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® Bemene is an organic , Colourless chemical compound.

o Tt is a hignly fiammoble liquid wih a sueet smell € high
melting point .

® The chemical fomula Of benzene Is GHe , so it conboing € carbon
€ € hydgens , also known as Hydrcwbon

® Tt has a boiling point of 8°c € s lighter than water,

® Natuial souices of benzene includes volcanoes € forest fires .

®Tis also a nobval pat of cude oils .

® Benzene and all thase compounds which fesembles Denzene In
thelr chemical behaviour are known as Afomahc  (dmpounds .

® Benzene is a Nighly toxic (Caicinogenic  chemical .

STRUCTURE OF BENZENE

e The molewlar fomula of benzene (GHe) shows a high degree
of unsalvration .

® Sir August kekule was the first scientist who intredued the
chemicol  sttudure of benzene as 0 € memberd (nq Stuclure

® He also proposed the presene of 3 alternale double bonds
0 benzene fing

® Acoding to Sir kekle the 3 olfernate double bondg in benzene
also changes their position fapidly fo salisfy fetravaleny of
@rbon .
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kexkute STructure OF BENzene

® Alhough kekule studure: of benzene salishies the strudural
fenlures OF benzene and also explain the equivakent npature of
hydmgen Dut yet this studure fails to explain the unusual
Dehcwiour  of benzene .

® Since this studure of benzene is a qreal d!:SCUtEﬂ./ € signifiant
appoch by Sir kekule , hence t is shll in use

® following are the gu‘m charactenstics that are not explained by
kekule's model .
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CHEMICAL REACTION | - Benzene underqoes substitulion feadion father
than addition readion like ather nsaturated
Compounds .

C-C Bond LENG™ [: Acwrding to Sir kekule .two kinds of bond
present in benzene , single € double bond
o C-C : Bond length (1-s4A)
® C=C : Bond length C1-344)
o But expenmentolly it is seen that bond |ength
between all carbon atoms is 1-33 A .

STABILITY | . kekule's strudure couldnot explain the Stability of
benzene fowaids oxidizing agents. (ANl unsaturated
(ompoundg underqoes Oxidation Dot benzene does not)

Evioences IN THE STRUCTWRE OF BENZENE

There are many analyhicol | syntheic € oter evidenes are given
in the dervation of stucdvie of benzene as follows -

Analyticl Evidence

® fom its elementol mposition ond Molecvlar weight  delermination
k is found that benzene contains 6-C € €-H akoms

® Benzne has molewlar formula  GeHe Compared fo Hexane (Ha
that @nfiims benzene as a highly vnsaturated @mpound
@mpare o hexane ( GHe) .

® S0 it was @nduded that benzene containe =/= bonds n lis
Stuaure .
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Synthetic Evidence
° Sl‘r:ce 1t was confimed that benzene has vnsaturation , so 1t
ould be @nstruded either as staight chain or Ina fng. |
e The possible Staight chain Shudvre for benzene Could hase been -

D (Ha=CH—C=C—-0M=UWUa
@ Hz—C=C—-C=C— (Hs
@ H=C-MH—MH:-C=CH

o But all the obove Shudures were fled out beause bemene doesnt
qive the usval fenctions OF Alkenes, Alkynes .

e & it wis nduded that benzene is a highly unsaturated  closed
fing strudure.

Bf:.n' CCly » No RQG d‘fOﬂ
Dilste. Cold .
BENZENE e ¥ No Rendion
ﬁ s
No Reaction
Ha0/ H W
Other Evidences

® Bazme feads with Dromine in the presence of Atcls C Ca}algﬁ’)
to fom Bromobenzene .

® Now only one (mono) bromobenzene s Obtwined that Shows
al 6 hydogen alom in bemzene were identical.

e This bewmes possble only, i benzene hat a «ydic shucture
of six C otom € ach @ibon odom fs oftached with one H
alom .
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ResoNANCE STRUCTURE OF BENZENE
® To explan all the limitaions of kekule's Studvre |, it has been
fopased thak  benzene s a resnane hybrid of two kekule

Studvre. (T IL)
® Resonane Hyond (A) s -a vey Stable strudure € this is why

benzene Undergoes sSubstitution feacion very eosily  father than
addttion  readion .

® Resononce  Strudure of Benzene explain all the fads like unusual
stabilty 2 equality of C-C bond length.

L@

RESONANCE STRUCTURE HysriD

MorecotAr  OreitAL STructure OF BENZENE

e Molealar Otital H‘\eonf States that oll cabon afoms of benzene
are sp* hybridized .

® Each cabon alom foms two C-C siqma bondx € one C-H
siqma  bond

o Cabon atoms are shll left with uphybridized P- oilols that ovetlaps
fo forn T bonds .
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@0‘ (s-sp*, C-H bod )
N2 5>
a c C o

o o (sp-sp?, C-C bond)
X A AV

Morecutar ORreiTaL Picrure OF BENzZENE
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(HEMICAL STRUCTURE OF BEeNzENE

® Al the sigma bonds in benzene H

lies in the same plane . I
® Al bond angle = l20° C

0 H

® Al C-C bond. length = 1-40A \c/ \c/ﬂ
e H“ C"H 'DOl'ld |En,q+h = '0‘9;1 ”
® (Chemical Farmula = (cHe . l
® Molewlor Weight = 78 glmol . c C

AroMATIc (HARACTER (HuckiE's RuLe)

® Bevene & @mpounds that resembles bemene in  their chemia
behaviour are known ag ~Amalic - (ompounds .

e They underqoes substitulion reachon (ather than addion feaction .

® Aromalicity is basially decided by Huckle's Rule ,

Huckie's RULE

In 1951 , a0 Gemon scientist Hukle dave ceftain mles for defining
aromaticlty of omanic wmpounds as follows,

® (ompound should be Cydic

o There should be a conugation ( delowlised electrons)

e (ompound should be Planer

® Total number of n elecrons shold be (4nt2) , where n= 0/t 2...

VIDEOS : [ IMPERFECT PHARMACY



CHeMicAL Reactions OF BENZENE
® Most commonly benzene underqoes dedehih'c Substitulion reacton

(E1edmph1|tc Aromakic  Substitution Readion ) .
e Tn these feadions hydrogen odom of the aromlic fing is replaced

bq an Ek‘dmphile

Types Of _Eletrophilic Aromalrc Substitution Readion

BEI'IZEHE Mainly - underqoes 5 ’ﬂ”}es of Eledrophilic Aromatic
Subghtution  Reaction

@ Halogenation

@ Nitration

@ Suifonalion

@ Fiiedel Croft's  Alkylafion

® Fiiedel Craft's Acylation

(D [HAweenaTion OF BENZENE

Tn Hologenation , benzene feads with Holggens (Br , Cla, T) in
the presence Of lewis acdd Cﬂtﬂ%&* C Acts) to qive Bromobenzenc or

(hlombenzene of Jodobenzene .

q

ALCI
+ C|1 : = + HCl

Chlorobenzene
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MectANisM OF HALogenATon ( CHioriNATION)

STEP -1

: Formalion of Electrophite ( Chloroniom Ton)

Cl —Cl + AlClz — C' 1+ AlCly

STeP-1L

Attack Of Eleckrophile on Benzene 1o form  (arboniem Ton

N H
0?0@ — ©<

Now the above carbonium fon Is fesonance stabilized £ foms & @mple .

A H H H H
O = - O -
+ +
O

STEP-TI

loss of puton € formalion of prduct € Chiowbenzene)

S AlCly, Sl
©<t‘| — | P + HOl + Alde

(hlombenzene
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@ | NiTrATION

Tn Nitakion , Benzene feads with conentraled HNOs in the
plesene Of (onenttated  HaS0u to form Nitobenzene

NOs
+ HNOz — + H0

MEMANISM

Ster-I |. Formation of FEleciophile ( Nitonium Ton )

/"\

H—0—NO: + = H*'fusoy —— HSO4- + Y —0—Mo,

NOst + H20 + HSO4”
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STEP-I | : AMack OF Elecophile to form carbombion infermediate

+

+
’I'T\ H

Step-M | - Loss of Poton leods fo the formakon of Nitobenzene

-+

H
o

Hsoy s
—_— 4+ HaSo4
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SULFONATION

Tn Sufonakion , Benzene feacts with (onentrated . or Fumr‘ng sulphoric
add fo fom Benzene Sulphonic Acid

A DA
+ HE.SUII_ ————— + Ho

Mechanism

STeP-I | ! Fomahon OF Eledrophile ( Sulpher Thoxide / S0s)

2 HaS0y —  Hs0' + HS04y~ + SOs

STep-X | : Attack of Eledrophlle on Benzene fo form (arbocation

+
FH N S
| s Sy he
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Step-IL

: loss of Prolon leads to formakon of Renzene
Sulphonic  Acid .

H H80y X S05-
t HaSo4
Z

|
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FriIEOEL CRAFTS ALKYLATION

In Fiedel - (afts Alkylation ( named afler a French chemis}
Chades Friedel € an amercan chemist James (rafts) Benzene racks
with Alkyl Groop fo form  Alkyl  Benzene .

+ (HsCl

Chs

MECHANISM

STep-T | . Fomation of Eledhophile

€l + AIClZs  ——— e + Alcl

STe-X | . Attack of Eledrophile to form Catboation Thtermediote

O+
‘ + (HY

.
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Step-1L | : Loss of Proton leads fo the fomation of Mehy |

Renzene ( Product)

Yo H -
@m, t A —— ©+Hu+m,
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FRIEDEL - CRAFTS  ACYLATION

T Fiede! cofts Acylation benzene feacks with Acyl Grovp to
fom Aromolic ketones ( Acetophenone ) in the presene of Alcls

it
H | &'0‘\5

(cl
T + Hel

=0

MecuanisM

Step-I | Formalion of FElecophile (Agliom Ton)

? Q
CH%-—(I."—-Cl + AlCls —_— CH;-(%* + AClY”

Step-I | Attads of Fledrophile fo ©m (@rbocation Intermeciate

T WP L
C ‘|'CH=-E* — Uﬁ‘-&l&
0
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Step -1 | : Loss of Proton lends fo the formakon of Acelophenone.

(Produdt)

+

H

C-CHs

]
UO

;
} Al —s O+ HO +AI0,
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rEFFECT ‘OF SUBSTITUENTS |

o Benzene fing contoins & Hydrgens and all 6 hydrogen of
benzne are idenkical in natuee.

® Now when 1 Hydrogen of benzne is subsiitted by Q qroup
then 1t beomes monosubstituted Benzene

® Now this Monosubstituted benzene nfains 3 posttions -

%)
ORTHO —> «—— QOrmio
META —> <+ META
Para

® Now, here in the qbove Studure X (an be any  substitvent .
o Also the nalue of X (substitvent) decides the reactivity of
bemene fowards Ofher eledrophiles € also their  positions.

Types OF SussnTuenTs / Giroups

There are mainly fwo types of Giroups :
® R\‘ng Acﬁuuh‘ns Giroups
@ Ring Deachivating  Giroups
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(D | RN AcvATING GIRouPS

o Girovps that increases the der renctivity Of benzene towards
Flediophilic  Substituton Reackon afe known ag Rl‘ng Hcﬁwﬂng
@roups

o These qrovps increases the e- densiw on  benzene fing.

® They are also known s Orho- Para Diteding Giroops

® These Grovps @n be futher classified into 3 types :

O® Shongly Achivaling - — NHa ,— NRy ,—OH el
® Moderalely ﬁdi'uah‘ﬂg t —NH-8- s , —OR et
@ Weokly Achivaling : — s | - GHs efc .

Effed On F@at’rhﬂt_;

® Gine Ring Adivating Giroups have he fendency to donate
e-, henee they increases e- dens‘r}y on benzene n‘nﬂ.

e Now dve to this increased -, benzene fing becomes moare
feacive towords eledrophilic  Substitution  readion .

Effedt On Onentation
o Ring Adivaling Growps guide the sewnd ubstitvents  fowards

Otho 2 fara  Positions .
® Given below is the mechamsm of Ortho € FPora directions

-
J—

Gty

!ii Ha HHI‘. NH‘ N Hl. i"i Hi
— =

&
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@ | RiNG DeactivATNG GiROUPS
e grups that dereases the readivity of benzene fowards Eledrophilic
Substitution Reaction are known g Ring Deactivaling Groups .
® These quups dareases the e- density on benzene ring.
® They are also known s Meta direding Groups.
o They an be futher divided into 3 types °

@ stongly DAdivaking * —N0x,-C=N , S0l etc.
@Hodao}qudi\mHna * (00H, CotHs elfc.
® Weaky Mdiuoﬁng . Halogens (BrC, F)

Effed On Readiui’ﬂf
® Sine Ring Denclivaling Groups have ihe. fendenqy fo acept /
withdraw eledrons , hence Jrhet[ decreases e- densfh/ on benzene

rl!na ;
® Now dve to this , benzene fing berwmes less reudive towards

electiophilic  substitution  reaction .

Effect On Onentation
® Ring Dendivaling Grroups Quide the second substitvents towards

Meta Position.
® Here is the mechanism of Meta direction .

ohﬂgo O~ 4"'0- O\.HJO' O\“-'O' O“h“ﬁu
Io” * .
- — ir —
$
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BeENZENE DERIVATIVES

® (Jhen Hydrogen aloms of benzene are feplaed by new qrovps
fhen , the new stdures are known as Bemzene Denvalives .

® Hee, We have to a’rqu about Stucure and uses of %Howinﬂ
Ly benzene derivakives .

® 00T

® Saccharin

® BHC

@ Chloromine - T

DOT C Disoro Dipnenve TRicHLORO ETHANE )

Cl

q C

C\ ' d]

UsEs

e Tt is a highly toxc ntad poison for wide Vvariety of inseds
and wotks by disorganizing their nervous System.

o Tt is applied as dusting powder o its aqueous solution s
sprayed on e torget site
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CACCHARIN

USES

e Saccharin is used as an grhificial smee}ening qgen’r.

® Sacharin provides products with increased  stability, improvec]
taste € lower production cost.

e Ttis also added in voriovs Vitamin supplements € Medicines .

e Ts soluble salt is known as Sachanin Sodivm

Bhc (BENZene HEXACHRORIOE )

Cl
d| a

(d] Cl
o]

Uses

® Tt Is used 0s insecticides in Crops ﬁlrming.
® T is also used In vanous pharmacesticals .
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| Crroraming - T J

0 C
1<
\__/ NS

Uses
e Tt is manly vsed as disinfectant
® Tt is also used In treatment of bums € wounds,
ot s used as an Oml Movthwash .
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