
n-pentane — pt.
i : T T“"T“C—C-—M AH, = 147 kJImol = 351 kcal/mol
H W W L L AH, = 3509 kJ/mol = -839 kcal/mol
H H M M
; | b.pt. = 30°C
o P "h‘l:_‘c-"‘-‘— tlz—-n AH, = -154.1 kJ/mol = -36.8 kcal/mol
H l .|4 ,l, AH, = 3502 kJ/mol = -837 kcal/mol
Hee G ——H
|
H
H
|
H—cCc—H
i 4 b.pt. = 9.5°C
neo-pentane H—C—C—C—M AH, = -168.0 kJ/mol = -40.1 kcal/mol
U AH. = ~3493 kJ/mol = -835 kcal/mol
”—(|:_H
H

Relative Stability of Alkanes

Branched alkanes are more stable than linear alkanes, e.g. 2-Methylpropane is more stable than n-butane.

The Alkanes or Paraffins are inert towards acids, alkalies, oxidizing and reducing agents under normal conditions.
Explanation:

The unreactivity of alkanes can be explained on the following basis:
(i) Inertness of o bond

In a o bond, the electrons are very tightly held between the nuclei. A lot of energy is required to break it.
Moreover, the electrons present in'a ¢ bond can neither attack on any electrophile nor a nucleophile can attack on them.
Hence Alkanes are less reactives

(ii) Non-polar bonds

The electronegativity of earbon (2.5) and hydrogen (2.1) do not differ appreciably and the bonding electrons
between C — H and € = C are equally shared making them almost nonpolar. In view of this, the ionic reagents such as
acids, alkalies, oxidizing agents, etc find no sites in the alkane molecules to which they could be attached.

However, under suitable conditions, Alkanes give two types of reactions:

(i) Thermal and catalytic reactions

(i) Substitution Reactions: These reactions take place at high temperature or on absorption of light energy through
the formation of highly reactive free radicals.

CYCLOALKANES '

L. 3 . g > M

_ Another type of molecules containing only sp” hybridized C and H atoms connected by single bonds are possible
with a ring of 3 ormore C atoms. These are the cycloalkanes which are fairly common in the world of organic chemistry
both man-made and natural.
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o Pentane, CsH,,, has three possible constitutional isomers:

WEEN C
n-pentane  H—ea__ b.pt. = 36.1°C -
: H T ‘I:*T*C‘C—H AH, = -147 kJ/mol = --35.1 kcal/mol
Hon 4 L L AH, = ~3509 kJ/mol = -839 kcal/mol
H H H H
IS0} | b.pt. = 30°C
el ““f*c—cl:— <|:—n AHL = —154.1 kJ/mol = ~36.8 kcal/mol
H Lol AH, = 3502 kJ/mol = -837 kcal/mol
H——c—H
I
H
T
H—cC—H :
Pl b.pt. = 9.5°C
neo-pentane  H—c—c—c—Hn AH, = —168.0 kJ/mol = —40.1 kcal/mol
Voo AH, = —3493 kJ/mol ="—835 kcal/mol
H—IC_H
H

Relative Stability of Alkanes

Branched alkanes are more stable than linear alkanes, e. g. 2-Methylpropane is more stable than n-butane.

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

Explanation:
The unreactivity of alkanes can be explained on the following basis:

(i) Inertness of o bond
In a o bond, the electrons are very tightly held between the nuclei. A lot of energy is required to break it.

Moreover, the electrons present in a ¢ bond can neither attack on any electrophile nor a nucleophile can attack on them.
Hence Alkanes are less reactive. .

(ii) Non-polar bonds .
The electronegativity of carbon (2.5) and hydrogen (2.1) do not differ appreciably and the bondmg electrons

between C — H and C = C are equally shared makmg them almost nonpolar. In view of this, the ionic reagents such as
acids, alkalies, oxidizing agents, etc find no sites in the alkane molecules to which they could be attached.

However, under suitable conditions, Alkanes give two types of reactions:

(i) Thermal and catalytic reactions
(i) Substitution Reactions: These reactions take place at high temperature or on absorption of light energy through

the formation of highly reactive free radicals.
- eSS  VCLONNKANESREGA - o

, Another type of molecules containing only Sp hybridized C and H atoms connected by single bonds are possible
With a ring of 3 ormore C atoms. These are the cycloalkanes which are fairly common in the world of organic chemistry

both man-made and natural.

CamScanner
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1. Nomenclature

* e According to ITUPAC system, cycloalkanes with one ring are named by prefixing cyclo to the name of the
corresponding alkanes having the same number of .arbon atoms as the ring. e.g.

Cyclo propane Cyclo butane Cyclo pentane

* The substituents are numbered in such a way that the sum of numbers is kept minimum. e.g. If the alicyc|j,
hydrocarbon is unsaturated, the rules applied to alkenes (for double bond) or alkynes (for triple bond), are used,

{48 [:, g ]
T M CHa CHa O
Methy! cyclopropano 1,2-Dimethyl cyclobutane 1,3-Dimethyl cyclohoxanc

Multiple bonds are given the lowest possible number.

() J

Cyclo pentene Cyclo 1, 4-hexadiene Cyclo 1, 3-pentadiene

2. Physical Properties
Like alkanes, the low polarity of all the bonds in cycloalkanes means that the only intermolecular forces in
cycloalkanes are the very weak induced dipole - induced dipole forces, also known as London forces which are easily
overcome. Like alkanes, cycloalkanes also have low melting and boiling points.
3. Structure _
They have a generic formula of C,H,,, (note: there are 2 less H atoms compared to the analogous alkane).
The €; to Cq cycloalkanes are shown below in a variety of representations.

Cyclopropane .. e A

Cyclobutane C,4Hy

'

Cyclopentane CsH,,

Cyclohexane C¢Hiz

4. Reactivity

Very similar reactivity to the closely related alkanes which have the same type of bonds. Since C and H atoms
\ave very similar elcctroncaatn'ttles both the C — H and C - C bonds are non-polar. As a result, cycloalkanes, like
1lkanes, are not a very reactive functional group. i

UICK | ,
& /%UIZ | |

What are polar, non polar and weakly polar compounds?

\ns. Polar compounds
The compounds containing polar bonds (Bonds in which electronegativity difference between bonded atoms

/

4
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https://v3.camscanner.com/user/download

-

scholar’s Federal CHEMISTRY - xy 129

e -

[~ is more than 0.4) are called polar compounds. e, g SH - cl 1 - 05_ T : : '

Non-polar compounds

he co
The compounds having non-polar bonds (Bonds in which electronegativity difference between bondcd

atoms is less than 0.4) are called non- -polar compounds. ¢.g, Methane (CHy), benzene (CH) etc. !
Weakly polar compounds’ \ !

The compounds having weakl

' What are Isomers? y polar bonds are called weakly polar compounds. e.g. ethene, ethyne ctc.
2.

[ m r
Ans. “Two Ol: ore compounds having the same molecular formula but different structural formulas and propcrtlcq are
said to be isomers and the phenomenon is called isomerism.” ’

o The structural formula of a compound shows the arrangement of atoms and bonds present in it
o The isomers have different physical properties.
5, What are inert compounds?

Ans. Inert compounds

Those compounds which are least reactive or inert are called inert compounds.
e.g. alkanes, ethers etc.

4. What s sigma hond?
Ans. Sigma bond

A bond which is formed by linear (head to head) overlapping of pariially filled orbitals is called sigma (o)
bond. A ] i

e [t is stable so less reactive.

¢ First bond between two atoms is always o-bond.

H

l
e.g. H S ctH- CEZHete. :
l ) ¥
H .
5.  What are Intramolecular and intermolecular forces?

-lntramolet:ular’forgés i " Intermolecular forces - [SEEae
s Those forces which are present within the molecules Those forces which are present between two |
between atoms are called intramolecular forces. molecules are called intermolecular forces.

o Nature of substance is determined by intramolecular | » State of a substance (solid, liquid.and gas)
forces. determined by intermolecular forces.

Exam[ilcs: Covalent bond, ionic bond, coordinate | Examples: van der Waal’s forces (dipole-dipole forces.
covalent bond etc. dipole induced dipole forces, London dispersion forces).

o Hydrogen bonding etc. ' _
L_________——J-_————

RADICAL SUBSTITUTION REACTIONS Halogenation f alkanes)|

e  Substitution of R-H (alkane) by X provides the alkyl halide, (R-X) and HX.
o Alkane R-H relative reactivity order: 3°>2°> 1°>methyl.

* Halogen reactivity F,> CL,> Br2> L.
*  Only chlorination and bromination are useful in the laboratory.

* Reaction proceeds via a radical chain mechanism
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Reaction Mechanism

Interesting information:

Chapter-16 (HydrocarbOns) |
: —N)

. ‘\
*  When reaction mechanisms are being described, a
‘curly arrow’ is sometimes used to show the Curly arrows/\ show the movement of an electron pair
movement of a pair of electrons. :
———

e The beginning of the arrow shows where the
electron pair starts from and the arrow head shows
where the pair ends up.

* A half-arrow is used to show the movement of a
single electron in reactions involving free radicals.

* Figure shows a pair of electrons moving from the

electron .
pair starts Ao finish here

curly half arrowsm shows the movement of a single, unpaired electron

" )

Br ion to the region between the bromine and the Bf T—H — Br—C—H
carbon, where it forms a covalent bond between | [
the atoms. ' H H

H

e The same reaction is shown again below, with all
the bonding electrons indicated. '

Halogenation (bromination) of alkanes is believed to proceed through free radical mechanism. It involves the

following three steps.
S Step 1 (Initiation

\ Heat or UV light causes the weak halogen bond to undergo homolytic cleavage to generate two bromine free
radicals and starting the chain process.

. hv

:ér — Br: —> :B.r- ér

| -

(a) A bromine free radical abstracts a hydrogen atom from methane to form HBr and a methyl radical.

(b) The methyl radical abstracts a bromine atom from another molecule of Br, to form the methyl bromide product and
another bromine radical, which can then itself undergoes reaction creating a cycle that can repeat.

Br Vil oy by, H— Br: +-CHj

:mn c”g% :B:Eo + :B.IZ_CH:;

e

Step 3 (Termination)

Various reactions between the possible pairs of radicals allow for the formation of ethane, Br; or the product,
methyl bromide. These reactions remove radicals and do not perpetuate the cycle.

CHJ-/\Y/_\ CH; ———— CH; — CH,

e

Br . + «Bri —» :Br — é.r:

-é}hn CH; ———> :Br — CH,

The mechanism for chlorination of higher alkanes is the same.

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

Gain of e” = Reduction

OXIDATION AND REDUCTION OF ORGANIC COMPOUNDS [L PSP

hence redox reactions.

Organic chemists will normally describe a reaction as either oxidation or reduction depending on the fate of the major

organic component.

k|
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Oxidation Reduction

. :;:; frongg_at(i)ve gg;d(s:) (or “other atoms more | e less C—-O bonds (or other atoms mOTe
—.—-_lezC—H . - electronegative than C)
| e more C—H bonds

o loss of electrons «gain of clectrons

o _increased oxidation state. e.g +1t0+3 e decreased oxidation state. e.g. +1 to =1

JUPAC system f9r naming alkenes is as follow:
(1) The longest continuous chain containing double bond is selected as parent chain.

(2) The ending ‘ane’ is replaced by ‘ene’.

(3) The chain is numbered in such a manner as to give minimum number to the doubly bonded C-atoms.

I : <|:

c—C oS—

The parent chain -
containing double LO“QS‘St g:’lag\ Wéth

bond (correct) _no double bon

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

C
4 ;3 2 . y "
IC-—C—(|3=C C—C—C|I=C
C ; c—C
2-ene (incorrect) 1-ene (correct)

ber of C-atom is placed before the name of parent alkene. -
cated by the suffix -diene for two double bonds, -triene for

(5) The lower num
(6) The presence of more than one double bonds is indi
three double bonds and so on. '

(7) Alky! groups are indicated by the methods mentioned in alkane.

C

P
c—C—C=C

c—~C

2-Ethyl-3-methyl-1-butene (correct)

Py

IUPAC Name
CHZ = CHZ

CH; - CH = CH,

Ethene

Propene
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3-Heaene

CH3—CH2—HC =CH - CHz-CH;

(d) Methyl propene CH; - C =CH;
]
CH; )
(¢} | !.3-Pentadiene CH, =CH-CH=CH — CH;
(H | 1.2 3-Hexatriene CH,=C=C=CH-CH, - CHs
() | 2. 3-Dimethyl-2-butene CH;

l
CH;&'C.=.C —=CHjs
-
CH;

2.5, 5-Tetramethyl-3-hexene : C|H_1 . ?Hs
CH;- C-CH=CH- C-CH;
l I

CH; CH;
2. Name the compounds (a) and (b) by IUPAC nomenclature and compounds (c) and (d) by their trivial/commm
names and (c) by its derived name.

™

tJ

(@ CH,=C= C —CH;, (b) H,C= ?—CH=CH; '
|
CH; C,H;s
Z a a % h
(C) CH: = C -CH= CH; » . (d) CH] -C ) — CH=CH- CIIZ - CH2 = CH3
I
C;Hs

(e) CH,=CH-CH;
Ans. (a) 3-Methyl-1, 2-butadiene (IUPAC name)  (b) 2-Ethyl-1, 3-butadiene (1UPAC name)

(¢) 2-Ethyl-1, 3-butadiene (1UPAC name) (d)  3-Heptene (y-Héptcnc)

(e) Propene }
3. Write structural formulas for the following compounds and discuss the gcometric isomerism in each case.
(a) 1.3-Butadicne

H ? H
N\ 2 3 i/
C=C—C=cC
it | OH
H
. I* does not exhibit geometric isomerism.

(b) 1.2- Pentadicne

H
H _ | _
C=C=C—CH,—CH, A
H
. It does not exhibit geometric isomerism.,
(¢) 2.4 -Hexadiene
H
‘ H:(‘\ | ,CH,
| ~ C=C—C=C
| H” H” “H
. It shows gcometric isomerism.
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H
N\ I H
C=C—C=c%

H | N

CH,

H

o  Itdoes not exhibit geometric isomerism_

(©) 3-Mcthyl-1,3-pentadienc
H C \C 2
HC =HC”

e It will show geometric isomerism.,

Relative Stability of Alkenes k .

There are 3 factors that influence alkene stability:

1. Degree of substitution: More highly alkylated alkenes are more stable, so stabxhty of alkenes decreases in the
following order: tetra > tri > di > mono-substituted

e.g.

-

R\C:C/R R\C_C/H H\C_C/R I—l\C_C/R
/ \ Z° 5% /7N NN
R R R R R . H H H
2. Stereochemistry: Trans alkenes are more stable than cis alkenes due to reduced stearic interactions when R groups are
on opposite sides of the double bond. .

H \ /R R\ SR
C=~C C==C

R” e n”’ N

Trans alkene (more stable) Cis alkene (less stable)

3. Conjugated alKenes are more stable than isolated alkenes.
e.g. ¢ H,C=CH-HC=CH-CH; I, 3-Pentadiene (conjugated and more stable)
e H,C=CH-CH;-CH= CH, 1, 4-Pentadiene (less stable but more reactive)

Structure of Alkenesji@

The carbon atoms lmked through n-bond are sp® hybridized. Therefore, each C- atom carries three sp -hybnd
orbitals and one p-orbital. The p-orbitals overlap to form n-bond and hybrid orbitals form o-bond due to linear

\o \@O /

C

b /o-o\H : \

(n- and o-bonds)

overlapping.

N overlap pf
(sp C“g&{,‘,? ized, (p orbitals)

" The carbon-carbon distance in ethene is shorter (1.34 A) than the C — C bond distance of ethane (1.54 A) It is due
to increased electron density between carbon atoms which draws atoms very close to each other.
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Y=l @

Single bond Double bond

e Carbon atoms are coplanar, and the rotation of one C-atom with respect to other is restricted due to nt electropg
As a result alkenes exhibit cis-trans isomerism.

Preparation of Alkenes
1. Dehydration of Alcohols
Removal of water molecule is called dehydration.

Example:

When vapours of alcohol are passed over heated alumina, dehydration takes place with the formation of alkene.

R—CH:—(‘DHz ———s R—CH=CH, + H_0
Alcohol OH Alkene

POy, H;S0,, HiPO, are also used for dehydration. The-case of dehydration of various alcohols is in the order.
Ter.alcohol > sec.alcohol > pri.alcohol

For primarv alcohol

R—CH,—CH, Z=2s R—=CH=CH, + H,0
OH
Primary Alcohol
For secondarv alcohol
% H-SO,
R—CH—CH —CH, =225 R—CH=CH—CH, + H,0
OH
Secondary Alcohol
For tertiarv alcohol
CH,
l 20% H,SO
RN ? —2OH BSCC‘ - R—(I3 =CH, + H,0O
CH, CH,
Tertiary Alcohol De — Hydro-halogen-action
¥ \’ N d
2. Dehydrohalogenation of Alkyl Halides Removal H X orocess

Removal of hydrogen halide (HX) from alky halides is called Dehydrohalogenation”
Example:

Alkyl halides on heating with alcoholic potassium hydroxide undergo dehydrohalogenation to form alkenes.
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-
| st —
| = Alc. KOH '
| R ?H —(|3H2—> R— CH=CHjy+ KX+H;0
; vy -
| l--!i ..... ).( -
|
| Al

Hi_c —Cl:H2+K0H Aleohol , 11,¢ = H,C +KBr+ H20

TR cene
H,C — CH— CH Alcohol R
I : »+KOH H,C — CH== CH,+KBr+Hz0
HED rropene

Reactivit of Alkenes

There is a rt.alativ-ely diffuse region of high electron density in alkenes as compared to alkanes. This is due to 7-
bonds in alkencs. Slfme in alkenes, n-bond is weaker than o-bond, it requires less energy to break a n-bond. Hence the
reactions of alkenes involve weaker n-bond and electrophilic addition occurs. It involves the change of 2 n-bond to sigma
bond through addition reactions.

Reactions of Alkenes|ill .
Mechanism of Electrophilic Addition Reactions of Alkenes
It involves the following steps:
The reagent E — Nu ionizes to give an electrophile and nucleophile.
E-Nu—— E" + :Nu

Step 1t
The electrophile attacks the carbon — carbon double bon
carbon bears positive charge. As a result a carbocation is formed.
R \ / Slow \ +/
E'+C=Cc{ —>» ,C—C
7 i S 7T N
E

Carbocation

d and forms a covalent bond with one carbon and other

Step 2:
The nucleophile now attacks the carbocation to form an addition product.
Nu
Y\ |
Ne—cd+ N ﬁi‘—>\c—c<

|
E

Addition product .

ZT N\ /
E

Carbocation
Since the reaction is initiated by addition of electrophile, so it is called electrophilic addition reaction.

f
|
| (1) Hydrogenation .
? A process in which a molecule of hydrogen is added to an alkene in the presence of a catalyst and at moderate

| pressure (1-5atm) to give a saturated compound is known as catalytic hydrogenation.

- Explanation:
It is 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 120kJ mole™ for each double_bond
Present in a molecule. The catalysts employed are Pt, Pd and Raney Nickel. =
Raney Nickel: _
P Raney nickel is a spongy form of nickel. It has porous surface.
Teparation: '
K is prepared by treating a Ni— Al alloy with caustic soda.
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Ni—Al + NaOH + H.O —— Ni + NaAlO; + 3/2H2 ‘1
CH |CH3 i
3
Ni _ !
\H,C—(liH-—CH=CH, + H, ———> CH, —HC—CH,—CH; |
3.Methyl-1-butene iso - Pentane ]
NI
+ 3H, —
Benzene Cyclohexane
Applications:
" as well as in industry.

f alkenes is used in the laboratory
able ghee from vegetable oils.

Catalytic hydrogenation o
as well as an analytical tool as the reaction is gcnerany‘

e Inindustry, it is used for the manufacture of veget
+ In the laboratory, it is used as a synthetic method

quantitative.

“SHORT QUESTIONS

o« Define catalytic hydrogenation & heat of hydr
« What is Raney nickel? How it is produced?
e  Write down applications of hydrogenation.
e  State Markownikov's Rule. Give suitable example.

ogenation.

(2) Hydrohalogenation
Alkenes react with aqueous solution of halogen acid to form alkyl halides.

The order of reactivity of halogen acids is HI > HBr > HCL
R—CH=CH, + HX — R—(fH —CH,

X
> H3C—CH2
|
Ct

H,C = CH, + HCL

Mechanism
The addition of a hydrogen halide to an alkene takes place in two steps. Alkene accepts the proton of hydrogd

halide to form a carbocation.
/\ T

(i) Formation of carbocation
+ H— X—P C C—H + x

H l—l . H/ J{

(Carbocation)

(i) Attack of nucleophile
The carbocation then reacts with the halide ion.

\+/_\

H H
- U]
— X—C—C—H
H H H/ 'L

Markownikov's Rule|

The addition of hydrogen halide over an unsymmetrical alkene is according to Markownikov’s Rule. It states th
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§eh?

“In the add:—ttm'; O':' an unsymmetricai reagent to an unsymmetrical alkene, the
negative part of the adding reagent goes to that carbon, consisting the double
pond, which has least number of hydrogen atoms”. .

. : Wi i is obtained
guamP _ . MCQ: Which of the following product is 0 :
_9{-{3(3 |CH ?HZ when propene is treated with HEr in the
HzC H.C Br cresence of peroxide. )
\C= CH, + HBr — 1-Bromo-2-methytprogane (a) 1-Bromopropane (b) 2-Br9mopropane
(not formed) (c)1-Bromopropere (d) 1,2-Dibromopropane
HC S HINT:
—> H,C—C—CH, Kharasch method (anti MarkownikoV’s ruie)
3 | 3
Br (Actuzi procuct)
2-Bromo-2-methyip:cpane
(3) Hydration ‘
Addition of water is called hydration. Some reactive alkenes react with water in the presence of suitable

substanices 2 acid etc. to form alcohol. It is possible as alkenes are soluble,in cold concentrated sulphuric acid. They react

iti form alkyl hyd 5 X
by addition to fo alkyl hy FHOgen Ulph:te. ot O>"\<'\’1/O
N/ L0 N
C=C_ + H—0-§—0H— h,C—CH,~ 0—SOH

>_9_ Ethyl hydrogen sulphate -
The alkyl hydrogen sulphate on lzgjﬁng:ﬁgeﬁli.iytéb dacomposes to give corresponding alcohol.
H,C—CH:%{fs‘o“;}jHi.o +#9C ,H C-CH, ~OH+H.SO,

o — U

| SHORTQUESTIONS- =

Q. How would you convert: Q\A\3
(i) ethene to ethyl alcohol.
(ii) propene to propyi aicuhoi.

(4) Halogenation
The alkenes react with halogen in an inert solvent like carbon tetrachloride (CCLs) at room temperature to give

vicinal dihalides or 1,2 dihalogenated products.
H H b
\ / oGt 1|
=c +X, —— H—(ID-(I:—H
/ \
H H X X
Vicinal dihalide
+ Brand CL, are effective electrophilic reagents.
« Fluorine is too reactive to control the reaction..

¢ Jodine does not react.

lechanism:
(a) A bromine molecule becomes polarized as it approaches the alkene. This polarized bromine molecule transfers a

positive brominé atom to the alkene resulting in the formation of a bromonium ion.

H H

~ e O+ _5— -

/C= C\ + Br— Br = HEC\—— CH, +Br
Br+

(b ’ - P Bromonium ion ;
) The nucleophilic bromide ion then attacks on the carbon of the bromonium ions to form vicinal dibromide and the

color of bromine is discharged.
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H Br

v~ O\ Lo |
H,C~— CH, + B’ — H—(l:-—(T‘-—H.
\Brf) Br H

Bromonium ion trans 1, 2-Dibromoethane
e bond in a molecule.

This test is applied for the detection of doubl

- (5) Halohydration
Addition of hypohalous acnd (HOX) is called ha

Alkenes react with hypohalous acid to give halo

lohydration.
hydrin. In this reaction, molccules of the solvent become reactyy,

too.
x2+H20-—>HOX+HX'
H H
He ., 20 o
C=C + HOX——m— H—Cc—C—H
H/ - \H [
X OH

Xz =Cl; orBr; Halohydrin

(6) Epoxidation

It is the formation of epoxides. Peracids such as per oxyace
form epoxides.

tlc acid or peroxy benzoic acid react with alkenesy

-

I '
CHy — CH = CHy+ CgHsC — O— O — H%CH;,—CH—CHﬁCSHSCOOH

(Epoxy propane)

(7) Ozonolysis

Ozone (O;) reacts vigorously with alkenes to form unstable molozonide. It rearranges spontaneously to form®

* ozonide.
T '
HC =HC, + 0, —» H—G—C—H Reaiangemen’, \ 7 \/
Q \) : H/ | I\H
No |
Molozonide Unstable Ozonlde
Reduction of Ozonide
Ozonides are unstable compounds and are reduced directly on treatment with zinc and H,O. The reduc‘%
produccs carbonyl compounds (aldehydes or ketones). /
C/ ?l) . McQ's )
+HQO—>» 2H— C—H+H,0 What will be the position of d%”
H/ l 2 . bond when in alkene acetaldehvde an
O Formalde_hyde propanone are formed on ozonolys®’
Ozonide ()¢, (b)C, (c) G (d)c;’/

H,0, + Zn — Zn0O + H,0

Ozonolysis is used to locate the osmon of double bond in an alkene. The C
changed to carbonyl grou

-atom of double ho!
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Q. Which carp
onyl
0Zonolysis of: Y componnds are formed by the
: (i) Ethane (i) pr,
. . opens 2- i .
9 polymerization pene  (iii) 2-Butene (iv) 1-Butene
The process .in Wwhich small organic molecule .
.« called polymerization. s (monomers) combine together to form a larger molecule (polymer)
i
: Ethene polymeri 0
gxample polymerizes to polythene at 400°C gt a pressure of 100 atm.
n CH. = 400C
2 = CH, 100 2tm reees? e —CH,— CHZ,‘}?1
traces cf O, (0.1%)
A good quali | . Polyethylene
good quality po ythe1.1e Is obtained when ethene is polymerized in the presence of aluminium triethyl
Al(C;Hs)s and titanium tetrachloride (TiCLy).
Interesting Information
Examples of natural and synthetic polymers
-0 DNO s pre 0 0 [
Protein Amino acids Wool, silk, muscle etc
Starch a-D Glucose Potato, wheat, barley, rice, maize etc
Natural
Cellulose B-D Glucose Paper, wood, dietary fibre etc.
DNA Nucleotides Genes, chromosomes etc.
Polythene Ethene Bags, washing-up bowls, etc
Polychloroethene Chloroethene Fabric coatings, electrical insulation, toys etc.
(PVC) (vinyl chloride)
Synthetic Poly (phenylethene) | Phenylethene food containers, cosmetic bottles, toys, packing
(polystyrene) (styrene) materials, etc.
Polyester Ethane-2-diol and Skirts, shirts, trousers, water tank etc.
benzenc-1,2-
dicarboxylic acid

Conjugation

The word “conjugation” is derived from a Latin word that means "to link together". In organic chemistry, it is
used to describe the situation that occurs when p systems are "linked together".

* An "isolated" p system exists only between a single pair of adjacent atoms (e.g. C = C)
* An"extended" p system exists over a longer series of atoms (e.g. C=C-C=CorC=C-C=0etc.
* Anextended p system results in an extension of the chemical reactivity.

Requirements for Conjugation

The fundamental requirement for the existence of a conjugated system is revealed if one considers the orbital
involved in the bonding within the system:

CamScanner


https://v3.camscanner.com/user/download

95 : , T Chapter-16 (Hydrocarbons)
—20ns)

* A conjugated system requires that there is a continuous array of "p" orbitals that can align to produce a bondi"g
overlap along the whole system. - ' ' ' |
"o Ifa position in the chain does not provide a "p" orbital or if geometry prevents the correct alignment, then ¢,
conjugation is broken at that point.
Examples: -

4 We can investigate these differences by studying the following examples, pay particular aticntion to the "p"
orbitals: ‘

Structural formula

H,C = CH, isolated

Ethene

Propene CH; - HC =CH, isolated

1,2-Propadicne

(allene) H,C=C=CH, cumulated

1,3-Butadiene H,C=CH-HC=CH, .| conjugated

1,3-Pentadiene H,C=CH-HC=CH-CH; | conjugated

. . 1,4-Pentadiene H,C=CH-H,C-HC=CH, isqlated

1,3-Cyclopentadiene

conjugated

1,3-Cyclohexadiene “conjugated
ate

1,4-Cyclohexadiene )
- isolated

enzene hi
B conjugated .

O|o0|a

Stability of System

The result of conjugation is that there is extra p bonding interactions between the adjacent p systems that results in
an overall stabilization of the system. o
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@4 QUICK
R QUIZ

1 "What Is conjugation?
The word "conjugation" is derived fromal

is used to describe the situation th
) what are conjugated alkenes?

se alkenes which hay '

ps. Thos ave a conti array : ,

A hole system are call : nuous array of p-orbitals that can align to produce a bonding overlap along the
whole s are called conjugated alkenes 2 ) )

¢.g. 1. 3-Butadiene H,C = CH - ¢ = ‘
3. what Is pl bond? > =CH - CH,

.. A bond which is formed by i i
L i by p.nm.llcl or side to side overlap of atomic orbitals is called pi (1) bond.
. charge density is present above

&ns‘ > 1 J " ] . v . ‘
: atin word that means "to link together™. In orpanic chemistry terms, 1t

at occurs w Q . ny
rs when 1t systems (double bonds) are "linked together”.

. and below bond axis of two nuclel
Charge density . i axis of two nuclel,
. BE( 1sity of 5 bond is more diffused duc to lesser nuclear attraction.

. n-bond is comparatively reactive.

. ¢.g. H.C = CH,
g, Whatares and p orbitals?

. Nodes
Ans. s-Orbitals .
s-orbital has a spherical shape and is usually represented by a circle, which in ?
;um, rCP:”cscmsb.a lcut O.f sphere. The probability for (inding the cleetron is zcro % =
/ / .
retween two orbitals. This place is called nodal plane or nodal surface. i et :rotials Wi

incroasing principal quantum number

p-Orbitals

p-subshell has three values of magnetic quantum number. So p-subshell has three orientations in space i.c.,

along X, y and z axes. All the three p-orbitals namely py, py and p, have dumb-bell shapes.
z Z 7.

{

Shapes of p-orbitals

5. WhatIs dehydration?
Ans. The removal of water from a substance is called dehydration. Usually ALOs, P40y, H,SO;, H3PO4 are used for

dehydration.

ALO, _
R—CHz—?HZ 320450C R—CH=CH, + H.0

Alcohnl  OH Alkene
6. What Is dehydrohalogenation?
Ans. Removal of hydrogen halide (HX) from alky halides is called dehydrohalogenation™
Example:
Alkyl halides on heating with alcoholic potassium hydroxide undergo dehydrohalogenation ta form alkenes.
Alcohol

H,C —CH,—CH,—Br + KOH —— H,C—CH =CH, + KBr + 1.0
1. What Is hydrogenation? '
Ans, Addition of hydrogen (H;) to an unsaturated substance is called hydrogenation. During this process cleavage of n

\iond occurs. Catalytic hydrogenation involves Ni, Pt or Pd as catalysts.
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CHa = CHs + s ——N_ .y CIL - I
200 - 300 C
8.  What s ozonolysis?
Ans. Ozonolysis is a method of oxidatively cleaving alkenes or alkynes using 0zone (Oy), a reactive allotrope
oxygen. The process allows for carbon-carbort double or triple bonds to be replaced by double bonds with oxy,
This reaction is often used to identify the structure of unknown alkenes, by breaking them down into respectiy,

carbonyl compounds. e.g.

H H H 0 H
| | Rearrangement
HC=HC,+0, —» H—C—C —H: e N¢ \C<
o/ w | “H
\O,’/ 0O (@)
Molozonide Unstable Ozonlde
H H 0]
L 4 O\ P I
/C C\ + HO — 2H — C — H+H,0,
H | | H )
Formaldehyde
0] —0
Ozonide

9.  What Is Markownlkov's rule?

Ans. Markownikov's Rule
“In the addition of an unsymmetrical reagent to an unsymmetrical alkene, the negative part of the adding reagent

goes to that carbon, consisting the double bond, which has least namber of hydrogen atoms.”

Example:
—H.C—CH —CH,
HJC\ H.C Br
/ C= CH: + HBr — :r;g{?::;-:ér)nethylpropanc
H.C CH,
—> H.,C —-(:J—CH3

Br (Actual product)
2-Bromo-2-methylpropane

10. What [s electrophilic reagents?
Ans. Electrophilic Reagent:

* Positively charged ions (cations) are electrophiles. e.g. H', Ct’, Br', NI Iy etc.

e Neutral molecules in which ¢entral atom is electron deficient. c.g. Bl;, BF;, BeC{,, ALCL,. ZnCl, , FeCl, etc.

* Lewis acids are usually electrophiles.
e Neutral molecules in which central atom contains partial positive charge act as electrophiles.

e.g. SO;, PCL;, CO; ete.
11. What Is nucleophilic reagents?
Ans. Nucleophilic Reagent:

 Negatively charged ions (anions) are nucleophiles. e.g. H , CL , Br , SO etc.

Neutral molecules in which central atom have lone pairs of electrons.

L ]
¢.8. PCL;, Pl l;, SOJ. NH_'.. H_*O ctc.
o . Lewis bases are usually nucleophiles,
e  The molecules which contain pi electrons in their structures act as nucleophiles e.g. cthene, benzene ete.
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7 what Is halohydration?
ABS: Halohydration
Addition of hypohalous aciq (HOX) is called b

Alkenes react with hypohalous acid 1o o
reactant too. >e 0 give halohydrin. In this reaction, molecules of the solvent become

L SR
s i il

- d il —
i et bl i B oy s, S — )

143

alohydration.

X; +H,0— HOX + Hx

H H
N W
= + HOX ——— H—(C—C-—
Dk =g
) X OH
X2=Ck; or Br, Halohydrin

15, Whatls polymerization?
\ns. Polymerization

The process in which small org

. anic molecules (monomers) combine together to form a larger molecule (polymer)
is called polymerization. ) £ ary (p

Example: Ethene polymerizes to po‘lylhcnc at 400°C at a pressure of 100 atm.

n CH, = CH, — 2% +CH,—~CHi-

100 atm pressure
traces of O, (0.1%)

Polyethylene
16. When 2-Methyl propene reacts with HC(:

What are the structures of the two possible Intermediate carbocations?
() Which of the two lons Is the more stable?
()  What will he the major product of the reaction between 2-Methyl propene and HCE?

Ans. In the addition of HCL to 2-Methylpropene, two intermediate carbocations are formed as follow:

CH,— & CH, (Tertiary carbocation)
I

CH,
CH,— C =CH, + HCL
’ I
CH, CH,— CH— (;*H2 (Primary carbocation)
2-Methylpropene |
(Iso-butylene) CH,
(i) Tertiarv carbocation is more stable than primary carbocation, as it has nine (9) hyperconjugation structures.
(ii)
(IZL
— CH,— C —CH, 2-Chloro-2-methylpropane
I (Major product)
CH,
CHz— C=CH, + HClL —
I
CH, L cH,— HC—CH,— Ct 1-Chloro-2-methylpropane
I (Minor product)
et ' CH,
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Q.3(1) What is isomerism? Explain different types of isomerism?

ﬁ
—

_ISOMERISM.
“Compounds that have the same molecular formula but different chemical

structures are called isomers and the phenomenon is called isomerism.

. . ; . i be due to different
Since isomers have the same molecular formula, the difference in their properties must Modeg
of combination or arrangement of atoms within the molecule.

Types of Isomerism
There are two main types of isomerism:
(A) Structural Isomerism (B) Stereoisomerism

A) Structural Isomerism

ithin the
“When the isomerism is due to difference in the arrangement of atoms within t

i tructural
molecule, without any reference to space, the phenomenon IS called S
Isomerism",

* In other words, structural isomers are compounds that have the same molecular formula but different structury|
formulas.
Structural isomerism is of following five types:
(1) Chain Isomerism
Chain isomers have the same molecular formula but differ in order'in which the carbon atoms are bonded
to cach other,

Example:

\ Csl{u: T’PI}
CH; —CH-—CH,—CH;
| CH; —C —CH;
CH; - CH, - CH; - CH, - CH; CH- (|3H
(n-pentanc) 2-Methylbutance (Iso-pentane) 2. 2-Dimethylpropane (JNco-pentanc)

(2) Position Isomerism

Position isomers nave the same molecular formula but different in the position of the same functional group on
the carbon chain.

Examples:

(i) C;H,CL: CH; - CH - CH;,
CH;=CH,=CH, - Ct
1 — Chloropropane ct
2 — Chloropropane
CH3; - CH=CH - CH;
2 — Butene

(ii)) C4Hs:  CH; - CH, - CH=CH,

| — Butene

(3) Functional group Isomerism

Functional isomers have the same molecular formula but different functional groups.
Examples:

‘

i-Formula’ "% {Functional Isomers "
(i) C;HO: CH; -0 -CH; CH; -CH,-OH (@) CH, Alkene and cycloalkane
Dimethy! ether Ethyl alcohol (i) CH, , Alkadiene and alkyne; cycloalkené
0 o (i) CH...0 | Alconol, ether
l

(iv) CH.O Aldehyde, ketone
CH,—C —cCH, | CH,0, | Acid, ester, hydroxy aldehyde and
Propanone hydroxy ketone

(ii) GGHO: CcH,— CH,—C —H

Propanaldehyde

B
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(4) Motamerism

I his type of isomerism e : ; istributi {

| his tyy 1% due 1o the uncqual distribution of carbon atoms on cither side of the functional group.
o Metamers belong 1o the same homologous series
o Itisduetothe presence of different alkyl proups at

i Dl 58 s N 0 ached to the same polyvalent functional group or atom.
Examples:
(h CllpQ: CHh=CHy - 0 i, - ¢y, CHy - O - CH; - CH; - CH,
Dicthyl ether Methyl-n-prapyl cther
(i) CsH00O: ) O

I !
( ‘ . ’ ' . I

& CHy —C — CH;—CH, CH;z = C ~CH; — CH; —CH;
Dicthyl ketone

Methyl-n-propyl ketone

(5) Tautomerism

”TI‘\ type of isomerism arises due 1o shifting of proton (1) from one atom to other in the same molecule.
) ) '\, . l‘ 1 H < ‘el . . g . - . . - -
Itinvolves the shifting of position of protan (1), This type of hydrogen atom is known as “‘mobile™ hydrogen.
Examples:

()

TOOH cOO
R ? Lm,a—43R~%L-Mt
H

H

Amino acied Zvitter ion

(ii)
0O OH
I I

3 — (

1l F — CH,CO,CHs =

>

—> CH;= C = CH.— CO,C,Hs

Keto-Form
B) Stereocisomerism

“When isomerism is caused by the different arrangements / orientation of atoms
or groups in space, the phenomenon is called Stereoisomerism.”

The stereoisomers have the same structural formulas but differ in arrangement of atoms in space.

In other words stercoisomerism is exhibited by such compounds which have the same structural formula but differ

in configuration. (The term configuration refers to the three-dimensional arrangement of atoms that characterizes
a particular compound).

Stereoisomerism is of tWo types:
(1) Optical Isomerism

Enol-Form

(2) Geometrical or Cis-Trans [somerism

;
Chiral Cente

First, we will discuss plane of symmetry which helps us to understand this topic.

Plane of Symmetry

“A plane which divides an object into two symmetrical halves, is said
to be plane of symmetry.”

|

* A svmmetric object is referred to as Achiral. "ib

e Achiral molecule has at least one asymmetric center and does not have a plane of | |
symmetry. '

L ]

l Planes of Symmaetry
L
An achiral molecule has a plane of symmetry

Example: A person or a hat has a plane of symmetry.
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Achiral objacts B

Dissymmetric or Chiral Object :
‘ ’ “An object lacking a plane of symmetry is called dissymmetric or Chiral
(pronounced as Ki-ral).”

svmmetry.
e A dissvmmetric object cannot be superimposed on its mirror image. A left hand tor example does not possess

plane of symmetry. and its mirror image is not another left hand but a right hand.
¢ they cannot be superimposed if we were to lay one hand on top of the other, the

Examples: A person’s hand or gloves lack plane ot

e The two are not identical becaus
fingers and the thumb would clash.

The muror image
relatonship of the left hands,
Natica that nght hand Is tha
mirror Image of the loft hand

Chiral objects

Carbon-Based Chiral Cente

“A carbon atom which is bonded to four different groups is called an asymmetric
carbon atom.” : '

Examples:
Asymmetric Asymmetric
CH,CH CO,H
carbon 2~13 carbon 2
N | N
CH;,——CIJ—CH:CHZCHg H—C—OH
I
Br CH,OH

. T.he term asvmmetric carbon atom is rather misleading. It only means that a carbon atom is bonded to four
dlﬂ}:.rent groups and that a molecule of this type lacks plane of symmetry. Such a molecule is called asymmetric
(Latin a = without), that is. without symmetry. '

e  Presently the term dissymmetric or chiral molecules are often for asymmeétric molecules

Optical Activity|

“The property of a compound to rotate the plane of polari , .
optical activity” polarized light is called
Explanation:
Light from ordinary electric lamp is composed of waves vibrating i .
- oF v 4 - ) . ating in many different plan it i sed
through Nicol prism (made of calcite, CaCOs) or polaroid lens, light is found to vibrate in onl olixe e]S. Wheg " 15'522 be
plane-polarized or simply polarized. y P ane,\ and 1s sal

The diagrams illustrate the vibrations of ordinary and polarized li -
i s i ) ght from a beam pro . to
the plane of paper. Soluuons_of some organic compounds have the ability to rotate the plpané)aogfateociap?l‘pgnlc.il(}:}t:la;lg’ese
compounds are said to be Optically Active. This property of a compound is called Optical Activity polarized light.
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. Nicol
prism
SO, abiag

Sample

solution
SRS TR
Ll A5 i s
':.ZY:" :%..’

Ordinary
e e——.
ligght

“(\‘n'\-‘.ml

kght

Polarised
light

Rotated g
—_——————p

Light
source

- oyl

, A simp i
Measurement of optical activity ple polarimeter in operation
Optical actvity 1n a com

yound 15 detected ant " ' '
soncentration of an optically *uml\x mat detected and measured by means of a Polarimeter. Whena solution of a known
¢ wiy & *materinl Bro . ) . ¢ f R
-ertain humber of degrees o nalis placed in the polarimeter, the beam of polarized light is rotated through a
certam grees, either to the right (¢clock : :
: 't The EHtTciockwise) or to the left (anti-clockwise)
Dextrorotatory: 1C compound which rolates 1 ylane y . . . X X
dextrorots . ¢ plane of polarized light to the right (clockwise) is said to be
erotatory. 1tis indicated by the sign (+) ’ '
Lacvorotatory:  The con ound w ) : » D, ) ' )
B ’ hich rotates the plane of polarized light tothe left (anticlockwise) is said to
.l(‘\q\hﬂl\l”l“\ I 15 i ated the Sign (—)

The magnitude ‘otatinnm i :
cmagnitude of rotation in degrees is referred to as observed rotationyalpha (c).

(1) Opticalisomerismi

“An optically qctivc compound can exist in two Isomeric forms which rotate the
plane of polarized light in opposite directions. These are called optical Isomers
and the phenomenon is known as optical isomerism."

e The isomer which rotates the plane of polarized Hight 1o, the right (clockwise direction) is known as
l)c\(rm‘ulnlnr_\ Isomer or () isomer
e The 1somer which rotates the plane of polarized light to“the left (anticlockwise direction) is known as the

[.:u'\'nrm:llm‘) Isomer o (—) 1somer
Examples:

i) Optical Isomerism'of Lactic'/Acid

Lactic acid (2-1yvdroxy propanoic acid) thews @ptical isomerism. It contains one asymmetric carbon atom. Two

three dimensional structures are possible foflactic acid.

OH OH
: |
.C3 é _C..
HOOCHE{ M .. H™ '}y COOH
e CH
H C : ’
Egumolar mixture of
COOH 2 (I:OOH (+)and (-) forms
I : i
L : H—-C-0H racemic mixture
» HO 'T H Optically active I mp = 18°C
CH, CH
= 3 -)-Acid
(*)-ACld ( )ACl .
mp=26C mp =26C

Ihese structures are not identical because they cannot be supcrin.lpose'd on each other.

On the mirror image of the other, such non supj?rimposablc. mirror image forms: are pptical! isorpcrs and called
thantiomers. Thus. three forms of lactic acid are known. Two are opncall_\: acu've ar-ul one lS.OpllCZl“)' inactive.
(*) Lactic Acid: It rotates the plane of polarized light to the right (clockwise direction) and is called dextrorotatory.
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() Lactic Acid: It rotates the plane of polarized light to the left (anticlockwise direction) and is called lacvorotatory, |, i
the mirror image of (+) lactic acid and vice versa.

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

ii) Optical Isomerism of Tartaric Acid

Tantaric acid (2.3-Dihvdroxybutanedioic acid) contains two asymmetric carbon atoms.
Four forms of fartaric acid are known. Two of them are optically active and two are optically inactive, The
optically active forms are related to each other as an object to its mirror image. That is, they are enantiomers,

|

Isomers of Tartaric Acid

Mirror —
COOH : COOH :
' J: Equimolar mixture of
HeeeC—DH | HO—C—H == I_OH (+)-and(-)-forms
l " Cssssdemseas (Racemic mixture)
‘-D—Ll‘.—H H——C—O0H He— C—OH
el S COOH (+) - Acid
(=\-Acid . =) 1 ) = 0
: Ei’?« 5 m( Z??(?”C Meso-Acd LSiau
mp = 170C : = )
P mp = 143°C

Optically active .
($)Tartaric Acid: It rotates the plane of polarized light to the right (clockwise direction) and is called dextrorotatory.
(-) Tartaric Acid: It rotates the plane of polarized light to the left (anticlockwise direction) and is called levorotatory.
(2)Tartaric Acid: It does not rotate the plane of polarized light. That is, it is optically inactive. It is an equimolar mixture
of (=) and (-) forms (racemic mixture).

Geometrical isomerism (also called cis trans isomerism) results from a restriction in rotation about double bonds,
or aboat single bonds in cyelic compounds.

! H... (o) ~R Rotation. R- O R
; C=C_, ——™ =
R C O NH H"B H

(A) Geometrical Isomerism in Alkenes

e The carhon atoms of the carbon-carbon double bond are sp2 hybridized.

¢ Thecarbon-curhan double bond consists of a sigma bond and a pi bo..d. The sigma bond is formed by the overlep
of sp” hwiric orhitals. The pi bond is formed by the overlap of p orbitals.

e The presence of the pi bond locks each molecule in one position.

*  The mvo carbon atoms of the C = C bend and the four atoms that are attached to them lie in one plane and theif
positions in space are fixed.

e Rotatien around the C = C bond is not possible because rotation would break the pi bond.

This restriction of rotation about the carbon-carbon double bond is responsible for the geometrical isomerism in
alkenes. .

* A popular analogy for this situation is based upon two boards and two nails. Driving one nail through two boards
will not prevent free rotation of the two boards. But once a second nail used, the boards cannot be freely rotated.
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not possible

Free rotation is
possible

Examplef

Consider the case of 2-Butene, |t exists in two special arrangements:

HSC\ -_—

C

- H G L HC
H”  TNH
Cis-2-Butene

(b.p 4°C)

_H,C

HSC\ -_ C/H

H/ —_— \H3C

H,C ~H
«nd H~ \HaC

trans-2-Butene
(b.p 1°C)

These two compounds are referred to as geometrical isemers and are distinguished from each other by the terms
cis and trans.

o The cis isomer is one in which two similar groups are on the same side of the double bond.

o The trans isomer is that in which two similar groups are on the opposite sides of the double bond.
Consequently, these types of isomers are often called cis-trans isomers. These are stereoisomers because they
have the same structural formula but different special arrangement of atoms.

_Interconversion of Cis-Trans isomers

The conversion of cis-isomer into trans-isomer or vice versa is possible only if either isomer is heated to a high

lemperature 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 ways giving

mixture of trans-2-Butene and cis-2-Butene.

Hs ~H  Heat H\O O/H H\O O _CH,
CHy~ ~CH, CH,4 /O O\CH3 CH,~ O O H
: lReform lRafann
H\C_C/H H\C_C/CH3
CH3/ \CH3 CHJ/ \H
cis trans

Stability of geometric Isomers

The trans isomers are more stable than the corresponding cis isomers. This is because, in cis isomers, the bulky
8roups are on the same side of the double bond. The stearic repulsion of groups makes the cis isomers less stable than the
trans isomer in which the bulky groups are far (they are on the opposite sides of the double bond),

The geometrical isomers have different physical and chemical properties. They can be separated by conventional
Physical techniques like fractional distillation, gas chromatography etc.
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s SRR Cis Sisomeria iR S
- The geometric isomer in which the two bulky group are

present on the same side of the double bond is called cis
isomer,

1. The geometric isomer in which the two bulky groups

are present on the opposite side of the double bong
is called trans isomer.

2. Cis isomer is given by

2. Trans isomer is given by D
" H R
R\ /R | " -
cC—c¢ S | C==10
e N R N

- - ﬁ\
3. Generally cis form of a compound is unstable due to | 3. The trans form of a compound is stable due

stearic repulsion of bulky groups. opposite presence of bulky groups.
»-gw - . - ‘—\
Conditions for geometric isomerism

All alkenes do not show geometrical isomerism. Geometrical isomerism is
bonded carbon atom is attached to two different atoms or groups.

Examples:

possible only when each doubje

(i)  Propene (CH;CH = CH,): No geometrical isomers are posvsible for

propene. This is because one of double
bonded carl - ns bas two identical groups (H atoms) attached to it. '

Identical atoms / groups
CH H on the same carbon.
N e
2 g
H H

3-Hevene (CH,CH,CH = CHCTH,CH;): It shows cis trans isomerism. This is because each double bonded

carbon atom is attached to (wo different groups (CH;CH, and H). The cis and trans isomers of 3-hexene are
shown below: '

(if)

same side

opposite sides
4 A ¥
H H
>C=C<
CH3CH> CH,CH3

cis-3-Hexene

trans-3-Hexene

(iii) Butenedioic acid (HOOC — CH = CH - COOH): Geometrical isomers are possible because each double
bonded carbon atom has two different groups attached to it (H and COOH).

H\ /COOH H COOH

N 7
l

(@)

C

]

C
7 N\ Ve

HOOC H H
trans-butenedioic acid

0=

AN
COOH

cis - butenedioic acid
(Fumaric acid) (Malelc acid)
m.p 130°C m.p 288°C

(B) Geometrical Isomerism in Cyclic Compounds

Geometrical isomerism is also possible in cyclic compounds. There can be no rotation about carbon-carbon sinﬂ?E

bond forming a ring because rotation would break the bonds and break ring. A requirement for geometrical isomerism
cyclic compounds is that there must be at least two other groups beside hydrogen on the ring and these must be ¢
different ring carbon atoms.

Example: 1,2-dimethylcyclopropane exists in two isomeric forms.
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(|3H3 |CH3
cis-form }:-I trans-form :

Ha

o Incis-1,2-dimethylcyclopropane, the two methyl groups are on the same side of ring.

o Intrans |, 2-dimethylcyclopropane, they are on opposite sides.

m No geometrical isomers are possible for 1,] -dimethylcyclopropane.

ZAQ
&

No i i
isgeometncal CHs Geometrical
c)mgabrls z?re \ isomers are
possible for / possible for

this compound CHs ; this compound
CH3 ﬁ

H

CHa

UICH

& QUIZ

1.

2,

Define or explain the following terms:
(a) Structural Isomerism (b) Stereoisomerisms (c) Geometrical Isomerism (d) Optlcal Isomerism

(e) Asymmetric carbon (f) Chiral molecule
Ans. (a) Structural isomerism

(b)

()

(d)

(¢)

0

State the necessary condition for a compound to show geometrical Isomerism. Illustrate your answer with examples.

Ans, The necessary and sufficient condition for a compound to exhibit geometric isomerism is that the two groups
attached to the each double bonded carbon must be different.

When the isomerism is due to difference in the arrangement of atoms within the molecule, without any
reference to space, the phenomenon is called Structural Isomerism.

Stereoisomerisms
When isomerism is caused by the different arrangements / orientation of atoms or groups in space, the

phenomenon is called Stereoisomerism.

Geometrical isomerism
Those compounds which possess the same structural formula, but differ with respeci to the positicss of
the identical groups in space are called cis-trans isomers and the phenomenon is known as cis-tri_s or

geometric isomerism.

Optical isomerism
An optically active compound can exist in two isomeric forms which rotate the plane of polarized light

in opposite directions. These are called optical isomers and the phenomenon is known as optical isomerism.

Asymmetric carbon .
A carbon atom which is bonded to four different groups is called asymmetric carbon atom.

Chiral molecule .
A chiral molecule is a molecule that is not superimposable on its mirror image.
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Example: ! ' j
CJ}Iﬂ: H-\C CH H ! CH;
k! /07 N\ / .
C=2¢C C = |
/ \ / \ |
H H CH, H |
Cis-2-Butene Trans-2-Butene
3. Which of the following compounds shows geometrical Isomerism?
(a) 2-Butene (b) 2-Methylbutene (c) 2-Pentene (d) 1,2-Dichloropropane
Ans. o Following compounds show geometrical isomerism:
2-Butene: H,C CH, H CH
N/ \ /"
CcC =°C C =C
/o / \
H H CH, H
Cis-2-Butene Trans-2-Butene
2-Pentene: CH, — CH, CH | H CH,
\ /7 \ /
C=2¢C c=2c0C
/ \ - / \
H H H,C — CH, H
Cis-2-Pentene Trans-2-Pentene
° Following compounds do not show geometrical isomerism:
2-Methylbutene:
CH, CH,
AN /
PN
H CH,

1,2-Dichloropropane:
CH;-CH-CH;-Ct
|
CL

4.  Which of the following compounds shovs geometrical isomerism:
(a) CH; — CH = CH,
(h) CH,CH,CH,CH = CHCH,

Ans. 2-Hexene (CH;CH:CHﬁH = CHCH;) exhibits geometrical isomerism because groups attached to doubly bondec
carbon atom are different. On the other hand propene (CH; — CH = CHj,) does not exhibit cis-trans isomerism.

5. What Is optical activity: How Is it measured?
Ans. » The property of a compound to rotate the plane of polarized light is called optical activity.
e It is measured by polarimeter. ,
6.  Write a note on optical Isomerism of lactic acld
Ans. Optical Isomerism of Lactic Acid
Lactic .acid (2-Hydroxypropanoic acid) shows optical isomerism. It contains one asymmetric carbon atom. Twi

three dimensional structures are possible for lactic acid.
B
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Ans.

—

I OH
HooC ~ 5 X
CATH H™ ) ~COOH
H.,C :or CH.
(IZOOH Equimolar mixture of

COOH i §

HO—C— P i (+) and (-) forms
H ; H-C-0OH racemic mixture

| Optically active 1 mp= 18°C ;

CH, CH,
(*)-Acid (-)-Acid
= NP £6°C mp = 26°C

These structures are not identical because they cannot be superimposed on each other.

On th.c mmo,lll image of the other, such non superimposable mirror image forms are optical isomers and called
enantiomers. Thus, three forms of lactic acid are known. Two are optically active and one is optically inactive.

(+) Lactic Acid: It rotates the plane of polarized light to the right (c.:lockwise direction) and is called dextrorotatory.

(-) Lactic Acid: It rotates the plane of polarized light to the left (anticlockwise direction) and is called
laevorotatory. _

(<) Lactic acid: is the mirror image of (+) lactic acid and vice versa.

(%) Lactic Acid: it does not rotate the piane of polarized light. That is, it is optically inactive. It is an equimolar
mixture of (+) and (—) forms (racemic mixture).

Write a note on optical isomerism of tartaric acid

Optical Isomerism of Tartaric Acid

Tartaric acid (2,3-Dihydroxybutanedioic acid) contains two asymmetric carbon atoms.
Four forms of tartaric acid are known. Two of them are optically active and two are optically inactive. The optically
active forms are related to each other as an object to its mirror image. That is, they are enantiomers.

Isomers of Tartaric Acid

Mirror
COOH E COOH GOOH . .
i | Equimolar mixture of
He ¢ oH | HO—C—H H—C—OH (+)-and(-)-forms
; N racemic mixture
HO—C—H H—C—O0H H—C—OH
COOH COOH COOH (+) - Acid
(+)-Acid ; (-)-Acid meso-Acid mp = 206°C
mp =170°C ! mp = 170°C mp = 143°C

Optically active

(+)Tartaric Acid: It rotates the plane of polarized light to the right (clockwise direction) and. is callec

dextrorotatory. ) _
(-) Tartaric Acid: It rotates the plane of polarized light to the left (anticlockwise direction) and is callec

levorotatory.
(®)Tartaric Acid: It does not rotate the plane of polarized light. That is, it is optically inactive. It is an equimola

mixture of (+) and (-) forms (racemic mixtyre).
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8. Anacid of formula C;H,,0, Is optically active. What is Its structure? ﬁ
Ans.
COOH ; COOH
é\ Miiror 3 (l-; ~~~~ |
CHHC 4 CH, i CH; \"CH,CH,
: H

Optically active
9 Hovr does cls-Isomer convert into trans-Isomer?

- . . . « . . L ol - i T bq s |10
Ans. The conversion of cis-isomer into trans-isomer is possible only if it is heated to a high temperature or absérbs Jighy

The heat supplies the energy (about 62 keal.mol™) to break the pi () bond so that rotation about sigma bopg

becomes possible. Upon cooling, the reformation of the pi (r) bond can take place in two ways giving mixture of
trans and cis isomers.

The trans — isomer is more stable. Why?

Stability of cis — trans isomers:

10.
Ans. \
Cis-form of a compound is generally unstable because two bulky groups are on the same side of double bond,
These groups cause stearic repulsion making cis-isomer unstable.

In trans-form bulky groups are on the opposite side of the double bond. Due to absence of stearic repulsion
trans-isomer is more stable. :

Example:
R R R H
N s/ N s/
LC=C_ £=C_
H H H R

cis - alkene trans - alkene

Nomenclature

IUPAC System: ‘

(1) The parent hydrocarbon is the continuous chain containing triple bond.
(2) The ending ‘ane’ of the alkane is changed by - yne.

(3) The main chain is numbered starting from the terminal carbon nearer to the triple bond.
. C

¥
IQ'—C—CIJEa

, Longest chain without
triple bond-Not main

C—C
( Chain wilh triple

| bond is main chain)
chain
(4) The position of triple bond is indicated by the lower number of carbon atom.
C . C
4 3 2 q L
’C—C—CECﬂ C—C—IC=C
I.
cC—cC Cc—C
(Correct) (Incorrect)
(5) If two or more triple bonds are there in the molecule, use the prefixes di-, tri-, etc.

(6) Alkyl groups are indicated by the methods described while naming alkanes.
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, lecules contajnj
aming of mo aining both the doy i S
N (1) The suffix ‘enc™ is used 10 depg o and i) e

bond fe the presence of double bond and the suffix -yne to denote the presence of triple
2 The suffix -‘ene’ aly

vVays precedes -
Jarge number. : :

. R I ) § o .

yne' in the name of compound, even when the double bond is assigned the

(3) The position number for the double bond s

(4) The position number of trip|e bond is pl

5) If same number wou| result from cachy
c.g. I

placed hefore the name of parent hydrocarhon.‘
aced between -‘ene’ and -‘yne’,
terminal, the double bond is given the lower possible number.
2 3 4 5
CH, = CJH - CH,-~-C=CH
I-l’cnlcnc-/l-ync

—_—
C names of the followi '
: el

R

the [UPA

e ———

No.

ZIUPAG Name 7
1-1
1, 3-Butadiyne

Give

3utyne

(b) |HC=C-C=cH
(¢) |CH;=CH-C=CH 1-Buten-3-yne

d |CH=C-C=C-CH=CH - CH; | 5-Hepten-1,3-diyne
(¢) | CH;—CH,-C=C-CH,-CH, 3-Hexyne

Alkynes are more stable as compared to alkeneés due to the presence of extra pi-bond. That is why alkynes are less
reactive than alkenes. This can be supported if we compare thermodynamic data of alkynes and alkenes, which is:
AH of 1-Hexyne = — 290 kJ mol™’

AH of 1-Hexene = — 126 kJ mol™

The two carbons of acetylene (alkyne) are sp-hybridized. They are linked by a sigma .(cs) bond due to sp-sp
orbitals overlap. The two unhybridized p-orbitals on one carbon overlap with two p-orbitals on other carbon to form two
pi () bonds. The cloud of pi-clectrons is preseit cylindrically symmetrical about the carbon-carbon sigma (o) bond.

Rotation about carbon-carbon sigma bond does not cause any change in encrgy and electron density. It is a linear
molecule, and hence geometrical isomer is not observed in it.

(Orbital Drawing of HC = CH)

Physical Propertie

I In general, alkynes are non-polar and are insoluble ir water but soluble in non-polar organic solvents.
% They are colourless, odourless except acetylene (C,H,) which has a garlic like odour.
3. The melting points, boiling points and densities increase gradually with the increase in molecular masses.
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4. The first three members (ethyne, propyne & butyne) arc gascs. The next cight members (Cs — Cy2) are liquids and‘ '

| higher members are solids at room temperature.
Methods of preparation of alkynes
Alkynes can be prepared by the following methods:
(i) Elimination reaction
(ii) Alkylation of sodium acetylide
(i) Elimination of Hydrogen Halidey

Alkynes can be prepared by dehydrohalogenation of vici
alkaline reagents.

(a) From Vicinal Dihalide

A vicinal dihalide contains t
hydrogen halides from two adjacent carbons, it gives an alkyne.

Higher alkynes are also formed in the presence of alcoholic KOH. ¢.g.

wo halogen atoms on adjacent carbon atoms. On climination of two molecules of

A

|

nal and geminal dihalides in the presence of sop,

H H
R—C::—(:S—R e > R—C=C—R ‘
Y X Alkyne
1, 2-Dihalide
H,C=CH, + KOH s HG = CH,
Br Br Br
1, 2-Dibromoethane Viny! bromide
HC=CH + KOH—ap%es HC= CH + HBr
IBr II-I Ethyne
Vinyl bromide

In the presence of strong base such as KOH and at high temperature, triple bond at terminal C-atom migrates fo
give more disubstituted alkynes. Therefore, alcoholic KOH is useful when rearrangement is not possible.

1-Alkynes can be prepared from vicinal dihalides with sodium amide in liquid ammonia.

KOH _ ’
C6H5 e CIH —CgHs m CsHs -C=C- CsHs

Br
. CoHs — CH —CH, + 3NaNH, —2¥% ;¢ H.c = CNa + 2NaBr + 2NH;

|
Br Br
CeHsC = CNa—-

(b) From Geminal Dihalide:
A geminal dihalide contains two halogen atoms linked with the same. carbon atom. On treatment with strong bast |

it gives alkyne, e.g.

MO, C4HsC = CH

2NaNH, r

CH,CHZC%H— Br CH, — C= CH + 2NaBr + 2NH,

Br

a

/)‘

Reactivity of alkyne

Acetylene (alkyne) is an unsaturated hydrocarbon and shows addition reactions. It also undergoes substi
reactions due to easy cleavage of C — H bond. The pi-electrons are present cylindrically symmetrical about carbon-car
sigma bond and the removal of terminal hydrogen is possible without disturbing carbon—carbon bonding. Therefo®
electrophilic substitution reactions are possible in 1-Alkynes. ' ' i

qutiol |

-
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H-C=Ccr_ H&
Q. Why alkynes are more reactive than
R-C=CJy _B - ) alkenes in electrophilic addition
— > R-C=C +B-H reaction?

dity of Terminal Alkynes

In ethyne and other termi o
overlap. As sp hybrid ()rbiltr:lﬂhifiils]Wnes jike propyme, the hydrogen atom is bonded to the sarbon sion it sps

e As a result, the sp hybridized 5(:;% s-character in it and renders the carbon atoms more electronegative.
? carbon atom of i H
attached hydrogen atom slightly acidic. of a terminal alkyne pulls the electrons more strongly making the

lth m ta . h i i

Examples:

(i) When 1-Alkyne or ethyne is treated with sodamide in liqui . : s
acetylides are obtained 1. sodamide in liquid ammonia or passed over molten sodium, alkynides or

~

o~
1
[ ]

R-C=CH+2NaNH, —9Nh, g _c=C Na"+NH;

HC=CH+2Na—> Na'C =CNa'+H,
Disodium acetylide
Sodium acetylide is a very valuable reagent for chemical synthesis and is essentially ionic in nature.
(i) Acetylides of copper and silver are obtained by passing acetylene through the ammoniacal solution of cuprous
chloride and silver nitrate respectively.
HC = CH + 2AgNO; + 2NH;OH — AgC = CAg + 2NH4;NO; + 2H,0
Disilver acetylide or silver
‘ Ethynide (white ppt.)
HC = CH + Cu,Cl, + 2NH;OH —— CuC = CCu + 2NH,CL{ + 2H,0
\ ' Dicopper acetylide or copper
Ethynide (Reddish brown ppt)

Q. Distinguish between
ethene and ethyne,

Regeneration of alkynes: ia
Silver and copper acetylides react with acids to regenerate alkynes.
AgC = CAg + HSOyg1)—> CH=CH+ Ag:SO;s
AgC = CAg + HNOj3giy—> HC=CH + 2AgNO;
These alkvnides are used for the preparation, purification, se aration and identification of al

Addition Reactions of Alkynes

Alkynes undergo addition reactions in an analogous fashion to those of alkenes. The high electron density of the

pi bonds makes them nucleophile.
e Two factors influence the relative reactivity of alkynes compared to alkenes:
(i) increased nucleophilicity of the starting pi system
(ii) stability of any intermediates (for example carbocations)
(1) Hydrogenation

Alkynes react with hydrogen g
step alkenes are formed which then take up another molecu

HC=CH+H, —  H,C=CH,
Heat

as in the presence of suitable catalysts lilfe finely divided Ni, Pt or Pd. In the first
le of hydrogen to form an alkane.

Ethyne Ethene -
CH, = CH, + Hy —— H;C — CH,
c€a

Ethene Ethane
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Partial hydrogenation to trans alkene:
I Alkynes can be reduce : . e , i -

tranlali Y S can be udu.c'ud to trans-alkenes using Na in liquid NHy, This reaction 1s stercospecific giving only yy

sralkene via an anti addition, b

|

L . H R
|

R-C=C-R+2[H] audlh, c = ¢

-33°C |

R H

Trans-Alkene L '
of catalytic hydrogenation. I'he reaction progees

Note that the stercochemistry of this reaction complements that ' 0
These reaction conditions do not reduce alkengs.
y

via single clectron transfer from the Na with H coming from the NH,.
hence the product is the alkene.

(2) Hydrohalogenation

Alkynes react with hydrogen chloride and hydrogen bromide t
' HC=CH + H—Br —> H,C=CH

Ethyne Br

o form dihaloalkenes.

: Vinyl bromide
Second addition is according to Markownikov's Rule.

/Br

HZC____CH + H—Br Markownlkov's > H,C""‘CH

addition
| N\ Br
Br 1, 1 - Dibromoethane

(3) Hydration
Water adds to acetylenc in the presence of mercuric sulphate dissolved in sulphuric acid at 75°C.

OH

" |
HC& CH+H — ou+28‘—> HsC = CH (Vinyl alcohol)

l.earrangement of alcohol:
Vinyl alcohol is an unstable. It has the hydroxyl group attached to a doubly bonded carbon atom and isomerizes 1o

acetaldehyde.
v ;
H.C =CH CH; — C — H (Acctaldchyde) ‘

Except acetylene all others alkynes give ketones.

/oA
CHy= C = CH+Hp0 19524, H,C - C=CH, = H;C-C - CH,

H2S04 | I
t_O/— H 0

) Vs . . . Acetone (Ketone)
This reaction is industrially important because aldehydes can be prepared by this method,

(4) Bromination
Chlorine and bro.r,m'nc add to the acetylenic triple bond in the presence of Lewis acid as catalyst. The halogenation |
may be stopped at the dihaloalkene stage because the double bond of dihaloalkene is less nucleophilic than even triple |

bond itself.

H,C Br
CH;-C=CH+Br, =4, ~ ¢ = ¢f
—3400 Br/ \H
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C=CU +pp, CCL
B N T g OH- 6 CH
Br Br

1.1, 2, 2-Tetrabromopropane

—

is) o;onolysis
hen vzon AACTS WA re———
When vzone reacts with alkyne followed by aqueous work up, we get 2RCO,H.
(@] Q)
R e Cmr B y X
R-Cm( R+ 0, “"TI"‘(T*' R-—L'/ '3 \('—R

qff'ﬁ QUICK o o’
Q" QUIZ

o Whatare reducing agent? Would you use to convert an alkyne toa (1) Cls-alkene (Il Trans alkene?

ans. Reducing Agent:
A “""t"-""”““““hifh reduces other but oxidizes itself is called reducing agent. c¢.g. Metals (Na, Zn, Cu etc),
FeSQ,, Oxalic acid ete.

()  Formation of Cis-alkene

'\‘or:trvllcd‘ hydrogenation of alkynes with hydrogen gas in an equimolar ratio over heated catalysts, gives
alkenes. The catalyst s finely divided palladium supported on BaSO, and poisoned by treatment with
qumohne (Lindlar's catalyst).

\

R R

) Pd (BaSO) \ /
R—C=C—R + H, —» Q=20
/ 20\
H H

Quinoline

18 - Alnene
(i) Formation of Trans-alkene
A trans alkene can be obtained by treating@n alkyne with Na in liquid NH; at -33°C.
H R
Nadquwt Nh, \ /
R—C=C—R + 2Hf——=" C=C

330 / \
H

R
rans - Alkene {
BENZENE AND SUBSTITUTED BENZENES
Discovered by = Michacel Faraday :
Isolated by Hottmann, isolated it from coal tar.
Molecular formula = Colle
Molecularweight = 78

Special Featfires (1) Resonance (i) Electrophilic substitution reactions  (iii) Aromaticity
* Michael Faraday discovered benzene in 1825, inthe gas produced by destructive distillation of vegetable oil.

As a functional group, benzene and substituted benzenes are called arenes.

Common system of naming:
The following procedures are adopted for naming mono substituted benzenes:

(1) Parent name is benzene and the substituent is indicated by a prefix, e.p.. methyl, ethyl, chloro, nitro etc.
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(2) The substituent and the benzene ring taken togetizer may form a new parent name. The largest parent nap, ;
preferred e.g., C¢HsCH; may,be named as:

(i) Methyl benzene .@CH,
- '(i1) Phenyl methane.
According to “the largest rule” methyl benzene is prcferrcd'. The common name of some compunds are:
Structure Structure
@ Toluene @ Phenol N
NH, ' OCH, '
@ ‘ Aniline @ ~ Anisole
CH=CH; NO;
@ Styrene @ Nitrobenzene
COOH Br
@ Benzoic acid @ Brbmobenzeng
CIHs HO
CH - . .
\ Cumene Benzaldehyde ’
CH, _ _ !

IUPAC System of Naming:

(i) Monosubstituted derivatives of benzene are named by prefixing the name of substituted to the word ‘benzene’

So8d

Chlorobenzene Nitrobenzene Bromobenzene

(ii) Many aromatic compounds have been known by their common or tr1v1al names, which are still in use. TUPAC
system retains these names: A few are given below:

\ @’ NO2 @
Toluene Ni

Nitrobenzene . Phenol
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1 \N’M there are two subspiy orthe
{ ) and para(p )m L mn‘:::l: (!’l“ benzene ring, their relative positions are indicated by prefixes {oh
ystem of naming and by numerals while naming lccordlns w IUPAL system

©f Oy ©

1.2 - Di CH,
(: ;;,'Ly'::"“"’ 1,3 - Dimethylbenzene 1,4 - Dimethylbenzene
(m-Xylene) (p-Xylena)

) If the substitue
@) wrete linkcdnttc: S‘r: dllkaTrcm and one of them is an alkyl group, the numbering is started fromi the ring garbon
g alkyi group and the second substituent gets the lowest possible number,
@ mon hame is used, the substituent which is responsible for name, ¢ g.. ~ CH, ifi toluene, and - OH in

phenol, 1s considered to be
s diouetionted compomd, on carbon -1, i.c., numbering is started from the carbon of ring beasing that growp such

(4) When two substituents are different, they are mualb pm in alphabetical ordcr

CH,
o-chiorotoulene e I

2<Chiorotoulene (IUPAC)  3Chiorophenc! (INPAC)
> brﬂr‘."Ct"Ql"‘l"l
4 Bromaophanal (WPAC)

(5) Poly substituted benzenes are named by numbering (D€ substiiaent to ring 50 as to give the spbsntuents owest
possible numbers. The last named substituent 1s asagmpod b at posiion number 1 This number is not indicased

in the name.
W, "

2 §-Dipromoghenst

2 &-Dichior saniline 2.4 6 -Tnnitrotoluene

(6) If the substituents are all alike, el positions are indicated by numbering the substituents i a maaner s as W

give the lowest npmbép 1o the sub:!i!u:‘nh

cH ,j@ CH,
CN l CN.
12,4, 5-Tetramethylbenzene

1,2,3-Tribromobenzene
(7). Some polysubstituted benzenes are still known by their common name

CM, OH
n -
: M Sl
CHy CHy ot oM
Meslitylene Durene Resorcinol
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1

Chlorobenzene

CtL .
(b) @ Ct 1, 2, 4-Trichlorobenzene
Cl
I .
© | cn,= CH@ 2_-Iodoslyrcne
'éé CL

(d) @—Br . 2-Bromochlorobenzene
(e) C:H. @ I 4-Todoethylbenzene

0 @cm 3, 5-Dinitrotoluene

(g) CH, O | 4-Iodotoluene or
p-lodotoluene
Physical Propertie

In the absence of polar substituents. arcnes are typical hydrocarbons having low melting points, boiling points and
low solubility in polar solvents. . ’

Structure (Molecular Orbital Aspects)
e Benzenc has a planar, cyclic, conjurated structure.
e All'12 atoms in benzene, C¢H. lic in the same plane.

e If one draws benzene as alternating = = C and C — C then the two different Kekule structures are obtained. Thesé
are two equally valid resonance contiibutors. :

- %/ y
D-C

Kekule structures
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o Alternatively, these two forms ca '
2 : : n be combined ; - :
a circle as in the Robinson structure ombined in the resonance hybrid and the conjugated system represented by

©

Robinson Structure
that all of t -
Note of the C — C bonds are 14 A (between typical C = C and C - C distances).

0. Which representation structure of benzene the best?

Ans. In benzene all the C - C bonds a
(single bond). This is best represe

re known to be of equal length so there are no C = C (double bond) and C - C
nted by the resonance hybrid in the Robinson form.

Q)

Robinson Structure

Q. Why we use Kekule structures? | '
— ﬁ

Ans. The ke)./ .to organic chemistry is being able to understand mechanisms and drawing curved arrows to account for
the posx_tlons of tl_xe electrons. The Kekule structures give a 1.10re precise description of the electrons positions that!
can avoid confusion. Therefore, it is a good idea to use a Kekule representation. '

Limitation of Kekule’s Structures-
Kekule’s structure failed to explain:

1. Why benzene is less reactive?
2. It shows dual character, i.e., it shows addition as well as substitution reactions.
3. It has less heat of formation, and . | 1.0048

4. It has equal C — C bonds. H\C/<E>\C¢/H
120°

X-rays analysis of Benzene Structure
| | «—1.307A

Spectroscopic studies and X-rays analysis have shown that:

C C
e ,Benzene is a regular, flat planar hexagon. H/ \C/ \\H
o All six hydrogen atoms are co-planar with six carbon atoms. [

N 0 - 2 o H \
 The bond angles are: (i) C— C - C =120 and (i)C-C-H=120 o
Q.3(b) Explain the structure of benzene according to atomic orbital structure.

Molecular orbital treatment of benzene

tate of sp” hybridization because each C-atom is attached to three atoms.

o Inbenzene each C-atom isinas '
¢ Combination of such six structures and overlap of six hydrogen atoms (ls) produces the following sigma

framework of benzene.

H

120° 120°

H 120° ™
h C-atom, are present perpendicular to this sigma bonding. Each p-orbital is in a

e Six atomic p-orbitals one on eac _ I : X :
th neighbouring p-orbitals to give a continuous sheath of negative

position to overlap in parallel manners wi
charges. . ;
e It results in extensive delocalized pi-bonding which spreads over all the carbon nuclei of benzene.
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es sandwich like structure of benzene and decree.&.s
more stable and less reactive.

* Delocalization of p-orbitals over the entire ring produc
energy of molecule. Consequently. the molecule becomes

=
<2

s According to this molecular orbital picture, each carbon-carbon bond in benzene consists of one full sigma boy
and half a pi-bond. Because of this reason, the carbon-carbon bond length is equal and benzene shows substitutiy
as well as addition reactions.

QUICK
Q&Y QUIZ

Q.  Criticize the following statement: o
,/ “Benzene Is a mixture of molecules most of which have the structure.” :

SRS
2

Ans. Kekule proposed two structures for benzene.

N  4d

&

'

Later on Dewar proposed three more structures.

— | | —

Actually these are resonance contributing structures of benzene which show v
delocalization. The actual structure of benzene is its hvbrid structure.

O

Modern Representation of Benzene ==

With the help of molecular orbital hehaviour e conclude th
inscribed circle. -

arious positions of electrons during

at benzene has a regular hexagonal structure with an

| ||

A hexagon with alternate double and single bonds.
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“The possibility of different

called resonance” ang the p::;flng schemes of valence electrons of atom is
“Resonance Structureg”, érent structures thus arranged are called

Ewlanation: -
. Theresonance is represented b

: : ad M .
, The following different pairiny ouble-headed arrow (©).

g schemes of

benzene. the fourth valence (the p-electrons) of carbon atoms are possible in

—

kekule's Structures . w

o The resonating structures of benzene: Dewar Structures
: (a), (b
Kekule and ¢, d, ¢ were proposed by Dé ), (b) were proposed by

1 :
SRSIO¥ZE

FSES

a b 4 3

- J\c d J

war.

. Thf: stability of a molecule increases with increase in the number
of its resonance structures,

Thus molecule of benzene is chemicall
Resonance Hybrid

In fact the structure of benzene is a resonance hybrid of all five
structures, (a), (b), (¢), (d) and (e) in which the Kekule’s structure (a) and
(b) have the larger contribution (80%) and Dewar’s structures (c), (d) and
() contribute a little (20%). Therefore, benzene molecule can be
represented by either of the two Kekule’s structures.

The three alternate single and double bonds in the above
structure are called conjugate bonds or resonating bonds.

Since the structure of benzene is a resonance hybrid, therefore all
the C - C bond lengths are cqual but different from those in alkanes,
alkenes and alkynes. It is intermediate between those in alkanes and

alkenes,
Resonance Energ

“The difference in potential energy between the
actual molecular entity ‘and the contributing
structure of lowest potential energy is called
resonance energy.”

Yy quite stable.

In alkanes the C.— C bond length is 154pm.
In alkenes the C = C bond length is 134pm.
In alkynes the C = C bond length is 120pm.
In benzene the C—C bond length is 139.7 pm.

Energy

ﬂ

A

Resonance

Epergy @ -'-

------

152 kJ/mol
Ofs kcal/mo

3x120

' Hypothetical molecule,
cyclohexatriene

S

= 360 kJ/mol
- 85.8 kcal/mol

208 kJ/mol
49.8 kcal/mol

231 k3/mol

55.2 kcal/mol
120 kJ/mol
28.6 kecalmol

O

o The resonance energy of a compound is a measure of the extra stability of the conjugated system compared to
the corresponding number of isolated double bonds. This can be calculated from experimental measurements.

» The diagram shows the experimental heats of hydrogenation, AHh, for three molecules, which are benzene, 1,3-
cyclohexadiene and cyclohexcne. These are related in such a way (under appropriate conditions) that they can all

be reduced to the same product, cyclohexane.

s The Alln for "cyclohexatriene", a hypothetical molecule in which the double.bonds are assumed to be isolated
from each other, is calculated to be 3 times the value for cyclohexene. This value reflects the energy we could

expect to be released from 3 isolated C =C.

* By comparing this v

alue with the experimental value for benzene, we can conclude that benzene is 152 kJ or 36

keal / mo] more stable than the hypothetical system. This is the resonance energy for benzene.

Reactivity and Reactions

The image shows the electrostatic potential for benzene. The inner area has high electron density and the outer
arca has low electron density. Note the nucleophilic character of the aromatic p system,

!
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\  The reactivity issues can be separated into two types of reactions:
(i) Reactions of electrophiles directly on the aromatic ring.
(ii) Reactions of the substituents (since the nelghbonng aromatic group mﬂucnces its reactivity).

For reactions directly on the aromatic ring:

o The cyclic array of p-bonds is a region of high electron density so arenes are typically nucleophiles (like alkene

and alkynes).

o Unlike alkenes and alkynes (which undergo addition reactions), arenes typically undergo substitution reactions p
which a group (usually -H) is replaced and the aromatic system is retained.

" » The stability of the aromatic system favours substitution over addition which would destroy the aromatic system.

REACTIONS OF BENZENE

(A) Addition Reations

Benzene is highly unsaturated corﬁpound. Although it has three double bonds but it does not undergo addition
- reactions happily. The reason is that it shows resonance. The delocalization of six pi (1) electrons makes it extra stable. In

addition reactions, benzene loses its extra stability. So for addition reaction benzene requires more vigorous conditions
than that of alkenes and alkynes.

(i) Catalytic Hydrogenation

&

Benzene can be hydrogenated in the presence of a catalyst as Pt, Pd, or Raney Ni only at higher temperature and

pressures.
H
H H
+3H, Pt, Pd —
Raney Ni/200°C
H H
H i

Benzene
H
H H
+ 3H, 100°C. 10 atm >
Pd/C
H H
H H H
Benzene Cyclohexane

If we use the metals like Ru, Rh, supported at carbon then hydrogenation becomes easier.
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(i addition of Halogens

Benzene can add three molecyleg i
0 i i i .
| G benzen, f chlorine or bromine under the influence of sunlight. The benzene ring

:,herc; ouble bon ds in the ring. hexachloride and benzene hexabromide. This reaction shows that benzene has
H
- H cL
iy H ct ct
+3CL, hu H H
H H uv.light Ct H
H cl
H cf H
Benzene

Benzene hexachloride or
1,2,3,4,5, 6-Hexachlorocyclohexane

H
" . H Br
H. H Br H
+3gr, _100°Cigatm, Br
H Pd/C Br H .
H
H Br
H Br H

Benzene Benzene hexabromide or
1,2, 3, 4,5, 6-Hexabromocyclohexane
The reaction of F, with benzene is very vigorous, while with I, it is very slow.
Conclusion:

The addition reactions of hydrogen and halogens (Cly, Bry) with benzene show that benzene is unsaturated
hydrocarbon and has three double bonds in it.

B) Oxidation Reactions
Benzene is stable towards general oxidizing agents. However, it can be oxidized under certain conditions:
(i) Catalytic oxidation

When benzene is oxidized with air in the presence of V,0s at 450°C, then we get maleic anhydride

0
%
CH—C
~
. vg0, — 9% 2| O +4CO, +4H,0
© 450°C CH—c”
NS
\O
Benzene Maleic anhydride

This is commercial method for the preparation of maleic anhydride.
* Benzene is not oxidized by KMnO4or K,Cr;05.

(ii) Combustion: _ -
When benzene is burnt in the presence of air or oxygen, CO; and H,0 are produced, just like other aliphatic

hvdrocarbons

2 +150, ————> 12C0, + 6H,0

(iii) Ozonolysis:

Benzene reacts with ozene and gives glyoxal. First of all triozonide is produced as an intermediate.
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- . 7n CHO
Ozone H,0 Triozonide CHO
Glyoxal
Benzene Y
H 0=
/C\ ‘6“ AN CH
e~ TCH AN O o CHO
I ” +30, —> | v i 0 —— 3, + 3H,0,
T SGSMEN Y B aao
HC\\C ¥ o A Q.'?C Glyoxal
by ’
Benzene (é._'.()
Benzene triozonide

Side Chain Reactions of Alkyl Benzene:

1. KMDO4 + HzSO4 2. chr207 + HzSO4

CH,
KMnO,+ OH”
+3(0] Heat, H,0*
Toluene
CH,CH,
KMnO,+ CH”
+ 6[0] Her;t. H,0*
Ethyl benzene
CH,
KMnO,+OH
* 6[0] et io”
CH,
p-xylene

Conclusion:

stable towards oxidizing agents.

General Introduction

The pi-electrons of benzene are highly stabilized due to resonan

h _ ce. They are not i i for U
electrophilic attack. like the elc?ctrons of alkenes. They do not assist in thé attack )z)f weak elr:ftfcl)lgh;::ll;?:ce mor’
powerful electrophiles are required for a successfql attack to penetrate and break the cohfihuous sheath of c':lectroﬂ clo

in benzene.

Explanation:
Substitution of halogen in benzene requires iron or corresponding ferric halide as catalyst. It reacts with halog?

molecule to produce a powerful electrophile:

Formation of a strong electrophile (X*)
2Fe +3X; —> 2FeX;

3. dil. HNO3
COOH

+H,0
Benzoic acid

COOH =
[ij +CO, + 2H,0
Benzoic acid .
COOH

+2H,0

COOH
Terephthalic acid

Alkyl groups present in the benzene ring are oxidized into carboxylic groups. The oxidizing agents are:

When both methyl groups are oxidized and benzene ring remains unaffected, then it means that benzene ring is

ELECTROPHILIC AROMATIC SUBSTITUTION REACTIONS

'1

e r—
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FeX;+ X, — Fe)(; + X" (Halogenonium ion)

g _ Tetra haloferrate ion (111)
ck of electrophile at pi-bond

The halogenonium ion thus produced attacks as a powerful electrophile on the electrons of benzene ring.

: X
Q) o o OF
+

Benzenonium ion

It makes benzene unstable. The stability is retained by the removal of H' ion to give substitution product.

X
@H + Fex; —Ffast @ + FeX, + HX
+

Benzenonium ion

N

E
W)
+ B
+ Base

E
H
+

E
_— +BH

Q. Write down general mechanism of electrophilic substitution reactions of benzene?
”/ = =
general pattern of substitution

The general pattern of the chemical reactivity of benzene towards elcctrophiles can be shown as follows.

O
Electrophile

ubstitution is preferred over addition in order to preserve the stable aromaic character.

Reaction Reagents Electrophile | Product Comments
+ E' formed by loss of water
Nitration | HNO;/ H,SO, NO, \ / from nitric acid
SO,H
Sulphonation | H,SO, or SO3/ H2SO4 SO, @ Reversible
) cl - . i
. E' formed by Lewis acid
Cl,/ Fe or FeCly Ct removing CL
Halogenation : B
€ : N r E' formed by Lewis acid
Br,/ Fe or FeBrs Br removing Br-
R
. E’ formed by Lewis acid
R-CL/ ALCL R removing CL
Alkylation R
. E* formed by loss of water
R-OH/H R from alcohol
—————
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S % ﬁ
_ E" formed by protonatj
RC=CR/H R ' oz alkene ey
o o
(‘? - _— !_l’ _R E™ formed by Lewis acid
! removing CL
R-C - CL/ALCL: E j )
Acylation o) I
0 0 ﬂ = E" formed by Lewis acid
il : RCO™ B o e B
R—E—O—é—R.ALCL: removing RCO,
—_ 3

Hmw
B C.3(5) Explain the following electrophilic substitution reactions of benzene with mechanisy,
(i) Nitration (ii) Sulphonation (iii) Halogenation

<~ — \CN ~ v N
m L N A b - — ~ .;'-— \‘\ < = h:\\"

“The introduction of nitro group (- NO;) in benzene by substituting hydrogen of
benzene ring is called nitration”.

NO,

' H.SO,
= HNO, —3rssc + R0
Mechanism

Sulphuric acid reacts with nitric acid to generate nitronium ion.

NO,
_3:,‘ /
SEE oy

r\g’\ NO,
Nitrobenzene
-2 - ROV RSN @
ii) Sulphonation _46) K Y+ SO5 SOG

“The introduction of sulphonic acid group (- SO

sH) in benzene by substituting
hydrogen of benzene ring is called sulphonation.”

* When benzene is heated with fuming H,SO. or concentrated H,SO; it yields benzene sulphonic acid.

o Fuming H,SO; has free sulphur trioxide which is electron deficient (electrophile) and causes substitution.

SO.H
80°C
+ H.SO, > + H,0
Benzenesulphonic acid
SO.H
H,SO,
* S0 T
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Reaction conditions show that fuming H,S0, is more reactive than concentrated HaSOy.
anism:
when sulphuric acid alone is used, the actual clectrophile in this reaction is SO;.

Mech

H,0" + S0, + HSO,

iii) Halogenation . ‘ - N L 2w

“The introduction of halogen (x) in benzene by substituting hydrogen of benzene
ring is called halogenation.”

/_ Br
N Fe or FeBr, + HBr
A
0 Bromobenzene
Similarly,
@
+ CL, T T + HCL
Generally, ’ Chlorobenzene
Fe A
———
* X X=Br,Ct * HX

Halogenation of benzene occurs with halogens (X;) in the presence of a catalyst FeX.
* Chlorination and bromination are normal reactions.

Fluorination is too vigorous to eontrol.

lodination gives poor yield.
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Mechanism:

. _— e frerad Iy I ing mechanism,
The actual halogenation agent is X that is formed by the following

X; + FeXy — X' ¢ FeX,
Cly + FeCly = CU" + FeCL,

CU being a strong clectrophile is ready for successful attack on benzene.

G Ct
@ﬁ{--» @H v H

FeClL + W » HCL » FeCL

ide chain substitutio

When alla! benzenes are treated with chlorine or bromine in the presence of sunlight, only the alkyl groups g,
CH,.CL

substituted
suniioht Y 2 CH,
+« C{, _—— | + HCL \/l( Bonzyt
RN
t“"ﬂ:‘] chiongo /,\ C":
CHG | Banzal
CHGE, e

<

%
sunhght Z Nt
« O —————s + HCL | Benzo
N
Benza! chilofide |c()
ofe] 2N b
| Benzoy!
o
sunhght
+ Cl + HCL

Benzotnchlonde
_ — — — .
Q.3(5) Explain Friedel Craft acylation and alkylation with complete mechanism.

iv) Friedel-Crafts Alkylatio | G Tl

“The introduction of an alkyl group (R) in the benzene ring in the presence of an
alkyl halide and a catalyst (AlCL;) is called Friedel Crafts alkylation or

Alkylation.”
Overall reaction:
.
e , R
B 5.
+R—¥ AG « HX

Alryl halide

Benzens Alkylbenzene
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ww m Bvapyl sy 2o s
Mechaniam.
() ROt AICH — s s NCH
AL i
» oA ; { 4 “
: P | . v,
) - ~ =
{t [ il a 3 O —— lr l 3 AT
R
I P §2

« Cl — ,\,l(‘,‘l: —— ( l » ML » ALCE

Allecyt benzene

iv) Friodel-Crafts Acylation

“The introduction oflan acyl group (F—C-) in the benzene by substituling
hydrogen of benzene ring in the presence of an acyl halide and a catalyst (alcl.)
15 called Friedel Crafts Acylation or Acylation.”

Overall reaction:

(J

O 2
Do | AICtL, ¢ —C-R
[ | +R=—C—Ct— | | + HCI
R Q,/" Ao Ctuamde X

Lrampile:

~ .
o
| &
/\"s 204 //\-—
| ™~ "I‘ - U" ) - - )
. s
1 i "-'1C'—\..-—L,».——'—_—" ] . HCL
[ N
\'<;‘/ ooty Ut il >

Aceloshemome (el pier o eatore)
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Mechanism: ﬁ

—

II& 2%, +ALCL ——* R—C" +ALCL
Amd Halude

0

Al

o)
I, C—R
@(F—'c —
H ﬁ_ I|
C—R
@ + ALCL,— @ + HCL + ALCL,

Acyl benzene

When an electorphilic substitution reaction takes place on benzene ring, we get only one monosubstituted benzepe
because all the six positions in the ring are equivalent. However, the position of a second group into the ring depends o

the nature of the first group. The second substituted may enter at ortho, para or meta position.

X X X X
v ‘
@ R @ Y ‘/ ) @\ ' ‘
Y -

Mono-substituted
Benzene
Ortho ' Meta Para

Disubstituted Benzenes

On chance l_)asis 40% ortho, 40% meta and 20% para disubstituted products are expected. However the results do
not agree with chance substitution ratio. -

Examples:
(i) Chlorination of nitrobenzene

m—Chloronitro benzene is the main product of the following halogenati0>n reaction

e NO,

F G T=== + HCt

Ct
; m-Chloronitro benzene
(ii) Nitration of chlorobenzene

A mixture of o-Chloronitrobenzne and p-Chloronitrobenzene is obtained from the nitration of chlorobenzene
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CcL ctL CtL
. NO,
) i
2 2(HNO, H;SO‘% 5 + 2H0
o-Chloronitro benzene - NO.

p-Chloronitro‘benzene

It means that the groups already present in the benzene ring 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
(b) Meta- directing groups

1) Ortho and para directing aroups

* These groups release clectrons towards the benzene ring, at ortho and para positions. Because these position are
richer in electron for attack of an electrophile.

* The second group is substituted at ortho and para positions.
* They also enhance the reactivity of benzene ring.

Example: Nitration of toluene: The electron releasing effect of methyl groups is significant and it makes the ring 2
good nucleophile. Due to this increased reactivity, more nitro groups can enter the ring.

CH, CH, CH,
NO,
Y. NO = |
5 2(HNO., ll.SO.)> 4 + 21,0
30 -40°C
o - Nitrotoluene NO,
p - Nitrotoluene
CH, CH, e
o ~NO, NO; :
H.SO
a2 AN — +2
2 + 2HNO; pew 1~ + 2H,0
P E
2,6-Dinitrotoluene
NO,
2,4-Dinitrotoluene
CH, CH, -
NO; NO,
HSO
SHNO, e 3H.O
NO,

2,4,6-Trinitrotoluene (TNT)
Other examples of ortho and para directing groups are: -
~N(CHy):, NHR. = NH;, ~OH, - OR (-OCH;), - SH, - OCOR, - X (~CU, ~Br. -1} etc.
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ho and para positions.

. m ort vis
cne ring 1o he 6rtho and para positio

h substituents, t
osition rather than ortho and para positions. T, |

(2) Meta-directing groups

e These groups withdraw the elec
e Due to the electron withdrawing €

deficient than the meta position. on meta p
o The incoming clectrophile will prcf‘cn; to atack

H i Ips.

groups are called meta-directing grovps: STE,

e These groups decrease the “hemical reactivity of benz¢

trons of the benZ n are more cxg;(‘m}'_di

rrcc[ o Suc

NO,

5

H.S0, + H,0

+ HNO, s NO,

m - dinitrobenzene

The substitution of third nitro groups is not possible because nitro group has deactivated the ring.
Other examples of meta directing groups arc:
-N'R;, -C=N, -COOH, - CHO, - COR etc.
Rules
Predictiho ortho and Para directors
ne ring is greater than any atom of the group,

If the clectronegativity of the atom of the group attached to the benze
the whole group will act as clectron repelling. It will increase the reactivity 0

ortho, para positions.

f benzene and will direct the new entrant 15

Examples:
(i) In—NH,, nitrogen with greater electronegativity from hydrogen. Hence o & p-, director.
(i) CL- has no other atom hence will have no danger of pulling electrons. Thus it is electron repelling and o &

p- directing group.

Predicting meta directors
If the electronegativity of the atom of the group attached to the benzene ri
it will withdraw electrons form the ring making it less reactive and directing the new entrant to meta position.

ng is less, it will be under constraint znd

Examples:
(i) In—NO,, nitrogen with less electronegativity from O. Hence meta director.
(i) In—SO;H , clectronegativity of oxygen is greater than that of S. Hence oxygen disturbs sulphur, which in
turn withdraws electrons from benzene ring hence m-director.
Making Polysubstituted Benzenes
Since the position of electrophilic attack on a substituted benzene ring is controlled by the substituent already
present rather than the approaching electrophile, the order of events in the synthesis of polysubstituted benzenes neet

careful planning to ensure success.

& Uiz

3
k“

1. (b) Prove that benzene has a cyclic structure. =
Ans. Cyclic Structure of benzene
(i)  Benzene does not show resemblance in behaviour with aliphatic hvd
alkenes and alkynes). So, its straight chain structure is ruled outl.) ydrocarbons (alkanes,
(i) Kckule proposed cyclic structure for benzene having three double bonds alf i i
. . s alterna
single bonds. Dewar also suggested three resonance contributing eyclic tsl{lg with three
henzene. ructures for  ganzene
J
i
- ad  —t _ _d
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~—Gi) X-ray studies show regular hexagonal planar structure of benzene
ene

(iv) Atomic orbital treatment of be
nzene 1 x artrm » .,, p. ;|
six carbon atoms are equivalent. Structure shows that x - electrons are delocalized znd 27

) Since the structure
() s of benzene is 2 resonance hybrid, therefore all the C — C bond lengths zre
equal. 50, benzene is given a cyclic structure. R

predict the major products of bromination of the following compounds
(2) Toluene .(b) N.ltrobenzene (¢) Bromobenzene (d) Benzolc acid () Benzaldehyde (f) Phenol
Ans. (8) Bromination of Toluene:

CHj " CHs CHs
w0 Q
Toluene 2-Bromotoluene

4-Bromotoluene

(b) Bromination of Nitrobenzene:

NO;
@ gy, ey @
Br )
Nitrobenzene 3-Nitrobromobenzene

(c) Bromination of Bromobenzene:

Br Br
Br =
@ + Br, B0

Bromobenzene 1,2- leromobenzene
1,4- leromobenzene

(d) Bromination of Benzoic acid:

COOH COOH
= @ B, 28 FeBra @
Br
Benzoic acid 3-Bromobenzoic acid

(¢) Bromination of Benzaldehyde:
COCOH

COOH
@ +Br 2 FeBra @
Br

Benzoic acid 3-Bromobenzoic acid
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(D Bromination of Phenol:
OH OH OH
Br . h
+ Br2 _EG_B_I'» +
Phenol 2-Bromophenol Br | |
4-Bromopheno -

w7
N

&

l{Hydrocarbons
ds of Pakistan

Important as fuel for future energy nee

'Uses of Hydrocarbons

1.

‘f\\\ } ‘-,.\_ XY

) "'}},ec.“ NGRS
PAS K‘ )
% ¥ N

k‘.\“
()

N
) /\é..

Ethanol. Natural Gas, Propane
P

Biodiesel - an alternative fuel based on vegetable oils or animal fats
Methanol - also known as wood alcohol a B .
gas liquids and methyltetrahydrofuran (MeTHEF). P-Series fugis can be

P-Series fuels - a blend of ethanol, natural
used alone or mixed with gasoline in any ratio by simply adding it to the tank.

Butane is used as a fuel in lighter and is also used in some camping Stoves.
Coal is used for the manufacturing of synthetic petrol.

Ethylene is the hormone that causes tomatoes and apples to ripen.
Oxvyacetylene torch is used for cutting of metals.

Methane is used to manufacture urea fertilizer.

Compared to other functional groups. alkanes tend to have low melting and boiling points and very low solubily
in polar solvents such as water.
Alkanes are the simplest organic compounds, comprised of only sp® hybridized C and H atoms connectad by
sigma bonds. They have a general formula of CyHapa. -
Branched alkanes are more stable than.linear alkanes, e.g. 2-methylpropane is more stable than n-butane
Alkanes react with halogens by a radical mechanism to give haloalkanes. The mechanism consists of three steps
initiation. propagation and termination. S =
Alkenes are unsaturated hydrocarbons with at least one C = i
B ¢ C = C the double bond is co f ]

; o mpose a oand a x bond
Carbon atoms in alkenes are sp~ hybridized. : posedliofe G SRS
Alkenes are very reactive compounds ‘ =i : .
ddid . - o pounds. They undergo electrophilic reactions very easily.
Addition of unsymmetrical reagent to an unsym i .

_ 3 & ymmetrical alkene - S . . b
Markownikov's Rule. takes place in accordance with
Compounds that have the same molecular for i

§ mula but different ¢ i .
N ional . S hemical structures are called isomers.
onstitutional (or structural) isomers differ in the order in which th
ch the atoms are connected so they conta?

f atoms in Sp‘!\:e

Conforinational isomers (or conform :
\ ( ormers or rotamers) are stereoisomers prod i ‘
bonds. produced by rotation about sigm
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configurational isomers are stereoisomers that d ily i ratu d can:(in
' 0 not res ture and can
princi ple at least) be separated, t readily interconvert at room tempera :

Geometric isomers are configurational isomers that differ i i iti
- . s that differ i s d a bon
rotation (e.g. a double bond). e e st pestifr e =

opm;:(l)l:lssomcrs are configurational isomers that differ in the 3D relationship of the substituents a
morc . ,

d with’ restricted

bout one Or

gnantiomers arc optical isomers that are non-superimposable mirror images.
piastereomers arc optical isomers that are not enantiomers.
H)'drocarbons containing a triple bond are known as alkynes or acetylenes.

Alkynes undergo addition reactions and two molecules of a reagent are added in it.

The decreasing reactivity order of alkanes, alkenes and alkynes are as follows: Alkenes > Alkynes > Alkanes

Aromatic hydrocarbons include benzene and all those compounds that are structurally related to benzene.

Aromatic hydrocarbons containing one benzene ring in their molecules are called monocyelic aromatic

hydrocarbons.
called polycyclic aromatic

Aromatic hydrocarbons containing two or more benzene rings in their molecules are
hydrocarbons.
The clectrons in benzene are loosely held and the ring acts as 2 source of electrons.

Hence benzene is readily attacked by clectrophiles in the presence of a catalyst.

Since clectrophilic substitutions reaction lead to resonance stabilized benzene derivatives so substitution are the

main reaction of benzene.
Resonance energy of benzene is 152kJ/mole.

Structure of benzene is the resonance hybrid of two Kekule’s structures and three Dewar’s structures.

The C¢He — group is called phenyl.

The characteristic reactions of benzen
shown on the following diagram.

SOH

¢ is electrophilic substitution. Some important substitution reactions are

— SH, - OCOR, - X, - OH etc which increase the electron density in the nucleus
lectrophilic substitutions are known as ortho and para- directing groups.

and facilitate further e
NR;, CCl;, which decrease the reactivity of*Benzene nucleus and direct the

Groups like CN, —-CHO, NH,
incoming group at m- position.
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Q1. Multiple Choice Questions. Encircle the correct answer:

@  Read the question carefully. )
©  Try to answer the question yourself before reading the answer cholces.
©  Guess only if you can eliminate one or more answer choices.
@  Drawing a picture can help.
&  Don't spend too much time on any ohe quesﬁon._ L ———
3 In-depth calculations are hot necessary; apmta the answer by —
(i) The molecule of ethane pnsscssci which hybridimtion; d) szd
(a)sp’ (b) sp” (©)sp
(ii) The sp’ hybrid orbitals are oricnted in space at onc angle; . (d) 120°
(a) 109.5° (b) 180° (c) 100
iii The ecometry of acetylene is, .
" (a) angular - (b) bent (c) trigonal (d) linear
(iv) Which reaction is used as test for the presence of alkene; P
() reaction of cold diluted alkaline KMnOy (b) combustion _
(¢) polymerization : (d) catalytic hydrogenation.
v) The general formula of alkanc is;
(a) C,Ha (b) C,H, (c) CoHan - (d) CoHan-2
(vi) Sodalime is; |
(a) NaOlHL (b) KOH _
(¢) mixture of Na and Ca hydroxide (d) CaO and NaOH
(vii)  The marsh gas is
(a) cthane ‘ (b) methane (c) propane (d) butane
(viii) Acidic hydrogen is present in
(a) acctyvlenc (b) ethane (c) benzene (d) ethene
(ix) The benzene molecule contains: B
~ (a) three double bonds (b) two double bonds (c) one double bond (d) none of these
(x) The electrophile in aromatic sulphonation is;
(2) 11504 (byHSO, () SO (d) SO,
(xi) The conversion of n-hexanc into benzene by heating in the presence of Pt is called;
(2) isomerization (b) aromatization (c) dealkylation (d) rearrangement
(xiiy  Catalyst used for Friedal Craft's reaction is;
(a) HNO: (b) ALCL; (c) BeCls (d) FeCls
(xiii)  Benzene cannot undergo
(a) elimination (b) substitution (c) oxidation (d) addition
(xiv)  Shape of benzene molecule is
(a) pyramidal (b) line: planar (c) trigonal (d) hexagonal planar
(xv)  In whi'ch one of the following compounds, the benzene ring is isolated;
ST Taphthalene (b) anthracene () phenanthrene (d) diphenyl ethane

(xvi) Two t‘nmp(.\und.s have the same composition and also have the same atoms attached to the same atom*
although with different oricntations in space. These compounds are

a) identicy! (h ition i . ' .
. ( ) , ) position isomers (¢) structural isomers (d) stereoisomerism
(xvii) Theisomers of a substance must have
(a) same chemical properties (b) same molecular weight
®
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(xdv)

(xIv)

o) same structural formula (d) functional
; ‘ same functional groups
ypanol and dimethyl ether are best considered: ]

- ~ 150 .
(@ srructural isomers (b) stercoisomers

Alkenes show geometrical isomers due to
{ 4) asy mmetry

(c) enantiomers (d) dlastromers

(b) rotation around a single bond -

2% % 2

) 1OSOMARCE i (d) restricted rotaticn around 2 doublz doac
Gwmetrxcal 1Isomerism is shown by

(a) lactic acid (b) maleic acid (c) 1-Butene (<) 1.1-Dichloroethyiens
A melecule is said to be chiral

(a) if it contains plane of symmetry ‘ (b) if it contains center of symmet

(¢) if it cannot be superimposed to its mirror image (d) if it can be superimposed on IS mirTor ERRES
Which of the statements is false regarding chiral compounds

(a) rotate the plane of polarized light (b) have cis and tans isomers

(¢) exist as enantiomers (d) can be detected with 2 polarimeter

An optically active compound

(a) must contain at least four carbons (b) when in solution rotare the plans of polariz=d Bt
(¢) must always contain an asymmetric carbon atom -

() in solution always give a negative reading in polarimster

Plane polarized light is affected by

(2) identical molecules (b) all polymers (c) chiral molecules (d) all biomolecuies

It is possible to distinguish between optical isomers

(2) by using chemical tests  (b) by mass spectrometry  (¢) by IR spectroscopy (d) by polarmeety

S0LY 2D 2X2RCISE NEYs

Reason

» Fegeral LREMISTRY - xXn o

(i) (a)sp’ In ethane. there is C —/C so each carbon is sp” hybndizad.
@ | 120° Angle b/w eachorbital is 120°.
. 180°
(i |(d) linear ‘
(¥ | (a) reaction of cold diluted When alkenes are treated with mild oxidizing reagents ke dhee (1%2)
alkaline KMnO, alkaline KMnO, solution (Baeyer's Reagent) az low teomperatare;
hyvdroxylation of double bond occurs resulting in the formanen of dindroxy
compounds known as vicinal glycols. The pink ¢olour of KM=, sobodon s
discharged during the reaction.
—
¥ ](a) C,Ha-a The general formula of alkane is C.Hzo.
b 5 ] nllned £ . : : :
5 | (d) CaO.and NaOH Soda-lime is prepared by soaking quick lime (Ca0) with canstic sods sodution
and drving the product.
™8 | (b) methane The name marsh gas was given to methane because it was found m marsd
places.
™)) | ayasetylene In acetylene, the hydrogen atom is bonded to the carten afom with ss
’ - 3 -2 = N - ; £ ;s
. overlap. The sp hybridized carbon atom of a termmal alyoe pulls e
electrons more strongly making the attached hydrogen atom sighaly acade.
He—C"= C-—H"
) {d) none of these In benzene molecule, the six p-orbitals of six carbon atorms overlap with cach
S~ other to form a continuous delocalized p-¢lectron cloud shearh so. scoually,
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~ds are not present _ ‘
. - C SO p & v - v
(x) (c) SO, During sulphonation of 270m= |
it is generated by’ .
_ H:O- T SOE + "So‘
H,50; ~ HiS0: = H S——
¢ Alighatic compounds into 2OMALC COMPOUNds
(xi) (b) aromatization The conversion o, DRSS S
aromatizatico.
CH,
H.C CH, Cr.0- ALOS* Sio:_-./\“ =~ SH
: | : } H
305°C N
H.C CH:
\_/
CH,
enzene
n - Hexane 2. - T
7 e alkv] group (R) in the henzene nng m N presence of
e x ] intrndietinn of an ai<yi Zrcip 2 i U B . p WS- AN
(xii) | (b) ALCL el rirpdupion @ S Zp 8 s [CL.) is called Friedel Crafts alkylation o
an alkvl halide and 2 catzlyst (ALLL;) 15 €202
Alkylation. - ——
L ceartions Oxidztionigezctions as well 2s agdmiog
(xiii) | (a) elimipation Benzene gives substitution reaclions, OmF=er=+ =272
reactions. As it is verv stzble so eliminaticn 1s not possIoi
2 | y——
= 'y p= ama hay ‘”""“.“,‘f,‘_‘ thal ogn N nas 'E:":-."L'
(xiv) | (d) hexagonal planar The X-rav studies of benzene hawve COTE U ez
hexagonal structire
£ 51
| 1.CFE-'-
[ | «—1.3972
C C
I
(xv) (d) diphenyl ethane C.H,
O] 1O
]
Diphenylethane
(xvi) | (d) stercoisomerism When ‘isomerism is caused by the different arrangements / orientation of
y : atoms or groups in space. the phenomenon is called Stereoisomerism.
(xvii) | (b) same molecular weight Since isomers have same molecular formula therefore they most have sam¢|
‘ molecular weight. :
(xviii) | (a) structural isomers Functional isomers have the same molecular formula but different function2! |
groups.
C2H60: CH; -0- CH; CH_-. - CH: - OH
Dimethyl ether Ethyl] aleohol
Functional group isomers is a kind of structural isomers.
B
(xix) gd) B(;St;;lctt:jd rotation around a f\‘Vhen two carbon atoms are joined by 2 double bond, they cannot rot2?
ouble bon reely. As a result. the relative positions of the various groups attached 10
these carbon atoms get fixed and gives rise to cis- trans isomers.

—
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m—— (b) maleic acid H_ _COOm N /COOH
C c “x
i ]
c
SN\ FARN
HOOC [ 4 CODH
TINS-DUNITROSS POt ofs - teftenadiois aTid
(Fumaric acid) Wnieic acid)
m.p 130°C m.p 288°C
(’\\“ (C)if " canno't be supcrim;qu An !‘f‘“ﬁ?‘ i NV“" 2 c\.m of ST ¥ O ~alled d!(“mmﬂm or Chlﬂ'.
to its mirror image
Swep! Sahes ™
(xxii) | (b) have cis and tans 1somers Cis- and trans-rsomermom 3 goomeTrial rsomensm: It is not related to the
chiral nature of molevuie
(xxiil) | (b) when in solution rotate the | An optically active compoend cam eust M TWo icomeric forms which rotate
plane of polarized hight the plane of polanrad bpdt = opfBEt directions. These are called optical
Isomers and the phepomemon 1 Anown as optical isomensm
(xxiv) | (¢) chiral molecules Plane polarized bght = affected by Shanal molecules.
(xw) | (d) by polanmetry Optically momers can otz the NaDe polarized light in different directions.
Thus they can be wderfiaod By polarametn)
—— SHORT ANSWERS QUESTIONS
— - E—— M
2.  Give brief answers to the following questions.

(i) Why carbon is sp® hybridized in the compoundgs?

. When a carbon atom is linked to 4 othér atontSiand those atoms ar & —angad in space at the comers of a tetrahedron
(bond angle 109.5%), then the hy bndw_'* n s -r‘ In thes hybewdizatron carbon miermines one s-orbital and three
p—m’mmlx which produces four sp’ hybrid orb: nls

(i) _ How is pi-bond formed in alkenes and alkynes?

Ams. »  In alkenes, three §p° orbitals Of each cardon stom overlap separareh with other orbitals of atoms to form three
o-bonds. This givesmise 10 whal is called the o-frame work. The unbybndized orbitals of cach carbon atom will
then overlap in agarallel fashion to form a x-bond
. In alkynes; two sp hybridized orbit s overlap to form & o-dond. The other sp orbutal is utilized 10 form a
o-bond with otfier orbital of the neighbouring atom. The two by drdized p orbitals on 2 carbon atom will overlap
separztely. with the p orbitals of the other carbon mom W gne twe x-bonds both perpendicular o the
o-framew ork.

{ii) What is cis-trans isomerism? g

Ay, Those compounds which possess the same structural formala, bat ditfer with respect to the pasitions of the identical

y(mp’ in SPQLC are L.}“CJ ;l\ -trans I\L‘H‘Cf\ an ‘ Lh‘ rk.:‘.". SN '\ L'. N as L’}\ }4mg or m\mc‘n\_ .‘Omcr‘sm
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1

Example:
CH:  H,C CH, H CH, *
N o /
C=cC \

VAl PR

H H CH, H
Cis-2-Butene Trans-2-Butene —
(iv) Why alkanes are relatively chemically inert? —

Ans. Alkanes are least reactive compounds due to following two reasons:
(i) Non - polar nature:
The eletronegativity values of carbon (2.5) and hydrogen (2.1) do not differ ‘31313“3‘”3.1’]y and t_he bo“_di“g
electrons between C — H and C — C are equally shared making them almost non-polar. In view of this, the jonj

reagents such as acids, alkalies, oxidizing agents, etc find no reaction site in the alkane molecules to which they
could be attached.

(ii) Inertness of o-bond:

In a o-bond the electrons are very tightly held berween the nuclei which makes it a very stable bond. A lot of
energy is required to break it. Moreover, the electrons present in a -bond can neither attack on any electrophile nor
a nucleophile can attack on them. Both these facts make alkanes less reactive.

(v) Alkenes usually undergo addition reactions while alkanes do not why?

Ans. Alkenes are unsaturated hydrocarbons due to the presence of double bond. As a result the characteristic reactions of
alkenes are electrophilic addition reactions. On the other hand, alkanes are saturated hydrocarbons. Therefore they
usually undergo substitution reactions.

(vi) What is stereoisomerism?

Ans. Stereoisomerism:

- When isomerism is caused by the different arrangements / orientation of atoms or groups in space, the
phenomenon is called Stereoisomerism.

. The stereoisomers have the same structural formulas but differ in arrangement of atoms in space.
Stereoisomerism is of two types:

(1) Optical Isomerism (2) Geometrical or Cis-Trans Isomerism

I—

(vii) How optical isomers arise?

R

Ans. Optical isomers arise when a carbon atom is bonded to four different groups. These can be attached in two differen!

ways, one of which is the mirror image of the other. This type of isomerism is called optical isomerism, because tht
two isomers affect plane-polarized light differently.

. The isomer which rotates the plane of polarized light to the right (clockwise direction) is known #
Dextrorotatory Isomer or (+) isomer.

J The isomer which rotates the plane of polarized light to the left (anticlockwise direction) is known as th
Lacvorotatory Isomer or (=) isomer.
—
(viii) What are conjugated bonds formed?
—

Ans. Conjugated bonds are formed when there is alternation between double and single bonds. These enables the

electrons to be delocalized over the whole system and so be shared by many atoms. This means that the delocali
electrons may move around the whole system.

e.g. One of the simplest conjugated molecules is 1,3-butadiene (H,C = CH — HC = CH,).
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’(lx) Why alkenes are more reactive than alkynes?

Ans. A n-bond in alkenes is not only weak but its electrons are more exposed to an attack by an electrophilic reagent.
Both these facts make the alkenes a very reactive class of compounds. Alkynes although contain two n-bonds are
less reactive than alkeqes towards electrophilic regents. This is because the bond distance between the two triple
b:ang(l::scarbon atoms is very short and hence the m—electrons are not available to be attacked by electrophilic
r .

—(x) Justify the given order of reactivity? Alkenes > Alkynes > Alkanes

“ans. The general decreasing reactivity order of alkanes, alkenes and alkynes is as follows:
- : Alkenes > Alkynes > Alkanes

It has already been explained that a 7—bond in alkenes is not only weak but its electrons are more exposed to
an attack by an.electrophi]ic reagent. Both these facts make the alkenes a very reactive class of compounds. Alkynes
a!though contain two n-bonds are less reactive than alkenes towards electrophilic regents. This is becausc the bond
distance between the two triple bonded carbon atoms is very short and hence the n—electrons are not available to be
attacked by electrophilic reagents. Alkvnes are. however, more reactive  than_alkenes_towards nucleophilic
reagents. N i \ ’ '

(xij What is meant by dehydration of alcohols? -
Ans. Dehydration of Alcohols

Removal of water molecule from an aicohol is called dehydration of aleohol.

Example:
When vapours of alcohol are passed over heated alumina, dehydration takes place with the formation of

E——

alkene.
ALO,

320450 C R—CH=CH, + HO

R—CHZ—(IZHZ

Alcohol OH Alkene

(xii) What are polymerization reactions?

Ans. Polymerization
The process in which small organic molecules (monomers) combine together to form a larger molecule

(polymer) is called polymerization. ,
Example: Ethene polymerizes to polythene at 400°C at a pressure of 100 atm.

n CH, = CH, ————> +CH,—CH,1-

100 atm pressure
traces of O, (0.1%)
Polyethylene

(xiii) How will you convert acetylene into benzene?

Ans. Conversion of Acetylene to Benzene
When acetylene is passed through a copper tube at 300°C, it polymerizes to benzene.

Benzene

{xiv) What is resonance?

Ans. Resonance: ' |
The possibility of different pairing schemes of an valence electrons of atom is called resonance” and the

different structures thus arranged are called “Resonance Structures.
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—
—

{xv} Whatis resonance energy?

. Resonance energy:
The difference in potential energy between the actual molecular entity and the contributing strucryy, o

lowest potentiz! energy is called resonance energy.

¢.g The resonance energy for benzene is 152 kJ or 36 kcal / mol.

e @.G@. ®-
-—

Q.3. Give detailed answers for the following questions

2. (a) How will you prepare 1-butene from?
(i) 2n aiky! halide (ii) Alcohols (iii) Electrolysis of salt (iv) Vic-dihalides.

Ans. (i) an alkyl halide g
When 1-bromobutane is heated with alcoholic potassium hydroxide, it undergoes dehydrohalogenationg
form 1-butene.

CH: —CH,- CH-CH + KOH —2tl, CH, - CH, ~ CH= CH, + KBr+H.0
I'l"'"'l". 1-Butene

i-Bromobutane

(ii) Alcohols ‘
When vapors of 1-butanol is treated with H,SO; at 140-170°C, dehydration takes place with the formatiax
of i-butene.

CH: — CH. — CH - CH, —2%4 Cfj;— CH, — CH = CH, + H;0
,-'------1---1 140-170°C
:H OH! 1-Butene

I-Butano!

(iii) Electrolysis of salt
When agueous solution of potass;um salt of ethyl succinic acid is elecnolyzed then 1-butene is produced
This reaction is called Kolbe’selectrolvsis.

CH: %:1—11
(l?H; ?H;
('fH <€OO0K, + 2H,0 —Clectrolsis , ﬁH +72C0, +2KOH + H,
CH- — COOK CH,
1-Butene
(iv) Vic-dihalides.

Vicinal dihalides”have two halogen atoms on adjacent carbon atoms. 1.2-dibromobuane is a vici®
dihalide. When it is treated with Zn in anhydrous solvent e.g. methanol or acetic acid, it gives 1-butene.
CH; —= CH: =.CH - CH, +7Zn —SHO, oy CcH, — CH = CH, + ZnBr,

R
' Br Bl-r , 1-Butene

1,2-Dibromob6uiane -

-
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b) What products is f
o (i) Combustion (j Nifas When n-propane undergo followi lons?
(1i) Nitration owing reactions

(.) Combustion —

ADs.
CiHg + 50, ——, 3CO, + AHO 4+ hewt
(i) Nitration
n-Propane reacts wiy id
nitropropane, ' onitric acid g vapour-phase under drastic conditions (at 400-500°C) to give

H

CH l R0, lll

1 - CH, - (| -':_l_‘-*_!‘_(_)_r— NO; —Cs ¢Hy = CHy = € = NOy + H0
nitric acid ;

i tH

Propane
However. under d B 1-Nittopropane
: » under drastic conditions, the molecule of n-propanc is b

i 450°C
CHy=CH:—CHy —es Cll=Cl = Ol =N, + Clly= C11=CHy + CH=CHE=NO; + CH=NO;

NQO,

(a) When ethane reacts with C(2in UV light the mixture of products is formed Give the detail of
reaction with mechanism and ali types of products.

roken down and form all possible nitroalkanes.

_5.,

Ans:  Ethane reacts with CL; in UV light to give a mixture of products, The reaction oceuns by free radical mechanism,
This reaction is called radical substitution reaction. the products-of the reactions are:

P e Py
CH,—CH,+C(, UY lighy CH;—CH,-Ct 1 CHY-CH-CU » CH,~-CH,
Chloroethane Chlorocthane 1,2-Dichlorocthane
(‘(, L‘( C[. -(“L C(
| [ l |
+ CH;—-C—-CL | CH=-Cl1l, } Clh—-C-Ctl
| | |
Cct Cl L
1.1, 1-Trichlorocthane 1.1,2-Trichloroethane 1,1,1,2-Tetrachlorocthane
ct Ct ct e ct ct
| | | | | |
+ CH-CH f ClH-—-C—-Ct + Cl—C-C-Ct
| | | | | |
cL Gt ct Ct ct ct
1,1,2,2-Tetrachlorocthane  1,1,1,2 2-Pentachloroethane Hexachloroethane

Mechanism: Free Radical Substitution
Initiation step
' Step-1 ) .
et —> o +
Propagation steps

CH, — CH, MO H o Clj ——> CH, —CH, + et

----------- Ethyl free radlcal

CH, — EAMEOHTL ——> CH, —CHy— ot + o
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| hydrogens of ethane 2re replaced by Chlor;,,

188

‘®  These two steps are repeated over and over again. Thus, al
atoms. The hydrogen atoms are replaced one by one.

Termination step

CHJ—é/I'D/C\It ——> CH,—CH,—CL

CH,— (':er\[H\,'c—CH, ——> CH,— CH,— CH,— CH,

ol Mei —> |
the alkene is formed. When alkene j;

(b) A compound when treated with Zn in methanoI: ¢ . s
ozonolysed the acetaldehyde is formed as the major product. Explain react‘lons, give nam,
and structure of the compound. —

Ans.
H.C — CH — CH — CH, + zn —CHO", H.c — CH = CH — CH; + ZnBr
Br Br 2-Butene g
2,3-Dibromobutane &
H,C\ /CH, H,C\ I\
LO=G Y w baOhu——=c> /? ?\
H H i dacd

Ozonide

CH,

H

cis-2-Butene

O
H,C. O  CH, I
>c/ Yl ez s aHe—C—H +zn0
H CI)—(ID H Acetaldehyde
How will you prove that benzene has cyclic structure.

4. (a)

Ans. Cyclic Structure of benzene

(i) Benzene does not show resemblance in behaviour with aliphatic hydrocarbons (alkanes,
alkenes and alkynes). So, its straight chain structure is ruled out.

(ii) Kekule proposed cyclic structure for benzene having three double bonds alternating with
three single bonds. Dewar also suggested three resonance contributing cyclic structures for
Benzene

benzene.
X-ray studies show regular hexagonal planar structure of benzene.

(iii)
(iv) Atomic orbital treatment of benzene structure shows that 7-electronsare delocalized and

all six carbon atoms are equivalent.
Since the structure of benzene is a resonance hybrid. therefore all the C-C bond lengths are

)

equal. So, benzene is given a cyclic structure.

Write the structural formulas for the following benzene derivatives:
(a) 2, 4, 6-Trinitrophenol (b) 1,4-Dichlorobenzene (c) 4-Nitrophenylamine
(d) 2-Methlbenznesulphonic acid (e) 2-Hydroxybenzoic acid (f) 2-Chlorophenylamine =
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Benzene derivative

Structural Formula

@@ | 2.4,6-Trinitrophenol @
iR NO,
Ct
(b) 1.4-Dichlorobenzene ©
CL
NH,
(c) | 4-Nitrophenylamine @
|
NO,
SoH
(d) | 2-Methlbenznesulphonic acid @ =
COOH
. ! OH
(e) | 2-Hydroxybenzoic acid @
NH,
_ Ct
§)) 2-Chlorophenylamine @

Predict the major products of the following reactions:

-6
e

_HNi
300°C

(b)

c.HNO,
¢.H,SO,

120° C

SO,H

.0

c.HNO,

¢.H,S0,
e il 9

150°C

CH,CHCLCH,
_—>

AlCL, warm

CH,
©
CH,
CH,
(

alkaline

KMnO,(aq)
_—

warm

Br,/FeBr,
cold, in dark

'Ans.

CH,

H,/Ni
300° C

ers
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SO,H
SO,H
b .onc. H,S0 - "+ H,0
NO, -
Benzenesulphonic acid 3.Nitrobenzenesulphonic acid
CH COOH
3
KMNO, + OH + 2H,0
(c) © + 6[0] Heat, H,0"
CH, - COOH
p-Xylene ter-Phthalic acid :
NO, NO,
I
. H,S0O,
@ + HNO, (conc.) ﬂ:_zl;:—c—) + H0
NO, NO, Noz
1,3-Dinitrobenzene 1,3,5-Trinitrobenzene
i H oz i) CH,
s MG
©+ CH,— CH—CH, Wrm_ @ + HCL
Benzene Isopropylbenzene -
CH, X
' FeBr
0 i * 2Brz ColdlDJark + 2HBr
Toluene o-Bromotoluene

-Bromotoluene

9. Name the followmg benzene derivatives:

Br CH; CH,
(a) (::) N (b) [:::[ ()
CH, CH,
Br ' CH, .
COOH OH
Br. NO,
< @ ©) §
r ' Ct
ct . NO, - B
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Ans.
(a) &
K = Br
4
3
Br
1 3-Dibromobanzenn
(d)
2
3 1 NO'.’
4 6
5
Cl

3-Bromo-5-chloronitrobenzene

|Take small quantit

(b)

(c)

(€)

5 1 CH,
4 2
2-Ethyltoluene
(N
COOH
1
6
5 3
4
NO,

4-Nitrobenzoic acid

_—— — — :
y of alkali metals and alkaline earth metals salts like NaClL. KNO, CaCO, SrCl: J
\Ba(CH,COO); etc. and make paste with conc. HCL and note the colour ©f the flame on the bumner |

e000@@O®O00--

6
), CHy

2
3 CH,
CH,
1,2 3-Trimethylbenzene
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